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1 (6%) 
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Number of Surgeries 
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2 2 
3 1 
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ctDNALEVEL(ctDNAMOLECULESI2ml) 
POSTOPERATIVE 

RESECTION GENE PRE-SURGERY POST OPERATIVE POST OPERATIVE FOLLOW-UP 
DAYO DAY DAY 2-10 DAY 13-56 

APC 9938 4020 O903 1623 
COMPLETE KES is 26 13 NEG 5609 
INCOMPLETE APC 295773 1336,408 1508,156 ? 

NCOMPLETE E. E. E. S. 
COMPLETE E. E. NE NE NE 
COMPLETE FIE E. : Si: 3:33 
COMPLETE E. E. E. : : 
COMPLETE KRAS 856394 1724 

INCOMPLETE PIK3CA 2575+ 1027 137055 64592305 1420-408 
TP53 2352937 802248 417 - 1484 944, 268 
PIK3CA 644 281 26,579 37+12 09+ 0.1 

COMPLETE Tp. 380,160 5.917 NEG NEG 

FROM COMPLETE TP53 91.33 26.3.3 12 13 NEG TO 
FIG.24A APC 6.O. 1.6 NEG NEG NEG FIG.24C 

COMPLETE KRAS 2.81.0 NEG 24t 0.5 5 O7 
COMPLETE APC 12834 37+ 14 31664 

KRAS 4213 115 13132 
TP53 143 

TP53 

TP53 

KRAS 

INCOMPLETE 

COMPLETE 

COMPLETE 

INCOMPLETE 

2713775 

1267.243 

288 

COMPLETE APC 3O3 

COMPLETE APC 17 O7 

COMPLETE KRAS 519 125 
APC 5.11.7 350.9 NEG 

COMPLETE TP53 E. NEG 
APC 20144.5504 58t22 13 

COMPLETE as G3 O827 
COMPLETE APC 298 391 + 1.28 

FIG.24B 
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CEALEVEL (ngiml) 
POSTOPERATIVE 

PRE-OPERATIVE POST OPERATIVE POST OPERATIVE FOLLOW-UP DISEASE 
DAYO DAY DAYS 2.0 DAY 13-56 RECURRENCE 

69 53 24 22 YES 

22 14 10 12 YES 

68 72 65 12 YES 

16 14 O8 18 NO 

94 68 44 2.1 YES 

422 149 61 72 YES 

53 2.7 34 YES 

45 24 16 38 YES 

14 O6 O5 O7 YES 

FROM 44 1. O7 O5 NO 

FIG.24B O9 O.8 O7 12 YES 

2O O.9 18 YES 

93 55 32 YES 

74 43 22 28 YES 

52 44 9. YES 

16 O.8 O8 O7 YES 

2O 1.5 YES 

39 2.7 17 13 NO 

17 14 1 46 YES 

K0.5 K0.5 K0.5 KO.5 NO 

25 17 O8 YES 

24 16 22 NO 

FIG.24C 
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CIRCULATING MUTANT DNATO ASSESS 
TUMOR DYNAMICS 

0001. This application was made using US government 
funding. The US government retains certain rights in the 
invention according to the terms of CA43460, CA62924, and 
CA 57345. 

TECHNICAL FIELD OF THE INVENTION 

0002. This invention is related to the area of cancer. In 
particular, it relates to cancer diagnosis, prognosis, therapeu 
tics, and monitoring. 

BACKGROUND OF THE INVENTION 

0003 Cancers arise through the sequential alteration of 
genes that control cell growth. In solid tumors such as those of 
the colon or breast, it has been shown that, on average, 
approximately 80 genes harbor subtle mutations that are 
present in virtually every tumor cell but are not present in 
normal cells'. These somatic mutations thereby have the 
potential to serve as highly specific biomarkers. They are, in 
theory, much more specific indicators of neoplasia than any 
other biomarker yet described. One challenge for modern 
cancer research is therefore to exploit somatic mutations as 
tools to improve the detection of disease and, ultimately, to 
positively affect individual outcomes. Tumor cells can often 
be found in the circulation of individuals with advanced can 
cers’. It has been shown that tumor-derived mutant DNA 
can also be detected in the cell-free fraction of the blood of 
people with cancer. Most of this mutant DNA is not derived 
from circulating tumor cells" and, in light of the specificity 
of mutations, raises the possibility that the circulating mutant 
DNA fragments themselves can be used to track disease. 
However, the reliable detection of such mutant DNA frag 
ments is challenging". In particular, the circulating mutant 
DNA represents only a tiny fraction of the total circulating 
DNA, sometimes less than 0.01%. 
0004. In the current study, we developed modifications of 
a technique called BEAMing (Beads, Emulsion, Amplifica 
tion and Magnetics) to quantify ctDNA in serially collected 
plasma samples from subjects with colorectal cancers. We 
were interested in determining whether such measurements 
provided information about the dynamics of tumor burden in 
these subjects during the course of their disease. 
0005. There is a continuing need in the art for ways to 
better determine which patients will experience relapses of 
their cancer and which will not. 

SUMMARY OF THE INVENTION 

0006. According to one embodiment of the invention, a 
method is provided to monitor tumor burden. Number of 
copies of DNA fragments in a test sample of a cancer patient 
is measured. The DNA fragments have a mutation that is 
present in tumor tissue of the patient but not in normal tissue 
of the patient. The number of copies is an index of the tumor 
burden in the patient. 
0007. According to another embodiment, a method is pro 
vided for performing DNA analysis. The following steps are 
involved: 

0008 a. amplifying a template DNA analyte with a first 
primer set and a second nested primer set, wherein one 
member of the second nested primer set comprises a 5' 
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sequence 5'-tccc.gcgaaattaatacgac (SEQ ID NO: 1). 
wherein the amplifying employs a high fidelity DNA 
polymerase: 

0009 b. amplifying in an aqueous medium the ampli 
fied template using a third primerset, wherein one mem 
ber of the third primer set comprises a 5' sequence 5'-tc 
ccg.cgaaattaatacgac (SEQ ID NO: 1), and a second 
member of the third primer set comprises a 5' sequence 
5'-gctggagctctgcagcta (SEQID NO: 2), and streptavidin 
beads coated with 5'-tcccg.cgaaattaatacgac (SEQID NO: 
1) oligonucleotide; 

0010 c. preparing an water-in-oil emulsion using the 
aqueous medium as the aqueous phase and an oil/emul 
sifier mixture; 
thermally cycling the emulsion to amplify the template 
on the bead; 
breaking the emulsions using detergent and removing 
the oil phase; 

0011 d. forming a mixture of the amplified templates 
on the bead with a mutation-specific probe, a corre 
sponding wild-type probe, and an amplicon-specific 
probe that is complementary to a portion of the template 
distinct from the mutation-specific probe and the corre 
sponding wild-type probe, wherein each of the probes is 
fluorescently-labeled and each of the probes has a dis 
tinct emission spectrum; 

0012 e. thermally denaturing amplified templates in the 
mixture and cooling the mixture in the presence of tet 
ramethyl ammonium chloride (TMAC) to hybridize the 
probes to the templates: 

0013 f analyzing the hybridized templates using flow 
cytometry to detect the amount of each of the fluores 
cently-labeled probes hybridized to amplified templates 
on the beads. 

0014. These and other embodiments which will be appar 
ent to those of skill in the art upon reading the specification 
provide the art with methods which are useful for cancer 
patient management and monitoring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 shows measurement of ctDNA. The left side 
of the schematic depicts conventional Sanger sequencing of 
DNA derived from the subject's tumor, representing the first 
step of the analysis. The approach for quantifying tumor 
derived DNA in plasma samples is shown on the right. Real 
time PCR is used to measure the total number of DNA frag 
ments in the plasma, whereas BEAMing measures the ratio of 
mutant to wild-type fragments labeled with Cy5 and Cy3 are 
fluorescent probes. 
0016 FIG. 2A to 2D shows representative flow cytometric 
data obtained from BEAMing. The four graphs illustrate the 
data obtained from subject 6 (APCG4189T) at different time 
points during treatment. The northwest quandrant dots and 
southeast quandrant dots represent beads bound to wild-type 
and mutant fragments, respectively. The northeast quandrant 
dots represent beads bound to both wild-type and mutant 
fragments resulting from their inclusion in an emulsion 
microdroplet that contained both wild-type and mutant DNA 
templates'. Numbers in each quadrant represent absolute 
counts of beads for each population measured. (FIG. 2A) 
Before surgery, the fraction of mutant DNA fragments was 
13.4%. (FIG.2B) After surgery (day 3), the fraction of mutant 
DNA fragments dropped to 0.015%. (FIG. 2C) After surgery 
(day 48), the fraction of mutant DNA fragments increased to 
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0.11%, suggesting disease recurrence. (FIG. 2D) On day 244, 
the Subject had progressive disease and the fraction mutant 
DNA fragments increased further to 0.66%. 
0017 FIG. 3A-3B shows recurrence-free survival, as 
detected by ctDNA and CEA. (FIG. 3A) The difference in 
recurrence-free survival in subjects with detectable versus 
undetectable post-operative ctDNA levels (P=0.006 by Man 
tel-Cox log-rank test). (FIG. 3B) The difference in recur 
rence-free survival in subjects with detectable versus unde 
tectable post-operative CEA levels (P=0.03 by Mantel-Cox 
log-rank test). 
0018 FIG. 4 shows comparison of ctDNA, CEA and 
imaging dynamics in individual study Subjects. For each Sub 
ject, the top, middle, and bottom graphs represent ctDNA 
level, tumor Volume as assessed by imaging, and CEA level. 
The horizontal lines represent the upper bound of the normal 
levels: one mutant DNA fragment per sample for ctDNA 
levels, 0.0 cm for tumor diameter, and 5.0 ng ml for CEA 
abundance. Patient 8 had a sigmoid adenocarcinoma and 
solitary metastases in both hepatic lobes. The subject under 
went a sigmoidectomy and left lateral hepatic sectorectomy 
(Surgery 1). A right-sided liver metastasis was left in place 
while the subject was treated with systemic chemotherapy 
(Chemotherapy 1). On day 120, a right hepatectomy was 
performed (Surgery 2). After Surgery, the Subject was treated 
for 4 months with Systemic chemotherapy (Chemotherapy 2). 
Patient 11 had a sigmoid adenocarcinoma and two liver 
metastases that were treated with systemic chemotherapy 
before surgery (Chemotherapy 1). The subject underwent a 
sigmoid collectomy, left hepatic lobectomy and RFA of a 
Solitary right hepatic lesion (Surgery 1). Imaging studies at 2 
months showed recurrence in the liver, and the subject under 
went a right hepatectomy (Surgery 2). Given the high risk of 
recurrence, chemotherapy was reinitiated (Chemotherapy 2). 
At 8 months, imaging showed three recurrent liver lesions and 
a suspicious celiac lymph node. The subject underwent RFA 
of these lesions and resection of the celiac node (Surgery 3). 
After Surgery, the Subject received additional chemotherapy 
(Chemotherapy 3); however, later imaging revealed multiple 
pulmonary metastases. Patient 5 underwent a left hepatec 
tomy for recurrent disease at the time of entry into the study 
(day Zero). Except for a questionable lung nodule in the left 
upper lobe, three was no evidence of disease immediately 
after Surgery. Fifteen months later, disease recurrence was 
noted, with lesions found in both liver and lung. 
0019 FIG. 5A-5B shows a schematic of the BEAMing 
based approach for detecting mutant DNA in stool samples 
from patients with colorectal cancer. (FIG. 5A) depicts the 
stages in the process, starting with total fecal DNA. Step 1 
represents the results of sequence-specific capture of mutant 
and wild-type single-stranded DNA molecules. After PCR 
mediated amplification of gene fragments encompassing the 
queried mutation sites, the DNA is mixed with magnetic 
beads (spheres) that are bound to oligonucleotides (spikes on 
the spheres) complementary to sequences in the PCR prod 
ucts (step 2). In Step 3, this mixture is segregated into billions 
of microcompartments in a water-in-oil emulsion. A Small 
portion of these compartments contain a single bead and a 
single DNA template molecule, while the great majority of 
compartments contain neither (Such as the empty bubble in 
the middle. When PCR is performed on these emulsions in 
Step 4, individual DNA fragments are amplified within the 
microcompartments that contain them and become 
covalently bound to the surface of the bead. The resultant 
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beads are coated with tens of thousands of copies of identical 
DNA fragments. In Step 5, beads are recovered from the 
emulsion and the sequence of the bound DNA is deciphered 
by allele-specific hybridizion (ASH) as depicted in panel 
(FIG. 5B). (FIG. 5B) DNA amplified on magnetic micro 
beads by BEAMing is initially denatured to remove the non 
covalently bound DNA strand. Differently labeled fluores 
cent probes are hybridized to the complementary target DNA 
covalently bound to the beads. Flow cytometry is then used to 
individually count beads, thereby determining the ratio of 
mutant to wild-type fragments originally present in the stool 
or plasma sample. 
0020 FIG. 6A-6D shows scatter plot of beads analyzed by 
flow cytometry. BEAMing assay for APC C4132T mutation 
using normal lymphocyte DNA (FIG. 6A) or stool DNA from 
patient 4 (FIG. 6B). For lymphocyte DNA the total number of 
beads analyzed (all quadrants) was 253,723 with no bead 
containing mutant DNA (Southeast quadrant, i.e., quadrant 
4). The total number of beads analyzed for patient 4 was 
192.513, of which 747 were mutant. (FIG. 6C) BEAMing 
assay for KRAS G38A using stool DNA from patient 12, 
whose tumor did not contain this mutation. Five mutant beads 
were present among 305,449 analyzed beads, which were 
introduced by the DNA polymerase used for the initial ampli 
fication and scored as negative. (FIG. 6D) Assay of stool 
DNA from patient 7 whose tumor did contain a KRAS G38A. 
A total of 333,630 beads were analyzed, of which 685 beads 
Were mutant. 

