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METHODS FOR QUANTITATIVE GENETIC 
ANALYSIS OF CELL FREE DNA 

STATEMENT REGARDING SEQUENCE 
LISTING 

0001. The Sequence Listing associated with this applica 
tion is provided in text format in lieu of a paper copy, and is 
hereby incorporated by reference into the specification. The 
name of the text file containing the Sequence Listing is 
CLFK 002 00US ST25.txt. The text file is 117 KB, was 
created on Aug. 22, 2014, and is being Submitted electroni 
cally via EFS-Web. 

BACKGROUND 

0002 1. Technical Field 
0003. The invention relates generally to compositions and 
methods for the quantitative genetic analysis of cell free DNA 
(cf DNA). In particular, the present invention relates to 
improved targeted sequence capture compositions and meth 
ods for the genetic characterization and analysis of cf. DNA. 
0004 2. Description of the Related Art 
0005. It is becoming increasing clear that most, if not all, 
of the most common human cancers are diseases of the human 
genome. The emerging picture is that Somatic mutations 
accumulate during an individual’s lifetime, some of which 
increase the probability that the cell in which they are har 
bored can develop into a tumor (Vogelstein et al., Science 
339(6127): 1546-1558 (2013)). With just the wrong combi 
nation of accumulated mutational events, a precancerous 
growth loses constraints that keep uncontrolled proliferation 
in check and the resulting cell mass becomes a cancer. The 
constellations of mutations that are necessary and Sufficient to 
cause cancer are often collectively referred to as “driver muta 
tions.” One of the themes that have emerged from recent and 
intensive molecular analysis is that cancer, once thought of as 
a single, tissue-specific disease, is in fact a group of related 
diseases, each with a unique molecular pathology. The human 
genome project laid the groundwork for genome-wide analy 
sis of cancers. 

0006 For example, the introduction of next-generation 
sequencing technologies (2004-present) has accelerated the 
discovery pace of causal genomic factors that underlie the 
diagnosis of NSCLC, making it clear that NSCLC is really a 
family of related diseases, each of which may be responsive to 
a different targeted therapy. 
0007. The art lacks reliable and robust molecular analysis 
methods for the analysis of genetic diseases. Traditionally, 
molecular diagnostics have consisted of antibody-based tests 
(immunohistochemistry), in-situ hybridization with DNA 
probes (fluorescence in situ hybridization), and hybridization 
or PCR-based tests that query specific nucleotide sequences. 
Until recently, DNA sequencing as a molecular diagnostic 
tool has been generally limited to the coding exons of one or 
two genes. While DNA sequencing has been used in the 
diagnosis and treatment of Solid cancers, one of the most 
significant drawbacks of these methods is that they require 
direct access to tumor tissues. Such material is often difficult 
to obtain from the initial biopsy used to diagnose the disease 
and virtually impossible to obtain in multiple repetitions over 
time. Similarly, biopsies are not possible in patients with 
inaccessible tumors and not practical in individuals suffering 
from metastatic disease. 
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0008 Thus, the vast potential of molecular diagnostics for 
genetic diseases; fetal testing; paternity testing; predicting 
response to drug treatment; diagnosing or monitoring a medi 
cal condition; mendelian disorders; genetic mosaicism; 
pathogen screening; microbiome profiling; and organ trans 
plant monitoring; has yet to be realized. To date, existing 
molecular diagnostics approaches lack efficient solutions to 
clone and amplify individual DNA molecules, as well as 
Solutions to efficiently target sequencing to specific genomic 
loci, with sensitivity sufficient to discriminate true positive 
test results from false positive signals that arise during sample 
processing. 

BRIEF SUMMARY 

0009. The invention relates generally to compositions and 
methods for improved compositions and methods for the 
genetic analysis of cfloNA. 
0010. In various embodiments, a method for genetic 
analysis of cell-free DNA (cf DNA) is provided, comprising: 
treating cflNA with one or more end-repair enzymes to 
generate end-repaired cf NA; ligating one or more adaptors 
to each end of the end-repaired cflNA to generate a cf)NA 
library; amplifying the cf. DNA library to generate cf. DNA 
library clones; determining the number of genome equiva 
lents in the cf.NA clone library; and performing a quantita 
tive genetic analysis of one or more target genetic loci in the 
cf. DNA library clones. 
0011. In a particular embodiment, the method further 
comprises isolating cf)NA from a biological sample of a 
Subject. 
0012. In an additional embodiment, the cf)NA is isolated 
from a biological sample selected from the group consisting 
of amniotic fluid, blood, plasma, serum, semen, lymphatic 
fluid, cerebral spinal fluid, ocular fluid, urine, saliva, stool, 
mucous, and Sweat. 
0013. In a certain embodiment, the one or more adaptors 
comprise a plurality of adaptor species. 
0014. In a particular embodiment, the one or more adap 
tors each comprise a primer binding site for amplification of 
the cf)NA library. 
0015. In a further embodiment, the one or more adaptors 
each comprise one or more unique read codes. 
0016. In an additional embodiment, the one or more adap 
tors each comprise one or more sample codes for sample 
multiplexing. 
0017. In another embodiment, the one or more adaptors 
each comprise one or more sequences for DNA sequencing. 
0018. In a particular embodiment, qPCR is performed on 
the cf.NA clone library and a qPCR measurement is com 
pared to standards of known genome equivalents to determine 
the genome equivalents of the cf.NA clone library. 
0019. In another particular embodiment, qPCR is per 
formed with a primer that binds to an Alu sequence and a 
primer that binds to a sequence in an adaptor. 
0020. In a certain embodiment, the quantitative genetic 
analysis is performed on a plurality of genetic loci in the 
cf. DNA library clones. 
0021. In a further embodiment, the quantitative genetic 
analysis is performed on a plurality of genetic loci in a plu 
rality of cfloNA clone libraries. 
0022. In an additional embodiment, the quantitative 
genetic analysis comprises hybridizing one or more capture 
probes to a target genetic locus to form capture probe-cf)NA 
clone complexes. 
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0023. In a particular embodiment, the quantitative genetic 
analysis comprises isolating the capture probe-cf)NA clone 
complexes. 
0024. In a certain embodiment, the quantitative genetic 
analysis comprises amplification of the cflNA clone 
sequence in the isolated hybridized capture probe-cfloNA 
clone complexes. 
0025. In a further embodiment, the quantitative genetic 
analysis comprises DNA sequencing to generate a plurality of 
sequencing reads. 
0026. In another embodiment, the quantitative genetic 
analysis comprises bioinformatic analysis of the plurality of 
sequencing reads. 
0027. In a particular embodiment, bioinformatics analysis 

is used: to quantify the number of genome equivalents ana 
lyzed in the cfDNA clone library; to detect genetic variants in 
a target genetic locus; to detect mutations within a target 
genetic locus; to detect genetic fusions within a target genetic 
locus; and to measure copy number fluctuations within a 
target genetic locus. 
0028. In an additional embodiment, the subject does not 
have a genetic disease. 
0029. In a certain embodiment, the subject has not been 
diagnosed with a genetic disease. 
0030. In another certain embodiment, the subject has been 
diagnosed with a genetic disease. 
0031. In another embodiment, the quantitative genetic 
analysis is used to identify or detect one or more genetic 
lesions that cause or associated with the genetic disease. 
0032. In a certain embodiment, the genetic lesion com 
prises a nucleotide transition or transversion, a nucleotide 
insertion or deletion, a genomic rearrangement, a change in 
copy number, or a gene fusion. 
0033. In a particular embodiment, the genetic lesion com 
prises a genomic rearrangement that fuses the 3' coding 
region of the ALK gene to another gene. 
0034. In a particular embodiment, the 3' coding region of 
the ALK gene is fused to the EML4 gene. 
0035. In another embodiment, the genetic disease is can 
C. 

0036. In a further embodiment, the subject is pregnant. 
0037. In an additional embodiment, the quantitative 
genetic analysis is used to identify or detect one or more 
genetic variants or genetic lesions of one or more target 
genetic loci in fetal cf. DNA. 
0038. In a particular embodiment, the subject is a trans 
plant recipient. 
0039. In an additional embodiment, the quantitative 
genetic analysis is used to identify or detect donor cf DNA in 
the subject. 
0040. In various embodiments, a method of predicting, 
diagnosing, or monitoring a genetic disease in a subject is 
provided, comprising: isolating or obtaining cf)NA from a 
biological sample of a subject; treating the cf. DNA with one or 
more end-repair enzymes to generate end-repaired cf NA; 
ligating one or more adaptors to each end of the end-repaired 
cf. DNA to generate a cf. DNA library; amplifying the cfloNA 
library to generate a cf. DNA clone library; determining the 
number of genome equivalents in the cfloNA clone library; 
and performing a quantitative genetic analysis of one or more 
target genetic loci associated with the genetic disease in the 
cf. DNA clone library, wherein the identification or detection 
of one or more genetic lesions in the one or more target 
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genetic loci is prognostic for, diagnostic of, or monitors the 
progression of the genetic disease. 
0041. In an additional embodiment, the cf)NA is isolated 
from a biological sample selected from the group consisting 
of amniotic fluid, blood, plasma, serum, semen, lymphatic 
fluid, cerebral spinal fluid, ocular fluid, urine, saliva, stool, 
mucous, and Sweat. 
0042. In a certain embodiment, the genetic lesion com 
prises a nucleotide transition or transversion, a nucleotide 
insertion or deletion, a genomic rearrangement, a change in 
copy number, or a gene fusion. 
0043. In a particular embodiment, the genetic lesion com 
prises a genomic rearrangement that fuses the 3' coding 
region of the ALK gene to another gene. 
0044. In a further embodiment, the 3' coding region of the 
ALK gene is fused to the EML4 gene. 
0045. In a particular embodiment, the genetic disease is 
CaCC. 

0046. In various embodiments, a companion diagnostic 
for a genetic disease is provided comprising: isolating or 
obtaining cf)NA from a biological sample of a subject; treat 
ing the cf)NA with one or more end-repair enzymes to gen 
erate end-repaired cf NA; ligating one or more adaptors to 
each end of the end-repaired cf)NA to generate a cf)NA 
library; amplifying the cf. DNA library to generate a cfloNA 
clone library; determining the number of genome equivalents 
in the cf. DNA clone library; and performing a quantitative 
genetic analysis of one or more biomarkers associated with 
the genetic disease in the cf.NA clone library, wherein detec 
tion of, or failure to detect, at least one of the one or more 
biomarkers indicates whether the subject should be treated 
for the genetic disease. 
0047. In a particular embodiment, the cfDNA is isolated 
from a biological sample selected from the group consisting 
of amniotic fluid, blood, plasma, serum, semen, lymphatic 
fluid, cerebral spinal fluid, ocular fluid, urine, saliva, stool, 
mucous, and Sweat. 
0048. In an additional embodiment, the biomarker is a 
genetic lesion. 
0049. In a particular embodiment, the genetic lesion com 
prises a nucleotide transition or transversion, a nucleotide 
insertion or deletion, a genomic rearrangement, a change in 
copy number, or a gene fusion. 
0050. In an additional embodiment, the genetic lesion 
comprises a genomic rearrangement that fuses the 3' coding 
region of the ALK gene to another gene. 
0051. In a further embodiment, the 3' coding region of the 
ALK gene is fused to the EML4 gene. 
0052. In a certain embodiment, the genetic disease is can 
C. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0053 FIG. 1 shows the expected versus observed variant 
frequencies as a function of admix dilution in the absence of 
unique read filtering. In the absence of unique read filtering, 
random base changes at these four selected positions 
occurred with measurable, non-Zero frequencies; thus, dem 
onstrating a lack of sensitivity to detect the particular single 
nucleotide variants (SNV). 
0054 FIG.2 shows that unique read filtering performed on 
the data generated in FIG. 1. The left hand panel shows the 
data from FIG. 1 on the BRAF I326T SNV without unique 
read filtering. The right hand panel shows that using unique 
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read filtering of the same data increased the assay sensitivity 
and allowed the discrimination of true signal from error 
prone noise. 
0055 FIG. 3 shows capture probe performance as a func 
tion of length and wash temperature. The y-axis shows the 
total number of reads associated with each capture probe. The 
bars in the bar chart are broken into two categories, where 
open bars correspond to on-target reads that align to the 
intended capture probe targets and solid bars show off-target 
reads that are associated with a capture probe but that map to 
unintended regions of the genome. Overall, the 40-mer and 
60-mer capture probes perform substantially the same with 
44° C. and 47°C. washes. With the 50° C. wash, the 40-mer 
capture probes perform erratically. These data validate the use 
of 40-mer capture probes at wash temperatures in the range of 
about 44° C. to about 47°C. 
0056 FIG. 4 shows a schematic for the targeted and ori 
ented sequencing of intron 19 of the ALK gene. A) In the 
“wild-type” reference sequence, antisense-oriented ALK 
capture probes identify sequences from intron 19. B) In the 
case of pathogenic fusion genes, some ALK capture probes 
will identify junction sequences associated with the gene 
fusion event. 
0057 FIG. 5 shows a schematic for high density capture 
probe placement for complete sequencing of target regions. 
Each capture probe captures a collection of sequences that 
provide cumulative coverage at each base position. Here, 
coverage is represented by a line, and the amplitude of the line 
denotes depth of coverage derived from a particular capture 
probe. Overlapping coverage from adjacent capture probes 
provides complete sequencing of target regions in both pos 
sible directions. In addition, the head-to-head placement of 
opposite strand capture probes ensures that all capture probe 
binding sites are sequenced. 
0058 FIG. 6 shows a representative example of the size 
distribution of fragmented DNA used in library construction. 
0059 FIG. 7 shows the performance of high-density 
40-mer capture probes in a representative experiment. The 
y-axis shows the total number of reads, which are broken out 
as on-target reads, off-target reads, and unmappable reads. 
The x-axis enumerates each of the 105 capture probes used in 
this experiment for sequence capture. 
0060 FIG. 8 shows a representative example of the cumu 
lative coverage of a target region using high density 40-mer 
capture probes. Shown here is the cumulative coverage of 
TP53 coding exons. 
0061 FIG.9A shows a representative example of the size 
distribution of cell-free DNA (cflNA) libraries. The domi 
nant band is consistent with a collection of 170+10 bp frag 
ments ligated to 90 bp of adaptors. FIG.9B shows a published 
gel image of cf)NA and a representative cf)NA library 
generated using the methods disclosed and/or contemplated 
herein. The qualitative “ladder” appearance is conserved in 
the library, but the library is shifted to higher mass by the 
addition of 90 bp of adaptor sequences. FIG. 9C shows a 
representative example of genomic, plasma-derived cflNA 
libraries from Ovarian cancer patients (OvC) and “healthy 
donors” (HD). 
0062 FIG. 10 shows the unique read counts across eight 
cf)NA libraries derived from four plasma samples. Fragmen 
tation (frag) prior to library construction with this sample 
23407 increased the library yield by more than two-fold. 
0063 FIG. 11 shows the representative read coverage of 
cf)NA across a region of the TP53 gene. Twenty four 131 bp 
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reads captured by the “TP53 NM 000546 chr17:7579351: 
region 3:280nt:41:80:r capture probe (SEQ ID NO:201) 
were chosen at random and aligned using the BLAT algo 
rithm within the UCSC genome browser. Twenty one reads 
map to the target region, and they do so in a pattern of 
overlapping coverage. The probe used to capture these reads 
is marked with an arrow. 
0064 FIG. 12 shows an overview of targeted DNA 
sequencing of the coding regions of the TP53 gene from a 
cf)NA genomic library. The coverage (horizontal axis) 
extends across all 10 coding regions and includes intronic 
regions involved in mRNA splicing. The sequencing depth 
(vertical axis) reaches a maximum of 4851 and is uniform 
across all coding exons. 
0065 FIG. 13 shows a plot of unique read counts versus 
qPCR estimated genome equivalents in an ACA2-based 
assay. qPCR measurements are shown on the X-axis versus 
read counts on the Y-axis. Perfect agreement between these 
measurements is shown as the diagonal. There is very poor, if 
any, correlation between measurements, especially at lower 
genomic inputs. These data show that the ACA2-based qPCR 
assay chronically underestimates library complexity and is 
inadequate for measuring genome equivalents. 
0.066 FIG. 14 shows a schematic of the core elements of a 
qPCR genome equivalent measurement assay that couples an 
genomic repeat specific primer (e.g., Alu) and a long adaptor 
specific primer. (A) Standard library amplification using a 
single, 25 nt primer named ACA2 (primer 1). (B) Longer, 58 
nt versions of the ACA2 primer (primer 2) do not amplify 
genomic libraries because of stem-loop suppression. (C) For 
ward and reverse primers directed to a consensus human Alu 
repeat element (primers 3 and 4) recognize 1000's of loci and 
readily amplify genomic DNA. (D) A single Alu primer 
alone, either forward or reverse (primer 3 or primer 4). 
coupled with the long ACA2 primer (primer 2) do not amplify 
genomic DNA. (E) The same primer pair as in (D) readily 
amplifies genomic cf)NA library clones that contain Alu 
Sequences. 
006.7 FIG. 15 shows proof-of-concept data for an Alu plus 
adaptor-based qPCR assay of genome equivalents. (A) 
Amplification of 10 pg of a standard genomic library with 
various PCR primers. The x-axis specifies PCR primers used 
for amplification and the Y-axis (log scale) indicates the PCR 
signal measured in units offg/uL. The standard ACA2 primer 
produced a strong signal, as expected. The ACA2 long primer 
failed to produce signal owing to PCR suppression. The two 
Alu primer pairs both produced signal at 1% the amount of 
ACA2, suggesting that 1% of clones possess an amplifiable 
Alu sequence. The combination of any Alu primer with the 
long ACA2 primer also produced signal in ~1% of clones. (B) 
Validation against 10pg of genomic DNA (left four samples) 
or 10 pg of library DNA (right four clones). Alu primer pairs 
amplify comparable signal from genomic DNA or a genomic 
library. In contrast, primer pairs consisting of an Alu primer 
and a long ACA2 primer amplify genomic DNA poorly 
(L+A1F) or not at all (L+A1R). These same pairs exhibit 
amplification of library that slightly exceeds the signal from 
Alu primer pairs. 
0068 FIG. 16 shows a direct comparison of ACA2 primer 
qPCR assay with the Alu-ACA2 long-primer qPCR assay. 
The Alu ACA2 long-primer qPCR assay shows an 8-fold 
increase in detectable genome equivalents, which is more 
consistent with unique read counts derived from sequencing 
data. 
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0069 FIG. 17 shows a representative example of adaptor 
structure and function for high sensitivity, quantitative 
genetic assays that provide accurate determinations of 
genome equivalents analyzed. (A) Fine structure of the adap 
tor ligation Strand. Details relating to each numbered element 
are provided in Example 4. (B) The duplex formed between 
45 nt ligation Strands and 12 nt partner oligo Strand creates a 
blunt-end ligation substrate compatible with end-repaired 
cf. DNA fragments (solid bars). (C) Following ligation, the 
complement to the ligation strand is created by a DNA poly 
merase-mediated fill-in reaction. 
0070 FIG. 18 shows a representative example of the size 
distribution of two DNA samples (NAO6994& NCI-H2228) 
processed to mimic cflNA. 
0071 FIG. 19 shows a representative example of the sen 
sitivity of detection of the TP53 point mutation Q331* in 
tumor sample DNA (H2228) admixed with normal genomic 
DNA (N). The most sensitive detection corresponds to ~1 
mutant copy of TP53 among 1000 normal copies of the gene. 
0072 FIG.20 shows the precise determination of the junc 
tion sequence for the EML4-ALK fusion gene harbored in 
cell line NCI-H2228 using the compositions and methods 
contemplated herein. 
0073 FIG. 21 shows the detection of the EML4-ALK 
fusion gene tumor sample DNA (H2228) admixed with nor 
mal genomic DNA (N). Because the fusion is present as a 
heterozygote in the NCI-H2228 cell line, the most sensitive 
detection corresponds to one gene fusion among ~100 normal 
chromosomal copies of the ALK gene (50 genome equiva 
lents). 
0074 FIG. 22 shows the detection of the MYCN gene 
amplification in admixtures of cell line NCI-H69 (H69) 
diluted into normal human DNA (N). The threshold value of 
two normal diploid copies is shown as a dashed red line. 
0075 FIG. 23 shows the DNA mutations detected in the 
TP53 gene of three different cancer patients. The canonical 
gene model is shown at the top of the figure. The peaks 
represent DNA sequence coverage (X-axis) and depth 
(Y-axis). Sequencing depth was >4000 genome equivalents 
for all sample analyzed. An expanded view of exon 7 below 
the gene model shows where all detected mutations were 
localized. The frequency of mutant detection in cfloNA 
(plasma), tumor tissue, and normal adjacent tissue is shown, 
where available (NA not available). OVA1 and OVA2 are 
ovarian cancer patients: CRC406 and CRC407 are colorectal 
cancer patients. No mutations in TP53 were found in any of 
the OVA1 samples. 
0076 FIG. 24 shows the DNA sequencing of a larger, 
thirteen gene panel (boxed). The sequencing identified a 
KRAS mutation in cfDNA and tumor from ovarian cancer 
patient OVA1. 
0077 FIG. 25 shows the DNA sequencing of a larger, 
twelve gene panel. The sequencing identified an ERBB2 gene 
amplification in the plasma of colorectal cancer patient 
CRC4O7. 

DETAILED DESCRIPTION 

A. Overview 

0078. The present invention contemplates, in part, com 
positions and methods for the quantitative genetic analysis of 
the genetic state of an individual using cell-free DNA 
(cf DNA). As used herein, the term “genetic state' refers to the 
sequence of one or more target genome sequences in the 
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genome in relation to a non-causal normal sequence or in 
relation to a sequence that is causal for a genetic condition or 
disease. In one embodiment, analyzing the genetic state refers 
to identifying, quantifying, or monitoring a genetic variant in 
a target genetic locus, wherein the variant varies with respect 
to a reference sequence (e.g., a normal or mutated sequence). 
The present inventors have provided solutions to the molecu 
lar diagnostic problems of genetic conditions or diseases 
associated with lack of sensitivity to discriminate true posi 
tives from false positives, inefficient cloning and amplifica 
tion of individual DNA molecules, and inefficient targeted 
sequencing to specific genomic loci. The Solutions contem 
plated hereincomprise compositions and methods for reliable 
and robust quantitative genetic analysis with sensitivity Suf 
ficient to discriminate true positive test results from false 
positive signals that arise during sample processing. 
0079 Next-generation sequencing technology has 
afforded the opportunity to add broad genomic Surveys to 
molecular diagnosis in a variety of Scenarios including can 
cers, fetal diagnostics, paternity testing, pathogen screening 
and organ transplant monitoring. In the context of genetic 
diseases, next-generation sequencing information is being 
used in a clinical setting to identify mutations within genes 
that are likely to alter gene function, to identify the gain or 
loss of genetic material within cells, and to identify genomic 
rearrangements that are not found in normal, healthy cells. 
The results of these broad diagnostic surveys are often used to 
guide patient treatment. 
0080 However, the potential benefits of DNA sequencing 
in diagnosis and treatment of the genetic state of an individual 
or genetic conditions or diseases is outweighed by the need to 
directly access affected tissues to obtain samples. Such mate 
rial is often difficult to obtain from the initial biopsy used to 
diagnose the disease and virtually impossible to obtain in 
multiple repetitions over time. Similarly, in cancer patients, 
biopsies are not possible in patients with inaccessible tumors 
and not practical in individuals Suffering from metastatic 
disease. In contrast, the present inventors approach derives 
from the fact that all tissues require access to the vasculature 
to Survive and as a consequence these masses deposit DNA 
into bodily fluids. One major depot of bodily fluid in which 
the DNA of diseased cells is found is the plasma of human 
blood. 

I0081. In contrast to testing methods that rely on shallow, 
genome-wide sequence coverage, molecular diagnostics con 
templated herein for the genetic state of an individual; genetic 
diseases; mendelian disorders; genetic mosaicism; fetal test 
ing; paternity testing; predicting response to drug treatment; 
diagnosing or monitoring a medical condition; pathogen 
screening; microbiome profiling; and organ transplant moni 
toring leverage the availability of cf)NA to provide deep 
sequence coverage of select target genes. In addition, the 
cf)NA-based cancer diagnostics contemplated herein pos 
sess the ability to detect a variety of genetic changes including 
Somatic sequence variations that alter protein function, large 
scale chromosomal rearrangements that create chimeric gene 
fusions, and copy number variation that includes loss or gain 
of gene copies. Using the contemplated compositions and 
methods, these changes are detectable and quantifiable in the 
face of significant dilution, or admixture, of normal 
sequences within cflNA that are contributed by the normal 
turnover processes that happen within healthy tissues. The 
compositions and methods contemplated herein also Success 
fully address the major challenges associated with detecting 
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rare genetic changes causal of disease; namely, that cfDNA is 
highly fragmented, that cf)NA levels vary substantially 
between different individuals, and that the degree of admix 
ture of diseased versus normal sequences is highly variable 
among patients, even within individuals suffering from the 
same molecular disease and stage. 
0082 Invarious embodiments, compositions and methods 
for genetic analysis of comprise interrogating the DNA frac 
tion within biological fluid samples and stool samples. The 
methods contemplated herein provide a novel comprehensive 
framework address molecular genetic analysis using cf)NA 
available from a variety of biological sources. Cloning of 
purified cf. DNA introduces tagged cf. DNA sequences that 
inform downstream analysis and enable amplification of the 
resulting clone libraries. Hybrid capture with target specific 
oligonucleotides is used to retrieve specific sequences for 
Subsequent analysis. Independent measurements of the num 
ber of genomes present in the library are applied to each 
sample, and these assays provide a means to estimate the 
assay’s sensitivity. The assays contemplated herein provide 
reliable, reproducible, and robust methods for the analysis, 
detection, diagnosis, or monitoring of genetic states, condi 
tions, or disease. 
0083. The practice of particular embodiments of the 
invention will employ, unless indicated specifically to the 
contrary, conventional methods of chemistry, biochemistry, 
organic chemistry, molecular biology, microbiology, recom 
binant DNA techniques, genetics, immunology, and cell biol 
ogy that are within the skill of the art, many of which are 
described below for the purpose of illustration. Such tech 
niques are explained fully in the literature. See, e.g., Sam 
brook, et al., Molecular Cloning: A Laboratory Manual (3rd 
Edition, 2001); Sambrook, et al., Molecular Cloning. A 
Laboratory Manual (2nd Edition, 1989); Maniatis et al., 
Molecular Cloning: A Laboratory Manual (1982); Ausubelet 
al., Current Protocols in Molecular Biology (John Wiley and 
Sons, updated July 2008); Short Protocols in Molecular Biol 
ogy: A Compendium of Methods from Current Protocols in 
Molecular Biology, Greene Pub. Associates and Wiley-Inter 
science; Glover, DNA Cloning: A Practical Approach, Vol. I 
& II (IRL Press, Oxford, 1985); Anand, Techniques for the 
Analysis of Complex Genomes, (Academic Press, New York, 
1992); Transcription and Translation (B. Hames & S. Hig 
gins, Eds., 1984); Perbal, A Practical Guide to Molecular 
Cloning (1984); and Harlow and Lane, Antibodies, (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1998). 

