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a tissue sample. In one aspect, the method comprises obtaining a forma-
lin-fixed paraffin-embedded (FFPE) tissue sample, contacting the tissue
sample with Mung Bean Nuclease to cleave mismatched DN A pairs when
isolating DNA from the tissue sample; and performing an analysis on
the non-digested DNA. In one embodiment, the tissue sample is obtained
from a patient having a refractory disease or a cancer during biopsy, and
; the analysis comprises performing next-generation DNA sequencing to

evaluate genomic DNA mutations. In another embodiment, the method
further comprises using a computer to screen for one or more therapies
I according to the cancer diagnosis; and producing a computer-generated
report of possible therapies.
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TISSUE PREPARATION USING NUCLEASE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This apphication claims priority to U8, Provisional Application No.
62/851,841, filed May 23, 2019, the content of which is incorporated by reference in its

entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[6062] The disclosed technology relates to a method of analvzing a tissue sample,
and more particularly, to a method of performing a cancer diagnosis by removing unwanted

nucleic acids with 2 mismatch nuclease.

Description of the Related Axt

[0003] Cancer 1s a major health risk in the United States and internationally. A
robust test that provides patients and physicians with a blueprint of the underlying
mechanisms of a patient’s disease, genomic and proteomic nformation about a patient’s
cancer, potential treatment approaches, and comprehensive inventory of relevant chinical
trials would be of substantial benefit for the treatment of cancer and would help the
oncologist personalize each patient’s course of treatment.

[0004] Because formalin-fixed paraffin-embedded (FFPE) tissue can be stored
and transported at ambient conditions, it 1s a commonly used tissue preparation for cancer
diagnosis and analysis. However, formaldehyde being a major component of formahin s
reactive with DNA bases, proteins, and oxygen. FFPE tissue samples often contam
formaldehvde-induced crosslinks, DNA fragmentations, and DNA lesions such as abasic
sites, mismatch, and modified bases. These artifacts cause problems in mterpreting DNA
sequencing results, which lead to false-positives in the detection of DNA mutations in cancer
diagnosis.

[0005] For example, deammation of cytosine bases to uracil or deamination of 5-

methylcytosine to thymine are present in FFPE DNA, causing mismatch in the DNA and
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apparent C:G>T: A sequencing result as DNA polymerase mcorporates an adenine opposite
to uract lesions or thymine lestons. Treatment of FFPE DNA with uracil-DNA glycosylase
(UDG) before PCR-based sequencing can reduce apparent C:G>T:A single-nucleotide
changes due to uracil lesions. However, UDG treatment fails to cure apparent C:G>T A
single-nucleotide changes due to thymine lesions. It was suggested that thymine lesions may
be removed using the repair enzymes thymine DNA glycosylase (TDG) and methyl-CpG-
binding protein 4 (MBD4). In addition, low bypass efficiency DNA polymerases such as Pfu
and KAPA can be used to block amplification of damaged DNA.

[6006] A wider array of strategies for removing artifacts in FFPE samples, as well

as improvements in the efficiency, are still being developed.

SUMMARY OF THE INVENTION

6067} One objective of some aspects of the disclosed technology 13 to reduce
artifacts that occur in FFPE tissues and improve the analysis of DNA.

[0008] One embodiment 1s a method of analyzing a tissue sample. The method
may include: obtaining a tissue sample; 1solating DNA from the tissue sample; contacting the
tissue sample with a nuclease that digests musmatched DNA pairs in the DNA; removing the
digested DNA; and performing an analysis on the non-digested DNA. One aspect of the
disclosed technology is use of a nuclease that digests mismatched DNA pawurs in a method of
analyzing a tissue sample for the presence of cancer. The method of analyzing the tissue
sample may include contacting the tissue sample with wracil-N-glycosyiase, uract-DNA
glycosylase, thymine DNA glycosylase, methyl-CpG-binding protein 4, or any combination
thereof, to remove mismatched DNA bases. The method may further include performing a
next-generation DNA  sequencing analysis on:  single nucleotide varants and
msertions/deletions up to 40 basepairs in coding regions of a plurality of target genes; gene
copy number variations; untranslated regions and splice junctions of the DNA; gene fusions;
microsatellite instability; and/or tumor mutation burden. The nuclease may be Mung Bean
Nuclease, CEL 1, Surveyor nuclease, aspergillus nuclease 81, Pl nuclease, BAL 31, T4
endonuclease VII, T7 endonuclease 1, endonuclease V, EndoMS, Recks, or any combination
thereof  The tissue sample may be a formalin-fixed paraffin-embedded (FFPE) tissue

sample, fresh-frozen sample, freshly cut curls, or freshly cut shides.

D



WO 2020/236939 PCT/US2020/033815

BRIEF DESCRIPTION OF THE DRAWINGS

{6009} FIG. 1 illustrates an exemplary workflow of one method of analyzing a
fissue sample.

[0016] FIG. 2 shows the relationship between sequencing coverage {(left panel) or
vartance (right panel) of the sequencing libraries and preparation conditions {x-axis) for
FFPE samples of low quality (EX(O-0000771), moderate quality (EX(-0000338), and high
quality (EXO-0000808).

[0011] FIG. 3 shows the fragment size distribution of the sequencing libraries of
preparation condition Group E for FFPE samples of low quality (EXG-0000771, left panel),
moderate quality (EX0O-0000338, center panel), and high quality (EXO0-0000808, right
panel).

DETAILED DESCRIPTION

[0012] All patents, applications, published applications and other publications
referred to herein are incorporated herein by reference to the referenced material and in their
entireties. If a term or phrase 1s used herein in a way that 15 contrary to or otherwise
mconsistent with a definution set forth in the patents, apphications, published applications and
other publications that are herein incorporated by reference, the use herein prevails over the
defiition that i1s incorporated herein by reference.

[6013] Embodiments relate to methods for analyzing tissue samples to determine
if the sample contains cancer or tumorigenic cells. Next Generation Sequencing (NGS) 1s
increasingly utilized for patients with advanced cancer in an effort to help guide treatment,
especially for tumor types that have potential targeted therapy options. In many cases,
samples to be tested are stored as FFPE samples prior to NGS analysis. While the FFPE
process helps preserve the tissue, environmental and other issues may affect the quality of
the final sample and reduce the efficacy of the NGS analysis. For example, high heat
conditions during storage or transport may degrade the sucleic acids m the sample.
Similarly, freeze/thaw cycles of FFPE samples may subject the tissue to siress, which

reduces the quality of the nucleic acids in the sample.
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[6014] One additional aspect of the disclosed technology 15 use of a nuclease that
digests mismatched DNA pairs in a method of analyzing a tissue sample for the presence of
cancer. In this use, analyzing the tissue sample may include: obtaining a tissue sample;
isolating DNA from the tissue sample; contacting the tissue sample with a nuclease that
digests mismatched DNA pairs in the DNA; removing the digested DNA; and performing an
analysis on the non-digested DNA. The use may include contacting the tissue sample with
aracil-N-glycosylase, uracil-DNA glycosylase, thymine DNA glycosylase, methyl-CpG-
binding protein 4, or any combmation thereof, to remove mismatched DNA bases. The use
may further include performing a next-generation DNA sequencing analysis on: single
nucleotide variants and insertions/deletions up to 40 basepairs in coding regions of a plurality
of target genes; gene copy number variations, untranslated regions and splice junctions of the
DNA; gene fusions; microsatellite nstability; and/or tumor mutation burden. The nuclease
may be Mung Bean Nuclease, CEL I, Surveyor nuclease, aspergillus nuclease S1, Pl
nuclease, BAL 31, T4 endonuclease Vi, T7 endonuclease I, endonuclease V, EndoMS,
Reclf, or any combmation thereof. The tissue sample may be a formalin-fixed paraffin-
embedded (FFPE) tissue sample, fresh-frozen sample, freshly cut curls, or freshily cut shdes.