0021 FIG. 7A-7D shows quality and quantity of normal 
and mutant DNA isolated from stool of patients with CRC. 
(FIG. 7A) Schematic of experimental design. Stool DNA was 
amplified with differently sized primer pairs that encompass 
a patient-specific DNA mutation. Real-time PCR was used to 
determine the total number of stool DNA fragments obtained 
for each amplicon size. These amplified fragments were Sub 
sequently analyzed by BEAMing to determine the number of 
normal FIG. 7(B) and mutant (FIG. 7C) DNA fragments as 
well as the fraction of mutant to normal molecules FIG. 7(D) 
present in the feces (-O- Patient 2, -- Patient 4, -A-Patient 
7, -V- Patient 14) 
0022 FIG. 8 shows mutations in fecal DNA and TNM 
stage. The horizontal bar shows the medianfraction of mutant 
DNA. The whiskers represent the minimum and maximum 
values that were found for each indicated Stage. 
(0023 FIG. 9. Primers used for amplification of stool and 
plasma DNA. Pairs of forward and reverse primers (SEQID 
NOs: 10-53); Tag 1 (SEQ ID NO. 54); Tag 2 (SEQID NO: 
55). 
(0024 FIG. 10A-10B. Probe sequences for allele-specific 
hybridization, SEQID NOs: 56-154. 
(0025 FIG. 11. Primers used for fragment sizing, SEQID 
NOs: 155-182; Tag 1, SEQID NO: 183. 
(0026 FIG. 12. Summary of sensitivities 
0027 FIG. 13. Mutations in tumor and stool DNA deter 
mined by SBE and Sequencing 
0028 FIG. 14 shows ctDNA clearance after resection. The 
y-axis represents the level of ctDNA in the plasma of patient 
9 The x-axis represents the time from resection, with Zero as 
the time of tumor removal. To calculate the half-life, a curve 
fit (f(t)=a-ut) based on the Marquardt-Levenberg algorithm 
was performed, yielding a half-life of 114 min. 
0029 FIG. 15 shows total DNA fragments in plasma prior 
to and after surgery. The Wisker box plot shows the total 
number of DNA fragments in 2 ml plasma, estimated by 
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real-time PCR at baseline (day 0), post-surgery (day 1), day of 
discharge (days 2-5), and at the 1 follow-up (days 13-56). 
0030 FIG. 16A-16E show molecular biologic, clinical, 
and radiologic data on all patients in addition to those shown 
in FIG. 4. 
0031 FIG. 17 shows a comparison between plasma CEA 
and ctIDNA levels in the same plasma samples. A partial 
residual plot comparing CEA and ctDNA levels, corrected for 
individual clustering, is shown. All patients’ CEA and ctDNA 
values were used for this comparison. There was a modest 
overall correlation between CEA levels and ctDNA after cor 
recting for clustering within patients (r=0/2, PK0001). 
0032 FIG. 18 shows plasma collection time-line 
0033 FIG. 19 lists the characteristics of the eighteen col 
orectal cancer patients evaluated. 
0034 FIG. 20 shows the 26 amplicons that were analyzed 
by direct sequencing. Forward primers (SEQ ID NO: 184 
235). Reverse primers (SEQID NO:236-287). Tag 1 (SEQID 
NO: 288). Tag 2 (SEQID NO: 289). 
0035 FIG. 21 shows the primers used for BEAMing each 
test of amplicons. Forward primers (SEQID NO: 290-305). 
Reverse primers (SEQID NO:306-321). Tag 1 (SEQID NO: 
322). Tag 2 (SEQ ID NO:323). 
0036 FIG. 22 shows the probes used for each test of 
amplicons (SEQID NO:324-383, respectively.) 
0037 FIG. 23 shows patient characteristics in one of the 
studies 
0038 FIG. 24 compares CEA and ctDNA levels for dif 
ferent patients 

DETAILED DESCRIPTION OF THE INVENTION 

0039 Colorectal cancer (CRC) is the second leading cause 
of cancer-related deaths in the United States. CRC can gen 
erally be cured by Surgical excision if detected at any stage 
prior to distant metastasis to the liver and other organs. Unfor 
tunately, about 35% of patients have such distant metastases, 
either occult or detectable, at the time of diagnosis, account 
ing for virtually all the deaths from the disease. The value of 
screening tests for colorectal neoplasia, particularly colonos 
copy, has been highlighted in a variety of public awareness 
campaigns in the last several years. This has likely contrib 
uted to the decline in CRC-related deaths, but the large num 
ber of individuals still being diagnosed with Surgically incur 
able cancers attests to the fact that current efforts in this regard 
are inadequate. In particular, there is an urgent need for non 
invasive tests that can complement colonoscopy and other 
invasive procedures and that can be offered to patients who 
are hesitant to undergo Such inconvenient and invasive pro 
cedures. This need has stimulated the development of new 
tests for early detection, including virtual colonoscopy, 
improved assays for the presence of blood in stool, immuno 
histologic tests for cancer cells or proteins in stool, and DNA 
based tests for genetic or epigenetic alterations (Ouyang DL, 
Chen J J Getzenberg R H. Schoen R. E. Noninvasive testing 
for colorectal cancer: a review. Am J Gastroenterol 2005; 
100: 1393-403.). 
0040. Mutant DNA molecules offer unique advantages 
over cancer-associated biomarkers because they are so spe 
cific. Though mutations occur in individual normal cells at a 
low rate (~10 to 10' mutations/bp/generation), such 
mutations represent such a tiny fraction of the total normal 
DNA that they are orders of magnitude below the detection 
limit of any test that has yet been described (including the one 
used in the current study). There is only one circumstance 
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when a specific Somatic mutation is present in an appreciable 
amount in any clinical sample: when it occurs in clonal fash 
ion, i.e., when the mutation is present in all cells of a specific 
population, thereby defining a neoplastic lesion. 
0041. Several studies have shown that mutant DNA can be 
detected in stool, urine, and blood of CRC patients (Osborn N 
K, Ahlquist D A. Stool Screening for colorectal cancer: 
molecular approaches. Gastroenterology 
2005:128:192-206). Moreover, technical factors that have 
limited the sensitivity of Such assays are gradually being 
overcome. For example, improvements for stool-based test 
ing include DNA stabilization after defecation (Olson J, 
Whitney D. H. Durkee K, Shuber A. P. DNA stabilization is 
critical for maximizing performance of fecal DNA-based col 
orectal cancer tests. Diagn Mol Pathol 2005:14:183-91.), 
removal of PCR inhibitors and bacterial DNA, cost-effective 
purification of sufficient amounts of human DNA for analysis 
(Whitney D. Skoletsky J. Moore K. Boynton K, Kann L. 
Brand R. Syngal S. Lawson M, Shuber A. Enhanced retrieval 
of DNA from human fecal samples results in improved per 
formance of colorectal cancer screening test. J Mol Diagn 
2004:6:386-95) and the continuing delineation of mutant 
genes that can be assessed (Kann L. Han J. Ahlquist D. Levin 
T. Rex D. Whitney D, Markowitz S, Shuber A. Improved 
marker combination for detection of de novo genetic varia 
tion and aberrant DNA in colorectal neoplasia. Clin Chem 
2006:52:2299-302.). Moreover, assays for detecting muta 
tions have been developed that query each template molecule 
individually, dramatically increasing the signal to noise ratio. 
Such “digital' assays are particularly well-suited for the 
analysis of DNA in clinical samples Such as stool or plasma 
because the mutant DNA fragments in Such samples are 
greatly outnumbered by normal DNA fragments. 
0042. The inventors have developed methods for monitor 
ing tumor burden in cancer patients. By detection of circulat 
ing tumor DNA in the patient, predictions regarding tumor 
recurrence can be made. Based on the predictions, treatment 
and Surveillance decisions can be made. For example, circu 
lating tumor DNA which indicates a future recurrence, can 
lead to additional or more aggressive therapies as well as 
additional or more Sophisticated imaging and monitoring. 
Circulating DNA refers to DNA that is ectopic to a tumor. 
0043 Samples which can be monitored for “circulating 
tumor DNA include blood and stool. Blood samples may be 
for example a fraction of blood. Such as serum or plasma. 
Similarly stool can be fractionated to purify DNA from other 
components. Tumor samples are used to identify a Somati 
cally mutated gene in the tumor that can be used as a marker 
of tumor in other locations in the body. Thus, as an example, 
a particular somatic mutation in a tumor can be identified by 
any standard means known in the art. Typical means include 
direct sequencing of tumor DNA, using allele-specific 
probes, allele-specific amplification, primer extension, etc. 
Once the somatic mutation is identified, it can be used in other 
compartments of the body to distinguish tumor derived DNA 
from DNA derived from other cells of the body. Somatic 
mutations are confirmed by determining that they do not 
occur in normal tissues of the body of the same patient. Types 
of tumors which can be monitored in this fashion are virtually 
unlimited. Any tumor which sheds cells and/or DNA into the 
blood or stool or other bodily fluid can be used. Such tumors 
include, in addition to colorectal tumors, tumors of the breast, 
lung, kidney, liver, pancreas, stomach, brain, head and neck, 
lymphatics, ovaries, uterus, bone, blood, etc. 
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0044) Total DNA in a test sample can be determined by 
any means known in the art. There are many means for mea 
suring total DNA. As detailed below, one method that can be 
used is a real-time PCR assay. Any gene or set of genes can be 
amplified. The LINE-1 gene family was employed because it 
is highly repeated and therefore requires a small sample to 
measure. The total DNA is measured so that measurements of 
tumor DNA collected at different times from a patient can be 
normalized. While genome equivalents can be used as a unit 
to express the total DNA content, other units of measurement 
can be used without limitation. 

0045 Because the amount of ectopic tumor DNA in a 
sample is very Small, a highly sensitive means of measure 
ment is desired. The measurement means described in detail 
below employs amplification on beads in an emulsion. The 
measurement means, called BEAMing, can detect mutations 
in stool and plasma DNA from patients with colorectal can 
cers (FIG. 5). BEAMing was named after its components— 
beads, emulsions, amplification, and magnetics—and essen 
tially converts single DNA template molecules to single 
beads containing tens of thousands of exact copies of the 
template (Dressman D. Yan H. Traverso G, Kinzler K W. 
Vogelstein B. Transforming single DNA molecules into fluo 
rescent magnetic particles for detection and enumeration of 
genetic variations. Proc. Natl. Acad. Sci. USA 2003: 100: 
8817-22; U.S. Ser. No. 10/562,840). This method permits one 
to determine how frequently mutations could be detected in 
the DNA from plasma or stool of the same patients as well as 
to investigate other parameters that could be useful in design 
ing clinically applicable DNA-based tests in the future. Other 
measurement means can be used, if sufficiently sensitive. The 
mutant sequence which is first identified in the patient's 
tumor DNA is assayed in the ectopic body sample, such as 
blood (e.g., serum or plasma), or stool. An easily collected 
sample is desirable. The ectopic body sample is one into 
which the particular type of tumor in the patient would drain. 
Other body samples may include saliva, broncho-alveolar 
lavage, lymph, milk, tears, urine, cerebrospinal fluid, etc. 
0046. The sequence that is identified as somatically 
mutated in the tumor DNA of the patient is specifically deter 
mined in the ectopic body sample. Similarly, the correspond 
ing sequence that is found in the patient's other body samples 
is also specifically determined. Thus, for example, if a tumor 
mutation at nucleotide X of gene ABC is a G nucleotide in the 
tumor and a T nucleotide in other body tissues, then both the 
G and the T versions of nucleotide X of gene ABC can be 
specifically measured and quantified in the ectopic body 
sample. One means of assessing these is with allele-specific 
hybridization probes. Other techniques which achieve suffi 
cient sensitivity can be used. 
0047 Calculation of the number of mutant sequences (or 
the ratio of mutant to not-mutant sequences) can optionally be 
normalized to the total DNA content, e.g., genome equiva 
lents. The tumor burden index reflects the number of mutant 
(tumor) DNA molecules present in a test sample. The number 
of non-mutant DNA molecules in a sample may be included 
in the calculation of the tumor burden index to form a ratio. 
The normalization and/or ratio can be calculated by special 
purpose computer or general purpose computer or by human. 
The ratio can be recorded on paper, magnetic storage 
medium, or other data storage means. The normalized value is 
a data point to assess tumor burden in the whole individual. 
Additional assessments at different time points can optionally 
be made to obtain an indication of increase, decrease, or 
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stability. The time points can be made in connection with 
Surgery, chemotherapy, radiotherapy, or other form of 
therapy. 
0048. After tumor resection, if complete, a drastic 
decrease in tumor burden will be observed. However, if 
residual tumor remains, the tumor burden index will still be 
high or detectable. Because the half-life of ectopic DNA such 
as in the blood is fairly short, one can quickly assess Surgical 
results using this technique. Incomplete resection can be 
detected in this means after 2 hours, 4 hours, 8 hours, 12 
hours, 16 hours, 24 hours, 2 days, 3 days, 5 days, 7 days, 14 
days, 21 days, 28 days, 56 days, etc. Incomplete tumor resec 
tion may lead to increased monitoring, additional Surgery, 
additional chemotherapy, additional radiation, or combina 
tions of therapeutic modalities. Additional therapies may 
include increased dosage, frequency, or other measure of 
aggressiveness. 
0049 Genes in which mutations can be identified are any 
which are subject to Somatic mutation in a patient's tumor. 
For ease of assay development, genes which are frequently 
Subject to Such mutations may be used. These include genes 
which are tumor Suppressors or oncogenes, genes involved in 
cell cycle, and the like. Some commonly mutated genes in 
cancers which may be used are APC, KRAS, TP53, and 
PIK3CA. This list is not exclusive. 
0050. While any means of detection of mutations can be 
used, hybridization to allele-specific nucleic acid probes has 
been found to be effective. Prior to hybridization, double 
stranded hybridization reagents are typically heated to dena 
ture or separate the two strands, making them accessible to 
and available for hybridization to other partners. Slow cool 
ing, i.e., at least as slow as 1 degree C. per second, at least as 
slow as 0.5 degree C. per second, at least as slow as 0.25 
degree C. per second, at least as slow as 0.1 degree C. per 
second, or at least as slow as 0.05 degree C. per second, has 
been found useful. In addition, the presence of the reagent 
tetramethyl ammonium chloride (TMAC), has also been 
found to be useful, especially when one of the hybridization 
partners is attached to a bead. 
0051 Our results show that ctDNA is a promising biom 
arker for following the course of therapy in patients with 
metastatic colorectal cancer, ct)NA was detectable in all 
Subjects before Surgery, and serial blood sampling revealed 
oscillations in the level of ctDNA that correlated with the 
extent of surgical resection. Subjects who had detectable 
ctDNA after surgery generally relapsed within 1 year. The 
ctDNA seemed to be a much more reliable and sensitive 
indicator than the current standard biomarker (CEA) in this 
cohort of subjects. 
0.052 Our studies are consistent with others that have 
shown that ctDNA can be detected in subjects with cancer, 
particularly in advanced tumors. However, most such previ 
ous studies have not used techniques Sufficiently sensitive to 
detect the low levels of ctDNA found in many of the subjects 
evaluated in the current study. Moreover, one of the crucial 
and distinguishing features of our approach lies in the ability 
to precisely measure the level of ctDNA rather than to simply 
determine whether or not ctDNA is detectable. 
0053. The results of our study suggest that ctDNA levels 
reflect the total systemic tumor burden, in that ctDNA levels 
decreased upon complete Surgery and generally increased as 
new lesions became apparent upon radiological examination. 
However, whether ctDNA levels are exactly proportional to 
systemic tumor burden cannot be definitively determined, 
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because there is no independent way to measure systemic 
total burden at this time. Radiographs are inaccurate, because 
lesions that are observed upon imaging are composed of live 
neoplastic cells, dead neoplastic cells and varying amounts of 
non-neoplastic cells (Stromal fibroblasts, inflammatory cells, 
vasculature, and the like)''. The proportion of these cell types 
in any lesion is unknown. Additionally, micrometastatic 
lesions that are smaller than a few millimeters, which in 
aggregate may make a large contribution to the total tumor 
burden, are not detectable by positron emission tomography, 
computed tomography or magnetic resonance imaging scans. 
0054 The approach used in our study can be considered a 
form of "personalized genomics.” As such, it has both advan 
tages and disadvantages. The advantage over other biomark 
ers lies in its specificity, as the queried mutation should never 
be found in the circulation unless residual tumor cells are 
present somewhere in the Subject's body. The disadvantage is 
that a marker specific for each subject must be developed. 
This entails the identification of mutations in the subject's 
tumor as a preliminary step (FIG. 1). Though we have per 
formed this step with direct sequencing of DNA from paraf 
fin-embedded tissues, it could be performed with simpler 
technologies, such as microarrays querying mutation 
hotspots''. The second step-designing and testing a 
mutation-specific probe—is also time consuming at this stage 
oftechnological development. But it, too, could be simplified, 
in that a stock of probes, representing the most common 
mutations, could easily be prepared in advance. This strategy 
may also be particularly useful for a different application of 
the approach, i.e., cancer Screening in a healthy population 
where mutational status is not known in advance. 
0055. In sum, we present a framework for using circulat 
ing tumor DNA as a measure of tumor dynamics. The ratio 
male is similar to that employed in the care of patients with 
HIV, in whom viral nucleic acids are quantitatively assessed 
to monitor asymptomatic disease and used to tailor therapy to 
the individual's needs. We envision that ctDNA could be used 
to noninvasively monitor many types of cancer and, as in the 
treatment of individuals with HIV, help influence clinical 
decision-making. As sequencing technologies improve, it 
will become relatively simple to identify such mutations in 
virtually any cancer. Indeed, such diagnostic applications are 
one of the major goals of the Cancer Genome Atlas project. 
0056. The above disclosure generally describes the 
present invention. All references disclosed herein are 
expressly incorporated by reference. A more complete under 
standing can be obtained by reference to the following spe 
cific examples which are provided herein for purposes of 
illustration only, and are not intended to limit the scope of the 
invention. 