B. Definitions 

0084. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by those of ordinary skill in the art to which the 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, preferred embodi 
ments of compositions, methods and materials are described 
herein. For the purposes of the present invention, the follow 
ing terms are defined below. 
0085. The articles “a,” “an, and “the are used herein to 
refer to one or to more than one (i.e. to at least one) of the 
grammatical object of the article. By way of example, “an 
element’ means one element or more than one element. 
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I0086. The use of the alternative (e.g., “or') should be 
understood to mean either one, both, or any combination 
thereof of the alternatives. 

0087. The term “and/or should be understood to mean 
either one, or both of the alternatives. 
I0088 As used herein, the term “about or “approxi 
mately refers to a quantity, level, value, number, frequency, 
percentage, dimension, size, amount, weight or length that 
varies by as much as 15%, 10%, 9%, 8%, 7%, 6%. 5%, 4%, 
3%, 2% or 1% to a reference quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length. In one embodiment, the term “about' or “approxi 
mately refers a range of quantity, level, value, number, fre 
quency, percentage, dimension, size, amount, weight or 
length:15%, +10%, +9%, +8%, +7%, +6%,+5%,+4%,+3%, 
+2%, or 1% about a reference quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length. 
I0089. Throughout this specification, unless the context 
requires otherwise, the words “comprise”, “comprises” and 
“comprising will be understood to imply the inclusion of a 
stated step or element or group of steps or elements but not the 
exclusion of any other step or element or group of steps or 
elements. In particular embodiments, the terms “include.” 
“has.” “contains, and "comprise are used synonymously. 
0090. By “consisting of is meant including, and limited 
to, whatever follows the phrase “consisting of.” Thus, the 
phrase “consisting of indicates that the listed elements are 
required or mandatory, and that no other elements may be 
present. 
0091. By “consisting essentially of is meant including 
any elements listed after the phrase, and limited to other 
elements that do not interfere with or contribute to the activity 
or action specified in the disclosure for the listed elements. 
Thus, the phrase “consisting essentially of indicates that the 
listed elements are required or mandatory, but that no other 
elements are optional and may or may not be present depend 
ing upon whether or not they affect the activity or action of the 
listed elements. 

0092 Reference throughout this specification to “one 
embodiment,” “an embodiment.” “a particular embodiment.” 
“a related embodiment,” “a certain embodiment,” “an addi 
tional embodiment, or “a further embodiment' or combina 
tions thereof means that a particular feature, structure or 
characteristic described in connection with the embodiment 
is included in at least one embodiment of the present inven 
tion. Thus, the appearances of the foregoing phrases in vari 
ous places throughout this specification are not necessarily all 
referring to the same embodiment. Furthermore, the particu 
lar features, structures, or characteristics may be combined in 
any Suitable manner in one or more embodiments. 
0093. As used herein, the term "isolated” means material 
that is Substantially or essentially free from components that 
normally accompany it in its native state. In particular 
embodiments, the term “obtained’ or "derived' is used syn 
onymously with isolated. 
(0094. As used herein, the term “DNA” refers to deoxyri 
bonucleic acid. In various embodiments, the term DNA refers 
to genomic DNA, recombinant DNA, synthetic DNA, or 
cDNA. In one embodiment, DNA refers to genomic DNA or 
cDNA. In particular embodiments, the DNA comprises a 
“target region.” DNA libraries contemplated herein include 
genomic DNA libraries and cDNA libraries constructed from 
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RNA, e.g., an RNA expression library. In various embodi 
ments, the DNA libraries comprise one or more additional 
DNA sequences and/or tags. 
0095. A “target genetic locus” or “DNA target region” 
refers to a region of interest within a DNA sequence. In 
various embodiments, targeted genetic analyses are per 
formed on the target genetic locus. In particular embodi 
ments, the DNA target region is a region of a gene that is 
associated with a particular genetic state, genetic condition, 
genetic diseases; fetal testing; genetic mosaicism, paternity 
testing; predicting response to drug treatment; diagnosing or 
monitoring a medical condition; microbiome profiling; 
pathogen Screening; or organ transplant monitoring. 
0096. As used herein, the terms “circulating DNA” “cir 
culating cell-free DNA” and “cell-free DNA” are often used 
interchangeably and refer to DNA that is extracellular DNA, 
DNA that has been extruded from cells, or DNA that has been 
released from necrotic or apoptotic cells. 
0097. A “subject,” “individual,” or “patient” as used 
herein, includes any animal that exhibits a symptom of a 
condition that can be detected or identified with compositions 
contemplated herein. Suitable subjects include laboratory 
animals (such as mouse, rat, rabbit, or guinea pig), farm 
animals (such as horses, cows, sheep, pigs), and domestic 
animals or pets (such as a cat or dog). In particular embodi 
ments, the Subject is a mammal. In certain embodiments, the 
Subject is a non-human primate and, in preferred embodi 
ments, the Subject is a human. 

C. Methods of Genetic Analysis of Cell Free DNA 
0098. In various embodiments, a method for genetic 
analysis of cfloNA is provided. 
0099. In particular embodiments, a method for genetic 
analysis of cf)NA comprises: generating and amplifying a 
cf. DNA library, determining the number of genome equiva 
lents in the cf)NA library; and performing a quantitative 
genetic analysis of one or more genomic target loci. 
0100. A method for genetic analysis of cfloNA comprises 
treating cf)NA with one or more end-repair enzymes to 
generate end-repaired cf)NA and ligating one or more adap 
tors to each end of the end-repaired cf. DNA to generate a 
cf. DNA library; amplifying the cflNA library to generate 
cf. DNA library clones; determining the number of genome 
equivalents of cf)NA library clones; and performing a quan 
titative genetic analysis of one or more target genetic loci in 
the cf)NA library clones. 
0101 1. Generating a cf)NA Library 
0102. In particular embodiments, methods of genetic 
analysis contemplated herein comprise generating a cf)NA 
library comprising treating cflNA with one or more end 
repair enzymes to generate end-repaired cf)NA and ligating 
one or more adaptors to each end of the end-repaired cfloNA 
to generate the cfloNA library. 
(0103 (a) Cell-Free DNA (cfDNA) 
0104. The methods and compositions contemplated 
herein are designed to efficiently analyze, detect, diagnose, 
and/or monitor genetic states, genetic conditions, genetic dis 
eases, genetic mosaicism, fetal diagnostics, paternity testing, 
microbiome profiling, pathogen screening, and organ trans 
plant monitoring using cell-free DNA (cf DNA) as an analyte. 
The size distribution of cf)NA ranges from about 150 bp to 
about 180 bp fragments. Fragmentation may be the result of 
endonucleolytic and/or exonucleolytic activity and presents a 
formidable challenge to the accurate, reliable, and robust 
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analysis of cfloNA. Another challenge for analyzing cf. DNA 
is its short half-life in the blood stream, on the order of about 
15 minutes. Without wishing to be bound to any particular 
theory, the present invention contemplates, in part, that analy 
sis of cf)NA is like a “liquid biopsy' and is a real-time 
Snapshot of current biological processes. 
0105 Moreover, because cf)NA is not found within cells 
and may be obtained from a number of suitable sources 
including, but not limited to, biological fluids and stool 
samples, it is not subject to the existing limitations that plague 
next generation sequencing analysis, such as direct access to 
the tissues being analyzed. 
0106 Illustrative examples of biological fluids that are 
suitable sources from which to isolate cfDNA in particular 
embodiments include, but are not limited to amniotic fluid, 
blood, plasma, serum, semen, lymphatic fluid, cerebral spinal 
fluid, ocular fluid, urine, saliva, mucous, and Sweat. 
0107. In particular embodiments, the biological fluid is 
blood or blood plasma. 
0108. In certain embodiments, commercially available 
kits and other methods known to the skilled artisan can used 
to isolate cf. DNA directly from the biological fluids of a 
patient or from a previously obtained and optionally stabi 
lized biological sample, e.g., by freezing and/or addition of 
enzyme chelating agents including, but not limited to EDTA, 
EGTA, or other chelating agents specific for divalent cations. 
0109 (b) Generating End-Repaired cfloNA 
0110. In particular embodiments, generating a cf)NA 
library comprises the end-repair of isolated cf)NA. The frag 
mented cf)NA is processed by end-repair enzymes to gen 
erate end-repaired cf. DNA with blunt ends, 5'-overhangs, or 
3'-overhangs. In some embodiments, the end-repair enzymes 
can yield for example. In some embodiments, the end-re 
paired cf)NA contains bluntends. In some embodiments, the 
end-repaired cfloNA is processed to contain blunt ends. In 
some embodiments, the blunt ends of the end-repaired 
cf. DNA are further modified to contain a single base pair 
overhang. In some embodiments, end-repaired cf)NA con 
taining bluntends can be further processed to contain adenine 
(A)/thymine (T) overhang. In some embodiments, end-re 
paired cf. DNA containing bluntends can be further processed 
to contain adenine (A)/thymine (T) overhang as the single 
base pair overhang. In some embodiments, the end-repaired 
cf. DNA has non-templated 3' overhangs. In some embodi 
ments, the end-repaired cf. DNA is processed to contain 3 
overhangs. In some embodiments, the end-repaired cflNA is 
processed with terminal transferase (TdT) to contain 3' over 
hangs. In some embodiments, a G-tail can be added by TclT. 
In some embodiments, the end-repaired cf. DNA is processed 
to contain overhang ends using partial digestion with any 
known restriction enzymes (e.g., with the enzyme Sau3A, and 
the like. 

0111 (c) Ligating Adaptor Molecules to End-Repaired 
cf DNA 

0112. In particular embodiments, generating a cf. DNA 
library comprises ligating one or more adaptors to each end of 
the end-repaired cf. DNA. The present invention contem 
plates, in part, an adaptor module designed to accommodate 
large numbers of genome equivalents in cf)NA libraries. 
Adaptor modules are configured to measure the number of 
genome equivalents present in cf)NA libraries, and, by 
extension, the sensitivity of sequencing assays used to iden 
tify sequence mutations. 
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0113. As used herein, the term “adaptor module” refers to 
a polynucleotide comprising at least five elements: (i) a first 
element comprising a PCR primer binding site for the single 
primer library amplification; (ii) a second element compris 
ing a 5 nucleotide read code that acts to uniquely identified 
each sequencing read; (iii) a third element comprising a 3 
nucleotide sample code to identify different samples and 
enable sample multiplexing within a sequencing run; (iv) a 
fourth element comprising a 12 nucleotide anchor sequence 
that enables calibration of proper base calls in sequencing 
reads and acts as an anchor for hybridization to a partner 
oligonucleotide; and (v) a fifth element comprising the two 3' 
terminal nucleotides of Element 4 (FIG. 17 and Tables 
12-16). The adaptor module is hybridized to a partner oligo 
nucleotide that is complementary to Element 4 to form an 
adaptor suitable for ligating to the ends of cf)NA, optionally 
end-repaired blunt-ended cfDNA. 
0114. In particular embodiments, an adaptor module com 
prises one or more PCR primer sequences, one or more read 
codes, one or more sample codes, one or more anchor 
sequences, and two or more 3' nucleotides that are efficient 
ligation Substrates. In additional embodiments, the adaptor 
module further comprises one or more sequencing primer 
binding sites. 
0115. In particular embodiments, an adaptor module com 
prises a first element that comprises one or more PCR primer 
binding sequences for single-primer amplification of a 
cf. DNA library. In one embodiment, the PCR primer binding 
sequence is about 12 to about 40 nucleotides, about 18 to 
about 40 nucleotides, about 20 to about 35 nucleotides, or 
about 20 to about 30 nucleotides. In another embodiment, the 
PCR primer binding sequence is about 12 nucleotides, about 
13 nucleotides, about 14 nucleotides, about 15 nucleotides, 
about 16 nucleotides, about 17 nucleotides, about 18 nucle 
otides, about 19 nucleotides, about 20 nucleotides, about 21 
nucleotides, about 22 nucleotides, about 23 nucleotides, 
about 24 nucleotides, about 25 nucleotides, about 26 nucle 
otides, about 27 nucleotides, about 28 nucleotides, about 29 
nucleotides, about 30 nucleotides, about 31 nucleotides, 
about 32 nucleotides, about 33 nucleotides, about 34 nucle 
otides, about 35 nucleotides, about 36 nucleotides, about 37 
nucleotides, about 38 nucleotides, about 39 nucleotides, or 
about 40 nucleotides or more. 

0116. In one embodiment, the PCR primer binding 
sequence is about 25 nucleotides. 
0117. In particular embodiments, an adaptor module com 
prises a second element that comprises one or more read code 
sequences. As used herein, the term “read code” refers to a 
polynucleotide that is used to identify unique sequencing 
reads. In one embodiment, the read code is a random 
sequence of nucleotides. In one embodiment, the read code is 
about 1 nucleotide, about 2 nucleotides, about 3 nucleotides, 
about 4 nucleotides, about 5 nucleotides, about 6 nucleotides, 
about 7 nucleotides, about 8 nucleotides, about 9 nucleotides, 
about 10 nucleotides, or more. 
0118. By way of a non-limiting example, a 5 nucleotide 
codes consists of 256 possible unique sequences where each 
code chosen is 2 nucleotides different from every other code 
in the set. This feature enables unique and distinct reads to be 
differentiated from reads that appear to be unique owing to a 
sequencing error in the code region. In particular embodi 
ments, codes that have been empirically determined to inter 
fere with adaptor function, owing to particular sequence com 
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binations, may be excluded from use, e.g., seven codes of the 
256 had an overrepresentation of G nucleotides and were 
excluded. 
0119. In other embodiments, each readcode of 5,6,7,8,9, 
10 or more nucleotides may differ by 2, 3, 4, or 5 nucleotides 
from every other read code. 
0.120. In one embodiment, the read code is about 5 nucle 
otides and differs from every other read code by 2 nucle 
otides. 
0121. In particular embodiments, an adaptor module com 
prises a third element that comprises one or more sample code 
sequences. As used herein, the term "sample code” refers to a 
polynucleotide that is used to identify the sample. The sample 
code is also useful in establishing multiplex sequencing reac 
tions because each sample code is unique to the sample and 
thus, can be used to identify a read from a particular sample 
within a multiplexed sequencing reaction. 
I0122. In one embodiment, the sample code comprises 
sequence that is about 1, about 2 nucleotides, about 3 nucle 
otides, about 4 nucleotides, or about 5 nucleotides, or more. In 
another embodiment, each sample code of 2, 3, 4, 5 or more 
nucleotides may differ from every other sample code by 2, 3, 
4, or 5 nucleotides. 
I0123. In one embodiment, the sample code is about three 
nucleotides and differs from every other sample code used in 
other samples by two nucleotides. 
0.124. In particular embodiments, an adaptor module com 
prises a fourth element that comprises one or more anchor 
sequences. As used herein, an “anchor sequence” refers to a 
nucleotide sequence of at least 8 nucleotides, at least 10 
nucleotides, at least 12 nucleotides, at least 14 nucleotides, or 
at least 16 nucleotides that hybridizes to a partner oligonucle 
otide and that comprises the following three properties: (1) 
each anchor sequence is part of a family of four anchor 
sequences that collectively represent each of the four possible 
DNA bases at each site within extension; this feature, bal 
anced base representation, is useful to calibrate proper base 
calling in sequencing reads in particular embodiments; (2) 
each anchor sequence is composed of only two of four pos 
sible bases, and these are specifically chosen to be either and 
equal number of A+C or an equal number of G+T an anchor 
sequence formed from only two bases reduces the possibility 
that the anchor sequence will participate in secondary struc 
ture formation that would preclude proper adaptor function; 
and (3) because each anchor sequence is composed of equal 
numbers of A+C or G+T, each anchor sequence shares 
roughly the same melting temperature and duplex stability as 
every other anchor sequence in a set of four. 
0.125. In particular embodiments, an adaptor module com 
prises a fifth element that is comprised of the two 3' terminal 
nucleotides of Element 4. These two bases at the 3' end of 
each anchor are chosen based on an empirical determination 
that shows that these two nucleotides are efficient substrates 
for ligation to the cf. DNA. In particular embodiments, Ele 
ment 5 comprises the sequences selected from the group 
consisting of AA, CC, TT and GG. In particular embodi 
ments, Element 5 does not comprise the dinucleotide combi 
nation CG or TG as the inventors have determined that these 
combinations are not efficient ligation Substrates. 
0.126 In particular embodiments, a ligation step com 
prises ligating an adaptor module to the end-repaired cf)NA 
to generate a "tagged' cflNA library. In some embodiments, 
a single adaptor module is employed. In some embodiments, 
two, three, four or five adaptor modules are employed. In 
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Some embodiments, an adaptor module of identical sequence 
is ligated to each end of the fragmented end-repaired DNA. 
0127. In one embodiment, a plurality of adaptor species is 
ligated to an end-repaired cf. DNA library. Each of the plural 
ity of adaptors may comprise one or more primer binding site 
for amplification of the cf. DNA library, one or more read code 
sequences, one or more sequences for sample multiplexing, 
and one or more sequences for DNA sequencing. 
0128 Ligation of one or more adaptors contemplated 
herein may be carried out by methods known to those of 
ordinary skill in the art. In particular embodiments, one or 
more adaptors contemplated herein are ligated to end-re 
paired cf. DNA that comprises blunt ends. In certain embodi 
ments, one or more adaptors contemplated herein are ligated 
to end-repaired cf. DNA that comprises complementary ends 
appropriate for the ligation method employed. In certain 
embodiments, one or more adaptors contemplated herein are 
ligated to end-repaired cf. DNA that comprises a 3' overhang. 
0129. 2. cfloNA Library Amplification 
0130. In particular embodiments, methods of genetic 
analysis contemplated herein comprise amplification of a 
cf. DNA library to generate a cf. DNA clone library or a library 
of cf. DNA clones. Each molecule of the cflNA library com 
prises an adaptor ligated to each end of an end-repaired 
cf. DNA, and each adaptor comprises one or more PCR primer 
binding sites. In one embodiment, different adaptors are 
ligated to different ends of the end-repaired cf. DNA. 
0131. In a preferred embodiment, the same adaptor is 
ligated to both ends of the cf PNA. Ligation of the same 
adaptor to both ends of end-repaired cf. DNA allows for PCR 
amplification with a single primer sequence. In particular 
embodiments, a portion of the adaptor ligated-cfloNA library 
will be amplified using standard PCR techniques with a single 
primer sequence driving amplification. In one embodiment, 
the single primer sequence is about 25 nucleotides, optionally 
with a projected Tm of >55° C. understandard ionic strength 
conditions. 
0.132. In particular embodiments, picograms of the initial 

cf. DNA library are amplified into micrograms of cfloNA 
clones, implying a 10,000-fold amplification. The amount of 
amplified product can be measured using methods known in 
the art, e.g., quantification on a Qubit 2.0 or Nanodrop instru 
ment. 

0.133 3. Determining the Number of Genome Equivalents 
0134. In various embodiments, a method for genetic 
analysis of cf. DNA comprises determining the number of 
genome equivalents in the cfDNA clone library. As used 
herein, the term “genome equivalent” refers to the number of 
genome copies in each library. An important challenge met by 
the compositions and methods contemplated herein is achiev 
ing Sufficient assay sensitivity to detect and analysis rare 
genetic mutations or differences in genetic sequence. To 
determine assay sensitivity value on a sample-by-sample 
basis, the numbers of different and distinct sequences that are 
present in each sample are measured, by measuring the num 
ber of genome equivalents that are present in a sequencing 
library. To establish sensitivity, the number of genome 
equivalents must be measured for each sample library. 
0135 The number of genome equivalents can be deter 
mined by qPCR assay or by using bioinformatics-based 
counting after sequencing is performed. In the process flow of 
clinical samples, qPCR measurement of genome equivalents 
is used as a QC step for cf DNA libraries. It establishes an 
expectation for assay sensitivity prior to sequence analysis 
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and allows a sample to be excluded from analysis if its cor 
responding cf. DNA clone library lacks the required depth of 
genome equivalents. Ultimately, the bioinformatics-based 
counting of genome equivalents is also used to identify the 
genome equivalents—and hence the assay sensitivity and 
false negative estimates—for each given cf)NA clone 
library. 
0.136 The empirical qPCR assay and statistical counting 
assays should be well correlated. In cases where sequencing 
fails to reveal the sequence depth in a cf)NA clone library, 
reprocessing of the cfloNA clone library and/or additional 
sequencing may be required. 
0.137 In one embodiment, the genome equivalents in a 
cf. DNA clone library are determined using a quantitative PCR 
(qPCR) assay. In a particular embodiment, a standard library 
of known concentration is used to construct a standard curve 
and the measurements from the qPCR assay are fit to the 
resulting standard curve and a value for genome equivalents is 
derived from the fit. Surprisingly, the present inventors have 
discovered that a qPCR“repeat-based assay comprising one 
primer that specifically hybridizes to a common sequence in 
the genome, e.g., a repeat sequence, and another primer that 
binds to the primer binding site in the adaptor, measured an 
8-fold increase in genome equivalents compared to methods 
using just the adaptor specific primer (present on both ends of 
the cf. DNA clone). The number of genome equivalents mea 
Sured by the repeat-based assays provides a more consistent 
library-to-library performance and a better alignment 
between qPCR estimates of genome equivalents and bioin 
formatically counted tag equivalents in sequencing runs. 
0.138 Illustrative examples of repeats suitable for use in 
the repeat-based genome equivalent assays contemplated 
herein include, but not limited to: short interspersed nuclear 
elements (SINES), e.g., Alu repeats; long interspersed nuclear 
elements (LINEs), e.g., LINE1, LINE2, LINE3: microsatel 
lite repeat elements, e.g., short tandem repeats (STRs), simple 
sequence repeats (SSRs); and mammalian-wide interspersed 
repeats (MIRs). 
0.139. In one embodiment, the repeat is an Alu repeat. 
0140 4. Quantitative Genetic Analysis 
0.141. In various embodiments, a method for genetic 
analysis of cf)NA comprises quantitative genetic analysis of 
one or more target genetic loci of the cf. DNA library clones. 
Quantitative genetic analysis comprises one or more of, or all 
of the following steps: capturing cf)NA clones comprising a 
target genetic locus; amplification of the captured targeted 
genetic locus; sequencing of the amplified captured targeted 
genetic locus; and bioinformatic analysis of the resulting 
sequence reads. 
0.142 (a) Capture of Target Genetic Locus 
0143. The present invention contemplates, in part, a cap 
ture probe module designed to retain the efficiency and reli 
ability of larger probes but that minimizes uninformative 
sequence generation in a cf)NA clone library. A "capture 
probe module” refers to a polynucleotide that comprises a 
capture probe sequence and a tail sequence. In particular 
embodiments, the capture probe module sequence or a por 
tion thereof serves as a primer binding site for one or more 
sequencing primers. 
0144. In particular embodiments, a capture probe module 
comprises a capture probe. As used herein a "capture probe' 
refers to a region capable of hybridizing to a specific DNA 
target region. Because the average size of cfDNA is about 150 
to about 170 bp and is highly fragmented the compositions 
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and methods contemplated herein comprise the use of high 
density and relatively short capture probes to interrogate 
DNA target regions of interest. 
0145 One particular concern with using high density cap 
ture probes is that generally capture probes are designed 
using specific “sequence rules. For example, regions of 
redundant sequence or that exhibit extreme base composition 
biases are generally excluded in designing capture probes. 
However, the present inventors have discovered that the lack 
of flexibility in capture probe design rules does not substan 
tially impact probe performance. In contrast, capture probes 
chosen strictly by positional constraint provided on-target 
sequence information; exhibit very little off-target and 
unmappable read capture; and yield uniform, useful, on-tar 
get reads with only few exceptions. Moreover, the high redun 
dancy at close probe spacing more than compensates for 
occasional poor-performing capture probes. 
0146 In particular embodiments, a target region is tar 
geted by a plurality of capture probes, wherein any two or 
more capture probes are designed to bind to the target region 
within 10 nucleotides of each other, within 15 nucleotides of 
each other, within 20 nucleotides of each other, within 25 
nucleotides of each other, within 30 nucleotides of each other, 
within 35 nucleotides of each other, within 40 nucleotides of 
each other, within 45 nucleotides of each other, or within 50 
nucleotides or more of each other, as well as all intervening 
nucleotide lengths. 
0147 In one embodiment, the capture probe is about 25 
nucleotides, about 26 nucleotides, about 27 nucleotides, 
about 28 nucleotides, about 29 nucleotides, about 30 nucle 
otides, about 31 nucleotides, about 32 nucleotides, about 33 
nucleotides, about 34 nucleotides, about 35 nucleotides, 
about 36 nucleotides, about 37 nucleotides, about 38 nucle 
otides, about 39 nucleotides, about 40 nucleotides, about 41 
nucleotides, about 42 nucleotides, about 43 nucleotides, 
about 44 nucleotides, or about 45 nucleotides. 
0148. In one embodiment, the capture probe is about 100 
nucleotides, about 200 nucleotides, about 300 nucleotides, 
about 400 nucleotides, or about 100 nucleotides. In another 
embodiment, the capture probe is from about 100 nucleotides 
to about 500 nucleotides, about 200 nucleotides to about 500 
nucleotides, about 300 nucleotides to about 500 nucleotides, 
or about 400 nucleotides to about 500 nucleotides, or any 
intervening range thereof. 
0149. In a particular embodiment, the capture probe is not 
60 nucleotides. 
0150. In another embodiment, the capture probe is sub 
stantially smaller than 60 nucleotides but hybridizes compa 
rably, as well as, or better than a 60 nucleotide capture probe 
targeting the same DNA target region. 
0151. In a certain embodiment, the capture probe is 40 
nucleotides. 
0152. In certain embodiments, a capture probe module 
comprises a tail sequence. As used herein, the term “tail 
sequence” refers to a polynucleotide at the 5' end of the 
capture probe module, which in particular embodiments can 
serve as a primer binding site. In particular embodiments, a 
sequencing primer binds to the primer binding site in the tail 
region. 
0153. In particular embodiments, the tail sequence is 
about 5 to about 100 nucleotides, about 10 to about 100 
nucleotides, about 5 to about 75 nucleotides, about 5 to about 
50 nucleotides, about 5 to about 25 nucleotides, or about 5 to 
about 20 nucleotides. In certain embodiments, the third 
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region is from about 10 to about 50 nucleotides, about 15 to 
about 40 nucleotides, about 20 to about 30 nucleotides or 
about 20 nucleotides, or any intervening number of nucle 
otides. 

