a2 United States Patent

Allawi et al.

US012049671B2

US 12,049,671 B2
*Jul. 30, 2024

(10) Patent No.:
45) Date of Patent:

(54) DETECTION OF COLON NEOPLASIA BY
ANALYSIS OF METHYLATED DNA

(71) Applicants: EXACT SCIENCES
CORPORATION, Madison, WI (US);
Mayo Foundation for Medical
Education and Research, Rochester,
MN (US)

(72) Inventors: Hatim T. Allawi, Middleton, WI (US);
Michael W. Kaiser, Stoughton, WI
(US); Graham P. Lidgard, Middleton,
WI (US); William R. Taylor, Lake
City, MN (US); Tamara J. Sander,
Mazomanie, W1 (US); Abram M.
Vaccaro, Rio, WI (US)

(73) Assignees: Exact Sciences Corporation, Madison,
WI (US); Mayo Foundation for
Medical Education and Research,
Rochester, MN (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 110 days.

This patent is subject to a terminal dis-
claimer.

(21)  Appl. No.: 17/409,132

(22) Filed: Aug. 23, 2021

(65) Prior Publication Data
US 2022/0056526 Al Feb. 24, 2022

Related U.S. Application Data

(63) Continuation of application No. 15/881,409, filed on
Jan. 26, 2018, now Pat. No. 11,118,228.

(60) Provisional application No. 62/622,107, filed on Jan.
25, 2018, provisional application No. 62/451,327,
filed on Jan. 27, 2017.

(51) Int. CL
CI12Q 1/6883 (2018.01)
CI12Q 1/6809 (2018.01)
CI12Q 1/6827 (2018.01)
CI12Q 1/6853 (2018.01)
CI12Q 1/6886 (2018.01)
GOIN 33/533 (2006.01)
GOIN 33/574 (2006.01)
G16Z 99/00 (2019.01)
(52) US.CL
CPC ........ CI2Q 1/6883 (2013.01); C12Q 1/6809

(2013.01); CI2Q 1/6827 (2013.01); CI2Q
1/6853 (2013.01); C12Q 1/6886 (2013.01);
GOIN 33/533 (2013.01); GOIN 33/57419
(2013.01); G16Z 99/00 (2019.02); C12Q
2600/106 (2013.01); C12Q 2600/112
(2013.01); C12Q 2600/118 (2013.01); C120
2600/154 (2013.01); C12Q 2600/156
(2013.01); C12Q 2600/16 (2013.01)

(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,376,110 A 3/1983 David et al.
4,486,530 A 12/1984 David et al.
4,683,195 A 7/1987 Mullis et al.
4,683,202 A 7/1987 Mullis
4,735,214 A 4/1988 Berman
4,965,188 A 10/1990 Mullis et al.
5,011,769 A 4/1991 Duck et al.
5,124,246 A 6/1992 Urdea et al.
5,288,609 A 2/1994 Engelhardt et al.
5,338,671 A 8/1994 Scalice et al.
5,403,711 A 4/1995 Walder et al.
5,409,818 A 4/1995 Davey et al.
5,475,610 A 12/1995 Atwood et al.
5,494,810 A 2/1996 Barany et al.
5,508,169 A 4/1996 Deugau et al.
5,538,871 A 7/1996 Nuovo et al.
5,602,756 A 2/1997 Atwood et al.
5,612,473 A 3/1997 Wu et al.
5,624,802 A 4/1997 Urdea et al.
5,639,611 A 6/1997 Wallace et al.
5,660,988 A 8/1997 Duck et al.
5,710,264 A 1/1998 Urdea et al.
5,773,258 A 6/1998 Birch et al.
5,786,146 A 7/1998 Herman et al.
5,792,614 A 8/1998 Western et al.
5,846,717 A 12/1998 Brow et al.
5,849,481 A 12/1998 Urdea et al.
A

5,851,770 12/1998 Babon et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 104781421 7/2015
Jp 2008-502890 1/2008
(Continued)

OTHER PUBLICATIONS

Anderson et al., Methylated DNA Markers for Detection of Spo-
radic Colorectal Neoplasia: Comparison Between Age Groups Younger
Than and Older Than 50. Abstract Su2013. Gastroenterology Apr. 1,
2016;150(4):S-611.

(Continued)

Primary Examiner — Angela M. Bertagna

Assistant Examiner — Carolyn L Greene

(74) Attorney, Agent, or Firm — Casimir Jones, S.C.;
Mary Ann D. Brow

(57) ABSTRACT

Provided herein is technology for neoplasia screening, and
particularly, but not exclusively, to methods, compositions,
and related uses for detecting the presence of cancer, in
particular, colorectal cancer.

13 Claims, 59 Drawing Sheets

Specification includes a Sequence Listing.



US 12,049,671 B2

Page 2
(56) References Cited 2006/0134663 Al 6/2006 Harkin et al.
2006/0147955 Al 7/2006 Allawi et al.
U.S. PATENT DOCUMENTS 2006/0171952 Al 8/2006 Mather et al.
2007/0048748 Al 3/2007 Williams et al.
5,882,867 A 3/1999 Ullman et al. 2007/0161062 Al 7/2007 Tacke et al.
i . 2007/0190540 Al 8/2007 Stanley
2;3;;‘;@32 i Sj}ggg (leouttz;aét al. 2007/0202525 Al 8/2007 Quake et al.
5,965,408 A 10/1999 Short 2008/0003571 Al 1/2008 Mckernan et al.
5,985,557 A 11/1999 Prudent et al. 2009/0203011 Al 8/2009 Liebenberg et al.
5,994,069 A 11/1999 Hall et al. 2009/0253142 A1 10/2009 Allawi et al.
6,001,567 A 12/1999 Brow et al. 2010/0075334 Al 3/2010 Kim et al.
6,013,170 A 1/2000 Meade 2011/0009277 Al 1/2011 Devos et al.
6,063,573 A 5/2000 Kayyem 2011/0123990 Al 5/2011 Baker et al.
6,090,543 A 7/2000 Prudent et al. 2011/0160446 Al 6/2011 Ritt et al.
6,110,677 A 8/2000 Western et al. 2011/0287424 Al 11/2011 Chen
6,110,684 A 8/2000 Kemper et al. 2011/0318738 Al  12/2011 Jones et al.
6,121,001 A 9/2000 Western et al. 2012/0122088 Al 5/2012 Zou et al.
i 2012/0122105 Al 5/2012 Oldham-Haltom et al.
2;}32;823 gl 1%88(1) Eiy;frldft al 2012/0122106 Al 5/2012 Zou et al.
6,210,884 Bl 4/2001 Lizardi 2012/0288868 Al 11/2012 Bruinsma et al.
6,221,583 Bl 4/2001 Kayyem et al. 2013/0231256 Al 9/2013 Oldham-Haltom et al.
6,235,502 Bl 5/2001 Weissman et al. 2014/0087382 Al 3/2014 Allawi et al.
6,248,229 Bl 6/2001 Meade 2015/0292029 Al  10/2015 Agarwal et al.
6,251,594 Bl 6/2001 Gonzalgo et al. 2016/0010081 Al 1/2016 Allawi et al.
6,329,178 Bl  12/2001 Patel et al. 2016/0090634 Al 3/2016 Kisiel et al.
6,335,167 Bl 1/2002 Pinkel et al. 2016/0168643 Al 6/2016 Ahlquist et al.
6,395,524 B2 5/2002 TLoeb et al. 2016/0194721 Al 7/2016 Allawi et al.
6,602,695 B2 8/2003 Patel ef al. 2016/0312299 Al  10/2016 Tyler et al.
6,605,451 Bl 8/2003 Marmaro et al. 2016/0333424 Al  11/2016 Morris et al.
6,872,816 Bl 3/2005 Hall et al. 2017/0121704 Al 5/2017 Allawi et al.
7,037,650 B2 5/2006 Gonzalgo et al. 2017/0121757 Al 5/2017 Lidgard et al.
7,087,414 B2 8/2006 Gerdes et al. 2017/0321286 Al  11/2017 Allawi et al.
; 2017/0335401 Al 11/2017 Allawi et al.
T 5e0%0 B 112000 gﬂﬁg etal 2018/0143198 Al 52018 Wen et al.
7,662,594 B2 2/2010 Kong et al. 2018/0245157 Al 8/2018 Allawi et al.
i 2019/0085406 Al 3/2019 Mortimer et al.
;;33233?3 E§ 1%8}2 aﬁ:sc }éfvaf tal 2019/0177769 Al 62019 Allawi et al.
8,361,720 B2 1/2013 Oldham-Haltom et al. 2019/0218601 Al 7/2019  Allawi et al.
RE44,596 E 11/2013 Stroun et al. 2019/0330702 Al  10/2019 A_llaw1 et al.
8,715,937 B2 5/2014 Zou et al. 2020/0291458 Al 9/2020 Lidgard et al.
8,808,990 B2 8/2014 Lidgard et al. 2022/0071605 Al 3/2022 Eisele et al.
8,916,344 B2  12/2014 Zou et al. 2022/0349009 Al 11/2022 Taylor et al.
8,962,250 B2 2/2015 Stanley
9,000,146 B2 4/2015 Bruinsma et al. FOREIGN PATENT DOCUMENTS
9,096,893 B2 8/2015 Allawi et al.
9,127,318 B2 9/2015 Oldl_lam-Haltom et al. 1P 2010-533853 10/2010
9,212,392 B2  12/2015 Allawi et al. WO WO 1994/22892 10/1994
9,428,746 B2 8/2016 Holmberg et al. WO WO 1995/015373 6/1995
9,546,403 Bl 1/2017 Warren et al. WO WO 1997/046705 12/1997
9,657,511 B2 5/2017 Lidgard et al. WO WO 2001/94634 12/2001
9,726,670 B2 8/2017 Ataman-Onal et al. WO WO 2002/070755 9/2002
10,292,687 B2 5/2019 Maguire et al. WO WO 2005/038051 4/2005
10,385,406 B2 8/2019 Allawi et al. WO WO 2006/084132 8/2006
10,435,755 B2 10/2019 Ahlquist et al. WO WO 2006/113770 10/2006
10,519,510 B2 12/2019 Ahlquist et al. WO WO 2008/084219 7/2008
10,648,025 B2 5/2020 Allawi et al. WO WO 2008/100913 8/2008
10,822,638 B2 11/2020 Allawi et al. WO WO 2009/102788 8/2009
2003/0224040 Al  12/2003 Baylin et al. WO WO 2010/089538 8/2010
2003/0224437 Al  12/2003 Gerde.s et al. WO WO 2011/119934 9/2011
2004/0072182 Al 4/2004 Lyamichev et al. WO WO 2012/067831 5/2012
2004/0175733 Al 9/2004 Andersen et al. WO WO 2012/106525 8/2012
2004/0234960 Al  11/2004 Olek et al. WO WO 2012/155072 11/2012
2005/0048527 Al 3/2005 Allawi et al. WO WO 2013/058868 4/2013
2005/0214926 Al 9/2005 Zielenski et al. WO WO 2013/070950 5/2013
2005/0239101 Al  10/2005 Sukumar et al. WO WO 2013/116375 8/2013



US 12,049,671 B2
Page 3

(56) References Cited
FOREIGN PATENT DOCUMENTS

WO WO 2013/142545 9/2013
WO WO 2014/039556 3/2014
WO WO 2014/062218 4/2014
WO WO 2014/159650 10/2014
WO WO 2014/159652 10/2014
WO WO 2014/160117 10/2014
WO WO 2015/066695 5/2015
WO WO 2015/095689 6/2015
WO WO 2015/153283 10/2015
WO WO 2015/153284 10/2015
WO WO 2016/094813 6/2016
WO WO 2016/094839 6/2016
WO WO 2017/040627 3/2017
WO WO 2017/075061 5/2017
WO WO 2017/129716 8/2017
WO WO 2017/180886 10/2017
WO WO 2017/192221 11/2017
WO WO 2017/223216 12/2017
WO WO 2018/017740 1/2018
WO WO 2018/045322 3/2018
WO WO 2018/160576 9/2018
WO WO 2019/108626 6/2019
WO WO 2020/112869 7/2020
WO WO 2020/154665 7/2020
WO WO 2020/206256 10/2020
WO WO 2021/041726 3/2021
WO WO 2021/055508 3/2021
WO WO 2021/076969 4/2021
WO WO 2021/087275 5/2021
WO WO 2021/212031 10/2021
WO WO 2021/226071 11/2021
WO WO 2021/226074 11/2021
WO WO 2021/226074 2/2022
WO WO 2022/040306 2/2022
WO WO 2022/165247 8/2022
WO WO 2022/187695 9/2022
WO WO 2023/081796 5/2023

OTHER PUBLICATIONS

Ballester et al., Novel Methylated DNA Markers for the Detection
of Colorectal Neoplasia in Lynch Syndrome. Abstract 307. Gastro-
enterology 2016;150(4):S-70.

Chen et al., DNA Methylation Identifies Loci Distinguishing Heredi-
tary Nonpolyposis Colorectal Cancer Without Germ-Line MLH1/
MSH2 Mutation from Sporadic Colorectal Cancer. Clin Transl
Gastroenterol. Dec. 15, 2016;7(12):¢208.

Gevaert et al., Pancancer analysis of DNA methylation-driven genes
using MethylMix. Genome Biol. Jan. 29, 2015;16(1):17.

Kisiel et al., New DNA Methylation Markers for Pancreatic Cancer:
Discovery, Tissue Validation, and Pilot Testing in Pancreatic Juice.
Clin Cancer Res. Oct. 1, 2015;21(19):4473-81.

Kisiel et al., Novel Stool DNA Markers for Inflammatory Bowel
Disease Associated Colorectal Cancer High Grade Dysplasia: High
Specificity Across Three Independent International Populations.
Abstract 185. Gastroenterology 2016;150(4):S-48.

Knute et al., MicroRNAs as Novel Targets for NSAID Chemopreven-
tion of Color Carcinogenesis. Gastroenterology. May 2011; 140(5):S-
41.

Lange et al., Genome-scale discovery of DN A-methylation biomark-
ers for blood-based detection of colorectal cancer. PLoS One.
2012;7(11):¢50266.

Medina-Aguilar et al., Methylation Landscape of Human Breast
Cancer Cells in Response to Dietary Compound Resveratrol. PLoS
One. Jun. 29, 2016;11(6):e0157866.

Mitchell et al., A panel of genes methylated with high frequency in
colorectal cancer. BMC Cancer. Jan. 31, 2014;14:54.

Mitchell et al., Evaluation of Methylation Biomarkers for Detection
of Circulating Tumor DNA and Application to Colorectal Cancer.
Genes (Basel). Dec. 15, 2016;7(12):125.

Taylor et al., Discovery of Novel DNA Methylation Markers for the
Detection of Colorectal Neoplasia: Selection by Methylome-Wide
Analysis. Abstract 109. Gastroenterology May 1, 2014;146(5)S-30.
Weisenberger et al., Comprehensive DNA Methylation Analysis on
the Illumina® Infinium® Assay Platform. Jan. 1, 2010. https://emea.
illumina.com/content/dam/illumina-marketing/documents/products/
appnotes/appnote_dna_methylation_analysis_infinium.pdf. Retrieved
Dec. 4, 2020. 4 pages.

Wu et al., Detection of Colorectal Cancer Using a Simplified SEPT9
Gene Methylation Assay Is a Reliable Method for Opportunistic
Screening. J Mol Diagn. Jul. 2016;18(4):535-45.

European Supplemental Search Report for EP18744801.4, dated
Dec. 14, 2020, 23 pages.

Bentley et al., Accurate Whole Human Genome Sequencing using
Reversible Terminator Chemistry. Nature. Nov. 6, 2008; 456(7218):
53-59.

Berezikov et al., Approaches to microRNA discovery. Nat Genet.
Jun. 200638 Suppl:S2-7.

Chapman et al., Autoantibodies in lung cancer: possibilities for
early detection and subsequent cure. Thorax. Mar. 2008;63(3):228-
33.

Dassonville et al., Expression of epidermal growth factor receptor
and survival in upper aerodigestive tract cancer. J Clin Oncol. Oct.
1993;11(10):1873-8.

Egeblad et al., New functions for the matrix metalloproteinases in
cancer progression. Nat Rev Cancer. Mar. 2002;2(3):161-74.
Elbashir et al, RNA interference is mediated by 21- and 22-nucleo-
tide RNAs. Genes Dev. Jan. 15, 2001;15(2):188-200.

Extended European Search Report for EP 19890483.1, dated Sep.
29, 2022, 10 pages.

Fedurco et al., BTA, a novel reagent for DNA attachment on glass
and efficient generation of solid-phase amplified DNA colonies.
Nucleic Acids Res. Feb. 9, 2006;34(3):e22.

Gatlin et al., Automated identification of amino acid sequence
variations in proteins by HPLC/microspray tandem mass spectrom-
etry. Anal Chem. Feb. 15, 2000,72(4):757-63.

Gemperle et al., Regulation of the formyl peptide receptor 1 (FPR1)
gene in primary human macrophages. PLoS One. 2012;7(11):e50195.
6 pages.

GenBank Accession No. NM00562 1. National Library of Medicine.
Retrieved from the internet Sep. 29, 2022. 4 pages.

GenPept Accession No. NP05612. 11—Sep. 2022. 3 pages.
Grandis et al., TGF-alpha and EGFR in Head and Neck Cancer.
Journal of Cellular Biochemistry, 1993; Supplement 17f:188-191.
Harris et al., Single-molecule DNA sequencing of a viral genome.
Science. Apr. 4, 2008;320(5872):106-9.

Heid et al.,, Real time quantitative PCR . Genome Res. Oct.
1996;6(10):986-94.

Hua et al., Quantitative methylation analysis of multiple genes using
methylation-sensitive restriction enzyme-based quantitative PCR
for the detection of hepatocellular carcinoma. Exp Mol Pathol. Aug.
2011;91(1):455-60.

Huang et al., Transactivation of the epidermal growth factor recep-
tor by formylpeptide receptor exacerbates the malignant behavior of
human glioblastoma cells. Cancer Res. Jun. 15, 2007;67(12):5906-
13.

International Preliminary Report on Patentability for PCT/US2020/
048270, dated Mar. 10, 2022. 11 pages.

International Search Report and Written Opinion for PCT/US2020/
048270, dated Dec. 7, 2020. 12 pages.

Jongeneel et al., An atlas of human gene expression from massively
parallel signature sequencing (MPSS) Genome Res. Jul.
2005;15(7):1007-14.

Kling. Ultrafast DNA sequencing. Nat Biotechnol. Dec.
2003;21(12):1425-7.

Mandal et al., Lipopolysaccharide induces formyl peptide receptor
1 gene expression in macrophages and neutrophils via transcrip-
tional and posttranscriptional mechanisms. J Immunol. Nov. 1,
2005;175(9):6085-91.

Mandal et al., Signaling in lipopolysaccharide-induced stabilization
of formyl peptide receptor 1 mRNA in mouse peritoneal macrophages.
J Immunol. Feb. 15, 2007;178(4):2542-8.



US 12,049,671 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Marabella et al., Serum ribonuclease in patients with lung carci-
noma. J Surg Oncol. 1976,8(6):501-5.

Margulies et al., Genome sequencing in microfabricated high-
density picolitre reactors. Nature. Sep. 15, 2005;437(7057):376-80.
Melnikov et al., MSRE-PCR for analysis of gene-specific DNA
methylation. Nucleic Acids Res. Jun. 8, 2005;33(10):e93.

Monte et al., Cloning, chromosome mapping and functional char-
acterization of a human homologue of murine gtse-1 (B99) gene.
Gene. Aug. 22, 2000;254(1-2):229-36.

Monte et al., hGTSE-1 expression stimulates cytoplasmic localiza-
tion of pS3. J Biol Chem. Mar. 19, 2004;279(12):11744-52.
Morris et al., Whole blood FPR1 mRNA expression predicts both
non-small cell and small cell lung cancer. Int J Cancer. Jun. 1,
2018;142(11):2355-2362.

NCBI Ref. Seq. NM_001193306.1. Apr. 9, 2019. Retrieved from
NIH Sep. 29, 2022. 5 pages.

Neuwelt et al., Possible sites of origin of human plasma ribonucleases
as evidenced by isolation and partial characterization of ribonucleases
from several human tissues. Cancer Res. Jan. 1978;38(1):88-93.
O’Driscoll et al., Feasibility and relevance of global expression
profiling of gene transcripts in serum from breast cancer patients
using whole genome microarrays and quantitative RT-PCR. Cancer
Genomics Proteomics. Mar.-Apr. 2008;5(2):94-104.

Osman et al., Expression of matrix metalloproteinases and tissue
inhibitors of metalloproteinases define the migratory characteristics
of human monocyte-derived dendritic cells. Immunology. Jan.
2002;105(1):73-82.

Reddi et al., Elevated serum ribonuclease in patients with pancreatic
cancer. Proc Natl Acad Sci U S A. Jul. 1976,73(7):2308-10.
Reinartz et al., Massively parallel signature sequencing (MPSS) as
a tool for in-depth quantitative gene expression profiling in all
organisms. Brief Funct Genomic Proteomic. Feb. 2002;1(1):95-104.
Ronaghi et al., A sequencing method based on real-time pyrophosphate.
Science. Jul. 17, 1998;281(5375):363, 365.

Ronaghi et al., Real-time DNA sequencing using detection of
pyrophosphate release. Anal Biochem. Nov. 1, 1996;242(1):84-9.
Rothberg et al., An integrated semiconductor device enabling non-
optical genome sequencing. Nature. Jul. 20, 2011;475(7356):348-
52.

Santani et al., Characterization, quantification, and potential clinical
value of the epidermal growth factor receptor in head and neck
squamous cell carcinomas. Head & Neck, 1991; 13(2): 132-139.
Schuuring et al., Characterization of the EMS1 gene and its product,
human Cortactin. Cell Adhes Commun. 1998;6(2-3):185-209.
Schuuring et al., Identification and cloning of two overexpressed
genes, U21B31/PRADI and EMS1, within the amplified chromo-
some 11ql3 region in human carcinomas. Oncogene. Feb.
1992;7(2):355-61.

Shao et al., Formyl peptide receptor ligands promote wound closure
in lung epithelial cells. Am J Respir Cell Mol Biol. Mar. 2011;44(3):264-
9

Shendure et al., Accurate multiplex polony sequencing of an evolved
bacterial genome. Science. Sep. 9, 2005;309(5741):1728-32.
Shendure et al., Next-generation DNA sequencing. Nat Biotechnol.
Oct. 2008;26(10):1135-45.

Turcatti et al., A new class of cleavable fluorescent nucleotides:
synthesis and optimization as reversible terminators for DNA
sequencing by synthesis. Nucleic Acids Res. Mar. 2008;36(4):e25.
13 pages.

Tiireci et al., Humoral immune responses of lung cancer patients
against tumor antigen NY-ESO-1. Cancer Lett. May 8, 2006;236(1):64-
71.

Turner et al., Role of matrix metalloproteinase 9 in pituitary tumor
behavior. J Clin Endocrinol Metab. Aug. 2000;85(8):2931-5.
Umu et al., A comprehensive profile of circulating RN As in human
serum. RNA Biol. Feb. 1, 2018;15(2):242-250.

Vancompernolle et al., Expression and function of formyl peptide
receptors on human fibroblast cells. J Immunol. Aug. 15,
2003;171(4):2050-6.

Wang et al., Crosstalk to stromal fibroblasts induces resistance of
lung cancer to epidermal growth factor receptor tyrosine kinase
inhibitors. Clin Cancer Res. Nov. 1, 2009;15(21):6630-8.

Wang et al.,, DNA methylation study of fetus genome through a
genome-wide analysis. BMC Med Genomics. Apr. 15, 2014;7:18.
Williams et al., Amplification of complex gene libraries by emulsion
PCR. Nat Methods. Jul. 2006;3(7):545-50.

Yu et al., Significance of combined detection of LunX mRNA and
tumor markers in diagnosis of lung carcinoma. Chin J Cancer Res.
Feb. 2014;26(1):89-94.

Zhou et al., Massively parallel signature sequencing. Methods Mol
Biol. 2006,331:285-311.

Nilsson et al., Altered DNA Methylation and Differential Expres-
sion of Genes Influencing Metabolism and Inflammation in Adipose
Tissue From Subjects With Type 2 Diabetes. Diabetes. Sep.
2014;63:2962-76.

Ahlquist et al., Colorectal cancer screening by detection of altered
human DNA in stool: Feasibility of a multitarget assay panel.
Gastroenterology, 2000;119:1219-27.

Ahlquist et al., Next-Generation Stool DNA Test Accurately Detects
Colorectal Cancer and Large Adenomas. Gastroenterology,
2012;142:248-56.

Ahlquist et al., Novel Use of Hypermethylated DNA Markers in
Stool for Detection of Colorectal Cancer: A Feasibility Study.
Gastroenterology 2002;122:Suppl A40.

Ahlquist et al., Stool DNA and Occult Blood Testing for Screen
Detection of Colorectal Neoplasia. Ann Intern Med, 2008;149(7):441-
50.

Allawi et al., Abstract 712: Detection of lung cancer by assay of
novel methylated DNA markers in plasma. Proceedings: AACR
Annual Meeting Apr. 1-5, 2017, Washington, DC. 3 pages.
Andersson et al., Properties of targeted preamplification in DNA and
c¢DNA quantification. Expert Rev Mol Diagn. 2015;15(8):1085-100.
Antequera et al., High levels of de novo methylation and altered
chromatin structure at CpG islands in cell lines. Cell. Aug. 10,
1990;62(3):503-14.

Arneson et al., GenomePlex Whole-Genome Amplification. Cold
Spring Harb. Protoc. 2008; doi:10.1101/pdb.prot4920, 7 pages.
Aronchick CA, et al., A novel tableted purgative for colonoscopic
preparation: Efficacy and safety comparisons with Colyte and Fleet
Phospho-Soda. Gastrointestinal endoscopy, 2000;52:346-52.
Ballabio, et al., Screening for steroid sulfatase (STS) gene deletions
by multiplex DNA amplification, Human Genetics, 1990, 84(6):
571-573.

Barany, Genetic disease detection and DNA amplification using
cloned thermostable ligase, Proc. Natl. Acad. Sci USA, 1991,
88:189-93.

Bardan E, et al., Colonoscopic resection of large colonic polyps—a
prospective study. Israel journal of medical sciences, 1997;33(12):777-
80.

Barnay, Genetic disease detection and DNA amplification using
cloned thermostable ligase, Proc. Natl. Acad. Sci USA, 1991,
88:189-93.

Belinsky SA, et al., Promoter Hypermethylation of Multiple Genes
in Sputum Precedes Lung Cancer Incidence in a High-Risk Cohort.
Cancer Res, 2006;66(6):3338-44.

Berger BM, et al., Stool DNA screening for colorectal neoplasia:
biological and technical basis for high detection rates. Pathology
2012;44(2):80-8.

Bibikova, GoldenGate? Assay for Methyltion of BeadArrayTM
Technology. Jan. 1, 2009; retrieved from http://agtc. wayne.edu/pdfs/
goldengate_methylation_brochure.pdf, retrieved Aug. 29, 2016, 7
pages.

Boynton KA, et al., DNA Integrity as a Potential Marker for
Stool-based Detection of Colorectal Cancer. Clin Chem
2003;49(7):1058-65.

Budd et al., Circulating tumor cells versus imaging—predicting
overall survival in metastatic breast cancer. Clin Cancer Res. Nov.
1, 2006;12(21):6403-9.

Bustin, Absolute quantification of mRNA using real-time reverse
transcription polymerase chain reaction assays, J. Molecular Endo-
crinology, 2000, 25:169-193.



US 12,049,671 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Carvalho et al., Genome-wide DNA methylation profiling of non-
small cell lung carcinomas. Epigenetics Chromatin. Jun. 22,2012;5(1):9.
Certified U.S. Appl. No. 60/900,713, filed Feb. 12, 2007, in the
name of Baylin et al., 188 pages.

Ceska et al., Structure-specific DNA cleavage by 5' nucleases.
Trends Biochem Sci. Sep. 1998;23(9):331-6.

Chamberlain et al., Deletion screening of the Duchenne muscular
dystrophy locus via multiplex DNA amplification, Nucleic Acids
Research, 1988, 16(23):11141-11156.

Chen et al., Detection in Fecal DNA of Colon Cancer—Specific
Methylation of the Nonexpressed Vimentin Gene. J Natl Cancer
Inst, 2005;97:1124-32.

Chen et al.,, HOPX is methylated and exerts tumour-suppressive
function through Ras-induced senescence in human lung cancer. J
Pathol. Feb. 2015;235(3):397-407.

Cohen et al., Relationship of circulating tumor cells to tumor
response, progression-free survival, and overall survival in patients
with metastatic colorectal cancer. J Clin Oncol. Jul. 1, 2008;26(19):3213-
21.

Cristofanilli et al., Circulating tumor cells, disease progression, and
survival in metastatic breast cancer. N Engl J Med. Aug. 19,
2004;351(8):781-91.

Dammann et al., The CpG island of the novel tumor suppressor gene
RASSF1A is intensely methylated in primary small cell lung
carcinomas. Oncogene. Jun. 14, 2001;20(27):3563-7.

Devos et al., Circulating methylated SEPT9 DNA in plasma is a
biomarker for colorectal cancer. Clin Chem. Jul. 2009;55(7):1337-
46.

Don et al., ‘Touchdown’ PCR to circumvent spurious priming
during gene amplification, Nucleic Acids Research, 1991, 19(14):4008.
Eads et al., CpG island hypermethylation in human colorectal
tumors is not associated with DNA methyltransferase overexpres-
sion. Cancer Res. May 15, 1999;59(10):2302-6.

Ebert, MP, et al., Aristaless-like Homeobox-4 Gene Methylation Is
a Potential Marker for Colorectal Adenocarcinomas. Gastroenter-
ology, 2006;131:1418-30.

European Supplemental Search Report for EP17792973 .4, dated
Jan. 3, 2020, 15 pages.

Fackler et al., Quantitative multiplex methylation-specific PCR
assay for the detection of promoter hypermethylation in multiple
genes in breast cancer. Cancer Res. Jul. 1, 2004;64(13):4442-52.
Fasman, “Practical Handbook of Biochemistry and Molecular Biol-
ogy”, pp. 385-394, 1989, CRC Press, Boca Raton, FL.

Feil et al., Methylation analysis on individual chromosomes: improved
protocol for bisulphite genomic sequencing. Nucleic Acids Res.
Feb. 25, 1994;22(4):695-6.

Frommer et al.,, A genomic sequencing protocol that yields a
positive display of S-methylcytosine residues in individual DNA
strands. Proc Natl Acad Sci U S A. Mar. 1, 1992;89(5):1827-31.
Gonzalgo et al., Identification and characterization of differentially
methylated regions of genomic DNA by methylation-sensitive arbi-
trarily primed PCR. Cancer Res. Feb. 15, 1997;57(4):594-9.
Gonzalgo et al., Rapid quantitation of methylation differences at
specific sites using methylation-sensitive single nucleotide primer
extension (Ms-SNuPE). Nucleic Acids Res. Jun. 15, 1997;25(12):2529-
31.

Grady WM, et al., Detection of Aberrantly Methylated hMLH1
Promoter DNA in the Serum of Patients with Microsatellite Unstable
Colon Cancer. Cancer Res 2001,61:900-2.

Grafstrom et al., The characteristics of DNA methylation in an in
vitro DNA synthesizing system from mouse fibroblasts. Nucleic
Acids Res. Apr. 25, 1985;13(8):2827-42.

Grafstrom RH, et al., The characteristics of DNA methylation in an
in vitro DNA synthesizing system from mouse fibroblasts. Nucleic
Acids Res. 1985;13(8): 2827-2842.

Grigg et al., Sequencing S-methylcytosine residues in genomic
DNA. Bioessays. Jun. 1994;16(6):431-6.

Grigg, Sequencing S-methylcytosine residues by the bisulphite
method. DNA Seq. 1996;6(4):189-98.

Grunau et al., Bisulfite genomic sequencing: systematic investiga-
tion of critical experimental parameters. Nucleic Acids Res. Jul. 1,
2001;29(13):E65-5.

Gu et al., Genome-scale DNA methylation mapping of clinical
samples at single-nucleotide resolution. Nat Methods. Feb.
2010;7(2):133-6.

Guilfoyle et al., Ligation-mediated PCR amplification of specific
fragments from a class-II restriction endonuclease total digest,
Nucleic Acids Research, 1997, 25:1854-1858.

Hall et al., Sensitive detection of DNA polymorphisms by the serial
invasive signal amplification reaction, PNAS, 2000, 97:8272.
Hardcastle, JD, et al., Randomised controlled trial of faecal-occult-
blood screening for colorectal cancer. Lancet. 1996, 348:1472-7.
Hayden et al., Multiplex-Ready PCR: A new method for multi-
plexed SSR and SNP genotyping, BMC Genomics, 2008, 9:80.
Hayes et al., Circulating tumor cells at each follow-up time point
during therapy of metastatic breast cancer patients predict progression-
free and overall survival. Clin Cancer Res. Jul. 15, 2006;12(14 Pt
1):4218-24.

Hecker et al., High and low annealing temperatures increase both
specificity and yield in touchdown and stepdown PCR, Biotechniques,
1996, 20(3):478-485.

Heitman, SJ, et al., Colorectal Cancer Screening for Average-Risk
North Americans: An Economic Evaluation. PLoS Med,
2010;7(11):€1000370.

Heller et al., Lung cancer: from single-gene methylation to methylome
profiling. Cancer Metastasis Rev. Mar. 2010;29(1):95-107.
Henegariu et al., Multiplex PCR: critical parameters and step-by-
step protocol. Biotechniques. Sep. 1997;23(3):504-11.

Heresbach, D., et al., Review in depth and meta-analysis of con-
trolled trials on colorectal cancer screening by faecal occult blood
test. Eur J Gastroenterol Hepatol. 2006, 18(4):427-33.

Herman et al., Methylation-specific PCR: a novel PCR assay for
methylation status of CpG islands. Proc Natl Acad Sci USA 1996;
93: 9821-9826.

Higuchi et al., A general method of in vitro preparation and specific
mutagenesis of DNA fragments: study of protein and DNA inter-
actions, Nucleic Acids Research, 1988, 16(15):7351-7367.
Higuchi et al., Simultaneous amplification and detection of specific
DNA sequences, Biotechnology, 1992, 10:413-417.

Higuchi et al.,Kinetic PCR analysis: real-time monitoring of DNA
amplification reactions, Biotechnology, 1993, 11:1026-1030.
Hoque et al., Genome-Wide Promoter Analysis Uncovers Portions
of the Cancer Methylome. J Clin Oncol. 2005;23:6569-75.
Imperiale et al., Fecal DN A versus Fecal Occult Blood for Colorectal-
Cancer Screening in an Average-Risk Population. N Engl J Med,
2004;351:2704-14.

International Search Report and Written Opinion for PCT/US2016/
058875, dated Apr. 21, 2017, 17 pages.

International Search Report and Written Opinion for PCT/US2017/
024468, dated Sep. 1, 2017, 17 pages.

International Search Report and Written Opinion for PCT/US2018/
015535, dated Jun. 25, 2018, 20 pages.

International Search Report and Written Opinion for PCT/US2019/
063401, dated Feb. 20, 2020, 12 pages.

Itzkowitz, SH, et al., Improved Fecal DNA Test for Colorectal
Cancer Screening. Clin Gastroenterol Hepatol 2007;5(1):111-7.
Jiang et al., Lengthening and shortening of plasma DNA in hepatocel-
lular carcinoma patients. Proc Natl Acad Sci U S A. Mar. 17,
2015;112(11):E1317-25.

Kaiser et al., A comparison of eubacterial and archaeal structure-
specific 5'-exonucleases. J Biol Chem. Jul. 23, 1999;274(30):21387-
94.

Kalinina et al., Nanoliter scale PCR with TagMan detection, Nucleic
Acids Research, 1997, 25:1999-2004.

Kann et al., Improved Marker Combination for Detection of De
Novo Genetic Variation and Aberrant DNA in Colorectal Neoplasia.
Clin Chem 2006;52:2299-302.

Karl et al., Improved Diagnosis of Colorectal Cancer Using a
Combination of Fecal Occult Blood and Novel Fecal Protein
Markers. Clin Gastroenterol Hepatol, 2008;6(10):1122-8.



US 12,049,671 B2
Page 6

(56) References Cited
OTHER PUBLICATIONS

Kneip et al., SHOX2 DNA methylation is a biomarker for the
diagnosis of lung cancer in plasma. J Thorac Oncol. Oct.
2011;6(10):1632-8.

Kober et al., Methyl-CpG binding col. based identification of nine
genes hypermethylated in colorectal cancer. Mol Carcinog. Nov.
2011;50(11):846-56.

Korbie et al., Multiplex bisulfite PCR resequencing of clinical FFPE
DNA. Clin Epigenetics. Mar. 17, 2015,7:28.

Kronborg et al., Randomized Study of Biennial Screening with a
Faecal Occult Blood Test: Results After Nine Screening Rounds.
Scand T Gastroenterol, 2004; 39:846-51.

Kuppuswamy et al., Single nucleotide primer extension to detect
genetic diseases: experimental application to hemophilia B (factor
IX) and cystic fibrosis genes. Proc Natl Acad Sci U S A. Feb. 15,
1991;88(4):1143-7.

Leontiou et al., Bisulfite Conversion of DNA: Performance Com-
parison of Different Kits and Methylation Quantitation of Epigen-
etic Biomarkers that Have the Potential to Be Used in Non-Invasive
Prenatal Testing. PLoS One. Aug. 6, 2015;10(8):e0135058.
Leung et al., Detection of Epigenetic Changes in Fecal DNA as a
Molecular Screening Test for Colorectal Cancer: A Feasibility
Study. Clin Chem, 2004;50(11):2179-82.

Levin et al., Screening and Surveillance for the Early Detection of
Colorectal Cancer and Adenomatous Polyps, 2008: A Joint Guide-
line From the American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College of Radiol-
ogy. Gastroenterology, 2008;134(5):1570-95.

Liu et al., Flap endonuclease 1: a central component of DNA
metabolism. Annu Rev Biochem. 2004,73:589-615.

Lokk et al., Methylation markers of early-stage non-small cell lung
cancer. PLoS One. 2012;7(6):€39813.

Louwagie et al., Feasibility of a DNA methylation assay for
noninvasive CRC screening. Clin Cancer Res. Oct. 2007;13(19
Suppl):B16.

Lyamichev et al.,Polymorphism identification and quantitative detec-
tion of genomic DNA by invasive cleavage of oligonucleotide
probes, Nat. Biotech., 1999, 17:292-296.

Mandel et al., Reducing Mortality from Colorectal Cancer by
Screening for Fecal Occult Blood. N Engl J Med. 1993, 328:1365-
71.

Martin et al., Genomic sequencing indicates a correlation between
DNA hypomethylation in the 5' region of the pS2 gene and its
expression in human breast cancer cell lines. Gene. May 19,
1995;157(1-2):261-4.

Maxwell® RSC c¢cfDNA Plasma Kit, Technical Manual, Instruc-
tions for Use of Product AS1480, Promega Corporation, Feb. 2016.
Meissner et al., Patterns of Colorectal Cancer Screening Uptake
among Men and Women in the United States. Cancer Epidemiol
Biomarkers Prev., 2006, 15:389-94.

Meissner et al., Reduced representation bisulfite sequencing for
comparative high-resolution DNA methylation analysis. Nucleic
Acids Res. Oct. 13, 2005;33(18):5868-77.

Moreno et al., Circulating tumor cells predict survival in patients
with metastatic prostate cancer. Urology. Apr. 2005;65(4):713-8.
Muller et al., Methylation changes in faecal DNA: a marker for
colorectal cancer screening? Lancet, 2004;363:1283-5.

Munson et al., Recovery of bisulfite-converted genomic sequences
in the methylation-sensitive QPCR. Nucleic Acids Res. 2007;35(9):2893-
903.

Notice of Opposition and Statement filed in EP Pat 3434791, filed
Mar. 5, 2021, 16 pages.

Noutsias et al., Preamplification techniques for real-time RT-PCR
analyses of endomyocardial biopsies. BMC Molecular Biology Jan.
14, 2008;9:3.

Nyece et al. Variable effects of DNA-synthesis inhibitors upon DNA
methylation in mammalian cells. Nucleic Acids Res. 1986;14:
4353-4367.

Nyece et al., Variable effects of DN A-synthesis inhibitors upon DNA
methylation in mammalian cells. Nucleic Acids Res. May 27,
1986;14(10):4353-67.

Olek et al., A modified and improved method for bisulphite based
cytosine methylation analysis. Nucleic Acids Res. Dec. 15,
1996;24(24):5064-6.

Olek et al., The pre-implantation ontogeny of the H19 methylation
imprint. Nat Genet. Nov. 1997;17(3):275-6.

Olivier, The Invader assay for SNP genotyping, Mutat Res. Jun. 3,
2005;573(1-2):103-10.

Olkhov-Mitsel et al., Novel multiplex MethyLight protocol for
detection of DNA methylation in patient tissues and bodily fluids.
Sci Rep. Mar. 21, 2014;4:4432.

Ooki et al., Potential utility of HOP homeobox gene promoter
methylation as a marker of tumor aggressiveness in gastric cancer.
Oncogene. Jun. 3, 2010;29(22):3263-75.

Orpana, Fluorescence resonance energy transfer (FRET) using
ssDNA binding fluorescent dye, Biomol Eng. Apr. 2004;21(2):45-
50.

Osborn et al. Stool screening for colorectal cancer: Molecular
approaches. Gastroenterology, 2005;128(1):192-206.

Pantel et al., Detection, clinical relevance and specific biological
properties of disseminating tumour cells. Nat Rev Cancer. May
2008;8(5):329-40.

Parekh et al., As tests evolve and costs of cancer care rise:
reappraising stool-based screening for colorectal neoplasia. Aliment
Pharmacol Ther 2008,27:697-712.

Petko et al., Aberrantly Methylated CDKN2A, MGMT, and MLH1
in Colon Polyps and in Fecal DNA from Patients with Colorectal
Polyps. Clin Cancer Res, 2005;11:1203-9.

Ponomaryova et al., Potentialities of aberrantly methylated circu-
lating DNA for diagnostics and post-treatment follow-up of lung
cancer patients. Lung Cancer. Sep. 2013;81(3):397-403.
Ramsahoye et al., Non-CpG methylation is prevalent in embryonic
stem cells and may be mediated by DNA methyltransferase 3a. Proc
Natl Acad Sci U S A. May 9, 2000;97(10):5237-42.

Ramsahoye et al., Non-CpG methylation is prevalent in embryonic
stem cells and may be mediated by DN A methyltransferase 3a. Proc.
Natl. Acad. Sci. USA, 2000;97(10): 5237-5242.

Rein et al., Identifying S-methylcytosine and related modifications
in DNA genomes. Nucleic Acids Res. May 15, 1998;26(10):2255-
64.

Rex et al., American College of Gastroenterology Guidelines for
Colorectal Cancer Screening 2008. Am J Gastroenterol, 2009;104:739-
50.

Roux, Using mismatched primer-template pairs in touchdown PCR,
Biotechniques, 1994, 16(5):812-814.

Ruano et al., Biphasic amplification of very dilute DNA samples via
‘booster” PCR. Nucleic Acids Res. Jul. 11, 1989;17(13):5407.
Sadri et al., Rapid analysis of DNA methylation using new restric-
tion enzyme sites created by bisulfite modification. Nucleic Acids
Res. Dec. 15, 1996;24(24):5058-9.

Salomon et al., Methylation of mouse DNA in vivo: di- and
tripyrimidine sequences containing S-methylcytosine. Biochim Biophys
Acta. Apr. 15, 1970;204(2):340-51.

Salomon R. et al., Methylation of Mouse DNA In Vivo: DI- and
Tripyrimidine Sequences Containing 5-Methylcytosine. Biochim.
Biophys. Acta. 1970;204: 340-351.

Schmidt et al.,, SHOX2 DNA methylation is a biomarker for the
diagnosis of lung cancer based on bronchial aspirates. Send to BMC
Cancer. Nov. 3, 2010;10:600.

Schouten et al., Relative quantification of 40 nucleic acid sequences
by multiplex ligation-dependent probe amplification, Nucleic Acids
Research, 2002, 30(12): e57.

Schuebel et al., Comparing the DNA hypermethylome with gene
mutations in human colorectal cancer. PLoS Genet. Sep. 2007;3(9):1709-
23.

Selvin, Fluorescence resonance energy transfer, 1995, Methods
Enzymol. 1995;246:300-34.

Sharaf et al., Comparative Effectiveness and Cost-Effectiveness of
Screening Colonoscopy vs. Sigmoidoscopy and Alternative Strate-
gies. Am J Gastroenterol. 2013;108:120-32.



US 12,049,671 B2
Page 7

(56) References Cited
OTHER PUBLICATIONS

Siegel et al., Cancer Statistics, 2013. CA Cancer J Clin. 2013;63:11-
30.

Singer-Sam et al., A quantitative Hpall-PCR assay to measure
methylation of DNA from a small number of cells. Nucleic Acids
Res. Feb. 11, 1990;18(3):687.

Singer-Sam et al., A sensitive, quantitative assay for measurement
of allele-specific transcripts differing by a single nucleotide. PCR
Methods Appl. Feb. 1992;1(3):160-3.

Singh, H, et al., Risk of Developing Colorectal Cancer Following a
Negative Colonoscopy Examination Evidence for a 10-Year Inter-
val Between Colonoscopies. JAMA. 2006, 295:2366-73.

Straub et al., Base5, a versatile, highly integrated high-throughput
methylation profiling for methylation specific PCR based marker
identification applied to colorectal cancer. Clin Cancer Res. Oct.
2007; 13(19 Suppl):A61.

Stryer, Fluorescence energy transfer as a spectroscopic ruler, Annu
Rev Biochem. 1978;47:819-46.

Swift-Scanlan et al., Two-color quantitative multiplex methylation-
specific PCR. Biotechniques. Feb. 2006;40(2):210-9.

Szabo et al., Allele-specific expression and total expression levels of
imprinted genes during early mouse development: implications for
imprinting mechanisms. Genes Dev. Dec. 15, 1995;9(24):3097-108.
Toyota et al., Identification of differentially methylated sequences in
colorectal cancer by methylated CpG island amplification. Cancer
Res. May 15, 1999;59(10):2307-12.

Triglia et al., A procedure for in vitro amplification of DNA
segments that lie outside the boundaries of known sequences,
Nucleic Acids Res., 1988, 16:8186.

Vogelstein et al. Digital PCR. Proc Natl Acad Sci USA. 1999;96;
9236-41.

Vogelstein et al., Cancer Genome Landscapes. Science, 2013;339:1546-
S58.

Vogelstein et al., Digital PCR, PNAS, 1999, 96: 9236-41.
Winawer et al., Screening for Colorectal Cancer With Fecal Occult
Blood Testing and Sigmoidoscopy. J Natl Cancer Inst. 1993,
85(16):1311-8.

Woodcock et al. The majority of methylated deoxycytidines in
human DNA are not in the CpG dinucleotide. Biochem. Biophys.
Res. Commun. 1987; 145: 888-894.

Woodcock et al., The majority of methylated deoxycytidines in
human DNA are not in the CpG dinucleotide. Biochem Biophys Res
Commun. Jun. 15, 1987;145(2):888-94.

Wrangle et al., Functional identification of cancer-specific methylation
of CDO1, HOXAS9, and TACI for the diagnosis of lung cancer. Clin
Cancer Res. Apr. 1, 2014;20(7):1856-64.

Xiong et al., COBRA: a sensitive and quantitative DN A methylation
assay. Nucleic Acids Res. Jun. 15, 1997;25(12):2532-4.

Yamada et al.,, Fluorometric identification of S-methylcytosine
modification in DNA: combination of photosensitized oxidation and
invasive cleavage. Bioconjug Chem. Jan. 2008;19(1):20-3.

Yoo et al., Epigenetic therapy of cancer: past, present and future.
Nat Rev Drug Discov. Jan. 2006;5(1):37-50.

Zeschnigk et al., Imprinted segments in the human genome: differ-
ent DNA methylation patterns in the Prader-Willi/Angelman syn-
drome region as determined by the genomic sequencing method.
Hum Mol Genet. Mar. 1997,6(3):387-95.

Zou et al., A Sensitive Method to Quantify Human Long DNA in
Stool: Relevance to Colorectal Cancer Screening. Cancer Epidemiol
Biomarkers Prev, 2006;15(6):1115-9.

Zou et al., Detection of Aberrant p16 Methylation in the Serum of
Colorectal Cancer Patients. Clin Cancer Res 2002;8(1):188-91.
Zou et al., Quantification of methylated markers with a multiplex
methylation-specific technology. Clin Chem 2012; 58: 375-383.
Zou et al., Quantification of methylated markers with a multiplex
methylation-specific technology. Clin Chem. Feb. 2012;58(2):375-
83.

Zou et al., Sensitive quantification of methylated markers with a
novel methylation specific technology. Abstract D-144, Clin Chem
2010;56(6)Suppl: A199.

Dowdy et al., Statistics for Research, John Wiley & Sons, New
York, 1983. TOC only. 6 pages.

Extended European Search Report for 21195952.3, dated Apr. 12,
2022. 8 pages.

Finger et al., The wonders of flap endonucleases: structure, function,
mechanism and regulation. Subcell Biochem. 2012;62:301-26.
Gardiner-Garden et al., CpG Islands in Vertebrate Genomes. J. Mol.
Biol. 1987:196: 261-281.

Iyer et al., Accurate nonendoscopic detection of Barrett’s esophagus
by methylated DNA Markers: A multisite case control study. Am J
Gastroenterol 2020;115:1201-1209.

Iyer et al., Accurate non-endoscopic detection of Barrett’s esopha-
gus in a multicenter prospective validation cohort: the sos 2 trial.
AGA Abstracts. 2018:878. S-175-S-176.

Iyer et al., Independent validation of an accurate methylated DNA
marker panel for the non-endoscopic detection of Barrett’s esopha-
gus: a multisite case control study. AGA Abstracts. 2020; 1084:
S-211.

Kawai et al., Comparison of DNA methylation patterns among
mouse cell lines by restriction landmark genomic scanning. Mol
Cell Biol. Nov. 1994;14(11):7421-7.

Moon et al., Identification of novel hypermethylated genes and
demethylating effect of vincristine in colorectal cancer. J Exp Clin
Cancer Res. 2014;33:4. 10 pages.

Shen et al., Multiple but dissectible functions of FEN-1 nucleases in
nucleic acid processing, genome stability and diseases. Bioessays.
Jul. 2005;27(7):717-29.

Levin et al.,, Genetic Biomarker Prevalence Is Similar in Fecal
Immunochemical Test Positive and Negative Colorectal Cancer
Tissue. Dig Dis Sci. Mar. 2017;62(3):678-688.

Feng et al., Genome-wide analysis of DNA methylation and their
associations with long noncoding RNA/mRNA expression in non-
small-cell lung cancer. Epigenomics. Jan. 2017;9(2):137-153.

He et al., Development of a multiplex MethyLight assay for the
detection of multigene methylation in human colorectal cancer.
Cancer Genetics and Cytogenetics. 2010, 202, 1-10

Hosono et al., Multiplex PCR-based real-time invader assay (mPCR-
RETINA): a novel SNP-based method for detecting allelic asym-
metries within copy number variation regions. Hum Mutat. Jan.
2008;29(1): 182-9.

Kwiatkowski et al., Clinical, genetic, and pharmacogenetic appli-
cations of the Invader assay. Mol Diagn. Dec. 1999;4(4): 353-64.
Tadokoro et al., Classification of hepatitis B virus genotypes by the
PCR-Invader method with genotype-specific probes. J Virol Meth-
ods. Dec. 2006;138(1-2):30-9.

Toth et al., Detection of Methylated SEPT9 in Plasma Is a Reliable
Screening Method for Both Left- and Right-Sided Colon Cancers.
PLOS One. 2012;7(9):e46000.

Zheng et al., Detection of single nucleotide polymorphism genotyp-
ing by real-time polymerase chain reaction coupled with high
specific invader assay in single tube. Chin J Anal Chem, 2015,
43(7), 1001-1008.

International Search Report and Written Opinion for PCT/US2021/
027770. Mailed Aug. 5, 2021. 10 pages.