[0015] {0014]  One embodiment 1s shows in the flow diagram of Fig 1. As
shown, the process 100 begins at a start state 105 and then moves to a state 110, whergin an
FFPE tissue sample s obtained. As discussed below, the tissue may be obtained from a
patient suspected of having cancer, or where the patient s known to have cancer, but a more
thorough analysis of the tvpe of cancer may be desired. The process 100 then moves to state
115 where the tissue to be analyzed 1s 1solated from the FFPE sample, as discussed in more
detail below. Once the tissue has been 1solated, the process 100 moves to state 120 where
DNA s extracted from the tissue by well-known methods. After the DNA 1s extracted, it 1s
treated with a nuclease to remove damaged DNA from the analysis according to
embodiments of the mvention. In one embodiment the nuclease is the Mung Bean Nuclease
which digests mismaiched DNA from a DNA double strand. Thus step mcreases the quality
of the resulting DNA since artifacts that may have arisen during the tissue-processing step
can be removed since normal double stranded DNA should not have single base pair
mismatches in the double stranded DNA samples. Once the nuclease has been used to

remove damaged DNA from the sample at state 125, the process 100 moves to a state 130
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wherein an analysts, such as by Next Generation Sequencing, can be performed on the
sample. The process 100 then terminates at an end state 135,

[0016] In one embodiment, the quality of a tissue sample for NGS analysis is
mproved by contacting the sample with a nusmatch enzyme that digests nusmatched strands
n the double stranded DNA of a tissue sample during analysis. Many of the factors affecting
the quality of a sample may lead to a single basepair mutation in the tissue DNA. This single
base pair mutation will present itself as a mismatch in any DNA that has been modified.
Thus, i one embodiment, the musmatched DNA 1s digested using a specific enzyme and
removed from the analysis. By removing the mismatched DNA, the background noise
caused by artificially mutated DNA s reduced. The DNA remaining after such digestion
would more properly reflect the original sample DNA since artificially mutated DNA is
removed. Examples of musmatch enzymes include Mung Bean Nuclease, which degrades
single-stranded DNA or RMA to nucleoside 5™-monophosphates, but does not digest double-
stranded DNA, double-stranded RNA, or DNA /7 KNA hybnds. Mung Bean Nuclease
catatyzes the specific degradation of single-stranded DNA or RNA, and produces mono and
oligonucleatides carrving g 5~ ternunus. Other examples of nusmatch enzymes or single-
stranded DNA specific endo- or exo-nucleases include CHL |, Surveyor nuclease, aspergiilus
nuclease 81, P nuclease, BAL 31, T4 endonuclease VIL T7 endonuclease §) endonuclease
Y, EndoME, and Reclf

[0017] In one embodiment, the specimen being analyzed 1s taken from a patient
who has undergone surgery or a biopsy. For example, the tissue may come from freshly cut
shaves/curls along with hematoxylin and eosin stained section of the same block. The tissue
may come from freshly cut, unstained, unbaked sections on positively charged shdes. In one
embodiment, the specimen is approximately 75mm”’ (5 mm x 5 mm x 3mm) in size, and may
have been taken from 4 to 6 needle biopsies. In one embodiment, the specimen has 20%,
30%, 40%, 50%, 60% or higher tumor content. In one embodiment, the munmmally required
amount of a tissue specimen is from one core needle biopsy with approximately 10%, 15% or
20% tumor content.

[6018§] After the specimen 1s obtained, it may be fixed in buffered formalin
contamning 4% formaldehyde in 1X phosphate-buffered saline to preserve the tissue and s

cellular morphology. The specimen may be fixed by immersing the specimen i about a 20X
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or larger volume of buffered formalin for 14-24 hours, at 4 °C or room temperature. After
fixing, the specimen may be washed several times in 1X phosphate-buffered saline to remove
the formalin from the specimen.

[6019] After formalin fixation, the specimen may be embedded into paraffin,
During this process, the specimen is dehvdrated by graded ethanol baths to gradually
displace the water within the tissue. The specimen may then be infiltrated with melted
paraffin wax. The paraffin wax may have a melting point of about 56 °C-58 °C, or up to 65
°C-70 °C mn some embodiments. By immersing the specimen 1n molten paraffin wax kept at
about 2 °C above the melting point the tissue sample will become embedded within the wax.
After immersing the specimen into the melted paraffin, the infiltrated specimen may be
formed mito a paraffin wax block by placing the infiltrated specimen into a mold to form the
block. In some embodiments, a margin of 1, 2, 3, 4, 5 or more millimeters or more of wax
may be left surrounding the specimen.

[0028] Alternatively, the specimen may be embedded into paraffin in a different
manner preferred by local procedures within various pathology departments or hospitals.
Once the tissue s embedded into a paraffin block, the formalin-fixed paratfin-embedded
(FFPE) specimen may then be shipped to a lab for analysis by the methods described herein.
Specimens may be shipped by mail using an overnight service, for example, in a styrofoam
container with an ice pack.

[0021] One embodiment 15 a method of analyzing a tissue sample taken from a
patient, wherein the tissue sample is contacted with with a nuclease that digests mismatched
DNA pairs in the DNA prior to performing an analysis on the non-digested DNA. In one
embodiment, the tissue sample 1s further contacted with uracil-N-glycosvlase, uracil-DNA
glycosylase, thymine DNA glycosyiase, methy-CpG-binding protein 4, or any combination
thereof, to remove mismatched DNA bases before, during, or after contact with a prior
mismatched DNA enzyme. The tissue sample under analysis may be from a formalin-fixed
paraffin-embedded (FFPE) tissue sample, fresh-frozen sample, or freshly cut curls from a
patient.

[0022] In one embodiment, the tissue sample 15 obtained from the bone, bone
marrow, breast, mouth, nasopharynx, esophagus, stomach, duodenum, rectum, colon,

mtestine, appendix, pancreas, lung, liver, prostate, nervous system, heart, bladder, kidney,
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cervix, uterus, ovary, lymph node, thyroid, muscle, or skin of a subject, the subject being a
mammal, such as a human patient having a refractory disease or a cancer. In one
embodiment, the tissue sample is derived from a stereotactic biopsy, open biopsy, or surgical
resection.

[0023] In one embodiment, the analysis performed on the tissue sample following
treatment 15 a NGS analysis, including analysis of single nucleotide wvariants,
insertions/deletions, gene copy number variations; untranslated regions and splice junctions
of the DNA; gene fusions; microsatellite mstabibity; and/or tumor mutation burden. In one
embodiment, the NG5S analysis includes tagging each strand of DNA isolated form the
sample with a duplex unique molecular identifier (UMI}. In one embodiment, the NGS
analysis includes amplifying the isolated DNA with a low bypass efficiency DNA
polymerase, for example Pfu or KAPA.

[0024] During the NGS analysis, a plurality of different genes may be analyzed to
determine the characteristics of the tumor sample under analysis. This may involve analysis
of one or more target genes to look for polymorphisms, such as single nucleotide
polymorphisms (SNPs) within the target gene. The target genes may include one or more oft
ABCBI, ABCC1, ABCC2, ABL1, ADAMTSI, ADAMTS16, ADAMTSIR, ADAMTSG,
ADAMTS9, ADAMTSLI, AKTI, AKT2, AKT3, ALK, AMERI, APC, APLNR, AR,
ARAF, AREG, ARIDIA, ARIDIB, ARID2, ATM, ATR, ATRX, AURKA, AURKSE,
AXINI, AXL, B2M, BAP1, BARD1, BCOR, BNIP3, BRAF, BRCAI, BRCA2, BRIPI,
BTK, BUBIB, CBL, CONDI, COND2, COND3, CCNE1, CD274, (DA, CDC73, CDHI,
CDK12, CDK4, CDK6, CDEN2A, CHEK1, CHEK2, CHFR, CHKA, CIC, CREBBP,
CSFIR, CTLA4, CTNNBI, CYP19A1, CYPIAL, CYP2D6, CYP3A4, CYSLTRZDCK,
DDR2, DICERI, DNMT3A, EGFR, EMSY, EP300, EPCAM, EPHAS, EPHA7, ERBB2,
FRBB3, ERBB4, BRCC1, ERCC2, ERCC3, ERRFII, ESR1, ESR2, EWSRI1, BZH2,

TAMI75A, FANCA, FANCC, FANCD?2, FANCE, FANCF, FANCG, FANCM, FATI,
FBXW7, FCGR2A, FGD4, TGF3, FGF4, FGFR1, FGFR2, FGFR3, FGFR4, FLT3, FLT4,
FOXL2, FUBPIL, GATA3, GLI1, GNA11, GNAQ, GNAS, GSTP1, GSTT1, HDAC?2, HGF,
HNFTA, HRAS, HSD3B1, IDHI1, IDH2, IGFIR, IKZF1, JAKI, JAK2, JAK3, KDMS5(C,
KDMsA, KDR, KEAPT, KIT, KRAS, MAF, MAPZK1, MAP2K2, MAP3KI1, MAPKI,
MAPK3, MAPKAPKS, MDM2, MDM4, MED12Z MENT, MET, MGMT, MLH1, MRETLA,

<3



WO 2020/236939 PCT/US2020/033815

MSH2, MSH6, MTHFR, MTOR, MUTYH, MYC, MYCN, MYOD1, NBN, NF1, NF2,
NFE2L2, NOTCHI, NOTCH2, NOTCH3, NPMI, NRAS, NTRK!, NTRK2, NTRK3,
PALB2, PBRMI, PDCD1LG2, PDGFRA, PDGFRB, PIK3CA, PIK3CB, PIK3CD, PIK3CG,
PIK3R1, PLOB4, PLCGI, PMS2, POLDI, POLE, PPPZRIA, PTCHI, PTEN, PTPNII,
RADS0, RADS1C, RADSID, RAT1, RBI, RBM10, RECQOL, RET, RHEB, RICTOR, RIT1,
RNF43, ROS1, RPTOR, RRMI, SDHB, SDHC, SETD2, SF3B1, SMAD2, SMAD4,
SMARCA4, SMARCB1, SMO, SOCS1, SPOP, STAG2. STAT3, STK11, SUFU, TERT-p,
TGFBR2, TNFAIP3, TOP2A, TPS3, TSCI, TSC2, TSHR, TYMS, VEGFA, VHL, WTI,
XRCCL, and YEST.