0154) In particular embodiments, the tail sequence is 
about 30 nucleotides, about 31 nucleotides, about 32 nucle 
otides, about 33 nucleotides, about 34 nucleotides, about 35 
nucleotides, about 36 nucleotides, about 37 nucleotides, 
about 38 nucleotides, about 39 nucleotides, or about 40 nucle 
otides. 

0.155. In various embodiments, the capture probe module 
comprises a specific member of a binding pair to enable 
isolation and/or purification of one or more captured frag 
ments of a tagged and or amplified cflNA library that hybrid 
izes to the capture probe. In particular embodiments, the 
capture probe module is conjugate to biotin or another Suit 
able hapten, e.g., dinitrophenol, digoxigenin. 
0156. In various embodiments, the capture probe module 

is hybridized to a tagged and optionally amplified cf. DNA 
library to form a complex. In some embodiments, the multi 
functional capture probe module substantially hybridizes to a 
specific genomic target region in the cf)NA library. 
0157 Hybridization or hybridizing conditions can include 
any reaction conditions where two nucleotide sequences form 
a stable complex; for example, the tagged cf)NA library and 
capture probe module forming a stable tagged cfDNA library 
capture probe module complex. Such reaction conditions are 
well known in the art and those of skill in the art will appre 
ciated that Such conditions can be modified as appropriate, 
e.g., decreased annealing temperatures with shorter length 
capture probes, and within the scope of the present invention. 
Substantial hybridization can occur when the second region 
of the capture probe complex exhibits 100%, 99%, 98%, 
97%, 96%, 95%, 94%, 93%, 92% 91%, 90%, 89%, 88%, 
85%. 80%, 75%, or 70% sequence identity, homology or 
complementarity to a region of the tagged cf)NA library. 
0158. In particular embodiments, the capture probe is 
about 40 nucleotides and has an optimal annealing tempera 
ture of about 44° C. o about 47°C. 

0159. In certain embodiments, the methods contemplated 
herein comprise isolating a tagged cf)NA library-capture 
probe module complex. In particular embodiments, methods 
for isolating DNA complexes are well known to those skilled 
in the art and any methods deemed appropriate by one of skill 
in the art can be employed with the methods of the present 
invention (Ausubel et al., Current Protocols in Molecular 
Biology, 2007-2012). In particular embodiments, the com 
plexes are isolated using biotin-streptavidin isolation tech 
niques. 
0160. In particular embodiments, removal of the single 
stranded 3'-ends from the isolated tagged cflNA library 
capture probe module complex is contemplated. In certain 
embodiments, the methods comprise 3'-5' exonuclease enzy 
matic processing of the isolated tagged DNA library-multi 
functional capture probe module complex to remove the 
single stranded 3' ends. 
0.161. In certain other embodiments, the methods com 
prise performing 5'-3' DNA polymerase extension of multi 
functional capture probe utilizing the isolated tagged DNA 
library fragments as template. 
(0162. In certain other embodiments, the methods com 
prise creating a hybrid capture probe-isolated tagged cf)NA 
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target molecule through the concerted action of a 5' FLAP 
endonuclease, DNA polymerization and nick closure by a 
DNA ligase. 
0163 A variety of enzymes can be employed for the 3'-5' 
exonuclease enzymatic processing of the isolated tagged 
cf. DNA library-multifunctional capture probe module com 
plex. Illustrative examples of suitable enzymes, which exhibit 
3'-5' exonuclease enzymatic activity, that can be employed in 
particular embodiments include, but are not limited to: T4 or 
Exonucleases I, III, V (see also, Shevelev IV. Hübscher U. 
“The 3'5' exonucleases.” Nat Rev Mol Cell Biol. 3(5):364-76 
(2002)). In particular embodiments, the enzyme comprising 
3'-5' exonuclease activity is T4 polymerase. In particular 
embodiments, an enzyme which exhibits 3'-5' exonuclease 
enzymatic activity and is capable of primer template exten 
sion can be employed, including for example T4 or Exonu 
cleases I, III, V. Id. 
0164. In some embodiments, the methods contemplated 
herein comprise performing sequencing and/or PCR on the 
3'-5' exonuclease enzymatically processed complex dis 
cussed Supra and elsewhere herein. In particular embodi 
ments, a tail portion of a capture probe molecule is copied in 
order to generate a hybrid nucleic acid molecule. In one 
embodiment, the hybrid nucleic acid molecule generated 
comprises the target region capable of hybridizing to the 
capture probe module and the complement of the capture 
probe module tail sequence. 
0.165. In a particular embodiment, genetic analysis com 
prises a) hybridizing one or more capture probe modules to 
one or more target genetic loci in a plurality of cf)NA library 
clones to form one or more capture probe module-cfloNA 
library clone complexes; b) isolating the one or more capture 
probe module-cf DNA library clone complexes from a); c) 
enzymatically processing the one or more isolated capture 
probe module-cf)NA library clone complexes from step b); 
d) performing PCR on the enzymatically processed complex 
from c) wherein the tail portion of the capture probe molecule 
is copied in order to generate amplified hybrid nucleic acid 
molecules, wherein the amplified hybrid nucleic acid mol 
ecules comprise a target sequence in the target genomic locus 
capable of hybridizing to the capture probe and the comple 
ment of the capture probe module tail sequence; and e) per 
forming quantitative genetic analysis on the amplified hybrid 
nucleic acid molecules from d). 
0166 In a particular embodiment, methods for determin 
ing copy number of a specific target genetic locus are con 
templated comprising: a) hybridizing one or more capture 
probe modules to one or more target genetic loci in a plurality 
of cflNA library clones to form one or more capture probe 
module-cf)NA library clone complexes; b) isolating the one 
or more capture probe module-cf)NA library clone com 
plexes from a); c) enzymatically processing the one or more 
isolated capture probe module-cf. DNA library clone com 
plexes from step b); d) performing PCR on the enzymatically 
processed complex from c) wherein the tail portion of the 
capture probe molecule is copied in order to generate ampli 
fied hybrid nucleic acid molecules, wherein the amplified 
hybrid nucleic acid molecules comprise a target sequence in 
the target genetic locus capable of hybridizing to the capture 
probe and the complement of the capture probe module tail 
sequence; e) performing PCR amplification of the amplified 
hybrid nucleic acid molecules in d); and f) quantitating the 
PCR reaction in e), wherein the quantitation allows for a 
determination of copy number of the specific target region. 
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0167. In one embodiment, the enzymatic processing of 
step c) comprises performing 3'-5' exonuclease enzymatic 
processing on the one or more capture probe module-cf)NA 
library clone complexes from b) using an enzyme with 3'-5' 
exonuclease activity to remove the single Stranded 3' ends; 
creating one or more hybrid capture probe module-cf)NA 
library clone molecules through the concerted action of a 5' 
FLAP endonuclease, DNA polymerization and nick closure 
by a DNA ligase; or performing 5'-3' DNA polymerase exten 
sion of the capture probe using the isolated cf)NA clone in 
the complex as a template. 
0.168. In one embodiment, the enzymatic processing of 
step c) comprises performing 5'-3' DNA polymerase exten 
sion of the capture probe using the isolated cf)NA clone in 
the complex as a template. 
0169. In particular embodiments, PCR can be performed 
using any standard PCR reaction conditions well known to 
those of skill in the art. In certain embodiments, the PCR 
reaction in e) employs two PCR primers. In one embodiment, 
the PCR reaction in e) employs a first PCR primer that hybrid 
izes to a repeat within the target genetic locus. In a particular 
embodiment, the PCR reaction in e) employs a second PCR 
primer that hybridizes to the hybrid nucleic acid molecules at 
the target genetic locus/tail junction. In certain embodiments, 
the PCR reaction in e) employs a first PCR primer that hybrid 
izes to the target genetic locus and a second PCR primer 
hybridizes to the amplified hybrid nucleic acid molecules at 
the target genetic locus/tail junction. In particular embodi 
ments, the second primer hybridizes to the target genetic 
locus/tail junction Such that at least one or more nucleotides 
of the primer hybridize to the target genetic locus and at least 
one or more nucleotides of the primer hybridize to the tail 
Sequence. 
0170 In certain embodiments, the amplified hybrid 
nucleic acid molecules obtained from step e) are sequenced 
and the sequences aligned horizontally, i.e., aligned to one 
another but not aligned to a reference sequence. In particular 
embodiments, steps a) through e) are repeated one or more 
times with one or more capture probe modules. The capture 
probe modules can be the same or different and designed to 
target either cf)NA strand of a target genetic locus. In some 
embodiments, when the capture probes are different, they 
hybridize at overlapping or adjacent target sequences within 
a target genetic locus in the tagged cf)NA clone library. In 
one embodiment, a high density capture probe strategy is 
used wherein a plurality of capture probes hybridize to a 
target genetic locus, and wherein each of the plurality of 
capture probes hybridizes to the target genetic locus within 
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 200, bp of any 
other capture probe that hybridizes to the target genetic locus 
in a tagged cf)NA clone library, including all intervening 
distances. 

0171 In some embodiments, the method can be per 
formed using two capture probe modules per target genetic 
locus, wherein one hybridizes to the “Watson' strand (non 
coding or template Strand) upstream of the target region and 
one hybridizes to the “Crick' strand (coding or non-template 
Strand) downstream of the target region. 
0172. In particular embodiments, the methods contem 
plated herein can further be performed multiple times with 
any number of capture probe modules, for example 2, 3, 4, 5, 
6, 7, 8, 9, or 10 or more capture probe modules per target 
genetic locus any number of which hybridize to the Watson or 
Crick strand in any combination. In some embodiments, the 
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sequences obtained can be aligned to one another in order to 
identify any of a number of differences. 
0173. In certain embodiments, a plurality of target genetic 
loci are interrogated, e.g., 100, 200, 300, 400, 500, 600, 700, 
800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 
5000, 10000, 50000, 100000, 500000 or more in a single 
reaction, using one or more capture probe modules. 
0.174 (b) Sequencing 
0.175. In particular embodiments, the quantitative genetic 
analysis comprises sequencing a plurality of hybrid nucleic 
acid molecules, as discussed elsewhere herein, Supra, togen 
erate Sufficient sequencing depths to obtain a plurality of 
unique sequencing reads. A unique read is defined as the 
single consensus read from a “family’ of reads that all share 
the same read code and sequence start point within cf. DNA. 
Each capture probe yields a set of unique reads that are 
computationally distilled from total reads by grouping into 
families. The unique reads for a given sample are then com 
puted as the average of all the unique reads observed on a 
probe-by-probe basis. Cases where there is an obvious copy 
number change are excluded from the data set used to com 
pute the average. Unique reads are important because each 
unique read must be derived from a unique cf)NA clone. 
Each unique read represents the input and analysis of a hap 
loid equivalent of genomic DNA. The sum of unique reads is 
the Sum of haploid genomes analyzed. The number of 
genomes analyzed, in turn, defines the sensitivity of the 
sequencing assay. By way of a non-limiting example, if the 
average unique read count is 100 genome equivalents, then 
that particular assay has a sensitivity of being able to detect 
one mutant read in 100, or 1%. Any observation less than this 
is not defensible. 
0176). In particular embodiments, the quantitative genetic 
analysis comprises multiplex sequencing of hybrid nucleic 
acid molecules derived from a plurality of samples. 
0177. In various embodiments, the quantitative genetic 
analysis comprises obtaining one or more or a plurality of 
tagged DNA library clones, each clone comprising a first 
DNA sequence and a second DNA sequence, wherein the first 
DNA sequence comprises a sequence in a targeted genetic 
locus and the second DNA sequence comprises a capture 
probe sequence; performing a paired end sequencing reaction 
on the one or more clones and obtaining one or more sequenc 
ing reads or performing a sequencing reaction on the one or 
more clones in which a single long sequencing read of greater 
than about 100, 200, 300, 400, 500 or more nucleotides is 
obtained, wherein the read is sufficient to identify both the 
first DNA sequence and the second DNA sequence; and 
ordering or clustering the sequencing reads of the one or more 
clones according to the probe sequences of the sequencing 
reads. 
0.178 (c) Bioinformatics Analysis 
0179. In various embodiments, the quantitative genetic 
analysis further comprises bioinformatic analysis of the 
sequencing reads. Bioinformatic analysis excludes any 
purely mental analysis performed in the absence of a compo 
sition or method for sequencing. In certain embodiments, 
bioinformatics analysis includes, but is not limited to: 
sequence alignments; genome equivalents analysis; single 
nucleotide variant (SNV) analysis; gene copy number varia 
tion (CNV) analysis; and detection of genetic lesions. In 
particular embodiments, bioinformatics analysis is useful to 
quantify the number of genome equivalents analyzed in the 
cf. DNA clone library; to detect the genetic state of a target 
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genetic locus; to detect genetic lesions in a target genetic 
locus; and to measure copy number fluctuations within a 
target genetic locus. 
0180 Sequence alignments may be performed between 
the sequence reads and one or more human reference DNA 
sequences. In particular embodiments, sequencing align 
ments can be used to detect genetic lesions in a target genetic 
locus including, but not limited to detection of a nucleotide 
transition or transversion, a nucleotide insertion or deletion, a 
genomic rearrangement, a change in copy number, or a gene 
fusion. Detection of genetic lesions that are causal or prog 
nostic indicators may be useful in the diagnosis, prognosis, 
treatment, and/or monitoring of a particular genetic condition 
or disease. 
0181 Also contemplated herein, are methods for 
sequence alignment analysis that can be performed without 
the need for alignment to a reference sequence, referred to 
herein as horizontal sequence analysis. Such analysis can be 
performed on any sequences generated by the methods con 
templated herein or any other methods. In particular embodi 
ments, the sequence analysis comprises performing sequence 
alignments on the reads obtained by the methods contem 
plated herein. 
0182. In one embodiment, the genome equivalents in a 
cf. DNA clone library are determined using bioinformatics 
based counting after sequencing is performed. Each sequenc 
ing read is associated with a particular capture probe, and the 
collection of reads assigned to each capture probe is parsed 
into groups. Within a group, sets of individual reads share the 
same read code and the same DNA sequence start position 
withingenomic sequence. These individual reads are grouped 
into a “family' and a single consensus representative of this 
family is carried forward as a “unique read.” All of the indi 
vidual reads that constituted a family are derived from a single 
ligation event and thus, they are amplification-derived “sib 
lings” of one another. Each unique read is considered a unique 
ligation event and the Sum of unique reads is considered 
equivalent to the number of genome equivalents analyzed. 
0183. As the number of unique clones approaches the total 
number of possible sequence combinations, probability dic 
tates that the same code and start site combinations will be 
created by independent events and that these independent 
events will be inappropriately grouped within single families. 
The net result will be an underestimate of genome equivalents 
analyzed, and rare mutant reads may be discarded as sequenc 
ing errors because they overlap with wild-type reads bearing 
the same identifiers. 
0184. In particular embodiments, to provide an accurate 
analysis for cfloNA clone libraries, the number of genome 
equivalents analyzed is about /10, about/12, about /14, about 
/16, about /18, about /20, about /25 or less the number of 
possible unique clones. It should be understood that the pro 
cedure outlined above is merely illustrative and not limiting. 
0185. In some embodiments, the number of genome 
equivalents to be analyzed may need to be increased. To 
expand the depth of genome equivalents, at least two solu 
tions are contemplated. The first Solution is to use more than 
one adaptor set per sample. By combining adaptors, it is 
possible to multiplicatively expand the total number of pos 
sible clones and therefore, expand the comfortable limits of 
genomic input. The second solution is to expand the read code 
by 1, 2, 3, 4, or 5 or more bases. The number of possible read 
codes that differ by at least 2 bases from every other read code 
scales as 4" where n is the number of bases within a read 



US 2016/0053301 A1 

code. Thus, in a non-limiting example, if a read code is 5 
nucleotides and 4–256; therefore, the inclusion of addi 
tional bases expands the available repertoire by a factor of 
four for each additional base. 
0186. In one embodiment, quantitative genetic analysis 
comprises bioinformatic analysis of sequencing reads to 
identify rare single nucleotide variants (SNV). 
0187 Next-generation sequencing has an inherent error 
rate of roughly 0.02-0.02%, meaning that anywhere from 
1/200 to 1/500 base calls are incorrect. To detect variants and 
other mutations that occurat frequencies lower than this, for 
example at frequencies of 1 per 1000 sequences, it is neces 
sary to invoke molecular annotation strategies. By way of a 
non-limiting example, analysis of 5000 unique molecules 
using targeted sequence capture technology would gener 
ate—at sufficient sequencing depths of >50,000 reads—a 
collection of 5000 unique reads, with each unique read 
belonging to a “family of reads that all possess the same read 
code. A SNV that occurs within a family is a candidate for 
being a rare variant. When this same variant is observed in 
more than one family, it becomes a very strong candidate for 
being a rare variant that exists within the starting sample. In 
contrast, variants that occur sporadically within families are 
likely to be sequencing errors and variants that occur within 
one and only one family are either rare or the result of a base 
alteration that occurred ex vivo (e.g., oxidation of a DNA base 
or PCR-introduced errors). 
0188 In one embodiment, the methods of detecting SNVs 
comprise introducing 10-fold more genomic input (genomes 
or genome equivalents) as the desired target sensitivity of the 
assay. In one non-limiting example, if the desired sensitivity 
is 2% (2 in 100), then the experimental target is an input of 
2000 genomes. 
0189 In particular embodiments, bioinformatics analysis 
of sequencing data is used to detect or identify SNV associ 
ated with a genetic state, condition or disease, genetic mosa 
icism, fetal testing, paternity testing, predicting response to 
drug treatment, diagnosing or monitoring a medical condi 
tion, microbiome profiling, pathogen screening, and monitor 
ing organ transplants. 
0190. In various embodiments, a method for copy number 
determination analysis is provided comprising obtaining one 
or more or a plurality of clones, each clone comprising a first 
DNA sequence and a second DNA sequence, wherein the first 
DNA sequence comprises a sequence in a targeted genetic 
locus and the second DNA sequence comprises a capture 
probe sequence. In related embodiments, a paired end 
sequencing reaction on the one or more clones is performed 
and one or more sequencing reads are obtained. In another 
embodiment, a sequencing reaction on the one or more clones 
is performed in which a single long sequencing read of greater 
than about 100 nucleotides is obtained, wherein the read is 
sufficient to identify both the first DNA sequence and the 
second DNA sequence. The sequencing reads of the one or 
more clones can be ordered or clustered according to the 
probe sequence of the sequencing reads. 
0191 Copy number analyses include, but are not limited 
to analyses, that examine the number of copies of a particular 
gene or mutation that occurs in a given genomic DNA sample 
and can further include quantitative determination of the 
number of copies of a given gene or sequence differences in a 
given sample. In particular embodiments, copy number 
analysis is used to detect or identify gene amplification asso 
ciated with genetic states, conditions, or diseases, fetal test 
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ing, genetic mosaicism, paternity testing, predicting response 
to drug treatment, diagnosing or monitoring a medical con 
dition, microbiome profiling, pathogen screening, and moni 
toring organ transplants. 
0.192 In particular embodiments, bioinformatics analysis 
of sequencing data is used to detect or identify one or more 
sequences or genetic lesions in a target locus including, but 
not limited to detection of a nucleotide transition or transver 
Sion, a nucleotide insertion or deletion, a genomic rearrange 
ment, a change in copy number, or a gene fusion. Detection of 
genetic lesions that are causal or prognostic indicators may be 
useful in the diagnosis, prognosis, treatment, and/or monitor 
ing of a particular genetic condition or disease. In one 
embodiment, genetic lesions are associated with genetic 
states, conditions, or diseases, fetal testing, genetic mosa 
icism, paternity testing, predicting response to drug treat 
ment, diagnosing or monitoring a medical condition, micro 
biome profiling, pathogen screening, and monitoring organ 
transplants. 

D. Clinical Applications of Quantitative Genetic Analysis 

0193 In various embodiments, the present invention con 
templates a method of detecting, identifying, predicting, 
diagnosing, or monitoring a condition or disease in a Subject. 
0194 In particular embodiments, a method of detecting, 
identifying, predicting, diagnosing, or monitoring a genetic 
state, condition or disease in a subject comprises performing 
a quantitative genetic analysis of one or more target genetic 
loci in a cf)NA clone library to detect or identify a change in 
the sequence at the one or more target genetic loci. 
0.195. In one embodiment, a method of detecting, identi 
fying, predicting, diagnosing, or monitoring a genetic state, 
condition or disease comprises isolating or obtaining cf)NA 
from a biological sample of a subject; treating the cf. DNA 
with one or more end-repair enzymes to generate end-re 
paired cf NA; ligating one or more adaptors to each end of 
the end-repaired cf. DNA to generate a cf. DNA library; ampli 
fying the cf. DNA library to generate a cfloNA clone library; 
determining the number of genome equivalents in the cf. DNA 
clone library; and performing a quantitative genetic analysis 
of one or more target genetic loci in a cf)NA clone library to 
detect or identify a change in the sequence at the one or more 
target genetic loci. 
0196. In particular embodiments, a method of detecting, 
identifying, predicting, diagnosing, or monitoring a genetic 
state, or genetic condition or disease selected from the group 
consisting of genetic diseases; genetic mosaicism; fetal test 
ing; paternity testing; paternity testing; predicting response to 
drug treatment; diagnosing or monitoring a medical condi 
tion; microbiome profiling; pathogen screening; and organ 
transplant monitoring comprising isolating or obtaining 
cf. DNA from a biological sample of a subject; treating the 
cf. DNA with one or more end-repair enzymes to generate 
end-repaired cf NA; ligating one or more adaptors to each 
end of the end-repaired cfDNA to generate a cf)NA library; 
amplifying the cf. DNA library to generate a cflNA clone 
library; determining the number of genome equivalents in the 
cf)NA clone library; and performing a quantitative genetic 
analysis of one or more target genetic loci in a cf)NA clone 
library to detect or identify a nucleotide transition or trans 
version, a nucleotide insertion or deletion, a genomic rear 
rangement, a change in copy number, or a gene fusion in the 
sequence at the one or more target genetic loci. 
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0.197 Illustrative examples of genetic diseases that can be 
detected, identified, predicted, diagnosed, or monitored with 
the compositions and methods contemplated herein include, 
but are not limited to cancer, Alzheimer's disease (APOE1), 
Charcot-Marie-Tooth disease, Leber hereditary optic neur 
opathy (LHON). Angelman syndrome (UBE3A, ubiquitin 
protein ligase E3A), Prader-Willi syndrome (region in chro 
mosome 15), B-Thalassaemia (HBB, B-Globin), Gaucher 
disease (type I) (GBA, Glucocerebrosidase), Cystic fibrosis 
(CFTR Epithelial chloride channel), Sickle cell disease 
(HBB, B-Globin), Tay-Sachs disease (HEXA, Hexosamini 
dase A), Phenylketonuria (PAH, Phenylalanine hydrolyase), 
Familial hypercholesterolaemia (LDLR, Low density lipo 
protein receptor), Adult polycystic kidney disease (PKD1. 
Polycystin), Huntington disease (HDD, Huntingtin), Neu 
rofibromatosis type I (NF1, NF1 tumour suppressor gene), 
Myotonic dystrophy (DM, Myotonin), Tuberous sclerosis 
(TSC1, Tuberin), Achondroplasia (FGFR3, Fibroblast 
growth factor receptor), Fragile X syndrome (FMR1, RNA 
binding protein), Duchenne muscular dystrophy (DMD, Dys 
trophin), Haemophilia A (F8C, Blood coagulation factor 
VIII), Lesch-Nyhan syndrome (HPRT1, Hypoxanthine gua 
nine ribosyltransferase 1), and Adrenoleukodystrophy 
(ABCD1). 
0198 Illustrative examples of cancers that can be 
detected, identified, predicted, diagnosed, or monitored with 
the compositions and methods contemplated herein include, 
but are not limited to: B cell cancer, e.g., multiple myeloma, 
melanomas, breast cancer, lung cancer (such as non-small 
cell lung carcinoma or NSCLC), bronchus cancer, colorectal 
cancer, prostate cancer, pancreatic cancer, stomach cancer, 
ovarian cancer, urinary bladder cancer, brain or central ner 
Vous system cancer, peripheral nervous system cancer, esoph 
ageal cancer, cervical cancer, uterine or endometrial cancer, 
cancer of the oral cavity or pharynx, liver cancer, kidney 
cancer, testicular cancer, biliary tract cancer, Small bowel or 
appendix cancer, salivary gland cancer, thyroid gland cancer, 
adrenal gland cancer, osteosarcoma, chondrosarcoma, cancer 
of hematological tissues, adenocarcinomas, inflammatory 
myofibroblastic tumors, gastrointestinal stromal tumor 
(GIST), colon cancer, multiple myeloma (MM), myelodys 
plastic syndrome (MDS), myeloproliferative disorder 
(MPD), acute lymphocytic leukemia (ALL), acute myelo 
cytic leukemia (AML), chronic myelocytic leukemia (CML), 
chronic lymphocytic leukemia (CLL), polycythemia Vera, 
Hodgkin lymphoma, non-Hodgkin lymphoma (NHL), Soft 
tissue sarcoma, fibrosarcoma, myxosarcoma, liposarcoma, 
osteogenic sarcoma, chordoma, angiosarcoma, endotheliosa 
rcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, 
synovioma, mesothelioma, Ewings tumor, leiomyosarcoma, 
rhabdomyosarcoma, squamous cell carcinoma, basal cell car 
cinoma, adenocarcinoma, Sweat gland carcinoma, sebaceous 
gland carcinoma, papillary carcinoma, papillary adenocarci 
nomas, medullary carcinoma, bronchogenic carcinoma, renal 
cell carcinoma, hepatoma, bile duct carcinoma, choriocarci 
noma, seminoma, embryonal carcinoma, Wilms tumor, 
bladder carcinoma, epithelial carcinoma, glioma, astrocy 
toma, medulloblastoma, craniopharyngioma, ependymoma, 
pinealoma, hemangioblastoma, acoustic neuroma, oligoden 
droglioma, meningioma, neuroblastoma, retinoblastoma, fol 
licular lymphoma, diffuse large B-cell lymphoma, mantle 
cell lymphoma, hepatocellular carcinoma, thyroid cancer, 
gastric cancer, head and neck cancer, Small cell cancers, 
essential thrombocythemia, agnogenic myeloid metaplasia, 
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hypereosinophilic syndrome, systemic mastocytosis, famil 
iar hypereosinophilia, chronic eosinophilic leukemia, neu 
roendocrine cancers, carcinoid tumors, and the like. 
0199. In one embodiment, the genetic lesion is a lesion 
annotated in the Cosmic database (the lesions and sequence 
data can be downloaded from cancer.sanger.ac.uk/cosmic/ 
census) oralesion annotated in the Cancer Genome Atlas (the 
lesions and sequence data can be downloaded from tcga-data. 
inci.nih.gov/tcga/tcgaDownload.jsp). 
0200 Illustrative examples of genes that harbor one or 
more genetic lesions associated with cancer that can be 
detected, identified, predicted, diagnosed, or monitored with 
the compositions and methods contemplated herein include, 
but are not limited to ABCB1, ABCC2, ABCC4, ABCG2, 
ABL1, ABL2, AKT1, AKT2, AKT3, ALDH4A1, ALK, APC, 
AR, ARAF, ARFRP1, ARID1A, ATM, ATR, AURKA, 
AURKB, BCL2, BCL2A1, BCL2L1, BCL2L2, BCL6, 
BRAF, BRCA1, BRCA2, Clorf144, CARD11, CBL, 
CCND1, CCND2, CCND3, CCNE1, CDH1, CDH2, 
CDH2O, CDH5, CDK4, CDK6, CDK8, CDKN2A, 
CDKN2B, CDKN2C, CEBPA, CHEK1, CHEK2, CRKL, 
CRLF2, CTNNB1, CYP1B1, CYP2C19, CYP2C8, 
CYP2D6, CYP3A4, CYP3A5, DNMT3A, DOT1L, DPYD, 
EGFR, EPHA3, EPHA5, EPHA6, EPHA7, EPHB1, EPHB4, 
EPHB6, EPHX1, ERBB2, ERBB3, ERBB4, ERCC2, ERG, 
ESR1, ESR2, ETV1, ETV4, ETV5, ETV6, EWSR1, EZH2, 
FANCA, FBXW7, FCGR3A, FGFR1, FGFR2, FGFR3, 
FGFR4, FLT1, FLT3, FLT4, FOXP4, GATA1, GNA11 
GNAQ. GNAS, GPR124, GSTP1, GUCY1A2, HOXA3, 
HRAS, HSP90AA1, IDH1, IDH2, IGF1R, IGF2R, IKBKE, 
IKZF1, INHEA, IRS2, ITPA, JAK1, JAK2, JAK3, JUN, 
KDR, KIT, KRAS, LRP1B, LRP2, LTK, MAN1B1 
MAP2K1, MAP2K2, MAP2K4, MCL1, MDM2, MDM4, 
MEN1, MET, MITF, MLH1, MLL, MPL, MRE 11A, MSH2, 
MSH6, MTHFR, MTOR, MUTYH, MYC, MYCL1, MYCN, 
NF1, NF2, NKX2-1, NOTCH1, NPM1, NQO1, NRAS, 
NRP2, NTRK1, NTRK3, PAK3, PAX5, PDGFRA PDG 
FRB, PIK3CA, PIK3R1, PKHD1, PLCG1, PRKDC, PTCH1, 
PTEN, PTPN11, PTPRD, RAF1, RARA, RB1, RET, RIC 
TOR, RPTOR, RUNX1, SLC19A1, SLC22A2, SLCO1B3, 
SMAD2, SMAD3, SMAD4, SMARCA4, SMARCB1, SMO, 
SOD2, SOX10, SOX2, SRC, STK11, SULT1A1, TBX22, 
TET2, TGFBR2, TMPRSS2, TNFRSF14, TOP1, TP53, 
TPMT, TSC1, TSC2, TYMS, UGT1A1, UMPS, USP9X, 
VHL, and WT1. 
0201 In particular embodiments, the genetic lesion com 
prises a nucleotide transition or transversion, a nucleotide 
insertion or deletion, a genomic rearrangement, a change in 
copy number, or a gene fusion. 
0202 In one embodiment, the genetic lesion is a gene 
fusion that fuses the 3' coding region of the ALK gene to 
another gene. 
0203. In one embodiment, the genetic lesion is a gene 
fusion that fuses the 3' coding region of the ALK gene to the 
EML4 gene. 
0204 Illustrative examples of conditions suitable for fetal 
testing that can be detected, identified, predicted, diagnosed, 
or monitored with the compositions and methods contem 
plated herein include but are not limited to: Down Syndrome 
(Trisomy 21), Edwards Syndrome (Trisomy 18), Patau Syn 
drome (Trisomy 13), Klinefelter's Syndrome (XXY). Triple 
X syndrome, XYY syndrome, Trisomy 8, Trisomy 16, Turner 
Syndrome (XO), Robertsonian translocation, DiGeorge Syn 
drome and Wolf-Hirschhorn Syndrome. 
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0205 Illustrative examples of alleles suitable for paternity 
testing that can be detected, identified, predicted, diagnosed, 
or monitored with the compositions and methods contem 
plated herein include but are not limited to 16 or more of: 
D20S1082, D6S474, D12ATA63, D22S1045, D10S1248, 
D1 S1677, D11S4463, D4S2364, D9S1122, D2S1776, 
D10S1425, D3S3053, D5S2500, D1S1627, D3S4529, 
D2S441, D175974, D6S1017, D4S2408, D9S2157, Amelo 
genin, D17S1301, D1GATA113, D18S853, D20S482, and 
D14S1434. 