Example 1 

Methods 

0057 Subjects and study design. This study was approved 
by the Institutional Review Board of the Johns Hopkins 
Medical Institutions. Subjects were eligible if they had pri 
mary or metastatic colorectal cancer that was being treated 
surgically at The Johns Hopkins Sidney Kimmel Comprehen 
sive Cancer Center. Between October 2005 and July 2006, 31 
Subjects diagnosed with colorectal cancer were screened dur 
ing preoperative evaluation for possible Surgery. Twenty 
eight subjects consented for the study, but seven of these were 
found not to be candidates for therapy, two subjects were lost 
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during follow-up and one Subject was found to have a medical 
condition other than colorectal cancer, leaving eighteen par 
ticipants. Each subject agreed to have ctDNA assessed in 
plasma samples obtained before and after Surgery and during 
prespecified intervals during their post-operative course 
(FIG. 18) through October 2007. We prospectively collected 
162 plasma samples from the 18 subjects. Formalin-fixed 
paraffin-embedded tumor tissue was obtained from each sub 
ject and processed by the Surgical Pathology Laboratory at 
The Johns Hopkins Medical Institutes using routine proce 
dures. We performed the analyses of the tumor tissues and the 
plasma samples in a blinded fashion once the clinical assess 
ment was complete. We measured tumor sizes radiographi 
cally with computed tomography, and we used cross-sec 
tional measurements in centimeters to estimate tumor burden. 
0.058 Isolation and quantification of DNA from plasma. 
We drew peripheral blood into EDTA tubes (Becton Dickin 
son). Within one hour, we subjected the tubes to centrifuga 
tion at 820g for 10 min. We transferred 1-ml aliquots of the 
plasma to 1.5-ml tubes and centrifuged at 16,000 g for 10 min 
to pellet any remaining cellular debris. We transferred the 
supernatant to fresh tubes and stored them at -80° C. We 
purified total genomic DNA from 2 ml of the plasma aliquots 
using the QIAamp MinElute virus Vacuum kit (Qiagen) 
according to the manufacturer's instructions. We quantified 
the amount of total DNA isolated from plasma with a modi 
fied version of a human LINE-1 quantitative real-time PCR 
assay, as described previously". Details are provided in 
0059 Mutation analysis of DNA from tumor tissue. We 
determined the mutation status of four genes in DNA purified 
from paraffin-embedded tumor tissue. We cut 10-um sections 
and stained them with H&E. We used laser-capture microdis 
section to acquire neoplastic cells from these sections. We 
digested the dissected material overnight with proteinase K 
(Invitrogen) and purified genomic DNA from it with the 
QIAamp Micro Kit (Qiagen). We analyzed a total of 26 PCR 
products by direct sequencing. Further details concerning 
DNA amplification and sequencing are provided in Example 
6 
0060 Mutation analysis of DNA from plasma. We queried 
at least one mutation identified by sequencing of each Sub 
ject's tumor tissue in plasma. In brief, we designed primers 
that could amplify the region containing the mutation for an 
initial amplification step with a high-fidelity DNA poly 
merase (New England BioLabs). We used the amplified prod 
uct as a template in the Subsequent BEAMing assay. The 
sequences of the primers and probes used for each test are 
listed in Example 6. The basic experimental features of 
BEAMing have been previously described', and the modi 
fications used in the current study are described in Example 6. 
We used the DNA purified from 2 ml plasma for each BEAM 
ing assay. We repeated each measurement at least two times. 
0061 We used DNA purified from each subject's tumor as 
a positive control. We also included negative controls, per 
formed with DNA from subjects without cancer, in each 
assay. 
0062. Depending on the mutation being queried, the per 
centage of beads bound to mutant-specific probes in these 
negative control samples varied from 0.0061% to 0.00023%. 
This fraction represented sequence errors introduced by the 
high-fidelity DNA polymerase during the first PCR step, as 
explained in detail previously'. To be scored as positive in an 
experimental sample, the fraction of beads bound to mutant 
fragments had to be higher than the fraction found in the 
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negative control, and the mean value of mutant DNA frag 
ments per sample plus one standard deviation had to be >1.0. 
We analyzed bead populations generated by BEAMing at 
least twice for each plasma sample. 
0063 Carcinoembryonic antigen measurement. We ana 
lyzed CEA abundance by a two-step chemiluminescent 
microparticle immunoassay with the Abbott ARCHITECT 
i2000 instrument (Abbott Laboratories) at the Johns Hopkins 
Medical Institutions Clinical Chemistry Research Labora 
tory. 
0064 Statistical analyses. We quantified post-operative 
changes in ctDNA as a mean percentage decrease after Sur 
gery, with its standard error. We compared relative changes in 
CEA to ctDNA values with Student's unpaired t-test. We 
assessed changes from baseline with a one-sample t-test. The 
correlation between CEA and ctDNA levels was calculated 
with partial residuals from linear regression, taking into 
account within-patient clustering. Recurrence was defined on 
the basis of radiographic and clinical findings. We calculated 
all confidence intervals at the 95% level. We performed com 
putations were performed using JMP 6.0 software (SAS Insti 
tute) and SigmaPlot 10.0.1 (Systat Software). 

Example 2 

0065. Measurement of ctDNA 
0066 Quantification of circulating mutant ctDNA by 
BEAMing represents a personalized approach for assessing 
disease in subjects with cancer. The first step in this process is 
the identification of a Somatic mutation in the Subject's tumor 
(FIG. 1). FIG. 19 lists the characteristics of the subjects with 
colorectal cancer evaluated in this study. Four genes were 
assessed by direct sequencing in tumors from 18 Subjects, and 
each of the tumors was found to have at least one mutation 
(FIG. 20). 
0067. The second step in the process is the estimation of 
the total number of DNA fragments in the plasma by real-time 
PCR (FIG. 1). Before surgery (day 0), there was a median of 
4,000 fragments per milliliter of plasma in the 18 subjects 
described above (range between 10th and 90th percentiles, 
1,810-12,639 DNA fragments ml). 
0068. The third and final step is the determination of the 
fraction of DNA fragments of a given gene that contains the 
queried mutation. Such mutant DNA fragments are expected 
to represent only a small fraction of the total DNA fragments 
in the circulation. To achieve the sensitivity required for 
detection of such rare tumor-derived DNA fragments, we 
developed an improved version of BEAMing (detailed in 
Example 6). These improvements achieved high signal-to 
noise ratios and permitted detection of many different muta 
tions via simple hybridization probes under identical condi 
tions. We attempted to design 28 assays, at least one for each 
of the 18 subjects, and were successful in every case. The 
median percentage of mutant DNA fragments in the 95 posi 
tive samples evaluated in this study was 0.18% (range 
between 10th and 90th percentiles, 0.005-11.7%). Examples 
of typical assays from plasma serially collected from a rep 
resentative subject are shown in FIG. 2. 
0069 Multiplying the total number of DNA fragments of 
a gene in the analyzed Volume of plasma (as determined by 
real-time PCR) by the fraction of mutant fragments (as deter 
mined by BEAMing) yields the number of mutant fragments 
(ctDNA number) in that volume of plasma (FIG. 1). The 
median number of mutant DNA fragments in the 95 positive 
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samples evaluated in this study was 39 (range between 10th 
and 90th percentiles, 1.3-1833.0). 
0070 The accuracy of these assays was assessed by mea 
surements of the number of mutant DNA fragments derived 
from two different genes in the same subject. We were able to 
assay mutations in two different genes in 43 samples derived 
from nine study subjects. The ctDNA levels corresponding to 
the two mutant genes were found to be remarkably similar 
(correlation coefficient R=0.95, FIG. 14). 

Example 3 

(0071 ctDNA Dynamics in Subjects with Cancer Under 
going Therapy 
0072 We evaluated 18 subjects after a total of 22 surgeries 
during the course of this study (FIG. 19). The ctDNA level 
determined before Surgery (day 0) varied widely, ranging 
from 1.3 to 23,000 mutant templates per sample (median 99 
mutant templates per sample; range between 10th and 90th 
percentiles, 3-2,837). Seventeen of these surgeries involved 
complete resection of all evident tumor tissue, whereas five 
were incomplete resections. A sharp drop in the ctDNA level 
by the day of discharge (two to ten days after Surgery) was 
observed in all subjects who underwent complete resections, 
with a 99.0% median decrease inctDNA (range between 10th 
and 90th percentiles, 58.9-99.8%; FIG. 24). This decrease 
was already evident 24 h after surgery (96.7% median 
decrease, range between 10th and 90th percentiles, 31.4-100. 
0%). Through evaluation of a subject whose plasma was 
sampled at multiple early times after complete resection, we 
estimated the half-life of ctDNA after surgery as 114 min 
(FIG. 15). 
0073. In the five cases with incomplete resections, the 
change in ctDNA was quite different. In two of these cases, 
the number of mutant fragments decreased only slightly at 24 
h (55-56%), whereas in the other three cases, the number 
actually increased (1.41%, 329% and 7.94%). This increase 
was perhaps due to injury of remnant tumor tissue during the 
Surgical procedure, with Subsequent release of DNA. Surgi 
cally induced tissue injury is consistent with the observation 
that the total amount of DNA in the plasma (mutant plus 
normal) increased immediately after Surgery in all Subjects 
(FIG.16). 
0074 Though the amount of ctDNA generally decreased 
after Surgery, it did not decrease to undetectable levels in most 
cases. Plasma samples were available from the first follow-up 
visit, 13-56 d after surgery, in 20 instances. ctDNA was still 
detectable in 16 of these 20 instances, and recurrences 
occurred in all but one of these 16 (FIG. 24). In a marked 
contrast, no recurrence occurred in the four Subjects in whom 
ctDNA was undetectable at the first follow-up visit. (FIG.24). 
The difference in recurrence rate between subjects with and 
without detectable ctDNA at the first follow-up was signifi 
cant (P=0.006 by Mantel-Cox log-rank test, FIG.3a). 
0075 Representative time courses of ctDNA along with 
clinical and radiologic data on two subjects are provided in 
FIG. 4, and similar data on all other subjects are shown in 
FIG. 17. Subjects 8 and 11 had more than one surgical pro 
cedure during the study, providing special opportunities to 
assess changes in ctDNA after repeated, controlled manipu 
lation of tumor burden. Both of these subjects had incomplete 
resections in their initial surgery, and their ctDNA levels did 
not decrease (FIG. 4). They had complete resections in their 
second Surgery, and the ctDNA abundance dropped precipi 

NEOGENOMICS EX.1033.053



US 2010/004 1048 A1 

tously thereafter. The ctDNA abundance then climbed back to 
higher levels over the next several months (FIG. 4). 
0076 Eleven of the subjects in our cohort received che 
motherapy during the course of the study. In three of these 
subjects, ctDNA levels declined during the treatment. An 
example is provided by subject 8: ctDNA decreased by more 
than 99.9%, whereas tumor volume (composed of live and 
dead neoplastic cells in addition to stromal cells) decreased 
only slightly (FIG. 4). In six subjects, there was an immediate 
rise in ctDNA after discontinuation of chemotherapy, as is 
evident in subjects 8 and 11 after the first chemotherapy (FIG. 
4) and in subjects 1, 4, 10, and 12 (FIG. 17). 