US 12,049,671 B2

Sheet 1 of 59

Jul. 30, 2024

U.S. Patent

(G :ON a1 0uS) /90E/ LYDDLILYYOVDDDIVODIYID (¢ wae) 3goxd d¢TAUYMNY
(F *ON dI 04S) DOODYILOOLIOYIIILIOL Jewtad 8818481 g¢TAENNY
(¢ ON aI 0FES) 59 LLOVIOVHIVOIVLIOY Towtxd pIemIoy d¢TaMdINY

OHYOLLLIVIODOVOOLIOYD

w<ww<ww<ww49H@UUUwUwwaU@@U@@<U<@@<@@<BU<@@<H@UUUUBwBH<<UwB@@waBB@@U@HBU&H@@UU<UU<BB@<@U

(z ‘ON dI 0Oug) osousnbag 3abiel (149) 32brel pP8IRSIFI-83TITNSTY

OYDLODLYIDIDYDDLIDYD
DYDOYDHOVYDHOHTYDIDIODHODIDODODDHDDNDYIVIDYIOVIOVYDIOYIDIDIDLOLIOVYDDLYDIDDLODDDDLODYIOVYDIYIIVLODYDD

(T 0N gI 0Oug)sousnbsg 3sbrel (In) 239biel psiesilun

+=PURILS §LG0F6LZ~0LF0PALZ: LTTYD=0DURT »UD §THU<
€ TAIMNY

1 'Sl



US 12,049,671 B2

Sheet 2 of 59

Jul. 30, 2024

U.S. Patent

(0T :ON QI DHS) /92€ /9DDOVLLLYODINDITHDIYID (6 wre) sqoxd 9ITYDEd
(6 :ON dI 04S) YYOODIVLLLYIYIOVIOOVYIOL Tewtxd ssi2A®T 9LTVDET
(8 :ON dI 0HES) 99DLILIOVOILILLIODILIIVILION Teutad pIemMIoI 9ITVOEd

OVLLLLLLLOOLDDD LY LIVLLLIDODDLOVYYDDLLDOY LDV LY LY YLD
U@OBHHB@@@B@U@<BHwBB@@@BHHB@@U@@@@<4HHB@h@@@%%HB@@@U@@UHBBHw<wHHBBHHU@HHBB@HBB@@<B<H<BH@@

(L *ON dI 0Hg) eouenbag 3ebiel (19) 38biel pel1esIl-93TITNSTY

DYI0DLLOIDIYDIDDDOYILYILODIDDLOVYDDLODIOYIDYIVYIVYY DD
DOD0LO2DDYODIOYIDDLIDIDLILIDDIDYDOVYILIYIDDDYIDO0YDDODODDDI0DYILOLI20DDLIOLIOYIDDODYIYIOVYIIDD

(9 0N 4I 0™g) sousnbag 38bael (In) 39biel pejlesaiuf

+=PURILS CCLEQTT-GEGEOTT  TIYD=2buRI RUR §TOY<
9LIVDEY

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 3 of 59

Jul. 30, 2024

U.S. Patent

(LT :ON dI 0us) /90€/DDLODIYEOYYOIODHYIIIND (1T wre) sgoad ommhumemmu
(GT ON ar 0H39) /9DE/0DLO0IVIOVYOIODIVIOIVID (¢ wie) agoxd (068L ZISHD
(PT :ON dI 0dS) DODDIOIYLOODOVIDIYLILYY Tswtad ®sI3A8X (068L ZLSHD
(€T :ON aI 0HES) HIHYIODLLILVODDIOVIYLY Jewtad PIRMIOT 068/ ZLSHD

9DIODLLL

H@demewU@@H@@@U@w@UHHwB<ww<wwﬁUB@HHmHHHBHwHwawaU@wUw@U@<HwUHHB@@U@U@@B@H@@@@Hmwwwaow

(ZT ON dI 0Hg) sdusnbeg 18bie] (1g) 1319DIRL PoledIl-91TITNSTH

DOOL20DYDDODLIDDD000200¥YIDDTIDIDYIYIODDIDIOIDDLYDIVDDDIDYIOLYIDLLD
DLODDODDODDODDIDYIDO2DDYIIDIDYIYIDIDLDLYDDLODODYODDLOLOLOOYIDOLLLLYYDODDODLDODLODDODLLLIODD

(TT ON dI 0dS) sousunbeg j8biel (Ln) 3Iebiel psiesijuq

-=PURIIS (006£8ZYT-LPEEEBTY T €IUD=abURI »UP §THYL
0684 CLSHD

(pAu0d) T 'O



US 12,049,671 B2

Sheet 4 of 59

Jul. 30, 2024

U.S. Patent

9LT
ovtT
6T
8ET

.~~~

TON dI
:ON dI
‘ON aI
*ON QI

0as)
0Hs)
0ds)
0dES)

/90E /900YIYDIISDILOOYIIIND
/90€/900YIY9DIODIOIVODIVID

(T wre) oqoad 88L ZLSHD
(s wxe) oqoxd £88L ZLSHD

LOVVYYLOLYYYODOOVYOOYLYYYDD aoutad 2SIOAST 688L ZLSHD
YOVIOOVIOLIOVLIOODLIIVOD xowtxd pIemIol 6887 ZLSHD
OOLLLIODODD

UBHH@BwUBBwUwUHHB<Q<BBHHUTQU<UUH<BQGUFBBH@@waBBHHBB@d&BH<<Q<HwU@HwBH@@B@@UBH@@&UH@Q@@B@H

(LET ON ar 04ds) sousnbeg 3ebiel (1g) 39biel pelesIl-iTITnsSTd

YODLDODOYODDLLODOYYLODYOYODDDDDLLLODODDIDDLYDDOLIDIDDDDLYDYIDLOOY
SOYO2DYIDDDLOLIOYIDOLOLDIOYYODLYYDVYIDDVIDLIOYIODDDLOYDDIODIDLYIVYYYYODVOYDLOLLLOLOYYODOVOL

(96T :ON QI 0uS) sousnbeg 1sbieg

(L0)

aebiel pelesIlun

BBEBERZHT-00E8EBZHT € IUyo =dbuet eUP §THUC

(PAu02) T 'Ol

688L ZLSHD



US 12,049,671 B2

Sheet 5 of 59

Jul. 30, 2024

U.S. Patent

{0Z :*ON aI 04ES) /90€ /YOVIDOVODIOVIIVIDIVID (g wxe) aqoxd (908) THNND
(6T *ON aI 03S) IO¥DDDLOVYIDDLIYYYLOVD TowtTad 98I9ABIT (9(08) THNND
(8T ON dI 04S) YYOOVILOLIYIVOLOOVIOLIOVIOD TswTxd pxemIol (908) TRNND

LLLODYIDLOOVLIYILLOOVYL
@@4&@OHU<HHH<<@UOHBU<UUUH@4UG<UU<UUU<UwHH@?wﬁwowﬁwOBU&<U@4H@HH<H<UH@UﬁHUHHU<BUUUQHHH<H@HH

(LT :ON QI Dug) edusnbsg 1sbiael (Ld) 19bIel POIReI1-331TI[NSTH

DODOOYLOLDOYIOOYOLDDYD
DOYDDODDYIIOYYDDILODYODIIOYDIVDOYODIYODLIOYDYDIDVIDIODYYDIYODLOVLVDLDDVIDLIODYIDDDYIDIOVIDLD

(9T :ON a1 0HS) soustnbeag 3ebiel (Ln) 318biel peiesiiun

-=PUBIIS CHI680T0T~FEQ6R0TOT  0TIYO=0burea 2UPR §THU<
(908) THNND

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 6 of 59

Jul. 30, 2024

U.S. Patent

(GZ *ON a1 0ES) /90E€/DDILLLILDDIDDOYDDDDD (1 wxe) agoxd zydOU
(yZ *ON dI 0ES) OYDOOOVYYYYODDIYYD TawTad 9s8IBARI ZMDOJ
(€2 ON a1 0d4s) DOLILDLLLLLLLYEOYLDOLLEDSD Towtad pIemIoly zZMD0d

H&HHH@HHH&H@UHH@wwwHHHH@UOUHwHHHHHH@UBHHwHHH<HHWUHHHHHB@@UUUBH@BHHHHHH<B@<HUUHHB@@UH@

(zz *ON I 04s) =eousnbsg 39bael (1d9) 31°9biel pro3lesijl-sl3TiTnstd

DY 20DV LIOOYOD00002DDL000D02202L0002L0D020L2LIO0Y20D000L2LIODDIDDLODLODLIODLYIDYIDO2D00DI0D

(Tz :ON dI 0mg) edusnbag 19biel (LN) 18bie] peiesaiufn

-=PUBILS pGHY9069T -0LEVI0E9T  GIUYO=0burs BUR £1DU<
723000

(pAu0d) T 'Ol



US 12,049,671 B2

Sheet 7 of 59

Jul. 30, 2024

U.S. Patent

(0€ :ON dI 0H4S) /90€/DLLODDDLLLLODOYIIDOD gasp (T wae) agoad TXIA
(6 ‘ON dI 03S8) LOOYYYVYDOOVYDOVYDID 1o asuwtiad 8srandr TXILJ
(82 :ON dI 04S) DOLLLODDDDILOVOODY grsp IswTId PIBMIOT TXIA

DOVLOOVODOVYODIVIDLODOLLIDLIVOYLYDDLDODODOLLLLL
w<@UHGU@UB@UHG@UHB%EHG@@HH&EHFHBB@UBB@OUU?EHH@UHB%@QU@UHwﬂwwwﬂwww&@<w@UHH&EHB%GQG&EHH%E@U

(Lz *ON aI DHEg) @dusnbsg 39bael (1d) 319biel pPeIRaI1-33TI[NSTH

DOYODOYODIVODIYIDIDIDDIDLOVIOVIVIODLIODODODLLLY
DYDOD0DD00DD229DDLI0229DYDDDLIDDLLIDDD90DD00L0D00DDLODDO009YIHDOYDDILOYIODDD000L0DDILODLIO0DD

(92 ON aI 0uES) sousnbeag 19bael (LN) 39biel peiesijuqn

-=PUBILS QQLFEPETIT~LOGCEEFETT: ZTIYO=0buer 2UP §THU<
TX.LA

(pAu0d) T ‘Ol



US 12,049,671 B2

Sheet 8 of 59

Jul. 30, 2024

U.S. Patent

(G¢ 0N d1I 04US) /90€/DLOOYDDLOVDIDDVYDIODD (1 wxe) sgoad ¢IWYHEA
(P 0N dI 0HUS) OOVYY.LYYYYDODODOYY.LYYODD TouTad SSIVASIT £INJHI
(€€ ‘ON dI 0ES) DOLLYDDLVIVILLYDDDOOLLLLD TowTtid PIPMIOT €IWIHI

B@BwUHw<ww@wHHﬁ&BwwwUwHBB948H@UUB@@UUH@@<@?HBH<@@<@
OYDYODDLOLLLODLDDODDLLOYDODLY LLDOLIVI DLV LV LLIYODDD D LLLLOVYLYDYYDLYDODDODI LY LLDOYLDOLOCLOVLDY L

(Z¢€ TON a1 0us) eousnbsg 19baevl (1d) 19bavl pPelereil-a8l1TI[(NSTH

OYODDLOVYDDDDLOYOLODDODLODOVILDIDLOYDIDDDYIVYIDIOVYDDYD
DYDOYODDLOLLLOLODDDDLODYIODLYOLIDLOVIDLYIOYLOYODDDODLIDOVYIYOVYDLYDODODDDLYODDOYODIIDYIDVIOYL

(T€ :ON QI 0ms) sodusnbeg jsbiel (Ln) 19bae] poiesiiufn

+=PUBRILS GGEVL6E9-078FL6EO: TTIUD=burT 2UP 6THU<
SRS

(PAU0d) T Ol



US 12,049,671 B2

Sheet 9 of 59

Jul. 30, 2024

U.S. Patent

(0% :ON QI 0DHES) /90E/DLYVILLOODDLYDHVOIOND (T wxe) sgoxd TI7Td
(6€ :ON dI DHES) VOOOVYOVLOLYYYIOVY LLIYOOL Towtad @sieadI TIT4
(8¢ :0ON dI 04S) YYIDLIOOVILOOVIDOLIDD sewtad premioy TI7Td

OVYLDDDOODDODYYLODY
4&&49&4@@@04@@&44@&9@@&BHdmewBB@@UBwawwwwBHd&@@@@B@hwB@@HB@@@OB&@HUBH@@@HHU@@@O@HHU@@@<

(LE :ON dI 04s) eousnbeg 38biel (19) 19biel pel1eeIl-93TITNSTY

DY Y2DDDDDDDODYYLIDVY
YLIYLOYDDODYDILYYYI0DDLLOYDVYIO.LODDDLIDDDDODLLY.IVYOODLDLODLYYILDODODYYLDLODDYILIOYIOOLODODDY

(o0g 0N 4I 0ds) sousnbeg j8biel (In) 19biel peieszlufn

+=PUBIIS 8QTFIGRZT-T80V9G8Z T TTIUYD=abura eup §THU<
TITA

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 10 of 59

Jul. 30, 2024

U.S. Patent

(% ON a1 2d4S) /90€ /90IYDIYIVIDDDOVIDNIVID (¢ wxe) agoxd gzZNI¥D
(FF ON dI O4dS) DYYIDVYOIVYYYLDLIYOVOOILYIVIDL TowTad 8sIBABI JZNIUD
(¢% TON dI 0439) DLV ILOOYOVIILIODIOLYLLYODL FawtTaxd pIeMIor JZNI¥NS

DLLLLIVYYDVLOLYDDLDIVYDOVYLLLLDD LDV LIPOD IVLDD LY DILOYYD
LIDYLDOLODYIOVIDOVLLIYOLDOLILVLLIDLLLD DO LLLLLLLLLYDOLVLLD DYDY LLLIDD LD LV LIVODLLLL LIV L LLLLLLEDD

(zp :ON QI 0uES) @dusnbeg 38biel (14) 39bievl pelesil-o31I[nsId

DLLOODYYYDYODLYDOLDLYYDYOLLODODDYDDDODLYLDDLYDIDOYYD
LODYLDDLODYDOYLOOVOOYDLDDLLYODDLLODLODDLLLOLLDLYDDLYOODOYIYODLLDODDLYDLYDIDIDLOOYILOODD090

(T% ON dI 0Hs) sousnbsg 1sbie] (ILn) 2sbie] peirsiilun

-=pUBI1S (0E8T68F-0918T68F 6 TIUD=0DURI BUD §1HUL
AZNIYED

(p,Au0d) T 'Ol



US 12,049,671 B2

Sheet 11 of 59

Jul. 30, 2024

U.S. Patent

(06 :ON dI 0ES) /90€/0DD0YLODDD0DDIYDDIYID (6 wxe) egoxd ¢WYL
(67 :ON 4I 0HES) DDODODYVYIVLOVYYYYDD T2wTId SSIDASDI CWYL
(87 ON 4I 03S) DOLDIVLLDODYLLLLODLDDL TewTId PIBMIOT CRHYL

DLLLOVLLLODODLYL

wUwUwUBB&de&wBB&wwUwwaUwde&wwU@ZHB&@@@@@HBw&waw<wUHwB@&HwU@<BB&HUU&@@B@UO&UH@@@UOB@@@

(Ly ‘ON I 0dES) eousnbesg 18biael (I1d) 389bIvL Po31EsILI-23TITNSTY

DLO0HOYO0DD0DLYD
DODODODDDLOYILDLLODDIDODDIDDDYIDOIDDVYIIODDIDVYDLIODLLODDYDILIOLYIIODIODYILODDO09DLDIDDDILIOVYIDIDDYD

(9% :ON QI 0HES) edusnbeg 19bael (1n) 318bael psiersxiun

-=pUBILS TT06E6CET-8068C6ECT: TTAUD=0bURT 2UP £THU<
EWYL

(pAu0d) T 'Ol



US 12,049,671 B2

Sheet 12 of 59

Jul. 30, 2024

U.S. Patent

(GG :ON dI 0ES) /90¢ /9DYDDDYDDDDYIDYDIDDD (1 wxe) sgoad pOYIT
(PG *ON QI 0ZS) OLOD00DDYY LLY LY LV LLDLOVLYNY DY Teurtad ssiBARI FOVYT
(€G :ON dI 03S) YLDOVOODDLLLYYLLODD TewTad pIeMIoy pUYYT

LLLLIVYYL

HUUmHB@BwBHdHU@@@éHQHéHQ@BH@UG@UwéwwwﬁwmwwU<@U®®<ﬁ@@<@0@0%%&<¢%&@UG@UH@U@@@&@@HH@U@UU@UU@

(zG :ON QI DuEs) sousnbeg 1ebiel (1g) 39biel pelesil-a3T1I(nsId

DLLOLYY L
DDOYDLYDDLOYIDYIYY LYOVLYYLODDDDIODVYDIDDDTIDOYDIDIYIDIYDIIDOIOIYNYLLDODIDDDIDOYYIDLIDIDDIDDDD

(16 :ON dI 0mEs) edusnbag 19bael (Ln) 18bae] peiesaiupn

~=puerls Q=ped,¢ 0=ped,q Z8ZZLYLZTI-VL6TLOLZT:LIUd=abuel eup ¢Tbu<
O T

(p,Auod) T 'Ol



US 12,049,671 B2

Sheet 13 of 59

Jul. 30, 2024

U.S. Patent

(09 :ON dI 0HES) /90¢€ /OYYYYIODIVIODIVIDOVID (¢ wxe) agoxd HYTIIO
(66 ‘ON dI 0dFS) OIS IO ATAATA AT AROLA ATA 431010 IswTIxd ©8I8AdI HYIJO
(86 :ON QI 0H=ES) HOVIVILODDLLILIOODILOD Fowtad PIBMIOF HYIJO

woBHHHwUHHBHHHB@wOwUHHBH@@BHHHBH@DO@U@Hw@QdBBHHUT@U£H<HwaUHHBHHwO@UH@U@<@UH<@HHUB@<HB@HH

(LG TON dI 0Hg) sdusnbeag 18bie] (1g) 319DIRL pPel1esIl-o1TITNSTH

DDO200DI002L230DIDDILIODI0DYIIDILLIDODIDLODDYIDLIDIDIVLYODDDD00LLODD0DD0D0DYDIOIYDLIDLOVYILDLD

(96 ON aI 0ws) eousnbeg 38biel (ILN) I9bie] peiesajupn

~=PUBIIS G9890TSHT~LLLIOTGH T gIyo=0bura vup 6THU<
HYIdO

(PAu0d) T 'Ol



US 12,049,671 B2

Sheet 14 of 59

Jul. 30, 2024

U.S. Patent

(69 ON dI OES) /90€/NLIDDLLOYIDIDIVIDIOVID (¢ wxe) agoxd @anad
(79 :ON dI 0HES) OOV IYYYLYLDODOYYDODLLLOY aewtid esiensi (IDHAJ
(€9 ON dI 03Ss) ODLLIDLLILDLIDLLLYYLLODVYYY. LYYV LVYDDD Towtad pIemioI i94ad

DOYIDLVIDYLLLODYVYYDODLL

DODOVIVYLLIVLD

wOUB@<<@®<<B?EH<%G<H%EQQ%E<B%E<H%4HBUUHB%@HH%@HB@EHHQ&HH@U<<4E<<4E<<wwaw@wd

(z9 ON aI DHEg) @dusnbsg 39bael (1d) 19biel pPeIRaI1-33TI[NSTH

LIVOODDOLODYDVYDIDDLLLOVYDOYODLYODVYOLLOYYYDDDLOD0D
OYOYDDOYDDDDDLOYVIDYVIYIDVIDYILODYILYLLLVODYDLODDDLOLLIDLLDLIDYYDLODVYYIOVYYOVYYDIDODDIOVIDD

(T9 :ON aI 0uES) sousnbeag 19bael (LN) 39biel peiesijuqn

-=PUBILS (0T6FEO0FOT-E8LYEOFOT  TTAUO=0DbURT BUD §THU<
d4a5dd

(pAu0d) T ‘Ol



US 12,049,671 B2

Sheet 15 of 59

Jul. 30, 2024

U.S. Patent

(0L *ON 4TI 0348) /9DE /YDDDDIDDYIDIDDYIDIOYID (¢ wae) sqgoxd yIMd
(69 0N dI 04S) DODDDOLYYVODIOVYDLYY.LD Toutad @sI9ADI YIMNJ
(89 :ON dI 0HES) DOOLIVLOVDDLYDLLOYDOD zowtzd pIeMIOI YIMJ

B&@@<&E<@&H@U@EHB@@@U@OUU@&@U@@O@@&FOBwaUw&HmwwwwaO@U@G@U@@UB&<H@@@UB@UHB@<®U@O@®UH

(L9 ON (I 0=Es) souenbsg 1sbiel (1d) 18biel peilesil-siTIInstyg

DLDOVLOVYDLODODLODYIDDIDDDDLOODDODDLIDD0DDIDLOTIDDIDDIDDDDDIDDILOVYIDYDIIVDLIDYDDDODD0D

(99 :ON aI DmEs) sousnbeg 3ebievl (ILn) 3I9bael peiesijun

+=PUBIIS G698ZF6L-TT98ZF6L:gIYO=0bURI BUP 6THU<
YIX¥d

(pAUOD) T 'Ol



US 12,049,671 B2

Sheet 16 of 59

Jul. 30, 2024

U.S. Patent

(5L *ON 4TI 0ds) /90€/ LODDLODDDLIVOOVYDDIIND (T wre) sqoad DEYzddd
(rL :ON 4I 0dS) DOYDIDOVYVYYYYYOVDOY  IdwTxd esisAdl DGYZddd
(€L *ON QI 0FS) VYOVIOLIODIOLIDLIILIVILIIVYODIL — Idwtxd pIremiol 0G¥zddd

L LLIOLLLLLDOLL
HBBB@@BHHBBB@UBwHBBBHHBw@woB@UBHH?wwwHwOwUBB&O@B@HH@UB@HB@HBBBH@BHHB«OUHB@@@BB@@@@H@UOU@B

(zL :*ON QI 0ds) sousnbeg j3ebie] (1d) 38bie] pPelesil-aj3TITnsIy

LLOODDLOOD0D220
DLODDYOO2002900DLO0L00000D200002L05DDLDIDIDOYIVYIDLODILDLLDLODLOYILIODYDOLIODDVIODDDILDIDIDL

(TL :ON QI 0ds) sousnbseg 38biel (1Ln) 319biel peiesaiuf

+=PURIAS ZGRLVZZO0T-6VLLFZZ0T  yTIYo=nbuex eup ¢TbU<
o6¥Mzddd

(PAu02) T 'O



US 12,049,671 B2

Sheet 17 of 59

Jul. 30, 2024

U.S. Patent

(08 ON dI 0348) /90€/ LODYDODDIOYLDDIVYDIIDD (1 wxe) agoxd 14D
(6L 0N dI 04S) 9DDHOVYYOOLILLOVYYYLLIVYYYYIVYYYSD Jswrtad ssisssi IMD
(84 :ON dI 0DHES) YOVIODLLIOVOVIOOODDLLD Iswtad premiol IND

B&HB@@OHB&HQB&EHde@&&%&@dd@ﬁ@@&B&@U@Ud%@@U@UB@OQ@@U@@<@<H@UHBB@d@ﬁ&@U@@OHB@O@@@dOU&@

(LL *ON (I 0=Es) souenbsg 1sbie]l (Id) 18bIel peilesiIl-siTIInstyg

LOLODDDLODLYLLDLOVYYDLOODOYYVYYDDLODDIDIYODDDDDD0D0YDDIDIYIVIDIIDLOVYIVYIDIDDDDDDIDDDYIO0D

(9L :ON QI DmEs) sousnbeg 3ebievl (ILn) 3I9bael peiesijun

+=PURIIS TZ8FEQE9T~LELPEREOT 0TIYO=0bURI RUP §THY<
M0

(pAUOD) T 'Ol



US 12,049,671 B2

Sheet 18 of 59

Jul. 30, 2024

U.S. Patent

(68 :ON dI 0HES) /902€/DLIVYYYDDLLLODIYDIDOD (1 wxe) =2goad 7609 6dIS
(P8 :ON dI 04S) YOOLOYLODLDDODOOYY Tewrad asIensI Ze0W 6d44ES
(€8 :*ON dI OHS) DDODDLLINYIVLDLLODDD TswTad PIRMIOT Z60d 64ES

DOV LOOVODDILOVLLIVLLLOLL
9HDHIYDOVLOVODLIVLLIOLIOODYOODOVODDDOLODODLIVYYOILLLIO DD LLLVY LY IO LLODD DV ILLOODLLLLOLODDL

(zg :ON dI DHS) sdusnbsg 18biael (1d) 19bael pPelrall-31TITNSTd

DDVYDLIDYDDOLOYOLOYOOLILD
DO0DOYIDYODYDDOOYOILOLODDOVIODIDYIDDDDOLDODDLOYYYDIDI0DD0DDLLOYYIVYIDLODDDOYIDDD000DLIODLODIOL

(I8 :ON dI 0FEs) sousnbeg 38baevl (In) 3Isbael peijesijupn

~=puexls (=ped,¢ 0=ped,S POZOLEGL-Z600LEGL LTIYO=00bURT BUP THU<
260496498

(pAuod) T 'Ol



US 12,049,671 B2

Sheet 19 of 59

Jul. 30, 2024

U.S. Patent

(TF¥T :ON 41 039) /90€ /LIOILLIODDDIYOHOYHIDDD (1 wrxe) sqoxd GAL68 ZIAWAS
(06 ON a1 04s) /90¢€/ILIDDLLIOODLYODYDOIVID (¢ wae) oqoxd GaL68 ZIGWAS
(68 ON QI 03S) YOVYOIVYOIYYOIVIYYYIVYD zowtad esI89ADI HALER ZLIWAS
(88 :ON dI 0ES) YI999VOHYOILIODLODLD Jowtxd pIemiIol GA/68 ZILIWAS

BwUBwUHHwUHBBBHwUBHwUBHwBBHBBUUHBwUBBUUHBwHBBUUFHOoHHH@@UH<FU@@<U@@UBH@UB@UBU

(L8 :fON 4I 0"s) edousnbeg 38biel (1g) 318bie] peiedal-a31I(nstd

D02LD0DDODLIDLDDDDLODIDD
DODIDDLIODDLODDDD900032000L0D2LIDI00DLLIODID0D020LIODOLODLLODILIDDLODDDIIYIODDYIDDIIIDOODILD

(98 :ON 4I 0ds) eousnbeg 38bael (In) 19bael peirsaiuf

+=PURIIS 9L6ZGPL-G98ZGhL 0TAUO=RBURT BUP £TBU<
L68 ZLIWAS

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 20 of 59

Jul. 30, 2024

U.S. Patent

(9VT :ON dI OFS) /90€ /YYYDDDIVIYYDIDVDIODD (T wxe) sgoxd ZaGe8 ZIEWAS
(GFPT :ON dI 0HES) DODIOVYIYYNYYODDOVYYOD TowTad ®sIvA®I ZAG68 ZILAWAS
(P%T *ON AT 0FS3) LOLLDOLEDLOVYLODYDOD zowTad PIEMIOT ZAGES ZIEWIS

HHHHHHBH@@@&HH@U@UHHHHBHHwQwUHHBH@U@OHHH?HHH&HH@BH@UH@UH@@H@Q@@U@@HHHHQHBHQH@

(EpT :ON QI 0uEs) 2ousnbag 3ebiel (Id) I8bIR] P8l1E2I3-83TITNSTY

DLODIVYDYYYYYOYDDDLDDDLLLDDOLLLLDLLLODODLOLIODDILIODDDDDLDDLOLDI20DDL
ODDODDIOYLIOYLODLODD0DDDIOYI0DYDOOYLLLLVILOYIDLOLLILDDLODLEDDYIDD09002000L0000LOLIODDYID0DDOD

(ZPT :ON QI 0mEs) eousnbeg 3ebiel (Ln) 3sbael psijesiiup

O0FZSTL~LECTZSHL 10TIUD=BbURT @cm:mﬁmgA
G668 ZLEWIS

(p,Au0d) T Ol



US 12,049,671 B2

Sheet 21 of 59

Jul. 30, 2024

U.S. Patent

(G6 :ON arI 0us) /9DE/DODYILODODOYIODDIVIODVID (¢ wxe) aqoxd gvyzIDIS
(F6 :*ON dI 0ES) DOODYYYYIODIDOLLLY zewtad 9sI9ABT §YZTOTIS
(¢6 ON QI 0uES) 9DLIODDDLODDYODV.LL Jsuwtad PIARMIOT QVYZTDIS

HB9400044006HBBHHwUwa<®<ww<<<www<<<®w<wUwBBHwaUU<®<<W®<HUwawdwgoBB@@@OH@UO@@@&BHU<@@U

(z6 *ON dI 04s) @ousnbeg j38biel (19) 19biel pPeleeIl-®3TITNSTY

DOOYODDYYDDLLOLLIODODODYOYDDYYYDIOVYYYODYDIDLOLODDIDVIYYDIYIDDDDDYODILIDDIDLDDOYDOYILIDYDDD

(T6 :ON QI DHg) edusnbsg 1sbael (Ln) 3I8biael peiesajun

+=PUBILS TELO9BFZTI-F0LO98FZT  CIUO=nhbues vup ¢1bu<
8V¥ZTOTIS

(pAuod) T 'Ol



US 12,049,671 B2

Sheet 22 of 59

Jul. 30, 2024

U.S. Patent

(00T :oN a1 0ES) /92€/LOYDLLYODIDIDIOTYODITID (¢ wre) =sqoad zbey SIX4L
(66 *ON dI 048) OYYOLYYYYYLODDLDOLYYYYYOD Towtad esisARI zZDBay GIXAL
(86 :ON dI 0dS) SOLLILLOODDODLIVYYYODY TowTad pIeMmIoy z69Y GIXAL

CLILODYYLOVY DD LLLLLY
@U<®U@<BHHBB<@BB@UwO@H<<QHG<FU<HUQUHB@@dwBHwBBHHBBH@<BHHBB@HBBH@BBH@OBHHB@@@U@HH<<<@U£<@@

(L6 *ON dI 04s) eousnbeg j38biel (19) 19biel pel1eeIl-93TITNSTY

YOODOYYIDYYDDLIODLOY
DOYDDOYILLLOYDLODODODLYYDLOYIITLODDODOVYDLODLIOLOLLIODYODLOLDLLODDLIOLDOODLIDDDDOLIYYYDDYYDD

(06 0N QI 0ds) sousnbeg j8biel (In) 19biel peieszluf

-=PURIIS (Z6ZEG6TT-£T8ZEGHTT: TIUYD=aburex eup 4THU<
FASEI IR AP

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 23 of 59

Jul. 30, 2024

U.S. Patent

(GOT :ON aI 0FS) LLLYDDYOOHDIDDOYHIITOD (¢ wxe) sqoxd GIAISL
(POT :ON QI OFS) YHOLYYYDODVIOVYYIYIOY Towtid 9$I8ABI GTIAJST
(£0T :ON aI 03S) DD99LIILIOIDILIDLILL Towtad pIeMIOI GIAASL

LLLLLOVLLODOYDLLLLLDDID LLLLVILYD
H90049404449HHB@@B@O@@@U@@UO@H@@H@BHHwoH@woBHH«@UBBH@@UH?HHd@@@@@@Q@U@@BBHHB@OUBBB@HBHHB@

(ZOT :ON 4I 0Hs) eousnbeg jebiel (Ig) I9bie] POl1ESII-9FTITNSTY

DLOIDOYIDDOYDLODLIDDIDLODINYDLD
LODOYOVDYYYOLIDDYODDYIDODDIDOLDDLYILODODDDDLLIOEDID02YDIDLLLOVYIIYDDDIDIDDLLLLLDDODDODLLLODD

(TOT :ON ar 0"g) sousnbsg j3ebiel (In) 3sbiel peiesijup

+=PUBILS HET06Z86-9T006286  gIyo=oburex eup ¢TbU<
GTAISL

(PAu02) T 'O



US 12,049,671 B2

Sheet 24 of 59

Jul. 30, 2024

U.S. Patent

(LVT

(0TT
(60T
(80T

ION dI 0d9S) /90E/YDIDDLLOIDDIDDOYDDIIVYID (g wre) =sqoad 1.8 C€AVA
:ON dI 04s) /90€/YDODDLLODDDDDIYDDIDDD (T wae) =qoxad [L8 CAVA
ION dI 0d4s) ODOOYNYTYOVYYYYYIOLYYYDD zowtid ©SISABI [[8 CAYA
ON dI 0ds) DDOOYLLLOYDOLDYDDOL TewTid PIBMIOT LL8 EAVA

wUwowUBBH<©UHBBBHBwBHBBwaUwoBwﬁﬁewUHB?@UwUBBUwaUUU@&HBB@<UUBU<U@UB¢@@U

(LOT :ON aI 0ms) eousnbsg jebiel (Ld) I8biel peiesIl-oiTy(nstd

DOODDOODINMIDDLIDILODLIODLIDDODDDIYILOI0DYD0DIOD0DI0DIDIDYLI0DYDRDOYDDODIYDID

(90T :ON QI 0HS) @ousnbeg 3sbael (In0) 3I8bael psieaxlun

~=PURILS §.9L0G80T-809L0G80T: [IUyo=0bues eup ¢1bu<
LL8 EAYA

(PAu0d) T 'Ol



US 12,049,671 B2

Sheet 25 of 59

Jul. 30, 2024

U.S. Patent

(ZST :ON 4dI 04s) /90€ /Y LYYDD09DYLYDIVIDIVID (¢ wre) eqoxd QLETT EAVA
(TST :ON dI 0uS) YYOVYYVYIDDOVYYYLYOVYDILOD Towtid 25389481 §L8TT EAVA
(0GT :ON QI 0as) LODDLIVLLIODVILLLOYDILOVYD TowTid pIEMIOT 8LBTT EAVA

HLuwaO<@UBH@H<HHHB@@UANHHHBH@H_H<HwU@U@HB<H_HG<@Hﬁ:@@H<<H@HBHH<B@A&Hw@wHw@HHw@wa
OLIVLIDOYLLLLOVDDLOVYDLLLVIVYIOLODOYYLODDLLLDDOYDDDDDIVLLLLYDOYLDVOVY LD LLOVLDVYYLLDLLDDOVYDDDL

(6¥T :ON QI 03Eg) eousnbag 39brel (Ig) I9HIRL PelIeeIl-83TITnSTd

DLODBOYDO0DDLYDDLODDOYODLLIODLOYODODIDLOYIDOVYDLYDDLYYIOLIOOYODYODDOLDDLLDDLDD
OU0403ww@oUU,H_OmwOowgoomogworwwwﬁowow&U&wwwmwwowOBmwoo_HUmwwxwuwmwmowwkoomow@mwkEOBEG@<@@UU

(8FT :*ON QI DES) =ousnbag 1ebael (In) 18biel psiesijup

667L0580T-907L0G80T :TIyd=8buex eup 16U <
8LETT EAYA

(p,Auod) T 'Ol



US 12,049,671 B2

Sheet 26 of 59

Jul. 30, 2024

U.S. Patent

(GTT :ON a1 0uESs) /90€/ 1Y L0990 LLODIDDYIOIYID (¢ wie) ogoad z9FY WIA
(¢PTT *ON QT 0FS) YODOYDOLOVYYYLOVDDDL Teutid 9siesdld ZOEY WIA
(ETT :ON dI 0FS) 092D LLOLYOOVLODLYLLLL Towtid PIEMIOT ZOEY WIA

LDOOLILODOOOVLDODLLLOYIVLLIVIOD
HQH@@UUBHUUU@@UBB@H@@@<B@UH@HHHBBHHUUHHBB@H

LLYLLLDOVYLLYDLOOVLLOYDOD IOV LLLLOYDDLDODLDYODDD

(ZTT :ON 4I 0FES) eodusnbag jsbiel (1d) 19bie] pP2lvsil-93TI[(nsId

DDODLODODIDOYDIDDDLIDDYIYILOIOTIOD
DOYDDLODYLOYOLDOYLODYIDOODYIOLODYDIDDDDIDYODIOVYIDDDODD0DIDDDLLDLYDDYDDOOYLODLOILIDLODLDL

(TTT :ON I 0uEs) @ousnbeg isbiel (Ln) 31sbiel psiesijun

+=puerls g=ped,¢ g=ped, G9GGTLZLT -8CVILZLI:0TIUYO=0buUEX eBUP §THY<
WIA

(pAuod) T 'Ol



US 12,049,671 B2

Sheet 27 of 59

Jul. 30, 2024

U.S. Patent

{0zt
(6TT
(8TT

10N dT 0FES) /92€/ 9DOYIDIVYIIVOIIYIDIVID (¢ wxe) oqoxd TDOHHAZ
:ON aI 0FS) HOVYYYOIVILIVYOILOY sowtad ®8I89A8I TOHHAZ
10N dI 03S) HOVLIIDTIVOILODDODLD TswTad pIeMIOI TOHHAZ

wﬁHwﬂwUHHU<UHwUHHHHUUHwQHBwQwHwQWU@@ﬁ&@@@@OwUHH@U<HHH@<H4@OHU@U@UH@@U@

(LTT :ON a1 0HEg) =ousnbag 3abiel (14) 19bael Pol1esIl-93TITNSIY

DYODYDO0DDYDLDDLLLIDD0DD00D00LD000DIYIDDIDIDDLIODIYID0DYIYDIDDDDDIDDDOHD

(9TT :ON aI Dus) sousnbsg 3ebrel (In) 3sbrel psiesijupn

~=PURIIS §Z9Y8ZHLO~6GG8TFLO 19 TIYD=0burt eUp §THU<
TOHHAZ

(PAu0d) T 'Ol



US 12,049,671 B2

Sheet 28 of 59

Jul. 30, 2024

U.S. Patent

(GZ1 :ON aI 0us) /90€ /IYIOIYHLODLODIVOIIVID (¢ wre) sgoad pOLINZ
(2T ON QI 04s) DYYHIOVYOOVIVIVYYYIOVYD Jowtad 98I8ABI HOLINZ
(€217 :ON dI 0ds) 9H2I9DILO09DLLLLIYOYD Tswtad premioy pOCANZ

SYILLIOVOLL

wwééwHwHH@@HHHH&H@H@UHH@@UHH@HéHHHHHH&HQH@OQUHUUH@UH@UH@U@@HHHBHQ@&@U@@@@é&@%%@@@%&%%@&%@

(zz1 :ON QI Dugg) eousnbsag 38baer (1g) 219biel p9i1reIl-8lTIInSTd

DYLOLIDYDLD
DOYYDLDLLDDLOLLYODLDODLDDI200D LY LODLLLLIVIDOYDLODLDODDILIODDLOLLIOYIYDODDDDYIDLODDDLOLODIOD

(TZT ON ar 0=s) ®ousnbeg 3ebiel (L) 3ebael psjesijun

+=PURIAS T69Z98/L5~-265298LG 16TIYD=aburI 2up ¢1byU<
vOEANZ

(pAu0d) T 'O



US 12,049,671 B2

Sheet 29 of 59

Jul. 30, 2024

U.S. Patent

(0ET :ON dI 0HES) /90€ /DLLLLLOVIODDDDYDIDND (T wie) =qoad g9GINZ
(62T :ON 4I 04S) DODIVYDIYILOLYLODVYYYOYOL Toutad 25I9481 §9GANT
(82T :ON dI 0FS) D090 LLIVLLLIOLVYODLIVIYYYDDD T2WTId PIeMIOT §9GANZ

LLLIYLLIVYYDOLODDYYLLLDOY
@4&4@&@BHHU@@H<@4HUUHH<®wa<<wB@@@BB@H<wﬂ®HBBHH@@H@U@U@UBBH@BBH@Bﬂ@@@&%d&@@d@@@&@BHH<BH@U

(LZT :ON dI 0ES) ®ouenbag jebiel (1d) 318biel peiesil-o3TIiInstd

QODLYDOYYDIODODYYYLIODIOY
DYDYDLDLOLODYILVOYODODOYDDIOYYILDDDLODILYIYI.LOLLLDYODDDODODD IV LIDLYYDDODYIVYYDOOODLIOVILDD

(921 0N ar Dds) @ousnbeg 3ebrer (Ln) 19bael peiesalun

~=PURILS GLELOFLE-CIZLOVLE (6 TIUYD=0burI 2UP §THU<
89GAN7Z

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 30 of 59

Jul. 30, 2024

U.S. Patent

(GET :*ON I 0HS) /90€/DOLYDILLIDIDDIYDOOYID (¢ wre) agoxd TL94NZ
(V€T “ON dI OHES) LOLDDDOYYYDODDILVILYVYID TowTrd 8SIBABI TL9ANZ
(E€T :*ON QI 0us) DOYLODODYDODDLOLLD TowTId PIEMIOT TL9ANZ

D0DDLLLLLLIVIVYIVYDDDOLLYIYDD
UUHHBUU@U&@<BB<H@<@<BUHHBBH@UBHHB<H@@<H@U<@@@TUH<@UHHB@U@W<B@@UU<@UUUH@BH@<B<@@U@UUU@H@UH

(Z€T :ON ar 0ms) eouenbsg 38biel (L) 3I9bIel Po1RLIl-23TITNSTH

DOOVOLODLOLEIYYIOYDDDDLOYOYOD
DOLDLODDOVYIYDLYODYDVYIDLIDILODILLOYIDDYIDOYDDDODLYIDLOLDODOYIDDDDVIDDOIDLODYIVYIDIDIDDDLIDD

(TE€T :ON arI 0ds) eousunbeg 3ebier (Ln) ebiel peiesijun

+=PURILS 9(068678G6~06L8EZ8GI6TIYD=0OURT vUD £THU<
TL9ANZ

(pAuod) T 'Ol



US 12,049,671 B2

Sheet 31 of 59

Jul. 30, 2024

U.S. Patent

(LGT :ON QI 0US) /90¢/LOYYIDID0LOD99YDID0D (1 wae) =qoxd pITIEL
(96T :ON aI 0ES) DIDODDYVYYYIOVYDILD TowTid 9sIVABIT RITYHA
(GGT :ON dI 0FES) DOLLLEDYLODDOVILLODD TowTId PIABMIOF HITYHA

LOLODYIDDOYLIDDLIVLODDODYDOLDD

HHBHHUUwumﬁuﬁwwwowHBU&HUHHH@UHHHHU<HwOOUQUHH@UHUUHHHHHHH@ﬁ@@BUUHHﬁwmeHUQHU<@Q£<@UH<<@UHH

(ST :ON ar 0mg) eousenbsg 38biel (L) 3I9bIel Po1R8Il-83TITNSTH

ODLOOYIODYLODOLIOYDDODDIOYIOLOD
LODODD2D0YDIYODDIDLIDYIDLIDDDILIODOYIDODIYILIDIIDIDIDDLLOLIDYDDLODLLIODYDLIODYIDYDIOYYDILYYDDDD

(€61 :ON AT 0HES) odusnbag 3ebrel (ILn) 319biel peiesijun

- = PUBIIS L0968TFE-06V68TFE 0gIUS=bura eup 6THU<
pITdHd

(PAu02) T 'Ol



US 12,049,671 B2

Sheet 32 of 59

Jul. 30, 2024

U.S. Patent

(z91 :ON ar 0HS) /90€/LIIDHDDIDHDDIDDOVHDIND (T wxe) ogoxd TIASSYY 47
(T9T :ON QI 0HS) YYDOLYYOOVYOLIODVYOVLIIVYLOD reutad SsIerel TASSVE 47
(09T :ON aI 0ES) DYO0HDDIDHDIVIDIOL Towtad premIor TISSVE 47

OLIVYDOLLLLOYLLLLLIYD LY LYDDYOOVOOVLLYY
4HUB@U<G&HU$&H<@UHBB@@U@@@?BB@UUBwUwU@?@O@@@waH<BwUwwaBQ@<<G@@<G4HU<@@B@@<B<@@599059440

(66T 0N arI 0dSs) oousnbeg 3ebrer (1dg) 39biel P8IEDIF-2ITITNSTY

LLLOVYDLYOVODYDOYD
DYDOYYYLDLDDYDLODDLLYDIDDDOYDDYDOLIODDDDLIDDIOYDODDDLODILVIDIODLODLOOVYVYDDIVYOYIDYDDLODVYIYIDLOL

(86T 0N 4r 04s) sousnbag 3ebier (Ln) 39biel peiesijun

TASSYY USTd BIQSYZ

(pAuod) T 'Ol



US 12,049,671 B2

Sheet 33 of 59

Jul. 30, 2024

U.S. Patent

(0LT :ON 41 048) /9D€/ DOIOLLOLOVIVOVIDDIDOTD (¢ wre) sqoad L1OVLY
(69T :ON QI 04S) OIVLIODYYLYDLIDYYODYOVLLLD ¢9 zeutad ssIwndr IOVILM
(89T :ON QI 04S) VOVYLLLOLODVLLVOLLLLLLLOLLLO LD G9 zowrid PIABMIOT LOVIL

DDLLLLODDDVVYY LY

HUOHBUG<GH<HHUU<<H<@HUH@HBH@@HH<H¢<HH<H@@¢H@HwaH@HH@HU<Hﬁw¢<HHHUH@U<HHﬁ@HHBHHHHOHHB@HUUH

(L9T :ON dI 0FES) @ouenbeg 3sbie] (Id) 319bIv] Polesil-alTI[NsSId

(697 :ON QI 0HFS) /92€/DYDDLLIOODDDODIYDIDOD (T wae) @QOHQIﬂHU@
(G9T :ON dI OHES) OOV LYY LLIDYIOOYODLOLOVLD Tewrtad 9sdensd dLOvY
(POT :ON QI 0HS) DYYYLDLIODLODDYDLYOD TewTxd PIEMIOI IOV

YOYYOODLYODODLOVYOYOYYDLOLODVY LOVOVIDLDOVYLOYYLLY

B@BwBW<U®BHUwaU®Z<<BwwaBU@U<GB<UUDU<<U<®BwB@UHwaHU<U<<BU<B®@<B@B@U@B@BBOHU<U<D<<HUB@BU
OYLOVILOLOLOIOLLLOLDDLOLLLLLDLODYOLYOYDODLLLLLODLLIVIDLLIOOYIDLDLOVYDD LLLDOLOLOYDLODNYDLOLD

(€97 :ON QI 0FEs) eouenbsg 3ebiel (L) 3I9biel peiesijun

~-=PUBILS £0989GG-TTGRIGG L IUyo=abuel eup 61HY <
NILOY-¢

(PAu0d) T 'O



US 12,049,671 B2

Sheet 34 of 59

Jul. 30, 2024

U.S. Patent

/90€/900VAVOILDILDOVDIIND {r wue)aqoid 688/ zISHI|  SLT'ONGIDIS
J90E/90VIVODLOILOIVOOIVID {s wie) aqosd 6884 TISHD|  OPTIONQIDIS
LIVYYYLIAYYYODOOVY DOV LYVYVYDD Jpwid asianas 6884 ZISHD!  SETIONQIDIS
VOVLOOVIOLLOVIONILLIOVOD swind pilemio) 6884 ZiSHD!  SETIONQIDIS
2941 119399DLLIVE YNNGl  LET'ON Q1D3S
921L190D21LLYOVLLIIOVOIVOILVIOOILLLIOVIODLLILLIVYLLIVYOVIOIYIDLIDVIDOIIIOVODILIONDOIVL| 198181 PI1eaul-33y[nsid 6882 TISHD
YO LHIIIVODILLIIDVYLIOVOVIDININLLLININDIIDIYIOILINININILYSVIDLIOVOIVDIIV YNQ 198i8) 688, ZISHD!  S9ET:ON Q1D3IS
DBO2124IDVIOD LI1310VYIDLYYOVYIDIVIDLIOVIODIIIOVOIIDODDLYIVYVYVIDVDYDLILLIDIOYYIOVIL
J92E/231001Y0VYEID9YDIIND (1T wse) agoud 0682 TISHD SLTON QIDIS
/92E/20100LY2VYOI0IVDOIYID (g wie} 9qoud 068/ ZISHD ST'ON QI 03S
DIIDIDLYLIOIVIIIVLIVY Jawiid 3519/ 0682 TISHD PT:ON Q1038
9OVIOILLLYDIDIOVIVLD sowid pIemIo) 068/ ZISHD $T:ON Q1 D35
OOIDDLLLIVYIDOVL VNG ZL:ON QI D3S
DIDVLVODIDNSIILDIVOOVODDILYLIVLLLLIDLIDOINDIDDINSIOVIOILLIYDIDIOVIVIDONOLIYDOLIHDID|  198ie] paIea l-ou)nsig 0684 ¢LSHD
9221305YI90312532932202VYI99VI000YIY D939 9930291V OOVODDITVILYIOLLIDIIDDIDG VNG 198181 0682 CTLSHD TT:ON QI D3S
29929930VID3IIIVEIDIOVIVIDODDLYDDLODIOYIOD LD LIIIIVIDILLLLYVOIONIDLDIILOIODILLIIND
/92€/599YLLLYDHID OVDOIVYD {5 wie) agoid 9l yoEg OT:ON Q1 D3S
YYOOODYLLIYIYLOYIODYYOOL sawid 3s18A81 91 TWOEY 60N Qi3S
DOILILIDYOLIILILIDOLIIIVEIIDD Jound piemio 91 yoea 10N Q1 D3S
OVLLLIELIDOVIDODIVLIVIIIOIONDYYOOLIDOVIDVIVIYVYLDIDDLLL] YNG 108se) paieas-oupnsig 9L voEe L:ON G1D3S
195VI909VIIDLI99911119909VODYVILLVIODOVLLIYODIDOILLLLDYDLLLLLIDOILIIVILIDDYIVIVLILOD
OYIIILIDLDIVIDDIIYILVILIOIODLOVYSBLIDOVIDYIVIVYVIOIOIILIOD YNQ 193224 9 ¥DES 9:0N GIDIS
HYIDIDYIIOLIO0DLIID0DIDYIOVYILLYIODOVIIIVIOIOOIIIIIDVYOLILIIIODIILIVIOIODVIVIVIISD
JODE/LVIDLIVYIVODOIVDOIVID {G wise) agosd GETAYANY SION 0} 035
2IDIVAIILOVLIIOLIIL Jouiid 9549031 GETAYINY #ON Q1 T3S
029 LIDVLOVOIVDIVLLOV iswiid piemio) GETAYINY £ON QI 035
OYD11LIVIODOVODLINYIDYIOVIOVDD VYNG ZON Q1 D3s
Y 1L9292939099)99)9DYOVISVODVIHYIOVIHINOILDLLYYDHLVOIND L1 9HID1 LOVIOVIIVOIVIIOVDD 198481 pajean-aunsIg dETAUNNY
SVYDLIDLYIDIOVIOLIOYDOVOIVOOYDID ¥NQ 198481 gETQUINY T:ON Q1 035
7299292939795399399¥OVOOVIDVISYHDVIDIONNIIDHLIVYDOLYDHIDSLI99ID LIDVISVOIVIIVIIOVDD
{,£ 03 .S umouys aJe fje) sduanbag uondinsag ‘ON g} D3S

¢ 'Ol




US 12,049,671 B2

Sheet 35 of 59

Jul. 30, 2024

U.S. Patent

F90€/3120V9D1DVDIDIVDIID {1 wue} aqoud £ 1AM SEONGIDIS

DOVYLYVYYIOIIIVYLYYIID Jowird 9350A2) £ LIANTAY $E'ON Q1 D35

DOLLYDILVIVIIYDDODDLLLLD Jausd pIeMIOS € LINYIA £EION Q1035

1Y4D31OVDODDLIVAIDODIDLLLIVLIIODIIDYDILIDOVOVLIIIYDOVOOYOVODD] YNNG 188ieL palea-auinsig ELNYId ZEONGIDIS
1D111919993941DVDD0LVILOIL VI LVIVLIYDDODILLLIOVIVOVYDIVIDSDIDOLVILOVIO LOVLIOVLIOVL

2¥2D31DYDO92LIVIL99929L0I3VIL9D31DYDIODDYDYIIIVIOVODYOYODDL VYNQ 198124 £4NYId TEON GIDIS
9LLIDIODOIDLIOVONDLVILDIIDVOILYIVLIIVIDONIDLDIOVIVOVYD LYHOIDIDOIVIIDVIDIDOVIOVIOVL

/90E/2119990111199DYDIID) {1 wue) agosd TXLQ 02:0ON QI D35

1I3VVYVYDIOVOOIYDID saund 8s58A92 TX1Q 6Z:ON Q1 03S

931119939010VODOV faund piemiog TXLQ S7'ON 41035

9OV LODVOIIYODIVIILDDILIDLIVOVIVODLODDDDDLLLLIOVODL YNNG 308e] paean-sunsig TXLA LZON QIS
DOODLO0I09LLLLIODVLLLLLLLLED0LEDDDDLLLIDDLLIDOIOILOVODOVOIODIOVODILLLLLIIIODOIILI11I0D

HOVIDIVIDIVHOIVHIINOIIIDIIVOVIVOOLDIHIDIDLIIDIOVOIIOD VNG 198481 TX1Q 9Z:ON Q1 DI
92I9229921222099YI0DL0I0LLDINIOIOIDLIINIIVLDNIDIIOVOOIVYDHO LHVODINIIIILINDDLIIILIIND

/95€/90111111990599V92290 {1 wie} 8qoid 2X00Q ST'ON QI D3S

IVHIDIVYYYIIIIVYS Jawid 5I9ASS TID0A YZ:ON Q1 D35

92119 LI IIVIOVIDILLIDOD sswd piemios 23300 £TON Q1 D3S

AVLLIVILIVIODLI0999LLIDIDI SO IIVIIDILIIIIIDODODL L0 LI IIVIOVIODLIID0DLD] VNG 1954e) paleat-auynsig I100a TT'ON QI D3S

oV vNQ 388121 24004 TZ:ON QI 038
J00VAIOVIOIIIDHDLIZIDIDIBDLIOILIOIIILDLIOVIIDIIILILINOINILIDLIDIIDLYIOVIDINIINDIID

/92€/VOVDIOVODIOVOIVIOIVID (s uue) aqoid (90Z)TIAINND 0CONQIDIS

LOVODDIDVYIIILIVYVLIVD sawid 851934 (SO8ITINNND 6T'ON 01 038

YYOOVIDLIVIVOLDOVLIDLIOVIOD Jawd piemioy (908)TIANND 3T:ON 41 DIS

11190VIDI0IVLIVILIODVIDOVIDILD ¥NQ LT:ON Q1 D3S

YLLLYYDOSLIDVOODLOVYHDYHOVDODYHD LLOVOVOIOVDOILOVVOOVISLLVIVILIDIVIDIIOVIOIOVIIIVIDLIL]  198ie) patean-aainstg (J08)TIANND

220DIVLOLDIVIIVILODVIOOVIDIDOY YNQ 32858t (908} TINNND 9T:ON Q1 D3
D3OVVHODIISYHHIIDYEOYOSYIOOYODIIDYIVIIDVIIIDVYDOVIOLIVLIVOLDIVIOLIDVIOIOVIIIVIDLD

{.£ 03 .G umoys aae jje) asusnbog uondiissg “‘ON Q1 D3S

(p,3u02) 7 'Ol




US 12,049,671 B2

Sheet 36 of 59

Jul. 30, 2024

U.S. Patent

[90€/OVY VY LODDVISHIVIDIVID {5 wue) sqoid HY140 09:ON G103
DIDDIVVYYYYVLIIVYYYOIOD Jauwspd 251203 HY140 650N QI D3IS
DOVIVLIIOODLLILIDIDILDD soulrd piemio HY1d0 8S:ON Q1 D35S
DLt YNQIBBieg peIean-ansia HY1d0 L5°ON Q1038
L1O0LLLLIEO9ID)LLILOVIL LI IIDOO90DID0OVLLLLODOOYIVIIODI LI LIDIODLODOVDIIVOLIDIOVIIOLL
9322209 YNQ 128181 HY1dO 950N Q1 03S
223243209925313039Y0022 44993929 L992VIBLIDDDIVLYIIODID LI IDYDIIVILIDIOVILDLD
[IE/DDVODIVOIDHYOOVOINDD (1 wue} agasd 434y SSION QI DIS
21092090VY LLVIV.AVLIDIOVIVYOY Jouiad 3519191 YUY £5'ON 01 D3S
Vi9DYDHI0DLILYVILIODD Jawiid plemio yOuY1 £5°ON Q1 IS
LLILIVVAIOOVIIVLD VNG 398181 paieal-auynsig vI4Y ZSON QI DS
LIV IOVOYVIVLVIVYLID)D920YOD990VHOIVIIDDYLDOVIIDI LLIVYLLODDDILOIDOVYDDLLDIDOINIDHD
DLIDIVYLIDOVILYIDL VNG 198181 yONY1 T9'ON Q1035
IVIOVOVVIVIVIVYLIDID93DVHDODOVINIVIINOYIDOVIIDIIIIVVLLOIDDIDDIDOYYID LIDIDOINIHD
[BDE/3920V139092290¥9DIVII (g wue) 3goid EiNVYf 050N 01 D38
292922YYVOVIIVYVYDD Jawind 351334 EINVS 670N Q1 D35
9D 191VIIOIDVLLLIDDIDDL sawid piemio) SIAVE 870N Q1 D3IS
OLLLOVLLIDIDIVIDIDIOILL YN 198181 P1RD-DUHNSIG ENYT L7ON G138
LIDVLDLLLDODDIDOINIDYLDDIOVILODDOVOLID L1199DVOI IOLVLLDIOVLILILDD19DL99IDIOVIODLOVD
D1239YIIDBIDLYINIDIDIID VNG 19818} SAVT 97ON QA DIS
19V19LLIDD093993DI9VIDIDYIINODOVD LID L1D90VDHILOIVIINIOVILINDIIDDLDOIDILOYOVIIOVY
J90E/93LVIIVAVIOINIVOOIVID {5 wue) agoid QZNIYD SYION Q) 035
IVYIOVOIVYYY IDLLVIVODLVIVIOL sauud 8519AB1 GINIYO Y7ION Q1 D3S
901IVILOIVYOVLLLIODIDIVLIIVODL 1wt pIeMIO} GINIYD £F'ON QI 038
OLL1LIVYYVOVLOLVODLOLVYDYLLLIDIIOVIIOIDIVIODIYDDIDYYDLIDY| VNG 198ie] peiessl-aynsig QZNIND WON Q1 035
LOD1DOVOYLIDOVIIVOLODLIVIIDLILIOIODL L LLLLLAVODLVILODVOVLLLIDIIDVIIVODLLLLIAVELILLILOD
911200VYVIVIOLYOILDLYYOVILIDDIDDVIIOIDIVLIODLYOIIOVYILIOVLD VNG 3o8sel QTNIND TH'ON QI 035
21DOVOVIODYIIVILODIIYIDOLIIDIDIDLLDLIDIVOILYIIOIVOVIZ LLDIIDIVILYOIIIILDIVILIIIIIND
/90€/9LYV1L9D93LYOHOVIIIND {1 wue) sqoid 1474 Ov:ON Q1 D3S
YOIDOVVYOVIILVYYIOYVLLIVIDL Jauiid 35J9A34 114 65'ON Q1 038
YYIDLIDOVIIOOVOIDILOD Jawd premiog T4 SEION Q1 DIS
OVYIS99D39930VYIDOVYLIVIIVD YN 198181 paieali-auynsig 1114 LEON QI DIS
O9IVIDLVYYLLDOLLIVOVLDLIDODI 19999901 IVIVYODIDIDIVYL L0993 IVYIDI 190V DOVHIDL1D0DHOY
IYYIHODOIDDIOYYIOOYVLIVIIVOS vNQ 388581 T1T4 9E:ON Q1 035
DOVODLYYYIIODLLIVOYIDLDODIIIDODDSBLLYAVYODLDLOIVYILDDOIIVYLDLIDOVILDOVIID L0559
{,£ 01,5 umouys aie ye) asusnbag uondisag ‘ON QLD3S)