0206 Illustrative examples of genes suitable for predict 
ing the response to drug treatment that can be detected, iden 
tified, predicted, diagnosed, or monitored with the composi 
tions and methods contemplated herein include, but are not 
limited to, one or more of the following genes: ABCB1 (ATP 
binding cassette, sub-family B (MDR/TAP), member 1), ACE 
(angiotensin I converting enzyme), ADH1A (alcohol dehy 
drogenase 1A (class I), alpha polypeptide), ADH1B (alcohol 
dehydrogenase IB (class I), beta polypeptide), ADH1C (alco 
hol dehydrogenase 1C (class I), gamma polypeptide), 
ADRB1 (adrenergic, beta-1-, receptor), ADRB2 (adrenergic, 
beta-2-, receptor, surface), AHR (arylhydrocarbon receptor), 
ALDH1A1 (aldehyde dehydrogenase 1 family, member A1), 
ALOX5 (arachidonate 5-lipoxygenase), BRCA1 (breast can 
cer 1, early onset), COMT (catechol-O-methyltransferase), 
CYP2A6 (cytochrome P450, family 2, subfamily A, polypep 
tide 6), CYP2B6 (cytochrome P450, family 2, subfamily B, 
polypeptide 6), CYP2C9 (cytochrome P450, family 2, sub 
family C, polypeptide 9), CYP2C19 (cytochrome P450, fam 
ily 2, subfamily C, polypeptide 19), CYP2D6 (cytochrome 
P450, family 2, subfamily D, polypeptide 6), CYP2J2 (cyto 
chrome P450, family 2, subfamily J, polypeptide 2), CYP3A4 
(cytochrome P450, family 3, subfamily A, polypeptide 4), 
CYP3A5 (cytochrome P450, family 3, subfamily A, polypep 
tide 5), DPYD (dihydropyrimidine dehydrogenase), DRD2 
(dopamine receptor D2), F5 (coagulation factor V), GSTP1 
(glutathione S-transferase pi), HMGCR (3-hydroxy-3-meth 
ylglutaryl-Coenzyme A reductase), KCNH2 (potassium volt 
age-gated channel, Subfamily H (eag-related), member 2), 
KCNJ11 (potassium inwardly-rectifying channel, subfamily 
J, member 11), MTHFR (5,10-methylenetetrahydrofolate 
reductase (NADPH)), NQO1 (NAD(P)H dehydrogenase, 
quinone 1), P2RY 1 (purinergic receptor P2Y, G-protein 
coupled, 1), P2RY12 (purinergic receptor P2Y, G-protein 
coupled, 12), PTGIS (prostaglandin I2 (prostacyclin) syn 
thase), SCN5A (sodium channel, Voltage-gated, type V, alpha 
(long QT syndrome 3)), SLC19A1 (solute carrier family 19 
(folate transporter), member 1), SLCO1B1 (solute carrier 
organic anion transporter family, member 1B1), SULT1A1 
(Sulfotransferase family, cytosolic, 1A, phenol-preferring, 
member 1), TPMT (thiopurine S-methyltransferase), TYMS 
(thymidylate synthetase), UGT1A1 (UDP glucuronosyl 
transferase 1 family, polypeptide A1), VDR (vitamin D (1.25 
dihydroxyvitamin D3) receptor), VKORC1 (vitamin K 
epoxide reductase complex, Subunit 1). 
0207 Illustrative examples of medical conditions that can 
be detected, identified, predicted, diagnosed, or monitored 
with the compositions and methods contemplated herein 
include, but are not limited to: Stroke, transient ischemic 
attack, traumatic brain injury, heart disease, heart attack, 
angina, atherosclerosis, and high blood pressure. 
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0208 Illustrative examples of pathogens that can be 
screened for with the compositions and methods contem 
plated herein include, but are not limited to: bacteria fungi, 
and viruses. 

0209 Illustrative examples of bacterial species that can be 
screened for with the compositions and methods contem 
plated herein include, but are not limited to: a Mycobacterium 
spp., a Pneumococcus spp., an Escherichia spp., a Campylo 
bacter spp., a Corynebacterium spp., a Clostridium spp., a 
Streptococcus spp., a Staphylococcus spp., a Pseudomonas 
spp., a Shigella spp., a Treponema spp., or a Salmonella spp. 
0210 Illustrative examples of fungal species that can be 
screened for with the compositions and methods contem 
plated herein include, but are not limited to: an Aspergillis 
spp., a Blastomyces spp., a Candida spp., a Coccicioides spp., 
a Cryptococcus spp., dermatophytes, a Tinea spp., a Tricho 
phyton spp., a Microsporum spp., a Fusarium spp., a Histo 
plasma spp., a Mucoromycotina spp., a Pneumocystis spp., a 
Sporothrix spp., an Exserophilum spp., or a Cladosporium 
spp. 

0211 Illustrative examples of viruses that can be screened 
for with the compositions and methods contemplated herein 
include, but are not limited to: Influenza A such as H1N1, 
H1N2, H3N2 and H5N1 (bird flu), Influenza B, Influenza C 
virus, Hepatitis A virus, Hepatitis B virus, Hepatitis C virus, 
Hepatitis D virus, Hepatitis E virus, Rotavirus, any virus of 
the Norwalk virus group, enteric adenoviruses, parvovirus, 
Dengue fever virus, Monkeypox, Mononegavirales, Lyssavi 
rus such as rabies virus, Lagos bat virus, Mokola virus, 
Duvenhage virus, European bat virus 1 & 2 and Australian bat 
virus, Ephemerovirus, Vesiculovirus, Vesicular Stomatitis 
Virus (VSV), Herpesviruses such as Herpes simplex virus 
types 1 and 2, varicella Zoster, cytomegalovirus, Epstein-Bar 
virus (EBV), human herpesviruses (HHV), human herpesvi 
rus type 6 and 8, Moloney murine leukemia virus (M-MuV), 
Moloney murine sarcoma virus (MoMSV), Harvey murine 
sarcoma virus (HaMuSV), murine mammary tumor virus 
(MuMTV), gibbon ape leukemia virus (Gal. V), feline leuke 
mia virus (FLV), Spumavirus, Friend murine leukemia virus, 
Murine Stem Cell Virus (MSCV) and Rous Sarcoma Virus 
(RSV), HIV (human immunodeficiency virus; including HIV 
type 1, and HIV type 2), visna-maedi virus (VMV) virus, the 
caprine arthritis-encephalitis virus (CAEV), equine infec 
tious anemia virus (EIAV), feline immunodeficiency virus 
(FIV), bovine immune deficiency virus (BIV), and simian 
immunodeficiency virus (SIV), papillomavirus, murine gam 
maherpesvirus, Arenaviruses such as Argentine hemorrhagic 
fever virus, Bolivian hemorrhagic fever virus, Sabia-associ 
ated hemorrhagic fever virus, Venezuelan hemorrhagic fever 
virus, Lassa fever virus, Machupo virus, Lymphocytic chori 
omeningitis virus (LCMV), Bunyaviridiae such as Crimean 
Congo hemorrhagic fever virus, Hantavirus, hemorrhagic 
fever with renal syndrome causing virus, Rift Valley fever 
virus, Filoviridae (filovirus) including Ebola hemorrhagic 
fever and Marburg hemorrhagic fever, Flaviviridae including 
Kaysanur Forest disease virus, Omsk hemorrhagic fever 
virus, Tick-borne encephalitis causing virus and Paramyx 
oviridae such as Hendra virus and Nipah virus, variola major 
and variola minor (Smallpox), alphaviruses such as Venezu 
elan equine encephalitis virus, eastern equine encephalitis 
virus, western equine encephalitis virus, SARS-associated 
coronavirus (SARS-CoV), West Nile virus, and any encepha 
liltis causing virus. 
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0212 Illustrative examples of genes suitable for monitor 
ing an organ transplant in a transplant recipient that can be 
detected, identified, predicted, diagnosed, or monitored with 
the compositions and methods contemplated herein include, 
but are not limited to, one or more of the following genes: 
HLA-A, HLA-B, HLA-C, HLA-DR, HLA-DP, and HLA 
DQ. 
0213. In particular embodiments, a bioinformatic analysis 

is used to quantify the number of genome equivalents ana 
lyzed in the cflNA clone library; detect genetic variants in a 
target genetic locus; detect mutations within a target genetic 
locus; detect genetic fusions within a target genetic locus; or 
measure copy number fluctuations within a target genetic 
locus. 

E. Companion Diagnostics 

0214. In various embodiments, a companion diagnostic 
for a genetic disease is provided, comprising: isolating or 
obtaining cf)NA from a biological sample of a subject; treat 
ing the cf)NA with one or more end-repair enzymes to gen 
erate end-repaired cf NA; ligating one or more adaptors to 
each end of the end-repaired cf)NA to generate a cfloNA 
library; amplifying the cf. DNA library to generate a cfloNA 
clone library; determining the number of genome equivalents 
in the cf. DNA clone library; and performing a quantitative 
genetic analysis of one or more biomarkers associated with 
the genetic disease in the cf.NA clone library, wherein detec 
tion of, or failure to detect, at least one of the one or more 
biomarkers indicates whether the subject should be treated 
for the genetic disease. 
0215. As used herein, the term “companion diagnostic' 
refers to a diagnostic test that is linked to a particular anti 
cancer therapy. In a particular embodiment, the diagnostic 
methods comprise detection of genetic lesion in a biomarker 
associated with in a biological sample, thereby allowing for 
prompt identification of patients should or should not be 
treated with the anti-cancer therapy. 
0216 Anti-cancer therapy includes, but is not limited to 
Surgery, radiation, chemotherapeutics, anti-cancer drugs, and 
immunomodulators. 
0217 Illustrative examples of anti-cancer drugs include, 
but are not limited to: alkylating agents such as thiotepa and 
cyclophosphamide (CYTOXANTM); alkylsulfonates such as 
buSulfan, improSulfan and piposulfan; aziridines Such as ben 
Zodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, trieth 
ylenemelamine, trietylenephosphoramide, 
triethylenethiophosphaoramide and trimethylolomelamine 
resume; nitrogen mustards such as chlorambucil, chlornap 
hazine, cholophosphamide, estramustine, ifosfamide, 
mechlorethamine, mechlorethamine oxide hydrochloride, 
melphalan, novembichin, phenesterine, prednimustine, tro 
fosfamide, uracil mustard; nitroSureas such as carmustine, 
chlorozotocin, fotemustine, lomustine, nimustine, ranimus 
tine; antibiotics such as aclacinomysins, actinomycin, authra 
mycin, azaserine, bleomycins, cactinomycin, calicheamicin, 
carabicin, carminomycin, carzinophilin, chromomycins, dac 
tinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-nor 
leucine, doxorubicin and its pegylated formulations, epirubi 
cin, esorubicin, idarubicin, marcellomycin, mitomycins, 
mycophenolic acid, nogalamycin, olivomycins, peplomycin, 
potfiromycin, puromycin, quelamycin, rodorubicin, Strep 
tonigrin, Streptozocin, tubercidin, ubenimex, Zinostatin, 
Zorubicin; anti-metabolites such as methotrexate and 5-fluo 
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rouracil (5-FU); folic acid analogues such as denopterin, 
methotrexate, pteropterin, trimetrexate; purine analogs such 
as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; 
pyrimidine analogs such as ancitabine, azacitidine, 6-azauri 
dine, carmofur, cytarabine, dideoxyuridine, doxifluridine, 
enocitabine, floXuridine, 5-FU; androgens such as caluster 
one, dromostanolone propionate, epitioStanol, mepitioStane, 
testolactone; anti-adrenals such as aminoglutethimide, mito 
tane, triloStane; folic acid replenisher such as frolinic acid; 
aceglatone; aldophosphamide glycoside; aminolevulinic 
acid; amsacrine; bestrabucil; bisantrene; ediatraxate, defo 
famine; demecolcine; diaziquone; elformithine; elliptinium 
acetate; etoglucid: gallium nitrate; hydroxyurea; lentinan; 
lonidamine; mitoguaZone; mitoxantrone; mopidamol; nitra 
crine; pentostatin: phenamet, pirarubicin; podophyllinic 
acid; 2-ethylhydrazide; procarbazine: PSKR); razoxane: sizo 
firan, Spirogermanium; tenuaZonic acid; triaziquone; 2.2.2"- 
trichlorotriethylamine, urethan; vindesine; dacarbazine; 
mannomustine, mitobronitol; mitolactol; pipobroman, gacy 
tosine; arabinoside ("Ara-C); cyclophosphamide; thiotepa; 
taxoids, e.g., paclitaxel (TAXOL(R), Bristol-Myers Squibb 
Oncology, Princeton, N.J.) and doxetaxel (TAXOTERE(R). 
Rhine-Poulenc Rorer, Antony, France); chlorambucil; gemcit 
abine; 6-thioguanine; mercaptopurine; methotrexate; plati 
num analogs such as cisplatin and carboplatin: vinblastine; 
platinum: etoposide (VP-16); ifosfamide: mitomycin C: 
mitoxantrone; Vincristine; vinorelbine; navelbine; 
novantrone; teniposide; aminopterin: Xeloda; ibandronate; 
CPT-11: topoisomerase inhibitor RFS 2000; difluoromethy 
lomithine (DMFO); retinoic acid derivatives such as Targre 
tinTM (bexarotene), PanretinTM (alitretinoin): ONTAKTM (de 
nileukin diftitox); esperamicins; capecitabine; and 
pharmaceutically acceptable salts, acids or derivatives of any 
of the above. Also included in this definition are anti-hor 
monal agents that act to regulate or inhibit hormone action on 
cancers such as anti-estrogens including for example tamox 
ifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hy 
droxytamoxifen, trioxifene, keoxifene, LY 1 17018, onapris 
tone, and toremifene (Fareston); and anti-androgens Such as 
flutamide, nilutamide, bicalutamide, leuprolide, and goser 
elin; and pharmaceutically acceptable salts, acids or deriva 
tives of any of the above. 
0218 Illustrative examples of immunomodulators 
include, but are not limited to: cyclosporine, tacrolimus, tre 
sperimus, pimecrolimus, sirolimus, Verolimus, laflunimus, 
laquinimod and imiquimod, as well as analogs, derivatives, 
salts, ions and complexes thereof. 
0219 All publications, patent applications, and issued 
patents cited in this specification are herein incorporated by 
reference as if each individual publication, patent application, 
or issued patent were specifically and individually indicated 
to be incorporated by reference. 
0220 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be readily 
apparent to one of ordinary skill in the art in light of the 
teachings of this invention that certain changes and modifi 
cations may be made thereto without departing from the spirit 
or scope of the appended claims. The following examples are 
provided by way of illustration only and not by way of limi 
tation. Those of skill in the art will readily recognize a variety 
of noncritical parameters that could be changed or modified 
to yield essentially similar results. 
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EXAMPLES 

Example 1 

Accurate Detection of Rare Mutations using 
Targeted Sequence Capture Technology 

Purpose 

0221) The purpose of this experiment was to provide a 
direct proof-of-principle demonstration of rare variant detec 
tion using targeted sequence capture technology. 

Background 
0222 Target sequence capture technology provides quan 

titative, sequence-based genetic analysis of nucleic acids and 
can be exploited to perform a combined mutational and copy 
number analysis of drug metabolism genes. The present 
inventors used targeted sequence capture technology and Sub 
sequence genetic analysis to detect rare sequence variants. 
0223 Genomic DNA inputs play a central role in rare 
variant detection, but quantitative analysis and control of 
genomic inputs places bounds on the estimated sensitivity of 
rare variant analysis. A genomic qPCR assay was used by the 
present inventors to estimate genomic inputs. 
0224 One experimental goal for rare variant analysis is to 
introduce 10-fold more genomic input as the target sensitivity 
of the assay. In other words, to measure variants with a sen 
sitivity of 1% (1 in 100), then the experimental target is to 
input 1000 genomes. Downstream of sequencing, bioinfor 
matics analysis reveals the number of unique reads, and this 
has the desirable quality of being both an orthogonal and a 
more direct measure of genomic inputs. 

Summary 

0225. A cell line (ZR75-30) with known SNVs was 
admixed with a germ line DNA sample (NA12878) in a 
dilution series ranging from 1-to-1 through 1-to-1000. Target 
regions corresponding to known sequence differences were 
retrieved using targeted sequence capture technology and 
sequenced. Sequence variants that occurata frequency of less 
than 1 per 1000 sequences were detected. 

Methods 

0226 Capture Probes 
0227. The following table shows a collection of 62 capture 
probes that were used in this experiment. 

TABLE 1. 

6O base probe sequences used in the admix proof 
of-concept study 

SEO ID 
Target NO: Probe Sequence 

BRAF 1. TAAACATTGGAAAGGTTTCTAATTAACCAGG 
AGATCCAAAAGAAAGCGGTTCAAGTAGCA 

2 GATCTCAGTTTTTTTGGTTAACTATGTATTT 
TGGTATATGAAGCTTCTGGGTTTTGCACA 

MYCN 3 GACAGATAAGCATACATATTAACATGGATAT 
ATATGTGAATTTCATTCAAATGGTTCTCA 

4. AGCTCTTAGCCTTTGGGGGGATGACACTCTT 
GAGCGGACGTGGGGACGCCTCGCTCTTTA 

16 

TABLE 
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1- Continued 

6O base probe sequences used in the admix proof 
of-concept study 

Target 

BRAF 

CDH1 

EPHX2 

BRCA1 

BRCA2 

MYCN 

MYCr1 F1 

MYCr1 R1 

SEO ID 
NO: 

5 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Probe Sequence 

AAGCCCCCACCGCCGCCTCTTTCCAAAATAA 
ACACCAGCCAGCCGCCGAGCCCGGAGTCG 
GCCTCCCTTCCCCCTCCCCGCCCGACAGCGG 
CCGCTCGGGCCCCGGCTCTCGGTTATAAG 

GGTGTGGCAGCCAGGGGGGCGCACTCTGCTC 
TGGCTGGGCCCCTTCTCCCATGTTTTC TT 
TTACACAACCTTTGGGCTTGGACAACACTTT 
GGGGTCCAAAGAACCTAAGAGTCTTTCTG 

TGATGAAACTTGGGCTGGATGGGGCACAGGT 
AGGGTGCTTGTTGCTTTCACGTCAGATGAA 
AATGAAAGAAAAGGAGGCCAGATTGCTACTC 
CTGGTCCCTGCCACACACTAGGTACCCTA 

ATTGACAATACCTACATAAAACTCTTTCCAG 
AATGTTGTTAAGTCTTAGTCATTAGGGAG 
GGATTTCCACCAACACTGTATTCATGTACCC 
ATTTTTCTCTTAACCTAACTT TATTGGTC 

CAAAGGGGGAAAACCATCAGGACATTATTTA. 
ACAACGGAAATATCTAACTGAAAGGCAAA. 
CAGGCAGACCAACCAAAGTCTTTGTTCCACC 
TTTTAAAACTAAATCACATTTTCACAGAG 

CCCCAGCCAGCGGTCCGCAACCCTTGCCGCA 
TCCACGAAACTTTGCCCATAGCAGCGGGC 

CGACTCATCTCAGCATTAAAGTGATAAAAAA 
ATAAATTAAAAGGCAAGTGGACTTCGGTG 

CTGTGGCGCGCACTGCGCGCTGCGCCAGGTT 
TCCGCACCAAGACCCCTTTAACT CAAGAC 

TTCTACTGCGACGAGGAGGAGAACTTCTACC 
AGCAGCAGCAGCAGAGCGAGCTGCAGCCC 

ACCGAGCTGCTGGGAGGAGACATGGTGAACC 
AGAGTTTCATCTGCGACCCGGACGACGAG 

GCCGCCGCCTCAGAGTGCATCGACCCCTCGG 
TGGTCTTCCCCTACCCTCTCAACGACAGC 

GGCGGCTAGGGGACAGGGGCGGGGTGGGCAG 
CAGCTCGAATTTCTTCCAGATATCCTCGC 

AGACGAGCTTGGCGGCGGCCGAGAAGCCGCT 
CCACATACAGTCCTGGATGATGATGTTTT 

AGGAGAGCAGAGAATCCGAGGACGGAGAGAA 
GGCGCTGGAGTCTTGCGAGGCGCAGGACT 

TAAGAGTGGCCCGTTAAATAAGCTGCCAATG 
AAAATGGGAAAGGTATCCAGCCGCCCACT 

TTGTATTTGTACAGCATTAATCTGGTAATTG 
ATTATTTTAATGTAACCTTGCTAAAGGAG 

GAGGCCACAGCAAACCTCCTCACAGCCCACT 
GGTCCTCAAGAGGTGCCACGTCTCCACAC 

AGAGGAGGAACGAGCTAAAACGGAGCTTTTT 
TGCCCTGCGTGACCAGATCCCGGAGTTGG 

TCCAACTTGACCCTCTTGGCAGCAGGATAGT 
CCTTCCGAGTGGAGGGAGGCGCTGCGTAG 

GCTTGGACGGACAGGATGTATGCTGTGGCTT 
TTTTAAGGATAACTACCTTGGGGGCCTTT 
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TABLE 1 - continued 