[0025] in one embodiment, the analysis of the DNA may further include
performing an analysis on mRNA expression and/or gene isoforms of a plurality of target
genes. In one embodiment, the analysis includes in sife hybridization, reverse transcription-
polymerase chain reaction, nucroarray, nuclease protection assays, or RNA sequencing.

6026} In one embodiment the plurality of target genes comprise: AR, AREQG,
ARIDIA, BAD, BAX, BCL2, BIRCS, BRCAL CA9, CDA, CDHI, CES2, CHUK, DCK,
DHFR, DPYD, EPHA?2, ERBB2, ERBB3, FRCCI, EREG, ESR1, EZH2, FGFR1, IGFIR,
KDR, KIT, LRPO, MET, MGMT, MITF, MTOR, NFKB1, PARPI, PDGFRB, PGR, PTEN,
PTGS2, PTPNG, RELA, RPS6KB1, RRM1, SLO29A1, SSTR2, TNFSF13, TOPZA, TUBB3,
TYMP, TYMS, VEGFA, EGFR VIII, and MET EXON 14 SKIPPING.

[0027] In one embodiment, the analysis includes performing an
immunohistochemistry analysis on one or more proteins that are expressed by the cells in the
tissue under analysis. The target proteins may include ALK, AR, CAIX, ER, hENTI,
HER2/neu, PD1, PD-L1, PMS2, PR, PTEN, RET, IDO, MET, MGMT, MLHI, MSH2,
MSH6, ROS1, TOPO1, TP, TRKpan, TS, and TUBB3.

[6028] The analysis may also include performing a cancer diagnosis and,
optionally, detecting DNA mismatch repair deficiency. In this embodiment, the cancer may
include one or more of breast cancer, colorectal cancer, lynch syndrome, non-small-cell lung
carcinoma, acute lymphoblastic leukenua, acute wmyeloid leukemua, adrenocortical
carcinoma, aids-related cancers, Kapost sarcoma, auds-related lymphoma, primary CNS
lymphoma, anal cancer, appendix cancer, astrocytomas, atypical teratoid/rhabdoid tumor,

basal cell carcinoma of the skin, bile duct cancer, bladder cancer, bone cancer, brain tumors,
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bronchial tumors, Burkitt lymphoma, carcimoid tumor, carcinoma of unknown primary,
cardiac tumors, cervical cancer, cholangiocarcinoma, chronic lymphocytic leukemia, chronic
myelogenous  leukemia, chronic myeloproliferative  neoplasms, craniopharyngioma,
cutaneous T-cell lymphoma, ductal carcinoma in sity, embryonal tumors, endometrial cancer,
esophageal cancer, esthesioneuroblastoma, Ewing sarcoma, extragonadal germ cell tumor,
eve cancer, intraocular melavoma, retinoblastoma, fallopian tube cancer, fibrous
histiocytoma of bone, gallbladder cancer, gastric cancer, gastrointestinal carcinoid tumor,
gastroitestinal stromal tumors, germ cell tumors, extragonadal germ cell tumors, ovanan
germ cell tumors, testicular cancer, gestational trophoblastic disease, hairy cell leukemia,
head and neck cancer, hepatocellular cancer, histiocviosis, Hodgkin lymphoma,
hypopharyngeal cancer, intraocular melanoma, islet cell tumors, pancreatic neuroendocrine
tumors, kidney cancer, Langerhans cell listiocytosis, laryngeal cancer, leukenna, lip and oral
cavity cancer, liver cancer, non-small cell lung cancer, lymphoma, male breast cancer,
malignant fibrous histiocytoma of bone and osteosarcoma, melanoma, intraocular melanoma,
Merkel cell carcinoma, mesothelioma, metastatic cancer, metastatic squamous neck cancer
with occult primary, nudhine tract carcinoma with nut gene changes, mouth cancer, multiple
endocrine neoplasia syndromes, multiple myeloma/plasma cell neoplasms, mycosis
fungoides, myelodysplastic syndromes, myelodysplastic/myeloproliferative neoplasms,
myelogenous leukemia, myeloid leukenua, nasal cavity and paranasal sinus cancer,
nasopharyngeal cancer, neuroblastoma, non-Hodgkin lymphoma, oral cancer, osteosarcoma
and mahignant fibrous histiocytoma of bone, ovarian cancer, pancreatic cancer, pancreatic
neuroendocrine tumors, papillomatosis, paraganglioma, paranasal sinus and nasal cavity
cancer, parathyroid cancer, penile cancer, pharyngeal cancer, pheochromocytoma, pituttary
tumor, plasma cell neoplasm/multiple myeloma, pleuropulmonary blastoma, primary central
nervous system lymphoma, primary peritoneal cancer, prostate cancer, rectal cancer,
recurrent cancer, renal cell cancer, retinoblastoma, rhabdomyosarcoma, salivary gland
cancer, sarcoma, osteosarcoma, soft tissue sarcoma, uterine sarcoma, Sézary syndrome, skin
cancer, small cell lung cancer, small intestine cancer, squamous cell carcinoma of the skin,
stomach cancer, testicular cancer, throat cancer, nasopharyngeal cancer, oropharyngeal
cancer, hypopharyngeal cancer, thymoma and thymic carcinoma, thyroid cancer, transitional

cell cancer of the renal pelvis and ureter, urethral cancer, endometrial uterine cancer, uterine
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sarcoma, vaginal cancer, vascular tumors, vulvar cancer, and/or Wilms tumor. The method
may also include screening for one or more therapies according to the cancer diagnosis and
thereafter producing an electronically generated report of therapies with potential increased
benefit and therapies with potential reduced benefit.

[0029] Example of therapies that may be included as a benefit may include one or
more therapies selected from: Abemaciclib, Abiraterone, Ado-trastuzumab emtansine,
Afatinib, Alectinib, Anastrozole, Atezolizumab, Avelumab, Bevacizumab, Bicalutamde,
Binmetimb, Brigatintb, Cabozantinib, Capecitabine, Carboplatin, Carmustine, Ceritinib,
Cetuxaimab, Cisplatin, Crizotinib, Dabrafemb, Dacarbazine, Dacomitinib, Dasatimb,
Diethyistilbestrol, Dinutuximab, Docetaxel, Doxorubicin, Durvalumab, Encorafenb,
Hnzalutamide, Epirubicin, Eribulin, FErlotinib, Everohimus, Exemestane, Fluorouracil,
Flutamide, Fulvestrant, Gefitimb, Gemcitabme, Idelalisib, Imatib, Interleckin-2,
Ipthimumab, Ininotecan, Ketoconazole, Lapatimb, Lenvatimb, Letrozole, Liposomal
Doxorubicin, Lorlatinib, Medroxy-progesterone, Megestrol, Mitomycin, Neratintb, Nilotinib,
Nintedanib, Niraparib, Nivolumab, Olaparib, Olaratumab, Osimertinib, Oxaliplatin,
Paclitaxel, Palbocichib, Pantturoumab, Pazopanib, Pembrolizumab, Pemetrexed, Pertuzumab,
Procarbazine, Regoraferub, Ribocichib, Rucaparib, Somidegib, Sorafenib, Streptozocin,
Sunitinib, Talazoparib, Tamoxifen, Temozolomide, Temsirolimus, Topotecan, Toremifene,
Trametintb, Trastuzumab, Vandetanib, Vemurafenib, Vincristing, Vismodegib, Zoledronic

acid, or any combination thereof.

Method of DNA Extraction

[6030] In one embodiment, once the specimen has been embedded into the FFPE
it can be handled, shipped, or stored until the analysis process has been mitiated. To start
analyzing the quality of the specimen, and to check for DNA degradation, the FFPE
specimen may be sectioned using a microtome. For example, the specimen can be cut into 4
wm, S um, 6 pm, 7owm, 8 um, 9 um or up to 10 um or greater sections to be placed mto
shides. Optionally, macrodissection or coring of the tumor-enriched areas may lead to better
sample quality. Once the slides have been prepared, the slhides may be dewaxed by warming
at 56°C - 60°C 1n a paraffin-solubilizing organic solvent for 1 minute, 2 minutes, 3 minutes,

4 mimutes, or up to S nunutes or more. After the slides have been dewaxed, the tissue may be
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lysed at 56°C - 60°C by surfactants such as sodium dodecyl sulfate, and by protemase. Once
the tissue sample has been lysed, the sample may then be heat-treated at 65°C, 70°C, 75°C,
&0°C, 85°C, 90°C, or 95°C for 1 hour to remove formaldehyde-induced DNA-DNA and
DNA-~protein crosslinks. In one embodiment, heat-treating at 75°C may be set out to
minimize melting of DNA. In another embodiment, heat-treating at 90°C may be set out to
maximize de-crosslinking.