(pu0d) T 'Ol




US 12,049,671 B2

Sheet 37 of 59

Jul. 30, 2024

U.S. Patent

JI0E/D1IVYYDILLIDDIVOINND {1 wue} aqoud 760U643S S3'ON 01 B3S
VY92 LIV 132190920vY iatund 8549A31 2EOWE4TS YR'ON Q1 038
HOODOLLIVYIVIDLILODDD J3tud pIemios 76046435 €8'ON Q1 D3S
DOVHLODYODILOVLLIVIIIDIIODIDIVYD] VNG 19818 palean-auj{nsig 76046435 78'ON @i 03S
OVIOVOOLIVLILIDLIISDOVIDDOVONODNDLIODODLLYYWOILILODIDOLLIVYAVLIOLIDODIVLLIODILLLLIDLIONIL
SHOVOLDOVOIDLDVILIVIILDIDDDIOIVOOY VNG 10838} Z6046d3S L8ON Q1 035
2DVHIIIYILDLIHHHVSHUHYHNDDD 19IDDLIYVYYOIIIIDOIODLIIVYIVIDLINDOIVINIDDIZILISINOI]
J90E/1L00VOI90DVLD0DYDIDDD {1 wue) aqosd PO 08'ON Q1 B35
DI9OVVYOD LLLLIVYWY LLIYVYYYVLYYYYD 1auiud 8s19A3s (HO 6:0ON Q1 03S
VOVLODI1IOVOVIOIDNILLD Jawiid piemio O 3L:ON 01 D38
AL YNQ 198481 Pa1eas-duINsIg D LLONQLD3S
1992 IVELLLIYYYILLLOVYYVODLLLODDIVLIODIDI LODYDODODYOVLDILLLOVOVLIOIONILIDIDODVYDILD
10452 VNG 188581 DD 9£'ON @} D3S
9931301V112.0VYVILI0DVYVYDILID9090¥I0DIDIIDIYDOISHYDYININILOVOVIDIDNIDDDINODYHIDD
/92€/ 199D1929311YDOVIIIDD (1 wie) aqoad D5YTddd SLON a1 03S
DIVHIIDIVV VY YYIVOIY 1ousid 951031 IGHT ddd ¥LON Q1 035
VOVIOLLDDIDLILOLLELIVIILIYDILL Jotulad pIemIo) DLUZddd £L°0N QID3S
LD IID] YNG 19818 paiean-anynsty DSHTddd 740N Q1 03S
VL1910 11119992190111199919090LIVOVIDLIDILO1IO11 11 IVLILLIVO)LIDOVIIDD9919090DL
L1D025120309302324239¥0 YNQ 19818} D942 ddd TLON QID3S
232009229 L20123059593833342999L935300VOVID L3021 OLLDII0L0VILI0VOI199YII09H0LDIDI0 L
792€/92092293%I0D00VODIVID {5 wie) aqosd yiNd 0L'ON (1 D3
JD222DLYVYVIOIVVYILYYLD Jaud 5519A3J ViNd 69°0ON Q1 DIS
SOLIYIDYOILYDLDYIID ST PIEMIOS YId 89°ON 41 D3S
Looy VNG 183Je | pa1ean-siyinsig vidd £5°ON Q1 035
LI¥DILDIDLLIYDDHDIDINLOIDDIDDLDILIDDIDLIYIDDINHINIONHIDDILLYLOVIILYOLLDYDIDIDDIL
3109V VNG 308581 ¥idid 99:ON Q1 D3S
1DYD13929130VD9990909 15399991 HIDISHIDIIVHOHIDOIOITHNIDHILIVIOVIIOVDLIOVOIDINDID
/92€/V110DLIDVIDIDIVODIVID {§ uie) 8qold 04504 S9'ON Q1 D35
DOVLYYVLYLODD0VVOIILLIDY Hotwnd 9519131 G490d $9°ON Q1 D3S
92LIIDILIOLIDILIVYILODVYYLIYYYLIYYOOD Jouttid piemio) 3490d £9°ON Q1 D35
DOVIOLIVIOVLLIOVYYSODLLDIDIY]  YNQ 193ie) palesil-suynsig 04904 Z9°'0ON QI D35
LYLLLYLODIDLOVVODYVLYLVLIOVLILIOVIIVILVIIVIIOILILOLLIDLIDL LYY LLOOVYYIVYVIVYDINODDOY
LIVDI992L09YDYIDDDL110VYDOVIDLYIDVILLBYYYDOILIOI0DVIVIID NG 198484 G19ad TS'ON Q1 035
YI992919VVOOYVYIVIIVIOVILIOVILYLLIVIOVILNIIILOLLLDLIDIIOVVILOOVYVIVYVIVYDIDDDDDHYDO)
{,£ 01,5 umouys aie ye) asusnbag uondisag ‘ON QLD3S)

(pu0d) T 'Ol




US 12,049,671 B2

Sheet 38 of 59

Jul. 30, 2024

U.S. Patent

YOILYYVSIIVDIVYYLIYIOV sewiid 95aAB) GIAJSL]  VOTION QID3S
9099111119971119814 sauisd piemaos STADSL]  €OT'ON QID3S
LLLLIOVIIODVOLLLLIDDDDIIIIYDIOUDIVL] VNG 13881 PoIeal-21nsig STAMSL]  ZOT'ON QIDIS
VOVYVLLLLOVIDOVODIDDIDDL0DIVIIIODIDODLLIVODLLLYODLILIVDDYOODIONND L 1111991101 1L1D
2L040DY2090VDIIILDID0IDLIVIVOLOLIDIVIV YNQ 198uef §IAdSL]  TOT'ON QIDAS
DYYVILIDOVIDOVODIHDIRD 19D IVILIDIIODIL 1OVOIIIIVOILLIIVODVIDHDDIDD1 L 111DDIIIIDLLIIDD
/92E/10V0LLVIDDDIDIVHOIVID {g wae) aqosd g8oYSTXEL]  OOT'ON GID3S
IVVILYVVYY DD D3LVYVYYYID Jawnid 3S19A) 738YSTXA L 656:0N QI DIS
501111999091 LVYYDOY sawiid premio) Z8adsTXa L 86:0N Q1 D3IS
VLIOIVYLIOYYODLLLIIYOOVOD YNG L6'ON Q1 D3S
OVLLLIIVOLLODDIDIVYDIOVIOVIOOD LIOVYDIIDLLLEI IOV 11911190111 1999291 IVVYOOYYDS yodie) pajesst-ayynsig Z8BUGTXGL
YII00¥YIOYVYODLIZLIVIIVIIDY VNG 18802 78oYSTXaL 96'0ON QI D3S
DLLIDVOLI939I9LVYOLOVIOVLOHIIIDYYDLIDIIINLIIOVIZLIIDLIIIOIDLDIDDLLDDDIDLIVYYOOVYDD
/92€/9DY192999V9DIOVIDIVID {s waej aqosd g¥ZIDIS8 560N Q1 03S
2D20YYVYIDILILLED lawd 9s40A84 VTS 60N 01 D38
9211999919DOVODYLL J2uiad piemio} BYZTONS €6:0N Q1035
11IVODoVY] vNQ 198ie) paieasl-axynsig gyzidls 76:0N Q1035
95911111901 95YDYOOVYYDODYYYODYDIO LLLIDODOYOVYIDYLHIODOVODILLIODDDIDHODYDHOVLISVYDHDD
320VODOVYD VNG 1983e) pajessiun 8yZINIS 16'0ON Q1038
3912 11DI0DOVOVIDYYVODOVYYDOVOID L3199V IVYODYIDIDDSYONILIIN9DDIDDOVIDVLIOVED)
/908 /¥VVYOIDOVYYVOOOYIIDDT {1 wie) aqoid 668 CLWAS 9y T:ON Q1 035
HIDVYYVYYVOIOIVYID Jowiid 3s10A21 568 Z1AINGS] SPTION QIDIS
194IDD19D1OVIDIVDI0 Jpwid pIeMIO) 668 ZLANGS]  YYTION AID3S
LI D999 19090 LLLLL9DD21 111900 L LIVILLYIIOSDIDILIOVIDOVOIOVIILIVIIIVID YNG| EYTONGIDIS
1of.ey pajean-alyinsig 5687 CLBNAS
9199 LIVOVYYYVYIVOODLODOLLIDDLELIDI1EDIIILI1999913DIDIILIDLDININIIILINIOD VNG 108181 568 21aNAS]  ZPTIONQIDIS
JIIVAIDIVIIDLIDIIOIIOVIOIVOIOY LLELVYILOVIDLILLLOD L3D1ID0VIII90290021002048103D¥I50059)
/90711971 119DILYDOVIIIND {1 wae)oqosd £68 CLBES IPT:ON U1 038
/90E/L1D01119901YDIVIOOVID {5 wae) aqosd 68 CLBNAS 06'0ON Q1 D35
YOVYOIVYDIVYOIVVYYVYIVYD Jowiid 2510A91 £68 ZLAINAS 68:0ON Q1 D3S
Y1DOHYDYHILLDILDILD 1witd pIemio) £68 Z1EINGS 820N Q1 03S
190190119041 HIODHIDILID I HIDDIIO0LLDDIDL 19011901 LIDDDIVIODOYIDOILIDILIONLS ¥YNd LRON 01 D3S
1081y patean-alynsig L68 TLANAS
22210993242321L5900409933939090 VYNQ 198ie) 168 ZLaNAS 98:ON Q1 D3S
123342092253209222043924292009.413309320924052.109 1 1392109242309932¢0D09YDD933090080LD
{.£ 0} © umoys s4e jje) asusnbag uondussaqg ‘ON Q1 D3IS

(puod) z ‘ol




US 12,049,671 B2

Sheet 39 of 59

Jul. 30, 2024

U.S. Patent

IVYOIIYVOIVIVLVYYVYIOVYD Jouilad 9s19ABL POEANZ]  YZT'ON QiD3S

9315319299111 LIVOVS Jouilid plemiol YOEANZ]  €ZT'ON QID3S

OVILLIOVDLIODYYD]  YNG 198ie] polean-a3uinsid vOsINZ] ZZT'ONQID3S
1DLIDDLLIIVIOIDILIONILIDIVLILLLLLIVIOOVDLOD19I1921D09011 1L IVOVDIDODOVIDLIDODLL11DLLD

DYLILIDYDLIIONYVYOLD VNG 398ie) $OEANZ]  TZT'ON ID3S
11D91211VI919I01D90009LVIDILLLLIVIDIVOLIDIIDIIDILOIDD D LIDVOVOINDIOVIDIIDID I IDIDD

/92€/ DIVIDIVYOOVODIVHOOVID {g wue) agosd TOHHOZ|  OZT'ON Q1 03S

DVYVYDIYILIVYDILIY Jawid 950021 TOHHAZ]  6TT:ON QIDIS

ODVLILIOVIVDILODODILD sawud piemiod TOHHAZ]  STTION GID3IS

SYLOVODLIDYOLODLILLDIIS0LIIDIOI0)0DY LOOIIDOLDIVILIOVIVIOLDODNOIDOD |\ om0 noren i syunsig owmazl P ON O 03S

DYIDVYOINIOYDLOILLLIDIIDIIDIDLOIDIDOYINDIDIHDLIDIVIIIDYIVOIIHDHDIIDHO YNQ19818) TOHHAZ]  9TT'ON Q1035

[92€/1V1999D LLODIODVIOIVID {5 uue) agqosd WA STTION AIDIS

YOIIVODLIVVYYIIVIIDL Jouwid 9590 INIA|  YTT'ON QI DAS

29921191VODVIOLVIILL souwid premio} WIA|  ETT'ON G1D3S

10094192900 VID0DLLIOVIVLLIVIDIILVELL VNG 1984 paieds-ounsig WIA]  ZTT'ON Q1D3S
OOV.ILIVOLOOVLIIOVODIIOVLILLOVDDLODD(DYDIOILVIODDILLDDIDDDLLDIVODYLDILYLLLLLLLDILLLID

2925LI90909YID0DLIDDYIVLIIIVIOIIIVIILD VNG 198t WAl TTTION QIDIS
IVIVOLOIVIIOVODIIDYIILIOYHIZDHIIDYHINIIVIODDININDINDILLOIVODYIDIIVLIIILIDLOIIDDL

[92€/V AVYIDIOIVIVOIVOOIVID {5 wue) agoid 8L8TT EAVA ZST:ON Q1038

YYOVYVY VLIV YVLIYOYYOD DD sowipd 35193 B/RTT EAVA|  IST'ON QIDIS

199011VILI99VLLLIOVIDLIOVD souwisd piemios 828TT EAVA]  OST:ON QIDIS

11990vD1I0VLIILIODIVLALLLIDIIVIOONIDLLIVIIOVOIVODIVYIOLLLLVIDVIONDIODLIDDIDODLIVLID YNG|  6VTION QIDIS

OVLLILOVODIOVOLLIVIVYOIDDYVIDIOLLINOOVOODODIVLLLIYODVIOVOVIODILOVIOVVLIDIIOOYODIL] 10fue) poiesll-ouinsig 8/81T SAVA

24 NG 188181 8/8TT EAVA]  SPTION QIDIS
DB9IVOIIISLVIILIDDIVIILLIDIIVIDIOIDLIVIIOVOLYODLVYIOLLIDVIOVIODDLDDLLOD LODIIIVILOD
Y22LOVSIIDVDIIOVIVYDILDOWIDIDLDLHODYDOIDILVIIIIVIOVIOVOVIODLIOVIDYYLIDLLODYDOD

/93€/¥OD9211DIDDIDIVHODIVID {guue)aqosd /8 EAVA]  LPT:ONQID3IS

/90E/VO253LLDIDHIDOVHINT {t wue)agord £/8 EAVA]  OTT'ON Q1DIS

920OVYYVYIVYYYYYDILYYYDD seuiid 9533A03 (/8 EAVA]  6DT'ON QID3IS

292DV LLLDVODLEVDODL Jawiid premioy (L8 EAVA]  S0T'ON QI DAS

909IDILLLVODLLLLEIDLLELEDDDDDLIOVLLODLIVOIILIDODDIDIOVLLIOVIIIOVOOILVODD| VNG 188)e L pajeail-audinsid ££8 EAVA]  LOT'ON QHD3S

99292231V931002109130129929039¥2L9000VHIDIIDDIDOINIDVLIIIOVHIOYIDIIVOID YNG 388181 /28 EAVA]  SOTION QIDIS

11IVODYDO9IDHOIVODIVID {5 wise) aqoad §TAdSL]  SOT:ON QI03S

{.£ 0} © umoys s4e jje) asusnbag uondussaqg ‘ON Q1 D3IS

(puod) z ‘ol




US 12,049,671 B2

Sheet 40 of 59

Jul. 30, 2024

U.S. Patent

/90€/9VHD11ID399I9DOVOIIN {1 wue) agoud g1V 997:ON g1 03S
AVIVLVYLIDVLIDVIDLIOIOVLD Jotund 8S4BAB 41DY]  SOT:ON QIDIS
OYYYLILDOLO0DYD LYDD Jatupid piemiog {910y} uiy-¢ Y9T:ON 41 03S
VOVVYIDILYIIDILIVOVIVYDLILOOVLOVIVID LOOVIOVY LIVIDLIDLOVODL LD £9T'ON 01 03S
29939YYVINLIODIINDOYDLYIINOVVYIVOLDISILINDIOVIVYIIVLIOOVIOIODD DI IDIOVIVIVYLIIDLOOVLD {8910V} ¥NG 198l unay-¢
VH1013404D11D1I9910LLLLIDOVOLVOVIIDLLLLDDLLIVIOLLSDYISIDIOVYDDLLIDII3IDYDIIIVILOL
/92€/111973919293999VHI09) {1 wute) agosd TISSvY UsHi B4QDZ|  Z9T'ON GIDIS
YYOILYVIIVVILDIVIVILLYVIID Jowid 85931 T4S5VY Ysi4 ©Ig9Z|  T9T:ONQIDIS
OVOI9DDLSDLYLDIDL sauiid premiog T4SSYY UStd B1gaz)  09T'ON Al BIS
JLIYYODLLLIOVIILEIVOIVIVDOVOIVODV.LIVYYLOIDIVDL vNgs8iell  BST'ONGIDIS
19911¥90111Y99VOHD]1103919DD3OVIIODDLODIVLDIDLODIOOVVYOSOVYIVIOVIDLOOVIVIDLLIDIIVYD Po1E34)-a1INSIA TASSYY YSid g7
LLDVDLYOVOOVOIVODYIOYYYLD YNQ 108J8] T45SVY Usld eugoz  STION AIDIS
LDV LIDOLEYODIIIVODYD L2909 DI020VOD9DHOLYIDIDLODLODYYOIDYDVIOYDDLODYIVODLIL
/90€/10¥VI920210399v9009) {1 wie) aqoid pITYId LST:ON QI D38
J1LOIDIVYVYYIIVIDLD Jwud as18Ads pITYI4|  9ST'ONQIDIS
92L1LLOVIODDDIVOLIDD Jawud paeamio) $1TY3d] SSTION QI D3S
19100ViDOVIIODLIVIONIDIVOILO9LLL119] VNG 198iel palesa-ayinsig vI1tY3d]  vST:ON QI O3S
290VOOVDOHIDLIOVIDLLHILLILDY (D300YDLIOIIO3114L LILOVODLODLLIOVOLIBYIDYDIVWOSLYVOOLL
IDL90VIDIVLIODLIVIDOIDIVODLODLIDOI0ID YNG :eFiel vITY3d]  £ST:ONQIDIS
WWOIYODHIDLIDVIN LIDHIDINIOVIDIOIVHLI93IDIIDLLDIDOVHD LD LLDOVYSLIOYIDYIIVYODLYYDIND
/92€/921¥9I1 119299V {G wue) aqosd TL94NZ|  SET'ONQID3IS
12190D0YWYDIIDLVLYVYID Jownid 8518A1 T/94NZ|  PETION QI D3S
HOVIODOVIODDILDILD Jawnd premiog TZ94NZ| SET'ON QI DIS
9093 L LEIVIVYIVODDOLIVIVIODDLLIDID] VNG 198ie) paiean-ayyinsig T/94NZ|  ZST'ONGID3S
JYDYLIVIOVOVLIOLLLLIDDLLLIVLIODY IDOVODODI VDI LLIDIDOVLIODIDYDOHILDLLOVIYDOD0IDDO DL
O292DLIILILVIVYIVEOND LIVIVODDILILDIOD YNQ 1985 TL94NZ]  TETIONQIDIS
YOVILYIOVOVIDLIIILDIDLIIVIDOVIOIVO DO VDI DIDDYIDNIDYIDAIIDIDOVIVIOIDIDODLIOID
J90€/04L 04 1DYLDID9YDIIDI {1 wie} 2qoJd g954NZ|  DET:ON QI D35
JI9DLVVOIVIDIVIIOVYYIVDL Jownd 254321 89G4ANZ|  6ZT:ON QI DIS
ODODLLIVILIDIYVYOILIYIYYYDO)D sowipd piemios 8954NZ|  SZT'ON QI DIS
LLLVIIYVOOLDIOVYVILIOIVDYLYD L]  YNQ 198ie L paieail-oupnsig 8954NZ|  LZT:ON QI D35
014 1DOVIVOVLIOOLIVODDOYYSLIDODL IO IVOVOLLLLIOVIDIDISILIIVELLDIVYODLIVIVYYOODLOLEIVLIOD
2001YI0VVYHIISIOVYY LIDDIVIVIVOLD VNG 198481 8964NZ|  9ZT'ON QIDIS
13199V L¥OYIDIIOYHIDDYYDLDDDIID1YOVILILLLOVIDIDIOIIIYILLOLVYDIIDVIVYYOOIIDIDIVILED
J9IE/1VLDIVDLODL9DIVDDIVID {5 wie) agotd pOEINZ]  STT:ON QID3IS
{,£ 01 5 umoys aJe jje) asusnbag uondisseg ‘ON QL D3IS

(Pu0d) Z 'Ol




US 12,049,671 B2

Sheet 41 of 59

Jul. 30, 2024

U.S. Patent

/93€/9299212OVOVOLIDDIDLLLLDDIDOV/T-ORE/IDL/04L9D/ 0£9-4YSYND 911assed 1344 T Wy ¥LT:ON QI D3S
J90€/319290210VOVOLINDIDLLLEDDIIOV/T-OHE/LD1/0/90/ 0L9-¥YSYND 9119ssed 13¥d € WiY|  €4T:ON Q1 D3s
/92€/99LHIILDIVOVDLIDDIILLLLDDIIOV/T-DHE/LD L/ N/ NV 2139558D | 344 § Wiy ZLT:ON Q1038

/92€/92992100VOVD13DDIILLLIDDIIDY/T-OHE/LDL/X3H/ X3H 2195SEY 1344 T WY TLT:ON 4103S

/92%/ DDLO1IDLDVIVOYOOIDIVD (€ wue) agoud 1DVig OLT:ON A1 D3S

DLVLIDDVVLIVILIDVYIIVIVLLLD Jawnid as19na4 1OVLE 69T:ON Q1 D3S

1atud premaioy 29T:ON Q1 03S
VOYVILIDIOOVEIIVOIILEIIIDLIEDID (1OV 1) peresi-ayynsig uy-g

9911 11DDIOVVYVLIDIONDLLO yNGg (9T:ON Q1 O3S
OVOLVILOOVYLIVOLOLD]ILIOOLIVIVYLIVIOOVIOLO9DIOL 1D IOVIVOVYLIIDIOOVIIVOLILLILIDLIIDI99] [3981e) {1V 1d) paieali-siyinsig uidy-g

{.£ 01,5 umoys aue jje) souanbag uonduosag ‘ON Gl D3IS

(p,3u02) T 'Ol




US 12,049,671 B2

Sheet 42 of 59

Jul. 30, 2024

U.S. Patent

¢] 4] 8] 1se € S Q [} 651 Q St 9 9%y vig 1071 201
08 4] 8% 9ere 9g 9€ 0 0 £06 0 14 0 SiL 619 6¢81 yot
4] o ¥ b4 S9 0 €C %43 1ot Q 74 Q 98¢ 8465 970e 96
0 4] ¢ 611 g 0 0 0 oyt 0 ¢ 0 1oy 8rS $89 L8
[¢] 667 [ L8TY Ve ¥s Q T 8907 Q 0 Q £52% 188 (494} L
1€ SS 1 avey 619 1 0 L% 6651 9L Q 0 145¢ 188 9248 L
[¢] [¢] 8] £v ve 0 0 Q Liy 4] 0 0 €8 Vil 199 8%
8] €€ Q yiy €1 8¢t 0 T 8reE 0 0 0 [£15°) 669 0011 24
0 8.7 9€ge 1£0% Sy 0 G2t S91 804 4] 4144 0 6921 €99 100ZT j 44
19 b4 Q 8T 134 Ot 0 0 8¥01 0 0 0 568 PTL 8L LY
[¢] 0 174 €L ¥ 0 0 91 1€ 4] 981 0 1459 FA) £9¢ 9t
[¢] S81 [t} 069 0 6%¢ 0 0 PSE 0 0 0 481 9¢s 9599 €1
(454 €Ly L 625 011 [r4) 9y vae 1534 1.1 <09 0 SZE 824 7401 £
¢ 0 Q L 4 0 0 0 PiYT 0 0 0 90y <99 Oty 6L1
[¢] a O£l 99¢ ) 0 0 0 S0¢ 0 0 0 06¢ 609 444 LLY
g L i ¥BLY LET ve g g 161 0 0 g BLE 0oL YEZL 851
14 v g ) 4} Q 0 0 97e 3] Q 0 474 (43} LVE vt
9L 18 0 78¢ 01 8 ¢] Q €51 Q 0 ¢] (414 664 6681 61
8] (174 1T 6tl I Q 0 1 LIv 3] 4] 0 ) £79 6cel £ET
4] 81 ¥ rer g [ ¢ Q 85 Q 0 ¢] S8¢€ €€9 (43 741
0 4] ¢ LT SE 4] 0 0 64% 3] 4] 0 £E1 145 ovLe [£43
8] 91 8 or Q 0] ¢ Q vl 4] 0 ¢] evL 969 9ts 4741
0 1] 9t 414 T g 0 0 87 0 ¢] 0 2344 009 Qs [44}3
8] ST b4 8] € 0 ¢ Q 807 ¢] 0 ¢] 029 289 TETT 6
0 €C ¢ €6¢E €5 €1 0 0 EEV 3] 4] 0 (8144 38 0891 06
687 667 822 568 95y 0 94 Sep Wy | 62 985 §67 | 418 ¥8s 06£8 74
0 1374 1 9t 61 ¢ 0 (444 PrS 0 [¢] 0 078 09 S8BT L
[¢] ¢} €] ¥0S 9€1 0 11 Q 189 [¢] 4 Q €671 8¥L £501 0L
0 [47 ¢} €81 oy Q 0 0 9 4] 0 0 064 194 66€ 0%
[¢] 0 [¢] L it 9] Q 0 414" g 0 Q €6 L9 8871 8S
o1 0 ¢} 0 91 Q 8] 0 97 0 Q 8] 8C¢ 0g9 £9¢ A
8] {¢] g 0L V4 0 Q 0 al Q 0 Q SGE S99 08¢ 67
0 LY 6 (44 43 Q 0 9 1t 9] 0 8] s8¢ £6v 645 S
Fa %) Z5 O §%24 €11 4] 0 29 Sy 96 19 Z 909 165 OBy kA
Aesse/spueiis ww/sd]  suun
PO |azniuo [e9siNzZ | S1AdSL | TXLG fadi0ad | ziandgs | EWvr | T | TiSHD JTL94NZ] EAVA 1910V | tassvi 4z | vao | Gt eides
€ Old




US 12,049,671 B2

Sheet 43 of 59

Jul. 30, 2024

U.S. Patent

S04 12151 prowsis PYEL 9T LT LT i 1oue] 90t
s0d jewxX0d oY) €74 T IETITEL N Janue) YOt
$0d [eusxoId wnsy SY9T L0147 S I 1oue) 96
dan [e1sig wnysy £ i J@ue) L8
$0d jeuXod Sutpuedsy 69T S0 E€1 9T I 120ue) YL
504 {exsic wnyoy ¥ i Jeaue) 1L
goN jEUWIXOd | anxay djeday 8250 (90180 TT ! I Jaoue) 8y
504 [BLWIXOdd Suipuadsy 667 (PO T IvEL W Jaue) 42
SO 1e1s1Qq wniosy 1 Ja2ug) vz
Sopn 1eIsig Winzaay 1 Jaiue) L1
504 {e1siq Buipuaseg YS8'L (L0 EELWEL U J30ue) 91
s0d [BUWIKOI Butpusdsy 8268 ie60|TEizel 18oue) £1
sad JEIXQId wnoay 8ITGEL 19T 1 68 (TTTi M J30ue) €
gaN {2381 wnoey SET0 €050 (601 | 13oue) 6L%
sod [81s1g um3Isy g 1 433083 4Ly
$Od 12151 wn3oay S0 | 1@oued 81
dan {2181 B4NXB} 2udIdS 86T 90 ST 12T ! iBoue) vt
BaN WXL 2inxa3y) Medsy z | »ouen 6€T
3an [B381g | {SON) piowdisosy €01 1 1 Jsue) £ET
San fe1510 wn3oay S 1 120ue) 741
504 [e3sig prowsis z 1 Joue) (443
SaN jeunxo.d Sutpuadsy Sy i90l8ei € 1 J20uB) (1744
dan Jewxodd Wnoa)y PZE0 L €0190 81 1 J@oue) 41}
SN {EW0id wna) SLCT 190 ST LT ! Jooue) 6
EEIN jeuiX0ad Buppuadsy €0 €0 1 1 | laouen 06
SO 1e151Q wnivay P l J30UeD (¥4
504 fexsig prowsis 6LvT (TT| € [E¥ { | Jaoue]) (74
504 JELIXQId Bugpuadsy ves Tz lsvio9 ! J80UR) oL
3epN festg | {SON} prowBisorsy 5 T 12 182 1 13U 09
don fesia [ {SON) plowBisosy | 2490 (v | TT YT 1 Jasue) 8s
3o [e1sig | {SON) piowBisodsy €0 | ¥'0 1 Jaoue) (43
SoN BUUIXO g ainxay oeday Tt €0l T T 1 Jooue) 6z
39N {RLUIXO4d 34NX3Y 3edBH € | Jadued [
S04 jELUIXOId LLINDAD 89727 6T | 22 L 9E { 333ue3 ¥

AU Jowny spun

nnsay Aessy | dnoug aus awnjop I ose fpuz ] 157 |28e1s JA3ojotied § s ajdueg
1Bk 23S
(p,uod) € 'Ol4




US 12,049,671 B2

Sheet 44 of 59

Jul. 30, 2024

U.S. Patent

0 44 0 [4°11 L3 61 0 6 S9v 0 8 0 £€8 (444 98 651
0 LT Q £58 68 Y ¢ Z (453 0 0 0 80TT 984 916 avt
0 [4° {6 JAY 4 98 0 0 0 ip 0 0 0 0L [474 561 SY1
0 (x4 0 61 1z 8] 0 0 6L 0 997 0 9¢s 984 SvLs SET
800¢ 85T 919¢ 13:4%4 143 [44%4 L0TT Pave 65 orel TTEDT SESt 9€S 709 ZLTLE ZET
0 0 GET £65 28 i B 11 189 0 2433 14 8TL 949 TLLTT 13
0 1 0 9t T 0 0 0 St 0 0 4] 048 §29 19 St
0 0 0 81 T Y 0 Q 061 0 0 (4] 96¥ LL9 £967 Vit
88% €07 T€IT 07eT 433 88y € 058 oy (443 605 959 §5€ PS& 565 111
€5t CEE SOL L1587 08y 61¢ €0V GE8 £L07 (443 8141 154 a4 0845 00L L0%
8S 11 g €Sy 11 98 TL Q 1314 €LY 114! 0 (4413 £%9 911t 10T
0 0 8 91s% 42 0 4 0 1244 0 0 0 LLL 9¢9 6L €6
097% 9401 SLTT 98¢Y 991 2901 00¢Y 8651t | 8901 | IPLY 6E0€ PES 605 674 £€L 14
8607 895 Q€T 1314 i4? ¢ 98Y 90y 960T | LE8T wvIY Q 08¢ 58¢ S8LYY (44
899/1 00vL 60£9¢ vivic 0666 L56§ 06¥L1 YTGQLT | 94861 | C0LvC | LvbOS | 9010C | vv8 £E9 12474 &€
0 [6:3 0 142 S¢ 0 LT4 0 191 0 i133 0 €69 VL (423 et
[ 0 Q S8 1€ o ¢ Q 89¢ ¢ 0 0 29% JA 4343 [44
19 148 641l Vivs [ X4 Sy [ 8 e9sL Q 0 0 €79 (743 Z8€ 81
O G 0 0t 01 0 0 0 [44! 0 ¢ 0 87 (434 1919 4
G {1 6 9 T4 0 4% a SLT 0 0 0 (8T £6S €TLE <
99 SSE 0 09z 15t 0 ¢ 65 80Y 0 €6C 0 8.5 86% S89¢ ¥
1 0 0 i Vi 414 0 0 L5€ 0 0 0 809 €EL 165 81
G 8¢ 0 [ x4 L1 0 G 0 8€¢ 0 0 Q £98 £EL $68 £81
(& 0 6L L9t 0 ] [4°] b6 £el 0 0 i14 867 LI9 1444 LY
Y 144 0 S€C 4 0 0 0 182 0 0 0 498 b8 ZL LA
0 9¢ 0 ST 8 0 0 S 6ET L1 0 4] €LE SLS 8 0LT
€9 {34 £ vaC 5¢ 0 ¢ 0 89¢ 0 0 0 89 208 Eatigd L9%
4] 0 ¢ SS ¥9 4] 4] b4 pri ¢] 0 Q 919 259 0191 ovt
901 Sv8 L9V 8179 58 9zy 0 13 €901 ¥ 413 0 PEEDT €611 43 8t1
I8¢ 911 4] 258 oLy Z el 8Ly 9¢et 19 EEVY 1€ 8€9 889 514 6C1
Q 81y 16¢ £ZS1 £Vt 4 A4 91 Y4 3] 6¢8 Q 694 £v9 605 LT
461 01g g 98¢e7 (814 8L g a SET 4] AT 4] oy €09 ¥107 24
778 1 (A4 8951 SL 9L5 1 918 099 SOyt [4434 094 [444 £G4 708 011
Aesse/spuesis Ju/Sdf  Siun
D fazniuo |89SINZ | STADSL | TXLG §a490d | ZL8IN4S | ewvr | T4 | ZisHD [T29dNzZ] €AVA § 910V | tassvd azim | wan Qi oiduwes

(p,uod) € 'oi4




US 12,049,671 B2

Sheet 45 of 59

Jul. 30, 2024

U.S. Patent

San jeuXO4d ISiaAsUBLY 91’9 Tt} ¢ i8¢ i aBoue) 65T
8o {BUIXOId winaal 969, |80 |97 L€ JaoueD syt
S04 12151Q wnioay i J20UED (=72
504 21sig Winiey 8’9 I daaue) SET
sod j2Istg | {SON} prowsisoioay € ] FEVES) (23
504 jeutxolg Supuansy SIBTS (ST SV iLvi W Jue) 713
3an jeIsicl wney zes LT [T il M iaoue) STT
S04 {ewxold | 24nxay peday 7IST (90|21 i1 W 120ueD PiT
50d {BUIXOIg Wna) T (SD|[9T 6T W szaue] 11T
S04 fe1sidg prowsis 99 ST | 8S 8 I Jsaue] 10T
s0d je1stg wnay g ] JERITES) 101
SeN 851 Buipuadsag 80%'PY T Tt i 6E I JIIVED £6
504 jeasig wnIey g It i3aue) Ly
s0g {RUIXOId Buipuassy €LY (STIEY YL W Jaoue) ov
$Od ftatity} wnisay i} A0uely 6€
504 eisig prowsis 88E'08 TV | ¥8 1 L8 I daaue) 9¢
EEYY {BUINOId assoASURLL 5957 (60| ST 6T I J93ueD w
$0d {e1siQ wnioey S I JIUET 81
504 jewuixo.d r’inoe) LYP'8T [ TT | 6E | €7 1#f i83ue] L
s0d 1215 wney M 1aoue) z
$Od {€15ta prowdig 8T T | 9¢ ¥ i J82ue7y T
dap feuixQ.sd Binda) 85091 [T | T'E | L€ it iBiue] #8381
EEN jeisiq PIoWwsis £ T ST ¢ i Jooue) £81
$0d {eistd prowsis e i Jo0uel 8LT
dan e1sig 3anxayy suads S€ SZTISE ¥ i d33uE7 R ZA%
$Od {eisig plowsis Z6S¥YT 180 ¢ LS i igoue) 04T
SOd {eistg prowsdis ITLLTY | T8 | 66 (S¥T it Bicl ¥ =g} 91
Bon {BUINO4d Sutpusasy Zis i®0 7 iTel n Jsoue) ory
504 {PIIXO4d Buipuaosy 91 T v iy ] Jaue) BEL
504 {R1SK) wnay i Jeoued 6Z1
504 e1sig piowsig 90T0Y (L0 LT ¥S ) 4824e7 £ZT
$0d [21stg | {SON) prowsdisomay | zey'9t 1 L0 | 9% i TS i ouey 91
504 JEULXO .o FuIpuaisy 8¢L16 (81 96 16 1} 1328E7D 01T

w \.cEsw SHUN

ynsay Aessy | dnosg aus awnjon] pug | puz | 15y {o83s [AZojounaed | ar sjdwes

T3 E] aug

(p,uod) ¢ ‘i




US 12,049,671 B2

Sheet 46 of 59

Jul. 30, 2024

U.S. Patent

0 26 0 98 ) 0 0 0 8¢1 0 0 0 £07 7EG SBE 9z
0 5 0 9€T 5% 61 0 0 443 0 ) 0 387 125 06 £
0 0 0 05 £ 0 ) 0 z81 0 0 0 607 vES 8661 1z
0 0 91 £z ) 0 0 0 98¢ 0 0 0 o8 (65 85z 0z
0 0 0 £9 44 0 0 1 £9€ 0 0 0 8L 9¢9 155 61
0 0 0 £L1 w 0 0 0 88y 0 0 0 109 085 1761 st
0 1 0 e 11 0 0 0 vL 0 0 0 07 95 05 T
0 0 0 STST 13 0 o 0 5§ 0 0 0 657 333 1151 z
0 1 0 ovt 2 0 0 0 61 0 0 0 652 55 6252 11
£9 29 1 SLE Iy £ 0 0 81y 0 0 0 5£¢ 619 23 6
0 1 0 8/ z 0 ) 0 68 0 0 0 061 58Y 829 8

v/8V07 | ZS09T | OLOTL | 878099 | L7BLST | BSSEVY 0 TZSTT | 16466 | S9 | SE9/28 | 86216T | 86501 656 1521t £L1

€401 | GEZT | 7IST | séey | gf€ 0 9L7T | LSOE | vZ€r | 66LT | 6vvt | 8T | €69 6£9 S9ys0r| 991
ZI0S | EGEV | SLO6 | £I8EE | ¢SY® | S9VS | UpS6 | 9T6TL | 6156 | S6G0T | 859pT | 999 | Z9€ 199 L6V8E 85T
STBT | ¢SLT | €28V | $¢6v | ®E9r | Z0SZ | OS0€ | OIS | €v8¢ | 0S¢ | SUI® | 6TIZ | L1Z 009 6611 151
SLECTST| LEGISTT | YWESOLZ | ThpShvy |OPEVOOT | SOELSOT | ST6BYET |S96ETZL 07TECL S9OVBEL |S6SGOSY |1S6LS8T | CTEVY Vit LTIS6E | bt
SEVT | v98C | 95¢L | €129 | OCLE | 99iF | SSWE | Svi6 | vevb | 8689 | 6106 | vewe | 08/ 3L Sty 9£T
0 0 vy 051 iy 3 81 0 89 0 0 0 8v9 SOL 529 €L
L6VT | 665 006 o8/z | v | LE 968 780 | SI6T | Z[1Z | O18% | 858 | 6¥5 60L +19 811
0 TLV6T | 616L | £9896 | €€8L1 | OTLEL 0 YSYIZ | €S6€C | 98V | S865v | BECZT | 9LTL ovL 18991 £11
v9 | SSv16 3 v(556 | &1 0 0 SL €9 | O | €v6805| O | SLLS €8 17586 €01

689ST | LEVE | EVECE | OLWE | QL9VZ | CVILT | CELST | OZGOE | SvILZ | OCEvZ | GZ9SS | GZIEE | GI8 155 96 88

90€LE | 18VSZ | L€8LL | S968E | €297€ | wwiLZ | VELST | CCOL® | vOUVY | vSSZv | I6SE0T | 76065 | 684C 57 068271 6L
0 6 0 87¢ 1 0 0 LE1 | 6vZ | S61 0 5 | owe (v9 7092 L5

YOOGS | [yZOS | ibECy | aveee | 09 0 0 9021z | veiz | Ivi | %6894 | O | 69¢L 8z 56160 ar

STVIOT | 8ST90T | 9L/97S | 9T6L9E | £ZOEY | vZviTT | 86788 | 29990V {YpISOV| 6//797 | 8YI66E | SEEEST | SYOL (V6 196685 | €
0 0 0 0 3 0 0 0 5€1 0 0 0 67 543 we 1t

9LELTv | 6652V | TT1S9 | LLOTYOT | 1968V | CIZL8T | LIVBLE | S9TZL6 (LTSTPY| IVISIV |OB0G6ET | TT/CLE | £2€6 €201 6TTL8T 5z
0 7651 0 1261 v oty 19 659 | 497 | v8€ | Z901 0 iy 179 066 o1
0 6 v 917 L 0 58 95z | 6wl 0 0 £9 | 097 £V 078 )

0 vy 0€¢ 433 £y 0 0 {1 L1 0 0 0 £6€ ves 879 691

0 0 0 ov 61 i 0 0 859 0 0 0 116 /9 621T 191

0 0 0 3 e 0 0 0 v 0 0 0 09 599 8155y | 091
Aesse/spuess w/adl  suun

o faznigo [easiNz | s1adst | txua Jadoad fziawas | envr | T | aasHo Jrcoanzd eava faiov | passvu azam | veo |atsidwes

(p,u0d) € 'Ol




US 12,049,671 B2

Sheet 47 of 59

Jul. 30, 2024

U.S. Patent

goN /N v/N YN (YINTYIN VN /N {EWION 9z
gan V/N V/N VIN VNN YN YN jeUtion €2
Fan v/N v/N VN O IV/NIVY/N VN YIN | (euloN 14
goN v/N v/N YN Y/NLY/N VN Y/N | jeoN 0z
dan V/N ¥/N Y/IN  Y/NWN YN W/N {eULION 6T
SaN /N v/N /N /NN VN VN feuroN st
dan V/IN Y/N VIN  IV/NIY/N (VN YN jeutioN 41
3aN V/N Y/N Y/N  V/NOV/N YN VYN {eusIoN 1
SoN v/N v/N YN IW/NIY/N YN WIN | jeuioN It
EEIY V/N Y/N V/N |V/NIY/N VN | ¥/N | jewdoN 6
39N Y/N V/N Y/N Y/NOY/N YN W/N {BUION 8
sOd fexsia prowsis 0T | A JESTER) €1
504 fersig | {SON) prowsisoay | 985748 | LT L 9% | 8P | Al Joued 991
504 jexsiq wn3sy 8 Al 13ue) SST
$Od [e1siQ | {SON} Prowiso1sy € Y FELTER 1St
504 JeWXOLd Buipuaosy SEL € 198 L A Jaaue) YT
SOd je1siq w3y t A f20u87) 9§t
SO JEULIXOAd Buipuaosy 578 €18 {98 A JBoued YET
504 JEeUIXOId BEIRASUET | Al J3lued 81%
SCd 1e3siq uinyosy Al Aoue) €11
SOd 1e1s1Q tunioey A BChliize £01
504 {BUsIXO4d Buipusdsy £ Al 133uen 88
S04 {EURXOAd wnoagy STIVE [ GTI6E | S9 | Al JouBD 6L
504 feisig wnpey e Al JBue) LS
504 jesig wnioay 6 N JRue) oY
s$Cd .,mexo\i a4nxay dneds Al iaoued £
daN eisid wnioay 1 Al Jjgsued 1€
S04 feasiq prowsis Al 1ue) 14
$0d {EUIX0Ad wnoay 9LETET 9% TS | 9SS | Al 1Boued o1
504 {e1siq winiaey v Al Jaue) 9
FoN 12151 wingay lt faue) 691
doN 1e1siQ winyoay 9T | v0: 2 Z 1T FERES) 191
s04 {21819 wniay z i Jaaue) 091

XD lowinj SHUf

insoy Aessy | dnoig aug 2wnjoA fpug [ puz | 151 fo8es | ASojpyieq | ai sjduwes

1P AUS.

(p,uod) ¢ ‘i




US 12,049,671 B2

Sheet 48 of 59

Jul. 30, 2024

U.S. Patent

0 0 0 v a1 0 0 0 617 0 0 0 Iy 785 05 8L
0 0 £1 0 2 0 0 0 Syl 0 ) 0 697 555 589 7
0 z 0 1€l 91 0 ) 0 952 0 0 0 ws 565 SiT 9L
0 v 0 43 11 0 0 0 26 0 0 0 8£2 55 vi6 €L
6¢ 0 ¥ 8y 01 0 0 0 981 0 0 0 053 a9 851 69
0 0 0 £L1 9z 0 0 0 29t 0 0 0 669 579 5121 89
0 997 i) v v LT 0 0 9€g 0 s 0 | vott 8EL 6TL L9
0 0 0 5 vl 6 o 0 161 0 0 0 Lo vEL 0SC1 99
61€ 0 1 90 4 0 0 0 11’ 0 0 0 i £95 L8 59
0 1 23 69€ 7] 0 0 0 81 0 0 0 25y 989 06 v9
0 0 0 Z 12 0 ) 0 8l 0 0 0 1Z€ 209 155¢ £9
0 0 0 6.1 6 0 0 6 08¢ 0 0 0| it v9L 588 79
0 St ) 8z¢ 8 £ 0 0 92 0 0 0 106 998 899 19
0 v8 0 oy z 0 i 0 viT 0 0 0 oge 6£9 S9¢ 65
0 0 0 0z £€ 0 0 0 £97 0 0 0 415 85 9£71 95
0 <1 0 1T L 0 0 0 51 0 0 0 85 465 06L 55
0 i1 0 L5 [ 0 0 0 191 0 0 0 205 649 S5 vs
0 0 0 0 o1 0 0 Sv | (ST 0 0 0 £9¢ 019 w8 €5
0 0 0 6¢ 4 0 0 0 66 0 0 0 15 SpL 65y 15
0 0 0 96 811 0 0 vy | 809 0 0 0 9e8 308 129 05
0 0 €1 161 95 S 0 0 544 0 0 0 8Ty $19 01T 6
0 0 89 ‘ v 0 0 0 oL 0 0 0 781 0€5 879 st
1z 0 0 0 g 16 0 0 791 0 0 0 £05 vzl 646 v
0 9 0 0 0 0 0 0 2t 0 0 0 0£7 759 0661 w
0 0 L z€ ot 0 0 0 201 0 0£Z 0 vEY 285 54 8¢
144 665 | OIEL | 69691 | €25 151 0 ot |wbsy | O 0 0 | e £96 156 £
0 0 5 9 1 0 0 0 iz 0 0 0 997 €45 661 St
0 I 16 6€5 01 0 ) 9 | 071 0 0 0 8€S 109 Ty 3
0 0 0 145 95 0 0 0 8v7 0 0 0 €57 819 vivs €€
0 A 0 8L1 st 0 0 0 £L1 0 0 0 1€ 055 TiL 73
0 0 8z 6 1€ 0 0 0 662 0 0 0 908 9L 1941 0g
0 0 0 0 87 011 0 0 69 0 0 0 081 zes Tect 8z
0 14 0 4 12 0 0 0 821 0 0 0 avz 0gs 098 1z
Aesse/spuess w/adl  suun
o faznigo [easiNz | s1adst | txua Jadoad fziawas | envr | T | aasHo Jrcoanzd eava faiov | passvu azam | veo |atsidwes

(p,u0d) € 'Ol




US 12,049,671 B2

Sheet 49 of 59

Jul. 30, 2024

U.S. Patent

goN /N v/N YN (YINTYIN VN /N {EWION 8L
gan V/N V/N VIN VNN YN YN jeUtion LL
gaN V/N V/N VIN |V/N L VINV/N| VN {euwsoN 9L
goN v/N v/N /N Y/NLY/IN VN /N {EWION €L
dan V/N ¥/N Y/IN  Y/NWN YN W/N {eULION 69
EETY V/N v/N YN IW/NTY/N VNG| YN | jeuioN 89
S04 V/IN Y/N VIN  IV/NIY/N VN YN jeutioN L9
3aN V/N Y/N Y/N  V/NOV/N YN VYN {eusIoN 99
504 /N v/N YN YINLY/N YN W/N {euoN 59
EEIY V/N Y/N V/N |V/NIY/N VN | ¥/N | jewdoN v9
504 Y/N V/N Y/N Y/NOY/N YN W/N {BUION €9
EEIY v/N v/N YN Y/INTY/N | Y/N | /N {eusoN FZ)
dapn Y/N v/N VIN  |V/NY/N VYN YN feusoN 19
BaN V/N v/N V/N O [V/NIY/N VYN W/N | jewioN 6%
SN v/N v/N YN Y/NIY/NV/N| Y/N | feulioN 9s
EEIN V/N /N Y/N  Y/NLVY/N YN VYN {euoN 3
aN /N v/N ¥/N  |Y/NIVY/NY/IN | VN {eutoN ¥s
daN v/N v/N YN (Y/NLY/NY/N | YN jewIoN €5
EEIY V/N V/N Y/N OV/N VYN Y/N| YN | jeudon 18
FoN /N v/N VIN  IV/NLY/N VN | WIN {eutionN 0s
doN V/N v/N V/N JV/NLY/N G YN W/N | ewdon &Y
EEIY V/N V/N Y/N Y/NY/N YN | YN | jeudon Sy
N /N v/N YN |V/NIY/N VN VN {euLioN w
don V/N v/N V/N  IV/NY/N YN Y/N fRUION 157
S04 V/N VN Y/N |V/NIV/N | Y/N| YN feWION 8¢
$0d v/N v/N VN Y/NIY/N VN YN | [RuioN 23
dapn V/IN VN VN O |V/NIV/N YN YN feutlon g€
BN v/N v/N Y/N (V/N V/NV/N| V/N feuiionN e
$0d v/N v/N YIN (YN LY/N VN YN {EUWION £€
EEIY V/N YN Y/N |V/NIV/N YN YN feuson €
FoN V/N v/N V/N  V/N L V/INVY/N| VN {eusioN 0¢
doN /N /N /N Y/NIY/N Y/N | /N {EWION 82
dan V/N VN ¥/N  |V/NIV/N YN VN jeUION £z

XD lowinj SHUf

1nsoy Aessy | dnoip aus swnjoA fpag | pug { 3t fo5ers JASojoyieq | qi siduwes

1P AUS.

(p,uod) ¢ ‘i




US 12,049,671 B2

Sheet 50 of 59

Jul. 30, 2024

U.S. Patent

0 81 8 oL 1 0 0 0 881 0 0 0 959 €8/ 05% 0s1
0 08 0 vET oV 52 0 g€ | [ 0 ) 0 | It 269 76 6v1
0 0 0 1 g vz 0 0 LET 0 0 0 €15 LS 0L i
0 1 0 9z £z 0 0 0 sze 0 0 0 699 61L 959 oyt
71 157 0% 587 S 0 0 o oeet | o 0 0 906 sy £v1
0 0 0 i vz 0 0 0 333 0 0 0 728 859 z0t1 i
0 6 £y 161 L5 0 0 0 €8y 0 0 0 65 /88 7e9 LET
0 iy ) 8vE 5 0 o 0 544 0 0 0 5 £18 61C €T
0 1T £ ¥4 0 0 0 0 S0C 0 0 0 0z iy 6EZT szt
0 9 0 (1 b1 0 0 z 8y 0 0 0 08¢ 815 £65 veT
0 0 z 72 T Ly ) 0 9v1 0 0 0 66€ LIS 9511 343
0 5 0 62y 85 88 0 v | 6v0T | 0 1 0 049 6EL 6v9 543
0 0 ) 33 0 0 0 0 29 0 0 0 711 68 8v6 611
i) 0 11 S T 0 ) 6 LL 0 0 0 £VE 785 985 {1t
0 1 0 3 g 0 0 0 ¥91 0 0 0 £08 065 208 911
0 65 0 97 g 0 0 0 VvEE 0 0 0 90 679 (112 i
0 0 0 98 0 0 0 0 767 0 0 0 185 09 i 60T
0 8z 0 0 i 0 0 0 L 0 0 0 611 STS V082 201
L £ 0 15 T 0 0 0 68 0 0 0 767 665 £76 01
0 0 0 0 1 0 0 0 051 0 0 0 53¢ ¥85 £vL 00t
0 9 0 69 0 0 0 0 15 0 0 0 iz £25 GELT 66
0 0 9z 24 z 0 0 0 6E1 0 0 0 (443 159 2002 86
0 33 0 4 L 0 0 8 29 0 0 0 902 vs £v6 56
0 0 0 8.1 L 0 0 0 S81 0 0 0 6vE 985 619 6
0 8z 0 0 g 0 0 1 g6t 0 0 0 9/1 11§ e 16
0 v 0 0 iy 91 0 0 LLT 0 0 0 049 £59 9511 69
0 vz 0 181 v I 0 0 067 0 0 0 W5 £95 078 98
0 3 0 651 g 9 ) g 52 0 0 0 12l 8vs 667 58
0 1 0 0L 5z 61 0 0 0vS ‘ 0 0 096 S08 vy 8
0 7T 23 6LL1 z B 0 0 £5L 0 0 0 £(8 904 568 €8
0 v 0 8¢ 91 0 0 0 o1€ 0 8687 0 76 89 9TE] 8
0 0 0 19 vl 0 0 0 58 0 0 0 60E 985 709 18
0 60T 0 99 1 z 0 0 507 0 0 0 Sor vES 5871 08
Aesse/spuess w/adl  suun
o faznigo [easiNz | s1adst | txua Jadoad fziawas | envr | T | aasHo Jrcoanzd eava faiov | passvu azam | veo |atsidwes

(p,u0d) € 'Ol




US 12,049,671 B2

Sheet 51 of 59

Jul. 30, 2024

U.S. Patent

goN /N v/N YN (YINTYIN VN /N {EWION 0st
gan V/N V/N VIN VNN YN YN jeUtion 6%T
Fan v/N v/N VIN (V/NLVIN YN | YN | jeuwsopn LT
goN v/N v/N /N Y/NLY/IN VN /N {EWION 9p1
dan V/N ¥/N Y/IN  Y/NWN YN W/N {eULION 34
SaN /N v/N /N /NN VN VN feuroN ji%1
dan V/N v/N V/IN |V/NIY/N VN ¥/N | jewoN LET
3aN V/N Y/N Y/N  V/NOV/N YN VYN {eusIoN o€t
SoN /N v/N YN YINLY/NIY/N | W/N {euoN st
EEIY V/N Y/N V/IN |V/NLY/N YN YN jeuIoN 743
39N Y/N V/N Y/N Y/NOY/N YN W/N {BUION €71
EEIY v/N v/N YN Y/INTY/N | Y/N | /N {eusoN j¥4
dapn Y/N v/N VIN  |V/NY/N VYN YN feusoN 61T
BaN V/N v/N V/N O [V/NIY/N VYN W/N | jewioN L1T
SN v/N v/N YN Y/NIY/NV/N| Y/N | feulioN 91t
EEIN V/N /N Y/N  Y/NLVY/N YN VYN {euoN rA4)
EEIY v/N v/N V/IN (YNNG VNG| W/N | fRulioN 60%
daN v/N v/N YN (Y/NLY/NY/N | YN jelIoN 801
EEIY V/N V/N Y/N OV/N VYN Y/N| YN | jeudon SOT
FoN /N v/N VIN  IV/NLY/N VN | WIN {eutionN 001
doN V/N v/N V/N JV/NLY/N G YN W/N | ewdon 66
BaN V/N V/N Y/N YN VN Y/N| YN fewsoN 86
N /N v/N YN |V/NIY/N VN VN {euLioN $6
don V/N v/N V/N  IV/NY/N YN Y/N fRUION 6
3N V/N Y/N Y/N V/NVY/N YN | YN {eUION 16
EETN v/N /N YN Y/NLY/N VN W/N {EWION 68
dapn V/IN VN VN O |V/NIV/N YN YN feutlon 98
BN v/N v/N Y/N (V/N V/NV/N| V/N feuiionN 58
SeN v/N v/N YN [Y/NLY/N VN YN {EUWION va
EEIY V/N YN Y/N |V/NIV/N YN YN feuson €8
$0d v/N v/N V/N O (V/NIVY/N YN Y/N | [ewioN 8
doN /N /N /N Y/NIY/N Y/N | /N {EWION 18
dan V/N VN ¥/N  |V/NIV/N YN VN jeUION 08

XD lowinj SHUf

1nsoy Aessy | dnoip aus swnjoA fpag | pug { 3t fo5ers JASojoyieq | qi siduwes

1P AUS.