6O base probe sequences used in the admix proof 
of-concept study 

SEO ID 
Target NO: Probe Sequence 

MYC r3 R2 3 O GCATTTGATCATGCATTTGAAACAAGTTCAT 
AGGTGATTGCTCAGGACATTTCTGTTAGA 

MYC r3 R3 31 CGCCCCGCGCCCTCCCAGCCGGGTCCAGCCG 
GAGCCATGGGGCCGGAGCCGCAGTGAGCA 

ERBB21r 32 CTCTGGCCCCGCCGGCCGCGGGACCTCGGCG 
GGGCATCCACAGGGCAGGGTCCCGCCGCT 

ERBB22f 33 GGCATGACTTGGAGTGAGTTTGGATGGGGTG 
GCCAGGTCTGAGAAGGTCCCCCGCCAGTG 

ERBB22r 34 GCAGGGCACCTTCTTCTGCCACCCACCTGTA 
AACAGAGGGCTCAGCCCAGCTGGAGGCAG 

ERBB23f 35 CCCAAGATCTCCAAGTACTGGGGAACCCCAG 
GGAGGCCCTGGGGGGTGGCAGTGTTCCTA 

ERBB23 36 CTAATGCACACAAAGCCTCCCCCTGGTTAGC 
AGTGGCCCTGGTCAGCTCTGAATAACCAA 

ERBB2 4f 37 CTGCTCCTCTTTTAGAAGGCAGGAGGGCCCC 
AAGGGAAGCAGAAGGTGACAGAAGGGGAA 

ERBB24r 38 TGGGGCAGTGGCGGGCAGGCACTGGGTTGTA 
AGTTGGGAGTTTGCGGCTGGGGTCAGGCT 

ERBB25f 39 TCTGCTGCTGTTTGTGCCTCTCTCTGT TACT 
AACCCGTCCTCTCGCTGTTAGACATCTCT 

ERBB25 4 O CCCACCCCTCCCATGT CACCTGTATGACACC 
TGCATTCCACCCGGCCCCAGCCCTCCCCT 

ERBB2 6f 41 TGGGCCAGGTAGTCTCCCTAGAAGGTGATGC 
TGATGAGGGTCTGGTGCCCAGGGCGCCAC 

ERBB26 42 GGTGCCCACCCCTTGCATCCTGGGGGGTAGA 
GCACATTGGGCACAAAGCAGAGGCACATA 

ERBB2ff 43 CACCCTGCCTGGTACTGCCCTATTGCCCCTG 
GCACACCAGGGCAAAACAGCACAGTGAAA 

ERBB27 44 CCATTTACAGAAACAAACCTCCCCACCAAAA 
TGAGAAAACTGTGTTTCTCCCTGGCACTC 

ERBB28f 45 TTATTCTTCTTGTGCCTGGGCACGGTAATGC 
TGCTCATGGTGGTGCACGAAGGGCCAGGG 

ERBB28 46 GAAGGATAGGACAGGGTGGGCTGGGCCAGGC 
TGCATGCGCAGAGGGACAGGAACTGCAGC 

ERBB2 9f 47 GGGCCCGGACCCTGATGCTCATGTGGCTGTT 
GACCTGTCCCGGTATGAAGGCTGAGACGG 

ERBB2 9. 48 TCTGTCTCCTGCCATCCCCAAGAGATGCTGC 
CACATCTGGATCCTCAGGACTCTGTCTGC 

TYMS2f 49 TCACGTCCCAGGGCAGTTTTCTTCCCTGAAG 
AAAGTTGGATGGCATGATCTGTCTTCCCA 

TYMS2 SO GTGTTGAGAACAGACTACTGACTTCTAATAG 
CAGCGACTTCTTTACCTTGATAAACCACA 

TYMS3f 51 AAAAAAAGGATGGGTTCCATATGGGTGGTGT 
CAAGTGCCCACCTCCTAGCAAGTCAGCAG 

TYMS3 52 CCCTCACAAGGTCAAAGCTATACATCAGCTC 
CTGTGACATTGACT CATCCCCCAGACCTT 
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TABLE 1 - continued 

6O base probe sequences used in the admix proof 
of-concept study 

SEO ID 
Target NO: Probe Sequence 

TYMS4f 53 AACCCACCGAGATCTGCAAACTTTGCAGGAT 
GCACCAGATGTCTTGTAGCCATGGGTCAA 

TYMS 4 54 TGCCTCCCTCAGGTGCCTCTGCACAAAACCA 
GATTGCTTCCCTCTAAGAGTATGGTTAGT 

TYM S Sf 55 GTTTTACTTTGCCTTTAGCTGTGGTCTTTCA 
AACCACCATCCCTCCTTATCTTCCTCTGC 

TYM Sis 56 CTCTGCAATTTGTTTTCCCATATTAAAGAAC 
TGAAGAGCTCAGTGTGGTAGGCTGGCAAG 

TYMS6f st TTTTAAATGATGTTTTAAAGAATTGAAACTA 
ACATACTGTTCTGCTTTCTCCCCCGGGTT 

TYMS6 58 CCTGCCCACCACTTCTCCCTAAACTGAAGCC 
CCACATTTGGAGCAGTCATCTTTATCTTG 

TYMSrff 59 GGTTGCGCTCCAATCATGTTACATAACCTAC 
GGCAAGGTATCGACAGGATCATACTCCTG 

TYMS 7 60 GCACAGTTACATTTGCCAGTGGCAACATCCT 
TAAAAATTAATAACTGATAGGTCACGGAC 

TYMS1f 61 CGTCCCGCCGCGCCACTTGGCCTGCCTCCGT 
CCCGCCGCGCCACTTCGCCTGCCTCCGTC 

TYMS1 62 CTGTAAGGCGAGGAGGACGATGCGTCCCCTC 
CCTCGCAGGATTGAGGTTAGGACTAAACG 

0228 Capture probe modules were pooled from stock 
plates, combined with partner oligo #138 (SEQ ID NO:63) 
(GTGAAAACCAGGATCAACTCCCGTGC 
CAGTCACAT/3BioTEG/) and diluted to a final working 
concentration of 1 nM. 
0229 Genomic Samples 
0230 Commercially-purchased genomic DNA from germ 
line sample NA12878 and cell line ZR75-30 was fragmented 
at a concentration of 10-20 ng/ul to a target fragment size of 
500 bp on a Covaris sonication instrument. The DNA was 
purified with a 1:1 concentration of DNA purification beads 
and end-repaired using the New England Biolabs (NEB) 
Quick blunt kit at a final concentration of 15-30 ng/uL. The 
germ line and cell line DNAs were blended at ratios of 1:1, 
10:1, 100:1 and 1000:1, respectively. Libraries were con 
structed, purified and quantified. The sample codes, library 
quantitation and inputs used for library construction are 
shown in Table 2. 

TABL E 2 

Adaptors and genomic analysis of libraries used 
as inputs 

11.L. 
genomes / desired into 

Admix Adaptor code ll genomes PCR 

1 : 1 NNNNNNNNCATGGCCGCA 55 2 OO 4. 

GG (SEQ ID NO: 64) 

10 : 1 NNNNNNNNATCTTAGTGG 66 2 OO 3 

CA (SEO ID NO: 65) 

1OO : 1 NNNNNNNNCGGAACTCGG 64 1OOO 16 

AG (SEQ ID NO: 66) 
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TABLE 2 - continued 

Adaptors and genomic analysis of libraries used 
as inputs 

11.L. 
genomes / desired into 

Admix Adaptor code ll genomes PCR 

1 OOO : 1 NNNNNNNNGACTCCGATC 77 1 OOOO 13 O 

CC (SEO ID NO: 67) 

0231 Genomic libraries were pooled, denatured, com 
bined with probe, hybridized and washed. The washed cap 
ture probe-tagged genomic library complexes were amplified 
with forward and reverse full-length primers, purified, and 
size-selected for 225-600 bp fragments on a Pippin-prep 
instrument. Finally, the captured material was sequenced 
using a 150-V3 Illumina sequencing kit. 

Results 

0232. The paired capture probes that target BRAF (in two 
loci), MYCN and CDH1 were used to analyze the SNVs in 
these loci. The results are shown in Table 3. 

TABLE 3 

Bioinformatic Summary 

Unique reads by tag and position 
Total Total 

sample # change change change change # 
Mutation NA:ZR reads to A to C to G to T reads 

BRAF-I326T-A-G to 1 186 O O 
BRAF-I326T-A-G O to 171 O O 
BRAF-I326T-A-G 00 to 1 733 O O 
BRAF-I326T-A-G OOO to 1 3O20 O O 

BRAF-E26D-C-A to 1 171 O O 
BRAF-E26D-C-A O to 183 O 1 
BRAF-E26D-C-A 00 to 1 631 O O 
BRAF-E26D-C-A OOO to 1 2367 O O 

CDH1-E243*-G-T to 1 18O O O 
CDH1-E243*-G-T O to 208 O O 
CDH1-E243*-G-T 00 to 1 728 O O 
CDH1-E243*-G-T OOO to 1 2727 O O 

MYCN-E270O-G-C 1 to 1 158 O O 20302 
MYCN-E270O-G-C 10 to 186 O () 35733 
MYCN-E270O-G-C 100 to 1 566 O O 35393 
MYCN-E270O-G-C 1000 to 1 2101 O O 37223 

0233 Column 3 shows the total number unique read 
counts, which in turn provide bounds on the sensitivity of the 
assay. The estimated and measured genomic inputs were well 
within range of one another. The lightly shaded boxes high 
light the SNV where the cell line sequence differed from the 
germ line sequence. In the absence of unique read filtering— 
shown on the right portion of the table—random base changes 
at these four selected positions occurred with measurable, 
non-Zero frequencies. FIG.1. By requiring that changes occur 
within unique read families, it became possible to sort true 
signal from error-prone noise. FIG. 2. 
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Example 2 

A Novel Probe Design Effective for Comprehensive 
Sequencing of Target Regions in Highly Fragmented 

gDNA 

Purpose 

0234. The purpose of these experiments is to develop an 
assay system to reliably and reproducibly interrogate circu 
lating DNAs. 

Background 

0235 Analysis of circulating DNA from body fluids rep 
resents an exciting, but as yet, unrealized opportunity in 
molecular diagnostics. Genomic DNA is highly intact. Lit 
erature Suggest that the average size of circulating DNA is 
about 150 bp, which correlates well to the size of DNAS 
wrapped around a single nucleosomal histone complex. 

No unique filtering 

change change change change 
to A to C to G to T 

2 1 
1 2 
6 O 
5 1 

O O 
1 2 
O 5 
O 2 

Summary 

0236. The technical parameters of targeted sequence cap 
ture technology contemplated herein were designed to 
accommodate highly fragmented DNA and to retain the abil 
ity to generate comprehensive sequence coverage of targeted 
DNA. Capture probe density was increased and the length of 
capture probe sequences was reduced from 60 nucleotide to 
40 nucleotide to minimize uninformative sequence genera 
tion in the clone library. The human genome is littered with 
repetitive sequences and drastic fluctuations in base compo 
sition, thus, the Suitability of implementing higher capture 
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probe densities and shorter capture probes could not be con- 0238. The new high density shorter capture probes were 
ceded but required empirical validation of the new assay. successfully used to query short fragmented DNAs and the 
0237) t s Were still R She re 40 results indicated that the assay design is well Suited to 
C Cale OSCCUCCS X1118) all OSaSSa plure p C y sequencing of circulating DNAS that are found in the plasma 

performance. In a first set of experiments, the assays were fracti fblood 
used to query two large regions—the coding regions for the ract1On Oblood. 
tumor Suppressor gene TP53 and the long, contiguous, intron 
19 of the ALK oncogene, both of which are central to cancer Methods Modified 40 Mer Capture Probes 
diagnostics. In a second set of experiments, several high 
density pairwise capture probes that possess shorter 40 nucle- 0239. The capture probe sequences used to empirically 
otide capture probe sequences were used to interrogate validate the performance of the 40 mer capture probes are 
known SNVs that reside in the NCI-H69 cell line. shown in Table 4. 

SEQ ID 
Name NO : Sequence 

60 mer Capture Probes 

PLP1 ex2 68 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGGGTTTGAGT 
GGCATGAGCTACCTACTGGATGTGCCTGACTGTTTCCCCTTCTTCT 
TCCC 

PLP1 ex2 69 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCTATCTCCAG 
R GATGGAGAGAGGGAAAAAAAAGATGGGTCTGTGTGGGAGGGCA7 

OGGTACTT 

PLP1 ex3 70 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGAAAGAAGCC 
AGGTCTTCAATTAATAAGATTCCCTGGTCTCGTTTGTCTACCTGTT 
AATG 

PLP1 ex3 71. ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCAGACTCGCG 
M CCCAATTTTCCCCCACCCCTTGTTATTGCCACAAAATCCTGAGGAT 

GATC 

CYP2D6 F 72 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACAAGCACCTAG 
CCCCATTCCTGCTGAGCAGGAGGTGGCAGGTACCCCAGACTGGGA 
GGTAA 

CYP2D6 R 73 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACAGTCGGTGGG 
GCCAGGATGAGGCCCAGTCTGTTCACACATGGCTGCTGCCTCTCA 
GCTCT 

chrX 15 74 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCCTGGCCCTC 
AGCCAGTACAGAAAGTCATTTGTCAAGGCCTTCAGTTGGCAGACG 

TGOTC 

chrX 15 7s ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACAGAATTCATT 
R GCCAGCTATAAATCTGTGGAAACGCTGCCACACAATCTTAGCACA 

CAAGA 

chrX 69 76 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTTACTTCCCTC 
CAGTTTTGTTGCTTGCAAAACAACAGAATCTTCTCTCCATGAAATC 
ATG 

chrX 69 77 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCAGGGGTATC 
R TATTATCCCCATTTTCTCACAAAGGAAACCAAGATAAAAGGTTTA 

AATGG 

KRAS ex1 78 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTGTTACCTTTA 
AAAGACATCTGCTTTCTGCCAAAATTAATGTGCTGAACTTAAACT 
TACC 

KRAS ex1 79 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTTCCCAGTAA 
R ATTACTCTTACCAATGCAACAGACTTTAAAGAAGTTGTGTTTTAC 

AATGC 

KRAS ex2 8O ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTAAATGACAT 
AACAGTTATGATTTTGCAGAAAACAGATCTGTATTTATTTCAGTGT 

TACT 

KRAS ex2 81 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGACAGGTTTT 
R GAAAGATATTTGTGTTACTAATGACTGTGCTATAACTTTTTTTTCT 

TTCC 
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- Continued 

SEO ID 
Name NO: Sequence 

VHL r1 45 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGCGGACTGCG 
R 40 ATTGCAGAAGATGACCTGGGAGGGCTCGCG 

VHL r1 46 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCTATCGTCCCT 
M14 O GCTGGGTCGGGCCTAAGCGCCGGGCCCGT 

VHL r1 47 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGGCCGGGCGG 
M24 O CCGCGGCCCGTGCTGCGCTCGGTGAACTCG 

VHL r2 F 48 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGCCACCGGTG 
4 O TGGCTCTTTAACAACCTTTGCTTGTCCCGA 

VHL r2 49 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACACCACAACAA 
R 40 CCTTATCTTTTTAAAAAGTAAAACGTCAGT 

VHL r3 F SO ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACAGACCCTAGT 
4 O CTGCCACTGAGGATTTGGTTTTTGCCCTTC 

VHL r3 51 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTCAAAAGCTG 
R 40 AGATGAAACAGTGTAAGTTTCAACAGAAA 

0240. The performance of 40 mer capture probes was 0243 Hybridization, Washing and Sequencing 
compared to that of 60 mer capture probes. The 40 mer was 0244 Six different hybridization conditions were used to 
designed from the 60 mer by removing 20 nucleotides from 
the 5' end of the 60 mer. Although the 3' end of both capture 

hybridize the 60 mer and 40 mer probes to the genomic target 
DNA: 

probe sets are identical with respect to the sequences that are 0245. 1) 60mer probes washed at 50° C. 
copied from captured genomic clones, the probe sequence 0246 2) 40mer probes washed at 50° C. 
signature (Read 2 of the paired end read) is different between (0247 3) 60mer probes washed at 47°C. 
the 60 mer and 40 mer probe sets. This design is useful 0248 4) 40mer probes washed at 47°C. 
because it allows the capture probes to be multiplexed during 0249 5) 60mer probes washed at 44° C. 
sequencing and their performance Subsequently analyzed (0250) 6) 40mer probes washed at 44° C. 
during downstream bioinformatics deconvolution. 
0241 Genomic Samples 
0242 A pool of 12 genomic DNA samples (chosen from a 
Coriell human panel of 112 human genomic DNAs) was used 
as the target DNA. The 12 samples were broken into four sets 
of four samples each, as shown in detail in Table 5. 

For each experiment, the capture probe oligos were combined 
with partner oligo; the final concentration of duplex capture 
probe was 1 nM for each capture probe. 
0251 Each hybridization reaction had ~2.5ug of genomic 
library in 40 ul total volume. Each sample was heated to 98° 
C. for 2 min then cooled on ice. 20 ul of capture probe and 90 

Capture Wash Sample 
probes temp. Code Samples 

6Omer SO C. AAT GM2O291 M Americas AFRICANANCESTRY IN SOUTHWEST USA 
CTA GM19373 M WAfrican LUHYA IN WEBUYE, KENYA 
GGG HGOO428 F AsianE HAN CHINESE SOUTH 
TCC HGO1624 M Euro BERLAN POPULATIONS IN SPAIN 

4Omer SO C. AAT GM2O291 M Americas AFRICANANCESTRY IN SOUTHWEST USA 
CTA GM19373 M WAfrican LUHYA IN WEBUYE, KENYA 
GGG HGOO428 F AsianE HAN CHINESE SOUTH 
TCC HGO1624 M Euro BERLAN POPULATIONS IN SPAIN 

6Omer 47 C. AGA HGO2489 M Americas AFRICAN CARIBBEANIN BARBADOS 
CCT HGO1108 F Americas PUERTO RICAN INPUERTO RICO 
GAC GM19011 F AsianE APANESE IN TOKYO, JAPAN 
TTG GM18946 F AsianE APANESE IN TOKYO, JAPAN 

4Omer 47 C. AGA HGO2489 M Americas AFRICAN CARIBBEANIN BARBADOS 
CCT HGO1108 F Americas PUERTO RICAN INPUERTO RICO 
GAC GM19011 F AsianE APANESE IN TOKYO, JAPAN 
TTG GM18946 F AsianE APANESE IN TOKYO, JAPAN 

6Omer 44 C. ATC NA13783 F NA13783 GM13783 
CAG HGO3700 F AsianS PUNJABI IN LAHORE, PAKISTAN 
GCA HGO3367 M WAfrican ESAN FROMNIGERIA 
TGT NA22991 F NA22991 GM22991 

4Omer 44 C. ATC NA13783 F NA13783 GM13783 
CAG HGO3700 F AsianS PUNJABI IN LAHORE, PAKISTAN 
GCA HGO3367 M WAfrican ESAN FROMNIGERIA 
TGT NA22991 F NA22991 GM22991 
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ul of hybridization buffer were added and the hybridization 
mix was incubated for 24 hours starting at 80°C. and decreas 
ing one degree every 48 minutes to 50° C. The complexes 
were bound to 20 ul of streptavidin beads in 1 mL total 
volume of TEzero buffer+0.05% Tween20 (TT). The beads 
were washed 3 times, 5 min each with 200ul of TT, and once 
at 45° C. for 5 min in wash buffer. The beads were then 
washed with TEZero and each reaction was resuspended in 20 
ul TEzero. The complexes were then PCR amplified with full 
length forward (ACA2 FLFP; SEQ ID NO:152: AAT 
GATACGGCGACCACCGAGATCTACACGT 
CATGCAGGACCAGAGAATTCGA ATACA) and full 
length reverse (CAC3 FLRP: SEQ ID NO:153; CAAGCA 
GAAGACGGCATACGAGATGTGACTG 
GCACGGGAGTTGATCCTGGTTTTCAC) primers. 
0252 Following amplification and purification, the result 
ing product masses were measured and equal masses were 
pooled for sequencing. 

Results Modified 40Mer Primers 

0253) The capture probe performance as a function of 
length and wash temperature is shown graphically in FIG. 3. 
Overall, the 40 mer capture probes performed as well as the 
60 mer capture probes with 44° C. and 47°C. washes. With 
the 50° C. wash, the 40 mer capture probes exhibit sporadic 
behavior. These data empirically validate the use of 40 mer 
capture probes and wash temperatures in the 44°C. to 47°C. 
range when using these reagents. 

Methods—High Density 40 Mers 

0254. In general, sequence capture probes are designed 
using specific "rules. For example, regions of redundant 
sequence or that exhibit extreme base composition biases are 
generally avoided. One key implication of the requirement for 
high probe density and close spacing of probes along target 
regions is that there is little or no latitude to move probes in 
order to accommodate any such probe design rules. In this 
study, probes were designed based solely on their position 
relative to one another with no consideration of probe binding 
sequences; thus, use of this high density approach required 

Name target region 

ALK chr2: 294.462 08 
fusion f 

ALK chr2:2944.6288 
fusion f 

ALK chr2:29446368 
fusion f 

ALK chr2:294-46448 

ALK chr2:29446528 

ALK chr2: 294 46608 

ALK chr2:294-46688 

24 
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empirically validating that the hybridization and processing 
methods would accommodate Such a collection of probes. 
0255. The human ALK gene encodes a protein kinase 
important in early development, but normal ALK gene 
expression is essentially undetectable in normal adults. Onco 
genic ALK fusions are created when intron 19 of ALK under 
goes illegitimate recombination to fuse the kinase encoding 
portion of ALK to the 5' end of another gene. Such gene 
fusions often cause ectopic expression of the ALK kinase, 
which in turn is important in driving the inappropriate cell 
proliferation observed in pulmonary tumors. In lung cancer, 
this “other gene' is often EML4, but other fusion partners 
have also been detected. To create an assay that can detect any 
possible ALK gene fusion event, 40 nucleotide probes were 
designed that were placed at 80 nucleotide intervals in intron 
19 of ALK. These probes were oriented such that they are 
antisense relative to the gene (FIG. 4). This means that their 3' 
terminus extends and copies genic regions that are 5' to their 
hybridization site. When fusion genes are present, probe 
extension from probes positioned near the fusion junction 
copy junction sequences. The DNA sequences resulting from 
these junction clones have fusion partner sequences at their 5' 
end, the fusion junction sequence, and ALK intron 19 
sequences at their 3' ends (FIG. 4B). 
0256 Another important diagnostic target in cancer is the 
TP53 gene. It encodes a tumor suppressor, and it is often 
inactivated by mutations in cancers. Mutations that can inac 
tivate gene function are scattered throughout the gene, and 
hence conclusive sequence-based assays for TP53 inactivat 
ing mutations must address the entire coding region and 
untranslated regions (UTRs) of the gene. Because circulating 
DNA fragments are short, high density probes were used to 
interrogate all target regions of the TP53 gene. Unlike ALK, 
probes for TP53 are placed in both possible orientations (FIG. 
5). At high probe densities, the cumulative coverage from 
multiple probes provides uniform deep sequencing coverage 
of target regions. 
(0257. The collection of 105 probes used in this study is 
shown in Table 6. In addition to probes that target the fusion 
prone region of ALK and the coding regions of TP53, probes 
that cover known SNVs in the cell line DNA were also 
included. 

TABLE 6 

SEQ 
ID NO: Probe sequence 

54 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACCGAAT 
GAGGGTGATGTTTTTCCGCGGCACCTCCTTCAGGT 

55 TGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGTTGT A. 
AGTCGGTCATGATGGTCGAGGTGCGGAGCTTGCTC 

56 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGCAGC 
TCCTGGTGCTTCCGGCGGTACACTGCAGGTGGGTG 

f ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACC TACA 

CAGGCCACTTCCTACAGGAAGCCTCCCTGGATCTC 

58 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGAAAT 

ACTAATAAAATGATTAAAGAAGGTGTGTCTTTAAT 

59 ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACTATAT 

GGAAAATAATTATTTGTATTATATAGGGCAGAGTC 

6 O ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACATTAG 

ACCCAATATGGTCTGCAGATTTTATTAGAAGAAAT 
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TABLE 6-continued 

SEQ 
Name target region ID NO: Probe sequence 

TNFRSF14 chr1:2491 258 
346 rs2234163 : G : A :r 

0258 Genomic Samples 
0259 Three samples of genomic DNA were analyzed: 
0260 1) Germline sample NA 06994—a normal human 
sample obtained from the Coriell repository; 

0261) 2) Cancer cell line NCI-H69 a cell line known 
to harbor a mutation in TP53, an amplification of the 
MYCN locus, and SNVs in ALDH4A1, BRCA1, 
BRCA2, CDKN2A, DPYD, EPHX1, MYC, RB1 and 
TNFRSF14 that were included in the target probe set; 

0262 3) Cancer cell line ZR-75-1, which was reported 
to harbor an EML4-ALK fusion gene (Lin et al., Mol. 
Cancer Res. 7(9): 1466, 2009). 

0263. DNA sequencing libraries are generally constructed 
from sheared DNA fragments. Acoustic disruption was used 
to generate DNA fragments that ranged in size from 200 to 
>500 bp. Enzymatic fragmentation of the acoustically frag 
mented DNA was performed in an effort to emulate circulat 
ing DNA, which is reputed to be composed of nucleosomal, 
~150 bp fragments. Briefly, DNA at 20-40 ng/ul was soni 
cated on the 200 bp setting, which yields fragments that range 
in size from 150 bp to 400 bp in a broad smear. The DNA was 
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ATGTGACTGGCACGGGAGTTGATCCTGGTTTTCACGTGGC 
GTAAGCGCGGCACGCGGCGCAGTGGTCCCCGTCCT 

further fragmented by the addition of 0.01 and 0.02 ul of 
DNAse enzyme (New England Biolabs recombinant bovine 
DNAse) to 50 ul aliquots of DNA in DNAse buffer (10 mM 
Tris pH 8.0, 2.5 mM MnC1, 0.5 mM CaCl). The DNAse 
reaction was incubated at 37° C. for 10 min and stopped with 
the addition of 0.5 M EDTA to a final concentration of 25 
mM. DNA with an average size of 150 bp was purified by 
“two-sided' bead selection by first adding 0.9 volumes of 
beads to 1 volume of DNA. The beads bind unwanted larger 
fragments and are discarded, and an additional 1.6 Volumes of 
beads are added to the supernatant. The bound material is then 
purified and quantified. Anagarose gel of the resulting, highly 
fragmented, short DNA used for library construction is shown 
in FIG. 6. 
0264. Fragmented DNA was end-repaired using the Quick 
Blunt kit form NEB and blended in the ratios shown in Table 
7. Ten nanograms of blended DNA were then ligated to adap 
tors with the sequences shown in Table 7. For mixes 9 and 15, 
two ligation reactions with 10 ng each were performed and 
Subsequently pooled. For mix 16, four reactions were done. 
An estimate of genomic inputs into each library using a qPCR 
assay is also shown in Table 7. 