Example 4 

0077 Comparison with Carcinoembryonic Antigen 
0078 Carcinoembryonic antigen (CEA) is the standard 
biomarker for following disease in subjects with colorectal 
cancer and is routinely used in the management of the dis 

O 
CaS. 

0079. Only ten of the eighteen subjects had CEA levels >5 
ng ml (the boundary of the normal range) before study 
entry. (FIG. 23). This difference in sensitivity between the 
two assays (ctDNA versus CEA) was statistically significant; 
56% versus 100%, respectively (P=0.008, McNemar test). 
Moreover, even in those subjects with positive CEA levels 
before Surgery, complete tumor resection resulted in a much 
less marked decrease in CEA than that observed with ctDNA 
(median decrease of 99.0% versus 32.5% inctDNA versus 
CEA, respectively; P-0.001, Student's t-test). There was a 
modest overall correlation between CEA abundance and 
ctDNA levels after correcting for clustering within subjects 
(R=0.20, P<0.001, FIG. 17). Finally, when measured at the 
first post-operative follow-up visit on days 24-48, the ability 
of CEA levels to predict recurrent disease was less impressive 
than that of ctDNA levels (P=0.03 by Mantel-Cox log-rank 
test, FIG. 3b). 

Example 5 

Study Design and Collection of Clinical Samples 
0080 For this study, specimens from subjects with col 
orectal cancer who had been acquired through a previous 
study were evaluated". Subjects were at average risk for CRC 
as determined by family history and had no personal history 
of any type of cancer. Patients with non-specific abdominal 
symptoms or a history of basal cell or squamous cell carci 
noma of the skin were not excluded. Stool and blood speci 
mens were collected 6-12 days post-colonoscopy and prior to 
any bowel preparation for Subsequent Surgery. This study 
included 25 of the 40 previously identified cancercases as 15 
cases had inadequate amounts of residual material available. 
Patient characteristics are summarized in Table 1: Seven of 
the patients had stage I carcinomas, seven had stage II, eight 
had stage III, two had stage IV and one was of unspecified 
stage. The blood samples were drawn in BD Vacutainer tubes 
with EDTA (Becton Dickinson, Franklin Lakes, N.J. USA) 
from 16 of the 25 patients. Plasma was prepared by centrifu 
gation of blood at 1380 g for 30 min. The supernatant was 
transferred to a fresh tube and re-centrifuged. After centrifu 
gation, the plasma was transferred to a Millipore Ultrafree 
MC 0.45 micron filter device (Millipore, Billerica, Mass. 
USA) to remove remaining cellular debris. The filter device 
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was subjected to centrifugation at 1380 g for 15 min. The 
cleared plasma was transferred to a new tube and stored at 
-20°C. until processed. 

Identification of Mutations in Tumor Tissue 

I0081 Tissues obtained upon surgical resection were used 
formutation analysis, as reported previously. Briefly, snap 
frozen or paraffin-embedded microdissected tumor tissue 
was used for the isolation of tumor DNA using the QIAamp 
DNA mini kit (Qiagen, Valencia, Calif.). All DNA samples 
were analyzed for 22 common mutations in APC, TP53, and 
KRAS using a single base extension (SBE) assay and a 
sequencing approach for exon 9 and 20 of PIK3CA, exon 3 of 
CTNNB1, and exon 15 of APC. The sequencing was per 
formed by using single-stranded DNA templates in four sepa 
rate sequencing reactions, each containing a R110 labeled 
AcyloTerminator nucleotide (PerkinElmer) and a mixture of 
ThermoSequenase (GE) and AcycloPol (PerkinElmer). Com 
bined, the two marker panels were able to identify at least one 
mutation in the 24 tumor samples available for this study 
(Table 2). The sensitivity of SBE and sequencing was 75% 
(18/24) and 79% (19/24), respectively (FIG. 13). 

Isolation and Quantification of Stool DNA 

I0082 Human DNA enriched for the target genes (APC, 
TP53, KRAS, and PIK3CA) was purified from total stool 
DNA using a Reversible Electrophoretic Capture Affinity 
Protocol (RECAP). 
I0083. The copy number of gene fragments recovered from 
each stool sample was quantified using an iCyclerTM IQ real 
time PCR detection system (Biorad, Hercules, Calif., USA). 
Duplicate reactions (50 ul) consisted of 5 ul of DNA, 10x 
PCR buffer (Takara Bio; Madison, Wis., USA), 0.2 mM 
dNTPs (Promega, Madison, Wis., USA), 0.5uM of sequence 
specific primers (sequences available upon request) and 2.5 U 
LATaq DNA polymerase (Takara Mirus Bio, Madison, Wis., 
USA). The PCR parameters were 95° C. for 3.5 min for 
denaturation followed by 40 cycles of 95°C. for 1 min, 55° C. 
for 1 min, and 72°C. for 1 min. 

DNA Isolation and Quantification of Plasma DNA 
I0084 DNA was purified from 2 ml plasma using the 
QIAamp MinElute Virus Vacuum Kit (Qiagen) as recom 
mended by the manufacturer. The DNA was eluted in EB 
buffer (Qiagen), and stored at -20°C. The amount of total 
DNA isolated from plasma was quantified using a modified 
version of a human LINE-1 quantitative real-time PCR assay, 
as described previously. Details are provided in Example 6. 

Mutation Analysis by BEAMing 

I0085 Plasma and stool DNA was analyzed for somatic 
mutations by BEAMing. In total, 18 amplification primer sets 
were designed for the analysis of 33 different mutations. For 
each stool sample, a total of 30,000 genome equivalents were 
analyzed. One genome equivalent was defined as 3.3 pg of 
genomic DNA and is equivalent to the DNA amount present 
in a haploid cell. A volume corresponding to the DNA puri 
fied from 2 ml of plasma was used for each BEAMing assay. 
The initial amplification was performed in multiples of 50 ul 
PCR reactions, each containing template DNA equivalent to 
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250 ul of plasma or 3,750 genome equivalents of stool DNA. 
Each reaction consisted of 5x Phusion high fidelity buffer, 1.5 
U of Hotstart Phusion polymerase (both NEB), 0.2 M of 
each primer, 0.25 mM of each dNTP and 0.5 mM MgCl. 
Nested PCR reactions were performed for selected target 
regions; for the second amplification, 2 ul of the first PCR was 
added to a 20-ul PCR reaction of the same makeup as 
described above except that different primers were used. 
Primer sequences and cycling conditions are listed in FIG.9. 
PCR products were pooled, diluted, and quantified using the 
PicoGreen dsDNA assay (Invitrogen). The BEAMing proce 
dure has been described previously' and modifications used 
in the current study are described here. 
I0086 A LSR II flow cytometry system (BD Bioscience) 
equipped with a high throughput autosampler was used for 
the analysis of each bead population. On average, 5x10 
beads were analyzed for each plasma sample. The flow cyto 
metric data was gated so that only single beads with extension 
products (as indicated by the control probe) were used for 
analysis. The mutation frequency was calculated as the num 
ber of gated beads attached to mutant sequences divided by 
the number of beads containing either mutant or wild-type 
sequences. In order for anassay to be scored as positive, it had 
to meet two criteria. First, the fraction of mutant beads had to 
be higher than the background emanating from polymerase 
errors arising during amplification. We used a Poison distri 
bution to estimate the expected variation in the background 
observed with DNA templates derived from normal lympho 
cyte DNA. A "positive' assay was scored as one in which the 
fraction was higher than 0.01%. The second criterion was that 
the calculated number of mutant sequences in the templates 
used for analysis had to be 21. For example, if in a sample, 
only 1,000 genomic equivalents were analyzed, yet the cal 
culated fraction of beads bound to mutant sequences was 
0.05% (1 in 2,000), this sample was scored as negative as the 
number of mutant template molecules was only 0.5 (0.05%x 
1,000), which is less than 1. 

Detection of Somatic Mutations by BEAMing 
I0087. We assessed the performance of BEAMing for the 
detection of 33 different base changes in either APC (20), 
KRAS (4), PIK3CA (4), or TP53 (5). The BEAMing proce 
dure was performed as described previously with the impor 
tant exception that an allele-specific hybridization (ASH) 
approach was developed for the analysis of bead-bound DNA 
(FIG. 1). The hybridization was performed with equimolar 
concentrations of fluorescently-labeled oligonucleotides 
complementary to the immobilized wild-type or mutant DNA 
sequences. Optimal allele discrimination for all 33 base 
changes was reached by an initial denaturation step followed 
by a slow cooling process in a tetramethylammonium chlo 
ride (TMAC) based buffer'. All mutations we attempted to 
assess (transitions, transversions, insertions or deletions 
ranging from 1 to 5bp) were Successfully detected, with high 
signal to noise ratios, using this single TMAC-based hybrid 
ization procedure. 
0088 An example of ASH applied to beads generated by 
BEAMing is shown in FIG. 6. 
0089 Positive control DNA populations were prepared 
using long oligonucleotides representing the genomic 
sequences, with the mutations in the center. Negative controls 
were prepared from DNA isolated from lymphocytes of 
healthy donors. Because no polymerase is completely error 
free, mutations introduced during the initial amplification 
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step create a small number of beads with mutant DNA 
sequences even when no mutant DNA templates are present 
in the sample DNA'. In the current study, we used Phusion 
DNA polymerase (NEB) because it has been shown to have 
the lowest error rate of any commercially available enzyme 
tested'. This background was individually determined for 
each mutation analyzed in the current study. The median 
background of mutations Stemming from polymerase errors 
in normal lymphocyte DNA was 0.0009% (range 0.01% to 
0.00013%). Variations in background rates were observed 
between and within genes, presumably reflecting the non 
random nature of polymerase errors. Accordingly, an assay 
for a given sample was scored “positive for mutation' only if 
the mutant fraction was higher than the background by a 
conservative and statistically significant margin (see Meth 
ods). Additionally, samples were scored as positive only if the 
calculated number of beads bound to mutant sequences was 
higher than a threshold defined by the genomic equivalents 
used in the assay, as also explained in more detail in the 
Methods. 

Quantity and Quality of the DNA Purified from Stool 
0090. Because BEAMing cannot only be used to detect 
mutant DNA templates but also to precisely quantify their 
abundance, it could be used to determine both the quantity 
and quality of cell-free mutant and normal DNA present in the 
stool of CRC patients. We therefore began the current study 
by analyzing the sizes of the mutant DNA fragments present 
in the stool of CRC patients. For this purpose, six PCR primer 
sets were designed for the amplification of DNA fragments 
that encompassed different APC mutations found in four 
patients with localized colorectal cancers. Two of the patients 
harbored Stage I and two harbored Stage II cancer (FIG. 11). 
The amplicon sizes obtained with these primers varied 
between 104 bp and 1,197 bp, with the mutations located in 
the middle of each amplicon (FIG. 7A). The DNA purified 
from an equal mass (181 mg) of stool was used in each assay. 
The number of mutant or normal template molecules was 
calculated by multiplying the respective fraction of beads 
bound to mutant or normal DNA sequences by the DNA 
concentrations measured by quantitative real-time PCR. In all 
four patients, the number of amplifiable normal DNA frag 
ments decreased with increasing amplicon size. In patient 2, 
this decrease was only 3-fold whereas the decrease was more 
severe—up to a thousand-fold—in the other three patients 
(FIG.7B). The mutant DNA fragments decreased with size in 
a similar, but not identical, fashion (FIG.7C). As a result, the 
fraction of mutant DNA fragments was highest in the smallest 
amplicons (FIG. 7D); in patients 4 and 14, we could not detect 
any mutant DNA fragments when the largest amplicon size 
(1200 bp) was employed. These findings were important as 
they suggested that the sensitivity of tests for mutations in 
fecal DNA can be optimized by employing Small amplicons. 
Based on this result, all the BEAMing assays used in the 
subsequent phases of this study were performed with 100 bp 
amplicons whenever possible, and never longer than 126 bp 
(FIG.9). 

Mutation Detection in Stool DNA by BEAMing 

0091. The clinicopathological characteristics of the 25 
patients included in this study are summarized in Table 1. 
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TABLE 1. 

Patient characteristics 
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TABLE 1-continued 

Patient characteristics 

Value Value 
Characteristic (n = 25) Characteristic (n = 25) 

2 15 
Age - yr 3 3 

Mean 67 

Median 66 (50-84) 0092 Tumors ranged in size from 12-80 mm with a mean 
(range) size of 41 mm (median 40 mm). Fourteen (56%) patients were 
Gender early stage (Stage I or II), 10 (40%) were late stage (Stage III 

or IV), and one patient was of unknown stage. As outlined in Female 15 
Male 10 the above, of the 24 patients were tumor tissue had been 
Stage available, all had at least one mutation in the primary tumor 

(FIG. 13). For patient 25, where no tissue was available, two 
7 mutations were identified in stool DNA by the SBE assay 

I 7 (FIG. 13). 
II 8 (0093. Forty-five BEAMing assays were performed to 
V 2 assess the 33 different mutations in these samples (13 patients 
unknown 1 had at least one mutation found in another patient, Table 2). 
Differentiation Of the 25 patients, 23 (92%, CI: 74%, 99%) had detectable 

levels of mutant DNA in their stool samples. Mutations were 
We 12 detected as readily in patients with early stage colorectal 
Moderate cancers (Stages I and II) as in patients with late stage cancers 

(Stages III and IV) (FIG. 12). Interestingly, in one of the two inspecified 1 
Number of mutations patients in whom mutant DNA fragments could not be iden 
in tumor tissue tified in the stool, the amount of normal DNA was very high 

(Patient 5). 
O O I0094. The median fraction of mutant DNA present in stool 
1 7 samples was 0.32% but varied widely (range 0.0062% to 

21.1%; Table 2). 