(p,uod) ¢ ‘i




US 12,049,671 B2

Sheet 52 of 59

Jul. 30, 2024

U.S. Patent

9t Q ¢] %523 £ 0 0 0 {87 0 0 0 G8el 4% e9 88T
0 08 0 sy 9 [4 0 0 787 0 0 0 654 S8L ove £8T
0 0 [4? L6 1 0 0 S 06 0 ¢] 0 L8E L9 (444 98T
0 L1 0 SL S 0 0 114 €6 0 0 0 Ti6 €99 8GL S8T
0 (44 0 ST T 0 0 0 LTT 0 0 0 1€ 599 €88 [4:13
0 [44 0 0L € 0 0 811 687 0 0 0 JAZA* 0ZL 96¢C 08t
0 ¢] 0 8 8 0 0 0 €ET 0 0 0 186 984 6€9 9Lt
0 0¢ 0 0 8 0 0 0 LiT 0 0 0 8¢t S 09¢ 1 T4
0 [43 0 0 4 St 0 0 112 0 0 0 ?9€ LS 6511 (1A}
0 16 81 133 € 0 0 1€ S0t 0 or 0 807 19 [443 891
0 9t 0 91 € Sy 0 514 ovt 0 0 0 869 689 5174 S9T
0 6 4] 943 € 0 0 0 (441 0 0 0 918 519 9511 91
0 L9 0 67¢ 1 0 0 0 €91 0 0 0 ¥SS 8LS 9 €91
0 0 0 (454 L 4] 0 0 [4:74 0 0 0 626 989 Tovi 9t
0 1548 5 vl 18 0 0 ST 89 0 0 0 [44°) 919 £14 JA4
0 0 0 (414 €C 0 0 ¢ 001 0 0 0 SiE 8L 896 98T
vt 0 8 (33 91 0 0 § 88¢ 0 0 Q S£6 9¢9 veet st
0 (444 91 986 [X41 ST 0 0 S67 0 0 0 £V9 0EL 0097 £ST
0 [4 €67 87ST £v6 1 0 144 6641 0 0 0 9011 SL6 1487 Zst
Aesse/spuess w/3d Spun
Do |azniuo |89siNZ | STADSL | TXLG | Gi9ad | ZA8INES | AV | T1Td | 2iSHD [T294NZ] EAVA | 910V | tissvy 4zim | vap | ateidues
(p,u0d) € "OI4




US 12,049,671 B2

Sheet 53 of 59

Jul. 30, 2024

U.S. Patent

daN V/N V/N V/N |V¥/N|¥/N |Y/N| ¥/N jewoN 881
8N V/N v/N V/N |V/N|V/N |V/N| ¥/N JeULION 48T
3aN V/N v/N V/N |V/N|V/N|VY/N| ¥/N {ewioN 981
8aN Y/N v/N Y/N |¥/N|VY/N|V/N| ¥/N {elWIoON $81
gaN Y/N v/N Y/N O |Y/N|VY/N VYN | ¥N {ewioN Z81
daN V/N V/N Y/N |V/N|V¥/N|V/N| ¥/N feutioN 08t
3aN v/N V/N V/N |V/N|¥/N |VY/N| V/N jewoN T4}
daN V/N V/N V/N |V/N|V/N |¥/N| Y/N jeutioN SLT
BaN /N v/N Y/N |V/N|V/N |VY/N| ¥/N {eutioN (44
8aN v/N v/N Y/N |V/N|V/N|VY/N| V/N {EWION 891
EETN v/N V/N Y/N |¥/N|VY/N|V/N| ¥/N {EUWON 491
daN Y/N Y/N V/N |V/N|V/N | Y/N| V/N jelIoN ot
daN V/N V/N V/N |V/N|V/N |Y/N| V/N jeurioN €91
daN v/N /N V/IN |¥/N|Y/N|Y/N| ¥/N jeutioN 791
8N V/N v/N V/N |V/N|V/N |V/N| ¥/N JeULION 45T
3aN V/N v/N V/N |V/N|V/N|VY/N| ¥/N {ewioN 961
8aN v/N v/N v/N |V/N|V/N|VY/N| Y/N {ewioN vST
FaN /N ¥/N Y/N |V/N|V/N|V/N| V/N jEuION £ST
sod V/N V/N V/N |V/N|V/N|VY/N| ¥/N feutioN st

[170] Jowny SHUN

unsay Aessy | dnoig aus awnjoA L psg | puz | 151 |28eis |ASojoyaed | at ajduies

1311 8] aUg

(p,u0d) € "O14




US 12,049,671 B2

Sheet 54 of 59

Jul. 30, 2024

U.S. Patent

san Ban EEI) Han RN 3an fan EEIY) Son 3an Han EEY on EEN PEITES) €81
s0d Fopn dan e EEY) EENY San Fon S04 Hopn ESY B EEN S04 Jsuel 223
daN SoN Fon Fon Son dan EE Fon EEY Ban Bap EEY San Jon ey LT
s0d EEY Ban Ban EE) EE] BoN EE EE Fan oN $0d EE Jan Jasue) [1744
sod $0d Son San Ban on EEN EEIY EEN San EEY] EEIY] EEN EEIY Buey 91
HoN fon BaN Fan Ban Hon Ban FoN Fan Hap Bapn San Fan Japn Jadued ot
sag Jon Son 50d sad $ugd 50d s0g Son Bon S04 Son gon Bop e BEY
504 Jan S04 AoN dan o SOd Hon 50d 504 Hon S04 504 504 J@oue) 6Z1
04 EEIY] Ban $0d $0d San S04 Ban $0d Fan Hon San $04d on J423ueD F249
sod Fon Fan S04 Fon Aop San Fan Hon Hon ZaN FoN S0d San JRoue] 9zt
$0d Hon S04 San 504 8on Ban S04 $Qd $0g¢ San 504 $0d 504 FEhitce) 011
564 Fan Fon dapn Fon Fon EEIN Bon Jan Ban Fop Aan 5G4 Han Jaaue) 303
S04 San dan Bapn S04 S04 Fon Ban San 3an don Hapn San Ban J2auey H01
504 Fan an Bon Fon dan 3oN Jan 50¢ o BN Ban 50¢ dan Jaoue) 96
Hon Hon BaN Fan Ban Fon Bapn FoN Ban Bon Ban Son Bon JaN FLEce) 8
5G4 3on Fon 504 Son Jon 504 Fon JoN Ban EEN Fon Fon Fan a3due) 174
S04 504 Ban EY Fon Fan $Od Ban FaN Jan oy 80 San Bapn A30uBD L
Fon Fan San Joan Fon FoN Fon Jon Bon Bon San San Fon BaN JADUET 8y
$0d Hon FoN Fon Fan Hap Aan SOd Han Hon 3aN FoN Hapn BN 135100 by
5G4 S04 Font 504 504 Son EEN Fon G4 504 Ban San S04 gon 32080 vz
Fon BaN Hon Fan Fan FoN Fan Hon Fan 3on Fop FoN BoN BEN JB0UED IS
S04 Ban Ban on SoN San SN Bap Son 504 Son San S04 Jon J20ue) 91
504 $0d R Bon on dan don $0d don Bapn 3aN Ban don don Jasue) £3
sad Hon S0g San 3an Ban Ban SOg $0d $04 San 504 sod San 133UR7) €
JaN Son don don o 3oN Jon Fon San Son dop N SN Hon Praltice! 643
SOd Ban Jan Han S04 Fapn gaN Ban gaN Aan Hon Jan San Ban aaaue) LT
S0¢ Fan San Jan Jon Fon 504 Jan Son EEN San Ban FoN dan JADUEY 85T
Fon SN Ban San apn on Bon Ban Ban HaN Ban Jan Fon BN 1due) [424
San Son Son Bon dan JaN JaN Fon FoN Jon EEN Ban San Son 132uR) GET
Fon Bapy Ban Fang FaN Fon Fan Ban FaN Ban Say B Fon Han as0ueD ££T
Fan Bap dany Jon Fopn e o day o an Jon Bon Fan Ban Jasuey f:749
$0d S$0d :EN 3an Hapn Hap Aon 8an Hon Ban 3aN Ban Han Ban 1201407 et
Ban Fon Fon Bapg Jan Ban Ban Fon BanN Jon Bap EETY Bon Fon 133uE) Y43
FoN 3an Fon Fopn Jan FoN Fan Hon BoN San Hop Fon FoN EEN Jsaue) 03
San Japn dapn Han SoN Fapn gaN Ban San Aan Hon Jon San Han Jaaue) 6
an Fan Jony Ban dan Han Fan Fon Han EEIN Ban Bon Han dan J23URT 06
Sad SO SOd 504 504 o sad o sad SOg ap s04 sad S04 133ue] Sé
sad Son BN Ban SaN Bon San Fon Ban 504 Hap Ban Jon EE a3aue) 7L
504 Bay BoN o FoN Bon $0g ERY $0d Ban o Bon BN Son asaue) 0L
FoN Fan dan Bon Hon Fon Fon Jan FoN EEN Ban Bon FoN 3N JaoURD 09
HoN Han Bon 8an Bon Bon Bon Ban HoN HaN Ban San BoN Ban 12due) 8s
Fan Jon FoN Fapn aan Fan FaN Fon Jan JoN EE] Fan Fan Fon A32ueYy 5%
Fan Ban Hapn Han N Fan EEN Fon gan Ban Hap Hop Fan 8oy A30ue) 6z
Jan dapn Bon Jan EEIN Bon Fon Jan San BanN SoN Ban Jon Son 434D S
$0d mu.z gan 3an Aon Hapn BoN San Han Ban 3aN 504 Haw 3aN Januen v

ANYBA LOIND %G/ 6 < NS ARSSE IBNILUS IBRPIAIPY S3UN

ynsoy Aessy | VORZ<VID FTTZRII0 | Z52<QTNINS f16<89S3INZ | SS82 € SIAdSL JSZI<IXIQJITI<0490d] 8<TLBNIS JTZT<ENYS _ocw.nAn:n. 8<Z1SHI JOST<TZ94NZ] 3<EAYA FA3ot0ieg | qi sjdwes
jgidig
¥ 'Did




US 12,049,671 B2

Sheet 55 of 59

Jul. 30, 2024

U.S. Patent

$0d SOd $0g sS04 sad 504 SOgd EEN) SOd 504 sag $043 $04 S04 iauel 491
sog 504 s0d sod S04 SO s0d s04 504 $Od 504 SO S04 504 493ED SST
S0d EEN] 5G4 5G4 504 $0g 504 S04 SGd $04 sod sod S04 503 saouen 15t
s0g 504 504 504 SGd 504 504 E) stq s0d 504 504 503 504 PERTITY 4
s04 BaN 504 504 $0d $04 SGg s0d SGd S04 504 sog 504 $0g asduey 9¢%
304 o Fap San danN Fan Fan 8an sog fan o fan an o Ja3uBD T
504 Bay pleXt} s04d $0d Bow Sat $0d sad So¢t sug SOd 504 s 430U 811
<0d sod SanN 504 sed 504 snd 304 gan S04 sod sog Sod 504 ipoued £1T
s04 s0d EETY) sod N S04 doN -ETY Ao LEN SGd Fon 504 LEY ASED €01
50d EE] 5G4 5G4 504 s04 s0d <0d SGd $0g $0¢ s0d S04 508 e 18
s0g 504 504 504 504 504 504 504 sod S0d 504 504 504 504 FEROCS) 614
504 sad Ban Ban EE) BaN San EEY] EEI sog EEY) sog EEY $0g¢ aasuen L5
$04d S04 sog sog s0d 504 EEY] Ban EEY] 504 sad 504 sod EEY] J23uey 32
504 504 sad sad sog S04 sod $04 s0d s0d S04 S04 504 sag R0ED ot
Hon goN Fon San Ban San Ban Hon SN 3an EEN) Bap Son ERTY) Jaouel 1€
504 504 sad sod $0d SOd sod s04 sed s0d S04 S04 503 s0d 190U8Y 52
SOd SoN EE S04 EENY) Ban EEN 50¢ SOd s04 EEN 504 SO EE ipaues 03
50¢ gon e Bon San F-EI Hon San 304 504 Fan Bon Bon S0d asue) ]
Fany Jon Jon Fon Ban 3an FaN Jopn San Ban Jan Ben Fap Ban iB8sue) 334
Ban FoN EEY] EEY] Bap san San Ban EEY] EE Ban Ban Son EEIN] Jasued 191
504 s0d an 5T FoN FEEY, #an Jon EEY EEY PN Hon Ban 5T aadueD 091
How PN E:EY] Ban 3an 8an 3aN Han 8an 3an 3an 3an Hap 3aN inoues 653
3an EEN) Hon Hon T gaN gon N doN Hapn HonN Fan on HoN 133UED sYT
¥ Fan daN 88N S0d 3an 88N don Han 3an Hon Ban Fopn BaN JERICS] =)
504 50¢ dan fan Ban Bapy don San FoN Fan Ban Ban 304 o aaue) ST
504 SGd 504 564 $0d sog S04 504 5Gd 504 EEY] sog sod s0g azouery F733
$0g 504 EEIN] R s0d Bapn EEY] 5G¢ Sog San Ban 8an o EEY FEEDLN] 1€T
Ban EE Son on EE] SN Y EEIVY Ban Son EEIY] BN EEIY] Son raoueny SIT
SO¢ 504 San Fapn Ban Ban Ban EEE EEY 3an Ban EE Hop EEN] Jo3uR] ¥t
504 BN elekt} Hon S04 Bon $0d $0g - $O¢f Ban SO 504 sSog Frhiitel 131
SO FoN 504 S04 sad 3aN sng 304 $0d S04 EEY] sod S04 s0g ipoue] 01
504 EEY Aon Fon Fan e goN ETY 504 EY dan SO gon FoN A5IUED 101
Ban don Jan San EEY BN San EEIY dan N EEY) EEY] EETY] gaN Jaouen €6
$O¢ FonN 504 504 s0d Ban 504 s0g¢ 504 504 daN 504 sag 504 FERIVES] Ly
504 $a4d $0d $od S04 Han Han BoN 504 $Od JoN $0d 504 don a20UED ot
SO S04 S04 S04 504 504 S04 sQgd S04 504 sod sod S0 S04 JaIue] &€
504 s0d Hap Han Son e Hon N sod EE EEN o EENY] Hon a|ne) 9
Han San JoN SaN Aon 3an R EEY N Ban Aon Ban Fon BaN JEE 7z
$04 Jan $0d $0d $Gd S04 don 504 Bon dap SGd o BN FoN ABIUED 81
504 5G4 Fan dan Fon Ban FoN EE] SaN Ban EEY] 3on Bapn Ban assuen Z
S04 s0g EE) EEN] dan EEY EE EEIN S04 EET dan Ban dan EE Jaue] z
S04 Ban S sad San SN sod EEY] Ban B Son fon 504 Fon daoue) T
Han FoN San Fapn Ban BanN Ban = EEY 3an EE EEN Hon Bon Joaue] 81

BRBA L0IND UL K < 3N5S1 ARSSE Janiew [enpInby SN

ynsay Aessy § POSTVYID f TLTNO J CST<OTNIIS JT6<BISINZ | S58C T STAMSL JSTI<INIO[ITT<Q3D0d] 8<Z1GINAS JTTI<EWVT|D0BI<TI4§ 8<ZiSHD —OmﬁAﬁbmzN B<EAVA [ ABojouned | i ajdwes
1B
{p,u02d} ¥ 'Ol




US 12,049,671 B2

Sheet 56 of 59

Jul. 30, 2024

U.S. Patent

S 1

F<TLSHD —omﬁAﬁEzN

Hon Ban BN Ban EEN) dan EEY EEN) San 3an Aon Ban EEY] EEI {ELLION -74
oy ) Hapn Han Hap Han Hon BN 3on Hapn Han :ETY Sepn Hapn {RUSION €4
Fopg Fan Fan FoN Bon Ban 3aN #on FaN 3oN Hon 3an Hopy daN jeiioN 69
Bon Son FoN on on EEN Fon San FoN EEY Son Fap Ban BETY) {ULION 89
504 BN dan Fan FoN BaN Fan $0d dan Ban Fon Bon 504 dan JelIoN £9
Bon o Fap San danN Fan Fan 8an SoN fan o fan an Fapn {eunIoN 99
504 Bay 504 Fan Ban Bow Fan FaN Fan fan Ban fon 33N oy 1RUIION (Y]
Fan Fon 3aN EEY EEY Ban Ban HoN dany EEIY] EEY Ban Hapn Jan Y 9
s04 s0d Hon FoN N EEIN doN -ETY Ao LEN dan Fon FEY Hon {RUIIGN €3
Fapy FanN Fon Bon Ban Ban 39N Han Fan Ban Fon Ban Fop 82 jBULoN Z9
o fFon o goN 8oy EETY Fop Ban Fon Ban on Fan Ban San {BUIION 19
Sap EEM Ban Ban EE) BaN San EEY] EEI an EEY) Ron EEY San JRULION 65
Ban Fon Bapy Ban Bopg Ban EEY] Ban EEY] EE Bon Ban o Ban eI g5
EEY gan Ban Han San FEY) don BoN Zan don BN Hon San o {eULION sq
Hon goN Fon San Ban San Ban Hon SN 3an EEN) Bap Son FoN jeLLIoN s
San: Han Hon Hapn San Hon Hon AN AN Han 8o Hon 3an Hapy {eLUIOoN €5
Fang SoN Ban BaN EENY) Ban EEN EEY) o Ban EEN EEY) Fan SN jELLoN 15
Bon gon Hapn Bon San F-EI Hon San BN Ban Fan Bon Bon Hon {RULIOH [+1
Fany Jon Jon Fon Ban 3an FaN dan San Ban Jan Ben Fap dan {RLON (3]
Han Fon Ban Fan Bapn Ban Fan Fan SoN San Ban EE) Jan Fon 1RULION (3]
Ban: EEN an 5T FoN FEEY, #an JaN EEY EEY PN Hon Ban Sap 1RUIION o
How PN E:EY] Ban 3an 8an 3aN Han 8an 3an 3an 3an Hap 3N jfetIoN 1t
504 EEN) EN) Hon T gaN gon EEYN doN Hapn EEIN Han S04 Hon {RWION 8t
SOd Fan gan S04 504 $04 504 S04 Han 3an S04 Ban Fopn SaN jeusoN L€
Bon fan dan fan Ban Bapy don San FoN Fan Ban Ban BaN BaN {BULION (33
Ban dan Fan Fon Fon BoN Fan Hapn Fan BN Fan Bon EETY gon {RLION 123
s0d 504 Say R RN Bapn EEY] EE San Ban San 8an EEY] EEY {euLIoN £g
Ban EE Son on EE] SN Y BoN Ban Son EEIY] BN EEIY] EE 1RUIIDN 2f
Hon FoN San Fapn Ban Ban Ban EEN EEY 3an Ban EE Hop gan {RULION 0f
Bay BN & Hon Ban Bon on Jon - Bon Ban Bon Ban Ban {eULION 14
Fan FoN 3oN 8aN doN San BanN Hon gan 8an Bon JaN Hon SN {ELION {7
3o EEY Aon Fon Fan e goN ETY Aon EY dan Fapn gon Aon {RUSICN 97
Ban don Jan San EEY BN San EEY dan N EEY) EEY] EETY] J:EIN JRULION €7
Son FonN Bon Ban dan Ban EEIY Ban SaN 3anN daN Ban Bon San {EULION 17
Ban danN Ban Han JoN Hon Hon BoN Ban Hon JoN Bon Jan don {RULION [sY4
Hon Ban BN EEIY] EEN EE] Bon BaN Ban 8an Bon Bay Bon EEIY] feLIoN 61
San EEN Hap Han gon Hon Hon EETY doN EE EEIY] FE EEY] Han 12LUION [}
Han San doN 3oN Aon 3an R EEN] N Ban Aon Ban Fon SN jeLLoN 1
3an Jan Hon Fon FaN Hapn don -ET Bon dap FaN o BN Hop (RUION VA
Fan SoN Fan dan Fon Ban FoN Bon EEN Ban EEY] 3on Bapn I TELION 11
Ban EE] EEY] EEN] dan EET EE] EE EESS) EEN] Ban EEN EEY] EE] {ELLIION 6
Ban Ban San gan San f:E) Fan EETY] gan N Son e EETY N JRULION 8
SO¢ S04 S04 504 504 504 s04 sad Son 504 $0d 504 $0¢ 504 J9uRy €41
BRBA L0IND UL K < 3N5S1 ARSSE Janiew [enpInby SN
ynsay Aessy | POSTVYID § TLTNO §TST<OTNIIS JT6<BISINZ | S58C T STAdSL J8TI<IXIO[ITT<Q3D0d] 8<Z19INAS JZTI<EWVT00BI<TI4 B<EAVA [ ABojouned | i ajdwes

{p,u02) ¥ 'Ol4




US 12,049,671 B2

Sheet 57 of 59

Jul. 30, 2024

U.S. Patent

S 1

F<TLSHD —omﬁAﬁEzN

Hon Ban BN Ban EEN) dan EEY EEIN) San 3an Aon Ban EEY] EEIY {ELLION 91
oy ) Hapn Han Hap Han Hon FoN 3on Hapn Han :ETY Sepn Hapn {RUSION €91
Fopg Fan Fan FoN Bon Ban 3aN #on FaN 3oN Hon 3an Hopy EETYS jeiioN 291
Bon Son FoN on on EEN Fon Sapn FoN EEY Son Fap Ban Ban {ULION 51
Fan BN BN Fan FoN BaN Fan dapn dan Ban Fon BoN Ban San JelIoN 144
Bon o Fap San danN Fan Fan Ban SoN fan o fan an ECIM] {eunIoN 51
3an Bay Ban Fan Ban Bow Fan N Fan fan Ban fon 33N Ban 1RUIION €91
S04 Fon 3aN EEY 504 Ban sS04 HoN dany EEIY] EEY Ban Hapn 3aN Y F213
3an Y Hon FoN N EEIN doN N Ao LEN dan Fon FEY EE {RUIIGN 0sT
Fapy FanN Fon Bon Ban Ban 39N Hopn Fan Ban Fon Ban Fop 32 jBULoN 601
Jon Son FoN Fon 8oy EETY Fop Boapn Fon Ban on Fan Ban Fan {BUIION ¥4
Sap EEM Ban Ban EE) BaN San EEIY] EEI an EEY) Ron EEY SN JRULION Sb1
Ban Fon Bapy Ban Bopg Ban EEY] Ban EEY] EE Bon Ban o EETY eI €T
EEY gan Ban Han San FEY) don Ban Zan don BN Hon San don {eULION ™l
Hon goN Fon San Ban San Ban Hon SN 3an EEN) Bap Son Bapn jeLLIoN LET
San: Han Hon Hapn San Hon Hon N AN Han 8o Hon 3an Hap {eLUIOoN 0£Y
Fang SoN Ban BaN EENY) Ban EEN EE) o Ban EEN EEY) Fan 39N jELLoN £21
Bon gon Hapn Bon San F-EI Hon Son BN Ban Fan Bon Bon Fapn {RULIOH $ZT
Fan Ban Ban Qan Fon B3oN San Fon an Ban Fon BoN Hap Ban {RLON £28
Han Fon Ban Fan Bapn Ban Fan ST SoN San Ban EE) Jan Jan 1RULION 12t
Ban: EEN an 5T FoN FEEY, #an Jon EEY EEY PN Hon Ban ST 1RUIION 611
How PN E:EY] Ban 3an 8an 3aN Han 8an 3an 3an 3an Hap 3aN jfetIoN L1t
3an EEN) Hon Hon T gaN gon N doN Hapn HonN Fan on e {RUIION 911
Fapg Fan daN 88N Aon 3an 88N don Han 3an Hon Ban Fopn BaN jeusoN F443
Bon Ban Han dan Jan Fan Fan SN 3an Fapg FoN Fap Ban Fapn {RULION 601
Ban dan Fan Fon Fon BoN Fan o Fan BN Fan Bon EETY Bon {RLION 801
Bop EE Say R RN Bapn EEY] danN San Ban San 8an EEY] EETY {euLIoN 01
Ban EE Son on EE] SN Y EEIVY Ban Son EEIY] BN EEIY] Son 1RUIIDN 00t
Hon FoN San Fapn Ban Ban Ban EEE EEY 3an Ban EE Hop Ban {RULION 66
Bay BN & Hon Ban Bon on dan - Bon Ban Bon Ban San {eULION 36
Fan FoN 3oN 8aN doN San BanN Hon gan 8an Bon JaN Hon 3aN {ELION g6
3o EEY Aon Fon Fan e goN EETY Aon EY dan Fapn gon E {RUSICN 26
Ban don Jan San EEY BN San EEIY dan N EEY) EEY] EETY] SaN JRULION 16
Son FonN Bon Ban dan Ban EEIY Bon SaN 3anN daN Ban Bon Fopn {EULION 68
Ban danN Ban Han JoN Hon Hon Bapn Ban Hon JoN Bon Jan don {RULION 98
Hon Ban BN EEIY] EEN EE] Bon Ban Ban 8an Bon Bay Bon EEIY feLIoN &8
San EEN Hap Han gon Hon Hon BN doN EE EEIY] FE EEY] Hon 12LUION v8
Han San doN 3oN Aon 3an R EEY N Ban Aon Ban Fon BaN jeLLoN £8
$04 Jan Hon Fon FaN Hapn don -ET Bon dap FaN o 504 N (RUION 8
Fan SoN Fan dan Fon Ban FoN EE] SaN Ban EEY] 3on Bapn Ban TELION 18
Ban EE] EEY] EEN] dan EET EE] EEY EESS) EEN] Ban EEN EEY] EET {ELLIION 08
Ban Ban San gan San f:E) Fan FoN gan N Son e EETY FEIY JRULION 84
Han FoN San Fapn Ban BanN Ban = EEY 3an EE EEN Hon Ban {eLLION LL
BRBA L0IND UL K < 3N5S1 ARSSE Janiew [enpInby SN
ynsay Aessy | POSTVYID § TLTNO §TST<OTNIIS JT6<BISINZ | S58C T STAdSL J8TI<IXIO[ITT<Q3D0d] 8<Z19INAS JZTI<EWVT00BI<TI4 B<EAVA [ ABojouned | i ajdwes

{p,u02) ¥ 'Ol4




US 12,049,671 B2

Sheet 58 of 59

Jul. 30, 2024

U.S. Patent

EEY Ban EEN Ban EEY EEY Han EEN) Ban EEY Ban Han Ban 3aN {RLUION 281
Ban Bon an 8oN Ban Ban Ban Ban 8oN Ban Bon Ban Ban Son {BLION LT
BoN 8aN Bon 3an Bon Bon Bon FoN 3an Bon Ban SaN 3an Ban {euIoN 981
San EEY EEY Jon EE] EE] EE] EEY] EEM EE] EEY EEN EEM EEIY jeUIION SRT
EEY] EEIY] on EEN BaN BaN EE] EEIY EEN BaN EEIY] 3eN EEN EEN] {EWION F331
3aN Fan Son Ban dan dan dan I Ban dan Fan Hon Ban 3anN {RUWION 081
Hon San Fan Fon Ban Ban Ban Ban Fon Ban San 8an Fon gan {BUWION 91
EE EE 8oN EEN SN SN HoN SoN EEN SN Ban Hon EEN Ban {eLwiIoN [-T&4
EEM EEN BaN Son EEN EEN EEY EEN] Son EEN EEN EEY EEY EE {BULION [733
FoN Ban FoN Fan 3aN 3aN 3aN Ban EE 3aN Ban BanN an 8an [eLION 291
dan Fon Fan San dan dan 8an gon San dan Fon Hon San 3oN {euwIoN 591
anjea HOINJ %65L6 < NS Aesse Jayiews [enpiagpy SBUN
ynsey Aessy | ¥08Z<vID | ZZZ<NO | 262<AZNIYD | T6<89SANZ | GS8Z T S1AdSL |BTI<IXIA|TTTI<A490d | 8<TLANIS |ZZT<ENVI|00BT<TITI | 8<TLSHD JOST<TLO4INZ] 8<EAVA A8ojoured | gl ojduies
1ELd

(p,auod) ¥ 'Ol




US 12,049,671 B2

Sheet 59 of 59

Jul. 30, 2024

U.S. Patent

jeubig sousosaton|y

i BYPBSSED (Jd | uly

T asoydosoni- lm U

i 3
£ \ﬁ
i

£ abeaes|) TBUBUEHYH

Sl e —

g uoojduy ‘ Z uooyduy ‘ 1 uooldy

o,

2

\N.&.ww, \&waw, \EM.W
obeaes) sbeaes|d sbeaes|d
£ uoibay Z uoibay 1 uoiBoy

obeaes}) abeaea) abeaeain

G 'Old



US 12,049,671 B2

1
DETECTION OF COLON NEOPLASIA BY
ANALYSIS OF METHYLATED DNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 15/881,409, filed Jan. 26, 2018, now
issued as U.S. Pat. No. 11,118,228, which claims the priority
benefit of U.S. Provisional Patent Application 62/451,327,
filed Jan. 27, 2017 and U.S. Provisional Patent Application
62/622,107, filed Jan. 25, 2018, each of which is incorpo-
rated by reference in its entirety.

SEQUENCE LISTING

The text of the computer readable sequence listing filed
herewith, titled “35006-304_
SEQUENCE_LISTING _ST25”, created Aug. 23, 2021,
having a file size of 42,202 bytes, is hereby incorporated by
reference in its entirety.

FIELD OF THE INVENTION

Provided herein is technology relating to detecting neo-
plasia and particularly, but not exclusively, to methods,
compositions, and related uses for detecting neoplasms such
as colon cancer.

BACKGROUND OF THE INVENTION

Colorectal cancer remains the 24 most common cancer in
U.S. men and women combined (Siegel R, et al., CA Cancer
J Clin 2013; 63:11-30). The underlying biology of progres-
sion from precursor lesion to cancer lends itself favorably to
screening (Vogelstein B, et al., Science 2013; 339:1546-58).
Evidence supports and guidelines endorse any of several
tests and strategies (Levin B, et al., Gastroenterology 2008;
134:1570-95; Rex D K, et al., Am J Gastroenterol 2009;
104:739-50; Karl J, et al., Clin Gastroenterol Hepatol 2008;
6:1122-8). From a societal perspective, screening is consid-
ered cost-effective (Karl J, et al., Clin Gastroenterol Hepatol
2008; 6:1122-8; Heitman S I, et al.,, PLoS Med 2010;
7:€1000370; Parekh M, et al.,, Aliment Pharmacol Ther
2008; 27:697-712; Sharaf R N, et al., Am J Gastroenterol
2013; 108:120-32).

Colorectal cancer arises from accumulated genetic and
epigenetic alterations, providing a basis for analysis of stool
for tumor-specific changes (Berger B M, et al., Pathology
2012; 44:80-8). Previous large-scale studies of early gen-
eration stool-based DNA tests in the screening setting dem-
onstrated only fair sensitivity for colorectal cancer and low
sensitivity for advanced adenomas (Ahlquist D A, et al., Ann
Intern Med 2008; 149:441-50, W81; Imperiale T F, et al., N
Engl J Med 2004; 351:2704-14). Important advances have
since been incorporated, including a stabilizing buffer
(Boynton K A, et al., Clin Chem 2003; 49:1058-65; Zou H,
et al., Cancer Epidemiol Biomarkers Prev 2006; 15:1115-9),
more discriminant markers (Ahlquist D A, et al., Gastroen-
terology 2012; 142:248-56; Bardan E, et al., Israel journal of
medical sciences 1997; 33:777-80), platforms with higher
analytic sensitivity (Ahlquist D A, et al., Gastroenterology
2012; 142:248-56; Aronchick C A, et al., Gastrointestinal
endoscopy 2000; 52:346-52), result determination using a
logistic regression analysis rather than individual marker
values, and automation.
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Although screening reduces colorectal cancer mortality
(Mandel J S, et al., N Engl J] Med. 1993, 328:1365-71;
Hardcastle J D, et al., Lancet. 1996, 348:1472-7; Kronborg
O, et al.,, Scand J Gastroenterol. 2004, 39:846-51; Winawer
S J, et al., J Natl Cancer Inst. 1993, 85:1311-8; Singh H, et
al.,, JAMA. 2006, 295:2366-73), observed reductions have
been modest (Singh H, et al., JAMA. 2006; 295, 2366-73;
Heresbach D, et al., Eur J Gastroenterol Hepatol. 2006,
18:427-33) and more than one half of adults in the United
States have not received screening (Meissner H I, Cancer
Epidemiol Biomarkers Prev. 2006, 15:389-94).

An emerging approach to cancer screening involves the
assay of tumor-specific DNA alterations in bodily samples
from cancer patients, such as stool, serum, and urine (Os-
born N K, Ahlquist D A. Gastroenterology 2005; 128:192-
206; Ahlquist D A, et al., Gastroenterology 2000; 119:1219-
27; Ahlquist D A, et al., Gastroenterology 2002; 122: Suppl
A40; Chen W D, et al., ] Natl Cancer Inst 2005; 97:1124-32;
Zou H, et al., Cancer Epidemiol Biomarkers Prev 2006;
15:1115-9; Zou H Z, Clin Cancer Res 2002; 8:188-91;
Hoque M O, J Clin Oncol 2005; 23:6569-75; Belinsky S A,
et al., Cancer Res 2006; 66:3338-44; Itzkowitz S H, et al.,
Clin Gastroenterol Hepatol 2007; 5:111-7' Kann L, et al.,
Clin Chem 2006; 52:2299-302). It is important to select
markers with high accuracy if efficiency and effectiveness
are to be achieved in a cancer screening application. Due to
the molecular heterogeneity of colorectal neoplasia, high
detection rates often require a panel of markers.

Several methylated genes have been detected in the stool
and serum/plasma samples from colorectal cancer patients
(Ahlquist D A, Gastroenterology 2002; 122: Suppl A40;
Chen W D, et al., ] Natl Cancer Inst 2005; 97:1124-32; Zou
H Z, et al., Clin Cancer Res 2002; 8:188-91; Itzkowitz S H,
et al., Clin Gastroenterol Hepatol 2007; 5:111-7; Petko Z, et
al., Clin Cancer Res 2005; 11:1203-9; Muller H M et al.,
Lancet 2004; 363:1283-5; Leung W K, et al., Clin Chem
2004; 50:2179-82; Ebert M P, et al., Gastroenterology 2006;
131:1418-30; Grady W M, et al., Cancer Res 2001; 61:900-
2). Whereas some methylated genes have been found in a
majority of colorectal cancers, the yield of bodily fluid-
based assays remains suboptimal (Ahlquist D A, et al.,
Gastroenterology 2002; 122:Suppl A40; Chen W D, et al., J
Natl Cancer Inst 2005; 97:1124-32; Zou H, et al., Cancer
Epidemiol Biomarkers Prev 2006; 15:1115-9; Zou H Z, Clin
Cancer Res 2002; 8:188-91; Belinsky S A, et al., Cancer Res
2006; 66: 3338-44; Itzkowitz S H, et al., Clin Gastroenterol
Hepatol 2007; 5:111-7; Kann L, et al., Clin Chem 2006;
52:2299-302; Petko Z, et al., Clin Cancer Res 2005;
11:1203-9; Muller H M, et al., Lancet 2004; 363:1283-5;
Leung W K, et al., Clin Chem 2004; 50: 2179-82; Ebert M
P, et al., Gastroenterology 2006; 131:1418-30; Grady W M,
et al., Cancer Res 2001; 61:900-2).

More accurate, user-friendly, and widely distributable
tools to improve screening effectiveness, acceptability, and
access are needed.

SUMMARY OF THE INVENTION

Provided herein is technology relating to detecting neo-
plasia and particularly, but not exclusively, to methods,
compositions, and related uses for detecting premalignant
and malignant colorectal cancer by analysis of blood and/or
plasma samples from a subject, e.g., a patient. As the
technology is described herein, the section headings used are
for organizational purposes only and are not to be construed
as limiting the subject matter in any way.
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Provided herein is a panel of methylated DNA markers
assayed on tissue that achieves extremely high discrimina-
tion for colorectal cancer while remaining negative in nor-
mal colorectal tissue. This panel can be applied, for
example, to blood or bodily fluid-based testing, with appli-
cations in colorectal cancer screening.

Markers and/or panels of markers (e.g., a chromosomal
region having an annotation selected from ANKRDI13B;
CHST2; GRIN2D; FLI1; JAM3; LRRC4; OPLAH; SEP9;
SFMBT2; SLCI12A8; TBX15; ZDHHCI; ZNF304;
ZNF568; ZNF671; CNNM1; DOCK2; DTX1; FERMT3;
PDGFD; PKIA; PPP2R5C; TSPYLS; VAV3; FER1L4; and
QKI) were identified in studies by comparing the methyl-
ation state of DNA markers from colorectal cancer samples
to the corresponding markers in normal (non-cancerous)
samples.

As described herein, the technology provides a number of
methylated DNA markers and subsets thereof (e.g., sets of 2,
3,4,5,6,7,8,9, 10, 11, 12 or more markers) with high
discrimination for colon cancer. Experiments applied a
selection filter to candidate markers to identify markers that
provide a high signal to noise ratio and a low background
level to provide high specificity and selectivity for purposes
of cancer screening or diagnosis. For example, as described
herein below, a combination of 12 markers and carcinoem-
bryonic antigen (CEA) protein resulted in 67.4% sensitivity
(60/89 cancers) for all of the cancer plasma samples tested,
with 92.6% specificity.

Accordingly, provided herein is technology related to a
method of screening for colon cancer in a sample obtained
from a subject, the method comprising assaying an amount
of a methylated marker DNA, e.g., to assess a methylation
state of a marker in a sample obtained from a subject; and
identifying the subject as having colon cancer when the
methylation state of the marker is different than a methyl-
ation state of the marker assayed in a subject that does not
have a neoplasm. In some embodiments, the marker com-
prises a chromosomal region having an annotation selected
from ANKRDI13B; CHST2; GRIN2D; FLIl; JAMS3;
LRRC4; OPLAH; SEP9; SFMBT2; SLCI12A8; TBXI15;
ZDHHCI; ZNF304; ZNF568; ZNF671; CNNM1; DOCK2;
DTX1; FERMT3; PDGFD; PKIA; PPP2R5C; TSPYLS;
VAV3; FER1L4; and QKI. In some embodiments, the tech-
nology comprises assaying a plurality of markers, e.g.,
comprising assaying 2 to 20, preferably 2-14, more prefer-
ably 2-12 markers. For example in some embodiments, the
method comprises analysis of the methylation status of two
or more markers selected from VAV3; ZNF671; CHST2;
FLI1; JAM3; SFMBT2; PDGFD; DTXI1; TSPYLS;
ZNF568; GRIN2D, and QKI. In preferred embodiments, the
assay comprises detection of CEA protein.

The technology is not limited in the methylation state
assessed. In some embodiments assessing the methylation
state of the marker in the sample comprises determining the
methylation state of one base. In some embodiments, assay-
ing the methylation state of the marker in the sample
comprises determining the extent of methylation at a plu-
rality of bases. Moreover, in some embodiments the meth-
ylation state of the marker comprises an increased methyl-
ation of the marker relative to a normal methylation state of
the marker, i.e., relative to the methylation state of the
marker in DNA from a subject who does not have a
neoplasia. In some embodiments, the methylation state of
the marker comprises a decreased methylation of the marker
relative to a normal methylation state of the marker. In some
embodiments the methylation state of the marker comprises
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a different pattern of methylation of the marker relative to a
normal methylation state of the marker.

In some embodiments, the technology provides a method
of generating a record reporting a colon neoplasm in a
sample obtained from a subject comprising the steps of:

a) assaying a sample from a subject for an amount of at
least one methylated marker gene selected from the
group consisting of ANKRD13B; CHST2; GRIN2D;
FLI1; JAM3; LRRC4; OPLAH; SEP9; SFMBT2;
SLC12A8; TBX15; ZDHHC1; ZNF304; ZNF568;
ZNF671; CNNMI1; DOCK2; DTX1; FERMT3;
PDGFD; PKIA; PPP2R5C; TSPYLS; VAV3; FER1L4;
and QKI in a sample obtained from a subject;

b) assaying said sample for an amount of reference
marker in said sample;

¢) comparing the amount of said at least one methylated
marker gene to the amount of reference marker, pref-
erably a methylated reference marker, in said sample to
determine a methylation state for said at least one
marker gene in said sample; and

d) generating a record reporting the methylation state for
said at least one marker gene in said sample.

The record reporting the methylation state of a marker is
not limited to any particular form of report, and may
comprise, for example, an update to an electronic medical
record, a printed report, or an electronic message. In some
embodiments, the laboratory data generated during the
assaying is included in the report, while in some embodi-
ments, only a summary of the data or a diagnostic result
based on the determined methylation state for the at least one
marker gene is included in the record.

In some embodiments, the sample is assayed for at least
two of the markers, and preferably the at least one methyl-
ated marker gene is selected from the group consisting of
VAV3; ZNF671; CHST2; FLI1; JAM3; SFMBT2; PDGFD;
DTX1; TSPYLS; ZNF568; GRIN2D, and QKI. In still more
preferred embodiments, the sample is assayed for a group of
markers comprising of VAV3; ZNF671; CHST2; FLI1;
JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5; ZNF568;
GRIN2D, and QKI. In preferred embodiments, a sample
from the subject is assayed for the presence of CEA protein.

In some embodiments the method used for assaying
comprises obtaining a sample comprising DNA from a
subject, and treating DNA obtained from the sample with a
reagent that selectively modifies unmethylated cytosine resi-
dues in the obtained DNA to produce modified residues. In
preferred embodiments the reagent comprises a bisulfate
reagent.

The method is not limited to a particular size of a
methylated marker region analyzed, or the number of
nucleotides analyzed for methylation status. In some
embodiments assaying the methylation state of the marker
DNA in the sample comprises determining the methylation
state of one base, while in other embodiments the assay
comprises determining the extent of methylation at a plu-
rality of bases. In some embodiments the methylation state
of the marker comprises an increased or decreased methyl-
ation of the marker relative to a normal methylation state of
the marker, while in some embodiments the methylation
state of the marker comprises a different pattern of methyl-
ation, e.g., a different subset of methylated nucleotides in a
methylated region of the marker relative to a normal meth-
ylation state of the marker.

The technology is not limited to particular sample types.
For example, in some embodiments the sample is a tissue
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sample, a blood sample, a serum sample, or a sputum
sample. In certain embodiments a tissue sample comprises
colon tissue.

The technology is not limited to any particular method of
assaying DNA samples. For example, in on some embodi-
ments the assaying comprises using polymerase chain reac-
tion, nucleic acid sequencing, mass spectrometry, methyl-
ation specific nuclease, mass-based separation, and/or target
capture. In certain preferred embodiments the assaying
comprises using a flap endonuclease assay. In particularly
preferred embodiments the sample DNA and/or reference
marker DNA are bisulfite-converted and the assay for deter-
mining the methylation level of the DNA is achieved by a
technique comprising the use of methylation-specific PCR,
quantitative methylation-specific PCR, methylation-sensi-
tive DNA restriction enzyme analysis, quantitative bisulfite
pyrosequencing, PCR-flap assay, flap endonuclease assay,
and/or bisulfite genomic sequencing PCR.

In some embodiments, an oligonucleotide in said mixture
comprises a reporter molecule, and in preferred embodi-
ments, the reporter molecule comprises a fluorophore. In
some embodiments the oligonucleotide comprises a flap
sequence. In some embodiments the mixture further com-
prises one or more of a FRET cassette; a FEN-1 endonu-
clease and a thermostable DNA polymerase, preferably a
bacterial DNA polymerase.

In some embodiments, the technology used comprises
detecting multiple markers and/or multiple regions of a
single marker using an assay that reports detection of the
multiple markers and/or multiple regions of a single marker
to a single signal output, e.g., a single fluorescent dye. For
example, in some embodiments, an assay is configured to
report the cleavage of flap endonuclease probes specific for
multiple different target sites via a single FRET cassette.

In some embodiments, then, the assaying of a sample
comprises preparing a reaction mixture comprising ampli-
fication reagents for amplifying at least two methylated
marker DNAs, and flap cleavage reagents for performing a
flap endonuclease assay on amplified marker DNAs,
wherein said reagents comprise:

1) a first primer pair for producing a first amplified region

of a methylated marker DNA;

ii) a first probe comprising a) a sequence complementary
to at least a portion of said first amplified region a
methylated marker DNA; and b) a flap portion having
a first flap sequence that is not substantially comple-
mentary to said first amplified region of a methylated
marker DNA;

iii) a second primer pair for producing a second amplified
region of a methylated marker DNA;

iv) a second probe comprising a) a sequence complemen-
tary to at least a portion of said second region of a
methylated marker DNA; and b) a flap portion having
said first flap sequence, wherein said first flap sequence
is not substantially complementary to said second
amplified region of a methylated marker DNA;

v) a DNA polymerase; and

vi) a flap endonuclease.

In some embodiments, said first amplified region of a
methylated marker DNA and said second amplified region of
a methylated marker DNA are amplified from different
regions of the same methylation marker gene, while in other
embodiments, the first amplified region of a methylated
marker DNA and the second amplified region of a methyl-
ated marker DNA are amplified from different methylation
marker genes. In some preferred embodiments, amplifying
the at least two methylated marker DNAs comprises ampli-
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fying at least two methylated marker DNAs selected from
the group consisting of ANKRD13B; CHST2; GRIN2D;
FLI1; JAM3; LRRC4; OPLAH; SEP9; SFMBT2;
SLC12A8; TBX15; ZDHHC1; ZNF304; ZNF568; ZNF671;
CNNM1; DOCK2;, DTX1; FERMT3; PDGFD; PKIA,;
PPP2R5C; TSPYLS5; VAV3; FER1L4; and QKI.

In preferred embodiments, amplifying the at least two
methylated marker DNAs comprises amplifying at least
three methylated marker DNAs. In such embodiments, the
reagents may preferably comprise a third primer pair for
producing a third amplified region of a methylated marker
DNA; and a third probe comprising a) a sequence comple-
mentary to at least a portion of the third amplified region of
a methylated marker DNA; and b) a flap portion having the
same first flap sequence, wherein the first flap sequence is
not substantially complementary to the third amplified
region of a methylated DNA.

In some embodiments, a reference nucleic acid is also
assayed. In such embodiments, the reagents may further
comprise a reference primer pair for producing an amplified
region of the reference nucleic acid, and a reference probe
comprising a) a sequence complementary to at least a
portion of the amplified region of the reference nucleic acid;
and b) a flap portion having a second flap sequence, wherein
the second flap sequence is not substantially complementary
to the amplified region of a reference nucleic acid or to the
first FRET cassette; and a second FRET cassette comprising
a sequence complementary to the second flap sequence.

The technology for detecting multiple nucleic acid
sequences (e.g., multiple markers and/or multiple regions of
a single marker) using an assay that reports detection of the
multiple markers and/or multiple regions of a single marker
to a single signal output, e.g., a single fluorescent dye, is not
limited to analysis of methylation, or to detection or assay-
ing of the sample types or markers discussed above. For
example, in some embodiments the technology provides a
method of characterizing any sample (e.g., from a subject)
comprising detecting at least one target nucleic acid in a
sample, wherein said detecting said at least one target
nucleic acid in the sample comprises preparing a reaction
mixture comprising amplification reagents for producing at
least two different amplified DNAs, and flap cleavage
reagents for performing a flap endonuclease assay on the at
least two different amplified DNAs, wherein said reagents
comprise:

1) a first primer pair for producing a first amplified DNA;

ii) a first probe comprising a) a sequence complementary

to a region of said first amplified DNA; and b) a flap
portion having a first flap sequence that is not substan-
tially complementary to said first amplified DNA;
iii) a second primer pair for producing a second amplified
DNA,;

iv) a second probe comprising a) a sequence complemen-
tary to a region of said second amplified DNA; and b)
a flap portion having said first flap sequence, wherein
said first flap sequence is not substantially complemen-
tary to said second amplified DNA;

v) a FRET cassette comprising a sequence complemen-

tary to said first flap sequence;

vi) a DNA polymerase; and

vii) a flap endonuclease.

In some embodiments, the at least two different target
DNAs may comprise at least two different marker genes or
marker regions in said sample, while in some embodiments,
the at least two different target DNAs comprise at least two
different regions of a single marker gene in the sample. The
nucleic acids that can be analyzed using the methods dis-
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closed herein are not limited to any particular type of nucleic
acid, and may comprise any nucleic acid that can serve as a
target for in vitro amplification, e.g., by PCR. In some
embodiments, one or more of the at least one target nucleic
acid in the sample is RNA. As discussed above, the method
is not limited to analyzing two markers or regions, but may
be applied to, for example, three, four, five, six, seven, etc.
target sequences that report to the same FRET cassette.
Further, assays may be combined so that multiple different
target nucleic acids in an assay report to a first FRET
cassette, multiple different targets in the same assay report to
a second FRET cassette, multiple different targets in the
same assay report to a third FRET cassette, etc.

The technology also provides kits. For example, in some
embodiments a kit comprises a first primer pair for produc-
ing a first amplified DNA; a first probe comprising a) a
sequence complementary to a region of said first amplified
DNA; and b) a flap portion having a first flap sequence that
is not substantially complementary to said first amplified
DNA; a second primer pair for producing a second amplified
DNA; a second probe comprising a) a sequence comple-
mentary to a region of said second amplified DNA; and b)
a flap portion having said first flap sequence, wherein said
first flap sequence is not substantially complementary to said
second amplified DNA; a FRET cassette comprising a
sequence complementary to said first flap sequence; a DNA
polymerase; and a flap endonuclease.

In certain preferred embodiments the technology provides
a kit, comprising a) at least one oligonucleotide, wherein at
least a portion of the oligonucleotide specifically hybridizes
to a marker selected from the group consisting of
ANKRD13B; CHST2; GRIN2D; FLI1; JAM3; LRRC4;
OPLAH; SEP9; SFMBT2; SLC12A8; TBX15; ZDHHCI;
ZNF304; ZNF568; ZNF671; CNNM1; DOCK2; DTX1;
FERMT3; PDGFD; PKIA; PPP2R5C; TSPYLS5; VAV3;
FER1L4; and QKI, and b) at least one additional oligonucle-
otide, wherein at least a portion of the additional oligonucle-
otide specifically hybridizes to a reference nucleic acid. In
preferred embodiments, the kit comprises an assay for
detecting CEA protein. In some embodiments the kit com-
prises at least two additional oligonucleotides and, in some
embodiments, the kit further comprises a bisulfate reagent.

In certain embodiments at least a portion of the oligo-
nucleotide specifically hybridizes to a least one the marker
selected from the group consisting of VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI. In preferred embodiments, the
kit comprises at least 12 oligonucleotides, wherein each of
the markers in the group consisting of VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI specifically hybridizes to at
least one of the 12 oligonucleotides.

In preferred embodiments, oligonucleotide(s) provided in
a kit are selected from one or more of a capture oligonucle-
otide, a pair of nucleic acid primers, a nucleic acid probe,
and an invasive oligonucleotide.

In some embodiments any one of the kits describe above
further comprises a solid support, such as a magnetic bead
or particle. In preferred embodiments, a solid support com-
prises one or more capture reagents, e.g., oligonucleotides
complementary said one or more markers genes.

The technology also provides compositions. For example,
in some embodiments the technology provides a composi-
tion comprising a mixture, e.g., a reaction mixture, that
comprises a first primer pair for producing a first amplified
DNA,; a first probe comprising a) a sequence complementary
to a region of the first amplified DNA; and b) a flap portion
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having a first flap sequence that is not substantially comple-
mentary to the first amplified DNA; a second primer pair for
producing a second amplified DNA; a second probe com-
prising a) a sequence complementary to a region of the
second amplified DNA; and b) a flap portion having said first
flap sequence, wherein the first flap sequence is not sub-
stantially complementary to the second amplified DNA; a
FRET cassette comprising a sequence complementary to
said first flap sequence; a DNA polymerase; and a flap
endonuclease. In preferred embodiments, the composition
further comprises the first amplified DNA and the second
amplified DNA, wherein the first probe is not substantially
complementary to the second amplified DNA, and wherein
the second probe is not substantially complementary to the
first amplified DNA. In some embodiments, the composition
comprises a primer or a probe complexed to a DNA.

In some embodiments, the composition comprises a com-
plex of a target nucleic acid selected from the group con-
sisting of ANKRDI13B; CHST2; GRIN2D; FLI1; JAM3;
LRRC4; OPLAH; SEP9; SFMBT2; SLCI12AS8; TBXI15;
ZDHHCI; ZNF304; ZNF568; ZNF671; CNNM1; DOCK2;
DTX1; FERMT3; PDGFD; PKIA; PPP2R5C; TSPYLS;
VAV3; FER1L4; and QKI, and an oligonucleotide that
specifically hybridizes to the target nucleic acid. In preferred
embodiments, the mixture comprises a complex of a target
nucleic acid selected from the group consisting of VAV3;
ZNF671; CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTXI1,;
TSPYLS5; ZNF568; GRIN2D, and QKI and an oligonucle-
otide that specifically hybridizes to the target nucleic acid.
Oligonucleotides in the mixture include but are not limited
to one or more of a capture oligonucleotide, a pair of nucleic
acid primers, a hybridization probe, a hydrolysis probe, a
flap assay probe, and an invasive oligonucleotide.

In some embodiments, the target nucleic acid in the
mixture comprises a nucleic acid sequence selected from the
group consisting of SEQ ID NOS: 1, 6, 11, 16, 21, 26, 31,
36, 41, 46, 51, 56, 61, 66, 71, 76, 81, 86, 91, 96, 101, 106,
111, 116, 121, 126, 131, and 136.