TABLE 7 

Samples and admixture ratios 

Sample 

1) NAO 6994 

2) NCI-H69 

3)ZR-75-1 

4) GL:N 

5) GL:N 

6) GL:N 

10) GL: Z 

11) GL: Z 

12) GL: Z 

13) GL: Z 

14) GL: Z 

15) GL:Z 

Admix SEO ID Genomic 
ratio Code NO : inputs 

GL pure NNNNNAAGATCTTAGTGGCAC 259 2O2 

N pure NNNNNCGACAGAACTATTGCC 26 O 149 

Z pure NNNNNACTATCTTAGTGGCAC 261 242 

1 : 1 NNNNNCTCCAGAACTATTGCC 262 2OO 

2 : 1 NNNNNAGCATCTTAGTGGCAC 263 83 

4 : 1 NNNNNCATCAGAACTATTGCC 264 186 

10 : 1 NNNNNATAATCTTAGTGGCAC 265 264 

2O: 1 NNNNNAAGAAGGTAGACCCTC 266 2O3 

1 OO : 1 NNNNNTTTCTCTACTCGTGAC 267 436 

1 : 1 NNNNNACTAAGGTAGACCCTC 268 297 

2 : 1 NNNNINGAAGCTACGAGTATCC 269 224 

4 : 1 NNNNNAGCAAGGTAGACCCTC 27 O 73 

10 : 1 NNNNNCATTGACGTCTAGAGC 271 181 

2O: 1 NNNNNTCACTCTACTCGTGAC 272 224 

1 OO : 1 NNNNNATAAAGGTAGACCCTC 273 58 O 

OO:1:1 NNNNNTACCTCTACTCGTGAC 274 1324 
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0265 Targeted Sequencing 
0266 One microgram of each of the sixteen DNA libraries 
shown in Table 7 were pooled and adjusted to a final volume 
of 160 uL. Eight identical 20 uL aliquots were denatured at 
98 C., cooled on ice, and 20 uL of probes (Table 6) at 1 
nM/probe and 50 uL of CF hyb buffer were added. The 
samples were annealed for 24 hours from 80° C. to 50° C. 
washed, and amplified. Following amplification of the result 
ing captured and processed fragments, the final sequencing 
library was size selected using the Pippin PrepTM instrument 
with a size selection of 175-400 bp. The library was 
sequenced on an Illumina MiSeq using a 150 read V3 kit. 

Results 

0267 Capture probe performance of high density capture 
probes that were chosen based on their position with target 
sequences were monitored. A graphical display of the perfor 
mance of each capture probe is shown in FIG. 7. These data 
demonstrate that: 

0268. 1) all capture probes chosen strictly by positional 
constraint provided on-target sequence information; 

0269. 2) most capture probes exhibit very little off 
target and unmappable read capture; and 

0270 3) the yield of useful, on-target reads was sub 
stantially uniform. 

Capture probes that captured a high proportion of off-target 
and unmappable reads were analyzed further. These capture 
probes were generally positioned in regions of low sequence 
complexity/high sequence redundancy. Here, however, such 
capture probes had no significant detrimental impact on the 
sequencing depth because the high level of probe redundancy 
(high density probes) means that all regions are covered by 
reads derived from several probes. The net effect was excel 
lent uniformity of coverage. See, e.g., FIG. 8, probe coverage 
for the TP53 gene using the 40 mer capture probes. 

Conclusion 

0271 Taken together, these data demonstrate that capture 
probe length can be reduced from 60 nucleotides to 40 nucle 
otides with little or no discernible loss of probe performance 
(once capture wash temperatures are adjusted). They also 
show that probe design can follow positional constraints and 
can generally ignore sequence context or composition. Even 
though this methodology produces the occasional poor-per 
forming probe, the high redundancy at close probe spacing 
more than compensates for individual probe deficiencies. 

Example 3 

Genetic Analysis of Circulating DNA 

Purpose 

0272. The purpose of this example was to benchmark the 
genetic analysis of cf NA using an efficient cloning proce 
dure for cf)NA and target retrieval system. 

Background 

0273 While there is tremendous enthusiasm in the scien 
tific and health-care community for “liquid biopsies’ 
analysis of circulating DNA (cfDNA) for markers associated 
with potential disease states, there is remarkably little prac 
tical information about this potential analyte. 

30 
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Summary 
0274 Plasma samples collected from healthy donors and 
individuals suffering from either ovarian or colon cancers 
were used to perform the genetic analysis of circulating DNA. 
The amount and the overall character of circulating cf. DNA 
can vary widely from individual to individual. Surprisingly, 
the present inventors found that cflNA is readily clonable 
with an efficiency indistinguishable from highly purified and 
fragmented genomic DNA; that the fragment size was 
remarkably consistent, with an average clone insert size of 
170+10 bp (in 7/8 samples); and that the genome representa 
tion from Such samples was uniform and comparable to 
experiments performed using purified g|DNA. It was further 
established that by counting unique reads, the depth of rep 
resentation in each library provided an estimate of minor 
allele frequency for tumor markers present in the cf. DNA of 
diseased patients. This study established that construction 
and target retrieval systems contemplated herein were effec 
tively applied to the quantitative genetic analysis of cflNA. 
Methods 

0275 DNA Purification 
0276 Eight sets of plasma samples were purchased from 
Proteogenex, Inc., Culver City, Calif. (Table 8). Circulating 
DNA was extracted from the samples (on two separate occa 
sions) using the Circulating Nucleic Acid Purification kit 
from Qiagen. Samples were passed through DNA mini-col 
umns using centrifugation. The specimen IDs and yield of 
DNA are shown in Table 8. 

TABLE 8 

Plasma Samples and cDNA yields. 

Sample Patient Specimen DNA yield (ng per mL 
ID diagnosis type Volume of input) 

D5930P Healthy donor plasma 4 mL 11 
D5942P Healthy donor plasma 4 mL 68 
023407P Colorectal plasma 4 mL 10 

C8CC 

023406P Colorectal plasma 4 mL 63 
C8CC 

023185P Colorectal plasma 4 mL 171 
C8CC 

023149P Colorectal plasma 4 mL 36 
C8CC 

O32667P Ovarian cancer plasma 4 mL 24 
032676P Ovarian cancer plasma 4 mL 13 

(0277 Library Construction 
(0278 Purified DNA from 4 mL of plasma was collected in 
100 ul elution buffer. For the four samples collected from 
colon cancer patients (CRC), the DNA was split in half and 
one 50 ul aliquot from each patient was sonicated to 200 bp. 
One 50 ul aliquot of untreated cf)NA and one 50 ul frag 
mented cf. DNA from each patient (the entire sample from 
each patient) was end repaired by adding (per sample): 

(0279 6 ul of 10x quick blunt buffer (New England 
Biolabs (NEB)) 

0280 0.6 ul of 10 mM dNTPs 
0281 2.4 ul of quick blunt enzyme mix 
0282) 1.2 pil of PreCR enzyme mix. 

Samples were incubated at 20° C. for 30 minand at 70° C. for 
10 min. Ligations with adaptors (Table 2) were performed by 
combining: 

(0283 60 ul end-repaired cfloNA 
0284 12 ul adaptor duplex (10 uM) 
0285) 10 ul 10x ligase buffer (NEB) 
0286) 15ul 50% PEGs 
(0287 3 ul HCT4 DNA ligase 
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Samples and codes used for four CRC plasma samples 

TABLE 9 

Progenex Sample Pre 
ID treatlet Adapter 

23149 1. Cole NNNNNTTTTGTGTGTGTGTG (SEQ 

234. Of 2 Cole NNNNNACTACACACACACAC (SEQ 

234 O6 3 Cole NNNNNCTCGTGTGTGTGTGT (SEQ 

23185 4. Cole NNNNNGAACACACACACACA (SEQ 

23149 5 frag NNNNNCATGTGTGTGTGTGT (SEQ 

234. Of 6 frag NNNNNGTGCACACACACACA (SEQ 

234 O6 7 frag NNNNNATAACACACACACAC (SEQ 

23185 8 frag NNNNNTACTGTGTGTGTGTG (SEQ 

0288 Reactions were incubated at 22°C. for one hour and 
65° C. for 10 min. Ligation products were purified by the 
addition of 100 ul beads, washing, and elution in 40 ul 
TEzero. All 40 ul of ligation product was amplified by PCR 
with primer ACA2 (SEQID NO:283) and the samples were 
combined in equal mass for targeted capture. 
0289 Targeted Sequence Capture and Sequencing 
0290 The four unfragmented and four fragmented colon 
plasma samples (FIG. 9C) were hybridized with our high 
density, 40 nucleotide probe set that targets TP53, ALK, 
among others. The capture complexes were processed as 
described above in Example 2. 

Results 

0291 Library Appearance 
0292 A false-color picture of a 2% agarose gel loaded 
with 50 ng of each library is shown in FIG.9A. The average 
fragment size was in a tight range of 260+20 bp. These data 
indicated that the clonable fraction of cfloNA is present pre 
dominantly as nucleosomal fragments. In addition, the size of 
the cf)NA libraries had the same basic superficial appear 
ance as cflNA in kidney dialysis patients (Atamaniuk et al., 
Clinical Chemistry 52(3):pp. 523-26 (2006)) except that the 
cf. DNA libraries were shifted to higher mass by the addition 
of adaptor sequences (FIG. 9B). In contrast, the cfloNA 
libraries differed dramatically from sonicated gldNA librar 
ies, which appear as broad Smears. 
0293 Four additional sets of cf)NA libraries were con 
structed from the two ovarian cancer patient plasma samples 
and two plasma samples from healthy Volunteers. 38 ul ali 
quots of cf)NA were end-repaired in 50 ul total volume. 
Ligations included 40 ul of end-repaired fragment, 16 Jul of 
adaptor (10 uM), 8 ul of 10x ligase buffer, 16 ul of 50% PEG 
and 4 ul of HCT4DNA ligase in a total volume of 80 ul. The 
ligation reaction was incubated at 20°C. for 1 hour and 65° C. 
for 10 min. For purification, 20 ul of TEZero and 150 ul of 
beads were added. The purified ligation products were resus 
pended in 40 ul, all of which was used in a subsequent 200 ul 
library amplification by PCR. The resulting amplified librar 
ies are shown in FIG. 9C. 
0294 Sequencing Data Analysis 
0295 The average unique read count observed in each of 
the eight libraries ranges from ~700 unique reads to >3000 
unique reads, defining a range of sensitivities from ~0.15% to 
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-0.03%. FIG. 10. A rare mutant read will likely be observed 
more than once, meaning minimum sensitivities are less than 
those calculated above. In preferred embodiments, unique 
reads provide the lower bound on statistically defensible 
observation frequencies. 
0296 cf)NA Cloning Efficiency 
0297 Sample 23407 was used as a benchmark. 10 ng/mL 
of cf. DNA was recovered from the plasma sample and 20 ng of 
the isolated cf)NA was used in each of two library construc 
tion efforts. The unique read counts indicated that we recov 
ered an average of 700 unique reads (genome equivalents) 
from unfragmented DNA (23407 in FIG. 10). Given that 
each genome contains 0.003 ng of g|NA, 2.1 ng of input 
DNA in this library (10% cloning efficiency) was recovered. 
0298 Fragmentation prior to library construction with this 
sample increased the library yield by more than two-fold 
(“23407 frag” in FIG. 10). This indicates that much of the 
DNA present in the 23407 sample was high molecular weight 
DNA that required fragmentation in order to be clonable. 
Thus, the library cloning efficiency was likely far greater than 
10% and was likely in the range of 20% for input cf. DNA. This 
cloning efficiency is comparable to highly purified genomic 
DNA and indicates that cf. DNA was not likely modified in any 
way that is deleterious to downstream cloning efforts. 
0299 Library Coverage 
0300. The cf. DNA libraries resembled a set of discrete 
bands with random coverage of target regions. FIG. 11 shows 
a random sampling of sequence data. A random set of reads 
from sample 23407 that was not fragmented prior to cloning 
(see FIG. 10), and that were captured by the TP53 probe 
“chr17:7579351:region 3:280nt:41:80:r” (SEQ ID 
NO:201) were aligned using BLAT. Given the way that the 
sample was prepared, these are likely a reflection of cf. DNA 
fragments in general because the left hand portion of these 
reads (the read start sites) are randomly distributed across the 
target region. This random distribution indicates the random 
breakage of genomic DNA, and it demonstrates that despite 
the band-like appearance of cfDNA libraries, the sequencing 
output was a random coverage of the target region. The ran 
dom distribution is important for effective genetic analysis 
using technology contemplated herein. 
0301 FIG. 12 provides a more high resolution overview of 
TP53 coding region sequencing for a typical cf. DNA library. 
The elements of targeted sequencing coverage across all 



US 2016/0053301 A1 

target regions and uniform depthat each sequenced base—are 
readily apparent. At this depth of >4000 unique reads per 
base, and with a requirement that legitimate candidate base 
changes must be encountered at least twice, it is possible to 
estimate that the mutation detection sensitivity for this par 
ticular library was about 1 mutation in 2000 sequences, or 
0.05%. This level of sensitivity represents a surprising and 
unexpected outstanding technical achievement. 

Conclusion 

0302 cf. DNA was isolated and cloned from plasma clones 
with an efficiency comparable to highly purified gldNA iso 
lated from cell lines (the gold standard). The cflNA libraries 
resembled circulating nucleosomal-sized DNA fragments+ 
adaptors and the ends possessed sufficiently random charac 
ter, which enabled efficient genetic analysis. In addition, the 
highly uniform size characteristic of plasma cflNA libraries 
allows designing capture strategies and underlying probe 
sequences to maximize reliable coverage of targets as far as 
120 bp (=160-40) from the ends of probes. 

Example 4 

Measurement of Genome Equivalents in Circulating 
DNA Libraries 

Purpose and Background 

0303 One of the major challenges in the analysis of cir 
culating, cell-free DNA is achieving sufficient assay sensitiv 
ity. If sufficient sensitivity is not achieved then analysis of the 
cf. DNA libraries is confounded: if a sample is sequenced and 
no mutational events are detected, that result could be inter 
preted to mean that no mutations are present, or that signifi 
cant events were missed because the sampling depth was too 
Small. The sensitivity of an assay is defined in statistical terms 
as the false negative rate. In the context of sequencing circu 
lating, cell-free DNA, a significant obstacle is the detection of 
a rare sequence that is blended in a large excess of reference 
Sequence. 
0304 One method for determining assay sensitivity is to 
measure the occurrences of mutant sequence in a set of 
samples where mutant sequence is progressively diluted into 
non-mutant, reference sequence. The dilution at which 
mutant sequences are no longer detected defines assay sensi 
tivity. This method is adequate if both the identity of the 
mutant sequence and the extent of dilution are known. Unfor 
tunately, clinical samples do not generally provide either 
parameter. Often the identity of the mutant sequence is not 
known, and the extent of dilution varies from sample to 
sample. In this context, assay sensitivity is established on a 
sample-by-sample basis. 
0305 To assign a sensitivity value on a sample-by-sample 
basis, the numbers of different and distinct sequences that are 
present in each sample are measured, by measuring the num 
ber of genome equivalents that are present in a sequencing 
library. By way of a non-limiting example, ifa DNA sequenc 
ing library is known to contain 3 ng (3000 pg) of human 
genomic DNA and each human genome has a mass of 3 pg. 
then the library possesses 3000+3=1000 genome equivalents 
of DNA. If a mutant DNA sequence must be detected twice to 
be statistically significant, then an estimate of the best pos 
sible sensitivity of detection for this particular library is 2 
mutant sequences--1000 total sequences=0.002=0.2%. To 
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establish sensitivity, the number of genome equivalents must 
be measured for each sample library. 

Summary 

0306 Two methods were used to measure genome equiva 
lents. The first method is based on quantitative PCR (qPCR). 
A genomic library was constructed using ligation of adaptors 
to genomic fragments and a pair of PCR primers, one that is 
specific to a common genomic sequence (e.g., Alu I repeat) 
and one that is specific to the adaptor. The abundance of 
ligated adaptor: fragment sequences of these cflNA libraries 
was measured. A standard library of known concentration 
was used to construct a standard curve and the measurements 
were fit to the resulting standard curve and a value for genome 
equivalents was derived from the fit. 
0307 The second method to measure genome equivalents 
used bioinformatics counting after sequencing was per 
formed. Each unique sequence in a library was identified by 
its random sequence label and the starting nucleotide of the 
genomic sequence. Moreover, each unique sequence must be 
derived from an independent genome. Therefore, the sum of 
unique sequences present in sequence data established a pre 
cise quantitative measurement of the number of genome 
equivalents present in a sample. 

Methods and Results 

(0308 qPCRAssay Development 
0309 The first version of a qPCR-based genome equiva 
lence assay used the ACA2 primer (Table 10), but this assay 
chronically under-reports the number of genome equivalents 
that are present in a cf)NA library (FIG. 13). 

TABL E 1O 

PCR primers used in the development of the genome 
equivalent CPCR assay 

SEQ ID 
Name NO : Sequence 

ACA2 283 TGCAGGACCAGAGAATTCGAATACA 

ACA2 FL 284 AATGATACGGCGACCACCGAGATCTACACGTCA 
FP TGCAGGACCAGAGAATTCGAATACA 

Alu F1 285 CGGTGGCTCACGCCTGTA 

Alu R1 286 GCCTCGGCCTCCCAAAGT 

A1u F2 287 GAGGCTGAGGCAGGAGAATCG 

Alu R2 288 GTCGCCCAGGCTGGAGTG 

0310. The improved version of the assay was based on 
endogenous repeats (e.g., Alu repeats) that are found at very 
high frequency throughout the human genome. By coupling 
an Alu-specific primer with an adaptor-specific primer, the 
frequency with which adaptors are joined to genomic frag 
ments was reliably measured. Standard curves using libraries 
of known genome equivalents were generated, and the num 
ber of genome equivalents in cloned libraries was measure by 
fitting to the curve. 
0311. The PCR primers used to develop an Alu--adaptor 
based qPCR assay are shown in Table 10. The PCR primers 
for Alu amplification were designed from consensus a con 
sensus human Alu sequence (Batzer & Deininger, Nat Rev 
Genet. 3(5):370-9 (2002)) using PRIMER3 (Alu F1 & Alu 
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R1, SEQID NOS:285 and 286, respectively). The remaining 
two Alu primers (Alu F2 and Alu R2, SEQID NOS:287 and 
288, respectively) were reported in the literature (Marullo et 
al., Genome Biology 11:R9 (2010)). 
0312. A schematic of the assay design is provided in FIG. 
14. Because a single PCR primer can used to amplify the 
genomic DNA libraries (FIG. 14A), a primer that recognizes 
the adaptor sequence but that cannot amplify genomic clones 
was used. The 58 nucleotide ACA2-FLFP primer (henceforth 
abbreviated AF, SEQID NO:284) fills these criteria because 
its length induces strong stem-loop PCR Suppression (FIG. 
14B). Additionally, a functional pair of Alu primers were used 
(FIG. 14C). Moreover, a primer pair consisting of one Alu 
primer and the long ACA2 primer that did not amplify 
genomic DNA used (FIG. 14D). These same primers also 
amplified genomic library clones (FIG. 14E). 
0313 All of the required elements for a functional Alu 
based assay were validated. FIG. 15. Specifically, the long 
primer alone was inert, both sets of Alu primer pairs recog 
nized human genomic DNA, and any combination of one Alu 
primer and the long ACA2 primer amplified genomic library 
clones (FIG.15A). Finally, the ability of Alu primer plus long 
ACA2 primer pair to discriminate between genomic DNA 
and genomic library clones is shown in FIG. 15B. The com 
bination of Alu R1 and AF primers were used for measuring 
genome equivalents in the newly constructed libraries. 
0314. A direct comparison between the ACA2-based and 
the Alu-based qPCR assays is shown in FIG. 16. An 8-fold 
difference in genome equivalents was found. In addition the 
Alu-based assays provided a more consistent performance 
library-to-library and a better alignment between qPCR 
derived equivalents and bioinformatically counted tag 
equivalents in sequencing runs (Table 11). 

TABLE 11 

qPCR vs counted sequencing tags 

Sample Alu-based qPCR counted tags 

Run 6850 to 1 6962 3459 
Run 681000 to 1 10937 4641 

0315 High-Sensitivity Library Adaptors for Sequence 
Based Counting of Genome Equivalents 
0316. As discussed above, the reality of disease surveil 
lance using cf)NA is that mutant sequences may be rare 
constituents in an otherwise vast excess of “normal' (mean 
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ing germline) DNA sequences. Thus, highly sensitive and 
quantifiable sequencing assays are needed. Assay sensitivity 
could be made by counting the number of unique sequences 
present in a sequencing library. However, such counting 
would lead to a false underestimate of sensitivity because 
cf. DNA fragments are rather short (~165bp) and may lead to 
identical reads that were actually derived from independent 
cloning events. One Solution to this problem is to mark each 
independent sequencing clone during library construction by 
including, for example, a set of DNA tags in the adaptors used 
to construct libraries. 
0317. A set of such library construction adaptors was spe 
cifically designed to measure the number of genome equiva 
lents present in cflNA libraries, and, by extension, the sen 
sitivity of sequencing assays used to monitor mutant 
Sequences. 
0318. The architecture of high-sensitivity library adaptors 
that were configured to accommodate large numbers of 
genome equivalents in cflNA libraries is shown in FIG. 17. 
There is a Substantial amount of molecular engineering 
within the 45 nucleotide ligation strand, which is the strand 
that becomes attached to end repaired cf. DNA fragments. The 
adaptors comprise at least five elements. 
03.19 Element 1 is a PCR primer binding site for the 
single-primer library amplification primer ACA2 (Table 12). 

TABLE 12 

Number SEQ 
of Sequences ID 

Element Function sequences (s" -> 3') NO : 

Element PCR 1. TGCAGGACC 289 
1. primer AGAGAATTCG 

binding AATACA 
site 

0320 Element 2 is a 5 nucleotide read code. The combi 
nation of this code with the genomic DNA sequence consti 
tutes the DNA tag that was used to uniquely identify each 
read. The 5 nucleotide codes consist of 256 possible unique 
sequences that were chosen to be 2 base changes different 
from every other code in the set. This feature enabled unique 
and distinct reads to be differentiated from reads that 
appeared to be unique owing to a sequencing error in the code 
region. Seven codes in which Gresidues are over-represented 
and that were shown empirically to interfere with adaptor 
function were removed, leaving 249 random codes. Table 13. 

TABLE 13 

Number 
of 

Element Function sequences 

Element 2 Distinct sequence labels 249 

Sequences SEQ ID Sequences SEQ ID Sequences SEQ ID Sequences SEQ ID 
(s" -> 3') NO : (5' -> 3') NO : (s" -> 3') NO: (s" -> 3') NO: 

CGGGT 29 O GGGTC 3.54 AGAGA 418 CCGGA 482 

CGGTG 291 GGTCG 355 AGCCG 419 CGACG 483 

CGTGG 292 GGTGC 356 AGCGC 42O CGAGC 484 

GCGGT 293 GTCGG 357 AGGAA 421 CGCAG 485 
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TABLE 13 - continued 

CTAGA 333 GCCCT 397 TAGAC 461 TGTCT 525 

CTCCG 334 GCCTC 398 TAGCA 462 TGTTC 526 

CTCGC 335 GCTAA 399 TCAAG 463 TTCGT 27 

CTGAA 336 GCTCC 4 OO TCAGA 464 TTC To 528 

CTGCC 337 GCTTT 4O1 TCCCG 465 TTGCT 529 

TTGTC 338 ACTTC 4 O2 CCACC 466 TATAA 53 O 

TTTCG 339 ATAAT 4 O3 CCATT 467 TATCC 531 

TTTGC 34 O ATATA 4O4. CCCAC 468 TATTT 532 

AAAAA 341 ATCCT 405 CCCCA 469 TCACT 533 

AAACC 342 ATCTC 4O6 CCTAT 47 O TCATC 534 

AAATT 343 ATTAA 4. Of CCTTA 471 TCCAT 535 

AACAC 344 ATTCC 408 CTACT 472 TCC TA 536 

AACCA 345 ATTTT 4O9 CTATC 473 TCTAC s37 

AATAT 346 CAAAC 41 O CTCAT 474 TCTCA 538 

AATTA 347 CAACA 411 CTCTA 47s 

ACAAC 348 CACAA 412 CTTAC 476 

ACACA 349 CACCC 413 CTTCA 477 

ACCAA 350 CACTT 414 TAAAT 478 

ACCCC 351 CATCT 415 TAATA 479 

ACC TT 352 CATTC 416 TAC CT 48O 

ACTCT 353 CCAAA. 417 TACTC 481 

0321 Element 3 is a 3 nucleotide sample code that differ TABLE 14 - continued 
by at least two base changes. This element was used to iden 
tify different samples and enabled sample multiplexing Number SEQ 

ithi Table 14 of Sequences ID 
W1th1n a Sequencing run. lable Element Fuction sequences (5' -> 3') NO: 

TABLE 1.4 
CCG 548 

Number SEQ GAA 549 
of Sequences ID 

Element Fuction sequences (5' -> 3') NO: 
TTT 550 

Element Distinct sample 16 AAG 539 
3 labels; sample ATA 551 

multiplexin 
p 9 CAT 552 

CTC 54 O 
GCC 553 

GGT 541 
TGG 554 

TCA 542 

ACT 543 0322 Element 4 is a 12 nucleotide anchor sequence with 
three important characteristics with respect to library con 

CGA 544 struction and downstream sequencing. Table 15. These are A) 
each 12 base extension is part of a family of four 12 base 

GTG 5.45 extensions that collectively represent each of the four pos 
TAC 546 sible DNA bases at each site within extension. This feature, 

balanced base representation, is required by the Illumina 
AGC 47 sequencing instrument in order to calibrate proper base call 

ing in sequencing reads. B) Each extension is composed of 
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only two of four possible bases, and these are specifically 
chosen to be either 6 As--6 C's or 6 G’s--6T's. This extension 
formed from only two bases greatly reduces the possibility 
that the extension sequence will participate in secondary 
structure formation that would preclude proper adaptor func 
tion. C) Because each extension is composed of equal num 
bers of A+C or G+T, each extension shares roughly the same 
melting temperature and duplex stability as every other exten 
sion in a set of four. 

TABLE 1.5 

Number SEQ 
of Sequences ID 

Element Fuction sequences (s" -> 3') NO: 

Element 12 nucleotide 4. ACCCACACCAAA 555 
4. extension 

that provides 
a duplexing 
site for the 

partner 
oligo - 

nucleotide 

CAAACACAACCC 556 

GTGTGGGTTGTT sist 

TGTGTTTGGTGG 57 

0323 Element 5 is the two base sequence found at the 3' 
end of Element 4. The particular two base extensions were 
chosen based on empirical data that shows that these two base 
sequences are efficient substrates for ligation. Table 15. 
0324. The adaptor module is hybridized to a partner oli 
gonucleotide. Table 16. The hybridization takes place 
between the sequence within Element 4 and the partner oli 
gonucleotide. The double-stranded adaptor was ligated to 
end-repaired cf)NA. 

TABLE 16 

Number SEQ 
of Sequences ID 

Element Fuction sequences (s" -> 3') NO: 

Element 12 nucleotide 4. TTTGGTGTGGGT iss9 
4. extension 

that provides 
a duplexing 
site for the 

partner 
oligo - 

nucleotide 

GGGTTGTGTTTG 56 O 

AACAACCCACAC 561. 