(6031} After the sample has been heat-treated, the enzyme uvracil-N-glycosylase
(UNG) may be added to the sample. In some embodiments, the sample may then be
mcubated at 40°C, 45°C, 50°C, SS°C, or 60°C for 1 hour, 2 hours, or 3 hours with UNG to
remove artifacts of deaminated cytosine residues of the FFPE DNA.

[8032] Alternatively, m some embodiments, the sample may be mcubated with
UNG at 40°C, 45°C, S0°C, S5°C, or 60°C for 10 munutes, 20 minutes, 30 munutes, 40
minutes, or 50 minutes. After the sample has been incubated with UNG, the sample may be
cooled to room temperature, and 0.1 ul, 0.5 pl, 1 gl 2 pb, or more Mung Bean Nuclease
may be added to digest any mismatched DNA within the sample. This digestion may remove
DNA from the sample that has been damaged due to environmental factors that degraded the
sample prior to the sample analysis. In one embodiment, the sample is incubated for 10
minutes, 20 minutes, 30 minutes, 40 minutes, or 50 minutes at 25°C, 30°C, or 35°C with
Mung Bean Nuclease to cleave single-stranded DNA regions and base pair mismatches. As
discussed above, embodiments are not limited to digestion with only Mung Bean Nuclease,
other enzymes which digest nmusmatched DNA strands are also contemplated within the
scope of the mvention.

[0033] Once single-stranded DINA regions and basepair mismatches have been
cleaved, the sample may then be treated with RNase at room temperature for 1 munute, 2
munutes, 3 minutes, 4 munutes, 5 nunutes, or longer to remove RNA from the sample. In
some embodiments, additional proteinase K treatment may be used to further remove
proteins cross-finked to DNA. After RNA has been removed from the sample, to harvest the
DNA, a spin column, e.g. QlAamp MinEhite column, may be used to bind the DNA and
contaminants may be removed by buffer-wash and centrifugal steps as specified 1n a

commercial Kit, e.g. Qiagen GeneRead DNA FFPE Kit.
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[6034] Once the DNA has been purified, assays based on DNA-specific
fluorescent dyes, such as PicoGreen or Qubit fluorometer, may be used to quantify the
amount of purified DNA in some embodiments.

Method of NGS Sequencing Library Construction

[0035] In some embodiments, once the genomuc DNA from the tissue sample has
been purified, the extracted genomic DNA may be fragmented and prepared to produce
dsDNA fragments suitable for next-generation sequencing {(NGS). For example, in one
embodiment, enzymatic fragmentation by the KAPA Frag Enzyme may be used, as detailed
in the KAPA Frag Kit or KAPA HyperPlus Kit (Kapa Biosystems). Following the KAPA
HyperPlus Kit hibrary construction protocol, the enzymatic fragmentation reaction may be
meubated for 5-40 minutes at 37°C. In other embodiments, a mixture of endonucleases and
dsDNA nicking enzymes may be used, and the enzymatic fragmentation reaction may be
incubated for less than 30 minutes, less than 60 minutes, less than 1.5 hours, less than 2
hours, or more than 2 hours at 30-50°C.

[0036] Alternatively, in some embodiments, the enzymatic fragmentation reaction
may be mcubated at 30°C, with 0.1 ub, 0.5 L, 1 pb, 2 ub, or more Mung Bean Nuclease
further added to cleave single-stranded DNA regions and basepair mismatches. In vet other
embodiments, the enzymatic fragmentation reaction may be incubated at 30°C, with 0.1 ul,
0.5 uk, 1 pl, 2 uL, or more Reclr further added to cleave single-stranded DNA regions and
basepair mismatches.

[6037] Subsequent to the DNA fragmentation, to prepare a DNA library suitable
for next-generation sequencing, several reactions may be further performed according to the
KAPA HyperPlus Kit library construction protocol, including end repair reaction to produce
blunt-ended, 5'-phosphorylated DNA fragments; A-tailing of the fragments by adding dAMP
to the 3'-ends of the dsDNA fragments; and adapter higation reaction to ligate dsDNA
adapters with 3'-dTMP overhangs to the 3'-dA-tailed hibrary fragments. In other
embodiments, protocols based on similar reactions may be used.

[60338] During the adapter higation reaction, in some embodiments 1dentification
of sequence artifacts may be achieved by ligating specialized adapters to both fragment ends.

6039} After the DNA library has been prepared, the reaction may be cleaned-up

to remove digested BNA or other containments. After the reactions has been cleaned up, the

-12-



WO 2020/236939 PCT/US2020/033815

DNA bbrary fragments carrying appropriate adapter sequences on both ends may be
amplified by PCR.  In some embodiments, DNA polymerases that have low bvpass
efficiency over DINA lesions, such as abasic sites, may be used to alleviate some of the FFPE
artifacts.  In one embodiment, the Pfu DNA polymerase may be used. In another
embodiment, the KAPA DNA polymerase may be used.

[0040] After the library has been amplified, i one embodiment the sample may
be gel purified to select for DNA fragments with appropriate size. In another embodiment,
the sample may be bead purified.

[0041] Alternatively, in some embodiments, the extracted genomic DNA may be
fragmented and prepared to produce library fragments suitable for any well-known NGS
platform. In one embodiment, the sequencing platform may be made by Illumina or Thermo
Fisher Scientific. In some embodiments, genomic DNA fragmentation may be achieved by
mechanical shearing methods. In one embodiment, DNA fragmentation may be achieved by
using the Covaris Adaptive Focused Acoustics technology.

[0042] Alternative to fragmenting the genomic DNA sample and then ligating
specialized adapters, in some embodiments, the library preparation may be achieved by a
tagmentation reaction, using a transposon to cleave and tag the double-stranded DNA with a
uiversal overhang, followed by himited cycle PCR to add sequencing primer sequences and
ndexes.

[0043] Once the DNA from the sample has been sequenced, a determination can
be made whether the sample contains cancer or other markers of a disease. In addition, the
sample may be analyzed to determine what potential treatments are available for the patient
who submitted the sample based on the genomic information discovered from the sequence

mformation.

Definitions
[6044] As used herein, the singular forms “a”, “an”, and “the” include plural

13

references unless indicated otherwise, expressly or by context. For example, “a” dimer

mcludes one or more dimers, unless indicated otherwise, expressly or by context.
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EXAMPLES
[0045] The following examples are offered to ilustrate but not to limat the
mvention. In order to facilitate understanding, the specific embodiments are provided to help
mterpret the techumical proposal, that 1, these embodiments are only for illustrative purposes,
but not m any way to limit the scope of the mvention. Unless otherwise specified,
embodiments do not indicate the specific conditions, are in accordance with the conventional

conditions or the manufacturer’s recommended conditions.
Example 1: Sample Handling

[0046] Three FFPE blocks of normal tissues of low quality (EXO-0000771),
moderate quality (EXG-0000338), and high quality (EX(Q-0000808), respectively, were

selected. Excess paraffin was trimmed off from each block. Each FFPE block was sectioned
using a muicrotome to obtain five 4um shides. FEach shde was placed into a separate

microcentrifuge tube.

Example 2. DNA Extraction and Library Preparation - Group A

[0047] Three FFPE shides of low quality, moderate quality, and high quality,
respeciively, were processed according to the DNA purification protocol of (agen
GeneRead DNA FFPE Kit, followed by the Ubrary construction protocol of KAPA
HyperPlus Kit.

[6048] Briefly, the slides were dewaxed by warming at 56 °C in 160uL
Dieparaffinization Solution for 3 miunutes. The tissues were lysed at 56 °C for 1 hour 1 55ul.
RNase-free water, 25ul. Buffer FTB, and 20ul. proteinase K. The tissues were then heat-
treated at 90 °C for | hour to de-crosslink.  After the heat treatment the tissues were
centrifuged and transferred to new microcentrifuge tubes. Then, 115ul. RNase-free water
and 35pl. of the enzyme uracil-N-glycosylase (UNG) were added to the samples, and the
samples were incubated at SO °C for 1 hour to remove artifacts of deaminated cytosine
residues of the FFPE DNA. The samples were then treated with 2ul. RNase A at room
temperature for 2 munutes. To harvest the DNA, the QlAamp MinElute columns were used
to bind the DNA while contammnants were removed by buffer-wash and centrifuigal steps as
specified i the DNA purification protocol. Finally, DNA was eluted i 20uLl. Buffer ATE.

The amount of extracted DNA was quantified by the Qubit fluorometer.
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[6049] The extracted genonuc DNA was diluted tn 10 oM Tris-HCl (pH 8.0-8.5)
to 35 ub. To fragment the genomic DNA, 10ul. KAPA Frag Enzyme and Sul 10X KAPA
Frag Buffer were added, and the enzymatic reaction was mncubated for 30 munutes at 37 °C,
then held at 4 °C. Subsequent to the DNA fragmentation, end repair and A-tathing of the
fragments were performed by adding 7yl End Reparr & A-Tailing Buffer and 3ul. End
Repair & A-Tailing Enzyme Mix, and rapidly heating up to 65 °C and incubating at 65 °C
for 30 munutes. Then, adapter ligation was performed by adding Spl. Adapter stock, SubL
PCR-grade water, 30ul Ligation Buffer, and 10ul. DNA Ligase, and incubating at 20 °C for
15 nunutes.