TABLE 2 

Tumor 

Sex Stage Size, 
Patient age, yr (TNM) Histology Site? mm Gene Mutation (codon) 

1 M66 (T1NOMO) Mo R SO APC C2626T (876) 
2 F64 (T2NOMO) Mo Sig 30 APC G3964T (1322) 

TP53 G818A (273) 
3 F/70 (T2NOMO) Mo C 45 APC 4237-424OdelATGG (1413) 
4 F.67 (T1NOMx) Wel Tr 40 APC C4132T (1378) 
S MA69 (T2NOMO) Wel Rs 24 APC 4359delT (1453) 

KRAS G35X (12) 
6 M84 (T2NOMO) Mo R 2S APC C2626T (876) 

APC 4465delT (1489) 
TP53 C742T (248) 

7 F.58 (T2NOMx) Wel Sig 12 APC 4297 delC (1433) 
PIK3CA C3075T (1025) 

8 M8O (T3NOMx) Wel Sig 2S APC 4497 delA (1499) 
KRAS G38A (12) 

9 M70 (T3NOMx) Wel Sf SO APC C3980G (1327) 
TP53 G524A (175) 

10 F/58 (T3NOMO) Wel Tr 80 APC 4467 delA (1489) 
11 F.65 (T3NOMO) Wel C SO APC 4661-4662insA (1554) 
12 FAT5 (T3NOMO) Wel R 2S APC G4135T (1379) 
13 M8O (T3NOMx) Wel As 6S APC C2626T (876) 

APC 4.189-4190delGA (1397) 
14 M66 (T3NOMO) Mo R 45 APC C4348T (1450) 

PIK3CA G1624A (542) 
15 FSO I (T4N1 MO) Mo R 2S APC C4285T (1429) 

KRAS G35A (12) 
16 M64 I (T3N1MO) Poor Sig 30 TP53 G524A (175) 
17 M74 I (T3N2MO) Wel R 30 APC 4126-4127insT (1376) 

KRAS G38A (12) 
PIK3CA G1624A (542) 

18 M57 I (T3N1MO) Mod/ Sig 70 APC 3934delG (1312) 
Poor TP53 G733A (245) 
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19 

21 

22 

23 

24 

25 

NR: not received 
Histology type, Well: well differentiated adenocarcinoma; Mod.: moderately differentiated adenocarcinoma; 

F65 

MS9 

M73 

F.61 

M67 

M64 

III (T3N1Mx) 

III (T2N1Mx) 

III (T3N1MO) 

TABLE 2-continued 

Modi 
Poor 

We 

Mod 

Mod 

Mod 

We 

NR 

Patient 

1 

4 

6 

21 

22 

23 
24 

25 

As SO APC 
KRAS 
TP53 

Tr 40 APC 
KRAS 

Tr 42 APC 
KRAS 

R NR APC 
KRAS 

Sig 6O PIK3CA 

As 30 APC 
PIK3CA 

R 35 APC 
TP53 

Stool DNA 

Total DNA 
fragments 
per 362 mg Mutant 

Stool DNA,% Score 

50,600 4.0 -- 
398,000 O.87 -- 
302,000 O.2O -- 

1,808 O.71 -- 
8,460 O.39 -- 

1,030,000 O.OOO 
1,030,000 O.OOO 
252,000 O.32 -- 
252,000 O.78 -- 
252,000 1.O -- 
13,840 1.O -- 
8,260 21 -- 
7,420 O.OO3 
7,420 O.21 -- 

59,600 1S.O -- 
59,600 O.3 -- 
113,800 1.17 -- 
106,600 1.09 -- 
540,000 0.37 -- 
264,000 O.O6 -- 
264,000 O.04 -- 
15,740 O.2 -- 
5,340 O.3 -- 

22,600 O.13 -- 
22,600 O.2 -- 
6,920 O.OO6 
7,140 O.O59 -- 
7,140 O.O79 -- 
7,140 O.OSO -- 

18,700 O.28 -- 
17,460 1.3 -- 
5,920 O.18 -- 
3,320 O.23 -- 
3,320 O.10 -- 

11,320 O.OO62 -- 
11,320 O.3 -- 
10,280 0.055 -- 
7,200 O.23 -- 

62,800 7.60 -- 
62,800 4.43 -- 
138,000 O.O68 -- 
254,000 O.62 -- 
254,000 1.33 -- 
356,000 O.90 -- 
356,000 10.2 -- 

Poor: Poorly differentiated adenocarcinoma. 
*Location: R.: Rectum; Sig.: sigmoid colon; C.: cecum; Tr: transverse colon; AS.: ascending colon; Rs. Rec 
tosigmoid, Sf.: Splenic flexure 
G35X means G35A, G35C, or G35T (specific base change not determined) 

10 

C2626T (876) 
G35C (12) 
C817T (273) 
4661-4662insA (1554) 
G35A (12) 
C4348T (1450) 
G35A (12) 
3980-3983delCAC (1327) 
G35A (12) 
C1636A (546) 

G4189T (1397) 
A3140G (1047) 
3927-3931del AAAGA (1309) 
G524A (175) 

Plasma DNA 

Total DNA 
fragments Mutant 
per 2 ml DNA, 
Plasma % 

3676 O.OOO 

2397 1.88 
93.17 O.O13 
3365 O.OOO 

10652 O.OO2 

4530 O.OO2 

46SO O42 

3690 O.OOS 

6422 O.062 

7047 O.O33 
2679 O.17 

11716 O.OO2 

SO43 O.OO7 

4206 O.OO1 

29233 6.6 
4094 0.44 

Score 

: 
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0.095. In most cases where two mutations could be 
assessed in the same stool sample, the fraction of mutant 
DNA molecules was similar. However, in four cases (patients 
7, 8, 20 and 25) there was more than a 5-fold difference in the 
fraction of mutant DNA fragments from one gene compared 
to those in another gene. 
0096. Another important observation was that the median 
fraction of mutant DNA fragments in stool samples did not 
vary significantly across the stage of the patient's tumor: 
0.83%, 0.31%, 0.20%, and 0.62% for Stage I, II, III, and IV. 
respectively (FIG. 8). 
0097 Finally, it was of interest to compare the results of 
BEAMing assays in these stool samples with those obtained 
previously using a modified sequencing approach and single 
base extension (SBE) (FIG. 13)). Of the 25 patients assessed 
in the current study, these assays combined were able to 
detect at least one mutation in only 15 patients (60% of the 25 
analyzed) while BEAMing detected 23 (92% of the same 25 
patients). This difference was statistically significant (Table 
2, p=0.008, exact McNemar's test). The SBE assay alone, 
which comprises the component of a commercially available 
DNA test that assess 22 specific mutations in APC, TP53, and 
KRAS, performed about as well as the sequencing-based 
assay (60% (12/20) vs. 56% (10/18)). Our data also revealed 
a potential basis for the lower sensitivity of the SBE and 
sequencing tests compared to BEAMing. Those mutations 
that were not detected with these tests constituted 0.11%+3. 
0% of the analyzed fragments. In contrast, those mutations 
that were detectable with SBE or sequencing were nine times 
more abundant (median 1.0%+5.0%). 

Mutation Detection in Stool and Plasma DNA by BEAMing 
0098 Sixteen pairs of matched samples of blood and 
plasma were available for analysis. For each sample, one of 
the mutations found in the patients tumor was selected for 
analysis. As noted in Table 2, 14 of these 16 (87.5%) patients 
stool samples contained mutations at detectable levels. 
Mutant DNA fragments were found in a smaller proportion of 
the plasma samples (8 of 16 50%; p-value for difference 
between the number of patients positive in the plasma and 
stool assays was 0.07 by the exact McNemar's test). There 
was only one patient that was negative for both tests (patient 
5) and one patient with a negative stool test but a positive 
plasma test (patient 16). In patients that scored positive, the 
median fraction of mutant DNA was similar in stool (0.37%) 
and plasma (0.42%). 
0099 Though many previous studies have reported the 
presence of mutations infecal DNA, this is the first to analyze 
them in a highly sensitive and quantitative manner. Similarly, 
other publications have reported the identification of genetic 
alterations in plasma or serum, but none have compared the 
results obtained with circulating DNA to those obtained with 
fecal DNA using identical techniques. The comparisons and 
quantifications reported here are important for guiding the 
development of sensitive and specific non-invasive screening 
tests for colorectal tumors in the future. 
0100. The quantitative analysis of fecal DNA highlighted 
several issues that are important for further research in this 
area. First, the highest sensitivities were realized when the 
amplicons were small, optimally less than 100 bp (FIG. 
7A-7D). This is undoubtedly due to the DNA degradation that 
occurs either in cancer cells undergoing apoptosis or necrosis 
in situ or after they are released into the fecal stream. A similar 
size-dependence for DNA mutation detection has been 
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described in plasma". Note that this observation is not con 
tradictory to studies showing that an increase in DNA integ 
rity can be used as a marker for colorectal cancer''. Mutant 
DNA present in the stool of cancer patients represents only a 
minor fraction (median 0.32%; mean 1.89%) of the total 
DNA and therefore has little influence on the measurement of 
the integrity of the total (mutant plus normal) DNA. The 
observed increase of DNA integrity in cancer patients is most 
likely caused by the release of larger DNA fragments from 
normal cells within the tumor environment into the fecal 
stream. Indeed, recent results have shown that cancers are 
routinely infiltrated with particular types of inflammatory 
cells that could contribute relatively large DNA fragments of 
normal sequence'. 
0101 Second, the results make it clear that a minimum 
number of DNA template molecules must be obtained to 
realize the sensitivity afforded by BEAMing. The sensitivity 
of BEAMing for any of the analyzed mutations is such that at 
least one mutant template can be detected among 10,000 
normal templates (0.01%). For some mutations, the sensitiv 
ity is as high as one mutant template among 800,000 normal 
templates (0.0013%). The sensitivity is only limited by the 
error rate of the polymerase used in the initial amplification'. 
Utilization of this high technical sensitivity in practice, how 
ever, requires an adequate number of DNA templates. For 
example, if only 2,000 templates molecules are used per 
assay, then the maximum sensitivity that can be achieved is 
0.05% rather than 0.01%. Obtaining this number oftemplates 
is not problematic with stool samples, but is often problem 
atic for plasma. In the current study, 2 ml of plasma contained 
a median of 4,590 genome equivalents of DNA. This may be 
why the plasma-based assay was less sensitive (60%) than the 
stool-based assay (88%) in the same patients. To routinely 
obtain 30,000 genome equivalents from plasma (the number 
employed for the stool-based tests), 50 ml of blood would be 
necessary. Though this may be feasible in future prospective 
studies, it is unlikely to be available in retrospective studies 
Such as ours. 

0102 Though stool provides a nearly limitless supply of 
DNA, there are other technical issues that affect the assay 
results. For example, stool contains a variety of PCR-inhibi 
tors and a large excess of bacterial DNA, necessitating 
sequence-specific capture of human genomic DNA. Cost 
effective methods for such capture have been developed and 
were used in the current study. However, they have not yet 
been optimized for the isolation of small DNA fragments that 
contain the mutations of interest. As shown in FIG. 7A-7D, 
the sizes of normal and mutant DNA fragments correspond 
ing to specific genetic regions is not necessarily the same. The 
fraction of mutant fragments as a function of size is likely to 
vary both with the particular mutation in a patient-specific 
manner, as it depends both on the source of the normal DNA 
as well as the extent of degradation of the tumor DNA frag 
ments. This issue could have affected our results in two ways. 
First, it could be responsible for the wide variations among 
the fractions of mutant fragments observed within two differ 
ent genes in some patients (e.g., Patient 7 in Table 2). Second, 
it could explain why we were unable to detect mutations in 
Some patients. For example, one of these two patients (Patient 
5) had a very large number of normal fragments in his stool, 
more than two-fold that of any other patient. Optimization of 
the capture probes could in the future increase sensitivity over 
and above the 92% obtained in the current study. 
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0103. The new results also inform discussion of the rela 
tive advantages and disadvantages of stool vs. plasma analy 
sis for early detection. As noted above, it is easier to obtain 
sufficient amounts of DNA from stool than from plasma. 
However, plasma is more convenient to collect from a prac 
tical standpoint, as it can be obtained during routine office 
visits, and it is easier to purify DNA from plasma than from 
stool. The sensitivity of detecting mutations in plasma from 
colorectal cancer patients (50%) is less than that in stool, but 
this could perhaps be increased by using more plasma in each 
assay. Perhaps the greatest advantage of stool versus plasma, 
however, is in the relative fractions of mutations observed in 
the feces of patients with different stage tumors. As shown in 
FIGS. 8 and 12, the fraction of mutations in stool of early 
stage patients was as high as that in late stage patients. In 
contrast, our previous studies have shown that the fraction of 
mutations in the plasma of early stage patients is considerably 
lower than that of late stage patients (not apparent in the 
current study due to the Small numbers of patients with posi 
tive plasma samples)". Furthermore, the situation is likely to 
be even more pronounced in patients with large adenomas, as 
mutant DNA is much more difficult to detect in the plasma 
than in the stool of patients with these benign, but clinically 
significant, neoplasms. 
0104 Though our study represents a step towards clinical 
implementation of a new, more sensitive and quantitative 
assay than currently available commercially, several addi 
tional steps will be necessary to realize this goal. In addition 
to clinical studies employing large numbers of patients with 
varying stage colorectal tumors and equally large numbers of 
controls, there are still technical issues to be overcome. In 
particular, cost-effective methods for querying a panel of 
genetic markers with BEAMing must be developed. In this 
regard, it is notable that mutations in all 25 patients in the 
current study were revealed by the study of a relatively small 
number of common mutations. We envision that nearly 86% 
of patients with either colorectal cancer or large adenomas 
would harbor at least one of the 100 most common mutations. 
Implementation of Such an assay would include parallel cap 
ture of ~10 exons and the subsequent multiplex PCR ampli 
fication of these DNA fragments. The newly described 
hybridization-based approach for mutation detection has also 
an advantage in that it can be easily automated. Next genera 
tion sequencing has the potential to further simplify the 
approach; the beads obtained by BEAMing can be analyzed 
by sequencing rather than by flow cytometry". Additionally, 
the mutation marker panel could be reduced in size by includ 
ing epigenetic markers'’. Indeed, the lessons learned from 
the current study could be applied to optimize quantitative 
assays for methylation-based BEAMing or for any other tests 
for tumor-specific DNA variations that are developed in the 
future. 
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Example 6 