CCACCAAACACA 562 

0325 To convert a set of 256 independently synthesized 
and pooled ligation strands (each of which shares a common 
sample code and therefore constitutes a single sample adaptor 
set) to duplexes Suitable for ligation, the 45 nucleotide liga 
tion strand was combined with the appropriate complemen 
tary 12 nucleotide partner strand, heated to 95°C., cooled to 
65° C. for 5 min, then cooled to room temperature. This 
duplex formed a bluntend ligation substrate as shown in FIG. 
17B. Following ligation and DNA purification, a DNA poly 
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merase-mediated step that occurs prior to PCR amplification 
displaced the partner Strand and copied the ligation strand to 
form a double-strand adaptor that was suitable for exponen 
tial amplification by single-primer PCR. 
0326. The quantitative analysis of genome equivalents 
derived from targeted sequencing data was then performed. 
Each unique read was considered a unique ligation event and 
the Sum of unique reads was considered equivalent to the 
number of genome equivalents analyzed. 
0327. A rough, “back-of-the-envelope”, “rule-of-thumb” 
calculation was performed to determine the number of 
genome equivalents that could be analyzed. Each cf. DNA 
clone was approximately 150 base pairs, 50 base pairs of 
which were required for binding to capture probes. This left 
roughly 100 possible sequence start sites within any captured 
cf)NA clone. The attachment of 249 random codes to each of 
the 100 possible start sites created a total repertoire of -249, 
000 possible unique clones. As the number of unique clones 
approaches the total number of possible sequence combina 
tions, probability dictates that the same code and start site 
combinations will be created by independent events and that 
these independent events will be inappropriately grouped 
within single families. The net result will be an underestimate 
of genome equivalents analyzed, and rare mutant reads may 
be discarded as sequencing errors because they overlap with 
wild-type reads bearing the same identifiers. To avoid this, 
efforts were made using the qPCR assay to constrain genomic 
inputs to one tenth or less the number of possible unique 
clones. For example, a single adaptor has 24,900 possible 
clones and thus, has a reliable capacity to provide accurate 
analysis for libraries consisting of 2500 or fewer genome 
equivalents. 
0328. The procedure that is outlined is provided as an 
example and the methods contemplated herein are not meant 
to be bound by this example. In some cases, the number of 
genome equivalents to be analyzed may well exceed the 2500 
limit illustrated in the preceding paragraph. To expand the 
depth of genome equivalents, two solutions to this problem 
are readily available. The first solution is to use more than one 
adaptor set per sample. By combining adaptors, it is possible 
to expand the total number of possible clones and therefore, 
expand the comfortable limits of genomic input. As a non 
limiting example, the combination of four adaptor sets used 
for one sample would expand the analysis to 24,900x4–99, 
600 possible sequences and 10,000 reasonably analyzed 
genome equivalents. The second solution is to expand the 
code in Element 2 of FIG. 17A to 6, 7, or more bases. The 
number of possible codes that differ by at least 2 bases from 
every other code scales as 4" where n is the number of 
bases within Element 2. Thus, in the non-limiting example 
presented here, n=5 and 4–256; therefore, the inclusion 
of additional bases expands the available repertoire by a fac 
tor of four for each additional base. 

Conclusion 

0329. The results from this example showed that two inde 
pendent methods for the determination of genome equiva 
lents have utility in sample processing workflow. The first 
method, qPCR, was implemented during the library construc 
tion phase of cf)NA analysis and it was used as a quality 
control step to ensure that adequate numbers of genome 
equivalents are moved through library amplification, targeted 
sequence capture, and DNA sequencing. The other method 
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use explicit counting of unique reads as a more direct measure 
of the actual number of genome equivalents that fell under 
informatics consideration. 

Example 5 

Quantitative Genetic Analysis 

Purpose 
0330. The purpose of this example was to apply quantita 

tive genetic analysis to normal DNA admixed cancer 
genomes and to uncharacterized cf. DNA isolated from the 
plasma of cancer patients. 

Background 
0331. Three types of genomic events are prevalent in 
human cancers. These are somatic mutations that alter the 
function of the affected gene and its expressed protein prod 
uct(s); genomic rearrangements that create chimeric gene 
fusions and therefore expressed fusion proteins with novel 
biological properties; and changes in gene copy number that 
lead to gene loss and under expression of gene product(s), or, 
conversely, amplification of genes and over-representation of 
the corresponding gene product(s). In the circulating DNA of 
a cancer patient, these aberrant loci, many of which have 
critical significance in guiding patient care, are admixed 
(blended) with the patient’s normal, germline DNA. 

Summary 
0332. In the previous examples, technology has been 
described that was configured for the analysis of circulating, 
cell-free DNA (cflNA), with an aim toward cancer surveil 
lance. However, the technology is widely applicable to any 
analytical, diagnostic and monitoring paradigm including, 
but not limited to r genetic diseases; fetal testing; mendelian 
disorders; pathogen screening; and organ transplant monitor 
ing in which circulating DNA is a potential analyte. In this 
example, the technical features highlighted in previous 
examples are applied to the analysis of admixed cancer 
samples. In the first phase of this validation, cancer-derived 
cell lines were admixed with normal human DNA at defined 
dilutions, and quantitative genetic analysis was performed. In 
the second phase of this study, uncharacterized cfDNA was 
isolated from the plasma of cancer patients and Subsequently 
examined using quantitative genetic analysis. 

Methods 

0333 Admixtures of Cell Line Genomic DNA with Nor 
mal Human DNA 
0334. The following DNA samples were used: 
0335 NAO6994 normal human genomic DNA (Cori 

ell repository); 
0336 NCI-H2228 non-small cell lung cancer cell line 
(ATCC), harbors mutation in TP53 (Q331*) and EML4 
ALK gene fusion (breakpoint unknown); and 

0337 NCI-H69–small cell lung cancer cell line 
(ATCC), harbors amplification of the MYCN gene 
(~100 copies). 

0338 Library preparation: Genomic DNA isolated from 
cell lines (all three above) is high molecular weight material 
that is dissimilar to the small size ofcfDNA. To mimic cfDNA 
in these validation experiments, genomic DNAs were first 
fragmented on the “150 bp setting using a Covaris Acoustic 
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Sonicator. The Sonication generally produces a broad Smear, 
and the DNA was further processed using “two sided bead 
selection. A dilute solution of DNA purification beads were 
added to the sample and the higher molecular mass fragments 
that adhere to the beads were discarded (the size of purified 
DNA is proportional to the amount of beads added). An 
additional aliquot of beads are added to the remaining Super 
natant and in this second round, DNA that adheres to the 
beads that (in a higher overall concentration of binding 
buffer) are purified. This “two-sided purification produces a 
narrow size distribution that is a reasonable proxy for cf)NA 
(FIG. 18). 
0339 Fragmented genomic DNA was end repaired, quan 

tified, and mixed in the various ratios shown in Table 17 and 
described in the results section below. 

TABLE 17 

Samples and admixtures used for validation studies 

Sample, Admixture genome equivalents (qPCR) 

Pure H2228 2248 
NAO6994:H2228 4:1 2616 
NAO6994:H222810:1 2600 
NAO6994:H2228 20:1 2968 
NAO6994:H2228 SO:1 SOOO 
NAO6994:H22281 OOO:1 1OOOO 
PureH69 2.472 
NAO6994:H69 4:1 2768 
NAO6994:H69 10:1 3O88 
NAO6994:H69 20:1 2944 
NAO6994:H69 40:1 1616 
NAO6994:H69 100:1 1920 
NAO6994:H69 200:1 2920 
NAO6994:H69 SOO:1 1752O 

(0340 cf)NA libraries may have limited DNA inputs. The 
amount of cfloNA obtained per mL of patient plasma is 
widely variable, but the lower limits (e.g., Example 3) are 
generally ~10 ng/mL, which is equivalent to 3300 human 
genomes. To guard against limited cf)NA quantities, the 
admixture experiments were modeled to reflect the lower 
limits of cf. DNA that were routinely collected from patients. 
This constraint was applied to all but the most extreme admix 
tures. In these latter admixtures, libraries were made to mimic 
inputs from 4 mLs (NAO6994:H2228 1000:1) or 8 mLs 
(NAO6994:H69 500:1) of low yield patient cf)NA. Admixed 
samples were then ligated to the adaptor sets described in 
Example 4. Measurement of the genome equivalents in each 
purified library using qPCR (Example 4) is also shown in 
Table 17. Libraries were amplified, quantified, and equivalent 
masses of each library were pooled (500 ng of each). The 
pooled sample was hybridized with the proof-of-concept, 
high-density 40 mer capture probes listed in Table 6 of 
Example 2. The resulting complexes were captured on 
streptavidin-coated beads, washed, processed, amplified, 
purified and size-selected as described in previous examples. 
The resulting library was analyzed using an Illumina 150 
bp-V3 Miseq sequencing kit on the Illumina MiSeq instru 
ment. 

0341 For bioinformatics analysis, a rare somatic variant 
caller was used to detect mutations, a split read aligner was 
used to detect fusion genes, and in-house analysis that quan 
tifies and statistically fits tags was used to call copy number 
variation (CNV). 
0342. The detection of an admixed point mutation in the 
TP53 gene is shown in FIG. 19. The “expected' frequency 
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deviates from the admix ratio because it is known that TP53 is 
hemizygous in the NCI-H2228 cell line. Automated software 
was able to call the mutant allele in the 50:1 admixture. 
Manual curation was required to call the mutant event at 
1000:1. With respect to specificity, the tag filtering described 
in Example 1 was applied to the analysis, and no other muta 
tion calls in TP53 were detected after applying this tag filter. 
0343 Cell line NCI-H2228 is known to harbor a fusion 
gene between EML4 and ALK; the cell line serves as a posi 
tive control in both fluorescence in situ hybridization assays 
and in detection of fusion gene transcripts using RT-PCR. 
There are no published reports of the exact location of the 
gene fusion junction. Using dense probe coverage of the 
intron 19 region of ALK, sequence analysis revealed precise 
location and sequence of the junction formed when the two 
genes fused (FIG. 20). The frequency of normal reads versus 
junction reads in the NCI-H2228 cell line (378 vs 249, respec 
tively) Suggests that the fusion gene is heterozygous with a 
normal copy of ALK. 
0344) Detection of junction reads as a function of admix 
ture is shown in FIG. 21. As with point mutation detection, the 
expected values were adjusted to reflect the fact that the 
mutant allele is found in one copy per diploid genome. No 
fusion reads were detected in the 1000:1 admixed sample. 
(0345 FIG.22 shows the results of CNV determination for 
the MYCN gene as a function of admixture. The NCI-H69 
cell line harbors a highly amplified MYCN gene. MYCN is 
normally found as a single copy gene, two per diploid 
genome, and thus the expected result for progressively more 
dilute admixtures is that the tag-calculated CNV should 
asymptotically approach 2 copies (the asymptote is high 
lighted in the figure). The validation experiment shown here 
indicated that the assay system described in this invention is 
robustly sensitive to highly amplified genes. 
0346) 
0347 The most rigorous validation of the technology con 
templated herein is to apply it to cfDNA samples in which the 
spectrum of mutations is unknown. An analysis was per 
formed by sequencing matched cf)NA, tumor and normal 
adjacent tissue (NAT) samples from two ovarian cancer 
patients. In addition, two cf. DNA samples from colorectal 
cancer (CRC) patients and two cfloNA samples from healthy 
Volunteers were analyzed. In no case, were mutations, fusions 
or abnormal CNV detected in the healthy volunteer samples. 
0348 Libraries of cflNA from the four cancer patients 
were initially screened using the targeted probes described in 
Table 6 of Example 2. These probes were primarily config 
ured to detect point mutations in the TP53 gene, gene fusions 
with ALK and amplifications of the MYCN. The results of 
this initial sequencing screen are shown in FIG. 23. A point 
mutation occurring at the same base position was found in the 
cf)NA, tumor, and NAT of one ovarian patient. No TP53 
mutations were found in the other set of ovarian cancer 
patient matched samples. Point mutations were also detected 
in the two CRC cf. DNA libraries for which matching tissues 
were unavailable. All of these point mutations have been 
previously identified in tumors and all are known to be causal 
drivers of tumorogenesis. The mutant sequence detection in 
cfldNA library CRC406 of 0.9% was well within the scope of 
assay sensitivity. Sensitivity is defined by the presence of 
multiple families of tagged reads, all of which possess the 
mutant sequence. These data highlight the clinical utility of 
the system contemplated herein. 

Variant Discovery in cf)NA from Cancer Patients 
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0349 To further explore the detection of cancer-related 
changes in cf)NA libraries and associated tissues, the same 
libraries were hybridized to a set of 679 probes that are 
directed to a total of 20 different cancer-related genes (Table 
18). In this probe set, all of the coding regions of 14 genes 
were targeted while select loci were targeted in the remaining 
6 genes. 

TABLE 1.8 

Cancer genes targeted 

Genes: coding region targeted Genes: select regions targeted 

BRCA1 ALK 
BRCA2 DPYD 
BRAF EPHX1 
CDH1 MYC 
ERBB2 TNFRSF14 
JAK2 ALDH4A1 

PIK3CA 

KRAS 
MYCN 
PTEN 
TP53 

0350. As shown in FIG. 24, the OVAL sample, which 
lacked any detectable changes in TP53, carried a mutation in 
KRAS that was found in both cfloNA and in the correspond 
ing tumor. This observation highlights a significant feature of 
the assay system described here. Libraries created from 
cf. DNA can be interrogated with hundreds (as in this 
example), and even thousands, of targeting probes. The 
sequencing of the resulting targeted libraries revealed 
Somatic mutations that reside within the tumor and not within 
the germline of the affected individual. These tumor-associ 
ated Somatic markers can also be used to quantify the amount 
of circulating DNA that is shed from the tumor (as opposed to 
cf. DNA that has germline sequence). Thus, the discovery of 
mutations, regardless of their biological significance, also 
provides an estimate of tumor content in admixed cf. DNA. 
0351. Many targeted therapies are most successful in the 
presence of normal genes (e.g., EGFR inhibitors work only in 
the presence of wild-type KRAS). A quantitative assessment 
of circulating tumor DNA levels becomes especially signifi 
cant in these cases where mutations in genes are not found. In 
other words, the demonstrable presence of circulating tumor 
DNA coupled with a wild-type sequencing resultata particu 
lar target gene Suggests that the target gene is normal within 
the tumor, and Such results can have a significant influence in 
guiding the choice of therapies. Such is the case with the 
OVAL sample highlighted in FIG. 24. The presence of the 
KRAS mutation in the cf)NA library suggested that this 
patient’s tumor harbors a wild-type TP53 gene(s). 
0352 Another example of aberrant gene discovery is 
shown in FIG. 25. The targeted quantitative genetic analysis 
system revealed the presence of a significant amplification in 
the ERBB2 gene, otherwise referred to as HER-2/neu. While 
this type of amplification has been much publicized in breast 
cancer, it is occasionally identified in colorectal carcinomas 
as well. 

Conclusion 

0353 Validation experiments with cell line DNA revealed 
the thresholds of detection of three types of genetic variation 
that are central to driving neoplastic growth in cancers. Char 
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acterization of cf. DNA derived from cancer patients revealed 
tumor-associated genetic changes that were well above the 
thresholds set by reconstruction experiments in all four 
samples analyzed. These data indicated that the quantitative 
analysis system contemplated herein may have significant 
clinical utility, especially in settings where liquid biopsies are 
most appropriate. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 562 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 

SEO ID NO 1 
LENGTH: 60 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Prole 

<4 OOs SEQUENCE: 1 

taalacattgg aaaggtttct aattalaccag gagatccalaa agaaag.cggit to aagtagca 

SEO ID NO 2 
LENGTH: 60 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Prole 

<4 OOs SEQUENCE: 2 

gat ct cagtt tttittggitta actatgtatt ttggtatatgaagcttctgg gttittgcaca 

SEO ID NO 3 
LENGTH: 60 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Prole 

<4 OOs SEQUENCE: 3 

gacagataag catacatatt aa catggata tatatgtgaa titt cattcaa atggttctica 

SEO ID NO 4 
LENGTH: 60 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Prole 

<4 OOs SEQUENCE: 4 

agct Cttagc ctittgggggg atgacactict tagcggacg toggggacgcc togct ctitta 

SEO ID NO 5 
LENGTH: 60 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Prole 

<4 OOs SEQUENCE: 5 

aagcc cc cac ccc.gc.ctct titccaaaata aacaccagcc agcc.gc.cgag cc.cggagt cq 

<21 Os SEQ ID NO 6 
&211s LENGTH: 60 

Feb. 25, 2016 

0354. In general, in the following claims, the terms used 
should not be construed to limit the claims to the specific 
embodiments disclosed in the specification and the claims, 
but should be construed to include all possible embodiments 
along with the full scope of equivalents to which Such claims 
are entitled. Accordingly, the claims are not limited by the 
disclosure. 

60 

60 

60 

60 

60 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 6 

gcct Coctt C C cc ctic cc.cg ccc.gacagcg gcc.gctcggg ccc.cggct ct cqgttataag 

<210s, SEQ ID NO 7 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 7 

ggtgtggcag C caggggggc gcactctgct Ctggctgggc cccttct coc atgttitt Ctt 

<210s, SEQ ID NO 8 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 8 

ttacacaa.cc tittgggcttg gacaa.cactt togggg.tccaa agaac ctaag agt ctittctg 

<210s, SEQ ID NO 9 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 9 

tgatgaaact tdgctggat ggggg acagg tagggtgctt gttgctttca gtcagatgaa 

<210s, SEQ ID NO 10 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 10 

aatgaaagaa aaggaggcca gattgctact cctggtc.cct gcc acacact agg taccct a 

<210s, SEQ ID NO 11 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 11 

attgacaata cct acatalaa act ctitt.cca gaatgttgtt aagtc.ttagt cattagggag 

<210s, SEQ ID NO 12 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 

Feb. 25, 2016 



US 2016/0053301 A1 
41 
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<4 OOs, SEQUENCE: 12 

ggattt coac caa.cactgta t t catgtacc catttittctic tta acctaac tittattggtc 

<210s, SEQ ID NO 13 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 13 

Calaaggggga aaaccatcag gaCattattt aacaacggala at atcta act gaaaggcaaa 

<210s, SEQ ID NO 14 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 14 

caggcagacc aaccaaagtic tttgttccac cittittaaaac taaat cacat titt cacagag 

<210s, SEQ ID NO 15 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 15 

CCCC agc.cag C9gtcc.gcaa C ccttgcc.gc atccacgaala Ctttgcc cat agcagcgggc 

<210s, SEQ ID NO 16 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 16 

cgact catct cagcattaaa gtgataaaaa aataa attaa aaggcaa.gtg gaCtt cqgtg 

<210s, SEQ ID NO 17 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 17 

Ctgtggcgcg cactgcgc.gc tigcgc.caggt titc.cgcacca aga.cccCttt alacticaagac 

<210s, SEQ ID NO 18 
&211s LENGTH: 60 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 18 

ttct actg.cg acgaggagga gaact tctac Cagcago agc agcagagcga gctgcagcc C 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 
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<210s, SEQ ID NO 19 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 19 

accgagctgc tigggaggaga catggtgaac cagagttt catctgc gaccc ggacgacgag 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 2O 

gcc.gc.cgcct cagagtgcat cqacc cct cq gtggtct tcc cct accotct caacgacagc 

<210s, SEQ ID NO 21 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 21 

ggcggctagg gga caggggc ggggtgggca gcagctic gaa titt Cttic cag at atcct cqc 

<210s, SEQ ID NO 22 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 22 

agacgagctt ggcggcggcc gagaa.gc.cgc. tccacataca gtc.ctggatg atgatgttitt 

<210s, SEQ ID NO 23 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 23 

aggaga.gcag agaatc.cgag gacggagaga aggcgctgga gtcttgc gag gcgcaggact 

<210s, SEQ ID NO 24 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 24 

talagagtggc ccgittaaata agctgccaat gaaaatggga aaggt atcca gcc.gc.ccact 

<210s, SEQ ID NO 25 
&211s LENGTH: 60 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 25 

ttgt atttgt acago attaa totgg taatt gattattitta atgta acctt gctaaaggag 

<210s, SEQ ID NO 26 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 26 

gaggccacag caaacctic ct cacagcc.cac tdgtcct caa gaggtgccac gttct c cacac 

<210s, SEQ ID NO 27 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 27 

agaggaggaa cagotaaaa C9gagcttitt ttgcc ctg.cg taccagat C cc.ggagttgg 

<210s, SEQ ID NO 28 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 28 

tcca acttga CCCtcttggc agcaggatag ticcitt Cogag tigagggagg cqctg.cgtag 

<210s, SEQ ID NO 29 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 29 

gcttggacgg acaggatgta totgtggct tttittaagga talactacctt gggggcctitt 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 30 

gcatttgatc atgcatttga aacaagttca taggtgattig citcagga cat ttctgttaga 

<210s, SEQ ID NO 31 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 
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<4 OOs, SEQUENCE: 31 

cgc.ccc.gc.gc cct Cocagcc gggtc.cagcc ggagc catgg ggc.cggagcc gcagtgagca 

<210s, SEQ ID NO 32 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 32 

Ctctggcc cc gcc.ggcc.gcg ggacct cqgc gggggat.cca Cagggcaggg toccgc.cgct 

<210s, SEQ ID NO 33 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 33 

ggcatgactt ggagtgagtt tatggggt ggcCaggtot gagaagg to C ccc.gc.ca.gtg 

<210s, SEQ ID NO 34 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 34 

gCagggcacc ttcttctgcc acccacctgt aaacagaggg Ctcagcc cag Ctggaggcag 

<210s, SEQ ID NO 35 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 35 

Cccalagat Ct c caagtactggggaaccc.ca gggaggc cct ggggggtggc agtgttcct a 

<210s, SEQ ID NO 36 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 36 

ctaatgcaca caaag.cct co coctdgttag cagtggc cct ggit cagotct gaataac caa 

<210s, SEQ ID NO 37 
&211s LENGTH: 60 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 37 

Ctgctic ct ct tittagaaggc aggagggc cc caagggaagc agaaggtgac agaaggggaa 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 
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<210s, SEQ ID NO 38 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 38 

tggggcagtg gC9ggCaggc actgggttgt aagttgggag tittgcggctg gggtcaggct 

<210s, SEQ ID NO 39 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 39 

tctgctgctg tttgttgcct c tict ctdttac taaccogtcc tict cqctgtt agacatctot 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 4 O 

cccacc cct c ccatgtcacc td tatgacac ctdcatt coa cccggc.ccca gcc ct cocct 

<210s, SEQ ID NO 41 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 41 

tgggcc aggt agt ctoccta galaggtgatg Ctgatgaggg totggtgc.cc agggcgc.cac 

<210s, SEQ ID NO 42 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 42 

ggtgcc cacc ccttgcatcc tigggggtag agcacattgg gCacaaagca gaggcacata 

<210s, SEQ ID NO 43 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 43 

CaccCtgcct ggtact.gc.cc tattgc.ccct ggcacaccag ggcaaaa.ca.g. cacagtgaaa 

<210s, SEQ ID NO 44 
&211s LENGTH: 60 

6 O 

6 O 

6 O 

6 O 

6 O 

6 O 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 44 

c catttacag aaacaaacct c cccaccalaa atgagaaaac tdtgtttctic cctdgcactic 

<210s, SEQ ID NO 45 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 45 

ttatt cttct ttgcctggg cacggtaatg Ctgct catgg ttgcacga agggcCaggg 

<210s, SEQ ID NO 46 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 46 

galaggatagg acagggtggg CtgggcCagg Ctgcatgcgc agagggaCag galactgcagc 

<210s, SEQ ID NO 47 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 47 

gggc.ccggac cct gatgctic atgtggctgt tacctgtcc cqg tatgaag gctgagacgg 

<210s, SEQ ID NO 48 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 48 

tctgtc. tcct gccatc.ccca agagatgctg cca catctgg atcct cagga citctgtctgc 

<210s, SEQ ID NO 49 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 49 

t cacgt.ccca gggcagttitt citt coctdaa gaaagttgga tiggcatgat c tdtct tcc.ca 

<210s, SEQ ID NO 50 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

6 O 

6 O 

6 O 
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<4 OOs, SEQUENCE: 50 

gtgttgagaa cagact actg acttctaata gcagogactt citttaccttgataaaccaca 

<210s, SEQ ID NO 51 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 51 

aaaaaaagga tigggttcc at atgggtggtg tcaagtgc.cc acctic ctago aagtcagcag 

<210s, SEQ ID NO 52 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 52 

c cct cacaag gtcaaagcta tacat cagct c ct gtgacat tdact catcc cccagaccitt 

<210s, SEQ ID NO 53 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 53 

alacccaccga gatctgcaaa Ctttgcagga tigcaccagat gtcttgtagc catgggit caa 

<210s, SEQ ID NO 54 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: TYMSr4r probe 

<4 OOs, SEQUENCE: 54 

tgcct c cct c aggtgcct cit gcacaaaacc agattgctitc cct ctaagag tatggittagt 

<210s, SEQ ID NO 55 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 55 

gttt tactitt gcc tittagct gtggit ctittcaaaccaccat coctic ctitat citt cotctgc 

<210s, SEQ ID NO 56 
&211s LENGTH: 60 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 56 

Ctctgcaatt tttitt Coca tattaaagaa citgaagagct cagtgtggta ggctggcaa.g 

6 O 
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<210s, SEQ ID NO 57 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 57 

ttittaaatga tigttittaaag aattgaaact aacatactgt totgctttct c ccc.cgggitt 

<210s, SEQ ID NO 58 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 58 

cctg.cccacc acttct coct aaactgaagc cccacatttg gag cagt cat ctittatc.ttg 

<210s, SEQ ID NO 59 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 59 

ggttgcgctic caat catgtt acatalaccta cqgcaaggta t cacaggat catactic ct g 

<210s, SEQ ID NO 60 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 60 

gcacagttac atttgc.cagt gigcaa.catcc ttaaaaatta ataactgata ggit cacggac 

<210s, SEQ ID NO 61 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 61 

cgt.ccc.gc.cg cqc cacttgg cct gcctic cq t cocqccg.cg ccactitcgcc togcct cogtic 

<210s, SEQ ID NO 62 
&211s LENGTH: 60 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 62 

Ctgtaaggcg aggaggacga tigcgt.cccCt c cct cqcagg attgaggitta ggact aaacg 

<210s, SEQ ID NO 63 
&211s LENGTH: 35 
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<223> OTHER INFORMATION: Partner Oligo #138 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

SEQUENCE: 63 

gtgaaaacca ggat caactic ccgtgc.cagt cacat 

SEQ ID NO 64 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adaptor 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (8) 
OTHER INFORMATION: n is a, c, g, 

SEQUENCE: 64 

nnnn.nnnnca toccagg 

SEO ID NO 65 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adaptor 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (1) ... (8) 
OTHER INFORMATION: n is a, c, g, 

SEQUENCE: 65 

nnnnnnnnat cittagtggca 

SEQ ID NO 66 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adaptor 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (8) 
OTHER INFORMATION: n is a, c, g, 

SEQUENCE: 66 

nnnn.nnn.ncg galacticggag 

SEO ID NO 67 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adaptor 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (8) 
OTHER INFORMATION: n is a, c, g, 