[605¢] To clean up the reaction, 88ul KAPA Pure Beads was added. The sample
was mixed thoroughly and ncubated at room temperature for 10 minutes to bind BNA to the
beads. The DNA and beads were captured by a magoet during several ethanol washes
according to the library construction protocol, and then resuspended in 25ul elution bufter
(10 mM Tris-HCL pH 8.0-8.5). To elute DNA off the beads, the sample was incubated at
room temperature for 2 munutes. The beads were captured by the magnet while 20ul of the
supernatant containing the DNA was transferred to a new microcentrifuge tube.  After
cleaning up the reaction, the DNA hibrary fragments carrying appropriate adapter sequences
were amplified by PCR. 5 pb Library Amplification Primer Mix and 25 pyl KAPA HiFi
HotStart ReadyMix, containing the low-bias, high-fidelity KAPA HiFi HotStart DNA
Polymerase, were added. A PCR cycle specified in the library construction protocol and a

post-amplification cleanup, again using magnetic KAPA Pure Beads, were performed.

Fxample 3: DNA Extraction and Library Preparation - Group B

[0051] Three FFPE shides of low quality, moderate quality, and high quality,
respeciively, were processed according to the DNA purification protocol of (agen
GeneRead DNA FFPE Kit, followed by the Ubrary construction protocol of KAPA
HyperPlus Kut, but with some modifications.

(6052} Briefly, the slides were dewaxed by warming at 56 °C in 160uL
Dieparaffinization Solution for 3 miunutes. The tissues were lysed at 56 °C for 1 hour 1 55ul.
RNase-free water, 25ul. Buffer FTB, and 20ul. proteinase K. The tissues were then heat-

treated at 90 °C for | hour to de-crosslink.  After the heat treatment the tissues were
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centrifuged and transferred to new mucrocentnifuge tubes. Then, 115ul. RNase-free water
and 35ul. of the enzyme uracil-N-glycosylase (UNG) were added to the samples to remove
artifacts of deaminated cytosine residues of the FFPE DNA. In contrast to Group A, here the
sampled were incubated with UNG at 50 °C for 30 munutes. After incubation, the samples
were cooled down to room temperature, 2ul. Mung Bean Nuclease (10 umits/pl, New
England BioLabs) was added to each sample, and the samples were 1ncubated for 30 minutes
at 30 °C 1o cleave single-stranded DNA regions and basepair mismatches. The samples were
then treated with Zul. RNase A at room temperature for 2 minutes. To harvest the DNA| the
GlAamp MinEhite columns were used to bind the DNA while contaminants were removed
by buffer-wash and ceotrifugal steps as specified in the DNA purification protocol. Finally,
DNA was eluted in 20ull Buffer ATE. The amount of extracted DNA was quantified by the
Qubit fluorometer.

[6053] The extracted genomic DNA was diluted in 10 mM Tris-HCl (pH 8.0-8.5)
to 35 ul. To fragment the genomic DNA, 10ul. KAPA Frag Enzyme and Syl 10X KAPA
Frag Buffer were added, and the enzymatic reaction was incubated for 30 minutes at 37 °C,
then held at 4 °C. Subsequent to the DNA fragmentation, end repair and A-tailing of the
fragments were performed by adding 7yl End Repair & A-Tatling Buffer and 3pl End
Repair & A-Tailing Enzyme Mix, and rapidly heating up to 65 °C and incubating at 65 °C
for 30 minutes. Then, adapter higation was performed by adding 5ul. Adapter stock, Sul.
PCR-~grade water, 30ul. Ligation Buffer, and 10ul. DNA Ligase, and incubating at 20 °C for
15 minutes.

[6054] To clean up the reaction, 88pl. KAPA Pure Beads was added. The sample
was mixed thoroughly and incubated at room temperature for 10 munutes to bind DNA to the
beads. The DNA and beads were captured by a magnet during several ethanol washes
according to the hibrary construction protocol, and then resuspended in 25ul elution buffer
(10 mM Tris-HCL, pH 8.0-8.5). To elute DNA off the beads, the sample was mcubated at
room temperature for 2 munutes. The beads were captured by the magnet while 20ulL. of the
supernatant containing the DNA was transferred to a new microcentrifuge tube.  After
cleaning up the reaction, the BDNA hbrary fragments carrying appropriate adapter sequences
were amplified by PCR. 5 ul Library Amplification Primer Mix and 25 pl. KAPA HiFt
HotStart ReadyMix, contaimung the low-bias, high-fidelity KAPA HiFi HotStart DNA
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Polymerase, were added. A PCR cycle specified m the hibrary construction protocol and a

post-amplification cleanup, again using magnetic KAPA Pure Beads, were performed.

Example 4. DNA Extraction and Library Preparation - Group E

[6055] Three FFPE shdes of low quality, moderate quality, and high quality,
respectively, were processed according to the DNA purification protocol of Qiagen
GeneRead DNA FFPE Kit, followed by the library construction protocol of KAPA
HyperPlus Kit, but with some modifications.

(6056} Briefly, the slides were dewaxed by warnung at 56 °C in 160uL
Deparatfinization Solution for 3 minutes. The tissues were lysed at 56 °C for 1 hour in 55pL
RNase-free water, 25puL. Buffer FTB, and 20pl. proteinase K. In contrast to Group A, the
tissues were then heat-treated at 75 °C for 1 hour to de-crosslink.  After the heat treatment,
the tissues were centrifuged and transferred to new microcentrifuge tubes. Then, 115uL
RNase-free water and 35uL. of the enzyme uracil-N-glycosylase (UNG) were added to the
samples to remove artifacts of deaminated cytosine residues of the FFPE DNA. In contrast
to Group A, here the sampled were incubated with UNG at 50 °C for 30 nunutes.  After
incubation, the samples were cooled down to room temperature, 2ul. Mung Bean Nuclease
(10 umts/ul, New England Biclabs) was added to each sample, and the samples were
meubated for 30 nmunutes at 30 °C to cleave single-stranded DNA regions and basepair
nusmatches. The samples were then treated with 2ul. RNase A at room temperature for 2
minutes. To harvest the DNA, the QlAamp MinElute columns were used to bind the DNA
while contaminants were removed by buffer-wash and centrifugal steps as specified in the
DNA purtfication protocol. Finally, DNA was eluted in 20pl. Buffer ATE. The amount of
extracted DNA was quantified by the Qubit fluorometer.

(6057} The extracted genomic DNA was diluted in 10 mM Tris-HCl {(pH 8.0-8.5)
to 35 ul.. To fragment the genomuc BNA, 10ul KAPA Frag Enzyme and 5ul. 10X KAPA
Frag Buffer were added, and the enzymatic reaction was incubated for 30 minutes at 37 °C,
then held at 4 °C. Subsequent to the DNA fragmentation, end repair and A-tailing of the
fragments were performed by adding 7uL End Repair & A-Tatling Buffer and 3pl End
Reparr & A-Tailing Enzyme Mix, and rapidly heating up to 65 °C and incubating at 65 °C

for 30 munutes. Then, adapter ligation was performed by adding 5ul. Adapter stock, Sul.
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PCR-grade water, 30ul. Ligation Buffer, and 10ul. DNA Ligase, and incubating at 20 °C for
15 minutes.

[0058] To clean up the reaction, 88pl KAPA Pure Beads was added. The sample
was mixed thoroughly and incubated at room temperature for 10 munutes to bind DNA to the
beads. The DNA and beads were captured by a magnet during several ethanol washes
according to the hibrary construction protocol, and then resuspended in 25ulL elution buffer
(10 mM Tris-HCL pH 8.0-8.5). To elute DNA off the beads, the sample was incubated at
room temperature for 2 nunutes. The beads were captured by the magnet while 20ul. of the
supernatant containing the DNA was transferred to a new microcentrifuge tube.  After
cleaning up the reaction, the DNA hbrary fragments carrying appropriate adapter sequences
were amplified by PCR. 5 uL Library Amplification Primer Mix and 25 ul KAPA HiF:
HotStart ReadyMix, contamming the low-bias, high-fidelity KAPA HiFi HotStart DNA
Polymerase, were added. A PCR cvcle specified in the library construction protocol and a

post-amplification cleanup, again using magnetic KAPA Pure Beads, were performed.

Example 5: DNA Extraction and Library Preparation - Group F

[6059] Three FFPE slides of low quality, moderate quality, and high quality,
respectively, were processed according to the DNA purification protocol of Ciagen
GeneRead DNA FFPE Kit, followed by the library construction protocol of KAPA
HyperPlus Kit, but with some modifications.