In some embodiments, the mixture comprises bisulfate-
converted target nucleic acid that comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NOS:2, 7,12, 17, 22, 27, 32, 37, 42, 47, 52, 57, 62, 67, 72,
77, 82, 87, 92, 97, 102, 107, 112, 117, 122, 127, 132, and
137.

Definitions

To facilitate an understanding of the present technology,
a number of terms and phrases are defined below. Additional
definitions are set forth throughout the detailed description.

Throughout the specification and claims, the following
terms take the meanings explicitly associated herein, unless
the context clearly dictates otherwise. The phrase “in one
embodiment” as used herein does not necessarily refer to the
same embodiment, though it may. Furthermore, the phrase
“in another embodiment” as used herein does not necessarily
refer to a different embodiment, although it may. Thus, as
described below, various embodiments of the invention may
be readily combined, without departing from the scope or
spirit of the invention.

In addition, as used herein, the term “or” is an inclusive
“or” operator and is equivalent to the term “and/or” unless
the context clearly dictates otherwise. The term “based on”
is not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates
otherwise. In addition, throughout the specification, the
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meaning of an”, and “the” include plural references.
The meaning of “in” includes “in” and “on.”

The transitional phrase “consisting essentially of” as used
in claims in the present application limits the scope of a
claim to the specified materials or steps “and those that do
not materially affect the basic and novel characteristic(s)” of
the claimed invention, as discussed in In re Herz, 537 F.2d
549, 551-52, 190 USPQ 461, 463 (CCPA 1976). For
example, a composition “consisting essentially of” recited
elements may contain an unrecited contaminant at a level
such that, though present, the contaminant does not alter the
function of the recited composition as compared to a pure
composition, i.e., a composition “consisting of” the recited
components.

As used herein, “methylation” refers to cytosine methyl-
ation at positions C5 or N4 of cytosine, the N6 position of
adenine, or other types of nucleic acid methylation. In vitro
amplified DNA is usually unmethylated because typical in
vitro DNA amplification methods do not retain the methyl-
ation pattern of the amplification template. However, “unm-
ethylated DNA” or “methylated DNA” can also refer to
amplified DNA whose original template was unmethylated
or methylated, respectively.

Accordingly, as used herein a “methylated nucleotide” or
a “methylated nucleotide base” refers to the presence of a
methyl moiety on a nucleotide base, where the methyl
moiety is not present in a recognized typical nucleotide base.
For example, cytosine does not contain a methyl moiety on
its pyrimidine ring, but 5-methylcytosine contains a methyl
moiety at position 5 of its pyrimidine ring. Therefore,
cytosine is not a methylated nucleotide and 5-methylcyto-
sine is a methylated nucleotide. In another example, thymine
contains a methyl moiety at position 5 of its pyrimidine ring;
however, for purposes herein, thymine is not considered a
methylated nucleotide when present in DNA since thymine
is a typical nucleotide base of DNA.

As used herein, a “methylated nucleic acid molecule”
refers to a nucleic acid molecule that contains one or more
methylated nucleotides.

As used herein, a “methylation state”, “methylation pro-
file”, and “methylation status” of a nucleic acid molecule
refers to the presence of absence of one or more methylated
nucleotide bases in the nucleic acid molecule. For example,
a nucleic acid molecule containing a methylated cytosine is
considered methylated (e.g., the methylation state of the
nucleic acid molecule is methylated). A nucleic acid mol-
ecule that does not contain any methylated nucleotides is
considered unmethylated.

The methylation state of a particular nucleic acid
sequence (e.g., a gene marker or DNA region as described
herein) can indicate the methylation state of every base in
the sequence or can indicate the methylation state of a subset
of the bases (e.g., of one or more cytosines) within the
sequence, or can indicate information regarding regional
methylation density within the sequence with or without
providing precise information of the locations within the
sequence the methylation occurs.

The methylation state of a nucleotide locus in a nucleic
acid molecule refers to the presence or absence of a meth-
ylated nucleotide at a particular locus in the nucleic acid
molecule. For example, the methylation state of a cytosine
at the 7th nucleotide in a nucleic acid molecule is methylated
when the nucleotide present at the 7th nucleotide in the
nucleic acid molecule is 5-methylcytosine. Similarly, the
methylation state of a cytosine at the 7th nucleotide in a
nucleic acid molecule is unmethylated when the nucleotide
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present at the 7th nucleotide in the nucleic acid molecule is
cytosine (and not 5-methylcytosine).

The methylation status can optionally be represented or
indicated by a “methylation value” (e.g., representing a
methylation frequency, fraction, ratio, percent, etc.) A meth-
ylation value can be generated, for example, by quantifying
the amount of intact nucleic acid present following restric-
tion digestion with a methylation dependent restriction
enzyme or by comparing amplification profiles after bisulfite
reaction or by comparing sequences of bisulfite-treated and
untreated nucleic acids. Accordingly, a value, e.g., a meth-
ylation value, represents the methylation status and can thus
be used as a quantitative indicator of methylation status
across multiple copies of a locus. This is of particular use
when it is desirable to compare the methylation status of a
sequence in a sample to a threshold or reference value.

As used herein, “methylation frequency” or “methylation
percent (%)” refer to the number of instances in which a
molecule or locus is methylated relative to the number of
instances the molecule or locus is unmethylated.

As such, the methylation state describes the state of
methylation of a nucleic acid (e.g., a genomic sequence). In
addition, the methylation state refers to the characteristics of
anucleic acid segment at a particular genomic locus relevant
to methylation. Such characteristics include, but are not
limited to, whether any of the cytosine (C) residues within
this DNA sequence are methylated, the location of methyl-
ated C residue(s), the frequency or percentage of methylated
C throughout any particular region of a nucleic acid, and
allelic differences in methylation due to, e.g., difference in
the origin of the alleles. The terms “methylation state”,
“methylation profile”, and “methylation status™ also refer to
the relative concentration, absolute concentration, or pattern
of methylated C or unmethylated C throughout any particu-
lar region of a nucleic acid in a biological sample. For
example, if the cytosine (C) residue(s) within a nucleic acid
sequence are methylated it may be referred to as “hyperm-
ethylated” or having “increased methylation”, whereas if the
cytosine (C) residue(s) within a DNA sequence are not
methylated it may be referred to as “hypomethylated” or
having “decreased methylation™. Likewise, if the cytosine
(C) residue(s) within a nucleic acid sequence are methylated
as compared to another nucleic acid sequence (e.g., from a
different region or from a different individual, etc.) that
sequence is considered hypermethylated or having increased
methylation compared to the other nucleic acid sequence.
Alternatively, if the cytosine (C) residue(s) within a DNA
sequence are not methylated as compared to another nucleic
acid sequence (e.g., from a different region or from a
different individual, etc.) that sequence is considered
hypomethylated or having decreased methylation compared
to the other nucleic acid sequence. Additionally, the term
“methylation pattern” as used herein refers to the collective
sites of methylated and unmethylated nucleotides over a
region of a nucleic acid. Two nucleic acids may have the
same or similar methylation frequency or methylation per-
cent but have different methylation patterns when the num-
ber of methylated and unmethylated nucleotides are the
same or similar throughout the region but the locations of
methylated and unmethylated nucleotides are different.
Sequences are said to be “differentially methylated” or as
having a “difference in methylation™ or having a “different
methylation state” when they differ in the extent (e.g., one
has increased or decreased methylation relative to the other),
frequency, or pattern of methylation. The term “differential
methylation” refers to a difference in the level or pattern of
nucleic acid methylation in a cancer positive sample as
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compared with the level or pattern of nucleic acid methyl-
ation in a cancer negative sample. It may also refer to the
difference in levels or patterns between patients that have
recurrence of cancer after surgery versus patients who not
have recurrence. Differential methylation and specific levels
or patterns of DNA methylation are prognostic and predic-
tive biomarkers, e.g., once the correct cut-off or predictive
characteristics have been defined.

Methylation state frequency can be used to describe a
population of individuals or a sample from a single indi-
vidual. For example, a nucleotide locus having a methyl-
ation state frequency of 50% is methylated in 50% of
instances and unmethylated in 50% of instances. Such a
frequency can be used, for example, to describe the degree
to which a nucleotide locus or nucleic acid region is meth-
ylated in a population of individuals or a collection of
nucleic acids. Thus, when methylation in a first population
or pool of nucleic acid molecules is different from methyl-
ation in a second population or pool of nucleic acid mol-
ecules, the methylation state frequency of the first popula-
tion or pool will be different from the methylation state
frequency of the second population or pool. Such a fre-
quency also can be used, for example, to describe the degree
to which a nucleotide locus or nucleic acid region is meth-
ylated in a single individual. For example, such a frequency
can be used to describe the degree to which a group of cells
from a tissue sample are methylated or unmethylated at a
nucleotide locus or nucleic acid region.

As used herein a “nucleotide locus” refers to the location
of a nucleotide in a nucleic acid molecule. A nucleotide
locus of a methylated nucleotide refers to the location of a
methylated nucleotide in a nucleic acid molecule.

Typically, methylation of human DNA occurs on a
dinucleotide sequence including an adjacent guanine and
cytosine where the cytosine is located 5' of the guanine (also
termed CpG dinucleotide sequences). Most cytosines within
the CpG dinucleotides are methylated in the human genome,
however some remain unmethylated in specific CpG
dinucleotide rich genomic regions, known as CpG islands
(see, e.g., Antequera et al. (1990) Cell 62: 503-514).

As used herein, a “CpG island” refers to a G:C-rich region
of genomic DNA containing an increased number of CpG
dinucleotides relative to total genomic DNA. A CpG island
can be at least 100, 200, or more base pairs in length, where
the G:C content of the region is at least 50% and the ratio of
observed CpG frequency over expected frequency is 0.6; in
some instances, a CpG island can be at least 500 base pairs
in length, where the G:C content of the region is at least
55%) and the ratio of observed CpG frequency over
expected frequency is 0.65. The observed CpG frequency
over expected frequency can be calculated according to the
method provided in Gardiner-Garden et al (1987) J. Mol.
Biol. 196: 261-281. For example, the observed CpG fre-
quency over expected frequency can be calculated according
to the formula R=(AxB)/(CxD), where R is the ratio of
observed CpG frequency over expected frequency, A is the
number of CpG dinucleotides in an analyzed sequence, B is
the total number of nucleotides in the analyzed sequence, C
is the total number of C nucleotides in the analyzed
sequence, and D is the total number of G nucleotides in the
analyzed sequence. Methylation state is typically deter-
mined in CpG islands, e.g., at promoter regions. It will be
appreciated though that other sequences in the human
genome are prone to DNA methylation such as CpA and
CpT (see Ramsahoye (2000) Proc. Natl. Acad. Sci. USA 97:
5237-5242; Salmon and Kaye (1970) Biochim. Biophys.
Acta. 204: 340-351; Grafstrom (1985) Nucleic Acids Res.

40

45

65

12

13: 2827-2842; Nyce (1986) Nucleic Acids Res. 14: 4353-
4367; Woodcock (1987) Biochem. Biophys. Res. Commun.
145: 888-894).

As used herein, a “methylation-specific reagent™ refers to
a reagent that modifies a nucleotide of the nucleic acid
molecule as a function of the methylation state of the nucleic
acid molecule, or a methylation-specific reagent, refers to a
compound or composition or other agent that can change the
nucleotide sequence of a nucleic acid molecule in a manner
that reflects the methylation state of the nucleic acid mol-
ecule. Methods of treating a nucleic acid molecule with such
a reagent can include contacting the nucleic acid molecule
with the reagent, coupled with additional steps, if desired, to
accomplish the desired change of nucleotide sequence. Such
methods can be applied in a manner in which unmethylated
nucleotides (e.g., each unmethylated cytosine) is modified to
a different nucleotide. For example, in some embodiments,
such a reagent can deaminate unmethylated cytosine nucleo-
tides to produce deoxy uracil residues. An exemplary
reagent is a bisulfite reagent.

The term “bisulfite reagent” refers to a reagent comprising
bisulfite, disulfite, hydrogen sulfite, or combinations thereof,
useful as disclosed herein to distinguish between methylated
and unmethylated CpG dinucleotide sequences. Methods of
said treatment are known in the art (e.g., PCT/EP2004/
011715 and WO 2013/116375, each of which is incorporated
by reference in its entirety). In some embodiments, bisulfite
treatment is conducted in the presence of denaturing sol-
vents such as but not limited to n-alkylenglycol or diethyl-
ene glycol dimethyl ether (DME), or in the presence of
dioxane or dioxane derivatives. In some embodiments the
denaturing solvents are used in concentrations between 1%
and 35% (v/v). In some embodiments, the bisulfite reaction
is carried out in the presence of scavengers such as but not
limited to chromane derivatives, e.g., 6-hydroxy-2,5,7.8,-
tetramethylchromane 2-carboxylic acid or trihydroxyben-
zone acid and derivates thereof, e.g., Gallic acid (see:
PCT/EP2004/011715, which is incorporated by reference in
its entirety). In certain preferred embodiments, the bisulfite
reaction comprises treatment with ammonium hydrogen
sulfite, e.g., as described in WO 2013/116375.

A change in the nucleic acid nucleotide sequence by a
methylation-specific reagent can also result in a nucleic acid
molecule in which each methylated nucleotide is modified to
a different nucleotide.

The term “methylation assay” refers to any assay for
determining the methylation state of one or more CpG
dinucleotide sequences within a sequence of a nucleic acid.

As used herein, the “sensitivity” of a given marker (or set
of markers used together) refers to the percentage of samples
that report a DN A methylation value above a threshold value
that distinguishes between neoplastic and non-neoplastic
samples. In some embodiments, a positive is defined as a
histology-confirmed neoplasia that reports a DNA methyl-
ation value above a threshold value (e.g., the range associ-
ated with disease), and a false negative is defined as a
histology-confirmed neoplasia that reports a DNA methyl-
ation value below the threshold value (e.g., the range asso-
ciated with no disease). The value of sensitivity, therefore,
reflects the probability that a DNA methylation measure-
ment for a given marker obtained from a known diseased
sample will be in the range of disease-associated measure-
ments. As defined here, the clinical relevance of the calcu-
lated sensitivity value represents an estimation of the prob-
ability that a given marker would detect the presence of a
clinical condition when applied to a subject with that con-
dition.
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As used herein, the “specificity” of a given marker (or set
of markers used together) refers to the percentage of non-
neoplastic samples that report a DNA methylation value
below a threshold value that distinguishes between neoplas-
tic and non-neoplastic samples. In some embodiments, a
negative is defined as a histology-confirmed non-neoplastic
sample that reports a DNA methylation value below the
threshold value (e.g., the range associated with no disease)
and a false positive is defined as a histology-confirmed
non-neoplastic sample that reports a DNA methylation value
above the threshold value (e.g., the range associated with
disease). The value of specificity, therefore, reflects the
probability that a DN A methylation measurement for a given
marker obtained from a known non-neoplastic sample will
be in the range of non-disease associated measurements. As
defined here, the clinical relevance of the calculated speci-
ficity value represents an estimation of the probability that a
given marker would detect the absence of a clinical condi-
tion when applied to a patient without that condition.

As used herein, a “selected nucleotide” refers to one
nucleotide of the four typically occurring nucleotides in a
nucleic acid molecule (C, G, T, and A for DNA and C, G, U,
and A for RNA), and can include methylated derivatives of
the typically occurring nucleotides (e.g., when C is the
selected nucleotide, both methylated and unmethylated C
are included within the meaning of a selected nucleotide),
whereas a methylated selected nucleotide refers specifically
to a nucleotide that is typically methylated and an unmeth-
ylated selected nucleotides refers specifically to a nucleotide
that typically occurs in unmethylated form.

The terms “methylation-specific restriction enzyme” or
“methylation-sensitive restriction enzyme” refers to an
enzyme that selectively digests a nucleic acid dependent on
the methylation state of its recognition site. In the case of a
restriction enzyme that specifically cuts if the recognition
site is not methylated or is hemi-methylated, the cut will not
take place or will take place with a significantly reduced
efficiency if the recognition site is methylated. In the case of
a restriction enzyme that specifically cuts if the recognition
site is methylated, the cut will not take place or will take
place with a significantly reduced efficiency if the recogni-
tion site is not methylated. Preferred are methylation-spe-
cific restriction enzymes, the recognition sequence of which
contains a CG dinucleotide (for instance a recognition
sequence such as CGCG or CCCGGG). Further preferred
for some embodiments are restriction enzymes that do not
cut if the cytosine in this dinucleotide is methylated at the
carbon atom C5.

The term “primer” refers to an oligonucleotide, whether
occurring naturally as, e.g., a nucleic acid fragment from a
restriction digest, or produced synthetically, that is capable
of acting as a point of initiation of synthesis when placed
under conditions in which synthesis of a primer extension
product that is complementary to a nucleic acid template
strand is induced, (e.g., in the presence of nucleotides and an
inducing agent such as a DNA polymerase, and at a suitable
temperature and pH). The primer is preferably single
stranded for maximum efficiency in amplification, but may
alternatively be double stranded. If double stranded, the
primer is first treated to separate its strands before being
used to prepare extension products. Preferably, the primer is
an oligodeoxyribonucleotide. The primer must be suffi-
ciently long to prime the synthesis of extension products in
the presence of the inducing agent. The exact lengths of the
primers will depend on many factors, including temperature,
source of primer, and the use of the method.
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The term “probe” refers to an oligonucleotide (e.g., a
sequence of nucleotides), whether occurring naturally as in
a purified restriction digest or produced synthetically,
recombinantly, or by PCR amplification, that is capable of
hybridizing to another oligonucleotide of interest. A probe
may be single-stranded or double-stranded. Probes are use-
ful in the detection, identification, and isolation of particular
gene sequences (e.g., a “capture probe”). It is contemplated
that any probe used in the present invention may, in some
embodiments, be labeled with any “reporter molecule,” so
that is detectable in any detection system, including, but not
limited to enzyme (e.g., ELISA, as well as enzyme-based
histochemical assays), fluorescent, radioactive, and lumines-
cent systems. It is not intended that the present invention be
limited to any particular detection system or label.

The term “target,” as used herein refers to a nucleic acid
sought to be sorted out from other nucleic acids, e.g., by
probe binding, amplification, isolation, capture, etc. For
example, when used in reference to the polymerase chain
reaction, “target” refers to the region of nucleic acid
bounded by the primers used for polymerase chain reaction,
while when used in an assay in which target DNA is not
amplified, e.g., in some embodiments of an invasive cleav-
age assay, a target comprises the site at which a probe and
invasive oligonucleotides (e.g., INVADER oligonucleotide)
bind to form an invasive cleavage structure, such that the
presence of the target nucleic acid can be detected. A
“segment” is defined as a region of nucleic acid within the
target sequence.

The term “marker”, as used herein, refers to a substance
(e.g., a nucleic acid, or a region of a nucleic acid, or a
protein) that may be used to distinguish non-normal cells
(e.g., cancer cells) from normal cells, e.g., based on pres-
ence, absence, or status (e.g., methylation state) of the
marker substance.

The term “neoplasm” as used herein refers to any new and
abnormal growth of tissue. Thus, a neoplasm can be a
premalignant neoplasm or a malignant neoplasm.

The term “neoplasm-specific marker,” as used herein,
refers to any biological material or element that can be used
to indicate the presence of a neoplasm. Examples of bio-
logical materials include, without limitation, nucleic acids,
polypeptides, carbohydrates, fatty acids, cellular compo-
nents (e.g., cell membranes and mitochondria), and whole
cells. In some instances, markers are particular nucleic acid
regions (e.g., genes, intragenic regions, specific loci, etc.).
Regions of nucleic acid that are markers may be referred to,
e.g., as “marker genes,” “marker regions,” “marker
sequences,” “marker loci,” etc.

The term “sample” is used in its broadest sense. In one
sense it can refer to an animal cell or tissue. In another sense,
it refers to a specimen or culture obtained from any source,
as well as biological and environmental samples. Biological
samples may be obtained from plants or animals (including
humans) and encompass fluids, solids, tissues, and gases.
Environmental samples include environmental material such
as surface matter, soil, water, and industrial samples. These
examples are not to be construed as limiting the sample
types applicable to the present invention.

As used herein, the terms “patient” or “subject” refer to
organisms to be subject to various tests provided by the
technology. The term “subject” includes animals, preferably
mammals, including humans. In a preferred embodiment,
the subject is a primate. In an even more preferred embodi-
ment, the subject is a human. Further with respect to
diagnostic methods, a preferred subject is a vertebrate sub-
ject. A preferred vertebrate is warm-blooded; a preferred
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warm-blooded vertebrate is a mammal. A preferred mammal
is most preferably a human. As used herein, the term
“subject’ includes both human and animal subjects. Thus,
veterinary therapeutic uses are provided herein. As such, the
present technology provides for the diagnosis of mammals
such as humans, as well as those mammals of importance
due to being endangered, such as Siberian tigers; of eco-
nomic importance, such as animals raised on farms for
consumption by humans; and/or animals of social impor-
tance to humans, such as animals kept as pets or in zoos.
Examples of such animals include but are not limited to:
carnivores such as cats and dogs; swine, including pigs,
hogs, and wild boars; ruminants and/or ungulates such as
cattle, oxen, sheep, giraffes, deer, goats, bison, and camels;
pinnipeds; and horses. Thus, also provided is the diagnosis
and treatment of livestock, including, but not limited to,
domesticated swine, ruminants, ungulates, horses (including
race horses), and the like. The presently-disclosed subject
matter further includes a system for diagnosing a colon
cancer in a subject. The system can be provided, for
example, as a commercial kit that can be used to screen for
a risk of colon cancer or diagnose a colon cancer in a subject
from whom a biological sample has been collected. An
exemplary system provided in accordance with the present
technology includes assessing the methylation state of a
marker described herein.

The term “amplifying” or “amplification” in the context
of nucleic acids refers to the production of multiple copies
of a polynucleotide, or a portion of the polynucleotide,
typically starting from a small amount of the polynucleotide
(e.g., a single polynucleotide molecule), where the amplifi-
cation products or amplicons are generally detectable.
Amplification of polynucleotides encompasses a variety of
chemical and enzymatic processes. The generation of mul-
tiple DNA copies from one or a few copies of a target or
template DNA molecule during a polymerase chain reaction
(PCR) or a ligase chain reaction (LCR; see, e.g., U.S. Pat.
No. 5,494,810; herein incorporated by reference in its
entirety) are forms of amplification. Additional types of
amplification include, but are not limited to, allele-specific
PCR (see, e.g., U.S. Pat. No. 5,639,611; herein incorporated
by reference in its entirety), assembly PCR (see, e.g., U.S.
Pat. No. 5,965,408; herein incorporated by reference in its
entirety), helicase-dependent amplification (see, e.g., U.S.
Pat. No. 7,662,594; herein incorporated by reference in its
entirety), hot-start PCR (see, e.g., U.S. Pat. Nos. 5,773,258
and 5,338,671; each herein incorporated by reference in
their entireties), intersequence-specific PCR, inverse PCR
(see, e.g., Triglia, et al. (1988) Nucleic Acids Res., 16:8186;
herein incorporated by reference in its entirety), ligation-
mediated PCR (see, e.g., Guilfoyle, R. et al., Nucleic Acids
Research, 25:1854-1858 (1997); U.S. Pat. No. 5,508,169;
each of which are herein incorporated by reference in their
entireties), methylation-specific PCR (see, e.g., Herman, et
al., (1996) PNAS 93(13) 9821-9826; herein incorporated by
reference in its entirety), miniprimer PCR, multiplex liga-
tion-dependent probe amplification (see, e.g., Schouten, et
al., (2002) Nucleic Acids Research 30(12): e57; herein
incorporated by reference in its entirety), multiplex PCR
(see, e.g., Chamberlain, et al.,, (1988) Nucleic Acids
Research 16(23) 11141-11156; Ballabio, et al., (1990)
Human Genetics 84(6) 571-573; Hayden, et al.,, (2008)
BMC Genetics 9:80; each of which are herein incorporated
by reference in their entireties), nested PCR, overlap-exten-
sion PCR (see, e.g., Higuchi, et al., (1988) Nucleic Acids
Research 16(15) 7351-7367; herein incorporated by refer-
ence in its entirety), real time PCR (see, e.g., Higuchi, et al.,
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(1992) Biotechnology 10:413-417; Higuchi, et al., (1993)
Biotechnology 11:1026-1030; each of which are herein
incorporated by reference in their entireties), reverse tran-
scription PCR (see, e.g., Bustin, S. A. (2000) J. Molecular
Endocrinology 25:169-193; herein incorporated by refer-
ence in its entirety), solid phase PCR, thermal asymmetric
interlaced PCR, and Touchdown PCR (see, e.g., Don, et al.,
Nucleic Acids Research (1991) 19(14) 4008; Roux, K.
(1994) Biotechniques 16(5) 812-814; Hecker, et al., (1996)
Biotechniques 20(3) 478-485; each of which are herein
incorporated by reference in their entireties). Polynucleotide
amplification also can be accomplished using digital PCR
(see, e.g., Kalinina, et al., Nucleic Acids Research. 25;
1999-2004, (1997); Vogelstein and Kinzler, Proc Natl Acad
Sci USA. 96; 9236-41, (1999); International Patent Publi-
cation No. WO05023091A2; US Patent Application Publi-
cation No. 20070202525; each of which are incorporated
herein by reference in their entireties). 5'

The term “polymerase chain reaction” (“PCR”) refers to
the method of K. B. Mullis U.S. Pat. Nos. 4,683,195,
4,683,202, and 4,965,188, that describe a method for
increasing the concentration of a segment of a target
sequence in a mixture of genomic or other DNA or RNA,
without cloning or purification. This process for amplifying
the target sequence consists of introducing a large excess of
two oligonucleotide primers to the DNA mixture containing
the desired target sequence, followed by a precise sequence
of thermal cycling in the presence of a DNA polymerase.
The two primers are complementary to their respective
strands of the double stranded target sequence. To effect
amplification, the mixture is denatured and the primers then
annealed to their complementary sequences within the target
molecule. Following annealing, the primers are extended
with a polymerase so as to form a new pair of complemen-
tary strands. The steps of denaturation, primer annealing,
and polymerase extension can be repeated many times (i.e.,
denaturation, annealing and extension constitute one
“cycle”; there can be numerous “cycles”) to obtain a high
concentration of an amplified segment of the desired target
sequence. The length of the amplified segment of the desired
target sequence is determined by the relative positions of the
primers with respect to each other, and therefore, this length
is a controllable parameter. By virtue of the repeating aspect
of the process, the method is referred to as the “polymerase
chain reaction” (“PCR”). Because the desired amplified
segments of the target sequence become the predominant
sequences (in terms of concentration) in the mixture, they
are said to be “PCR amplified” and are “PCR products™ or
“amplicons.” Those of skill in the art will understand the
term “PCR” encompasses many variants of the originally
described method using, e.g., real time PCR, nested PCR,
reverse transcription PCR (RT-PCR), single primer and
arbitrarily primed PCR, etc.

As used herein, the term “nucleic acid detection assay”
refers to any method of determining the nucleotide compo-
sition of a nucleic acid of interest. Nucleic acid detection
assay include but are not limited to, DNA sequencing
methods, probe hybridization methods, structure specific
cleavage assays (e.g., the INVADER assay, (Hologic, Inc.)
and are described, e.g., in U.S. Pat. Nos. 5,846,717, 5,985,
557, 5,994,069, 6,001,567, 6,090,543, and 6,872,816; Lya-
michev et al., Nat. Biotech., 17:292 (1999), Hall et al.,
PNAS, USA, 97:8272 (2000), and US 2009/0253142, each
of which is herein incorporated by reference in its entirety
for all purposes); enzyme mismatch cleavage methods (e.g.,
Variagenics, U.S. Pat. Nos. 6,110,684, 5,958,692, 5,851,770,
herein incorporated by reference in their entireties); poly-
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merase chain reaction (PCR), described above; branched
hybridization methods (e.g., Chiron, U.S. Pat. Nos. 5,849,
481, 5,710,264, 5,124,246, and 5,624,802, herein incorpo-
rated by reference in their entireties); rolling circle replica-
tion (e.g., U.S. Pat. Nos. 6,210,884, 6,183,960 and 6,235,
502, herein incorporated by reference in their entireties);
NASBA (e.g., U.S. Pat. No. 5,409,818, herein incorporated
by reference in its entirety); molecular beacon technology
(e.g., U.S. Pat. No. 6,150,097, herein incorporated by ref-
erence in its entirety); E-sensor technology (Motorola, U.S.
Pat. Nos. 6,248,229, 6,221,583, 6,013,170, and 6,063,573,
herein incorporated by reference in their entireties); cycling
probe technology (e.g., U.S. Pat. Nos. 5,403,711, 5,011,769,
and 5,660,988, herein incorporated by reference in their
entireties); Dade Behring signal amplification methods (e.g.,
U.S. Pat. Nos. 6,121,001, 6,110,677, 5,914,230, 5,882,867,
and 5,792,614, herein incorporated by reference in their
entireties); ligase chain reaction (e.g., Baranay Proc. Natl.
Acad. Sci USA 88, 189-93 (1991)); and sandwich hybrid-
ization methods (e.g., U.S. Pat. No. 5,288,609, herein incor-
porated by reference in its entirety).

In some embodiments, target nucleic acid is amplified
(e.g., by PCR) and amplified nucleic acid is detected simul-
taneously using an invasive cleavage assay. Assays config-
ured for performing a detection assay (e.g., invasive cleav-
age assay) in combination with an amplification assay are
described in U.S. Pat. No. 9,096,893, incorporated herein by
reference in its entirety for all purposes. Additional ampli-
fication plus invasive cleavage detection configurations,
termed the QuARTS method, are described in, e.g., in U.S.
Pat. Nos. 8,361,720, 8,715,937, 8,916,344; and 9,212,392,
each of which is incorporated herein by reference for all
purposes. The term “invasive cleavage structure” as used
herein refers to a cleavage structure comprising i) a target
nucleic acid, ii) an upstream nucleic acid (e.g., an invasive
or “INVADER” oligonucleotide), and iii) a downstream
nucleic acid (e.g., a probe), where the upstream and down-
stream nucleic acids anneal to contiguous regions of the
target nucleic acid, and where an overlap forms between the
a 3' portion of the upstream nucleic acid and duplex formed
between the downstream nucleic acid and the target nucleic
acid. An overlap occurs where one or more bases from the
upstream and downstream nucleic acids occupy the same
position with respect to a target nucleic acid base, whether
or not the overlapping base(s) of the upstream nucleic acid
are complementary with the target nucleic acid, and whether
or not those bases are natural bases or non-natural bases. In
some embodiments, the 3' portion of the upstream nucleic
acid that overlaps with the downstream duplex is a non-base
chemical moiety such as an aromatic ring structure, e.g., as
disclosed, for example, in U.S. Pat. No. 6,090,543, incor-
porated herein by reference in its entirety. In some embodi-
ments, one or more of the nucleic acids may be attached to
each other, e.g., through a covalent linkage such as nucleic
acid stem-loop, or through a non-nucleic acid chemical
linkage (e.g., a multi-carbon chain). As used herein, the term
“flap endonuclease assay” includes “INVADER” invasive
cleavage assays and QuARTS assays, as described above.

The term “probe oligonucleotide” or “flap oligonucle-
otide” when used in reference to flap assay, refers to an
oligonucleotide that interacts with a target nucleic acid to
form a cleavage structure in the presence of an invasive
oligonucleotide.

The term “invasive oligonucleotide” refers to an oligo-
nucleotide that hybridizes to a target nucleic acid at a
location adjacent to the region of hybridization between a
probe and the target nucleic acid, wherein the 3' end of the
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invasive oligonucleotide comprises a portion (e.g., a chemi-
cal moiety, or one or more nucleotides) that overlaps with
the region of hybridization between the probe and target.
The 3' terminal nucleotide of the invasive oligonucleotide
may or may not base pair a nucleotide in the target. In some
embodiments, the invasive oligonucleotide contains
sequences at its 3' end that are substantially the same as
sequences located at the 5' end of a portion of the probe
oligonucleotide that anneals to the target strand.

The term “flap endonuclease” or “FEN,” as used herein,
refers to a class of nucleolytic enzymes, typically 5' nucle-
ases, that act as structure-specific endonucleases on DNA
structures with a duplex containing a single stranded &'
overhang, or flap, on one of the strands that is displaced by
another strand of nucleic acid (e.g., such that there are
overlapping nucleotides at the junction between the single
and double-stranded DNA). FENSs catalyze hydrolytic cleav-
age of the phosphodiester bond at the junction of single and
double stranded DNA, releasing the overhang, or the flap.
Flap endonucleases are reviewed by Ceska and Savers
(Trends Biochem. Sci. 1998 23:331-336) and Liu et al
(Annu. Rev. Biochem. 2004 73: 589-615; herein incorpo-
rated by reference in its entirety). FENs may be individual
enzymes, multi-subunit enzymes, or may exist as an activity
of another enzyme or protein complex (e.g., a DNA poly-
merase).

A flap endonuclease may be thermostable. For example,
FEN-1 flap endonuclease from archival thermophiles organ-
isms are typical thermostable. As used herein, the term
“FEN-1” refers to a non-polymerase flap endonuclease from
a eukaryote or archaeal organism. See, e.g., WO 02/070755,
and Kaiser M. W., et al. (1999) J. Biol. Chem., 274:21387,
which are incorporated by reference herein in their entireties
for all purposes.

As used herein, the term “cleaved flap” refers to a
single-stranded oligonucleotide that is a cleavage product of
a flap assay.

The term “cassette,” when used in reference to a flap
cleavage reaction, refers to an oligonucleotide or combina-
tion of oligonucleotides configured to generate a detectable
signal in response to cleavage of a flap or probe oligonucle-
otide, e.g., in a primary or first cleavage structure formed in
a flap cleavage assay. In preferred embodiments, the cassette
hybridizes to a non-target cleavage product produced by
cleavage of a flap oligonucleotide to form a second over-
lapping cleavage structure, such that the cassette can then be
cleaved by the same enzyme, e.g., a FEN-1 endonuclease.

In some embodiments, the cassette is a single oligonucle-
otide comprising a hairpin portion (i.e., a region wherein one
portion of the cassette oligonucleotide hybridizes to a sec-
ond portion of the same oligonucleotide under reaction
conditions, to form a duplex). In other embodiments, a
cassette comprises at least two oligonucleotides comprising
complementary portions that can form a duplex under reac-
tion conditions. In preferred embodiments, the cassette
comprises a label, e.g., a fluorophore. In particularly pre-
ferred embodiments, a cassette comprises labeled moieties
that produce a FRET effect. In such embodiments, the
cassette may be referred to as a “FRET cassette.” See, for
example, See also U.S. Patent Appl. Ser. Nos. 62/249,097,
filed Oct. 30, 2015, Ser. No. 15/335,096, filed Oct. 26, 2016;
and International Appl. Ser. No. PCT/US16/58875, filed
Oct. 26, 2016, each of which is incorporated herein by
reference in its entirety, for all purposes.

As used herein, the phrase “not substantially complemen-
tary” as used in reference to a probe flap or arm means that
the flap portion is sufficiently non-complementary not to
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hybridize selectively to a nucleic acid sequence, e.g., a target
nucleic acid or amplified DNA, under the designated anneal-
ing conditions or stringent conditions, encompassing the
terms “substantially non-complementary” and “perfectly
non-complementary.”

The term “complementary” is used herein to mean that
primers or probes are sufficiently complementary to hybrid-
ize selectively, e.g., to a target nucleic acid sequence under
the designated annealing conditions or stringent conditions,
encompassing the terms “substantially complementary” and
“perfectly complementary.”

As used herein, the term “FRET” refers to fluorescence
resonance energy transfer, a process in which moieties (e.g.,
fluorophores) transfer energy e.g., among themselves, or,
from a fluorophore to a non-fluorophore (e.g., a quencher
molecule). In some circumstances, FRET involves an
excited donor fluorophore transferring energy to a lower-
energy acceptor fluorophore via a short-range (e.g., about 10
nm or less) dipole-dipole interaction. In other circumstances,
FRET involves a loss of fluorescence energy from a donor
and an increase in fluorescence in an acceptor fluorophore.
In still other forms of FRET, energy can be exchanged from
an excited donor fluorophore to a non-fluorescing molecule
(e.g., a “dark” quenching molecule). FRET is known to
those of skill in the art and has been described (See, e.g.,
Stryer et al.,, 1978, Ann. Rev. Biochem., 47:819; Selvin,
1995, Methods Enzymol., 246:300; Orpana, 2004 Biomol
Eng 21, 45-50; Olivier, 2005 Mutant Res 573, 103-110, each
of which is incorporated herein by reference in its entirety).

In an exemplary flap detection assay, an invasive oligo-
nucleotide and flap oligonucleotide are hybridized to a target
nucleic acid to produce a first complex having an overlap as
described above. An unpaired “flap” is included on the 5' end
of the flap oligonucleotide. The first complex is a substrate
for a flap endonuclease, e.g., a FEN-1 endonuclease, which
cleaves the flap oligonucleotide to release the 5' flap portion.
In a secondary reaction, the released 5' flap product serves
as an invasive oligonucleotide on a FRET cassette to again
create the structure recognized by the flap endonuclease,
such that the FRET cassette is cleaved. When the fluoro-
phore and the quencher are separated by cleavage of the
FRET cassette, a detectable fluorescent signal above back-
ground fluorescence is produced.

The term “real time” as used herein in reference to
detection of nucleic acid amplification or signal amplifica-
tion refers to the detection or measurement of the accumu-
lation of products or signal in the reaction while the reaction
is in progress, e.g., during incubation or thermal cycling.
Such detection or measurement may occur continuously, or
it may occur at a plurality of discrete points during the
progress of the amplification reaction, or it may be a
combination. For example, in a polymerase chain reaction,
detection (e.g., of fluorescence) may occur continuously
during all or part of thermal cycling, or it may occur
transiently, at one or more points during one or more cycles.
In some embodiments, real time detection of PCR or
QUuARTS reactions is accomplished by determining a level
of fluorescence at the same point (e.g., a time point in the
cycle, or temperature step in the cycle) in each of a plurality
of cycles, or in every cycle. Real time detection of ampli-
fication may also be referred to as detection “during” the
amplification reaction.

As used herein, the term “quantitative amplification data
set” refers to the data obtained during quantitative amplifi-
cation of the target sample, e.g., target DNA. In the case of
quantitative PCR or QuARTS assays, the quantitative ampli-
fication data set is a collection of fluorescence values
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obtained at during amplification, e.g., during a plurality of,
or all of the thermal cycles. Data for quantitative amplifi-
cation is not limited to data collected at any particular point
in a reaction, and fluorescence may be measured at a discrete
point in each cycle or continuously throughout each cycle.

The abbreviations “Ct” and “Cp” as used herein in
reference to data collected during real time PCR and PCR+
INVADER assays refer to the cycle at which signal (e.g.,
fluorescent signal) crosses a predetermined threshold value
indicative of positive signal. Various methods have been
used to calculate the threshold that is used as a determinant
of signal verses concentration, and the value is generally
expressed as either the “crossing threshold” (Ct) or the
“crossing point” (Cp). Either Cp values or Ct values may be
used in embodiments of the methods presented herein for
analysis of real-time signal for the determination of the
percentage of variant and/or non-variant constituents in an
assay or sample.

As used herein, the term “control” when used in reference
to nucleic acid detection or analysis refers to a nucleic acid
having known features (e.g., known sequence, known copy-
number per cell), for use in comparison to an experimental
target (e.g., a nucleic acid of unknown concentration). A
control may be an endogenous, preferably invariant gene
against which a test or target nucleic acid in an assay can be
normalized. Such normalizing controls for sample-to-
sample variations that may occur in, for example, sample
processing, assay efficiency, etc., and allows accurate
sample-to-sample data comparison. Genes that find use for
normalizing nucleic acid detection assays on human samples
include, e.g., B-actin, ZDHHCI1, and B3GALT6 (see, e.g.,
U.S. patent application Ser. Nos 14/966,617 and 62/364,082,
each incorporated herein by reference.

Controls may also be external. For example, in quantita-
tive assays such as qPCR, QuARTS, etc., a “calibrator” or
“calibration control” is a nucleic acid of known sequence,
e.g., having the same sequence as a portion of an experi-
mental target nucleic acid, and a known concentration or
series of concentrations (e.g., a serially diluted control target
for generation of calibration curved in quantitative PCR).
Typically, calibration controls are analyzed using the same
reagents and reaction conditions as are used on an experi-
mental DNA. In certain embodiments, the measurement of
the calibrators is done at the same time, e.g., in the same
thermal cycler, as the experimental assay. In preferred
embodiments, multiple calibrators may be included in a
single plasmid, such that the different calibrator sequences
are easily provided in equimolar amounts. In particularly
preferred embodiments, plasmid calibrators are digested,
e.g., with one or more restriction enzymes, to release cali-
brator portion from the plasmid vector. See, e.g., WO
2015/066695, which is included herein by reference. In
some embodiments, calibrator DNAs are synthetic, e.g. as
described in U.S. patent application Ser. No. 15/105,178,
incorporated herein by reference.

As used herein “ZDHHC1” refers to a gene encoding a
protein characterized as a zinc finger, DHHC-type contain-
ing 1, located in human DNA on Chr 16 (16q22.1) and
belonging to the DHHC palmitoyltransferase family.

As used herein, the term “process control” refers to an
exogenous molecule, e.g., an exogenous nucleic acid added
to a sample prior to extraction of target DNA that can be
measured post-extraction to assess the efficiency of the
process and be able to determine success or failure modes.
The nature of the process control nucleic acid used is usually
dependent on the assay type and the material that is being
measured. For example, if the assay being used is for
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detection and/or quantification of double stranded DNA or
mutations in it, then double stranded DNA process controls
are typically spiked into the samples pre-extraction. Simi-
larly, for assays that monitor mRNA or microRNAs, the
process controls used are typically either RNA transcripts or
synthetic RNA. See, e.g., U.S. Pat. Appl. Ser. No. 62/364,
049, filed Jul. 19, 2016, which is incorporated herein by
reference, and which describes use of zebrafish DNA as a
process control for human samples.

As used herein, the term “zebrafish DNA” is distinct from
bulk “fish DNA”) e.g., purified salmon DNA) and refers to
DNA isolated from Dario rerio, or created in vitro (e.g.,
enzymatically, synthetically) to have a sequence of nucleo-
tides found in DNA from Danio rerio. In preferred embodi-
ments, the zebrafish DNA is a methylated DNA added as a
detectable control DNA, e.g., a process control for verifying
DNA recovery through sample processing steps. In particu-
lar, zebrafish DNA comprising at least a portion of the
RASSF1 gene finds use as a process control, e.g., for human
samples, as described in U.S. Pat. Appl. Ser. No. 62/364,049.

As used herein the term “fish DNA” is distinct from
zebrafish DNA and refers to bulk (e.g., genomic) DNA
isolated from fish, e.g., as described in U.S. Pat. No.
9,212,392. Bulk purified fish DNA is commercially avail-
able, e.g., provided in the form of cod and/or herring sperm
DNA (Roche Applied Science, Mannheim, Germany) or
salmon DNA (USB/Affymetrix).

As used herein, the terms “particle” and “beads” are used
interchangeably, and the terms “magnetic particles” and
“magnetic beads” are used interchangeably and refer to
particles or beads that respond to a magnetic field. Typically,
magnetic particles comprise materials that have no magnetic
field but that form a magnetic dipole when exposed to a
magnetic field, e.g., materials capable of being magnetized
in the presence of a magnetic field but that are not them-
selves magnetic in the absence of such a field. The term
“magnetic” as used in this context includes materials that are
paramagnetic or superparamagnetic materials. The term
“magnetic”, as used herein, also encompasses temporarily
magnetic materials, such as ferromagnetic or ferrimagnetic
materials with low Curie temperatures, provided that such
temporarily magnetic materials are paramagnetic in the
temperature range at which silica magnetic particles con-
taining such materials are used according to the present
methods to isolate biological materials.

As used herein, the term “kit” refers to any delivery
system for delivering materials. In the context of reaction
assays, such delivery systems include systems that allow for
the storage, transport, or delivery of reaction reagents (e.g.,
oligonucleotides, enzymes, etc. in the appropriate contain-
ers) and/or supporting materials (e.g., buffers, written
instructions for performing the assay etc.) from one location
to another. For example, kits include one or more enclosures
(e.g., boxes) containing the relevant reaction reagents and/or
supporting materials. As used herein, the term “fragmented
kit” refers to delivery systems comprising two or more
separate containers that each contain a subportion of the
total kit components. The containers may be delivered to the
intended recipient together or separately. For example, a first
container may contain an enzyme for use in an assay, while
a second container contains oligonucleotides.

The term “system” as used herein refers to a collection of
articles for use for a particular purpose. In some embodi-
ments, the articles comprise instructions for use, as infor-
mation supplied on e.g., an article, on paper, or on record-
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able media (e.g.,, DVD, CD, flash drive, etc.). In some
embodiments, instructions direct a user to an online location,
e.g., a website.

As used herein, the term “information” refers to any
collection of facts or data. In reference to information stored
or processed using a computer system(s), including but not
limited to internets, the term refers to any data stored in any
format (e.g., analog, digital, optical, etc.). As used herein,
the term “information related to a subject” refers to facts or
data pertaining to a subject (e.g., a human, plant, or animal).
The term “genomic information™ refers to information per-
taining to a genome including, but not limited to, nucleic
acid sequences, genes, percentage methylation, allele fre-
quencies, RNA expression levels, protein expression, phe-
notypes correlating to genotypes, etc. “Allele frequency
information” refers to facts or data pertaining to allele
frequencies, including, but not limited to, allele identities,
statistical correlations between the presence of an allele and
a characteristic of a subject (e.g., a human subject), the
presence or absence of an allele in an individual or popu-
lation, the percentage likelihood of an allele being present in
an individual having one or more particular characteristics,
etc.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematic diagrams of marker target regions
in unconverted form and bisulfite-converted form. Flap
assay primers and probes for detection of bisulfite-converted
target DNA are shown.

FIG. 2 provides a table of nucleic acid sequences and
corresponding SEQ ID NOS.

FIG. 3 provides a table showing data and results from the
assay of Example 2.

FIG. 4 provides a table showing data and results from the
assay of Example 2.

FIG. 5 provides a schematic drawing showing a combined
PCR-invasive cleavage assay (“PCR-flap assay”), e.g., a
QUuARTS assay in which three different regions of a target
nucleic acid, e.g., a methylation marker, are amplified by
primer pairs specific for each of the different regions, and in
the presence of different flap probes, each one specific for
one of the different regions, but each having the same flap
arm sequence. The flaps release during each of the PCR-flap
assays all report to the same FRET cassette to produce
fluorescence signal from the same fluorophore.

DETAILED DESCRIPTION OF THE
INVENTION

Provided herein is technology relating to selection and use
of nucleic acid markers for use in assays for detection and
quantification of DNA, e.g., methylated DNA. In particular,
the technology relates to use of methylation assays to detect
colon cancer.

In this detailed description of the various embodiments,
for purposes of explanation, numerous specific details are
set forth to provide a thorough understanding of the embodi-
ments disclosed. One skilled in the art will appreciate,
however, that these various embodiments may be practiced
with or without these specific details. In other instances,
structures and devices are shown in block diagram form.
Furthermore, one skilled in the art can readily appreciate that
the specific sequences in which methods are presented and
performed are illustrative and it is contemplated that the
sequences can be varied and still remain within the spirit and
scope of the various embodiments disclosed herein.
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In some embodiments, analysis of target DNAs comprises
analysis of multiple different DNAs in a single reaction.
Typical instrumentation for real-time detection of amplifi-
cation reactions allows for simultaneous detection and quan-
tification of only 3-5 fluorescent dyes. This is mainly
because spectral overlap between fluorophores makes it
difficult to distinguish one dye from another when the many
dyes with overlap excitation and/or emission spectra are
used together. When detection of a specific disease from a
biological specimen requires a panel comprising more than
about 5 different markers, this presents a challenge, espe-
cially when the size of the sample is limited and the markers
are present in low levels, a situation often requiring use of
the entirety of a sample in a single amplification run.

In some embodiments, methods described herein allow
for detection of multiple different markers in the same
sample by having each sample produce a result from the
same dye. In the embodiment described in detail herein,
multiplexed flap cleavage assays (e.g., QUARTS flap endo-
nuclease assays) for multiple different markers produce
initial cleavage products that use the same FRET cassette to
produce fluorescent signal.

In preferred embodiments, the combined assay comprises
several different probe oligonucleotides that each have a
portion that hybridizes to a different target nucleic acid, but
that all have essentially the same 5' arm sequence. Cleavage
of the probes in the presence of their respective target
nucleic acids all release the same 5' arm, and all of the
released arms then combine with FRET cassettes having the
same flap-binding sequence and the same dye to produce
fluorescence signal by endonuclease cleavage of the FRET
cassette. In other embodiments, the probes for different
targets may have different flap arms that report to different
FRET cassettes, wherein the different FRET cassettes all use
the same reporter fluorophore.

Combining assays in this manner has multiple advan-
tages. For example, a sample can provide a result if any one
of the target sequences associated with a condition (e.g., a
disease state, such as colorectal cancer) is detected in the
assay, without the need to divide the sample into multiple
different assays, Further, if more than one of the target
sequences provides such a result, aggregation of these
signals into a single dye channel may provide a stronger
signal over background, providing more certainty for the
assay result. During development of the methods described
herein, it was surprisingly found that combining a large
number of primers and flap assay probes for detecting
multiple different target sequences, along with a shared
FRET cassette, in a single amplification plus flap cleavage
assay reaction did not increase background signal in no-
target controls or in negative samples.

In some embodiments, different target sequences report-
ing to a single FRET cassette and single dye channel may
not be from different marker genes or regions, but may be
from different regions within a single marker (e.g., a single
methylation marker gene). As described in Example 4,
configuring assays to detect multiple regions of a single
marker gene in an assay where all the regions report to a
single dye, e.g., via a single FRET cassette, boosts the level
of detectable signal from the copies of the target gene
present in the reaction.

In yet other embodiments, the different target sequences
to be detected may be a mixture of multiple regions of one
marker, along with one or more regions of a different marker
or markers. The different target sequences may comprise any
combination of methylation markers, mutation markers,
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deletions, insertions, or any other manner of nucleic acid
variants detectable in an assay such as a QUARTS amplifi-
cation/flap cleavage assay.

In some embodiments, a marker is a region of 100 or
fewer bases, the marker is a region of 500 or fewer bases, the
marker is a region of 1000 or fewer bases, the marker is a
region of 5000 or fewer bases, or, in some embodiments, the
marker is one base. In some embodiments the marker is in
a high CpG density promoter.

The technology is not limited by sample type. For
example, in some embodiments the sample is a stool sample,
a tissue sample, sputum, a blood sample (e.g., plasma,
serum, whole blood), an excretion, or a urine sample.

Furthermore, the technology is not limited in the method
used to determine methylation state. In some embodiments
the assaying comprises using methylation specific poly-
merase chain reaction, nucleic acid sequencing, mass spec-
trometry, chip or array hybridization, methylation specific
nuclease, mass-based separation, or target capture. In some
embodiments, the assaying comprises use of a methylation
specific oligonucleotide. In some embodiments, the technol-
ogy uses massively parallel sequencing (e.g., next-genera-
tion sequencing) to determine methylation state, e.g.,
sequencing-by-synthesis, real-time (e.g., single-molecule)
sequencing, bead emulsion sequencing, nanopore sequenc-
ing, etc.

The technology provides reagents for detecting a differ-
entially methylated region (DMR). In some embodiments
are provided an oligonucleotide comprising a sequence
complementary to a chromosomal region having Kit
embodiments are provided, e.g., a kit comprising a bisulfite
reagent; and a control nucleic acid comprising a chromo-
somal region having an annotation selected from VAV3;
ZNF671; CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTXI1,;
TSPYLS5; ZNF568; GRIN2D, and QKI and having a meth-
ylation state associated with a subject who does not have a
cancer (e.g., colon cancer). In some embodiments, kits
comprise a bisulfite reagent and an oligonucleotide as
described herein. In some embodiments, kits comprise a
bisulfite reagent; and a control nucleic acid comprising a
sequence from such a chromosomal region and having a
methylation state associated with a subject who has colon
cancet.

The technology is related to embodiments of composi-
tions (e.g., reaction mixtures). In some embodiments are
provided a composition comprising a nucleic acid compris-
ing a chromosomal region having an annotation selected
from VAV3; ZNF671; CHST2; FLI1; JAM3; SFMBT2;
PDGFD; DTX1; TSPYLS5; ZNF568; GRIN2D, and QKI and
a bisulfite reagent. Some embodiments provide a composi-
tion comprising a nucleic acid comprising a chromosomal
region having an annotation selected from VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI and an oligonucleotide as
described herein. Some embodiments provide a composition
comprising a nucleic acid comprising a chromosomal region
having an annotation selected from VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI and a methylation-sensitive
restriction enzyme. Some embodiments provide a composi-
tion comprising a nucleic acid comprising a chromosomal
region having an annotation selected from VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI and a polymerase.

Additional related method embodiments are provided for
screening for a neoplasm (e.g., colon carcinoma) in a sample
obtained from a subject, e.g., a method comprising deter-
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mining a methylation state of a marker in the sample
comprising a base in a chromosomal region having an
annotation selected from VAV3; ZNF671; CHST2; FLII;
JAM3; SFMBT2; PDGFD; DTXI1; TSPYLS; ZNF568;
GRIN2D, and QKI; comparing the methylation state of the
marker from the subject sample to a methylation state of the
marker from a normal control sample from a subject who
does not have colon cancer; and determining a confidence
interval and/or a p value of the difference in the methylation
state of the subject sample and the normal control sample. In
some embodiments, the confidence interval is 90%, 95%,
97.5%, 98%, 99%, 99.5%, 99.9% or 99.99% and the p value
is 0.1, 0.05, 0.025, 0.02, 0.01, 0.005, 0.001, or 0.0001. Some
embodiments of methods provide steps of reacting a nucleic
acid comprising a chromosomal region having an annotation
selected from VAV3; ZNF671; CHST2; FLI1; JAM3;
SFMBT2; PDGFD; DTX1; TSPYLS5; ZNF568; GRIN2D,
and QKI with a bisulfate reagent to produce a bisulfate-
reacted nucleic acid; sequencing the bisulfate-reacted
nucleic acid to provide a nucleotide sequence of the
bisulfite-reacted nucleic acid; comparing the nucleotide
sequence of the bisulfate-reacted nucleic acid with a nucleo-
tide sequence of a nucleic acid comprising the chromosomal
region from a subject who does not have colon cancer to
identify differences in the two sequences; and identifying the
subject as having a neoplasm when a difference is present.