SEQUENCE: 67 

nnnnnnnnga citccgatc cc 

SEQ ID NO 68 
LENGTH: 95 

o 

o 

o 

o 

49 

- Continued 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 68 

atgtgactgg cacgggagtt gatcctggitt ttcacgggitt tagtgg cat gagctacct a 

ctggatgtgc ctdactgttt coccittctitc titc cc 

<210s, SEQ ID NO 69 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 69 

atgtgactgg cacgggagtt gatcctggitt ttcacct atc. tcc aggatgg agagagggaa 

aaaaaagatg ggtctgttgttg ggagggcagg tactt 

<210s, SEQ ID NO 70 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 7 O 

atgtgactgg cacgggagtt gatcctggitt ttcacgaaag aagcc aggt c ttcaattaat 

aagatt coct ggit citcqttt gttctacctgt taatg 

<210s, SEQ ID NO 71 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 71 

atgtgactgg cacgggagtt gatcc tiggitt ttcaccagac togcgcc caa ttitt.cccc.ca 

cc ccttgtta ttgccacaaa atcct gagga tigatc 

<210s, SEQ ID NO 72 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 72 

atgtgactgg cacgggagtt gatcctggitt ttcacaa.gca Cctagoc cca ttcCtgctga 

gCaggaggtg gCaggit accc Cagactggga ggtaa 

<210s, SEQ ID NO 73 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 73 

6 O 
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atgtgactgg cacgggagtt gatcctggitt ttcacagtcg gtggggg cag gatgaggcc C 

agtctgttca cacatggctg. citgcct ct ca gct ct 

<210s, SEQ ID NO 74 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 74 

atgtgactgg cacgggagtt gatcctggitt ttcaccctgg C cct cagcca gtacagaaag 

t catttgtca aggcct tcag ttggcagacg tdtc 

<210s, SEQ ID NO 75 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 75 

atgtgactgg cacgggagtt gatcc tiggitt ttcacagaat t cattgc.cag ctataaatct 

gtggaaacgc tigccacacaa ticttagcaca Caaga 

<210s, SEQ ID NO 76 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 76 

atgtgactgg cacgggagtt gatcc tiggitt tt cact tact tcc ct coagt tttgttgctt 

gcaaaacaac agaatcttct citc catgaaa totatg 

<210s, SEQ ID NO 77 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 77 

atgtgactgg cacgggagtt gatcc tiggitt ttcaccaggg gitatic tatta t cc cc attitt 

Ctcacaaagg aalaccalagat aaaaggttta aatgg 

<210s, SEQ ID NO 78 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 78 

atgtgactgg cacgggagtt gatcc tiggitt tt cactgtta cctittaaaag acatctgctt 

tctgccaaaa ttaatgtgct gaacttaaac ttacc 
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<210s, SEQ ID NO 79 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 79 

atgtgactgg cacgggagtt gatcc tiggitt tt cact tccc agtaaattac tottaccaat 

gcaa.ca.gact ttaaagaagt tdtgttttac aatgc 

<210s, SEQ ID NO 8O 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 80 

atgtgactgg cacgggagtt gatcc tiggitt tt cactaaat gacataa.cag titatgattitt 

gcagaaaa.ca gatctg tatt tattt cagtg ttact 

<210s, SEQ ID NO 81 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

&223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 81 

atgtgactgg cacgggagtt gatcctggitt ttcacga cag gttittgaaag at atttgttgt 

tactaatgac tdtgctataa citttitttitt c titt co 

<210s, SEQ ID NO 82 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 82 

atgtgactgg cacgggagtt gatcctggitt ttcacctgtg gcgc.gcactg. c9c.gctg.cgc 

caggtttccg caccaaga cc cctittaactic aagac 

<210s, SEQ ID NO 83 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 83 

atgtgactgg cacgggagtt gatcctggitt ttcacggcgg Ctaggggaca ggggcggggt 

gggcagcago togaatttct tccagatat c ct cqc 

<210s, SEQ ID NO 84 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

6 O 

95 

6 O 

95 

6 O 

95 

6 O 

95 

6 O 

95 

Feb. 25, 2016 



US 2016/0053301 A1 
53 

- Continued 

<4 OOs, SEQUENCE: 84 

atgtgactgg cacgggagtt gatcctggitt ttcacaccga gctgctggga ggaga catgg 

tgalaccagag titt Catctgc gaccc.ggacg acgag 

<210s, SEQ ID NO 85 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 85 

atgtgactgg cacgggagtt gatcctggitt ttcacaggag agcagagaat cc.gaggacgg 

agagaaggcg Ctggagtictt gcgaggcgca ggact 

<210s, SEQ ID NO 86 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 86 

atgtgactgg cacgggagtt gatcctggitt ttcacctgta agittatcgta aaaaggagca 

tctagg tagg totttgtagc Caatgttacc Catt 

<210s, SEQ ID NO 87 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 87 

atgtgactgg cacgggagtt gatcctggitt ttcacaatgg C cattct tcc aggaggcaca 

gaaattacag gcc atgcaca gagagaaata ccc.ga 

<210s, SEQ ID NO 88 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 88 

atgtgactgg cacgggagtt gatcctggitt ttcaccttgt t cqtt CCttg tactgagacic 

c tagt ctd.cc act gaggatt toggtttittgc cct tc 

<210s, SEQ ID NO 89 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 89 

atgtgactgg cacgggagtt gatcc tiggitt ttcacat caa gact cat cag taccatcaaa 

agctgagatg aaa.cagtgta agtttcaa.ca gaaat 
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<210s, SEQ ID NO 90 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 90 

atgtgactgg cacgggagtt gatcctggitt ttcactgttgt C cagctgtga aacticagaga 

tgtaactgct gacatcct co ctattittgcatct ca 

<210s, SEQ ID NO 91 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 91 

atgtgactgg cacgggagtt gatcc tiggitt ttcacatttgaaacaattitt at catgaatg 

c catgaccaa agtatt ctitc tdtat cittct ttctt 

<210s, SEQ ID NO 92 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 92 

atgtgactgg cacgggagtt gatcctggitt ttcactgatg ggtgggct CC Caaggggcc 

t ccc.gcagac ttgcgaagtt CCC actict ct gggcg 

<210s, SEQ ID NO 93 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 93 

atgtgactgg cacgggagtt gatcctggitt ttcaccaggg togggggga t c caggctgc 

cCaagcggag gctgggc.cgg Ctgtgctggc Ctctt 

<210s, SEQ ID NO 94 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 94 

atgtgactgg cacgggagtt gatcctggitt ttcacttittgaaatgtgggit ttgttgc cat 

gaaacgtgtt t caagcatag titttgacaga taacg 

<210s, SEQ ID NO 95 
&211s LENGTH: 95 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 95 

atgtgactgg cacgggagtt gatcctggitt ttcactg.ccc taaaagtgta totatalacat 

c cct gatgtc. togcatttgtc ctittgactgg tdttt 

<210s, SEQ ID NO 96 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 96 

atgtgactgg cacgggagtt gatcctggitt ttcacaa.ccc Ctcgaggct C agacictittgg 

agcaggagtg tattotggc caaccaccct Ctctg 

<210s, SEQ ID NO 97 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 97 

atgtgactgg Cacgggagtt gat CCtggitt ttcac Catala atatgtgtgc tagt cct gtt 

agacccaagt gctgcc caag ggcagcgc.cc tict c 

<210s, SEQ ID NO 98 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 98 

atgtgactgg cacgggagtt gatcc tiggitt tt cact actt gttaattaaa aattcaagag 

tttitttitt to ttatt ctdag gttat cittitt tacca 

<210s, SEQ ID NO 99 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 99 

atgtgactgg cacgggagtt gatcc tiggitt ttcacccaaa atctgttitt c caataaattic 

t cagat coag galagagga aa ggaaaaac at Caaaa 

<210s, SEQ ID NO 100 
&211s LENGTH: 95 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 1.OO 

atgtgactgg cacgggagtt gatcc tiggitt ttcacatact c catc toccg taaaaatagt 
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gagacittgag taatgtttga tigt cacttgt ctitt c 

<210s, SEQ ID NO 101 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 101 

atgtgactgg cacgggagtt gatcc tiggitt ttcaccagtic accactatat tatt citaggit 

atcc cagaaa agittaaagtic aaatctgaaa cacat 

<210s, SEQ ID NO 102 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 102 

atgtgactgg cacgggagtt gatcctggitt ttcaccgc.cc cycgt.ccgac cc.gcggat.cc 

cgcggcgtCC gcc.cgggtg gttctggat.cg C9gag 

<210s, SEQ ID NO 103 
& 211 LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 103 

atgtgactgg cacgggagtt gatcctggitt ttcacccata C9ggcagcac gacgc.gcgga 

Ctgcgattgc agaagatgac Ctgggagggc ticgcg 

<210s, SEQ ID NO 104 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 104 

atgtgactgg cacgggagtt gatcctggitt tt Cactagag gggct tcaga cc.gtgctatic 

gtcc ctgctgggit cqggcct aag.cgc.cggg ccc.gt 

<210s, SEQ ID NO 105 
&211s LENGTH: 95 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 105 

atgtgactgg cacgggagtt gatcctggitt ttcacggcgc Caggaggag atggaggcc.g 

ggcggcc.gcg gcc.cgtgctg. c9ctcggtga actic 

<210s, SEQ ID NO 106 
&211s LENGTH: 95 

95 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 106 

atgtgactgg cacgggagtt gatcctggitt ttcacggtgt gggcc accgit gcc.ca.gc.cac 

cggtgtggct ctittaacaac ctittgcttgt ccc.ga 

<210s, SEQ ID NO 107 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 107 

atgtgactgg cacgggagtt gatcctggitt ttcacaagtg gtctatcctg tacttaccac 

aacaac citta t ctittittaaa aagtaaaacg toagt 

<210s, SEQ ID NO 108 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 108 

atgtgactgg cacgggagtt gatcctggitt ttcaccttgt t cqtt CCttg tactgagacic 

c tagt ctd.cc act gaggatt toggtttittgc cct tc 

<210s, SEQ ID NO 109 
&211s LENGTH: 95 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 109 

atgtgactgg cacgggagtt gatcc tiggitt ttcacat caa gact cat cag taccatcaaa 

agctgagatg aaa.cagtgta agtttcaa.ca gaaat 

<210s, SEQ ID NO 110 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 110 

atgtgactgg cacgggagtt gatcctggitt ttcacaccta Ctggatgtgc Ctgactgttt 

cocottct to ttocc 

<210s, SEQ ID NO 111 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 111 
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atgtgactgg cacgggagtt gatcctggitt ttcacgggala aaaaaagatg ggtctgtgtg 

ggagggcagg tactt 

<210s, SEQ ID NO 112 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 112 

atgtgactgg cacgggagtt gatcc tiggitt tt cacttaat aagattic cct ggit ct cqttt 

gtctacctgt taatg 

<210s, SEQ ID NO 113 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 113 

atgtgactgg cacgggagtt gatcc tiggitt ttcaccc.cca ccc.cttgtta ttgccacaaa 

atcCtgagga tigatc 

<210s, SEQ ID NO 114 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 114 

atgtgactgg cacgggagtt gatcctggitt ttcacgctga gcaggaggtg gCagg taccC 

Cagactggga ggtaa 

<210s, SEQ ID NO 115 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 115 

atgtgactgg cacgggagtt gatcctggitt ttcacggc.cc agt ctgttca cacatggctg 

ctgcct ct ca gct ct 

<210s, SEQ ID NO 116 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 116 

atgtgactgg cacgggagtt gatcctggitt ttcacgaaag ticatttgtca aggcctt cag 

ttggcagacg totC 
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<210s, SEQ ID NO 117 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 117 

atgtgactgg cacgggagtt gatcctggitt ttcacaatct gtggaaacgc tigccacacala 

t cittagcaca caaga 

<210s, SEQ ID NO 118 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 118 

atgtgactgg cacgggagtt gatcctggitt ttcactgctt gcaaaacaac agaat Cttct 

citccatgaaa toatg 

<210s, SEQ ID NO 119 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

&223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 119 

atgtgactgg cacgggagtt gatcctggitt ttcacatttt ct cacaaagg aalaccalagat 

aaaaggttta aatgg 

<210s, SEQ ID NO 120 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 120 

atgtgactgg cacgggagtt gatcctggitt ttcactgctt totgccaaaa ttaatgtgct 

gaacttaaac ttacc 

<210s, SEQ ID NO 121 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 121 

atgtgactgg cacgggagtt gatcctggitt ttcacccaat gcaacagact ttaaagaagt 

tgttgttttac aatgc 

<210s, SEQ ID NO 122 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 
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<4 OOs, SEQUENCE: 122 

atgtgactgg cacgggagtt gatcctggitt ttcacatttit gcagaaaac a gatctgt att 

tattt cagtg ttact 

<210s, SEQ ID NO 123 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 123 

atgtgactgg cacgggagtt gatcctggitt ttcactgttgt tactaatgac ttgctataa 

ottt ttitt to ttt co 

<210s, SEQ ID NO 124 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 124 

atgtgactgg cacgggagtt gatcctggitt ttcactg.cgc Caggittt cog Caccalagacic 

c ctitta actic aagac 

<210s, SEQ ID NO 125 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 125 

atgtgactgg cacgggagtt gatcctggitt ttcacggggt gggcagcagc ticgaatttct 

tccagatat c ct cqc 

<210s, SEQ ID NO 126 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 126 

atgtgactgg cacgggagtt gatcctggitt ttcac catgg talaccagag titt Catctgc 

gacccggacg acgag 

<210s, SEQ ID NO 127 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 127 

atgtgactgg cacgggagtt gatcctggitt ttcacgacgg agaga aggcg Ctggagt ctt 

gcgagg.cgca gract 
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<210s, SEQ ID NO 128 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 128 

atgtgactgg cacgggagtt gatcctggitt ttcacgagca totagg tagg totttgtagc 

caatgttacc cqatt 

<210s, SEQ ID NO 129 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 129 

atgtgactgg cacgggagtt gatcctggitt ttcacgcaca gaaattacag gcc atgcaca 

gagagaaata ccc.ga 

<210s, SEQ ID NO 130 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 130 

atgtgactgg cacgggagtt gatcctggitt ttcacagacic ctagt ctgcc actgaggatt 

tggtttittgc cct tc 

<210s, SEQ ID NO 131 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 131 

atgtgactgg cacgggagtt gatcctggitt ttcactcaaa agctgagatg aaa.ca.gtgta 

agtttcaa.ca gaaat 

<210s, SEQ ID NO 132 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 132 

atgtgactgg cacgggagtt gatcctggitt ttcacagaga tigtaactgct gaCat CCtcC 

ctattittgcatctica 

<210s, SEQ ID NO 133 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 133 

atgtgactgg cacgggagtt gatcctggitt ttcacgaatg C catgaccala agt attctt C 

tgtatcttct ttctt 

<210s, SEQ ID NO 134 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 134 

atgtgactgg cacgggagtt gatcctggitt ttcacgggcc ticcc.gcagac ttgcgaagtt 

Cccact ct ct gggcg 

<210s, SEQ ID NO 135 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 135 

atgtgactgg Cacgggagtt gat CCtggitt ttcacgctgc CCaag.cggag gctggg.ccgg 

ctgtgctggc ct citt 

<210s, SEQ ID NO 136 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 136 

atgtgactgg cacgggagtt gatcctggitt ttcacgc.cat gaaacgtgtt tdaag catag 

ttittgacaga taacg 

<210s, SEQ ID NO 137 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 137 

atgtgactgg cacgggagtt gatcctggitt ttcacaa.cat CCCtgatgtc. tccatttgtc. 

ctittgactgg tdttt 

<210s, SEQ ID NO 138 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 138 

atgtgactgg cacgggagtt gatcctggitt ttcactittgg agcaggagtg tatt Ctggc 
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caaccaccct citctg 

<210s, SEQ ID NO 139 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 139 

atgtgactgg cacgggagtt gatcctggitt ttcacctgtt aga.cccaagt gctgcc.caag 

ggcago.gc.cc tict c 

<210s, SEQ ID NO 140 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 140 

atgtgactgg cacgggagtt gatcc tiggitt ttcacaagag titttitttitt c ttatt ctdag 

gttatcttitt tacca 

<210s, SEQ ID NO 141 
& 211 LENGTH: fs 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 141 

atgtgactgg cacgggagtt gatcctggitt ttcacaattic ticagatc.ca.g. galagaggaaa 

ggaaaaac at Caaaa 

<210s, SEQ ID NO 142 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 142 

atgtgactgg cacgggagtt gatcctggitt ttcacat agt gagacittgag taatgtttga 

tgtcacttgt ctitt c 

<210s, SEQ ID NO 143 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 143 

atgtgactgg cacgggagtt gatcctggitt tt Cactaggit at CCC agaala agittaaagtic 

aaatctgaaa cacat 

<210s, SEQ ID NO 144 
&211s LENGTH: 75 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 144 

atgtgactgg cacgggagtt gatcctggitt ttcacgatcc cycggcgt.cc ggc.ccgggtg 

gtctggat.cg C9gag 

<210s, SEQ ID NO 145 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 145 

atgtgactgg cacgggagtt gatcctggitt ttcacgcgga citgcgattgc agaagatgac 

Ctgggagggc ticgc.g 

<210s, SEQ ID NO 146 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 146 

atgtgactgg cacgggagtt gatcctggitt ttcaccitatic gtc.cctgctg. g.gtcgggcct 

aagcgc.cggg ccc.gt 

<210s, SEQ ID NO 147 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 147 

atgtgactgg cacgggagtt gatcctggitt ttcacggc.cg ggcggcc.gcg gcc.cgtgctg 

cgct cqgtga actic 

<210s, SEQ ID NO 148 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 148 

atgtgactgg cacgggagtt gatcctggitt ttcacgc.cac cq9tgtggct Ctttaacaac 

ctittgcttgt ccc.ga 

<210s, SEQ ID NO 149 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 149 
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atgtgactgg cacgggagtt gatcc tiggitt ttcacaccac aacaaccitta t citttittaaa 

aagtaaaacg. t cagt 

<210s, SEQ ID NO 150 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 150 

atgtgactgg cacgggagtt gatcctggitt ttcacagacic ctagt ctgcc actgaggatt 

tggtttittgc cct tc 

<210s, SEQ ID NO 151 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 151 

atgtgactgg cacgggagtt gatcctggitt ttcactcaaa agctgagatg aaa.ca.gtgta 

agtttcaa.ca gaaat 

<210s, SEQ ID NO 152 
&211s LENGTH: 58 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ACA2 FLFP primer 

<4 OOs, SEQUENCE: 152 

aatgatacgg caccaccga gat ct acacg tcatgcagga ccagagaatt Caataca 

<210s, SEQ ID NO 153 
&211s LENGTH: 57 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: CAC3 FLRP primer 

<4 OOs, SEQUENCE: 153 

Caagcagaag acggcatacg agatgtgact ggcacgggag ttgat CCtgg ttitt cac 

<210s, SEQ ID NO 154 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 154 

atgtgactgg cacgggagtt gatcctggitt ttcaccgaat gagggtgatgtttitt CCC g 

gcacct cott caggt 

<210s, SEQ ID NO 155 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

6 O 

6 O 

6 O 

58 

6 O 

Feb. 25, 2016 



US 2016/0053301 A1 
66 

- Continued 

22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 155 

atgtgactgg cacgggagtt gatcctggitt ttcacgttgt agt cqgt cat gatggtcgag 

gtgcggagct tctic 

<210s, SEQ ID NO 156 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 156 

atgtgactgg cacgggagtt gatcctggitt ttcacgcagc ticctggtgct tcc.ggcggta 

Cactgcaggt giggtg 

<210s, SEQ ID NO 157 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 157 

atgtgactgg Cacgggagtt gat CCtggitt ttcacctaca Caggc Cactt CCt acaggaa 

gcct coctogg atcto 

<210s, SEQ ID NO 158 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 158 

atgtgactgg cacgggagtt gatcctggitt ttcacgaaat act aataaaa tatt aaaga 

aggtgttgtct ttaat 

<210s, SEQ ID NO 159 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 159 

atgtgactgg cacgggagtt gatcc tiggitt tt cactatat ggaaaataat tatttgtatt 

at at agggca gag to 

<210s, SEQ ID NO 160 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 160 

atgtgactgg cacgggagtt gatcctggitt ttcac attag acc caatatg gtctgcagat 
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tittattagaa gaaat 

<210s, SEQ ID NO 161 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 161 

atgtgactgg cacgggagtt gatcctggitt ttcacgtgaa cca.gcagact gtgttgcaa.g 

tata accc.ca cqtga 

<210s, SEQ ID NO 162 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 162 

atgtgactgg cacgggagtt gatcctggitt ttcacgc.cat ggagcct aag gaagttt cag 

Caaggc ccta agggg 

<210s, SEQ ID NO 163 
& 211 LENGTH: fs 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 163 

atgtgactgg cacgggagtt gatcctggitt ttcaccc.cag gaattggcct gccttagtat 

ttctgctgtg ct cag 

<210s, SEQ ID NO 164 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 164 

atgtgactgg cacgggagtt gatcctggitt ttcactittga gggtgcagct gggat Cttgg 

t cagttgttgt titcct 

<210s, SEQ ID NO 165 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 165 

atgtgactgg cacgggagtt gatcctggitt ttcaccacat catgaaaaga t ct ctgaatt 

ggtgtctggg gat ct 

<210s, SEQ ID NO 166 
&211s LENGTH: 75 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 166 

atgtgactgg cacgggagtt gatcctggitt ttcactgagg accaggt cac aggacct Ctt 

tggactgcag titt CC 

<210s, SEQ ID NO 167 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 167 

atgtgactgg cacgggagtt gatcc tiggitt tt cactalacc act gccactic cccaccct ct 

agggttgtca atgaa 

<210s, SEQ ID NO 168 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

< 4 OO SEQUENCE: 168 

atgtgactgg cacgggagtt gatcctggitt ttcacgagct ctaccalatgt gagtgac cat 

tat cactic ct acatg 

<210s, SEQ ID NO 169 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 169 

atgtgactgg cacgggagtt gatcctggitt ttcacaaaat ttgatt cag tdggtagatt 

Ctgtgtgtaa agc cc 

<210s, SEQ ID NO 170 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 170 

atgtgactgg cacgggagtt gatcc tiggitt tt cactatot gct cagttcc citcct citatg 

Caatggaccg accgt 

<210s, SEQ ID NO 171 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 171 
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atgtgactgg cacgggagtt gatcctggitt ttcacgtgta aattgcc.gag cacgtag taa 

c catgcaa.ca agtgt 

<210s, SEQ ID NO 172 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 172 

atgtgactgg cacgggagtt gatcctggitt ttcactgggg acacagtgtg totgcc at C 

t ccc.ttctac cqgca 

<210s, SEQ ID NO 173 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 173 

atgtgactgg cacgggagtt gatcc tiggitt ttcacaagag cctitt coctic togc ccttitt c 

aagcct ctogc ccatc 

<210s, SEQ ID NO 174 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 174 

atgtgactgg cacgggagtt gatcctggitt ttcacgacca cactgagttc. tctgtgacct 

gCaggit cagc ticacc 

<210s, SEQ ID NO 175 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 175 

atgtgactgg cacgggagtt gatcctggitt ttcactitt CC tat ct citctg. Cctggagggit 

ggtggagggc tiggtt 

<210s, SEQ ID NO 176 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 176 

atgtgactgg cacgggagtt gatcctggitt ttcacaaaca ggagctg.cgc C9gtggaagc 

atgtgggagc tagaa 
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<210s, SEQ ID NO 177 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 177 

atgtgactgg cacgggagtt gatcctggitt ttcacggaca citgaaggagc tcc ccaccc.c 

Ctgat cagcc aggag 

<210s, SEQ ID NO 178 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 178 

atgtgactgg cacgggagtt gatcctggitt ttcacgggala Ctgcagctgc tictggtgggg 

ggalaggttgg gagct 

<210s, SEQ ID NO 179 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

&223 OTHER INFORMATION: Probe 

<4 OO > SEQUENCE: 179 

atgtgactgg cacgggagtt gatcctggitt ttcacaccca attcc aggga Ctagdataac 

gaagtgacac Cttgg 

<210s, SEQ ID NO 18O 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 18O 

atgtgactgg cacgggagtt gatcctggitt ttcaccctgc ccc.cttggga gtc.cctgggg 

citctgtgcac to acc 

<210s, SEQ ID NO 181 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 181 

atgtgactgg cacgggagtt gatcctggitt ttcacggaag caccc.ccggit attaaaacga 

acgggg.cgga aagaa 

<210s, SEQ ID NO 182 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 
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6 O 

6 O 

6 O 
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<4 OOs, SEQUENCE: 182 

atgtgactgg cacgggagtt gatcctggitt ttcacctaac aaaggggacg cgacccgggg 

tccagtgc cc Caggg 

<210s, SEQ ID NO 183 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 183 

atgtgactgg cacgggagtt gatcctggitt ttcaccctgg ggggactggg togcctic acc 

cc caac ccgg to atc 

<210s, SEQ ID NO 184 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 184 

atgtgactgg cacgggagtt gatcctggitt ttcaccgc.gc. tccagct tct cqcgggcgga 

gaagcc.gctic Cacat 

<210s, SEQ ID NO 185 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 185 

atgtgactgg cacgggagtt gatcctggitt ttcaccc.cac ccggcc.gc.cg agtgcgtgga 

t ccc.gc.cgtg gtc.tt 

<210s, SEQ ID NO 186 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 186 

atgtgactgg cacgggagtt gatcctggitt ttcacgggca C9ggcgctgg Ctcgc.gcttg 

ttcacgggala agggg 

<210s, SEQ ID NO 187 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 187 

atgtgactgg cacgggagtt gatcctggitt ttcacaa.cat ggatatatat gtgaattitca 

ttcaaatggit totca 
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<210s, SEQ ID NO 188 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 188 

atgtgactgg cacgggagtt gatcc tiggitt tt cactaaac caa.catt citt aatgtcaa.ca 

caatgtttgt ttaaa 

<210s, SEQ ID NO 189 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 189 

atgtgactgg cacgggagtt gatcctggitt ttcaccc.cta C9tggagagt gaggatgcac 

CCCC acagaa galaga 

<210s, SEQ ID NO 190 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 190 

atgtgactgg cacgggagtt gatcctggitt ttcacatgac act ctitgagc ggacgtgggg 

acgcct cqct ctitta 

<210s, SEQ ID NO 191 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 191 

atgtgactgg cacgggagtt gatcctggitt ttcact Ctca cqctic aggga C cacgtgcc.g 

gagttggtaa agaat 

<210s, SEQ ID NO 192 
&211s LENGTH: 75 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs, SEQUENCE: 192 

atgtgactgg cacgggagtt gatcctggitt ttcaccagtg gcc tttitt ca aaatgaccac 

cittgg.cggcc ttctic 

<210s, SEQ ID NO 193 
&211s LENGTH: 75 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

6 O 

6 O 

6 O 

6 O 
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