{6060} Briefly, the slides were dewaxed by warming at 56 °C in 160uL
Deparatfinization Solution for 3 munutes. The tissues were lysed at 56 °C for 1 hour in S5uL
RNase-free water, 25ul. Buffer FTB, and 20uL proteinase K. In contrast to Group A, the
tissues were then heat-treated at 75 °C for 1 hour to de-crossiink. After the heat treatment,
the tissues were centrifuged and transferred to new mucrocentrifuge tubes. Then, 115l
RNase~-free water and 35ul. of the enzyme uracil-N-glycosylase (UNG) were added to the
samples, and the samples were incubated at SO °C for | hour to remove artifacts of
deaminated cytosine residues of the FFPE DNA. The samples were then treated with 2uL.
RNNase A at room temperature for 2 minutes. To harvest the DNA, the QlAamp MinFlute

columns were used to bind the DNA while contaminants were removed by butter-wash and
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centrifugal steps as specified in the BDNA purification protocol. Finally, DNA was eluted 1n
20ul. Buffer ATE. The amount of extracted DNA was quantified by the Qubit fluorometer.

(6061} The extracted genomic DNA was diloted in 10 mM Tris-HC! (pH 8.0-8.5)
to 35 uk. To fragment the genomic DNA, i contrast to Group A, 0.1pl. Mung Bean
Nuclease (10 uruts/ul,, New England Biolabs), 10ul. KAPA Frag Enzyme and 5ul. 10X
KAPA Frag Buffer were added, and the enzymatic reaction was incubated for 30 nunutes at
30 °C, then held at 4 °C. Subsequent to the DNA fragmentation, end repair and A-tailing of
the fragments were performed by adding 7ul. End Repair & A-Tailing Buffer and 3ul End
Repair & A-Tailing Enzyme Mix, and rapidly heating up to 65 °C and incubating at 65 °C
for 30 nunutes. Then, adapter ligation was performed by adding Syl Adapter stock, 5uL
PCR-grade water, 30ull Ligation Buffer, and 10yl DNA Ligase, and incubating at 20 °C for
1S minutes.

[0062] To clean up the reaction, 88pl KAPA Pure Beads was added. The sample
was mixed thoroughly and incubated at room temperature for 10 minutes to bind DNA to the
beads. The DNA and beads were captured by 3 magnet during several ethanol washes
according to the library construction protocol, and then resuspended in 25ul. elution bufter
(10 mM Tris-HCL pH 8.0-8.5). To elute DNA off the beads, the sample was incubated at
room temperature for 2 minutes. The beads were captured by the magnet while 20uL of the
supernatant containing the DNA was transferred to 3 new nucrocentrifuge tube.  After
cleaning up the reaction, the DNA hibrary fragments carrying appropriate adapter sequences
were amplified by PCR. 5 pb Library Amplification Primer Mix and 25 pl KAPA HiFi
HotStart ReadyMix, containing the low-bias, high-fidelity KAPA HiFi HotStart DNA
Polymerase, were added. A PCR cycle specified m the library construction protocol and a

post-amplification cleanup, again using magnetic KAPA Pure Beads, were performed.

Example 6. DNA Extraction and Library Preparation - Group G

[0063] Three FFPE slides of low quality, moderate quality, and high quality,
respectively, were processed according to the DNA purification protocol of (Qiagen
GeneRead DNA FFPE Kit, followed by the library construction protocol of KAPA

HyperPlus Kit, but with some modifications.
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[6064] Briefly, the shides were dewaxed by warming at 56 °C i 160uL
Deparaffinization Solution for 3 minutes. The tissues were lysed at 56 °C for 1 hour i 55uL
RNase-free water, 25ul Buffer FTB, and 20ul proteinase K. In contrast to Group A, the
fissues were then heat-treated at 75 °C for 1 hour to de-crosshink.  After the heat treatment,
the tissues were cenirifuged and transferred to new mucrocentrifuge tubes. Then, 115uL
RNase-free water and 35pul of the enzyme uractl-N-glycosylase (UNG) were added to the
samples, and the samples were incubated at 50 °C for 1 hour to remove artifacts of
deammnated cytosine residues of the FFPE DNA. The samples were then treated with 2yl
RNase A at room temperature for 2 minutes. To harvest the DNA, the QlAamp MinElute
columns were used to bind the DNA while contaminants were removed by buffer-wash and
centrifugal steps as specified in the DNA purification protocol. Finally, DNA was eluted in
20ul. Buffer ATE. The amount of extracted DNA was quantified by the Qubit fluorometer.

[0065] The extracted genomic DNA was diluted in 10 mM Tris-HCl (pH 8.0-8.5)
to 35 ul. To fragment the genomic DNA, in contrast to Group A, 0. Tul Recls (30 units/pl,
New England Biol.abs), 10pl. KAPA Frag Enzyme and Sul 10X KAPA Frag Buffer were
added, and the enzymatic reaction was incubated for 30 minutes at 37 °C, then held at 4 °C.
Subsequent to the DNA fragmentation, end repair and A-tailing of the fragments were
performed by adding 7ul. End Repair & A-Tailing Buffer and 3ul End Repair & A-Tailing
Enzyme Mix, and rapidly heating op to 65 °C and incubating at 65 °C for 30 mimutes. Then,
adapter ligation was performed by adding 5ull Adapter stock, Sul. PCR-grade water, 30uL
Ligation Buffer, and 10uL DNA Ligase, and incubating at 20 °C for 15 muinutes.

[6066] To clean up the reaction, 88pl. KAPA Pure Beads was added. The sample
was mixed thoroughly and incubated at room temperature for 10 munutes to bind DNA to the
beads. The DNA and beads were captured by a magnet during several ethanol washes
according to the hibrary construction protocol, and then resuspended in 25ul. elution buffer
(10 mM Tris-HCL pH 8.0-85). To elute DNA off the beads, the sample was incubated at
room temperature for 2 minutes. The beads were captured by the magnet while 20uL of the
supernatant containing the DNA was transferred to a3 new microcentrifuge tube.  After
cleaning up the reaction, the DNA hbrary fragments carrying appropriate adapter sequences
were amplified by PCR. 5 yL Library Amplification Primer Mix and 25 ul. KAPA HiF:
HotStart ReadyMix, containing the low-bias, high-fidelity KAPA HiFi1 HotStart DNA
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Polymerase, were added. A PCR cycle specified m the hibrary construction protocol and a
post-amplification cleanup, again using magnetic KAPA Pure Beads, were performed.

Table 1 below shows a summary of the preparations from each of Groups A, B, E, Fand G

Group | Decrosshinking UNG treatment Fragmentation
A None None None
B Reduce incubation time at 50°C
None to 30min. After incubation, cool| None

to room temp and add 2oL
MBN. Incubate for 30 min at

30°C.
E Reduce incubation time at 30°C
Incubate 75°C to 30mm. After incubation, cool] None
to room temp and add Zul
MBN.
Incubate for 30 min at 30°C,
F None Add 0.1 pl MBN and reduce
Incabate 75°C ncubation to 30°C. Make sure
subsequent heating from 4°C to
63°C 1s rapid.
G None Add 01 pL Recle Make sure
Incabate 75°C subsequent heating from 4°C o
63°C
18 rapid.

Table 1: Protocol modifications for the five experimental groaps. *MBN = mung bean
nuclease

Example 7: DNA Sequencing Analysis

[6067] The libraries prepared as discussed above for Groups A, B, E, F, and G
conditions for the FFPE shdes of low quality, moderate quality, and high quality, were
sequenced on the Hlumina NextSeq using 2x150 chemistry. Standard library metrics were
determined.

[0068] The sequencing coverage results are shown in FIG. 2. It was discovered
that preparation conditions Group B and Group E, in which the samples were treated with
Mung Bean Nuclease during UNG incubation, had similar amounts of coverage despite
substantially different Qubit quantifications. It was likely that there were similar amounts of
high quality DNA in each, but the 90 °C de-crosslinking treatment of Group B additionally

resulted in large amounts of low quantity DNA  To maximize coverage but not Qubit
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quantifications, the 75 °C de-crosshinking treatment of Group E showed satisfactory results.
There did not seem to be much effect of preparation conditions on variance.

[8069] The fragment size distribution results of the sequencing libraries of
preparation condition Group E are shown m FIG. 3. Higher quality samples tended to have
higher fragment size, as expected. The non-symmetry was caused by the BAM filter, which
removed reads without enough matching bases or those with low mapg, which could be
caused by short insert length.

[6076] While certain embodiments of the inventions have been described, these
embodiments have been presented by way of example only, and are not intended to limit the
scope of the disclosure. Indeed, the novel methods and systems described herein may be
embodied 1 a vanety of other forms. Furthermore, various omissions, substitutions and
changes in the systems and methods described herein may be made without departing from
the spirit of the disclosure. The accompanying claims and thetr equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the disclosure.
Accordingly, the scope of the present inventions 1s defined only by reference to the appended
claims.