Systems for screening for colon cancer in a sample
obtained from a subject are provided by the technology.
Exemplary embodiments of systems include, e.g., a system
for screening for colon cancer in a sample obtained from a
subject, the system comprising an analysis component con-
figured to determine the methylation state of a sample, a
software component configured to compare the methylation
state of the sample with a control sample or a reference
sample methylation state recorded in a database, and an alert
component configured to alert a user of a cancer-associated
methylation state. An alert is determined in some embodi-
ments by a software component that receives the results
from multiple assays (e.g., determining the methylation
states of multiple markers, e.g., a chromosomal region
having an annotation selected from VAV3; ZNF671;
CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTX1; TSPYLS5;
ZNF568; GRIN2D, and QKI and calculating a value or
result to report based on the multiple results. Some embodi-
ments provide a database of weighted parameters associated
with each chromosomal region having an annotation
selected from VAV3; ZNF671; CHST2; FLI1; JAM3;
SFMBT2; PDGFD; DTX1; TSPYLS5; ZNF568; GRIN2D,
and QKI provided herein for use in calculating a value or
result and/or an alert to report to a user (e.g., such as a
physician, nurse, clinician, etc.). In some embodiments all
results from multiple assays are reported and in some
embodiments one or more results are used to provide a
score, value, or result based on a composite of one or more
results from multiple assays that is indicative of a colon
cancer risk in a subject.

In some embodiments of systems, a sample comprises a
nucleic acid comprising a chromosomal region having an
annotation selected from VAV3; ZNF671; CHST2; FLII;
JAM3; SFMBT2; PDGFD; DTXI1; TSPYLS; ZNF568;
GRIN2D, and QKI. In some embodiments the system fur-
ther comprises a component for isolating a nucleic acid, a
component for collecting a sample such as a component for
collecting a stool sample. In some embodiments, the system
comprises nucleic acid sequences comprising a chromo-
somal region having an annotation selected from VAV3;
ZNF671; CHST2; FLI1; JAM3; SFMBT2; PDGFD; DTXI1,
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TSPYLS5; ZNF568; GRIN2D, and QKI. In some embodi-
ments the database comprises nucleic acid sequences from
subjects who do not have colon cancer. Also provided are
nucleic acids, e.g., a set of nucleic acids, each nucleic acid
having a sequence comprising a chromosomal region having
an annotation selected from VAV3; ZNF671; CHST2; FLII;
JAM3; SFMBT2; PDGFD; DTXI1; TSPYLS; ZNF568;
GRIN2D, and QKI.

Related system embodiments comprise a set of nucleic
acids as described and a database of nucleic acid sequences
associated with the set of nucleic acids. Some embodiments
further comprise a bisulfite reagent. And, some embodi-
ments further comprise a nucleic acid sequencer.

In certain embodiments, methods for characterizing a
sample obtained from a human subject are provided, com-
prising a) obtaining a sample from a human subject; b)
assaying a methylation state of one or more markers in the
sample, wherein the marker comprises a base in a chromo-
somal region having an annotation selected from the fol-
lowing groups of markers: VAV3; ZNF671; CHST2; FLI1;
JAM3; SFMBT2; PDGFD; DTXI1; TSPYLS; ZNF568;
GRIN2D, and QKI; and ¢) comparing the methylation state
of the assayed marker to the methylation state of the marker
assayed in a subject that does not have a neoplasm.

In some embodiments, the technology is related to assess-
ing the presence of and methylation state of one or more of
the markers identified herein in a biological sample. These
markers comprise one or more differentially methylated
regions (DMR) as discussed herein. Methylation state is
assessed in embodiments of the technology. As such, the
technology provided herein is not restricted in the method by
which a gene’s methylation state is measured. For example,
in some embodiments the methylation state is measured by
a genome scanning method. For example, one method
involves restriction landmark genomic scanning (Kawai et
al. (1994) Mol. Cell. Biol. 14: 7421-7427) and another
example involves methylation-sensitive arbitrarily primed
PCR (Gonzalgo et al. (1997) Cancer Res. 57: 594-599). In
some embodiments, changes in methylation patterns at
specific CpG sites are monitored by digestion of genomic
DNA with methylation-sensitive restriction enzymes fol-
lowed by Southern analysis of the regions of interest (di-
gestion-Southern method). In some embodiments, analyzing
changes in methylation patterns involves a PCR-based pro-
cess that involves digestion of genomic DNA with methyl-
ation-sensitive restriction enzymes prior to PCR amplifica-
tion (Singer-Sam et al. (1990) Nucl. Acids Res. 18: 687). In
addition, other techniques have been reported that utilize
bisulfite treatment of DNA as a starting point for methyl-
ation analysis. These include methylation-specific PCR
(MSP) (Herman et al. (1992) Proc. Natl. Acad. Sci. USA 93:
9821-9826) and restriction enzyme digestion of PCR prod-
ucts amplified from bisulfite-converted DNA (Sadri and
Hornsby (1996) Nucl. Acids Res. 24: 5058-5059; and Xiong
and Laird (1997) Nucl. Acids Res. 25: 2532-2534). PCR
techniques have been developed for detection of gene muta-
tions (Kuppuswamy et al. (1991) Proc. Natl. Acad. Sci. USA
88: 1143-1147) and quantification of allelic-specific expres-
sion (Szabo and Mann (1995) Genes Dev. 9: 3097-3108; and
Singer-Sam et al. (1992) PCR Methods Appl. 1: 160-163).
Such techniques use internal primers, which anneal to a
PCR-generated template and terminate immediately 5' of the
single nucleotide to be assayed. Methods using a “quanti-
tative Ms-SNuPE assay” as described in U.S. Pat. No.
7,037,650 are used in some embodiments.

Upon evaluating a methylation state, the methylation state
is often expressed as the fraction or percentage of individual
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strands of DNA that is methylated at a particular site (e.g.,
at a single nucleotide, at a particular region or locus, at a
longer sequence of interest, e.g., up to a ~100-bp, 200-bp,
500-bp, 1000-bp subsequence of a DNA or longer) relative
to the total population of DNA in the sample comprising that
particular site. Traditionally, the amount of the unmethylated
nucleic acid is determined by PCR using calibrators. Then,
a known amount of DNA is bisulfite treated and the resulting
methylation-specific sequence is determined using either a
real-time PCR or other exponential amplification, e.g., a
QUuARTS assay (e.g., as provided by U.S. Pat. Nos. 8,361,
720, 8,715,937 8,916,344; and 9,212,392).

For example, in some embodiments methods comprise
generating a standard curve for the unmethylated target by
using external standards. The standard curve is constructed
from at least two points and relates the real-time Ct value for
unmethylated DNA to known quantitative standards. Then,
a second standard curve for the methylated target is con-
structed from at least two points and external standards. This
second standard curve relates the Ct for methylated DNA to
known quantitative standards. Next, the test sample Ct
values are determined for the methylated and unmethylated
populations and the genomic equivalents of DNA are cal-
culated from the standard curves produced by the first two
steps. The percentage of methylation at the site of interest is
calculated from the amount of methylated DNAs relative to
the total amount of DN As in the population, e.g., (number of
methylated DNAs)/(the number of methylated DNAs+num-
ber of unmethylated DNAs)x100.

Also provided herein are compositions and kits for prac-
ticing the methods. For example, in some embodiments,
reagents (e.g., primers, probes) specific for one or more
markers are provided alone or in sets (e.g., sets of primer
pairs for amplifying a plurality of markers). Additional
reagents for conducting a detection assay may also be
provided (e.g., enzymes, buffers, positive and negative con-
trols for conducting QuARTS, PCR, sequencing, bisulfate,
or other assays). In some embodiments, the kits containing
one or more reagents necessary, sufficient, or useful for
conducting a method are provided. Also provided are reac-
tions mixtures containing the reagents. Further provided are
master mix reagent sets containing a plurality of reagents
that may be added to each other and/or to a test sample to
complete a reaction mixture.

Methods for isolating DNA suitable for these assay tech-
nologies are known in the art. In particular, some embodi-
ments comprise isolation of nucleic acids as described in
U.S. Pat. No. 9,000,146, which is incorporated herein by
reference in its entirety.

Genomic DNA may be isolated by any means, including
the use of commercially available kits. Briefly, wherein the
DNA of interest is encapsulated by a cellular membrane the
biological sample must be disrupted and lysed by enzymatic,
chemical or mechanical means. The DNA solution may then
be cleared of proteins and other contaminants, e.g., by
digestion with proteinase K. The genomic DNA is then
recovered from the solution. This may be carried out by
means of a variety of methods including salting out, organic
extraction, or binding of the DNA to a solid phase support.
The choice of method will be affected by several factors
including time, expense, and required quantity of DNA. All
clinical sample types comprising neoplastic matter or pre-
neoplastic matter are suitable for use in the present method,
e.g., cell lines, histological slides, biopsies, paraffin-embed-
ded tissue, body fluids, stool, colonic effluent, urine, blood
plasma, blood serum, whole blood, isolated blood cells, cells
isolated from the blood, and combinations thereof.
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The technology is not limited in the methods used to
prepare the samples and provide a nucleic acid for testing.
For example, in some embodiments, a DNA is isolated from
a stool sample or from blood or from a plasma sample using
direct gene capture, e.g., as detailed in U.S. Pat. Nos.
8,808,990 or 9,000,146, or by a related method.

The technology relates to the analysis of any sample
associated with colon cancer. For example, in some embodi-
ments the sample comprises a tissue and/or biological fluid
obtained from a patient. In some embodiments, the sample
comprises a secretion. In some embodiments, the sample
comprises sputum, blood, serum, plasma, gastric secretions,
colon tissue samples, colon cells or colon DNA recovered
from stool. In some embodiments, the subject is human.
Such samples can be obtained by any number of means
known in the art, such as will be apparent to the skilled
person.

1. Methylation Assays to Detect Colon Cancer

Candidate methylated DNA markers were identified by
unbiased whole methylome sequencing of selected colon
cancer case and colon control tissues. The top marker
candidates were further evaluated in 89 cancer and 95
normal plasma samples. DNA extracted from patient tissue
samples was bisulfite treated and then candidate markers and
reference genes (e.g., f-actin or B3GALT6) as a normalizing
genes were assayed by Quantitative Allele-Specific Real-
time Target and Signal amplification (QUARTS amplifica-
tion). QUARTS assay chemistry yields high discrimination
for methylated marker selection and screening.

On receiver operator characteristics analyses of individual
marker candidates, areas under the curve (AUCs) ranged
from 0.63 to 0.75. At 92.6% specificity, a combined panel of
12 methylation markers (VAV3; ZNF671; CHST2; FLI1;
JAMS; SFMBT2; PDGFD; DTX1; TSPYLS; ZNF568;
GRIN2D, and QKI) plus an assay for the CEA protein
yielded a sensitivity of 67.4% across all stages of colon
cancet.

II. Methylation Detection Assays and Kits

The markers described herein find use in a variety of
methylation detection assays. The most frequently used
method for analyzing a nucleic acid for the presence of
S5-methylcytosine is based upon the bisulfite method
described by Frommer, et al. for the detection of 5-methyl-
cytosines in DNA (Frommer et al. (1992) Proc. Natl. Acad.
Sci. USA 89: 1827-31 explicitly incorporated herein by
reference in its entirety for all purposes) or variations
thereof. The bisulfite method of mapping 5-methylcytosines
is based on the observation that cytosine, but not 5-meth-
yleytosine, reacts with hydrogen sulfite ion (also known as
bisulfite). The reaction is usually performed according to the
following steps: first, cytosine reacts with hydrogen sulfite
to form a sulfonated cytosine. Next, spontaneous deamina-
tion of the sulfonated reaction intermediate results in a
sulfonated uracil. Finally, the sulfonated uracil is des-
ulfonated under alkaline conditions to form uracil. Detection
is possible because uracil base pairs with adenine (thus
behaving like thymine), whereas S5-methylcytosine base
pairs with guanine (thus behaving like cytosine). This makes
the discrimination of methylated cytosines from non-meth-
ylated cytosines possible by, e.g., bisulfite genomic sequenc-
ing (Grigg G, & Clark S, Bioessays (1994) 16: 431-36;
Grigg G, DNA Seq. (1996) 6: 189-98), methylation-specific
PCR (MSP) as is disclosed, e.g., in U.S. Pat. No. 5,786,146,
or using an assay comprising sequence-specific probe cleav-
age, e.g., a QuARTS flap endonuclease assay (see, e.g., Zou
etal. (2010) “Sensitive quantification of methylated markers
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with a novel methylation specific technology” Clin Chem
56: A199; and in U.S. Pat. Nos. 8,361,720, 8,715,937,
8,916,344; and 9,212,392.

Some conventional technologies are related to methods
comprising enclosing the DNA to be analyzed in an agarose
matrix, thereby preventing the diffusion and renaturation of
the DNA (bisulfite only reacts with single-stranded DNA),
and replacing precipitation and purification steps with a fast
dialysis (Olek A, et al. (1996) “A modified and improved
method for bisulfite based cytosine methylation analysis”
Nucleic Acids Res. 24: 5064-6). It is thus possible to analyze
individual cells for methylation status, illustrating the utility
and sensitivity of the method. An overview of conventional
methods for detecting 5S-methylcytosine is provided by Rein,
T., et al. (1998) Nucleic Acids Res. 26: 2255.

The bisulfite technique typically involves amplifying
short, specific fragments of a known nucleic acid subsequent
to a bisulfite treatment, then either assaying the product by
sequencing (Olek & Walter (1997) Nat. Genet. 17: 275-6) or
a primer extension reaction (Gonzalgo & Jones (1997)
Nucleic Acids Res. 25: 2529-31; WO 95/00669; U.S. Pat.
No. 6,251,594) to analyze individual cytosine positions.
Some methods use enzymatic digestion (Xiong & Laird
(1997) Nucleic Acids Res. 25: 2532-4). Detection by hybrid-
ization has also been described in the art (Olek et al., WO
99/28498). Additionally, use of the bisulfite technique for
methylation detection with respect to individual genes has
been described (Grigg & Clark (1994) Bioessays 16: 431-6;
Zeschnigk et al. (1997) Hum Mol Genet. 6: 387-95; Feil et
al. (1994) Nucleic Acids Res. 22: 695; Martin et al. (1995)
Gene 157: 261-4; WO 9746705; WO 9515373).

Various methylation assay procedures can be used in
conjunction with bisulfite treatment according to the present
technology. These assays allow for determination of the
methylation state of one or a plurality of CpG dinucleotides
(e.g., CpG islands) within a nucleic acid sequence. Such
assays involve, among other techniques, sequencing of
bisulfite-treated nucleic acid, PCR (for sequence-specific
amplification), Southern blot analysis, and use of methyl-
ation-sensitive restriction enzymes.

For example, genomic sequencing has been simplified for
analysis of methylation patterns and 5-methylcytosine dis-
tributions by using bisulfite treatment (Frommer et al.
(1992) Proc. Natl. Acad. Sci. US4 89: 1827-1831). Addi-
tionally, restriction enzyme digestion of PCR products
amplified from bisulfite-converted DNA finds use in assess-
ing methylation state, e.g., as described by Sadri & Hornsby
(1997) Nucl. Acids Res. 24: 5058-5059 or as embodied in the
method known as COBRA (Combined Bisulfite Restriction
Analysis) (Xiong & Laird (1997) Nucleic Acids Res. 25:
2532-2534).

COBRA™ analysis is a quantitative methylation assay
useful for determining DNA methylation levels at specific
loci in small amounts of genomic DNA (Xiong & Laird,
Nucleic Acids Res. 25:2532-2534, 1997). Briefly, restriction
enzyme digestion is used to reveal methylation-dependent
sequence differences in PCR products of sodium bisulfite-
treated DNA. Methylation-dependent sequence differences
are first introduced into the genomic DNA by standard
bisulfite treatment according to the procedure described by
Frommer et al. (Proc. Natl. Acad. Sci. USA 89:1827-1831,
1992). PCR amplification of the bisulfite converted DNA is
then performed using primers specific for the CpG islands of
interest, followed by restriction endonuclease digestion, gel
electrophoresis, and detection using specific, labeled hybrid-
ization probes. Methylation levels in the original DNA
sample are represented by the relative amounts of digested
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and undigested PCR product in a linearly quantitative fash-
ion across a wide spectrum of DNA methylation levels. In
addition, this technique can be reliably applied to DNA
obtained from microdissected paraffin-embedded tissue
samples.

Typical reagents (e.g., as might be found in a typical
COBRA™-hased kit) for COBRA™ analysis may include,
but are not limited to: PCR primers for specific loci (e.g.,
specific genes, markers, regions of genes, regions of mark-
ers, bisulfite treated DNA sequence, CpG island, etc.);
restriction enzyme and appropriate buffer; gene-hybridiza-
tion oligonucleotide; control hybridization oligonucleotide;
kinase labeling kit for oligonucleotide probe; and labeled
nucleotides. Additionally, bisulfite conversion reagents may
include: DNA denaturation buffer; sulfonation buffer; DNA
recovery reagents or kits (e.g., precipitation, ultrafiltration,
affinity column); desulfonation buffer; and DNA recovery
components.

Assays such as “MethyLight™” (a fluorescence-based
real-time PCR technique) (Eads et al., Cancer Res. 59:2302-
2306, 1999), Ms-SNuPE™ (Methylation-sensitive Single
Nucleotide Primer Extension) reactions (Gonzalgo & Jones,
Nucleic Acids Res. 25:2529-2531, 1997), methylation-spe-
cific PCR (“MSP”; Herman et al., Proc. Natl. Acad. Sci.
USA 93:9821-9826, 1996; U.S. Pat. No. 5,786,146), and
methylated CpG island amplification (“MCA”; Toyota et al.,
Cancer Res. 59:2307-12, 1999) are used alone or in com-
bination with one or more of these methods.

The “HeavyMethyl™” assay, technique is a quantitative
method for assessing methylation differences based on
methylation-specific amplification of bisulfite-treated DNA.
Methylation-specific blocking probes (“blockers™) covering
CpG positions between, or covered by, the amplification
primers enable methylation-specific selective amplification
of a nucleic acid sample.

The term “HeavyMethyl™ MethyLight™” assay refers to
a HeavyMethyl™ MethyLight™ assay, which is a variation
of'the MethyLight™ assay, wherein the MethyLight™ assay
is combined with methylation specific blocking probes cov-
ering CpG positions between the amplification primers. The
HeavyMethyl™ assay may also be used in combination with
methylation specific amplification primers.

Typical reagents (e.g., as might be found in a typical
MethyLight™.-based kit) for HeavyMethyl™ analysis may
include, but are not limited to: PCR primers for specific loci
(e.g., specific genes, markers, regions of genes, regions of
markers, bisulfite treated DNA sequence, CpG island, or
bisulfite treated DNA sequence or CpG island, etc.); block-
ing oligonucleotides; optimized PCR buffers and deoxy-
nucleotides; and Taq polymerase.

MSP (methylation-specific PCR) allows for assessing the
methylation status of virtually any group of CpG sites within
a CpG island, independent of the use of methylation-sensi-
tive restriction enzymes (Herman et al. Proc. Natl. Acad. Sci.
USA 93:9821-9826, 1996; U.S. Pat. No. 5,786,146). Briefly,
DNA is modified by sodium bisulfite, which converts unm-
ethylated, but not methylated cytosines, to uracil, and the
products are subsequently amplified with primers specific
for methylated versus unmethylated DNA. MSP requires
only small quantities of DNA, is sensitive to 0.1% methyl-
ated alleles of a given CpG island locus, and can be
performed on DNA extracted from paraffin-embedded
samples. Typical reagents (e.g., as might be found in a
typical MSP-based kit) for MSP analysis may include, but
are not limited to: methylated and unmethylated PCR prim-
ers for specific loci (e.g., specific genes, markers, regions of
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genes, regions of markers, bisulfite treated DNA sequence,
CpG island, etc.); optimized PCR buffers and deoxynucle-
otides, and specific probes.

The MethyLight™ assay is a high-throughput quantita-
tive methylation assay that utilizes fluorescence-based real-
time PCR (e.g., TagMan®) that requires no further manipu-
lations after the PCR step (Eads et al., Cancer Res. 59:2302-
2306, 1999). Briefly, the MethyLight™ process begins with
a mixed sample of genomic DNA that is converted, in a
sodium bisulfite reaction, to a mixed pool of methylation-
dependent sequence differences according to standard pro-
cedures (the bisulfite process converts unmethylated cyto-
sine residues to uracil). Fluorescence-based PCR is then
performed in a “biased” reaction, e.g., with PCR primers
that overlap known CpG dinucleotides. Sequence discrimi-
nation occurs both at the level of the amplification process
and at the level of the fluorescence detection process.

The MethyLight™ assay is used as a quantitative test for
methylation patterns in a nucleic acid, e.g., a genomic DNA
sample, wherein sequence discrimination occurs at the level
of probe hybridization. In a quantitative version, the PCR
reaction provides for a methylation specific amplification in
the presence of a fluorescent probe that overlaps a particular
putative methylation site. An unbiased control for the
amount of input DNA is provided by a reaction in which
neither the primers, nor the probe, overlie any CpG dinucle-
otides. Alternatively, a qualitative test for genomic methyl-
ation is achieved by probing the biased PCR pool with either
control oligonucleotides that do not cover known methyl-
ation sites (e.g., a fluorescence-based version of the
HeavyMethyl™ and MSP techniques) or with oligonucle-
otides covering potential methylation sites.

The MethyLight™ process is used with any suitable
probe (e.g. a “TagMan®” probe, a Lightcycler® probe, etc.)
For example, in some applications double-stranded genomic
DNA is treated with sodium bisulfite and subjected to one of
two sets of PCR reactions using TagMan® probes, e.g., with
MSP primers and/or HeavyMethyl blocker oligonucleotides
and a TagMan® probe. The TagMan® probe is dual-labeled
with fluorescent “reporter” and “quencher” molecules and is
designed to be specific for a relatively high GC content
region so that it melts at about a 10° C. higher temperature
in the PCR cycle than the forward or reverse primers. This
allows the TagMan® probe to remain fully hybridized
during the PCR annealing/extension step. As the Taq poly-
merase enzymatically synthesizes a new strand during PCR,
it will eventually reach the annealed TagMan® probe. The
Taq polymerase 5' to 3' endonuclease activity will then
displace the TagMan® probe by digesting it to release the
fluorescent reporter molecule for quantitative detection of its
now unquenched signal using a real-time fluorescent detec-
tion system.

Typical reagents (e.g., as might be found in a typical
MethyLight™-based kit) for MethyLight™ analysis may
include, but are not limited to: PCR primers for specific loci
(e.g., specific genes, markers, regions of genes, regions of
markers, bisulfite treated DNA sequence, CpG island, etc.);
TagMan® or Lightcycler® probes; optimized PCR buffers
and deoxynucleotides; and Taq polymerase.

The QM™ (quantitative methylation) assay is an alterna-
tive quantitative test for methylation patterns in genomic
DNA samples, wherein sequence discrimination occurs at
the level of probe hybridization. In this quantitative version,
the PCR reaction provides for unbiased amplification in the
presence of a fluorescent probe that overlaps a particular
putative methylation site. An unbiased control for the
amount of input DNA is provided by a reaction in which
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neither the primers, nor the probe, overlie any CpG dinucle-
otides. Alternatively, a qualitative test for genomic methyl-
ation is achieved by probing the biased PCR pool with either
control oligonucleotides that do not cover known methyl-
ation sites (a fluorescence-based version of the HeavyM-
ethyl™ and MSP techniques) or with oligonucleotides cov-
ering potential methylation sites.

The QM™ process can be used with any suitable probe,
e.g., “TagMan®” probes, Lightcycler® probes, in the ampli-
fication process. For example, double-stranded genomic
DNA is treated with sodium bisulfite and subjected to
unbiased primers and the TagMan® probe. The TagMan®
probe is dual-labeled with fluorescent “reporter” and
“quencher” molecules, and is designed to be specific for a
relatively high GC content region so that it melts out at about
a 10° C. higher temperature in the PCR cycle than the
forward or reverse primers. This allows the TagMan® probe
to remain fully hybridized during the PCR annealing/exten-
sion step. As the Taq polymerase enzymatically synthesizes
a new strand during PCR, it will eventually reach the
annealed TagMan® probe. The Taq polymerase 5' to 3'
endonuclease activity will then displace the TagMan® probe
by digesting it to release the fluorescent reporter molecule
for quantitative detection of its now unquenched signal
using a real-time fluorescent detection system. Typical
reagents (e.g., as might be found in a typical QM™-based
kit) for QM™ analysis may include, but are not limited to:
PCR primers for specific loci (e.g., specific genes, markers,
regions of genes, regions of markers, bisulfite treated DNA
sequence, CpG island, etc.); TagMan® or Lightcycler®
probes; optimized PCR buffers and deoxynucleotides; and
Taq polymerase.

The Ms-SNuPE™ technique is a quantitative method for
assessing methylation differences at specific CpG sites based
on bisulfite treatment of DNA, followed by single-nucleo-
tide primer extension (Gonzalgo & Jones, Nucleic Acids
Res. 25:2529-2531, 1997). Briefly, genomic DNA is reacted
with sodium bisulfite to convert unmethylated cytosine to
uracil while leaving 5-methylcytosine unchanged. Amplifi-
cation of the desired target sequence is then performed using
PCR primers specific for bisulfite-converted DNA, and the
resulting product is isolated and used as a template for
methylation analysis at the CpG site of interest. Small
amounts of DNA can be analyzed (e.g., microdissected
pathology sections) and it avoids utilization of restriction
enzymes for determining the methylation status at CpG
sites.

Typical reagents (e.g., as might be found in a typical
Ms-SNuPE™-based kit) for Ms-SNuPE™ analysis may
include, but are not limited to: PCR primers for specific loci
(e.g., specific genes, markers, regions of genes, regions of
markers, bisulfite treated DNA sequence, CpG island, etc.);
optimized PCR buffers and deoxynucleotides; gel extraction
kit; positive control primers; Ms-SNuPE™ primers for
specific loci; reaction buffer (for the Ms-SNuPE reaction);
and labeled nucleotides. Additionally, bisulfite conversion
reagents may include: DNA denaturation buffer; sulfonation
buffer; DNA recovery reagents or kit (e.g., precipitation,
ultrafiltration, affinity column); desulfonation buffer; and
DNA recovery components.

Reduced Representation Bisulfite Sequencing (RRBS)
begins with bisulfite treatment of nucleic acid to convert all
unmethylated cytosines to uracil, followed by restriction
enzyme digestion (e.g., by an enzyme that recognizes a site
including a CG sequence such as Mspl) and complete
sequencing of fragments after coupling to an adapter ligand.
The choice of restriction enzyme enriches the fragments for
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CpG dense regions, reducing the number of redundant
sequences that may map to multiple gene positions during
analysis. As such, RRBS reduces the complexity of the
nucleic acid sample by selecting a subset (e.g., by size
selection using preparative gel electrophoresis) of restriction
fragments for sequencing. As opposed to whole-genome
bisulfite sequencing, every fragment produced by the restric-
tion enzyme digestion contains DNA methylation informa-
tion for at least one CpG dinucleotide. As such, RRBS
enriches the sample for promoters, CpG islands, and other
genomic features with a high frequency of restriction
enzyme cut sites in these regions and thus provides an assay
to assess the methylation state of one or more genomic loci.

A typical protocol for RRBS comprises the steps of
digesting a nucleic acid sample with a restriction enzyme
such as Mspl, filling in overhangs and A-tailing, ligating
adaptors, bisulfite conversion, and PCR. See, e.g., et al.
(2005) “Genome-scale DN A methylation mapping of clini-
cal samples at single-nucleotide resolution” Nat Methods 7:
133-6; Meissner et al. (2005) “Reduced representation
bisulfite sequencing for comparative high-resolution DNA
methylation analysis” Nucleic Acids Res. 33: 5868-77.

In some embodiments, a quantitative allele-specific real-
time target and signal amplification (QuARTS) assay is used
to evaluate methylation state. Three reactions sequentially
occur in each QuARTS assay, including amplification (reac-
tion 1) and target probe cleavage (reaction 2) in the primary
reaction; and FRET cleavage and fluorescent signal genera-
tion (reaction 3) in the secondary reaction. When target
nucleic acid is amplified with specific primers, a specific
detection probe with a flap sequence loosely binds to the
amplicon. The presence of the specific invasive oligonucle-
otide at the target binding site causes a 5' nuclease, e.g., a
FEN-1 endonuclease, to release the flap sequence by cutting
between the detection probe and the flap sequence. The flap
sequence is complementary to a non-hairpin portion of a
corresponding FRET cassette. Accordingly, the flap
sequence functions as an invasive oligonucleotide on the
FRET cassette and effects a cleavage between the FRET
cassette fluorophore and a quencher, which produces a
fluorescent signal. The cleavage reaction can cut multiple
probes per target and thus release multiple fluorophore per
flap, providing exponential signal amplification. QuARTS
can detect multiple targets in a single reaction well by using
FRET cassettes with different dyes. See, e.g., in Zou et al.
(2010) “Sensitive quantification of methylated markers with
a novel methylation specific technology” Clin Chem 56:
A199). In embodiments, described herein, the QuARTS
assay can also be configured to detect multiple different
targets in or different regions of the same target using a the
same FRET cassette, producing an additive fluorescence
signal from a single dye.

In some embodiments, the bisulfite-treated DNA is puri-
fied prior to the quantification. This may be conducted by
any means known in the art, such as but not limited to
ultrafiltration, e.g., by means of Microcon™ columns
(manufactured by Millipore™). The purification is carried
out according to a modified manufacturer’s protocol (see,
e.g., PCT/EP2004/011715, which is incorporated by refer-
ence in its entirety). In some embodiments, the bisulfite
treated DNA is bound to a solid support, e.g., a magnetic
bead, and desulfonation and washing occurs while the DNA
is bound to the support. Examples of such embodiments are
provided, e.g., in WO 2013/116375. In certain preferred
embodiments, support-bound DNA is ready for a methyl-
ation assay immediately after desulfonation and washing on
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the support. In some embodiments, the desulfonated DNA is
eluted from the support prior to assay.

In some embodiments, fragments of the treated DNA are
amplified using sets of primer oligonucleotides according to
the present invention (e.g., see FIG. 1) and an amplification
enzyme. The amplification of several DNA segments can be
carried out simultaneously in one and the same reaction
vessel. Typically, the amplification is carried out using a
polymerase chain reaction (PCR).

Methods for isolating DNA suitable for these assay tech-
nologies are known in the art. In particular, some embodi-
ments comprise isolation of nucleic acids as described in
U.S. patent application Ser. No. 13/470,251 (“Isolation of
Nucleic Acids”, published as US 2012/0288868), incorpo-
rated herein by reference in its entirety.

In some embodiments, the markers described herein find
use in QuARTS assays performed on stool samples. In some
embodiments, methods for producing DNA samples and, in
particular, to methods for producing DNA samples that
comprise highly purified, low-abundance nucleic acids in a
small volume (e.g., less than 100, less than 60 microliters)
and that are substantially and/or effectively free of sub-
stances that inhibit assays used to test the DNA samples
(e.g., PCR, INVADER, QuARTS assays, etc.) are provided.
Such DNA samples find use in diagnostic assays that quali-
tatively detect the presence of, or quantitatively measure the
activity, expression, or amount of, a gene, a gene variant
(e.g., an allele), or a gene modification (e.g., methylation)
present in a sample taken from a patient. For example, some
cancers are correlated with the presence of particular mutant
alleles or particular methylation states, and thus detecting
and/or quantifying such mutant alleles or methylation states
has predictive value in the diagnosis and treatment of cancer.

Many valuable genetic markers are present in extremely
low amounts in samples and many of the events that produce
such markers are rare. Consequently, even sensitive detec-
tion methods such as PCR require a large amount of DNA
to provide enough of a low-abundance target to meet or
supersede the detection threshold of the assay. Moreover, the
presence of even low amounts of inhibitory substances
compromise the accuracy and precision of these assays
directed to detecting such low amounts of a target. Accord-
ingly, provided herein are methods providing the requisite
management of volume and concentration to produce such
DNA samples.

In some embodiments, the sample comprises blood,
serum, plasma, or saliva. In some embodiments, the subject
is human. Such samples can be obtained by any number of
means known in the art, such as will be apparent to the
skilled person. Cell free or substantially cell free samples
can be obtained by subjecting the sample to various tech-
niques known to those of skill in the art which include, but
are not limited to, centrifugation and filtration. Although it
is generally preferred that no invasive techniques are used to
obtain the sample, it still may be preferable to obtain
samples such as tissue homogenates, tissue sections, and
biopsy specimens. The technology is not limited in the
methods used to prepare the samples and provide a nucleic
acid for testing. For example, in some embodiments, a DNA
is isolated from a stool sample or from blood or from a
plasma sample using direct gene capture, e.g., as detailed in
U.S. Pat. Nos. 8,808,990 and 9,169,511, and in WO 2012/
155072, or by a related method.

The analysis of markers can be carried out separately or
simultaneously with additional markers within one test
sample. For example, several markers can be combined into
one test for efficient processing of multiple samples and for
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potentially providing greater diagnostic and/or prognostic
accuracy. In addition, one skilled in the art would recognize
the value of testing multiple samples (for example, at
successive time points) from the same subject. Such testing
of serial samples can allow the identification of changes in
marker methylation states over time. Changes in methyl-
ation state, as well as the absence of change in methylation
state, can provide useful information about the disease status
that includes, but is not limited to, identifying the approxi-
mate time from onset of the event, the presence and amount
of salvageable tissue, the appropriateness of drug therapies,
the effectiveness of various therapies, and identification of
the subject’s outcome, including risk of future events.

The analysis of biomarkers can be carried out in a variety
of physical formats. For example, the use of microtiter plates
or automation can be used to facilitate the processing of
large numbers of test samples. Alternatively, single sample
formats could be developed to facilitate immediate treatment
and diagnosis in a timely fashion, for example, in ambula-
tory transport or emergency room settings.

It is contemplated that embodiments of the technology are
provided in the form of a kit. The kits comprise embodi-
ments of the compositions, devices, apparatuses, etc.
described herein, and instructions for use of the kit. Such
instructions describe appropriate methods for preparing an
analyte from a sample, e.g., for collecting a sample and
preparing a nucleic acid from the sample. Individual com-
ponents of the kit are packaged in appropriate containers and
packaging (e.g., vials, boxes, blister packs, ampules, jars,
bottles, tubes, and the like) and the components are pack-
aged together in an appropriate container (e.g., a box or
boxes) for convenient storage, shipping, and/or use by the
user of the kit. It is understood that liquid components (e.g.,
a buffer) may be provided in a lyophilized form to be
reconstituted by the user. Kits may include a control or
reference for assessing, validating, and/or assuring the per-
formance of the kit. For example, a kit for assaying the
amount of a nucleic acid present in a sample may include a
control comprising a known concentration of the same or
another nucleic acid for comparison and, in some embodi-
ments, a detection reagent (e.g., a primer) specific for the
control nucleic acid. The kits are appropriate for use in a
clinical setting and, in some embodiments, for use in a user’s
home. The components of a kit, in some embodiments,
provide the functionalities of a system for preparing a
nucleic acid solution from a sample. In some embodiments,
certain components of the system are provided by the user.
III. Applications

In some embodiments, diagnostic assays identify the
presence of a disease or condition in an individual. In some
embodiments, the disease is cancer (e.g., colon cancer). In
some embodiments, markers whose aberrant methylation is
associated with a colon cancer (e.g., one or more markers
selected from the markers listed in Table 1, or preferably one
or more of VAV3; ZNF671; CHST2; FLIl1; JAM3;
SFMBT2; PDGFD; DTX1; TSPYLS; ZNF568; GRIN2D,
QKI, FER1L4) are used. In some embodiments, an assay
further comprises detection of a reference gene (e.g., p-ac-
tin, ZDHHC1, B3GALT6).

In some embodiments, the technology finds application in
treating a patient (e.g., a patient with colon cancer, with early
stage colon cancer, or who may develop colon cancer), the
method comprising determining the methylation state of one
or more markers as provided herein and administering a
treatment to the patient based on the results of determining
the methylation state. The treatment may be administration
of a pharmaceutical compound, a vaccine, performing a
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surgery, imaging the patient, performing another test. Pref-
erably, said use is in a method of clinical screening, a
method of prognosis assessment, a method of monitoring the
results of therapy, a method to identify patients most likely
to respond to a particular therapeutic treatment, a method of
imaging a patient or subject, and a method for drug screen-
ing and development.

In some embodiments, the technology finds application in
methods for diagnosing colon cancer in a subject. The terms
“diagnosing” and “diagnosis” as used herein refer to meth-
ods by which the skilled artisan can estimate and even
determine whether or not a subject is suffering from a given
disease or condition or may develop a given disease or
condition in the future. The skilled artisan often makes a
diagnosis on the basis of one or more diagnostic indicators,
such as for example a biomarker, the methylation state of
which is indicative of the presence, severity, or absence of
the condition.

Along with diagnosis, clinical cancer prognosis relates to
determining the aggressiveness of the cancer and the like-
lihood of tumor recurrence to plan the most effective
therapy. If a more accurate prognosis can be made or even
a potential risk for developing the cancer can be assessed,
appropriate therapy, and in some instances less severe
therapy for the patient can be chosen. Assessment (e.g.,
determining methylation state) of cancer biomarkers is use-
ful to separate subjects with good prognosis and/or low risk
of developing cancer who will need no therapy or limited
therapy from those more likely to develop cancer or suffer
a recurrence of cancer who might benefit from more inten-
sive treatments.

As such, “making a diagnosis™ or “diagnosing”, as used
herein, is further inclusive of making a determination of a
risk of developing cancer or determining a prognosis, which
can provide for predicting a clinical outcome (with or
without medical treatment), selecting an appropriate treat-
ment (or whether treatment would be effective), or moni-
toring a current treatment and potentially changing the
treatment, based on the measure of the diagnostic biomark-
ers disclosed herein.

Further, in some embodiments of the technology, multiple
determinations of the biomarkers over time can be made to
facilitate diagnosis and/or prognosis. A temporal change in
the biomarker can be used to predict a clinical outcome,
monitor the progression of colon cancer, and/or monitor the
efficacy of appropriate therapies directed against the cancer.
In such an embodiment for example, one might expect to see
a change in the methylation state of one or more biomarkers
disclosed herein (and potentially one or more additional
biomarker(s), if monitored) in a biological sample over time
during the course of an effective therapy.

The technology further finds application in methods for
determining whether to initiate or continue prophylaxis or
treatment of a cancer in a subject. In some embodiments, the
method comprises providing a series of biological samples
over a time period from the subject; analyzing the series of
biological samples to determine a methylation state of at
least one biomarker disclosed herein in each of the biologi-
cal samples; and comparing any measurable change in the
methylation states of one or more of the biomarkers in each
of the biological samples. Any changes in the methylation
states of biomarkers over the time period can be used to
predict risk of developing cancer, predict clinical outcome,
determine whether to initiate or continue the prophylaxis or
therapy of the cancer, and whether a current therapy is
effectively treating the cancer. For example, a first time point
can be selected prior to initiation of a treatment and a second
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time point can be selected at some time after initiation of the
treatment. Methylation states can be measured in each of the
samples taken from different time points and qualitative
and/or quantitative differences noted. A change in the meth-
ylation states of the biomarker levels from the different
samples can be correlated with risk for developing colon,
prognosis, determining treatment efficacy, and/or progres-
sion of the cancer in the subject.

In preferred embodiments, the methods and compositions
of the invention are for treatment or diagnosis of disease at
an early stage, for example, before symptoms of the disease
appear. In some embodiments, the methods and composi-
tions of the invention are for treatment or diagnosis of
disease at a clinical stage.

As noted above, in some embodiments multiple determi-
nations of one or more diagnostic or prognostic biomarkers
can be made, and a temporal change in the marker can be
used to determine a diagnosis or prognosis. For example, a
diagnostic marker can be determined at an initial time, and
again at a second time. In such embodiments, an increase in
the marker from the initial time to the second time can be
diagnostic of a particular type or severity of cancer, or a
given prognosis. Likewise, a decrease in the marker from the
initial time to the second time can be indicative of a
particular type or severity of cancer, or a given prognosis.
Furthermore, the degree of change of one or more markers
can be related to the severity of the cancer and future adverse
events. The skilled artisan will understand that, while in
certain embodiments comparative measurements can be
made of the same biomarker at multiple time points, one can
also measure a given biomarker at one time point, and a
second biomarker at a second time point, and a comparison
of these markers can provide diagnostic information.

As used herein, the phrase “determining the prognosis”
refers to methods by which the skilled artisan can predict the
course or outcome of a condition in a subject. The term
“prognosis” does not refer to the ability to predict the course
or outcome of a condition with 100% accuracy, or even that
a given course or outcome is predictably more or less likely
to occur based on the methylation state of a biomarker.
Instead, the skilled artisan will understand that the term
“prognosis” refers to an increased probability that a certain
course or outcome will occur; that is, that a course or
outcome is more likely to occur in a subject exhibiting a
given condition, when compared to those individuals not
exhibiting the condition. For example, in individuals not
exhibiting the condition, the chance of a given outcome
(e.g., suffering from colon cancer) may be very low.

In some embodiments, a statistical analysis associates a
prognostic indicator with a predisposition to an adverse
outcome. For example, in some embodiments, a methylation
state different from that in a normal control sample obtained
from a patient who does not have a cancer can signal that a
subject is more likely to suffer from a cancer than subjects
with a level that is more similar to the methylation state in
the control sample, as determined by a level of statistical
significance. Additionally, a change in methylation state
from a baseline (e.g., “normal”) level can be reflective of
subject prognosis, and the degree of change in methylation
state can be related to the severity of adverse events.
Statistical significance is often determined by comparing
two or more populations and determining a confidence
interval and/or a p value. See, e.g., Dowdy and Wearden,
Statistics for Research, John Wiley & Sons, New York,
1983, incorporated herein by reference in its entirety. Exem-
plary confidence intervals of the present subject matter are
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90%, 95%, 97.5%, 98%, 99%, 99.5%, 99.9% and 99.99%,
while exemplary p values are 0.1, 0.05, 0.025, 0.02, 0.01,
0.005, 0.001, and 0.0001.

In other embodiments, a threshold degree of change in the
methylation state of a prognostic or diagnostic biomarker
disclosed herein can be established, and the degree of
change in the methylation state of the biomarker in a
biological sample is simply compared to the threshold
degree of change in the methylation state. A preferred
threshold change in the methylation state for biomarkers
provided herein is about 5%, about 10%, about 15%, about
20%, about 25%, about 30%, about 50%, about 75%, about
100%, and about 150%. In yet other embodiments, a “nomo-
gram” can be established, by which a methylation state of a
prognostic or diagnostic indicator (biomarker or combina-
tion of biomarkers) is directly related to an associated
disposition towards a given outcome. The skilled artisan is
acquainted with the use of such nomograms to relate two
numeric values with the understanding that the uncertainty
in this measurement is the same as the uncertainty in the
marker concentration because individual sample measure-
ments are referenced, not population averages.

In some embodiments, a control sample is analyzed
concurrently with the biological sample, such that the results
obtained from the biological sample can be compared to the
results obtained from the control sample. Additionally, it is
contemplated that standard curves can be provided, with
which assay results for the biological sample may be com-
pared. Such standard curves present methylation states of a
biomarker as a function of assay units, e.g., fluorescent
signal intensity, if a fluorescent label is used. Using samples
taken from multiple donors, standard curves can be provided
for control methylation states of the one or more biomarkers
in normal tissue, as well as for “at-risk” levels of the one or
more biomarkers in tissue taken from donors with colon
cancer.

The analysis of markers can be carried out separately or
simultaneously with additional markers within one test
sample. For example, several markers can be combined into
one test for efficient processing of a multiple of samples and
for potentially providing greater diagnostic and/or prognos-
tic accuracy. In addition, one skilled in the art would
recognize the value of testing multiple samples (for
example, at successive time points) from the same subject.
Such testing of serial samples can allow the identification of
changes in marker methylation states over time. Changes in
methylation state, as well as the absence of change in
methylation state, can provide useful information about the
disease status that includes, but is not limited to, identifying
the approximate time from onset of the event, the presence
and amount of salvageable tissue, the appropriateness of
drug therapies, the effectiveness of various therapies, and
identification of the subject’s outcome, including risk of
future events.

The analysis of biomarkers can be carried out in a variety
of physical formats. For example, the use of microtiter plates
or automation can be used to facilitate the processing of
large numbers of test samples. Alternatively, single sample
formats could be developed to facilitate immediate treatment
and diagnosis in a timely fashion, for example, in ambula-
tory transport or emergency room settings.

In some embodiments, the subject is diagnosed as having
colon cancer if, when compared to a control methylation
state, there is a measurable difference in the methylation
state of at least one biomarker in the sample. Conversely,
when no change in methylation state is identified in the
biological sample, the subject can be identified as not having
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colon cancer, not being at risk for the cancer, or as having
a low risk of the cancer. In this regard, subjects having colon
cancer or risk thereof can be differentiated from subjects
having low to substantially no cancer or risk thereof. Those
subjects having a risk of developing colon cancer can be
placed on a more intensive and/or regular screening sched-
ule. On the other hand, those subjects having low to sub-
stantially no risk may avoid being subjected to screening
procedures, until such time as a future screening, for
example, a screening conducted in accordance with the
present technology, indicates that a risk of colon cancer has
appeared in those subjects.

As mentioned above, depending on the embodiment of
the method of the present technology, detecting a change in
methylation state of the one or more biomarkers can be a
qualitative determination or it can be a quantitative deter-
mination. As such, the step of diagnosing a subject as
having, or at risk of developing, colon cancer indicates that
certain threshold measurements are made, e.g., the methyl-
ation state of the one or more biomarkers in the biological
sample varies from a predetermined control methylation
state. In some embodiments of the method, the control
methylation state is any detectable methylation state of the
biomarker. In other embodiments of the method where a
control sample is tested concurrently with the biological
sample, the predetermined methylation state is the methyl-
ation state in the control sample. In other embodiments of
the method, the predetermined methylation state is based
upon and/or identified by a standard curve. In other embodi-
ments of the method, the predetermined methylation state is
a specifically state or range of state. As such, the predeter-
mined methylation state can be chosen, within acceptable
limits that will be apparent to those skilled in the art, based
in part on the embodiment of the method being practiced and
the desired specificity, etc.

Over recent years, it has become apparent that circulating
epithelial cells, representing metastatic tumor cells, can be
detected in the blood of many patients with cancer. Molecu-
lar profiling of rare cells is important in biological and
clinical studies. Applications range from characterization of
circulating epithelial cells (CEpCs) in the peripheral blood
of cancer patients for disease prognosis and personalized
treatment (See e.g., Cristofanilli M, et al. (2004) N Engl J
Med 351:781-791; Hayes D F, et al. (2006) Clin Cancer Res
12:4218-4224; Budd G T, et al., (2006) Clin Cancer Res
12:6403-6409; Moreno I G, et al. (2005) Urology 65:713-
718; Pantel et al., (2008) Nat Rev 8:329-340; and Cohen S
J, et al. (2008) J Clin Oncol 26:3213-3221). Accordingly,
embodiments of the present disclosure provide compositions
and methods for detecting the presence of metastatic cancer
in a subject by identifying the presence of methylated
markers in plasma or whole blood.

EXPERIMENTAL EXAMPLES
Example 1
Sample Preparation Methods

Methods for DNA Isolation and QuARTS Assay

The following provides exemplary method for DNA
isolation prior to analysis, and an exemplary QuARTS assay,
such as may be used in accordance with embodiments of the
technology. Application of QuARTS technology to DNA
from blood and various tissue samples is described in this
example, but the technology is readily applied to other
nucleic acid samples, as shown in other examples.
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DNA Isolation from Cells and Plasma

For cell lines, genomic DNA may be isolated from cell
conditioned media using, for example, the “Maxwell® RSC
ccfDNA Plasma Kit (Promega Corp., Madison, Wis.). Fol-
lowing the kit protocol, 1 mL of cell conditioned media
(CCM) is used in place of plasma, and processed according
to the kit procedure. The elution volume is 100 pL, of which
70 pL are generally used for bisulfite conversion. See also
U.S. Patent Appl. Ser. Nos. 62/249,097, filed Oct. 30, 2015;
Ser. Nos. 15/335,111 and 15/335,096, both filed Oct. 26,
2016; and International Appl. Ser. No. PCT/US16/58875,
filed Oct. 26, 2016, each of which is incorporated herein by
reference in its entirety, for all purposes.

An example of a complete process for isolating DNA
from a blood sample for use, e.g., in a detection assay, is
provided in this example. Optional bisulfite conversion and
detection methods are also described.

1. Blood Processing

Whole blood is collected in anticoagulant EDTA or Streck
Cell-Free DNA BCT tubes. An exemplary procedure is as
follows:

1. Draw 10 mL whole blood into vacutainers tube (anti-
coagulant EDTA or Streck BCT), collecting the full
volume to ensure correct blood to anticoagulant ratio.

2. After collection, gently mix the blood by inverting the
tube 8 to 10 times to mix blood and anticoagulant and
keep at room temperature until centrifugation, which
should happen within 4 hours of the time of blood
collection.

3. Centrifuge blood samples in a horizontal rotor (swing-
out head) for 10 minutes at 1500 g (£100 g) at room
temperature. Do not use brake to stop centrifuge.

4. Carefully aspirate the supernatant (plasma) at room
temperature and pool in a centrifuge tube. Make sure
not to disrupt the cell layer or transfer any cells.

5. Carefully transfer 4 mL aliquots of the supernatant into
cryovial tubes.

6. Close the caps tightly and place on ice as soon as each
aliquot is made. This process should be completed
within 1 hour of centrifugation.

7. Ensure that the cryovials are adequately labeled with
the relevant information, including details of additives
present in the blood.

8. Specimens can be kept frozen at —20° C. for a maxi-
mum of 48 hours before transferring to a -80° C.
freezer.

II. Preparation of a Synthetic Process Control DNA

Complementary strands of methylated zebrafish DNA are
synthesized having the sequences as shown below using
standard DNA synthesis methods such as phosphoramidite
addition, incorporating 5-methyl C bases at the positions
indicated. The synthetic strands are annealed to create a
double-stranded DNA fragment for use as a process control.

SEQ

Oligo ID

Name NO: Oligo Sequence

Zebrafish 177 5-TCCAC/iMe-dC/GTGGTGCCCACTCTGGAC

RASSF1 me AGGTGGAGCAGAGGGAAGGTGGTG/ iMe-dC/G

synthetic CATGGTGGG/1iMe-dC/GAG/ iMe-dC/G/iMe-

Target dC/GTG/iMe-dC/GCCTGGAGGACCC/ iMe-

Sense dC /GATTGGCTGA/ iMe-dC/GTGTAAACCAGG

Strand A/iMe-dC/GAGGACATGACTTTCAGCCCTGCA
GCCAGACACAGCTGAGCTGGTGTGACCTGTGTG
GAGAGTTCATCTGG-3
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SEQ
Oligo ID
Name NO: Oligo Sequence
Zebrafish 178 5-CCAGATGAACTCTCCACACAGGTCACACCAGC
RASSF1 me TCAGCTGTGTCTGGCTGCAGGGCTGAAAGTCATG
synthetic TCCT/iMe-dC/GTCCTGGTTTACA/iMe-dC/
Target GTCAGCCAAT/iMe-dC/GEGGTCCTCCAGG/

iMe-dC/GCA/iMe-dC/G/iMe-dC/GCT/
iMe-dC/GCCCACCATG/ iMe-dC/GCACCACCT
TCCCTCTGCTCCACCTGTCCAGAGTGGGCACCA/
iMe-dC/GGTGGA-3

Anti-Sense
Strand

A. Annealing and Preparation of Concentrated Zebrafish
(ZF-RASS F1 180mer) Synthetic Process Control
1. Reconstitute the lyophilized, single stranded oligo-
nucleotides in 10 mM Tris, pH 8.0, 0.1 mM EDTA, at
a concentration of 1 pM.

2. Make 10x Annealing Buffer of 500 mM NaCl, 200 mM
Tris-HC1 pH 8.0, and 20 mM MgCl,.

3. Anneal the synthetic strands:

In a total volume of 100 pL., combine equimolar amounts
of each of the single-stranded oligonucleotides in 1x anneal-
ing buffer, e.g., as shown in the table below:

Final Conc. Volume
Stock (copies/ul in 1 ml  added
Component Conc.  final volume) (uL)
Zebrafish RASSF1 me 1 uM 1.0E+10 16.6
synthetic Target Sense Strand
Zebrafish RASSF1 me 1 uM 1.0E+10 16.6
synthetic Target Anti-Sense Strand
Annealing Buffer 10X NA 10.0
Water NA NA 56.8
total vol. 100.0 uL

4. Heat the annealing mixture to 98° C. for 11-15 minutes.

5. Remove the reaction tube from the heat and spin down
briefly to collect condensation to bottom of tube.

6. Incubate the reaction tube at room temp for 10 to 25
minutes.

7. Add 0.9 mL fish DNA diluent (20 ng/mL bulk fish DNA
in Te (10 mM Tris-HCI pH8.0, 0.1 mM EDTA)) to
adjust to the concentration of zebrafish RASSF1 DNA
fragment to 1.0x10'° copies/ul of annealed, double-
stranded synthetic zebrafish RASSF1 DNA in a carrier
of genomic fish DNA.

8. Dilute the process control to a desired concentration
with 10 mM Tris, pH 8.0, 0.1 mM EDTA, e.g., as
described in the table below, and store at either —20° C.
or -80° C.

Total
Volume Final Concentration

Target

Initial Concentration Addition Te

1.00E+10 copies/uL.
1.00E+08 copies/uL.

10 uL
10 L

990 uL. 1000 pL. 1.00E+08 copies/uL
990 uL. 1000 pL. 1.00E+06 copies/uL
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B. Preparation of 100x Stock Process Control (12,000
Copies/4 Zebrafish RASSF1 DNA in 200 ng/ul. Bulk Fish
DNA)

1. Thaw reagents
2. Vortex and spin down thawed reagents
3. Add the following reagents into a 50 mL conical tube

Volume

to add
Reagent Initial Concentration Final Concentration (mL)
Stock carrier 10 pg/ul 200 ng/uL 0.40
fish DNA
Zebrafish 1.00E+06 copies/ul.  1.20E+04 copies/uL. 0.24
(ZF-RASS F1
180mer)
10 mM Tris, NA NA 19.36
pH 8.0,
0.1 mM EDTA

Total Volume 20.00

4. Aliquot into labeled 0.5 mL tubes and store @ -20° C.

C. Preparation of 1x Stock of Process Control (120 Copies/
ul Zebrafish RASSF1 DNA in 2 ng/ul. Fish DNA)

1. Thaw reagents
2. Vortex and spin down thawed reagents
3. Add the following reagents into a 50 mL conical tube:

Reagent 1 mL 5 mL 10 mL
100x Zebrafish Process Control 10 pL 50 L 100 pL
10 mM Tris, pH 8.0, 0.1 mM EDTA 990 uL. 4950 uL. 9900 pL

4. Aliquot 0.3 mL into labeled 0.5 mL tubes and store @
-20° C.
II1. DNA Extraction from Plasma
1. Thaw plasma, prepare reagents, label tubes, and clean
and setup biosafety cabinet for extraction
2. Add 300 uL Proteinase K (20 mg/ml.) to one 50 mL
conical tube for each sample.
3. Add 2-4 mL of plasma sample to each 50 mL conical
tube (do not vortex).
4. Swirl or pipet to mix and let sit at room temp for 5 min.
5.Add 4-6 mL of lysis buffer 1 (LB1) solution to bring the
volume up to approximately 8 mL.
LB1 formulation:
0.1 mL of 120 copies/ulL of zebrafish RASSF1 DNA
process control, as described above;
0.9-2.9 mL of 10 mM Tris, pH 8.0, 0.1 mM EDTA (e.g.,
use 2.9 mL for 2 mL plasma samples)

3 mL of 43 M guanidine thiocyanate with 10%
IGEPAL (from a stock of 5.3 g of IGEPAL CA-630
combined with 45 mL of 4.8 M guanidine thiocya-
nate)

6. Invert tubes 3 times.
7. Place tubes on bench top shaker (room temperature) at

500 rpm for 30 minutes at room temperature.