0122) Isolation of DNA from Formalin-Fixed, Paraffin 
Embedded (FFPE) Tumor Tissue 
0123. Eighteen tumor specimens were collected after liver 
or colon Surgery, fixed informalin, and embedded in paraffin. 
Tenum sections were cut and mounted on PEN-membrane 
slides (Palm GmbH, Bernried, Germany). The sections were 
deparaffinized and stained with hematoxylin and eosin. All 
specimens underwent histological examination to confirm the 
presence of tumor tissue, which was dissected from com 
pletely dried sections with a MicroBeam laser microdissec 
tion instrument (Palm). The dissected tumor tissue was 
digested overnight at 60°C. in 15ul ATL buffer (Qiagen) and 
10ul Proteinase K (20 mg/ml: Invitrogen). DNA was isolated 
using the QIAamp DNA Micro Kit (Qiagen) following the 
manufacturer's protocol. The isolated DNA was quantified by 
hLINE-1 quantitative PCR as described below. 
PCR Amplification and Direct Sequencing of DNA Isolated 
from Tumor Tissue 

0.124 All DNA samples isolated from tumor tissue were 
analyzed for mutations in 26 regions of APC (19), one region 
of KRAS (1), two regions of PIK3CA (2), and four regions of 
TP53 (4) using direct Sanger sequencing. Due to degradation 
of DNA in FFPE tissue, the amplicon sizes were chosen to be 
between 74 to 132 bp in length. The first PCR was performed 
in a 10ul reaction Volume containing 50-100 genome equiva 
lents (GEs) of template DNA (1 GE equals 3.3 pg of human 
genomic DNA), 0.5 U of Platinum Taq DNA Polymerase 
(Invitrogen), 1x PCR buffer (67 mM of Tris-HCl, pH 8.8, 67 
mM of MgCl, 16.6 mM of (NH)SO, and 10 mM of 2-mer 
captoethanol), 2 mM ATP, 6% (v/v) DMSO, 1 mM of each 
dNTP and 0.2 LM of each primer. The sequences of the 
primer sets are listed in FIG. 20. The amplification was car 
ried out under the following conditions: 94° C. for 2 min: 3 
cycles of 94° C. for 15 s, 68° C. for 30s, 70° C. for 15 s: 3 
cycles of 94° C. for 15 s, 65° C. for 30s, 70° C. for 15 s, 3 
cycles of 94° C. for 15 s, 62° C. for 30s, 70° C. for 15s; 40 
cycles of 94° C. for 15s. 59° C. for 30s, 70° C. for 15s. One 
microliter of the first amplification was then added to a second 
10-ul PCR reaction mixture of the same makeup as the one 
described above, except that different primers were used 
(FIG.10). The second (nested) PCR reaction was temperature 
cycled using the following conditions: 2 min at 94° C.; 15 
cycles of 94° C. for 15 s, 58° C. for 30s, 70° C. for 15s. The 
PCR products were purified using the AMpure system (Agen 
court, Beverly, Mass.) and sequenced from both directions 
using BigDye Terminator v3.1 (Applied Biosystems). The 
primers used for sequencing had a 30 bp polyT tag attached to 
the 5' prime end to improve the sequence quality for the first 
30 bases (Tagl primer: 5'-(dT)-so-tccc.gcgaaattaatacgac, SEQ 
ID NO: 1; M13 primer: 5'-(dT)-so-gtaaaacgacggccagt, SEQ 
ID NO:3). Sequencing reactions were resolved on an auto 
mated 96-capillary DNA sequencer (Spectrumedix, State 
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College, Pa.). Data analysis was performed using Mutation 
Explorer (SoftGenetics, State College, Pa.). 

Quantification of Total Plasma DNA by Quantitative Real 
Time PCR 

0.125. The amount of total DNA isolated from plasma 
samples was quantified using a modified version of a human 
LINE-1 quantitative real-time PCR assay'. Three primer sets 
were designed to amplify differently sized regions within the 
most abundant consensus region of the human LINE-1 family 
(79 bp for: 5'-agggacatggatgaaattgg; SEQ ID NO: 4.79 bp 
rev: 5'-tgagaatatgcggtgtttgg; SEQID NO: 5; 97 bp for: 5'-tg 
gcacatatacaccatggaa, SEQID NO: 6, 97 bp rev: 5'-tgagaat 
gatggttccaattitc.; SEQID NO: 7; 127 bp for: 5'-acttggaaccaac 
ccaaatg; SEQID NO: 8, 127 bp rev: 5'-tcatccatgtccctacaaagg: 
SEQ ID NO: 9). PCR was performed in a 25 ul reaction 
Volume consisting of template DNA equal to 2 ul of plasma, 
0.5 U of Platinum Taq DNA Polymerase, 1x PCR buffer (see 
above), 6% (v/v) DMSO, 1 mM of each dNTP 1:100,000 
dilution of SYBR Green I (Invitrogen), and 0.2 uM of each 
primer. Amplification was carried out in an iCycler (Bio-Rad) 
using the following cycling conditions: 94° C. for 1 min; 2 
cycles of 94° C. for 10s, 67° C. for 15 fors, 70° C. for 15 s: 
2 cycles of 94° C. for 10 s. 64° C. for 15s, 70° C. for 15s, 2 
cycles of 94° C. for 10 s. 61° C. for 15 s, 70° C. for 15s; 35 
cycles of 94° C. for 10 s. 59° C. for 15 s, 70° C. for 15 s. 
Various dilutions of normal human lymphocyte DNA were 
incorporated in each plate setup to serve as standards. The 
threshold cycle number was determined using Bio-Rad 
analysis software with the PCR baseline subtracted. Each 
quantification was done in duplicate. The total DNA was 
calculated using the LINE-1 amplicon closest in size to the 
amplicon being evaluated for mutations (FIG. 11). When the 
amplicon was equally close to two different LINE-1 ampli 
cons, the average concentation was used. In control experi 
ments with plasma, we found that the number of genome 
equivalents assessed by the assay of LINE sequences was 
highly correlated with the number of genome equivalents 
(GE) of APC, KRAS, PIK3CA, or RAS. LINE sequence 
based assays, rather than these individual genes, were chosen 
to measure GE because it required a much smaller amount of 
plasma to measure GE with the former because of its highly 
repeated nature in the genome. 

BEAMing 

0.126 Twelve different primer sets were designed for the 
analysis of 20 mutations (FIG. 11). The DNA purified from 2 
ml of plasma was used for each BEAMing assay. An initial 
amplification with a high fidelity DNA polymerase was per 
formed in eight separate 50 ul PCR reactions each containing 
template DNA from 250 ul of plasma, 5x Phusion High 
Fidelity PCR buffer (NEB), 1.5 U of Hotstart Phusion poly 
merase (NEB), 0.2 M of each primer, 0.25 mM of each 
dNTP and 0.5 mM MgCl2. Temperature cycling was carried 
out as described in FIG. 11 Using the primers listed in FIG. 
11, a second PCR (nested) was performed by adding 2 ul of 
the first amplification to a 20-ul PCR reaction of the same 
makeup as the first one. PCR products were pooled, diluted, 
and quantified using the PicoGreen dsDNA assay (Invitro 
gen). The fluorescence intensity was measured using a 
CytoPluor multiwell plate reader (PE Biosystems) and the 
DNA quantity was calculated using Lambdaphage DNA ref 
erence standards. 
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0127 Emulsion PCR was performed as described previ 
ously. Briefly, a 150 ul PCR mixture was prepared contain 
ing 18 pg. template DNA, 40 U of Platinum Taq DNA poly 
merase (Invitrogen), 1x PCR buffer (see above), 0.2 mM 
dNTPs, 5 mM MgCl, 0.05 uM Tag1 (5'-tcccg.cgaaattaatac 
gac, SEQID NO: 1), 8 LMTag2 (5'-gctggagctctgcagcta; SEQ 
ID NO: 2) and ~6x107 magnetic streptavidin beads (MyOne, 
Invitrogen) coated with Tagl oligonucleotide (5' dual biotin 
T-Spacer 18-tccc.gcgaaattaatacgac: SEQ ID NO: 1). The 150 
ul PCR reaction, 600 ul oil/emulsifier mix (7% ABIL WE09, 
20% mineral oil, 73% Tegosoft DEC, Degussa Goldschmidt 
Chemical, Hopewell, Va.), and one 5 mm steel bead (Qiagen) 
were added to a 96 deep well plate 1.2 ml (Abgene). Emul 
sions were prepared by shaking the plate in a TissueIyser 
(Qiagen) for 10s at 15 Hz and then 7s at 17 Hz. Emulsions 
were dispensed into eight PCR wells and temperature cycled 
at 94° C. for 2 min: 3 cycles of 94° C. for 10s, 68° C. for 45 
s, 70° C. for 75s; 3 cycles of 94° C. for 10s, 65° C. for 45s, 
70° C. for 75 s, 3 cycles of 94° C. for 10s, 62° C. for 45s, 70° 
C. for 75s; 50 cycles of 94° C. for 10s, 59° C. for 45s, 70° C. 
for 75 S. 

0128. To break the emulsions, 150 ul breaking buffer (10 
mM Tris-HCl, pH 7.5, 1% Triton-X 100, 1% SDS, 100 mM 
NaCl, 1 mM EDTA) was added to each well and mixed with 
a TissueIyser at 20 Hz for 20 S. Beads were recovered by 
spinning the Suspension at 3.200 g for 2 min and removing the 
oil phase. The breaking step was repeated twice. All beads 
from 8 wells were consolidated and washed with 150 ul wash 
buffer (20 mM Tris-HCl, pH 8.4, 50 mM KCl). The DNA on 
the beads was denatured for 5 min with 0.1M NaOH. Finally, 
beads were washed with 150 ul wash buffer and resuspended 
in 150 ul of the same buffer. 
0129. The mutation status of DNA bound to beads was 
determined by allele-specific hybridization. Fluorescently 
labeled probes complementary to the mutant and wild-type 
DNA sequences were designed for 20 different mutations. 
The size of the probes ranged from 15bp to 18 bp depending 
on the GC content of the target region. Allmutant probes were 
synthesized with a Cy5TM fluorophore on the 5' end and all 
wild-type probes were coupled to a Cy3TM fluorophore (Inte 
grated DNA Technologies, Coralville, Iowa, or Biomers, 
Ulm, Germany). In addition, oligonucleotides that bound to a 
separate location within the amplicon were used to label 
every extended PCR product as a positive control. These 
amplicon specific probes were synthesized with a ROXTM 
fluorophore attached to their 5' ends. Probe sequences are 
listed in FIG. 12. Each allele-specific hybridization reaction 
contained ~1x107 beads present in 30 ul wash buffer (see 
above), 66 ul of 1.5x hybridization buffer (4.5 Mtetramethy 
lammonium chloride, 75 mM Tris-HCl pH 7.5, 6 mM EDTA), 
and 4 ul of a mixture of mutant, wild-type, and gene-specific 
fluorescent probes, each at 5uM in TE buffer. The hybridiza 
tion mixture was heated to 70° C. for 10s and slowly (0.1 
C./s) cooled to 35°C. After incubating at 35°C. for 2 min, the 
mixture was cooled (01° C./sec) to room temperature. The 
beads were collected with a magnet and the Supernatant con 
taining the unbound probes was removed using a pipette. The 
beads were resuspended in 100 ul of 1x hybridization buffer 
and heated to 48°C. for 5 min to remove unbound probes. 
After the heating step, beads were again separated magneti 
cally and washed once with 100 ul wash buffer. In the final 
step, the Supernatant was removed and beads resuspended in 
200 ul TE buffer for flow cytometric analysis. 
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I0130 A LSR II flow cytometry system (BD Bioscience) 
equipped with a high throughput autosampler was used for 
the analysis of each bead population. An average of 5x10' 
beads were analyzed for each plasma sample. Beads with no 
extension product were excluded from the analysis. Negative 
controls, performed using DNA from patients without cancer, 
were included in each assay. Depending on the mutation 
being queried, the fraction of beads bound to mutant-specific 
probes in these negative control samples varied from 
0.0061% to 0.00023%. This fraction represented sequence 
errors introduced by the high fidelity DNA polymerase during 
the first PCR step, as explained in detail previously . To be 
scored as positive in an experimental sample, (i) the fraction 
of beads bound to mutant fragments had to be higher than the 
fraction found in the negative control, and (ii) the mean value 
of mutant DNA fragments per sample plus one standard 
deviation had to be >1.0. Bead populations generated by 
BEAMing were analyzed at least twice for each plasma 
sample. 

REFERENCES FOR EXAMPLE 6 ONLY (ALL 
REFERENCES CITED ARE EXPRESSLY 

INCORPORATED HEREIN) 

I0131 1. Rago, C. et al. Serial Assessment of Human 
Tumor Burdens in Mice by the Analysis of Circulating 
DNA. Cancer Res 67,9364-9370 (2007). 

(0132) 2. Diehl, F. et al. BEAMing: single-molecule PCR 
on microparticles in water-in-oil emulsions. Nat Methods 
3, 551-9 (2006). 