(0071} Features, materials, characteristics, or groups described in conjunction
with a particular aspect, embodiment, or example are to be understood to be applicable to
any other aspect, embodiment or example described n this section or elsewhere in this
specification unless incompatible therewith. Al of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined 1 any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The protection is
not restricted to the detatls of any foregoing embodiments. The protection extends to any
novel one, or any novel combination, of the features disclosed in this specification {(including
any accompanying claims, abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so disclosed.

[6072] Furthermore, certain features that are described in this disclosure n the
context of separate mmplementations can also be mplemented in combination i a single
implementation. Conversely, various features that are described n the context of a single

implementation can also be implemented in multiple implementations separately or in any
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suitable subcombination. Moreover, although features may be described above as acting 1n
certain combinations, one or more features from a claimed combination can, in some cases,
be excised from the combination, and the combination may be claimed as a subcombination
or variation of a subcombination.

[6073] Moreover, while operations may be depicted in the drawings or described
in the specification in a particular order, such operations need not be performed in the
particular order shown or in sequential order, or that all operations be performed, to achieve
destrable results. Other operations that are not depicted or described can be incorporated in
the example methods and processes. For example, one or more additional operations can be
performed before, after, simultaneously, or between any of the described operations. Further,
the operations may be rearranged or reordered in other implementations. Those skilled in the
art will appreciate that in some embodiments, the actual steps taken in the processes
tHustrated and/or disclosed may differ from those shown in the figures. Depending on the
embodiment, certain of the steps described above may be removed, others may be added.
Furthermore, the features and atiributes of the specific embodiments disclosed above may be
combined in different ways to form additional embodiments, all of which fall within the
scope of the present disclosure. Also, the separation of various system components in the
implementations described above should not be understood as requiring such separation in all
mplementations, and 1t should be understood that the described components and systems can
generally be integrated together in a single product or packaged into multiple products. For
example, any of the components for an energy storage system described herein can be
provided separately, or integrated together (e.g., packaged together, or attached together) to
form an energy storage system.

[0074] For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein. Not necessarily all such advantages may be achieved in
accordance with any particular embodiment. Thus, for example, those skilled m the art will
recognize that the disclosure may be embodied or carried out in a manner that achieves one
advantage or a group of advantages as taught herein without necessarily achieving other
advantages as may be taught or suggested heremn.

32 ¢4

(607 5] Conditional language, such as “can,” “could,” “might,” or “may,” unless

spectfically stated otherwise, or otherwise understood within the context as used, is generally
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mtended to convey that certain embodiments include, while other embodiments do not
mclude, certain features, elements, and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements, and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether these features, elements, and/or
steps are included or are to be performed 1n any particular embodiment.

[6076] Conjunctive language such as the phrase “at least one of X, Y, and 2,7
unless specifically stated otherwise, 13 otherwise understood with the context as used mn
general to convey that an ttem, term, etc. may be either X, Y, or Z. Thus, such conjunctive
language 1s not generally intended to imply that certain embodiments require the presence of

at least one of X at least one of Y, and at least one of Z.

[6077] Language of degree used herein, such as the terms “approximately,”
“about.” “generally,” and “substantially” represent a value, amount, or characteristic close to

the stated value, amount, or characteristic that still performs a desired function or achieves a
desired result.

[0078] The scope of the present disclosure is not intended to be linmited by the
specific disclosures of preferred embodiments in this section or elsewhere n this
specification, and may be defined by claims as presented 1n this section or elsewhere mn this
specification or as presented in the future. The language of the claims is to be interpreted
broadly based on the language emploved in the claims and not hmited to the examples
described in the present specification or during the prosecution of the application, which

examples are to be construed as non-exclusive.
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WHATIS CLAIMED IS;

I A method of analyzing a tissue sample, comprising:
obtaining a tissue sample;
isolating DNA from the tissue sample;
contacting the tissue sample with a nuclease that digests mismatched DNA
paits in the DNA;
removing the digested DNA; and
performing an analysis on the non-digested DNA.
2. The method of claim 1, wherein the nuclease comprises Mung Bean Nuclease,
CEL 1, Surveyor nuclease, aspergillus nuclease 51, Pl nuclease, BAL 31, T4 endonuclease
V1, T7 endonuclease 1, endonuclease V, EndoMS, Recl, or any combination thereof
3. The method of claim 2, wherein the tissue sample is further contacted with
uracil-N-glycosylase, uracil-DNA glycosylase, thymie DNA glycosylase, methyl-CpG-
hinding protein 4, or any combination thereof, to remove mismatched DNA bases.
4. The method of claim 1, wherein the tissue sample is a formalin-fixed paraftin-
embedded (FFPE) tissue sample, fresh-frozen sample, freshly cut curls, or freshly cut shdes.
S. The method of claim 1, wherein the tissue sample 1s obtained from the bone,
bone marrow, breast, mouth, nasopharynx, esophagus, stomach, duodenum, rectum, colon,
mtestine, appendix, pancreas, lung, liver, prostate, nervous system, heart, bladder, kidney,
cervix, uterus, ovary, lymph node, thyroid, muscle, or skin of a subject, the subject being a
mammal.
6. The method of claim 5, wherein the subject is a patient having a refractory
disease or a cancer.
7. The method of claim 1, wherein obtaiming a tissue sample comprises a
stereotactic biopsy, open biopsy, or surgical resection.
8. The method of claim 1, wherein performing the analysis comprises
performing a next-generation DNA sequencing analysis on
single nucleotide variants and winsertions/deletions up to 40 basepaus n
coding regions of a plurality of target genes;
gene copy number variations;

untranslated regions and splice junctions of the DNA;
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gene fusions;
microsatellite instability; and/or
tumor mutation burden.

8. The method of claim 8, wherein performing a next-generation DNA
sequencing analysis comprises tagging each strand of DNA with duplex unique molecular
identifier (UMI).

10. The method of claim 8, wherein performing a next-generation DNA

sequencing analysis comprises amplifving DNA with a low bypass efficiency DNA

polymerase.

I The method of claim 10, wherein the DNA polymerase comprises Pfu or
KAPA

12. The method of claim 8, wheremn the plurality of target genes comprise:

ABCBI1, ABCC1, ABCC2, ABL1, ADAMTS!, ADAMTS16, ADAMTSIS, ADAMTSS,
ADAMTSO, ADAMTSL], AKTI, AKTZ, AKT3, ALK, AMERI, APC, APLNR, AR,
ARAF, AREG, ARIDIA, ARIDIB, ARID2, ATM, ATR, ATRX, AURKA, AURKB,
AXINI, AXL, B2M, BAP1, BARD1, BCOR, BNIP3, BRAF, BRCAl, BRCA2, BRIPI,
BTK, BUBIB, CBL, CCND1, CCND2, CCND3, CCNEL, CD274, CDA, CDC73, CDHI,
CDK12, CDK4, CDK6, CDKN2A, CHEKI, CHEK2, CHFR, CHKA, CIC, CREBBP,
CSF1R, CTLA4, CTNNBI, CYPI9A1, CYPIAL, CYP2D6, CYP3A4, CYSLTRZDCK,
DDR2, DICER1, DNMT3A, EGFR, EMSY, EP300, EPCAM, EPHAS, EPHA7, ERBB2,
ERBB3, ERBB4, ERCCl, ERCC2, ERCC3, ERRFIl, ESRI, ESR2, EWSRI, EZH2,
FAM175A, FANCA, FANCC, FANCD?2, FANCE, FANCF, FANCG, FANCM, FATI,
FBXW?7, FCGR2A, FGD4, FGF3, FGF4, FGFR1, FGFR2, FGFR3, FGFR4, FLT3, FLT4,
FOXL2, FUBPI, GATA3, GLI1, GNA11, GNAQ, GNAS, GSTP1, GSTT1, HDAC2, HGF,
HNF1A, HRAS, HSD3BI, IDHI, IDH2, IGFIR, IKZF1, JAKI, JAK2, JAK3, KDMSC,
KDM6A, KDR, KEAPL, KIT, KRAS, MAF, MAP2K1, MAP2K2, MAP3KI, MAPKI,
MAPK3, MAPKAPKS, MDM2, MDM4, MED12, MEN1, MET, MGMT, MLH1, MRE11A,
MSH2, MSH6, MTHFR, MTOR, MUTYH, MYC, MYCN, MYOD1, NBN, NF1, NF2,
NFE2L2, NOTCHI1, NOTCH2, NOTCH3, NPMI, NRAS, NTRK1, NTRKZ, NTRK3,
PALB2, PBRMI, PDCD1LGZ, PDGFRA, PDGFRB, PIK3CA, PIK3CB, PIK3CD, PIK3CG,
PIK3R1, PLCB4, PLCGI, PMS2, POLDI, POLE, PPP2R1A, PTCHI, PTEN, PTPNI1I,
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RADS0, RADSIC, RADS1D, RAFL, RB1, RBM10, RECQL, RET, RHEB, RICTOR, RITI,
RNF43, ROSI, RPTOR, RRM1, SDHRB, SDHC, SETD2, SF3Bi, SMAD2Z, SMAD4,
SMARCA4, SMARCBI, SMO, SOCS1, SPOP, STAGZ, STAT3, STK11, SUFU, TERT-p,
TGFBR2, TNFAIP3, TOPZA, TP53, TSCI, TSC2, TSHR, TYMS, VEGFA, VHL, WTI,
XRCCH, and YEST.