8. Add 200 pL of silica binding beads (16 pg of particles/
uL) and mix by swirling.

9. Add 7 mL of lysis buffer 2 (LB2) solution and mix by
swirling.
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LB2 formulation:

4 mL 4.3 M guanidine thiocyanate mixed with 10%
IGEPAL

3 mL 100% Isopropanol

(Lysis buffer 2 may be added before, after, or concurrently
with the silica binding beads)

10. Invert tubes 3 times.

11. Place tubes on bench top shaker at 500 rpm for 30
minutes at room temperature.

12. Place tubes on capture aspirator and run program with
magnetic collection of the beads for 10 minutes, then
aspiration. This will collect the beads for 10 minutes
then remove all liquid from the tubes.

13. Add 0.9 mlL of Wash Solution 1 (3 M guanidine
hydrochloride or guanidine thiocyanate, 56.8% EtOH)
to resuspend binding beads and mix by swirling.

14. Place tubes on bench top shaker at 400 rpm for 2
minute at room temperature.
(All subsequent steps can be done on a STARIlet auto-
mated platform.)

15. Mix by repeated pipetting then transfer containing
beads to 96 deep well plate.

16. Place plate on magnetic rack for 10 min.

17. Aspirate supernatant to waste.

18. Add 1 mL of Wash Solution 2 (80% Ethanol, 10 mM
Tris pH 8.0).

19. Mix for 3 minutes.

20. Place tubes on magnetic rack for 10 min.

21. Aspirate supernatant to waste.

22. Add 0.5 mL of Wash Solution 2.

23. Mix for 3 minutes.

24. Place tubes on magnetic rack for 5 min.

25. Aspirate supernatant to waste.

26. Add 0.25 mL of Wash Solution 2.

27. Mix for 3 minutes.

28. Place tubes on magnetic rack for 5 min.

29. Aspirate supernatant to waste.

30. Add 0.25 mL of Wash Solution 2.

31. Mix for 3 minutes.

32.

33. Aspirate supernatant to waste.

34. Place plate on heat block at 70° C., 15 minutes, with
shaking.

35. Add 125 pL of elution buffer (10 mM Tris-HCI, pH
8.0, 0.1 mM EDTA).

36. Incubate 65° C. for 25 minutes with shaking.

37. Place plate on magnet and let the beads collect and
cool for 8 minutes.

Place tubes on magnetic rack for 5 min.

38. Transfer eluate to 96-well plate and store at -80° C.
The recoverable/transferrable volume is about 100 ulL.

IV. Pre-Bisulfate DNA Quantification

To measure DNA in samples using ACTB gene and to
assess zebrafish process control recovery, the DNA may be
measured prior to further treatment. Setup a QuARTS PCR-
flap assay using 10 pl. of the extracted DNA using the
following protocol:

1. Prepare 10x Oligo Mix containing forward and reverse

primers each at 2 uM, the probe and FRET cassettes at
5 uM and deoxynucleoside triphosphates (dNTPs) at
250 uM each. (See below for primer, probe and FRET
sequences)
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SEQ Concen-
ID tration
Oligo Sequence (5'-3') NO: (uM)
ZF RASSF1 UT CGCATGGTGGGCGAG 179 2
forward
primer
ZF RASSF1 UT ACACGTCAGCCAATCGGG 180 2
reverse
primer
ZF RASSF1 UT CCACGGACG GCGCGTGCGTT 181 5
Probe (Arm T/3C6/
3)
Arm 5 FAM /FAM/TCT /BHO- 182 5
FRET 1/AGCCGGTTTTCCGGCTGAG
ACGTCCGTCG/3C6/
ACTB forward CCATGAGGCTGGTGTAAAG 164 2
primer 3
ACTB Reverse CTACTGTGCACCTACTTAATA 165 2
primer 3 CAC
ACTB probe CGCCGAGGGCGGCCTTGGAG/ 166 5
with Arm 1 3C6/
Arm 1 /Q670/TCT/BHO- 174 5
QUASARG70 2 /AGCCGGTTTTCCGGCTGAG
FRET ACCTCGGCG/3C6/
dNTP mix 2500
2. Prepare a master mix as follows:
Volume per

Component reaction (pL)

Water 15.50

10X oligo Mix 3.00

20X QuUARTS Enzyme Mix* 1.50

total volume 20.0

*20X enzyme mix contains 1 unit/ul GoTaq Hot start polymerase (Promega), 292 ng/uL
Cleavase 2.0 flap endonuclease (Hologic).

3. Pipette 10 plL of each sample into a well of a 96 well
plate.
4. Add 20 ul of master mix to each well of the plate.
5. Seal plate and centrifuge for 1 minutes at 3000 rpm.
6. Run plates with following reaction conditions on an
ABI7500 or Light Cycler 480 real time thermal cycler
QuARTS Assay Reaction Cycle:
Ramp Rate
(° C. Number of Signal
Stage Temp/Time per second) Cycles Acquisition
Pre-incubation  95° C./3 min 4.4 1 No
Amplification 1 95° C./2 sec 4.4 5 No
63° C./30 sec 2.2 No
70° C./30 sec 4.4 No
Amplification 2 95° C./20 sec 4.4 40 No
53° C./1 min 2.2 Yes
70° C./30 sec 4.4 No
Cooling 40° C./30 sec 2.2 1 No
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V. Bisulfite Conversion and Purification of DNA
1. Thaw all extracted DNA samples from the DNA
extraction from plasma step and spin down DNA.
2. Reagent Preparation:

Component

Abbreviation Name Formulation

BIS SLN Bisulfite Conversion 56.6% Ammonium Bisulfite
Solution

DES SLN Desulfonation 70% Isopropyl alcohol, 0.1N NaOH
Solution

BND BDS  Binding Beads Maxwell RNA Beads (16 mg/mL),

(Promega Corp.)

BND SLN  Binding Solution 7M Guanidine HCl

CNV WSH  Conversion Wash 10 mM Tris-HCI, 80% Ethanol

ELU BUF Elution Buffer 10 mM Tris, 0.1 mM EDTA, pH 8.0

3. Add 5 pL of 100 ng/ul. BSA DNA Carrier Solution to
each well in a deep well plate (DWP).

4. Add 80 pL of each sample into the DWP.

5. Add 5 uL of freshly prepared 1.6N NaOH to each well
in the DWP(s).

6. Carefully mix by pipetting with pipette set to 30-40 L.
to avoid bubbles.

7. Incubate at 42° C. for 20 minutes.

8. Add 120 uL of BIS SLN to each well.

9. Incubate at 66° C. for 75 minutes while mixing during
the first 3 minutes.

10. Add 750 pL. of BND SLN

11. Pre-mix of silica beads (BND BDS) and add of 50 pL,
of Silica beads (BND BDS) to the wells of DWP.

12. Mix at 30° C. on heater shaker at 1,200 rpm for 30
minutes.

13. Collect the beads on a plate magnet for 5 minutes
followed by aspiration of solutions to waste.

14. Add 1 mL of wash buffer (CNV WSH) then move the
plate to a heater shaker and mix at 1,200 rpm for 3
minutes.

15. Collect the beads on a plate magnet for 5 minutes
followed by aspiration of solutions to waste.

16. Add 0.25 mL of wash buffer (CNV WSH) then move
the plate to the heater shaker and mix at 1,200 rpm for
3 minutes.

17. Collect the beads on a plate magnet followed by
aspiration of solutions to waste.

18. Add of 0.2 mL. of desulfonation buffer (DES SLN) and
mix at 1,200 rpm for 7 minutes at 30° C.

19. Collect the beads for 2 minutes on the magnet
followed by aspiration of solutions to waste.

20. Add of 0.25 mL of wash buffer (CNV WSH) then
move the plate to the heater shaker and mix at 1,200
rpm for 3 minutes.

21. Collect the beads for 2 minutes on the magnet
followed by aspiration of solutions to waste.

22. Add of 0.25 mL of wash buffer (CNV WSH) then
move the plate to the heater shaker and mix at 1,200
rpm for 3 minutes.

23. Collect the beads for 2 minutes on the magnet
followed by aspiration of solutions to waste.

24. Allow the plate to dry by moving to heater shaker and
incubating at 70° C. for 15 minutes while mixing at
1,200 rpm.

25. Add 80 pL of elution buffer (ELU BFR) across all
samples in DWP.

26. Incubated at 65° C. for 25 minutes while mixing at
1,200 rpm.
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27. Manually Transfer eluate to 96 well plate and store at
-80° C.

28. The recoverable/transferrable volume is about 65 pt.
V1. QUARTS-X Multiplex Flap Assay for Methylated DNA
Detection and Quantification
A. Multiplex PCR (mPCR) Setup:

1. Prepare a 10x primer mix containing forward and

reverse primers for each methylated marker of interest
to a final concentration of 750 nM each. Use 10 mM
Tris-HCI, pH 8, 0.1 mM EDTA as diluent, as described
in the examples above.

2. Prepare 10x multiplex PCR buffer containing 100 mM

MOPS, pH 7.5, 75 mM MgCl2, 0.08% Tween 20,
0.08% IGEPAL CA-630, 2.5 mM dNTPs.

3. Prepare multiplex PCR master mix as follows:

Volume per reaction

Component (uL)
‘Water 9.62
10X Primer Mix (0.75 uM each) 75
mPCR Buffer 75
Hot Start GoTaq (5 units/ul) 0.38
total volume 25.0

4. Thaw DNA and spin plate down.

5. Add 25 plL of master mix to a 96 well plate.

6. Transfer 50 pl. of each sample to each well.

7. Seal plate with aluminum foil seal (do not use strip
caps)

8. Place in heated-lid thermal cycler and proceed to cycle
using the following profile, for about 5 to 20 cycles,
preferably about 10 to 13 cycles:

Number of
Stage Temp/Time Cycles
Pre-incubation 95° C./5 min 1
Amplification 1 95° C./30 sec 12
64° C./60 sec
Cooling 4° C./hold 1

9. After completion of the thermal cycling, perform a 1:10
dilution of amplicon as follows:

a) Transfer 180 pL of 10 mM Tris-HCI, pH 8, 0.1 mM
EDTA to each well of a deep well plate.

b) Add 20 pl. of amplified sample to each pre-filled
well.

¢) Mix the diluted samples by repeated pipetting using
fresh tips and a 200 uL pipettor (be careful not to
generate aerosols).

d) Seal the diluted plate with a plastic seal.

e) Centrifuge the diluted plate at 1000 rpm for 1 min.

) Seal any remaining multiplex PCR product that has
not been diluted with a new aluminum foil seal.
Place at —80° C.

B. QuARTS Assay on Multiplex-Amplified DNA:

1. Thaw fish DNA diluent (20 ng/ul.) and use to dilute
plasmid calibrators (see, e.g., U.S. patent application
Ser. No. 15/033,803, which is incorporated herein by
reference) needed in the assay. Use the following table
as a dilution guide:
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Initial Plasmid  Final plasmid pL of pL of total
Concentration,  Concentration, plasmid diluent to volume,
copies per pL copies per pL to add add pL
1.00E+05 1.00E+04 5 45 50
1.00E+04 1.00E+03 5 45 50
1.00E+03 1.00E+02 5 45 50
1.00E+02 1.00E+01 5 45 50

2. Prepare 10x triplex QuARTS oligo mix using the
following table for markers A, B, and C (e.g., markers
of interest, plus run control and internal controls such
as P-actin or B3GALTS6 (see, e.g., U.S. Pat. Appln. Ser.
No. 62/364,082, incorporated herein by reference).

SEQ Concen-
ID tration

Oligo Sequence (5'-3') NO: (pM)

Marker A
Forward
primer

NA 2

Marker A
Reverse
primer

NA 2

Marker A
probe-Arm
1

NA 5

Marker B
Forward
primer

NA 2

Marker B
Reverse
primer

NA 2

Marker B
probe-Arm
5

NA 5

Marker C
Forward

NA 2
primer
Marker C

Reverse
primer

NA 2

Marker C
probe-Arm
3

NA 5

Arm 1
HEX FRET

/HEX /TCT /BHQ- 1/AGCCGGTTTT
CCGGCTGAGACCTCGGCG/3C6/

171 5

Arm 5
FAM FRET

/FAM/TCT /BHQ- 1/AGCCGGTTTT
CCGGCTGAGACGTCCGTGG/3C6/

172 5

Arm 3
QUASAR-670
FRET

/Q670/TCT/BHQ-2 /AGCCGGTTT
TCCGGCTGAGACTCCGCGTC/3C6/

173 5

dNTP mix 250
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For example, the following might be used to detect
bisulfite-treated B-actin, B3GALT6, and zebrafish RASSF1
markers:

Oligo SEQ Concen-
Descrip- ID tration
tion Sequence (5'-3') NO: (uM)
ZF RASSF1 TGCGTATGGTGGGCGAG 160 2
BT Forward

primer

ZF RASSF1 CCTAATTTACACGTCAACCAATCGAA 161 2
BT Reverse

primer

ZF RASSF1 CCACGGACGGCGCGTGCGTTT/3C6/ 162 5
BT probe-

Arm 5

B3GALT6 GGTTTATTTTGGTTTTTTGAGTTTTC 8 2
Forward GG

primer

B3GALT6 TCCAACCTACTATATTTACGCGAA 9 2
Reverse

primer

B3GALT6 CGCCGAGGGCGGATTTAGGG/3C6/ 10 5
probe-

Arm 1

BTACT GTGTTTGTTTTTTTGATTAGGTGTTT 168 2
Forward AAGA

primer

BTACT CTTTACACCAACCTCATAACCTTATC 169 2
Reverse

primer

BTACT GACGCGGAGATAGTGTTGTGG/3C6/ 170 5
probe-Arm

3

Arm 1 /HEX/TCT/BHQ-1/AGCCGETTTTC 171 5
HEX FRET CGGCTGAGACCTCGGCG/3C6/

Arm 5 /FEM/TCT/BHQ-1/AGCCGETTTTC 172 5
FAM FRET CGGCTGAGACGTCCGTGG/3C6/

Arm 3 /Q670/TCT /BHQ-2 /AGCCEGTTTT 173 5
QUASAR - CCGGCTGAGACTCCGCGTC/3C6/

670 FRET

dNTP mix 2500

3. Prepare a QuARTS flap assay master mix using the
following table:

Volume per
Component reaction (pL)
Water 15.5
10X Triplex Oligo Mix 3.0
20X QUARTS Enzyme mix 1.5
total volume 20.0

*20X enzyme mix contains 1 unit/ul GoTaq Hot start polymerase (Promega), 292 ng/uL
Cleavase 2.0 flap endonuclease (Hologic).

4. Using a 96 well ABI plates, pipette 20 ul. of QuUARTS
master mix into each well.

5. Add 10 uL of appropriate calibrators or diluted mPCR
samples.

6. Seal plate with ABI clear plastic seals.
7. Centrifuge the plate using 3000 rpm for 1 minute.
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8. Place plate in ABI thermal cycler programmed to run
the following thermal protocol then start the instrument

QuARTS Reaction Cycle:

Ramp Rate
(° C. Number of Signal
Stage Temp/Time per second) Cycles Acquisition
Pre-incubation  95° C./3 min 4.4 1 none
Amplification 1 95° C./2 sec 4.4 5 none
63° C./30 sec 2.2 none
70° C./30 sec 4.4 none
Amplification 2 95° C./20 sec 4.4 40 none
53° C./1 min 2.2 Yes
70° C./30 sec 4.4 none
Cooling 40° C./30 sec 2.2 1 none

Aliquots of the diluted pre-amplified DNA (e.g., 10 pL)
are used in a QUARTS PCR-flap assay, e.g., as described
above. See also U.S. Patent Appl. Ser. No. 62/249,097, filed
Oct. 30, 2015; Ser. No. 15/335,096, filed Oct. 26, 2016, and
PCT/US16/58875, filed Oct. 26, 2016, each of which is
incorporated herein by reference in its entirety, for all
purposes.

Example 2

Selection and Testing of Methylation Markers for
Colorectal Cancer Detection in Plasma

Reduced Representation Bisulfite Sequencing (RRBS)
data was obtained on tissues from 19 patients with colon
cancer, 19 patients with polyps, 19 healthy patients, and 19
healthy patients buffy coat extracted DNA.

After alignment to an in silico bisulfate-converted version
of'the human genome sequence, average methylation at each
CpG island was computed for each sample type (i.e., tissue
or buffy coat) and marker regions were selected based on the
following criteria:

Regions were selected to be 50 base pairs or longer.

For QuARTS flap assay designs, regions were selected to

have a minimum of 1 methylated CpG under each of:
a) the probe region, b) the forward primer binding
region, and c) the reverse primer binding region. For
the forward and reverse primers, it is preferred that the
methylated CpGs are close to the 3'-ends of the primers,
but not at the 3'terminal nucleotide. Exemplary flap
endonuclease assay oligonucleotides are shown in FIG.
1.

Preferably, bufty coat methylation at any CpG in a region

of interest is no more than >0.5%.

Preferably, cancer tissue methylation in a region of inter-

est is >10%.

For assays designed for tissue analysis, normal tissue

methylation in a region of interest is preferably <0.5%.

Based on the criteria above, the markers ANKRD13B;
CHST2; CNNMI; GRIN2D; FLIl; JAM3; LRRC4;
OPLAH; SEP9; SFMBT2; SLCI2A8; TBX15; ZDHHCI,
ZNF304; ZNF568; ZNF671; DOCK2; DTX1; FERMT3;
PDGFD; PKIA; PPP2R5C; TSPYLS; VAV3; and QKI were
selected and QuARTS flap assays were designed for them,
as shown in FIG. 1.

The 27 markers selected from the tissue screening results
were triplexed with the assay for bisulfite-converted -actin
and used for testing DNA isolated from plasma samples as
described above. CEA protein in the plasma was measured
using a Luminex Magplex assay, per manufacturer protocol
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(Luminex Corp.) DNA from 2 mL of plasma samples (89
cancer and 95 normal) was extracted and eluted in 125 pl..
10 pL aliquots of the extracted DNA were used in a QuARTS
assay to detect f-actin and zebrafish synthetic targets. 80 pl.
aliquots of the DNA were bisulfite-converted as described in
Example 1, and eluted in 70 pL.

A multiplex PCR reaction was performed on 50 pL
aliquots of the bisulfate-converted DNA samples, using the
forward and reverse primers for the targets shown in FIG. 1,
and the markers were detected using QuARTS flap assays,
as described in Example 1.

Based on individual marker sensitivities, the following 12
methylation markers were selected for further analysis:
VAV3, ZNF671, CHST2, FLI1, JAM3, SFMBT2, PDGFD,
DTXI, TSPYLS5. ZNF568, GRIN2D, and QKI.

All 12 markers were pre-amplified together using primers
as shown for these markers in FIG. 1. The pre-amplified
material was analyzed in multiplexed QuARTS assays as
described in Example 1, using the primers and probes shown
in FIG. 1. The multiplexed assays were grouped as follows:

CHST2
FLI1
BTACT
VAV3
ZNF671
BTACT
TSPYL5
ZNF568
BTACT
TAM3
SFMBT2
BTACT
PDGFD
DTX1
BTACT
GRIN2D
QK1
BTACT
ZFRASSF1
B3GALT6
BTACT

In addition to the above, the CEA protein was measured
for the same samples, as described above. The data and
results are shown in FIGS. 3 and 4. The individual marker
sensitivities at 90% specificity were as follows:

Sensitivity @ 90%

Marker specificity

ZNF671
TSPYL5
QKI
JTAM3
DTX1
GRIN2D
ZNF568
CEA
protein
FLI1
SFMBT2
PDGFD
CHST2
VAV3

49%
46%
41%
40%
40%
38%
37%
36%

36%
35%
35%
33%
31%

At 95% individual cutoff of the individual markers, the
following final sensitivity was obtained for using the com-
bined data set.
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Cancer Stage Negative  Positive  Total # of samples  Sensitivity
I 14 7 21 33%
I 7 18 25 72%
I 7 17 24 71%
v 1 18 19 95%
Overall 60 89 67%

The combined specificity of the assay was (88/95=92.6%).

Thus, the combination of these 12 markers plus CEA
protein resulted in 67% sensitivity (88 of 95 cancers) for all
of the cancer tissues tested, with 92.6% specificity. This
panel of methylated DNA markers assayed on tissue
achieves extremely high discrimination for all types of colon
cancer while remaining negative in normal colon tissue.
Assays for this panel of markers can be also be applied to
blood or bodily fluid-based testing, and finds applications in,
e.g., colon cancer screening.

Multiple Target Sequences Reporting to One Dye

The following experiments related to amplification flap
cleavage assays that are configured to have multiple target-
specific primary cleavage reactions report to a single FRET
cassette, thereby producing fluorescence signal in a single
dye channel. Different targets to be detected may be, for
example, different markers or genes, different mutations, or
different regions of a single marker or gene. Example 3
relates to detecting methylation of multiple different markers
associated with cancer, e.g., colorectal cancer, using a single
FRET cassette and dye channel, and Example 4 relates to
detecting multiple regions within a single marker using a
single FRET cassette and dye channel.

Reagents Used in the Following Experiments:

Reagents Sequence (5'-3"')
VAV3_877 Forward TCGGAGTCGAGTTTAGCGC
Primer (SEQ ID NO: 108)

VAV3_877 Reverse
Primer v2

CGAAATCGAAAAAACAAAAACCGC
(SEQ ID NO: 109)

VAV3_877 Probe
(arm 5)

CCACGGACGCGGCGTTCGCGA/3C6/
(SEQ ID NO: 146)

VAV3_11878 forward GAGTCGAGTTTTAGGTTATTCGGT

primer (SEQ ID NO: 150)
VAV3_11878 reverse CGTCGAACATAAAACCGTAAAAACARA
primer (SEQ ID NO: 151)
VAV3_11878 probe CCACGGACGATACGCGCAATA/3C6/
(arm 5) (SEQ ID NO: 152)
SFMBT2_897 Forward GTCGTCGTTCGAGAGGGTA

Primer v5 (SEQ ID NO: 88)

SFMBT2_897 Forward GAACAAAAACGAACGAACGAACA
Primer v4 (SEQ ID NO: 89)

SFMBT2_897 Probe CCACGGACGATCGGTTTCGTT/3C6/
(arm 5) v5 (SEQ ID NO: 90)

SFMBT2_897 probe CGCCGAGGATCGGTTTCGTT/3C6/
(arm 1) (SEQ ID NO: 141)
SFMBT2_895 forward GCGACGTAGTCGTCGTTGT

primer (SEQ ID NO: 144)
SFMBT2_895 reverse CCAACGCGAAAAAAACGCG

primer (SEQ ID NO: 145)

15

20

25

30

35

40

45

50

55

65

52

-continued
Reagents Sequence (5'-3"')
SFMBT2_895 probe CGCCGAGGGARAACGCGARA/3CE/
(arm 1) (SEQ ID NO: 146)
CHST2_7890 Forward GTATAGCGCGATTTCGTAGCG
Primer (SEQ ID NO: 13)
CHST2_7890 Reverse AATTACCTACGCTATCCGCCC
Primer (SEQ ID NO: 14)
CHST2_7890 Probe CCACGGACGCGAACATCCTCC/3C6/
(arm 5) (SEQ ID NO: 15)
CHST2_7890 probe CGCCGAGGCGAACATCCTCC/3C6/
(arm 1) (SEQ ID NO: 175)
CHST2_7889 forward CGAGTTCGGTAGTTGTACGTAGA
primer (SEQ ID NO: 138)
CHST2_7889 reverse CGAAATACGAACGCGAAATCTAAAACT
primer (SEQ ID NO: 139)
CHST2_7889 probe CCACGGACGTCGTCGATACCGE/3C6/
(arm 5) (SEQ ID NO: 140)
CHST2_7889 probe CGCCGAGG-TCGTCGATACCGE/3C6/
(arm 1) (SEQ ID NO: 176)
BTACT_FP65 Forward GTGTTTGTTTTTTTGATTAGGTGTT TAAGA
Primer SEQ ID NO: 139
BTACT RP65 Reverse CTTTACACCAACCTCATAACCTTATC
Primer SEQ ID NO: 140

BTACT Probe A3 GACGCGGAGATAGTGTTGTGG/3C6/

SEQ ID NO: 141
Arm 1 FRET cassette SEQ ID NO: 170
HEX
Arm 5 FRET cassette SEQ ID NO: 171
FAM
Arm 1 FRET cassette SEQ ID NO: 174
QUASAR-670
Arm 3 FRET cassette SEQ ID NO: 173
QUASAR-670
ECOR1 digested pUC57 plasmid (Genscript)
containing SFMBT2_897 insert
ECOR1 digested pUC57 plasmid (Genscript)
containing CHST2_7890 insert
ECOR1 digested pUC57 plasmid (Genscript)
containing VAV3 insert
ECOR1 digested pUC57 plasmid (Genscript)
containing BTACT insert
VAV3/BTACT Biplexed plasmids, serially

diluted from le+04 copies/pL
SFMBT2_897/BTACT Biplexed plasmids, serially
diluted from le+04 copies/pL
CHST2_7890/BTACT Biplexed plasmids, serially
diluted from le+04 copies/pL
SFMBT2_897/VAV3/BTACT Biplexed plasmids,
le+04 copies/uL

CHST2_7890/VAV3/BTACT Biplexed plasmids,
le+04 copies/uL

CHST2_ 7890/SFMBT2_ 897/BTACT Biplexed plasmids,
le+04 copies/uL

VAV3/CHST2 7890/SFMBT2 897/BTACT Triplexed
plasmids, le+04 copies/uL

CHST2_7889 + 7890 Calibration curve dilution
set (le4-1e0 cp/ul)

SFMBT2_895 + 897 Calibration curve dilution
set (le4-1e0 cp/ul)

VAV3_877 + 11878 Calibration curve dilution
set (le4-1e0 cp/ul)
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Reagents Sequence (5'-3"')

VAV3/BTACT 10X Oligo Mix

SFMBT2_897/BTACT 10X Oligo Mix

CHST2_7890/BTACT 10X Oligo Mix

VAV3/SFMBT2_ 897/CHST2_ 7890/BTACT 10X Oligo Mix
VAV3/SFMBT2 897 (100 nM F. Primer)/CHST2 7890/
BTACT 10X Oligo Mix

VAV3/SFMBT2_ 897 (50 nM F. Primer)/CHST2 7890/
BTACT 10X Oligo Mix

VAV3/SFMBT2 897 (200 nM Probe) /CHST2 7890/BTACT
10X Oligo Mix
VAV3/SFMBT2_897
10X Oligo Mix
VAV3/SFMBT2 897 (100 nM Probe) /CHST2 7890/BTACT
10X Oligo Mix

VAV3 (400 nM Primers)/SFMBT2_897 (200 nM Probe)/
CHST2_7890/BTACT 10X Oligo Mix

VAV3 (750 nM Probe) /SFMBT2 897 (200 nM Probe)/
CHST2_7890/BTACT 10X Oligo Mix

20X Enzyme mix, 1 U/uL Go Tag Hot Start polymerase
(Promega), 292 ng/uL Cleavase 2.0 (Hologic)

fDNA Diluent, 20 ng/pL fish DNA in 10 mM Tris,

0.1 mM EDTA

fDNA Diluent, 20 ng/pL fish DNA in 10 mM Tris,

0.1 mM EDTA

(250 nM Probe) /CHST2 7890/BTACT

Mol. Biol. Grade water
dNTPs, 25 mM (each 4NTP)
Example 3

Multiple Markers Reporting to One Dye

As discussed above, in some embodiments it is desirable
to have a larger number of markers in a single reaction, using
a single FRET cassette and single dye channel. In develop-
ing a test for detecting multiple markers reporting to a single
FRET cassette and single dye, markers having similar reac-
tion efficiencies (i.e. that produce the same amount of
detectable signal per target copy) were selected for combin-
ing in a multiplexed reaction reporting to a single dye
channel. An advantage of combining detection assays that
have the same or similar reaction efficiencies is that any
individual calibrator for one of the assays may be used as a
calibration standard for any and all of the efficiency-matched
detection assays.

Three markers were selected for testing in a multiple
marker/one dye system (SFMBT2, VAV3, and CHST2).
These target DNAs were mixed in an oligonucleotide mix in
which the assay oligonucleotides for all three markers were
configured to report to the same FRET cassette and therefore
to the same dye (FAM). The three disease-associated mark-
ers reporting to the FAM dye were combined in the same
reaction with reagents to detect bisulfate-converted f-actin
DNA (using a QUASAR 670 FRET cassette) as a control.

When testing on plasmid calibrators was performed, the
data showed that using the multiple markers reporting to a
single dye is an efficient approach that overcomes the need
to run markers in separate wells.

Example 3.1

For QuARTS flap endonuclease assays for multiple dif-
ferent markers to be run in a multiplex reaction reporting to
a single FRET cassette, the reaction efficiency for each
individual marker was first analyzed so that the reactions
could be balanced when combined in a multiplex configu-
ration. Assays were run to determine the assay performance
of three selected markers (VAV3, SFMBT2 897 and
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CHST2_7890) reporting to one dye (FAM), biplexed with
bisulfite-converted f-actin (BTACT), which was configured
to produce signal reporting to the Quasar 670 channel.

The assays were also configured to determine whether
each marker would exhibit similar QuARTS assay perfor-
mance (slopes/intercepts/Cps) when the three markers are
reporting to the same channel (FAM).

An oligonucleotide mix comprising reagents to detect all
three methylation markers reporting to a FAM FRET cas-
sette was prepared. The oligonucleotide mix comprised
reagents for detecting BTACT reporting to Quasar 670 as a
control. This oligonucleotide mix was tested against plasmid
targets containing individual plasmids comprising the
marker target DNAs and BTACT DNA. Calculations were
done to see whether a calibrator curve for one marker could
be used to quantitate the other markers accurately. All
reactions were done in replicates of 4.

Protocol:
Stock Plasmid dilutions comprising one marker plasmid
and one BTACT control plasmid each (see Reagent Table,

above) were prepared as follows, in a diluent of 20 ng/ul. of
fish DNA in 10 mM Tris, 0.1 mM EDTA:

SFMBT2_897/ Copies in stock Copies final

BTACT plasmid mix solution,/uL. mixture/ul.  pL to add
SFMBT2_897 Plasmid 1.00E+05 1.00E+04 50
BTACT Plasmid 1.00E+05 1.00E+04 50
Fish DNA Diluent NA NA 400
total volume NA NA 500
Ci, cp/uL Cf, ep/ul. pL to add
CHST2_7890/
BTACT plasmid mix
CHST2_7890 Plasmid 1.00E+05 1.00E+04 50
BTACT Plasmid 1.00E+05 1.00E+04 50
fDNA Diluent NA NA 400
total volume NA NA 500
VAV3/BTACT plasmid mix
VAV3 Plasmid 1.00E+05 1.00E+04 50
BTACT Plasmid 1.00E+05 1.00E+04 50
fDNA Diluent NA NA 400
total volume NA NA 500

From the 3 plasmid mixtures prepared above, the following
dilutions were prepared:

total

Cf, ep/ul Ci, cp/uL df pL Citoadd diluent volume
1.00E+05 1.00E+04 10 50 450 500
1.00E+04 1.00E+03 10 50 450 500
1.00E+03 1.00E+02 10 50 450 500
1.00E+02 1.00E+01 10 50 450 500
1.00E+01 1.00E+00 10 50 450 500

10x Oligonucleotide mixes comprising assay oligonucle-
otides (primers, probes, FRET cassettes) and dNTPs were
made as follows:
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Final Reaction

10X oligo Mix

Marker Reagent Concentration (uM) Concentration (uM)
VAV3 VAV3 Forward Primer 0.2 2
VAV3 VAV3 Reverse Primer v2 0.2 2
VAV3 VAV3 Probe A5 0.5 5
SFMBT2_897 SFMBT2_897 Forward Primer v3 0.2 2
SFMBT2_897 SFMBT2_897 Forward Primer v4 0.2 2
SFMBT2_897 SFMBT2_897 Probe A5 v5 0.5 5
CHST2_7890  CHST2_7890 Forward Primer 0.2 2
CHST2_7890 CHST2_7890 Reverse Primer 0.2 2
CHST2_7890  CHST2_7890 Probe AS 0.5 5
Arm 5 FAM FRET Cassette 0.5 5
BTACT ACTB_BT_FP65 Forward Primer 0.2 2
BTACT ACTB_BT_RP65 Reverse Primer 0.2 2
BTACT ACTB BT Probe A3 0.5 5
Arm 3 QUASAR FRET cassette 0.5 5
dNTPs (each dNTP) 250 2500
QuARTS Flap Endonuclease Assay Reaction Set-Up: Results:

Master mixes for the QuARTS amplification reactions are 20
prepared as follows:

Master Mix Formulation: 96 Well Plate—

25
Master Mix Formulation: 96 well plate -
pL vol of stock to add
Reagent per reaction pL vol for 38 reactions
30
ddH20 15.50 589
10X oligo Mix 3.00 114
20X Enzyme Mix 1.50 57
35
total volume master mix 20.0 760
use 20 ul master mix per well and add 10 ul sample
for 96 well plate = 30 ul final rxn vol
Sample* 10 20.0 40
Reactions were set up as follows:
Pipette 20 pl of master mix into a 96-well QuARTS plate,
45

using a multichannel pipette
Add 10 pl of a sample
Seal plate and centrifuge for 1 min. at 3000 rpm.

Run the plates using the following conditions on the
LightCycler480, detecting on FAM, HEX and Quasar 5
670 channels: 465-510, 533-580, and 618-660 nm

QuARTS Assay Reaction Cycle:

55
Ramp Rate
(° C. per  Number of Signal
Stage Temp/Time second) Cycles Acquisition
Pre-incubation  95° C./3 min 4.4 1 No
Amplification 1 95° C./20 sec 4.4 5 No 60
63° C./30 sec 2.2 No
70° C./30 sec 4.4 No
Amplification 2 95° C./20 sec 4.4 40 No
53° C./1 min 2.2 Yes
70° C./30 sec 4.4 No
Cooling 40° C./30 sec 2.2 1 No 65

Strand Counts Using VAV3/BTACT Plasmid Calibrator
Standard Curve:

VAV3/BTACT Plasmid Calibrator Standard Curve

Slope -3.147684
Intercept 32.08568
Efficiency 107.8%

Calibrator Strands/Rxn Average Cp Calculated Average Strands

VAV3/BTACT Plasmid Calibrator

200000 15.36 205,254
20000 18.66 18,432
2000 21.58 2,178
200 24.88 194

SFMBT2_897/BTACT Plasmid Calibrator

200000 13.87 612,036
20000 17.17 54,780
2000 19.64 9,021
200 22.12 1,470

CHST2_7890/BTACT Plasmid Calibrator

200000 15.17 235,836
20000 18.05 28,813
2000 20.39 5,200
200 23.03 752

Strand Counts Using SFMBT2_897/BTACT Plasmid Cali-
brator Standard Curve:

SFMBT2_897/BTACT Plasmid Calibrator Standard Curve

Slope -2.720157
Intercept 28.53753
Efficiency 133.1%

Calibrator Strands/Rxn Average Cp Calculated Average Strands

VAV3/BTACT Plasmid Calibrator

200000 15.36 69,636
20000 18.66 4,282
2000 21.58 362
200 24.88 22
SFMBT2_897/BTACT Plasmid Calibrator
200000 13.87 246,543
20000 17.17 15,101
2000 19.64 1,873
200 22.12 229
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-continued

CHST2_7890/BTACT Plasmid Calibrator

200000 15.17 81,777
20000 18.05 7,180
2000 20.39 990
200 23.03 106

Strand Counts Using CHST2_7890//BTACT Plasmid Cali-
brator Standard Curve:

CHST2_7890/BTACT Plasmid Calibrator Standard Curve

-2.59121

Slope
Intercept 29.01007
Efficiency 143.2%
Calibrator Strands/Rxn Average Cp Calculated Average Strands
VAV3/BTACT Plasmid Calibrator
200000 15.36 184,582
20000 18.66 9,878
2000 21.58 738
200 24.88 39
SFMBT2_897/BTACT Plasmid Calibrator
200000 13.87 695,942
20000 17.17 37,096
2000 19.64 4,147
200 22.12 458
CHST2_7890/BTACT Plasmid Calibrator
200000 15.17 218,505
20000 18.05 16,997
2000 20.39 2,123
200 23.03 203

These data show:

No cross reactivity or background signal was generated
when markers and controls were amplified and detected
together;

Cp values were similar for CHST2_7890 and VAV3;

Cp values for SFMBT2_897 come up at an earlier cycle
than CHST2_7890 and VAV3, showing that this is a
faster QUARTS assay reaction;

SFMBT2_897 calibrator and oligonucleotide mix combi-
nation underestimates the count of strands present for
VAV3 and CHST2_7890 because of the faster
SFMBT2_897 reaction;

The CHST2_7890 calibrator provides a VAV3 calculation
indicating assay performance equal to the
CHST2_7890 assay reaction, but overestimates the
amount of SFMBT2_897,

The VAV3 calibrator provides a CHST2_7890 calculation
indicating assay performance equal to the VAV3 assay
reaction, but produces an overestimate of the amount of
SFMBT2_897; and

To balance the reactions, the QuARTS assay performance
in detecting SFMBT2_897 needs to be reduced to
match that of SFMBT2_897 and CHST2_7890 targets.

Experiment 3.2

The data above showed that the SFMBT2_897 assay
reaction produced higher signal, indicating that the reaction
is faster. For the purposes of multiplexing these markers, the
SFMBT2_897 assay should be refined to match the effi-
ciency of the slower assays, (i.e., to match the signal output
of the VAV3 and CHST2_7890 assays). The following
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experiment tested whether modifying the concentration of
forward primer of the SFMBT2_897 would achieve this.

Protocol:

Assays were run as described in Experiment 3.1, above. 10x
oligonucleotide mixes were assembled comprising the com-
ponents listed above, but having the SFMBT2_897 forward
primer in amounts reduced to produce final assay concen-
trations of 200 nM (as in Experiment 3.1), 100 nM, or 50
nM. The concentration of all other assay primers was 200
nM in the final reaction mixtures, and the Light Cycler
protocol was as described in Exp. 3.1.

Results showed that reducing the SFMBT2_897 forward
primer concentration seemed to have no effect on the slope
or intercept of the signal curve reflecting of PCR efficiency
(data not shown). In addition, the Cp value did not change,
thus the number of strands calculated for SFMBT2_897 did
not match the calculated number of strands of the other
marker targets.

Experiment 3.3

The following experiment tested whether modifying the
concentration of the SFMBT2_897 probe would reduce the
efficiency of the SFMBT2_897 assay, to match the signal
output of the CHST2_7890 and VAV3 amplification reac-
tions.

Assays were run as described above in Experiment 3.1.
10x oligonucleotide mixes were assembled comprising the
components listed above, but having the SFMBT2_897
probe oligonucleotide in amounts to produce final assay
concentrations of 250 nM or 100 nM, with the CHST2_7890
and VAV3 probes present at 500 nM (as described in
Experiment 3.1). The Light Cycler protocol was as
described for Experiment 3.1.

Results:

Strand Counts Using VAV3/BTACT Plasmid Calibrator
Standard Curve:

VAV3/BTACT Plasmid Calibrator Standard Curve

Slope -3.12175
Intercept 31.55241
Efficiency 109.1%
Calibrator Strands/Rxn Average Cp Average Strands
VAV3/BTACT Plasmid Calibrator
200000 14.95 207,537
20000 18.24 18,377
2000 21.17 2,120
200 24.38 198
SFMBT2_897/BTACT Plasmid Calibrator
200000 15.30 161,043
20000 18.50 15,172
2000 21.20 2,065
200 24.01 260
CHST2_7890/BTACT Plasmid Calibrator
200000 14.83 226,551
20000 18.08 20,670
2000 21.05 2,318
200 24.30 210
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Strand Counts Using SFMBT2_897/BTACT Plasmid Cali-
brator Standard Curve:

SFMBT2_897/BTACT Plasmid Calibrator Standard Curve

Slope -2.885069564
Intercept 30.72006211
Efficiency 122.1%

Calibrator Strands/Rxn Average Cp Average Strands

VAV3/BTACT Plasmid Calibrator

200000 14.95 291,595
20000 18.24 21,164
2000 21.17 2,045
200 24.38 157

SFMBT2_897/BTACT Plasmid Calibrator

200000 15.30 221,611
20000 18.50 17,200
2000 21.20 1,988
200 24.01 211

CHST2_7890/BTACT Plasmid Calibrator

200000 14.83 320,609
20000 18.08 24,036
2000 21.05 2,252
200 24.30 168

Strand Counts Using CHST2_7890/BTACT Plasmid Cali-
brator Standard Curve:

CHST2_7890/BTACT Plasmid Calibrator Standard Curve

Slope -3.136297934
Intercept 31.48713495
Efficiency 108.4%

Calibrator Strands/Rxn Average Cp Average Strands

VAV3/BTACT Plasmid Calibrator

200000 14.95 186,901
20000 18.24 16,737
2000 21.17 1,950
200 24.38 184

SFMBT2_897/BTACT Plasmid Calibrator

200000 15.30 145,201
20000 18.50 13,830
2000 21.20 1,900
200 24.01 242
CHST2_7890/BTACT Plasmid Calibrator
200000 14.83 203,942
20000 18.08 18,815
2000 21.05 2,131
200 24.30 196

Results:

These data show that adjusting the probe concentrations
lower caused the intercept to increase slightly and the PCR
% efficiency to increase slightly. The Cp values also
increased and therefore the calculation of strand counts gave
values similar to the results calculated using the other
markers as calibration standards.

The 250 nM SFMBT2_897 probe concentration made the
three markers produce similar calculated strand counts, with
the SFMBT2_897 strand count values being slightly higher
than the other markers. The 50 nM concentration of the
probe produced calculated results that slightly underesti-
mated strand counts, but gave some improvement. There-
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fore, a SFMBT2_897 probe concentration of 200 nM probe
was selected for further testing.

Experiment 3.4

This experiment tested the standard conditions described
in Experiment 3.1 (all marker probes used at 500 nM)
against the 10x oligonucleotide mix that provides 200 nM
SFMBT2_897 probe, with the other probes at 500 nM. This
experiment will also determine whether there is an additive
effect of having multiple targets in single reaction that all
report signal using the same FRET cassette and dye. Single,
biplex and triplex combinations of the plasmid targets were
used, with all target combinations including the BTACT
target as a control.

Plasmid Dilutions for One Marker Plus Control:

For reactions with a single marker plasmid plus a BTACT
control plasmid, mixtures were made containing 1.00E+04
copies/uL of each plasmid in a diluent of 20 ng/ulL fish DNA
in 10 mM Tris, 0.1 mM EDTA. The marker plasmids are
described the Reagent Table in Experiment 3.1. The targets
in the plasmid mixtures were as follows:

SFMBT2_897/BTACT

CHST2_7890/BTACT

VAV3/BTACT
Plasmid Dilutions for Two Markers Plus Control:

For reactions with two marker plasmids plus a BTACT
control plasmid, mixtures were made containing 1.00E+04
copies/uL of each plasmid in a diluent of 20 ng/ulL fish DNA
in 10 mM Tris, 0.1 mM EDTA. The targets in the plasmid
mixtures were as follows:

SFMBT2_897/VAV3/BTACT

CHST2_7890/VAV3/BTACT

CHST2_7890/SFMBT2_897/BTACT
Plasmid Dilutions for Three Markers Plus Control:

For reactions with three marker plasmids plus a BTACT
control plasmid, a mixture was made containing 1.00E+04
copies/uL of each plasmid in a diluent of 20 ng/ulL fish DNA
in 10 mM Tris, 0.1 mM EDTA. The plasmid mixture was as
follows:

VAV3/CHST2_7890/SFMBT2_897/BTACT

Each of the plasmid mixtures was used to prepare solu-
tions having 1.00E+03 copies/uL. and 1.00E+02 copies/uL of
each of the plasmids, in fish DNA diluent.

A 10x oligonucleotide mix containing the primers and
probes for all 3 markers and for the BTACT control plasmid,
and having concentrations of probes to produce 500 nM
probe in each QuARTS assay reaction except for the
SFMBT2_897 probe, which was provided in an amount to
produce a concentration of 200 nM SFMBT2_897 probe in
each reaction. The QuARTS assay components were mixed
and the assay was performed on a Light Cycler as described
in Experiment 3.1.

Results:
Strand Counts Using VAV3/BTACT Plasmid Calibrator
Standard Curve:

VAV3/BTACT Plasmid Calibrator Standard Curve

-3.164
31.977
107%

Slope
Intercept
% Efficiency
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Strand Counts for Single Markers, Plus Control Plasmids: -continued

VAV3/CHST2 7890/SFMBT2 897/BTACT Plasmid Calibrator

Calibrator Strands/Rxn Average Cp Average Strands

5 Calibrator Strands/Rxn Average Cp Average Strands
VAV3/BTACT Plasmid Calibrator
Additive Expected Strands
200000 15.23 195,918
20000 18.39 19,763 VAV3/CHST2/SFMBT?2 Strands 640,282
2000 21.42 2,179 74,202
200 2477 190 10,934
SFMBT?2_897/BTACT Plasmid Calibrator 10 1,434
200000 15.08 219,449 . . .
20000 18.00 26,151 Strand Counts Using SFMBT2_897/BTACT Plasmid Cali-
2000 20.51 4,223 brator Standard Curve:
200 23.27 564 15
CHST2_7890/BTACT Plasmid Calibrator
200000 15.05 224915 SFMBT2_897/BTACT Plasmid Calibrator Standard Curve
20000 17.89 28,288 Slope 2705
2000 2041 4,532 Intercept 29.369
200 23.02 680 % Efficiency 134%
20
Strand Counts for Two Markers, Plus Control Plasmids: Strand Counts for Single Markers, Plus Control Plasmids:
Calibrator Strands/Rxn Average Cp Average Strands 2 Calibrator Strands/Rxn Average Cp Average Strands
VAV3/CHST2_7890/BTACT Plasmid Calibrator VAV3/BTACT Plasmid Calibrator
200000 14.19 417,946 200000 15.12 185,009
20000 17.33 42,756 20000 18.26 12,793
2000 20.09 5,716 30 2000 21.28 980
200 22.89 743 200 24.57 60
Additive Expected Strands SFMBT2_897/BTACT Plasmid Calibrator
VAV3/CHST?2 Strands 420,833 200000 14.98 209,356
48,051 20000 17.84 18,236
6,711 35 2000 20.38 2,097
870 200 23.15 200
VAV3/SFMBT2_897/BTACT Plasmid Calibrator CHST2_7890/BTACT Plasmid Calibrator
200000 14.16 429,911 200000 14.89 225,658
20000 17.27 44,611 20000 17.72 20,240
2000 20.08 5,744 40 2000 20.29 2,275
200 2275 823 200 22.86 256
Additive Expected Strands
VAV3/SFMBT2 Strands 4}12’3?1 Strand Counts for Two Markers, Plus Control Plasmids:
6,401
754 45
CHST2_7890/SFMBT2_897/BTACT Plasmid Calibrator Calibrator Strands/Rxn Average Cp Average Strands
200000 13.99 485917 VAV3/CHST2_7890/BTACT Plasmid Calibrator
20000 17.17 47,863
2000 19.80 7,068 200000 14.09 446,402
200 22.34 1,113 50 20000 17.22 31,148
Additive Expected Strands 2000 19.99 2,926
200 22.72 288
CHST2/SFMBT? Strands 444364 Additive Expected Strands
54,439
8,755 VAV3/CHST?2 Strands 410,667
1,244 55 33,033
3,255
315
Strand Counts for Three Markers, Plus Control Plasmids: VAV3/SFMBT2_897/BTACT Plasmid Calibrator
200000 14.05 460,951
60 20000 17.17 32,470
VAV3/CHST2 7890/SFMBT2 897/BTACT Plasmid Calibrator 2000 19.97 2,983
200 22.60 319
Calibrator Strands/Rxn Average Cp Average Strands Additive Expected Strands
200000 13.44 722,434 VAV3/SFMBT2 Strands 394,365
20000 16.54 76,045 31,029
2000 19.21 10,847 65 3,077
200 21.85 1,589 260
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Strand Counts for Two Markers, Plus Control Plasmids:

Calibrator Strands/Rxn Average Cp Average Strands

Calibrator Strands/Rxn

Average Cp

Average Strands

CHST2_7890/SFMBT2_897/BTACT Plasmid Calibrator 3 VAV3/CHST2_7890/BTACT Plasmid Calibrator
200000 14.11 436,308
200000 13.84 552,761 20000 17.04 28,620
20000 17.08 34,990 2000 20.02 2,542
200 22.75 235
2000 19.65 3908 10 Additive Expected Strands
200 22.22 439
Additive Expected Strands VAV3/CHST2 Strands 390,956
29,726
2,794
CHST2/SFMBT?2 Strands 435,015 255
38.476 15 VAV3/SFMBT2_897/BTACT Plasmid Calibrator
4,372 200000 14.07 448,748
455 20000 17.18 29,908
2000 19.99 2,596
200 22.62 262
20 Additive Expected Strands
Strand Counts for Three Markers, Plus Control Plasmids:
VAV3/SFMBT?2 Strands 376,425
27,872
2,637
VAV3/CHST2 7890/SEMBT2 897/BTACT Plasmid Calibrator 209
25 CHST2_7890/SFMBT2_897/BTACT Plasmid Calibrator
Calibrator Strands/Rxn Average Cp Average Strands
200000 13.87 535,611
200000 13.31 863,327 20000 17.10 32,329
20000 16.40 62,334 2000 19.68 3,405
2000 19.12 6,171 200 22.24 365
200 21.69 692 Additive Expected Strands
Additive Expected Strands 30
CHST2/SFMBT? Strands 413312
VAV3/CHST2/SFMBT?2 Strands 620,024 34,618
51,269 3,774
5,353 371
515
35
. . . Strand Counts for Three Markers, Plus Control Plasmids:
Strand Counts Using CHST2_7890/BTACT Plasmid Cali-
brator Standard Curve:
Calibrator Strands/Rxn Average Cp Average Strands
40
CHST?2 7890/BTACT Plasmid Calibrator Standard Curve VAV3/CHST2_7890/SFMBT2_897/BTACT Plasmid Calibrator
Slope _2.644 200000 13.34 853,557
Intercept 29.02 20000 16.42 57,973
% Efficiency 139% 2000 19.13 5,479
45 200 21.72 578
Additive Expected Strands
Strand Counts for Single Markers, Plus Control Plasmids: VAV3/CHST2/SFMBT? Strands 590,347
46,108
4,602
Calibrator Strands/Rxn Average Cp Average Strands 50 418

VAV3/BTACT Plasmid Calibrator

200000
20000
2000
200

15.14
18.28
21.30
24.60

177,035
11,490
828

a7

SFMBT2_897/BTACT Plasmid Calibrator

200000
20000
2000
200

199,391
16,382
1,808
162

CHST2_7890/BTACT Plasmid Calibrator

200000
20000
2000
200

14.93
17.75
20.31
22.89

213,922
18,236
1,966
209

These data confirm the results shown in Experiment 3.2,
showing that adjustment of the SFMBT2_897 probe con-
centration down to 200 nM aligns the efficiency of this assay

55 reaction with the efficiencies of the reactions for detecting
VAV3 and CHST2_7890. They also show that when mul-
tiple targets in a reaction report signal to the same FRET
cassette and dye channel, the result shows an additive effect
on the amount of fluorescence signal produced in the reac-
tion. Surprisingly, no increase in background or cross reac-
tivity is observed.

The data further show that, when the VAV3 dilution series
is used as the calibration standard, the strand counts of
SFMBT2_897 and CHST2_7890 DNAs calculated from the
data at the low end of the curve are overestimates of the
amounts actually added to these reactions. The VAV3 ampli-

o
o
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fication curves are more variable at the lower end of the
standard curve, causing overestimates of strand counts for
the other markers.

Experiment 3.5

In this experiment, the probe and primer concentrations of
the VAV3 marker were adjusted to reduce overestimation of
low-level targets when the VAV3 calibrator curve is used for
as the reference curve for calculating DNA concentrations.
For the VAV3 calibration curve, a dilution series having
the VAV3 plasmid combined with the BTACT plasmid was
as described in Experiment 3.4. Plasmid dilutions having all
three markers plus the BTACT control were used.
10x oligonucleotide mixes containing the primers and
probes for all 3 markers and for the BTACT control plasmid
were made, having primers and probes provided to produce
the concentrations shown below:
1. VAV3 (400 nM Primers)/SFMBT2_897 (200 nM
Probe)/CHST2_7890/BTACT

2. VAV3 (750 nM Probe)/SFMBT2_897 (200 nM Probe)/
CHST2_7890/BTACT

3. VAV3/SFMBT2_897 (200 nM Probe)/CHST2_7890/
BTACT

With the exception of the variations in primer and probe
concentrations indicated above, the final reaction concen-
trations of all other primers was 200 nM each primer, and of
all other probes was 500 nM for each probe. The QuARTS
assay reactions were mixed and the assay was performed on
a Light Cycler as described in Experiment 3.1. The VAV3
calibration reactions are shown in FIG. 5A-5D. FIG. 5E
compares the fluorescence curves for reactions having 200
strands of target DNA, measured under each of the condi-
tions.

Both condition modifications improve the slope of the low
calibrator in the VAV3 assay, but these conditions do pro-
duce signal that is the same as the single marker oligonucle-
otide mix. The data show that the single marker mix does not
have the issue of over-estimation of strand counts at the low
end of the standard curve. Based on these data, 400 nM each
VAV3 primer with 500 nM probe was selected for investi-
gation of testing the assay on clinical samples.

Experiment 3.6

This experiment tests the multiple marker/1 dye sample
configuration on human clinical plasma samples. Plasma
samples were previously tested using the standard one
marker:one dye method, as described in Example 2. The
same samples were re-tested using an oligonucleotide mix
that has VAV3, SFMBT2_897 and CHST2_7890 reporting
to one fluorescent channel (FAM).

In Example 2, DNA was prepared from a series of plasma
samples and the target DNAs were amplified QuARTs
assays. Amplicon material produced in Example 2 from the
samples 105-120 (see FIG. 3) was diluted 1:10, and tested
using the 3-target/1control oligonucleotide mix described
above in Experiment 3.5.

The single marker/BTACT plasmid calibrator dilutions
were as described in Experiment 3.1. A 10x oligonucleotide
mix comprising primers and probes for all three markers and
for the BTACT control DNA, and configured to produce
reactions having the 400 nM each VAV3 primer and 200 nM
SFMBT2_897 probe, and having all other primers at 200 nM
and all other probes at 500 nM, as described in Experiment
3.5, was used. The QuARTS assays were mixed and the
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assay was performed on a Light Cycler as described in
Experiment 3.1. Each reaction was run in duplicate. The
results are shown in FIG. 6.