0.133 3. Li, M., Diehl, F. Dressman, D., Vogelstein, B. & 
Kinzler, K. W. BEAMing up for detection and quantifica 
tion of rare sequence variants. Nat Methods 3,95-7 (2006). 

0.134 Individual Patient Summaries 

Also see FIG. 16 

0.135 Patient 1 originally underwent a low anterior resec 
tion for rectal carcinoma and was found to have multiple liver 
metastases with PET/CT scanning. They received post-op 
erative with 5-fluorouracil, oxaliplatin (FOLFOX) and beva 
cizumab (Chemotherapy) for two cycles and repeat imaging 
revealed a good response. At the time of study entry, the 
patient underwent right hepatectomy and left lobe wedge 
resection and cholecystectomy (Surgery), followed by che 
motherapy with 5-fluorouracil, leucovorin, oxaliplatin and 
bevacizumab (Chemotherapy). Repeat imaging revealed 
multiple new lung lesions and two new liver lesions. Various 
other chemotherapy regimens were utilized with continued 
progression of disease. The patient is currently being consid 
ered for a Phase I trial. 
0.136 Patient 2 was originally diagnosed with a T3NOMO 
colon adenocarcinoma and underwent a left hemicolectomy. 
At the time of study entry, the patient underwent a right 
hepatic lobectomy and partial diaphragm resection for meta 
static disease (Surgery). Repeat imaging studies revealed pro 
gressive disease three months following his liver lobectomy 
and the patient died of disease shortly thereafter. 
0.137 Patient 3 was initially found to have metastatic 
mucinous colon adenocarcinoma, T2N1M1 with a single 
liver metastasis who underwent a right hemicolectomy with 
planned liver resection (Surgery). However, the patient was 
found to have diffuse peritoneal implants at the time of sur 
gery, and the liver resection was not performed. Post-opera 
tive CT scans revealed evidence of progressive disease with 
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enlarging liver lesion and a new pulmonary nodule. The 
patient opted to proceed with Supportive care only and died of 
disease approximately one year following his Surgery. 
0138 Patient 4 was diagnosed with metastatic colon 
adenocarcinoma. At study entry, 12 months following the 
initial Surgery, the patient received pre-operative chemo 
therapy with 5-fluorouracil, oxaliplatin and bevacizumab. 
The patient then underwent a partial hepatectomy of two liver 
lesions with radio-frequency ablation of the margins with 
pathology concurrent with recurrent metastatic adenocarci 
noma (Surgery). Subsequent CT scans have revealed no evi 
dence of disease recurrence to date. 
0139 Patient 6 originally presented with a T3N1M1 colon 
adenocarcinoma, and at the time of study entry underwent a 
right hepatectomy and right lower lobe lung wedge resection 
(Surgery). Follow-up CT scans revealed no evidence of dis 
ease and the patient was started on chemotherapy. Eight 
months later, repeat imaging then revealed a new liver 
metastasis. The patient then switched to irinotecan, 5-fluo 
rouracil and bevacizumab (Chemotherapy 1), but despite four 
months of therapy still had persistent disease on follow-up CT 
scans. They were Subsequently started on 5-fluorouracil, leu 
covorin, oxaliplatin and bevacizumab (Chemotherapy 2) 
0140 Patient 7 has a prior history of a resected T3N2M1 
rectosigmoid adenocarcinoma. At the time of study entry, the 
patient underwent Surgical excision of two recurrent liver 
lesions, and an additional 4 liver lesions were treated with 
radiofrequency ablation (Surgery). Post-operative imaging 
revealed no evidence of disease, however, imaging three 
months later revealed new liver disease and new lung 
metastases. The patient was started on irinotecan, cetuximab, 
and bevacizumab (Chemotherapy). Despite chemotherapy, 
on follow-up imaging the patient was noted to have persistent 
and progressing disease. 
0141 Patient 9 originally presented with a T3N1 MO colon 
adenocarcinoma followed by adjuvant 5-fluorouracil and leu 
covorin. At the time of study entry, a solitary liver lesion was 
noted, and the patient underwent a right hepatectomy, with 
pathology revealing recurrent adenocarcinoma (Surgery). 
The patient was given post-operative 5-fluorouracil, oxalipl 
atin and bevacizumab (Chemotherapy) and follow up imag 
ing has revealed no evidence of disease recurrence, with 
evidence of a fully regenerated liver. 
0142 Patient 10 was originally diagnosed with metastatic 
colorectal adenocarcinoma to the liver and was treated with 
5-fluorouracil, oxaliplatin and bevacizumab for four months 
(Chemotherapy). A right hepatectomy and right hemicolec 
tomy was performed (Surgery 1). The liver resection was 
margin positive. Post-operative imaging revealed no evidence 
of disease. Repeat imaging performed three months later 
revealed 3 new left liver lesions and the patient subsequently 
underwent a left liver hepatectomy with radio-frequency 
ablation to the margins (Surgery 2). Post-operative imaging 
revealed no evidence of disease. At two months follow-up she 
was found to have boney metastases with a T7 compression 
fracture for which she underwent external beam radiation. 
0143 Patient 12 was initially diagnosed with metastatic 
colon adenocarcinoma. At the time of study entry, the patient 
underwent a repeat partial hepatectomy with radio-frequency 
ablation (Surgery) after achieving some stabilization of dis 
ease with 5-fluorouracil, leucovorin, and oxaliplatin (Chemo 
therapy). Post-operative scans revealed no evidence of dis 
ease in the liver. However, CT scan of the chest revealed 
numerous new pulmonary lesions and a follow up PET 

Feb. 18, 2010 

showed new liver lesions as well. The patient was then 
referred for a Phase I clinical study. 
0144 Patient 13 had a history of metastatic colon cancer 
resected from the sigmoid colon, liver and Xiphoid process. 
Approximately 14 months after their original diagnosis, a CT 
scan revealed a 1 cm lesion in the liver, and a follow-up PET 
scan showed two adjacent foci of disease near the left hepatic 
lobe. A CT scans performed three months later showed 
increase in size of the hepatic lesions and a new peritoneal 
implant. They then underwent resection of the recurrent dis 
ease with partial hepatectomy, partial gastrectomy, and par 
tial omentectomy (Surgery). Follow-up CT scans performed 
1-year following Surgery showed hepatic and omental recur 
CCS. 

(0145 Patient 14 was found to have colon adenocarcinoma 
on screening colonoscopy with CT scans showing no evi 
dence of distant metastases. They underwent a sigmoid collec 
tomy (Surgery) and pathology revealed a T3NOMOtumor. No 
adjuvant chemotherapy was given and they were followed 
with serial CT scans. The last CT scan showed no evidence of 
disease. 
0146 Patient 15 had a history of a completely resected 
T3N1MX cecal mass and resected umbilical recurrence. 
Three years after the resection of the primary tumor, a CT 
scan of the abdomen then revealed a solitary liver metastasis. 
The patient underwent a right liver hepatectomy (Surgery). A 
follow-up CT scans one month later showed no evidence of 
disease, but the patient died of disease approximately one 
year later from recurrent metastatic disease. 
0147 Patient 16 had a rectosigmoid mass on CT after 
being worked up for bright red blood per rectum, and under 
went a sigmoid collectomy (Surgery). She was started on 
5-fluorouracil, leucovorin and Oxaliplatin, which she contin 
ued for the next five months (Chemotherapy). Follow-up CT 
scans following completion of therapy has shown no evidence 
of disease recurrence. 
0148 Patient 17 is a patient with a history of resected 
colorectal cancer that was found by PET CT to have an 
isolated liver metastasis in the right lobe. They underwent a 
right hepatectomy (Surgery) and received post-operative che 
motherapy with 5-fluorouracil, leucovorin, oxaliplatin and 
avastin (Chemotherapy). She was found to have a recurrence 
7 months after Surgery. 
0149 Patient 18 was found to have a T3N1 Mx adenocar 
cinoma after undergoing a low anterior resection for a rectal 
mass. Three years later the patient was noted to have a left 
hepatic lobe lesion discovered on CT scan imaging. The 
patient underwent a laparoscopic liver resection (Surgery). 
He received no additional chemotherapy and is currently 
disease-free. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 383 

SEO ID NO 1 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: primers and/or probes 

<4 OOs SEQUENCE: 1 

toccg.cgaaa ttaatacgac 

SEO ID NO 2 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: primers and/or probes 

<4 OOs SEQUENCE: 2 

gctggagct C tagcta 

SEO ID NO 3 
LENGTH: 17 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: primers and/or probes 

<4 OOs SEQUENCE: 3 

gtaaaacgac ggc.cagt 

<21 Os SEQ ID NO 4 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

16 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 4 

agggacatgg atgaaattgg 2O 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 5 

tgagaatatg cggtgtttgg 2O 

<210s, SEQ ID NO 6 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 6 

tggcacatat acaccatgga a 21 

<210 SEQ ID NO 7 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 7 

tgagaatgat gigttitccaat titc 23 

<210s, SEQ ID NO 8 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 8 

acttggaacc aacccaaatg 2O 

<210s, SEQ ID NO 9 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 9 

t catccatgt ccctacaaag g 21 

<210s, SEQ ID NO 10 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 10 
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- Continued 

gctggagctic ticagotiatg gagagagaac gcggaattgg t 41 

<210s, SEQ ID NO 11 
&211s LENGTH: 44 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 11 

t ccc.gc.gaaa ttaatacgac Ctgcagtggt ggagatctgc aaac 44 

<210s, SEQ ID NO 12 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 12 

t ccc.gcgaaa ttaatacgac gaagcagatt ctdctaatac cct gcaa. 47 

<210s, SEQ ID NO 13 
&211s LENGTH: 42 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 13 

gctggagctic ticagotiatg acactgctgg aactt.cgctic ac 42 

<210s, SEQ ID NO 14 
&211s LENGTH: 33 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 14 

aaaagaaaag attggalacta ggt cagotga aga 33 

<210s, SEQ ID NO 15 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 15 

CCCtgcagtic totggattt ggtt 24 

<210s, SEQ ID NO 16 
&211s LENGTH: 53 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 16 

t ccc.gc.gaaa ttaatacgac aaaagaaaag attggaacta ggt cagctga aga 53 
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- Continued 

<210s, SEQ ID NO 17 
&211s LENGTH: 42 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 17 

gctggagctic ticagot acc Ctgcagtctg. Ctggatttgg tt 42 

<210s, SEQ ID NO 18 
&211s LENGTH: 42 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 18 

gctggagctic ticagotiatg gtgct Cagac acccaaaagt cc 42 

<210s, SEQ ID NO 19 
&211s LENGTH: 52 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 19 

t ccc.gc.gaaa ttaatacgac Ctgacagaag tacatctgct aaa catgagt gg 52 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 46 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 2O 

t ccc.gcgaaa ttaatacgac caggagaccc cact catgtt tag cag 46 

<210s, SEQ ID NO 21 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 21 

gctggagctic tdcagotaca cittaccattc. cactgcatgg ttcac 45 

<210s, SEQ ID NO 22 
&211s LENGTH: 39 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 22 

gctggagctic ticagotagt t cattgcca gct cogttc 39 

<210s, SEQ ID NO 23 
&211s LENGTH: 43 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 23 

t ccc.gc.gaaa ttaatacgac ggcatggittt gtcCagggct atc 43 

<210s, SEQ ID NO 24 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 24 

gctggagctic ticagotiatg gtaagtggca ttataag.ccc cagtg 45 

<210s, SEQ ID NO 25 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 25 

t ccc.gc.gaaa ttaatacgac gaggtggtgg aggtgttitta Cttctgc 47 

<210 SEQ ID NO 26 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 26 

gctggagctic ticagotaga caaac catgc Caccalag 37 

<210s, SEQ ID NO 27 
&211s LENGTH: 44 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 27 

t ccc.gcgaaa ttaatacgac agcagtaggit gctittattitt tagg 44 

<210s, SEQ ID NO 28 
&211s LENGTH: 42 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 28 

gctggagctic tdcagotaca cct cotcaaa cagct caaac ca 42 

<210s, SEQ ID NO 29 
&211s LENGTH: 46 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 29 
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- Continued 

t ccc.gcgaaa ttaatacgac togaactgcag catttactgc agcttg 46 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 30 

atgctgcagt tdagagggtc. cag 23 

<210s, SEQ ID NO 31 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 31 

t cagagcact Caggctggat gaac 24 

<210s, SEQ ID NO 32 
&211s LENGTH: 43 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 32 

gctggagctic ticagotagc agttcagagg gtcCaggttc titc 43 

<210s, SEQ ID NO 33 
&211s LENGTH: 44 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 33 

t ccc.gc.gaaa ttaatacgac tdagagcact caggctggat gaac 44 

<210s, SEQ ID NO 34 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 34 

gctggagctic ticagotagc agcct aaaga atcaaatgaa a 41 

<210s, SEQ ID NO 35 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 35 

t ccc.gcgaaa ttaatacgac atcatcatct gaatcatcta atagg to 47 
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<210s, SEQ ID NO 36 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 36 

gctggagctic ticagotiatg actgaatata aacttgttggit agttg 45 

<210s, SEQ ID NO 37 
&211s LENGTH: 43 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 37 

t ccc.gcgaaa ttaatacgac catatt cqtc. cacaaaatga titc 43 

<210s, SEQ ID NO 38 
&211s LENGTH: 30 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 38 

gctcaaag.ca atttctacac gagat cotct 3 O 

<210s, SEQ ID NO 39 
&211s LENGTH: 33 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 39 

cagagaat ct c cattttago acttacctgt gac 33 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 50 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 4 O 

t ccc.gcgaaa ttaatacgac gotcaaag.ca atttctacac gagat cotct SO 

<210s, SEQ ID NO 41 
&211s LENGTH: 53 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 41 

gctggagctic tdcagotaca ttittagcact tacctgttgac to catagaaa atc 53 

<210s, SEQ ID NO 42 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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<223> OTHER INFORMATION: primers and/or probes 

gctggagctic ticago tatt gatgacattg catacatt.cg 

t ccc.gcgaaa ttaatacgac act coaaag.c ct cittgctica 

FEATURE: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 4 O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