13. The method of claim 1, further comprising performing an analysis on mRNA
expression and/or gene 1soforms of a plurality of target genes, the analysis comprising in situ
hybridization, reverse transcription-polymerase chain reaction, microarray, nuclease
protection assays, or RNA sequencing.

14. The method of claim 13, wherein the plurality of target genes comprise: AR,
AREG, ARIDIA, BAD, BAX, BCL2, BIRCS, BRCA1, CA9, CDA, CDH1, CES2, CHUK,
DCK, DHFR, DPYD, EPHA2, ERBB2, ERBB3, ERCC1, EREG, ESR1, EZH2, FGFRI,
IGFIR, KDR, KIT, LRP6, MET, MGMT, MITF, MTOR, NFKB1, PARP1, PDGFRB, PGR,
PTEN, PTGS2, PTPNG, RELA, RPS6KBI, RRM1, SLC29A1, SSTR2, TNFSF13, TOP2ZA,
TUBB3, TYMP, TYMS, VEGFA, EGFR VHI, and MET EXON 14 SKIPPING.

15 The method of claim 1, further comprising performing  an
mmmunohistochenustry analvsis oo a plurality of target proteins.

16. The method of claim 15, wherein the plurality of target proteins comprise:
ALK, AR, CAIX, ER, hENT1, HER2/neu, PDI, PD-L1, PMS2, PR, PTEN, RET, IDO,
MET, MGMT, MLH1, MSH2, MSH6, ROST, TOPOL, TP, TRKpan, TS, and TUBB3.

17 The method of claim 1, wherein performing the analysis comprises
performing a cancer diagnosis and, optionally, detecting DNA mismatch repair deficiency.

18. The method of claim 17, wherein the cancer comprises breast cancer,
colorectal cancer, lvnch syndrome, non-small-cell hing carcinoma, acute Iymphoblastic
leukemia, acute myeloid leukenua, adrenocortical carcinoma, aids-related cancers, Kaposi
sarcoma, atds-related lymphoma, primary UNS lymphoma, anal cancer, appendix cancer,
astrocytomas, atypical teratoid/rhabdoid tumor, basal cell carcinoma of the skin, bile duct
cancer, bladder cancer, bone cancer, brain tumors, bronchial tumors, Burkut lymphoma,
carcinoid tumor, carcinoma of unknown primary, cardiac tumors, cervical cancer,
cholangiocarcinoma, chronic lymphocytic leukemia, chronic myelogenous leukemia, chronic

myeloproliferative neoplasms, craniopharyngioma, cutanecus T-cell lymphoma, ductal
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carcinoma  n situ, embryonal tumors, endometrial  cancer, esophageal cancer,
esthesioneuroblastoma, Ewing sarcoma, extragonadal germ cell tumor, eve cancer,
mtraocular melanoma, retinoblastoma, fallopian tube cancer, fibrous histiocytoma of bone,

gastrointestinal carcinoid tumor, gastrointestinal stromal

2

gallbladder cancer, gasiric cancer
tumors, germ cell tumors, extragonadal germ cell tumors, ovarian germ cell tumors, testicular
cancer, gestational trophoblastic disease, hairy cell leukemia, head and neck cancer,
hepatocellular cancer, histiocytosis, Hodgkin lymphoma, hypopharyngeal cancer, mtraccular
melanoma, islet cell tumors, pancreatic neurcendocrine tumors, kidney cancer, Langerhans
cell histiocyvtosis, laryngeal cancer, leukemia, lip and oral cavity cancer, biver cancer, non-
small cell lung cancer, lvmphoma, male breast cancer, malignant fibrous histiocytoma of
bone and osieosarcoma, melanoma, intraocular melanoma, Merkel cell carcinoma,
mesothelioma, metastatic cancer, metastatic squamous neck cancer with occult primary,
nudline tract carcinoma with nut gene changes, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma/plasma cell neoplasms, mycosis fungoides, myelodysplastic
syndromes, myelodysplastic/myeloproliferative neoplasms, myelogenous leukemia, myeloid
leukennia, nasal cavity and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma,
non-Hodgkin lymphoma, oral cancer, osteosarcoma and malignant fibrous histiocytoma of
bone, ovarian cancer, pancreatic cancer, pancreatic neuroendocrine tumors, papillomatosis,
paraganglioma, paranasal sinus and nasal cavity cancer, parathvroid cancer, penile cancer,
pharyngeal cancer, pheochromocytoma, pituttary tumor, plasma cell neoplasm/multiple
myeloma, pleuropulmonary blastoma, primary central nervous systern lymphoma, primary
peritoneal cancer, prostate cancer, rectal cancer, recurrent cancer, renal cell cancer,
retinoblastoma, rhabdomyosarcoma, salivary gland cancer, sarcoma, osteosarcoma, soft
tissue sarcoma, utering sarcoma, Sézary syndrome, skin cancer, small cell lung cancer, small
intestine cancer, squamous cell carcinoma of the skin, stomach cancer, testicular cancer,
throat cancer, nasopharyngeal cancer, oropharyngeal cancer, hypopharyngeal cancer,
thymoma and thymic carcinoma, thyroid cancer, transitional cell cancer of the renal pelvis
and ureter, urethral cancer, endometnial uterine cancer, uferine sarcoma, vaginal cancer,
vascular tumors, vulvar cancer, and/or Wilms tumor.
i9. The method of claim 17, further comprising:

screening for one or more therapies according to the cancer diagnosis; and

8-
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producing a computer-generated report of therapies with potential increased
benefit and therapies with potential reduced bevefit.

20. The method of claim 19, wherein the one or more therapies comprise:
Abemaciclib, Abiraterone, Ado-trastuzumab emtansine, Afatinib, Alectinib, Anasirozole,
Atezohizomab, Avelumab, Bevacizumab, Bicalutamide, Buimetiib, Brigatiub,
Cabozantintb, Capecitabine, Carboplatin, Carmustine, Cerntiub, Cetuximab, Cisplatin,
Crizotimb, Dabrafenih, Dacarbazine, Dacomutimb, Dasatinib, Diethylistilbestrol,
Dinutuximab, Docetaxel, Doxorubicin, Durvalumab, Encorafenib, Enzalutamide, Epirubicin,
Ertbulin, Erlotinib, Everolimus, Exemestane, Fluorouracil, Flutamide, Fulvestrant, Gefitinib,
Gemeitabine, Idelabisib, Imatinib, Ioterlevkin-2, Ipilimumab, Irinotecan, Ketoconazole,
Lapatinib, Lenvatinib, Letrozole, Liposomal Doxorubicin, Lorlatimb, Medroxy-
progesterone, Megestrol, Miutomyein, Neratuub, Nilotiub, Nintedamb, Niraparnb,
Nivolumab, Olaparib, Olaratumab, Osimertintb, Oxaliplatin, Pachtaxel, Palbociclib,
Panitumumab, Pazopanib, Pembrolizumab, Pemetrexed, Pertuzumab, Procarbazine,
Regorafenib, Ribociclib, Rucaparib, Sonidegib, Sorafenib, Streptozocin, Sunitimb,
Talazoparib, Tamoxifen, Temozolomide, Temsirolimus, Topotecan, Toremifene, Trametinib,
Trastuzumab, Vandetanib, Vemuraferub, Vincristine, Vismodegib, Zoledronic acid, or any
combination thereof.

21. Use of a nuclease that digests mismaiched DNA pairs in a method of
analyzing a tissue sample for the presence of cancer.

22 The use of claim 21, wherein the nuclease comprises Mung Bean Nuclease,
CEL 1, Surveyor nuclease, aspergillus nuclease S1, P1 nuclease, BAL 31, T4 endonuclease
Vi, T7 endonuclease I, endonuclease V, EndoMS, Recls, or any combination thereof.

23, The use of clamm 21, wherein the method of analyzing the tissue sample
comprising contacting the tissue sample with uracil-N-glycosylase, uracd-DNA glvcosylase,
thymine DNA glycosylase, methyl-CpG-binding protein 4, or any combination thereof, to
remove mismatched DNA bases.

24. The use of claim 21, wherein the tissue sample s a forralin-fixed paraffin-
embedded (FFPE) tissue sample, fresh-frozen sample, freshly cut curls, or freshly cut slides.

25, The use of claim 21, wherein the method comprises performing a next-

generation DNA sequencing analysis on
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single nucleotide variants and insertions/deletions up to 40 basepairs
coding regions of a plurality of target genes;

gene copy number variations;

untranslated regions and splice junctions of the DNA;

gene fusions;

microsatellite mstability; and/or

tumor mutation burden.
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