The original data from clinical samples 105-120 tested
with these markers (from FIG. 3) is summarized in FIG. 6A.
The results using the triplexed assay in which all markers
report to a single FRET cassette/single dye are summarized
in FIG. 6B.

The counts of target strands for each of the samples were
separately calculated using each of the three different marker
calibration curves. The resulting strand count values were
similar, regardless of which standard curve was used. In
addition, the strand counts for each of the samples using the
single-dye configuration were close to the combined strand
counts for this set of markers measured in Example 2 using
separate FRET cassettes and dye channels. Further, samples
that had zero strands detected, i.e., that produced no signal
in the Example 2 experiment, stayed at zero when using the
multiple markers reporting to one dye configuration, show-
ing that background signal is not increased when the mul-
tiplexed reactions report to a FRET cassette/single dye
channel.

These results show that using multiple different target
sites, e.g., multiple different marker genes, reporting to one
FRET cassette and the same dye can increase the sensitivity
of detection, and also show that multiplex combinations
need not be limited by the number of available dye channels
for signal detection. In addition, the use of this approach is
not limited to having a single dye per reaction well. For
example, an assay could be configured having three (or
more) markers reporting to a first dye (e.g., FAM) and three
(or more) markers reporting to a second dye (e.g., HEX),
doubling the number of markers that may be tested in a
single reaction, on a single preparation of nucleic acid
sample. Additional dye channels may be used for additional
sets of markers and/or for one or more internal control
targets.

Example 4

Multiple Regions of a Marker Reporting to One
Dye

For three methylation markers VAV3 (877), SFMBT2
(897), and CHST2 (7890), that showed low to zero strand
counts in normal plasma using the methods described herein
above, additional QuARTS assay oligonucleotide sets tar-
geting other regions within each of the markers were
designed and tested, to see whether detecting additional
regions of the markers in the same reaction and reporting to
the same dye channel would increase the signal-to-noise
ratio for each marker, thus increasing the sensitivity of the
assay, e.g., in detection of cancer.

For each of these markers, two different regions deter-
mined by RRBS to have differential methylation between
cancer tissue and normal tissue were identified. Those
regions are:

VAV3 region 877: chrl: 108507618-108507675

VAV3 region 11878: chrl: 108507406-108507499

SFMBT?2 region 895: chrl0: 7452337-7452406

SFMBT?2 region 897: chrl0: 7452865-7452922

CHST?2 region 7890: chr3:142838847-142839000

CHST?2 region 7889: chr3: 142838300-142838388

Experiment 4.1

The CHST2 regions (7889 and 7890) reporting to the
HEX dye were tested both individually and in a combined
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reaction to evaluate any synergy between the two regions
when combined. A calibrator plasmid containing CHST2
insert was diluted as described in Experiment 3.1 to produce
a dilution series of 1E4 to 1EO copies per pL.. For individual
detection of region 7889, assay reactions contained the
forward and reverse primers and the arm 1 probe for
CHST2_7889, the Arm 1 HEX FRET cassette, and the
primers and the arm 3 probe for the BTACT control, along
with the Arm 3 Quasar 670 FRET cassette. For individual
detection of region 7890, assay reactions contained the
forward and reverse primers and the arm 1 probe for
CHST2_7890, the Arm 1 HEX FRET cassette, and the
primers and arm 3 probe for the BTACT control, along with
the Arm 3 Quasar 670 FRET cassette. The combined reac-
tion contained the complete set of arm 1 probes and primers
for both CHST2_7889 and 7890, along with the oligonucle-
otides for detection of BTACT and the same two FRET
cassettes.

10x oligonucleotide mixes contained the primers and
probes at concentrations to produce 500 nM of each probe
and 200 nM of each primer in each QuARTS assay reaction.
The QuUARTS assay components were mixed and the assay
was performed on a Light Cycler as described in Experiment
3.1.

It was found that in the combined reaction, having these
two regions report to the same dye using a single FRET
cassette did not result in any increase in signal. The
CHST2_7889 amplification was substantially more efficient
and appeared to dominate the resulting signal, suggesting
that the different reactions should be modified to have more
similar efficiencies, as discussed above in Example 3.

Experiment 4.2

Experiments were conducted to determine what probe
concentration should be used for each pair of regions in each
marker {CHST2 (7889 and 7890), SFMBT2 (895 and 897)
and VAV3 (877 and 11878)} to balance the reaction kinetics
between the different regions. 10x oligonucleotide mixes
were made to provide the following mixtures of assay
oligonucleotides at the indicated final concentrations:

Final 1X
Marker Oligo Conditions (UM)
CHST2_7890A (1 x Probe)
CHST2_7890 CHST2_7890 FP 0.2
CHST2_7890 CHST2_7890 RP 0.2
CHST2_7890 Probe A5 CHST2_7890 0.5
A5 FAM FRET 0.5
BTACT ACTB_BT_FP65 0.2
BTACT ACTB_BT_RP65 0.2
BTACT ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
CHST2_7889A (1 x Probe)
CHST2_7889 F Primer CHST2_7889 0.2
CHST2_7889 R Primer CHST2_7889 0.2
CHST2_7889 Probe A5 CHST2_7889 0.5
A5 FAM FRET 0.5
BTACT ACTB_BT_FP65 0.2
BTACT ACTB_BT_RP65 0.2
BTACT ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250

water
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-continued
Final 1X
Marker Oligo Conditions (uM)
CHST2_7890A (3 x Probe)
CHST2_7890 CHST2_7890 FP 0.2
CHST2_7890 RP 0.2
Probe A5 CHST2_7890 1.5
A5 FAM FRET 0.5
ACTB ACTB_BT_FP65 0.2
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
CHST2_7890A (2 x Probe)
CHST2_7890 CHST2_7890 FP 0.2
CHST2_7890 RP 0.2
Probe A5 CHST2_7890 1
A5 FAM FRET 0.5
ACTB ACTB_BT_FP65 0.2
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
CHST2_7889A (0.5 x Probe)
CHST2_7889 F Primer CHST2_7889 0.2
R Primer CHST2_7889 0.2
Probe A5 CHST2_7889 0.25
A5 FAM FRET 0.5
ACTB ACTB_BT_FP65 0.2
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
SFMBT2_895A (1 x Probe)
SFMBT2_895v2 FP SFMBT2_895_v2 0.2
RP SFMBT2_895_v2 0.2
Prb A1 SFMBT2_895 v2 0.5
Al HEX FRET 0.5
ACTB ACTB_BT_FP65 0.2
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
SFMBT2_897/BTACT
Final 1X
Marker Oligo Conditions (uM)
SFMBT2_897A (1 x Probe)
SFMBT2_897 F Primer SFMBT2_897v5 0.2
R Primer SFMBT2_897v4 0.2
Probe A1 SFMBT2_897v5 0.5
Al HEX FRET 0.5
ACTB ACTB_BT_FP65 0.2
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5
A3 Quasar670 FRET 0.5
dNTPs 250
water NA
SFMBT2_897A (0.5 x Probe)
SFMBT2_897 F Primer SFMBT2_897v5 0.2
R Primer SFMBT2_897v4 0.2
Probe A1 SFMBT2_897v5 0.25
Al HEX FRET 0.5
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Final 1X Final 1X
Marker Oligo Conditions (UM) Marker Oligo Conditions (uM)
ACTB ACTB_BT FP65 0.2 5 VAV3_877A(1.5 x Probe)
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5 VAV3_877 F Primer VAV3 0.2
A3 Quasar670 FRET 0.5 VAV3_877 R Primer VAV3 ver 2 0.2
dNTPs 250 VAV3_877 Probe A5 VAV3 0.75
water NA A5 FAM FRET 0.5
SFMBT2_895A (2 x Probe) 10 BTACT ACTB_BT_FP65 0.2
BTACT ACTB_BT_RP65 0.2
SFMBT2_895v2 FP SFMBT2_ 895 v2 0.2 BTACT ACTB BT Pb A3 0.5
RP SFMBT2_895 v2 0.2 A3 Quasar670 FRET 0.5
Prb A1 SFMBT2_895 v2 1 dNTPs 250
Al HEX FRET 0.5 water NA
ACTB ACTB_BT FP65 0.2 15 VAV3_877A(2 x Probe)
ACTB_BT_RP65 0.2
ACTB BT Pb A3 0.5 VAV3_877 F Primer VAV3 0.2
A3 Quasar670 FRET 0.5 VAV3_877 R Primer VAV3 ver 2 0.2
dNTPs 250 VAV3_877 Probe A5 VAV3 1
water NA A5 FAM FRET 0.5
SFMBT2_897A (0.25 x Probe) 20 BTACT ACTB_BT_FP65 0.2
BTACT ACTB_BT_RP65 0.2
SFMBT2_897 F Primer SFMBT2_897v5 0.2 BTACT ACTB BT Pb A3 0.5
R Primer SFMBT2_897v4 0.2 A3 Quasar670 FRET 0.5
Probe A1 SFMBT2_897v5 0.125 dNTPs 250
Al HEX FRET 0.5 water NA
ACTB ACTB_BT FP65 0.2 VAV3_878(0.75 x Probe)
ACTB_BT_RP65 0.2 25
ACTB BT Pb A3 0.5 VAV3_11878 F Primer VAV3_11878 0.2
A3 Quasar670 FRET 0.5 VAV3_11878 R Primer VAV3_11878 0.2
dNTPs 250 VAV3_11878 Probe A5 VAV3_11878 0.375
water NA A5 FAM FRET 0.5
VAV3_877A (1 x Probe) BTACT ACTB_BT_FP65 0.2
30 BTACT ACTB_BT_RP65 0.2
VAV3_877 F Primer VAV3 0.2 BTACT ACTB BT Pb A3 0.5
VAV3_R77 R Primer VAV3 ver 2 0.2 A3 Quasar670 FRET 0.5
VAV3_877 Probe A5 VAV3 0.5 dNTPs 250
A5 FAM FRET 0.5 water NA
BTACT ACTB_BT FP65 0.2 VAV3_878(0.5 x Probe)
BTACT ACTB_BT_RP65 0.2 35
BTACT ACTB BT Pb A3 0.5 VAV3_11878 F Primer VAV3_11878 0.2
A3 Quasar670 FRET 0.5 VAV3_11878 R Primer VAV3_11878 0.2
dNTPs 250 VAV3_11878 Probe A5 VAV3_11878 0.25
water NA A5 FAM FRET 0.5
VAV3_878A (1 x Probe) BTACT ACTB_BT_FP65 0.2
40 BTACT ACTB_BT_RP65 0.2
VAV3_ 11878 F Primer VAV3_11878 0.2 BTACT ACTB BT Pb A3 0.5
VAV3_ 11878 R Primer VAV3_11878 0.2 A3 Quasar670 FRET 0.5
VAV3_ 11878 Probe A5 VAV3_11878 0.5 dNTPs 250
A5 FAM FRET 0.5 water NA
BTACT ACTB_BT FP65 0.2
BTACT ACTB_BT_RP65 0.2 45
BTACT igfi;ﬁrg}oﬁ{ﬂ 8'2 The QuARTS assay components were mixed and the
dNTPs 250 assays were performed on a Light Cycler as described in
water NA Experiment 3.1 The average Cp values achieved under the
different reaction conditions are as follows:
Average Cp Values
CHST2_7890 CHST2 7890 CHST2 7890 CHST2_7889 CHST2 7889
Plasmid Calibrator 1 x Probe 2 x Probe 3 x Probe 1 x Probe 0.5 x Probe
Concentration Conc. Cone. Cone. Conc. Cone.
200,000 154 14.8 14.2 13.9 14.7
20,000 18.6 18.0 17.4 17.1 18.1
2,000 22.1 214 21.0 20.6 21.2
200 25.2 24.9 24.2 24.0 24.7
20 28.7 27.8 27.0 27.2 28.1
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Average Cp Values
SFMBT2_895 SFMBT2_895 SFMBT2_897 SFMBT2_897 SFMBT2_897
Plasmid Calibrator 1 x Probe 2 x Probe 1 x Probe 0.25 x Probe 0.5 x Probe
Concentration Conc. Conc. Conc. Conc. Conc.
200,000 16.5 15.2 14.5 16.7 16.0
20,000 20.1 19.1 18.0 20.1 19.3
2,000 234 22.6 21.3 233 22.5
200 27.1 26.1 244 26.5 25.8
20 30.2 294 274 30.6 29.3
Average CP Values
VAV3_877 VAV3_877 VAV3_ 877 VAV3_11878 VAV3_11878  VAV3_11878
Plasmid Calibrator 1 x Probe 1.5 x Probe 2 x Probe 1 x Probe 0.75 x Probe 0.5 x Probe
Concentration Conc. Conc. Conc. Conc. Conc. Conc.
200,000 15.0 14.5 14.2 13.4 13.8 14.3
20,000 18.2 17.9 17.6 16.9 17.0 17.8
2,000 21.6 21.3 21.0 20.3 203 21.1
200 25.2 244 24.2 234 23.8 24.2
20 27.9 28.1 273 26.7 275 27.5
Average Cp Values
VAV3_877 VAV3_877 VAV3 877 VAV3_11878 VAV3_11878  VAV3_11878
Plasmid Calibrator 1 x Probe 1.5 x Probe 2 x Probe 1 x Probe 0.75 x Probe 0.5 x Probe
Concentration Conc. Conc. Conc. Conc. Conc. Conc.
200,000 15.0 14.5 14.2 13.4 13.8 14.3
20,000 18.2 17.9 17.6 16.9 17.0 17.8
2,000 21.6 21.3 21.0 20.3 20.3 21.1
200 25.2 24.4 24.2 234 23.8 24.2
20 27.9 28.1 273 26.7 27.5 27.5

These data show that by varying the probe concentrations,
it is possible to adjust the Cp values for the individual assays
to the point where each of the five points of the calibration
curve are within <1 Cp for each of the two regions for each
marker. For the markers tested, use of the following probe
concentrations in the QuARTS assay reactions produced
balanced reaction efficiencies for the sets of target regions:

Marker [Probe]-AS5-FAM [Probe]-Al-HEX
SFMBT2_895 — 0.5 uM
SFMBT2_897 — 0.125 uM
CHST2_7889 0.25 uM —
CHST2_7890 1 uM —
VAV3_877 1 uM —
VAV3_11878 0.25 uM —

Experiment 4.3

New triplex reactions (see Example 2 for original triplex
reaction configurations) were designed to use the multiple
region/one dye assay configurations in multiplexed reac-
tions. “Pool 17” below lists a set of 6 markers co-amplified
with a f-actin control, then analyzed in triplex QuARTS
assays in the groupings shown below. Pool 17+MR-OD is
adapted to include the multiple regions/one dye assay con-
figurations for the SFMBT2, VAV3, and CHST2 markers.
The JAM3, ZNF671, and ZNF568 assay designs were as
shown in FIG. 1 and FIG. 2. The 3- or 4-letter abbreviations

40

45

50

55

60

65

for each grouping in the pools are the first letter of each gene
name, with A indicating the f-actin control.

Pool 17 Pool 17 + MR-OD
JSA JAM3 JSSA JAM3
SFMBT2_897 SFMBT2_897
BTACT SFMBT2_895
VZA VAV3_877 BTACT
ZNF671 VVZA VAV3_877
BTACT VAV3_11878
CZAl CHST2_7890 ZNF671
ZNF568 BTACT
BTACT CCZA1 CHST2_7890
CHST2_7889
ZNF568
BTACT

The new triplex formulations were tested on a plasmid
calibration dilution series comprising the Pool 17 multiplex,
comprising all target regions in the groups listed above, in a
series of dilutions providing 2e5 to 2e1 strands of each target
per assay reaction. The final concentrations of the probes for
the SFMBT2, VAV3, and CHST2 MR-OD were as described
in the results of Experiment 4.2. The probes for JAM3,
ZNF671, and ZNF568 markers and for the BTACT control
were 1 uM. All FRET cassettes were at 500 nM in the final
reactions mixtures. The QuARTS assay components were
mixed and the assays were performed on a Light Cycler as
described in Experiment 3.1

The triplex containing VAV3-877plus VAV-11878 per-
formed as expected, giving approximately 2 to 3-fold
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increase in strand count over the count of target added to the
reaction, while the targets having only one region targeted.
However, the triplexes containing CHST2-7889_CHST-
7890 and SFMBT2-895_SFMBT2-897 did not show the
expected additive signal. Further experiments were con-
ducted using different concentrations of the probes for
CHST2-7889_CHST2-7890 and SFMBT2-895_SFMBT2-
897, to test them in the multiplex QuARTS assays grouped
as shown above. Within the triplex format, it was possible to
modify the probe concentration of CHST2_7889 and
CHST2_7890 to achieve the expected MR_OD results (i.e.,
results having the expected additive values of the individual
reactions) based on a plasmid calibration curve. However,
SFMBT2_895 and SFMBT2_897 assay, while improved
using the modified probe concentrations, when used in the
triplex format the assay still produced signal below the
expected 200% level expected for detection of two regions.
Nonetheless, the following modified probe concentrations
were selected for testing the triplex assays on plasma
samples.

Revised Final Probe Concentrations for MR-OD Reactions

[Probe]-Arm
Marker_region [Probe]-Arm5-FAM 1-HEX
SFMBT2_895 — 1 uM
SFMBT2_897 — 0.25 uM
CHST2_7889 0.5 uM —
CHST2_7890 1.5 uM —
VAV3_877 1 uM —
VAV3_11878 0.25 uM —

Experiment 4.4

This experiment examined the effect of combining mul-
tiplex pre-amplification and triplex QuARTS assay detection
using the multiple regions-one dye assay designs to test
human plasma samples from both normal and cancer
patients. The experiment compared detection of 13 methyl-
ation markers (plus Process Control, ZF_RASSF1) of Pool
17 to detection using the Pool 17+MR_OD configuration on
63 normal plasma samples and 12 colon cancer plasma
samples. The markers of Pool 17 were co-amplified together
in a pre-amplification, then the pre-amplified DNA was
detected in the list of grouped reactions listed below, and as
described in detail in Example 1.

Pool 17 Pool 17 + MR-OD

ISA JAM3 JSSA JTAM3
SFMBT2 SFMBT2_897
BTACT SFMBT2_895

PDA PDGFD BTACT
DTX1 PDA PDGFD
BTACT DTX1

GQA GRIN2D BTACT
QKI GQA GRIN2D
BTACT QKI

VZA VAV3 BTACT
ZNF671 VVZA VAV3_877
BTACT VAV3_11878

CZAl CHST2 ZNF671
ZNF568 BTACT
BTACT CCZA1 CHST2_7890

AFA ANKRD13B CHST2_7889
FER1LA4 ZNF568
BTACT BTACT
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-continued

Pool 17 Pool 17 + MR-OD

CZA2 CNNM1 ATA ANKRDI13B
ZFRASSF1 FER1L4
BTACT BTACT
CZA2 CNNM1

ZFRASSF1

BTACT

The triplex names comprise the first letter of each
included marker, plus ‘A’ for the f-actin control. Double
letters in the triplex names (e.g., “JSSA”) in the right-hand
column indicate single markers tested at two different
regions.

DNA was isolated from plasma samples as described in
Example 1. Bisulfite conversion, multiplex pre-amplifica-
tion, and QUARTS assay on multiplex-amplified DNA were
conducted as described in Example 1. Prior to bisulfate
conversion, aliquots of the isolated DNA were saved for
testing KRAS 38A and 35C mutations on unconverted
DNA. The amplification primers and detection probes used
for each marker were as shown in FIGS. 1 and 2.

A logistic linear regression fit using strands-per-reaction
for VAV3, SFMBT2, CHST2, and ZNF671 showed a con-
siderable advantage when QuARTs is used in combination
with MR_OD (multiple regions_one dye) as compared to the
standard QuARTs assay configuration, as shown below. In
these analysis, the marker ZNF671 was a major contributor
to the detection results, and was included in the logistic fit
for both QuARTs only and QuARTs+MR_OD. As noted
above, KRAS 38A and 35C mutations the unconverted DNA
were also tested.

The following sensitivity and specificity was obtained for
using the multiplex pre-amplification with the standard
triplex assays:

Multiplex with standard QuARTSs assay

Prediction

Stage N Tested Cancer Normal Sensitivity

I 4 2 2 50%

I 3 2 1 67%

I 3 2 1 67%

v 2 2 0 100%

Prediction

Pathology N Tested Cancer  Normal % Sensitivity/Specificity
Cancer 12 8 4 67%
Normal 62 0 62 100%
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When the multiple region/one dye configuration was
used, the sensitivity and specificity were as follows:

Multiplex with QuARTS assay using Multiple
Regions_one Dye (MR_OD)

Prediction

Stage N Tested Cancer Normal Sensitivity

I 4 4 0 100%

I 3 3 0 100%

I 3 2 1 67%

v 2 2 0 100%

Prediction

Pathology N Tested Cancer  Normal % Sensitivity/Specificity
Cancer 12 11 1 92%
Normal 62 6 56 90%

Although the sample size is small, the use of this multiple
region-to-one dye (FRET cassette) configuration shows sub-
stantial improvement in sensitivity, but may result in some
loss of specificity.

It should be noted that, while this example detected DNA
isolated from plasma samples, this panel of markers and use
of'the multiplex QuARTS assay modified as described above
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can be applied to stool or other blood or bodily fluid-based
testing, and find application in, e.g., colon cancer and other
cancer screening.

All literature and similar materials cited in this applica-
tion, including but not limited to, patents, patent applica-
tions, articles, books, treatises, and internet web pages are
expressly incorporated by reference in their entirety for any
purpose. Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as is com-
monly understood by one of ordinary skill in the art to which
the various embodiments described herein belongs. When
definitions of terms in incorporated references appear to
differ from the definitions provided in the present teachings,
the definition provided in the present teachings shall control.

Various modifications and variations of the described
compositions, methods, and uses of the technology will be
apparent to those skilled in the art without departing from
the scope and spirit of the technology as described. Although
the technology has been described in connection with spe-
cific exemplary embodiments, it should be understood that
the invention as claimed should not be unduly limited to
such specific embodiments. Indeed, various modifications of
the described modes for carrying out the invention that are
obvious to those skilled in pharmacology, biochemistry,
medical science, or related fields are intended to be within
the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 182
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 109

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ggagctacga cgagcagcetg cggctggega tggaactgte ggegcaggag caggaggaga

ggcggeggceg cgcgegcecag gaggaggagg agctggagcg catcctgag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 109

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

ggagttacga cgagtagttg cggttggcega tggaattgte ggegtaggag taggaggaga

ggcggeggceg cgcgegttag gaggaggagg agttggagcg tattttgag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3
agttacgacyg agtagttgeg
<210> SEQ ID NO 4
<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence

60

109

60

109

20
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78

<220>
<223>

<400>

FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 4

tcctectact cctacgec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 5

ccacggacge gacaattcca t

<210>
<211>
<212>

SEQ ID NO 6
LENGTH: 139
TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6
ggccacacag gcccactctg gecctetgag cccceggegg acccagggca ttcaaggage

ggctetggge tgccagegca ggcectecegeyg caaacacage aggctggaag tggegetcat

caccggcacg tctteecag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 139

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 7

ggttatatag gtttattttg gttttttgag ttttceggegg atttagggta tttaaggage

ggttttgggt tgttagcgta ggttttcegeyg taaatatagt aggttggaag tggegtttat

tatcggtacg tttttttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 8

ggtttatttt ggttttttga gttttegg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 9

tccaacctac tatatttacg cgaa

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 10

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

18

21

60
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<223>

<400>

OTHER INFORMATION: Synthetic

SEQUENCE: 10

ccacggacgyg cggatttagg g

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 11

LENGTH: 154

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 11

cgectttegge cteegtgegg cgaattttee cacctetetg geageggtgg atggggcaca

gegegaccecee gcageggegg cggeggetge ttecatcace gggaggatge ccgggeggac

agcgcaggca acccccgecg cteegeagee teeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 97

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 12

geggtggatyg gggtatageg cgatttegta geggeggegg cggttgtttt tattateggg

aggatgttcg ggcggatage gtaggtaatt ttegteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 13

gtatagcgeg atttcegtage g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 14

aattacctac gctatcegee ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 15

ccacggacge gaacatccte ¢

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 16

LENGTH: 110

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 16

ctgcacccag cgcagetgea cgtgatactg caggaageeg agcgagaget ggagggagga

21

60

120

154

60

97

21

21

21

60
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81

-continued

82

ggagcceggag ctgggaacce agccgcagge aggtcaccac gtgtacgecc

<210> SEQ ID NO 17

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 17
ttgtatttag cgtagttgta cgtgatattg taggaagteg agcgagagtt ggagggagga

ggagtcggag ttgggaattt agtcgtaggt aggttattac gtgtacgttt

<210> SEQ ID NO 18

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 18

cgtagttgta cgtgatattg taggaa

<210> SEQ ID NO 19

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 19

gactaaattc ccaactccga ct

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 20

ccacggacga gtcgagcgag a

<210> SEQ ID NO 21

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

gecggeceeg cagcatecte ctgetegegyg ctetecegee acctgteceyg ctecctgeeyg

cgeectgggyg cccgcaccta cccac

<210> SEQ ID NO 22

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 22
gtcggttteg tagtattttt ttgttegegg ttttttegtt atttgttteg ttttttgteg

cgttttgggy ttegtattta tttat

110

60

110

26

22

21

60

85

60

85
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83

-continued

84

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 23

cggtttegta gtattttttt gtteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 24

gaaccccaaa acgcgac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 25

cgcegaggge ggtttttteg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 26

LENGTH: 134

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 26

cgectectgyg geteeccceg gagtgggagg gageegeggt cecgectecyg cgecegttece

ctcecaggee ccteggecge cgegecgage ttteegegeg tggacagact geccggecga

cggacggacg cagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 134

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 27

cgttttttgg gttttttteg gagtgggagg gagtegeggt ttegtttteg cgttegtttt

tttttaggtt tttcggtegt cgegtegagt ttttegegeg tggatagatt gtteggtega

cggacggacyg tagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 28

agggagtcge ggttteg

25

17

20

60

120

134

60

120

134

17
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-continued

86

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 29

gegacgaccg aaaaacct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 30

cgcegagggt tttegegtte

<210>

SEQ ID NO 31

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 31

tagcagcage cgcagecatg geggggatga agacagecte cggggactac

atcgactegt

catgggagct gegggtgttt gtgggagagg aggacccaga ggccgagteg gtcaccctge

gggtcactgg ggagtcgcac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 140

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 32

tagtagtagt cgtagttatg gcggggatga agatagtttt cggggattat atcgattegt

tatgggagtt gcgggtgttt gtgggagagg aggatttaga ggtegagteg gttattttge

gggttattgg ggagtcgtat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 33

gttttcgggg attatatcga tteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 34

cccaataacce cgcaaaataa ccC

<210>

SEQ ID NO 35

18

20

60

120

140

60

120

140

24

22
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-continued

88

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 35

cgcegaggeyg actcgaccte

<210> SEQ ID NO 36

<211> LENGTH: 108

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

aggggctgeg aggtcagget gtaaccgggt caatgtgtgg aatattgggg ggceteggetg

cagacttgge caaatggacg ggactattaa ggtaagegge ggggcaac

<210> SEQ ID NO 37

<211> LENGTH: 108

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 37

aggggttgceg aggttaggtt gtaatcgggt taatgtgtgg aatattgggg ggtteggttg

tagatttggt taaatggacg ggattattaa ggtaagcgge ggggtaac

<210> SEQ ID NO 38

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 38

ggttgcgagg ttaggttgta a

<210> SEQ ID NO 39

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 39

tccatttaac caaatctaca accga

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 40

cgccegaggat cgggttaatg

<210> SEQ ID NO 41

<211> LENGTH: 141

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

20

60

108

108

21

25

20
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-continued

90

cgecccectca ccteeccegat catgeegtte cagacgecat cgatcttett tceegtgettg

ccattggtga ccaggtagag gtcgtagetyg aagecgatgg tatgegecag ccgcettcaga

atgtcgatge agaaaccctt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 141

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 42

cgttttttta ttttttegat tatgtcgttt tagacgttat cgattttttt ttegtgtttg

ttattggtga ttaggtagag gtcgtagttyg aagtcgatgg tatgegttag tcegttttaga

atgtcgatgt agaaattttt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 43

tcgattatgt cgttttagac gttatcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 44

tctacatcga cattctaaaa cgactaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 45

ccacggacge gcataccate g

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 46

LENGTH: 104

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 46

gagceggagt cgeggtggee gectcagege catgtcegagg gttgctgagyg ggecagegge

agcgeggege ggcttgtagt cceegegege atgegeccag cctg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

60

120

141

60

120

141

27

28

21

60

104
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-continued

92

<400> SEQUENCE: 47
gagtcggagt cgeggtggte gttttagegt tatgtcgagg gttgttgagyg ggttageggt

agcgeggege ggtttgtagt tttegegegt atgegtttag tttg

<210> SEQ ID NO 48

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 48

tggtcgtttt agegttatgt cg

<210> SEQ ID NO 49

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 49

cgaaaactac aaaccgegc

<210> SEQ ID NO 50

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 50

ccacggacge cgcgctaceg ¢

<210> SEQ ID NO 51

<211> LENGTH: 97

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

ggegeggege tggaaggcge cggcgttaac cccgegagge aggcgacgga gggggagcegg
cgctaataca taagagcact gcatcacget aatctte
<210> SEQ ID NO 52

<211> LENGTH: 97

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 52

ggcegeggegt tggaaggegt cggegttaat ttcgegaggt aggcgacgga gggggagcegg

cgttaatata taagagtatt gtattacgtt aattttt

<210> SEQ ID NO 53

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 53

gegttaattt cgcgaggta

60

104

22

19

21

60

97

60

97

19
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-continued

94

<210> SEQ ID NO 54

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 54

acaatactct tatatattaa cgecgete

<210> SEQ ID NO 55

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 55
¢gccgaggag gegacggagg
<210> SEQ ID NO 56
<211> LENGTH: 89
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 56

ctgtcagtge tgaccgageg cegegectte cggecatacg ggctccacgg tgegeggtte

cccageccte geggecctee cegecceeyg

<210> SEQ ID NO 57

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 57

ttgttagtgt tgatcgageg tegegttttt cggttatacg ggttttacgg tgcgeggttt

tttagtttte geggtttttt tegtttteg

<210> SEQ ID NO 58

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 58

cgtegegttt tteggttata cg

<210> SEQ ID NO 59

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 59
cgcgaaaact aaaaaaccgce g
<210> SEQ ID NO 60

<211> LENGTH: 21
<212> TYPE: DNA

28

20

60

89

60

89

22

21
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95

-continued

96

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 60

ccacggacgyg caccgtaaaa ¢

<210> SEQ ID NO 61

<211> LENGTH: 138

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61
cggaggggge gaacaaacaa acgtcaacct gttgtttgte cegtcaccat ttatcagete

agcaccacaa ggaagtgcgg cacccacacg cgcteggaaa gttcagecatg caggaagttt

ggggagagct cggcgatt

<210> SEQ ID NO 62

<211> LENGTH: 111

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 62
agggggcgaa taaataaacg ttaatttgtt gtttgttteg ttattattta ttagtttagt

attataagga agtgcggtat ttatacgegt tcggaaagtt tagtatgtag g

<210> SEQ ID NO 63

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 63

gcgaataaat aaacgttaat ttgttgtttg ttteg

<210> SEQ ID NO 64

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 64

actttccgaa cgcgtataaa tacc

<210> SEQ ID NO 65

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 65
ccacggacge gcacttecett a
<210> SEQ ID NO 66
<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

21

60

120

138

60

111

35

24

21
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-continued

98

ceggegegag ctgaccgage acteggeggg cgeggeggga ctgeggecceg tggeggegtg

cgeggggace tgcegctgact aggte

<210> SEQ ID NO 67

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 67
tcggegegag ttgatcgagt atteggeggg cgeggeggga ttgeggtteg tggeggegtyg

cgeggggatt tgcegttgatt aggtt

<210> SEQ ID NO 68

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 68

gegagttgat cgagtatteg g

<210> SEQ ID NO 69

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 69

ctaatcaacyg caaatccceg ¢

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 70

ccacggacge gcacgecgec a

<210> SEQ ID NO 71

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 71

tgcgegtggyg gecaggeteg acctcactee tgttgteget geagaccege gtgggetccce
geegggecect cctgecgece ceccagectee cegecectge cctt
<210> SEQ ID NO 72

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 72

tgcgegtggyg gttaggtteg attttatttt tgttgtegtt gtagattege gtgggtttte

60

85

60

85

21

21

21

60

104

60
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-continued

100

gtcgggtttt tttgtcgttt tttagttttt togtttttgt tttt

<210> SEQ ID NO 73

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 73

ttcgatttta tttttgttgt cgttgtaga

<210> SEQ ID NO 74

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 74

acgacaaaaa aacccgacg

<210> SEQ ID NO 75

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 75

cgcegaggat tegegtgggt

<210> SEQ ID NO 76

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76
gecgagggeyg ccceggcegcag agtcecegcag aggcggacge cgeggcacgce gectcgaaaa

gectcaaact cttatccteg getet

<210> SEQ ID NO 77

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 77

gtcgagggeyg tteggegtag agtttegtag aggcggacgt cgeggtacge gtttegaaaa
gttttaaatt tttattttcg gtttt

<210> SEQ ID NO 78

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 78

gttcggegta gagtttegta ga

<210> SEQ ID NO 79
<211> LENGTH: 32

104

29

19

20

60

85

60

85

22
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-continued

102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 79

gaaaataaaa atttaaaact tttcgaaacg cg

<210> SEQ ID NO 80

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 80

cgcegagggt accgcegacgt

<210> SEQ ID NO 81

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 81
teggtgetee cggeccacgg getgcacaac ttggeggece cgaaactgge gtgggggagg

ggagggctgt ccacccgage aggacgcegge tgtccactca gteggaggtyg agg

<210> SEQ ID NO 82

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 82
tcggtgtttt cggtttacgg gttgtataat ttggeggttt cgaaattgge gtgggggagg

ggagggttgt ttattcgagt aggacgcggt tgtttattta gteggaggtyg agg

<210> SEQ ID NO 83

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 83

cgggttgtat aatttggegyg

<210> SEQ ID NO 84

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 84

aaccgegtee tactega

<210> SEQ ID NO 85

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

32

20

60

113

60

113

20

17
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-continued

104

<400> SEQUENCE: 85

cgcegagggt ttcgaaattg

<210> SEQ ID NO 86

<211> LENGTH: 112

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 86
gtegeegece gggagggcac cggecteget cgettgeteg ctegeccgeco cttgeceget

cgcteccege cegeegecte cctegegege cegeteeggt cetecggete cce

<210> SEQ ID NO 87

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 87
gtegtegtte gggagggtat cggtttegtt cgtttgtteg ttegttegtt tttgttegtt

cgtttttegt tegtegt

<210> SEQ ID NO 88

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 88

gtegtegtte gagagggta

<210> SEQ ID NO 89

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 89

gaacaaaaac gaacgaacga aca

<210> SEQ ID NO 90

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 90

ccacggacga tcggtttegt t
<210> SEQ ID NO 91

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 91

cggagctagg agggtgggge tcggagggcg caggaagage ggctetgcega ggaaagggaa

aggagaggcce gcttetggga agggaccce

20

60

112

60

77

19

23

21

60

88
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-continued

106

<210> SEQ ID NO 92

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 92
cggagttagg agggtggggt tcggagggcg taggaagagce ggttttgcga ggaaagggaa

aggagaggtc gtttttggga agggattt

<210> SEQ ID NO 93

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 93

ttaggagggt ggggttcg

<210> SEQ ID NO 94

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 94

ctttectege aaaaccge

<210> SEQ ID NO 95

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 95

ccacggacgg gagggcgtag g

<210> SEQ ID NO 96

<211> LENGTH: 108

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 96

ggaaggaaat tgcgggttcc cgtetgectt gtetccaget tetetgetga ageceggtag
cagtgaatge gcgctgactt tcagegacga ctectggaag caacgceca

<210> SEQ ID NO 97

<211> LENGTH: 108

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 97

ggaaggaaat tgcgggtttt cgtttgtttt gtttttagtt tttttgttga agttcggtag
tagtgaatgc gcgttgattt ttagegacga tttttggaag taacgtta

<210> SEQ ID NO 98

<211> LENGTH: 19
<212> TYPE: DNA

60

88

18

18

21

60

108

60

108
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-continued

108

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 98

aggaaattge gggtttteg

<210> SEQ ID NO 99

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 99

ccaaaaatcg tcgctaaaaa tcaac

<210> SEQ ID NO 100

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 100
ccacggacge gcgcattcac t
<210> SEQ ID NO 101
<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 101

gectttgece cggtttttgg cgcgggagga ctttegacce cgacttegge cgetcatggt

ggcggeggag gcagcettcaa agacacgetyg tgaccctgeg getectgacyg ccagetcte

<210> SEQ ID NO 102

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 102

gtttttgttt cggtttttgg cgcgggagga ttttcegattt cgattteggt cgtttatggt

ggcggeggag gtagttttaa agatacgttyg tgattttgeg gtttttgacyg ttagttttt

<210> SEQ ID NO 103

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 103

tttgtttegyg tttttggeg

<210> SEQ ID NO 104

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 104

19

25

21

60

119

60

119

19
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-continued

110

accataaacyg accgaaatcg a

<210> SEQ ID NO 105

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 105

ccacggacgyg cgggaggatt t

<210> SEQ ID NO 106

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 106
gggaccggag ccgagcectag cgceggegece gegaccegte agecgegget cctgetecct

cgatceegeyg cg

<210> SEQ ID NO 107

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 107
gggatcggag tcgagtttag cgcggegtte gegattegtt agtegeggtt tttgtttttt

cgatttegeg cg

<210> SEQ ID NO 108

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 108

tcggagtega gtttagege

<210> SEQ ID NO 109

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 109

cgaaatcgaa aaaacaaaaa ccgc

<210> SEQ ID NO 110

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 110

cgcegaggeyg gegttegega

<210> SEQ ID NO 111

21

21

60

72

60

72

19

24

20
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112

<211> LENGTH: 119
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 111
tgtcctegte ctectaccge aggatgtteg geggeceggg caccegegage cggecgaget

ccageceggag ctacgtgact acgteccacce gecacctacag cctgggcage gegetgege

<210> SEQ ID NO 112

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 112
tgttttcegtt tttttategt aggatgtteg geggtteggg tategegagt cggtegagtt

ttagtcggag ttacgtgatt acgtttatte gtatttatag tttgggtage gegttgegt

<210> SEQ ID NO 113

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 113

ttttatcgta ggatgttegg c

<210> SEQ ID NO 114

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 114

tccgactaaa actcgaccga

<210> SEQ ID NO 115

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 115

ccacggacge ggttcegggta t

<210> SEQ ID NO 116

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 116
ggggcegggyg ccgacagecee acgcetggege ggcaggcegeg tgegeccgeco gttttegtga

geccgageag

<210> SEQ ID NO 117

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

60

119

60

119

21

20

21

60

70
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-continued

114

<400> SEQUENCE: 117
ggggtegggyg tcgatagttt acgttggege ggtaggcegeg tgegttegte gttttegtga

gttcgagtag

<210> SEQ ID NO 118

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 118

gteggggteg atagtttacg

<210> SEQ ID NO 119

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 119

actcgaactce acgaaaacyg

<210> SEQ ID NO 120

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 120

ccacggacgyg acgaacgcac g

<210> SEQ ID NO 121

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 121
getgetetgyg getgecagggg cgagacttet ggegtegeeg tegtgacgta tttttectat

geceggtecyg tgcattetgg ttgtgaagge tgagttctag

<210> SEQ ID NO 122

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 122

gttgttttgyg gttgtagggg cgagattttt ggcegtegteg tcegtgacgta ttttttttat
gtteggtteg tgtattttgg ttgtgaaggt tgagttttag

<210> SEQ ID NO 123

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 123

60

70

20

19

21

60

100

60

100
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-continued

gagatttttg gecgtegtceg 19

<210> SEQ ID NO 124

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 124

caaccaaaat acacgaaccg aac 23

<210> SEQ ID NO 125

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 125

ccacggacgg tcgtgacgta t 21

<210> SEQ ID NO 126

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 126
cgtcacctge cggaaacacce cgaatgttca tcecgegege agtttetgag atgetgggtg 60

aaggcgacce gcagataggt ctgtgacaga cgectaaage gecgaaccat ccce 113

<210> SEQ ID NO 127

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 127
cgttatttgt cggaaatatt cgaatgttta tttegegegt agtttttgag atgttgggtg 60

aaggcgattc gtagataggt ttgtgataga cgtttaaagc gtcgaattat ttt 113

<210> SEQ ID NO 128

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 128

cggaaatatt cgaatgttta tttcgeg 27
<210> SEQ ID NO 129

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 129

tcacaaacct atctacgaat cgc 23

<210> SEQ ID NO 130
<211> LENGTH: 20
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-continued

118

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 130

cgcegaggge gtagtttttg

<210> SEQ ID NO 131

<211> LENGTH: 117

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 131
cegtgggege ggacagetge cgggagegge aggegteteg atcggggacyg caggcactte

cgteectgea gagcatcaga cgegtetegg gacactgggg acaacatcte ctecgeg

<210> SEQ ID NO 132

<211> LENGTH: 117

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 132
tcgtgggege ggatagttgt cgggageggt aggegttteg atcggggacyg taggtatttt

cgtttttgta gagtattaga cgegtttegg gatattgggg ataatatttt tttegeg

<210> SEQ ID NO 133

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 133

gttgtcggga gcggtagg

<210> SEQ ID NO 134

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 134

ccaatatcce gaaacgegte t

<210> SEQ ID NO 135

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 135
ccacggacgyg cdtttegate g
<210> SEQ ID NO 136
<211> LENGTH: 154

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 136

20

60

117

60

117

18

21

21
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-continued

tcaccaacte tttctgagag caaaaacatg gggccgagte cggcagetge acgcagaatce 60
caactctetyg gecagetceteg geaccgacga getccagate cegegttege atcceggege 120

tttgcgegca gagctaagec ttcggacccg tgga 154

<210> SEQ ID NO 137

<211> LENGTH: 99

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 137
tatggggtcg agttceggtag ttgtacgtag aatttaattt tttggtagtt tteggtatceg 60

acgagtttta gatttcgegt tegtatttcg gcgttttge 99

<210> SEQ ID NO 138

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 138

cgagttceggt agttgtacgt aga 23

<210> SEQ ID NO 139

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 139

cgaaatacga acgcgaaatc taaaact 27

<210> SEQ ID NO 140

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 140

ccacggacgt cgtcgatacc g 21
<210> SEQ ID NO 141

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 141

cgccgaggat cggtttegtt 20
<210> SEQ ID NO 142

<211> LENGTH: 154

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 142

cgggegeage ctgtececte cegecgecca ccttectegt ttetgecacte attttagega 60

cgcagecgee gectgetaccet acccegeget ceegegtete cteegegetyg gggtetecee 120
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-continued

122

tttettttgyg tttgggtggg agaaaaagat ggtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

gtatttattt tagcgacgta gtcgtegttg ttatttattt cgegtttteg cgttttttte

SEQ ID NO 143

LENGTH: 77

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 143

gegttggggt ttttttt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 144

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 144

gecgacgtagt cgtcegttgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 145

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 145

ccaacgcgaa aaaaacgceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 146

cgccgaggga aaacgcgaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 147

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 147

ccacggacge ggcegttegeg a

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 148

LENGTH: 165

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 148

ceggaggttyg ttaagecaget ggcagageag gactcecateg cggagggtet gegcaaggte

gaacacctga gccgagtcee aggtcacceg gtggttggtg ggcagcacct tgcaatggat

gagccactge gegcactget tcecacggete catgceccgac ggete

154

60

77

19

19

20

21

60

120

165
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-continued

124

<210> SEQ ID NO 149

<211> LENGTH: 165

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 149
tcggaggttyg ttaagtagtt ggtagagtag gattttateg cggagggttt gegtaaggte
gaatatttga gtcgagtttt aggttattcyg gtggttggtg ggtagtattt tgtaatggat

gagttattgce gegtattgtt tttacggttt tatgttcgac ggttt

<210> SEQ ID NO 150

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 150

gagtcgagtt ttaggttatt cggt

<210> SEQ ID NO 151

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 151

cgtcegaacat aaaaccgtaa aaacaa

<210> SEQ ID NO 152

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 152

ccacggacga tacgcgcaat a

<210> SEQ ID NO 153

<211> LENGTH: 118

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 153

cccgaatgga acgagcaget gagettegtg gagetcttece cgeegetgac gegcagecte
cgectgecage tgcgggacga cgegeccctyg gtegacgegg cactcegetac gcacgtge
<210> SEQ ID NO 154

<211> LENGTH: 118

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 154
ttcgaatgga acgagtagtt gagtttegtg gagttttttt cgtegttgac gegtagtttt

cgtttgtagt tgcgggacga cgegtttttyg gtegacgegg tattegttac gtacgtgt

60

120

165

24

26

21

60

118

60

118
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126

<210> SEQ ID NO 155
<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 155

cgttgacgeg tagtttteg
<210> SEQ ID NO 156

<211> LENGTH: 18
<212> TYPE: DNA

Synthetic

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 156
gtcgaccaaa aacgcgte
<210> SEQ ID NO 157

<211> LENGTH: 20
<212> TYPE: DNA

Synthetic

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 157

cgcegaggeyg tcccgcaact
<210> SEQ ID NO 158
<211> LENGTH: 106
<212> TYPE: DNA

<213> ORGANISM: Danio

<400> SEQUENCE: 158

tctggacagyg tggagcagag
ggaccccgat tggcetgacgt
<210> SEQ ID NO 159

<211> LENGTH: 126
<212> TYPE: DNA

Synthetic

rerio

ggaaggtggt gcgcatggtg ggcgagcgcg tgcgectgga

gtaaaccagg acgaggacat gacttt

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 159
gaattctttyg gataggtgga
tttggaggat ttcgattggt
gaattc

<210> SEQ ID NO 160

<211> LENGTH: 17
<212> TYPE: DNA

Synthetic

gtagagggaa ggtggtgcgt atggtgggcg agcgcgtgeg

tgacgtgtaa attaggacga ggatatgatt tttagttttg

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 160

tgcgtatggt gggcgag

<210> SEQ ID NO 161
<211> LENGTH: 26
<212> TYPE: DNA

Synthetic

19

18

20

60

106

60

120

126

17
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-continued

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 161

cctaatttac acgtcaacca atcgaa 26

<210> SEQ ID NO 162

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 162

cgccgagggce gcgtgegttt 20

<210> SEQ ID NO 163

<211> LENGTH: 224

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 163

ctectgacctyg agtctecttt ggaactctge aggttctatt tgetttttece cagatgaget 60
ctttttetgg tgtttgtete tetgactagg tgtctaagac agtgttgtgg gtgtaggtac 120
taacactggce tcgtgtgaca aggccatgag gectggtgtaa ageggecttyg gagtgtgtat 180

taagtaggtg cacagtaggt ctgaacagac tccccatccce aaga 224

<210> SEQ ID NO 164

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 164

ccatgaggct ggtgtaaag 19

<210> SEQ ID NO 165

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 165

ctactgtgca cctacttaat acac 24

<210> SEQ ID NO 166

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 166

cgccgagggce ggcecttggag 20
<210> SEQ ID NO 167

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 167
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tggtgtttgt ttttttgatt aggtgtttaa gatagtgttyg tgggtgtagg tattaatatt

ggtttgtgtyg ataaggttat gaggttggtg taaagcggtt ttgg

<210> SEQ ID NO 168
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 168

Synthetic

gtgtttgttt ttttgattag gtgtttaaga

<210> SEQ ID NO 169
<211> LENGTH: 26
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 169

Synthetic

ctttacacca acctcataac cttatce

<210> SEQ ID NO 170
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 170

gacgcggaga tagtgttgtg g

<210> SEQ ID NO 171
<211> LENGTH: 28
<212> TYPE: DNA

Synthetic

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 171

agceggtttt ccggetgaga ccteggeg

<210> SEQ ID NO 172
<211> LENGTH: 29
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 172

agceggtttt ccggctgaga cgteegtgg

<210> SEQ ID NO 173
<211> LENGTH: 29
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 173

agceggtttt ccggectgaga cteegegte

<210> SEQ ID NO 174

60
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<211>
<212>
<213>
<220>
<223>

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 174

agceggtttt ccggetgaga ccteggeg

<210> SEQ ID NO 175

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 175

cgcegaggeyg aacatcctec

<210> SEQ ID NO 176

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 176

cgcegaggte gtcegataceg

<210> SEQ ID NO 177

<211> LENGTH: 180

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (49)..(49)

<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (49)..(49)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (60)..(60)

<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (60)..(60)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (64)..(64)

<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (64)..(64)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (66)..(66)

<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:

<221> NAME/KEY: misc_feature

28
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<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (70)..(70)
<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (70)..(70)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (84)..(84)
<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (84)..(84)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (95)..(95)
<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (95)..(95)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (109)..(109)
<223> OTHER INFORMATION: N = 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (109)..(109)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 177
tccacngtgyg tgcccactet ggacaggtgg agcagaggga aggtggtgng catggtgggn
gagngngtgn gcctggagga cccngattgyg ctgangtgta aaccaggang aggacatgac
tttcagcect gecagecagac acagetgage tggtgtgace tgtgtggaga gttcatcetgg
<210> SEQ ID NO 178
<211> LENGTH: 180
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (71)..(71)
<223> OTHER INFORMATION: N= 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (71)..(71)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (85)..(85)
<223> OTHER INFORMATION: N= 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (85)..(85)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (96)..(96)
<223> OTHER INFORMATION: N= 5-methyl cytosine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (96)..(96)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (110)..(110)
<223> OTHER INFORMATION: N= 5-methyl cytosine
<220> FEATURE:

60
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ccagatgaac tctccacaca ggtcacacca
gtcatgtcct ngtcectggtt tacangtcag

geccaccatyg ngcaccacct teectetget

<210>
<211>
<212>
<213>
<220>
<223>

<400>

NAME/KEY: misc_feature
LOCATION: (110)..(110)

OTHER INFORMATION: n is a, ¢,
FEATURE:

NAME/KEY: modified_base

t

LOCATION: (114)..(114)

OTHER INFORMATION: N= 5-methyl cytosine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (114)..(114)

OTHER INFORMATION: n is a, ¢,
FEATURE:
NAME/KEY: modified_base

t

LOCATION: (116)..(116)

OTHER INFORMATION: N= 5-methyl cytosine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (116)..(116)

OTHER INFORMATION: n is a, ¢,
FEATURE:
NAME/KEY: modified_base

t

LOCATION: (120)..(120)

OTHER INFORMATION: N= 5-methyl cytosine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (120)..(120)

OTHER INFORMATION: n is a, ¢,
FEATURE:
NAME/KEY: modified_base

t

LOCATION: (131)..(131)

OTHER INFORMATION: N= 5-methyl cytosine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (131)..(131)

OTHER INFORMATION: n is a, ¢,
FEATURE:
NAME/KEY: modified_base

t

LOCATION: (174)..(174)

OTHER INFORMATION: N= 5-methyl cytosine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (174)..(174)

OTHER INFORMATION: n is a, ¢,

SEQUENCE: 178

SEQ ID NO 179

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 179

cgcatggtgg gcgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 180

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 180

acacgtcage caatcggg

<210>
<211>

SEQ ID NO 181
LENGTH: 21

getcagetgt gtetggetge agggctgaaa
ccaatngggg tcctccaggn gecangngetn

ccacctgtee agagtgggca ccanggtgga

60
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180
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<212>
<213>
<220>
<223>

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 181

ccacggacgyg cgcegtgegtt t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 182

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 182

agceggtttt ccggctgaga cgteegtgg

21

29

What is claimed is:

1. A method of characterizing a sample from a human
subject, the method comprising assaying the sample for
amounts of each of a plurality of different methylated marker
DNAs and an amount of at least one control DNA, the
method comprising:

a) amplifying DNA from the sample with PCR amplifi-
cation reagents in one or more reaction mixtures,
wherein the PCR amplification reagents comprise:

1) methylation marker primer pairs for amplifying tar-
get regions from two to thirteen different methylated
marker DNAs selected from the group consisting of
ankyrin repeat domain 13B (ANKRD13B); carbo-
hydrate sulfotransferase 2 (CHST2); cyclin and CBS
domain divalent metal cation transport mediator 1
(CNNM1); deltex E3 ubiquitin ligase 1 (DTX1);
dysferlin (FER11L4); glutamate ionotropic receptor
NMDA type subunit 2D (GRIN2D); junctional adhe-
sion molecule 3 (JAM3); platelet derived growth
factor D (PDGFD); QKI, KH domain containing
RNA binding (QKI); Scm like with four mbt
domains 2 (SFMBT2); vav guanine nucleotide
exchange factor 3 (VAV3); zinc finger protein 568
(ZNF568); and zinc finger protein 671 (ZNF671);
and

i) at least one control primer pair for amplifying a
target region from at least one control DNA;

and

b) measuring amplified amounts of the target regions of
the two to thirteen different methylated marker DNAs,
and an amplified amount of the target region from the
at least one control DNA, wherein the at least one
control DNA comprises a region of a BAGALT6 gene.

2. The method of claim 1, wherein said amplifying DNA
from the sample is in one reaction mixture.

3. The method of claim 1, wherein the sample comprises
a blood sample, a plasma sample, a stool sample, or a tissue
sample.
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4. The method of claim 1, wherein the assaying comprises
treating DNA obtained from the sample with a methylation-
specific reagent.

5. The method of claim 4, wherein the methylation-
specific reagent selectively modifies cytosine bases in the
obtained DNA to produce modified bases.

6. The method of claim 5, wherein the methylation-
specific reagent comprises a bisulfite reagent.

7. The method of claim 1, wherein the one or more
reaction mixtures comprise methylation marker primer pairs
for amplifying target regions from each methylated marker
DNA in the group consisting of ANKRDI13B, CHST2,
CNNM1, DTX1, FER1L4, GRIN2D, JAM3, PDGFD, QKI,
SFMBT2, VAV3, ZNF568, and ZNF671.

8. The method of claim 1, wherein the one or more
reaction mixtures comprise bulk fish DNA.

9. The method of claim 1, wherein the one or more
reaction mixtures comprise PCR-flap assay reagents,
wherein the PCR-flap assay reagents comprise:

1) flap oligonucleotides that specifically hybridize to target
regions amplified from the two to thirteen methylated
marker DNAs selected from the group consisting of
ANKRDI13B, CHST2, CNNM1, DTXI1, FERI1L4,
GRIN2D, JAM3, PDGFD, QKI, SFMBT2, VAV3,
ZNF568, and ZNF671; and

ii) a flap oligonucleotide that specifically hybridizes to a
target region from the at least one control DNA.

10. The method of claim 9, wherein the PCR-flap assay
reagents further comprise at least one hairpin oligonucle-
otide comprising a region that is complementary to a 5' flap
portion of at least one flap oligonucleotide.

11. The method of claim 10, wherein the at least one
hairpin oligonucleotide is a FRET cassette.

12. The method of claim 9, wherein the PCR-flap assay
reagents further comprise one or more of dNTPs, a buffer
comprising Mg**, a FRET cassette, and a FEN-1 endonu-
clease.

13. The method of 1, further comprising assaying the
sample for carcinoembryonic antigen (CEA) protein.
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