SEQ ID NO 
LENGTH: 51 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

42 

43 

43 

44 

44 

23 

- Continued 

t ccc.gc.gaaa ttaatacgac Cttagataaa actgagcaag aggctttgga g 

SEQ ID NO 
LENGTH: 45 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

45 

45 

gctggagctic ticagotagg aagat coaat C catttttgt tdt CC 

SEQ ID NO 
LENGTH: 46 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

46 

46 

t ccc.gcgaaa ttaatacgac totacaagca gtcacagcac atgacg 

gctggagctic ticagotagc tigct caccat cqctatctga gC 

SEQ ID NO 
LENGTH: 42 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

SEQ ID NO 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 

47 

47 

48 

48 

4 O 

4 O 

51 

45 

46 

42 

Feb. 18, 2010 
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gggcctgtgt tat ct c ctag gttgg 25 

<210s, SEQ ID NO 49 
&211s LENGTH: 26 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 49 

agtictt coag ttgatgatg gtgagg 26 

<210s, SEQ ID NO 50 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 50 

t ccc.gc.gaaa ttaatacgac gggcctgtgt tat ct cotag gttgg 45 

<210s, SEQ ID NO 51 
&211s LENGTH: 44 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 51 

gctggagctic ticagotaag tict tccagtg tatgatggit gagg 44 

<210s, SEQ ID NO 52 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 52 

gctggagctic ticagotiatg gtaatctact gggacggaac agctt 45 

<210s, SEQ ID NO 53 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 53 

t ccc.gcgaaa ttaatacgac ctittcttgcg gagattct ct tcc totg 47 

<210s, SEQ ID NO 54 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 54 

t ccc.gcgaaa ttaatacgac 2O 
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<210s, SEQ ID NO 55 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 55 

gctggagctic ticagota 18 

<210s, SEQ ID NO 56 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 56 

agcaac agaa aatcCagga 19 

<210s, SEQ ID NO 57 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 57 

Cttcaaag.cg aggtttg 17 

<210s, SEQ ID NO 58 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 58 

Cttcaaagtg aggtttg 17 

<210s, SEQ ID NO 59 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 59 

citt.cgct cac aggat.cttic 19 

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

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 60 

atcttittctt ttwitttctg 19 

<210s, SEQ ID NO 61 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 61 

titccaatctt ttwitttctg 19 

<210s, SEQ ID NO 62 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 62 

citt.cgct cac aggat.cttic 19 

<210s, SEQ ID NO 63 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 63 

acct agttcc aatctitt 17 

<210 SEQ ID NO 64 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 64 

gacctagttcaat ctitt 17 

<210s, SEQ ID NO 65 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 65 

Cagt ctgctg gatttggitt 19 

<210s, SEQ ID NO 66 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 66 

tggaactt.cg ct cacag 17 

<210s, SEQ ID NO 67 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 67 
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tggaact tag ct cacag 17 

<210s, SEQ ID NO 68 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 68 

Cagt ctgctg gatttggitt 19 

<210s, SEQ ID NO 69 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 69 

ggtgctgtga cactgc 16 

<210s, SEQ ID NO 70 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 7 O 

agggtgctac actgct 16 

<210s, SEQ ID NO 71 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 71 

Cagt ctgctg gatttggitt 19 

<210s, SEQ ID NO 72 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 72 

ggtgctgtga cactgc 16 

<210s, SEQ ID NO 73 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 73 

ggtgctgtca cactgc 16 
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<210s, SEQ ID NO 74 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 74 

gct cagacac ccaaaagtic 19 

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

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 75 

gaac actatgttcaggag 18 

<210s, SEQ ID NO 76 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 76 

gaac actt at gttcagga 18 

<210s, SEQ ID NO 77 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 77 

gct cagacac ccaaaagtic 19 

<210s, SEQ ID NO 78 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 78 

Cactatgttc aggagacic 18 

<210s, SEQ ID NO 79 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 79 

cactatgttt aggaga cc 18 

<210s, SEQ ID NO 8O 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 80 

gct cagacac ccaaaagtic 19 

<210s, SEQ ID NO 81 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 81 

tatgttcagg agaccc cac 19 

<210s, SEQ ID NO 82 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 82 

tatgttcagt agaccc cac 19 

<210 SEQ ID NO 83 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 83 

aactgacaga agtacatct 19 

<210s, SEQ ID NO 84 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 84 

acgact ct ca aaactat 17 

<210s, SEQ ID NO 85 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 85 

acgactictaa aaactat 17 

<210s, SEQ ID NO 86 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 86 

NEOGENOMICS EX.1033.076



US 2010/004 1048 A1 Feb. 18, 2010 
30 

- Continued 

aactgacaga agtacatct 19 

<210s, SEQ ID NO 87 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 87 

acgact ct ca aaactat 17 

<210s, SEQ ID NO 88 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 88 

aacgacticaa alactatic 17 

<210s, SEQ ID NO 89 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 89 

aag.ccc.cagt gatct tcca 19 

<210s, SEQ ID NO 90 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 90 

Cagtggaatg gtaagtg 17 

<210s, SEQ ID NO 91 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 91 

tgcagtggat aagtggc 17 

<210s, SEQ ID NO 92 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 92 

aag.ccc.cagt gatct tcca 19 
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<210s, SEQ ID NO 93 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 93 

c cct ggacaa accatg 16 

<210s, SEQ ID NO 94 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 94 

c cct ggataa accatg 16 

<210s, SEQ ID NO 95 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 95 

aag.ccc.cagt gatct tcca 19 

<210s, SEQ ID NO 96 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 96 

Catgccacca agcaga 16 

<210s, SEQ ID NO 97 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 97 

c catgccaca agcaga 16 

<210s, SEQ ID NO 98 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 98 

cagaagtaaa acacct coa 19 

<210s, SEQ ID NO 99 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 99 

aalacca agcg agaagta 17 

<210s, SEQ ID NO 100 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 1.OO 

aalaccalagtg agaagta 17 

<210s, SEQ ID NO 101 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 101 

Cctactgctgaaaagaga.g 19 

<210 SEQ ID NO 102 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 102 

tgaagtacct aaaaataaa 19 

<210s, SEQ ID NO 103 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 103 

tagaagtacc aaaaataaa 19 

<210s, SEQ ID NO 104 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 104 

t cagagggtc. Caggttctt 19 

<210s, SEQ ID NO 105 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 105 
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tactitt atta cattttgc 18 

<210s, SEQ ID NO 106 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 106 

at actittata cattttgc 18 

<210s, SEQ ID NO 107 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 107 

t cagagggtc. Caggttctt 19 

<210s, SEQ ID NO 108 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 108 

actitt attac attittgc 17 

<210s, SEQ ID NO 109 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 109 

tactittatt c attittgc 17 

<210s, SEQ ID NO 110 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 110 

t cagagggtc. Caggttctt 19 

<210s, SEQ ID NO 111 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 111 

ccagatggat titt cittg 17 
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<210s, SEQ ID NO 112 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 112 

tccagatggt titt cittg 17 

<210s, SEQ ID NO 113 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 113 

aaatgaaaac Caagagaaa 19 

<210s, SEQ ID NO 114 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 114 

agaggcagaa aaaact a 17 

<210s, SEQ ID NO 115 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 115 

agaggcagaa aaaaact 17 

<210s, SEQ ID NO 116 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 116 

tgacgataca gctaattica 19 

<210s, SEQ ID NO 117 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 117 

ggagctggtg gC9ta 15 

<210s, SEQ ID NO 118 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 118 

ggagctgatg gC9ta 15 

<210s, SEQ ID NO 119 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 119 

tgacgataca gctaattica 19 

<210s, SEQ ID NO 120 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 120 

ggagctggtg gC9ta 15 

<210 SEQ ID NO 121 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 121 

ggagctgctg gC9ta 15 

<210s, SEQ ID NO 122 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 122 

tgacgataca gctaattica 19 

<210s, SEQ ID NO 123 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 123 

ggagctggtg gC9ta 15 

<210s, SEQ ID NO 124 
&211s LENGTH: 15 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 124 
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ggagctgttg gcgta 15 

<210s, SEQ ID NO 125 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 125 

tgacgataca gctaattica 19 

<210s, SEQ ID NO 126 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 126 

tgctggtggc gtaggc 16 

<210s, SEQ ID NO 127 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 127 

tgctggtgac gtaggc 16 

<210s, SEQ ID NO 128 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 128 

acctgttgact c catagaaa 19 

<210s, SEQ ID NO 129 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 129 

agtgattt ca gagaga.g 17 

<210s, SEQ ID NO 130 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 130 

agtgattitta gagaga.g 17 
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<210s, SEQ ID NO 131 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 131 

acctgttgact c catagaaa 19 

<210s, SEQ ID NO 132 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 132 

ctitt ct cotg ct cagtga 18 

<210s, SEQ ID NO 133 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 133 

ctitt ct cott ct cagtga 18 

<210s, SEQ ID NO 134 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 134 

cittittgatga cattgcata 19 

<210s, SEQ ID NO 135 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 135 

cgaaag accc tagcctt 17 

<210s, SEQ ID NO 136 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 136 

cgaaag actic tagcctt 17 

<210s, SEQ ID NO 137 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 137 

c caatic catt tttgttgtc 19 

<210s, SEQ ID NO 138 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 138 

caccatgatg togcatca 17 

<210s, SEQ ID NO 139 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 139 

caccatgacg togcatca 17 

<210 SEQ ID NO 140 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 140 

gctatotgag cagcgctica 19 

<210s, SEQ ID NO 141 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 141 

aggggcagcg cct cac 16 

<210s, SEQ ID NO 142 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 142 

aggggcagtg cct cac 16 

<210s, SEQ ID NO 143 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 143 

NEOGENOMICS EX.1033.085



US 2010/004 1048 A1 Feb. 18, 2010 
39 

- Continued 

acacatgtag ttgtag tig 19 

<210s, SEQ ID NO 144 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 144 

tt catgcc.gc ccatgc 16 

<210s, SEQ ID NO 145 
&211s LENGTH: 16 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 145 

tt catgctgc ccatgc 16 

<210s, SEQ ID NO 146 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 146 

acacatgtag ttgtag tig 19 

<210s, SEQ ID NO 147 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 147 

tggcct Cogg tt catgc 17 

<210s, SEQ ID NO 148 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 148 

tggcct coag tt catgc 17 

<210s, SEQ ID NO 149 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 149 

Cctgggagag accggcgca 19 
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<210s, SEQ ID NO 150 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 150 

tgaggtgcgt gtttgttg 17 

<210s, SEQ ID NO 151 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 151 

tgaggtgttgt gtttgttg 17 

<210s, SEQ ID NO 152 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 152 

Cctgggagag accggcgca 19 

<210s, SEQ ID NO 153 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 153 

tgaggtgcgt gtttgttg 17 

<210s, SEQ ID NO 154 
&211s LENGTH: 17 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 154 

tgaggtgcat gtttgttg 17 

<210s, SEQ ID NO 155 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 155 

c cct gcaaat agcagaaata aaa 23 

<210s, SEQ ID NO 156 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 156 

c caatatgtt tttcaagatg tagttca 

SEO ID NO 157 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 157 

aagtggtcag cct caaaagg 

SEO ID NO 158 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 158 

gacaaagcag taaaaccgala Ca 

SEQ ID NO 159 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 159 

tgagcaaaga caatcaagga a 

SEQ ID NO 160 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 16 O 

tcggaaaatt Caaataggac a 

t ccc.gc.gaaa ttaatacgac totggattt ggttctaggg ttggalactag gtcagctgaa 

ga 

SEQ ID NO 161 
LENGTH: 62 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 161 

SEQ ID NO 162 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

41 

- Continued 

27 

22 

21 

21 

6 O 

62 
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<4 OOs, SEQUENCE: 162 

cCaaaagtgg totcagaca 

<210s, SEQ ID NO 163 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 163 

c cctagaacc aaatccagca 

<210s, SEQ ID NO 164 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 164 

c cct gcaaat agcagaaata aaa 

<210s, SEQ ID NO 165 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 165 

tccaatatgt ttittcaagat gtagttc 

<210s, SEQ ID NO 166 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 166 

aagc.cagt ct ttgttgtcaag aa 

<210s, SEQ ID NO 167 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 167 

gtcaat accc agc.cgaccta 

<210s, SEQ ID NO 168 
&211s LENGTH: 66 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 168 

t ccc.gcgaaa ttaatacgac caaaactato aagtgaactg acagaagctic agacacc caa 

23 

27 

22 

6 O 
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aagtico 66 

<210s, SEQ ID NO 169 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 169 

c catgcagtg gaatggtaag 2O 

<210s, SEQ ID NO 170 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 170 

caggag accc cact catgtt 2O 

<210s, SEQ ID NO 171 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 171 

agaatcagcc aggcacaaag 2O 

<210s, SEQ ID NO 172 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 172 

tgaagat.cct gtgagcgaag 2O 

<210s, SEQ ID NO 173 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 173 

tgccacagat atticcitt cat c 21 

<210s, SEQ ID NO 174 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 174 

gggcaagacic caaacacata 2O 
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<210s, SEQ ID NO 175 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 175 

t ccc.gc.gaaa ttaatacgac agctgtttga ggaggtggtg Ctt Coagata gcc ctggaca 

<210s, SEQ ID NO 176 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 176 

gccCtggaca aac catgc 

<210s, SEQ ID NO 177 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 177 

tittgagagtic gttcgattgc 

<210s, SEQ ID NO 178 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 178 

cCaaaagtgg totcagaca 

<210s, SEQ ID NO 179 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 179 

titccagcagt gtcacagdac 

<210s, SEQ ID NO 18O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 18O 

aagagttcat Ctggacaaag Ca 

<210s, SEQ ID NO 181 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

6 O 

18 

22 
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FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 181 

tgagcaaaga caatcaagga a 

t ccc.gcgaaa ttaatacgac agcagtaggit gctittattitt tagggacaaa ccatgccacc 

aag 

SEQ ID NO 182 
LENGTH: 63 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primer and/or probe 

SEQUENCE: 182 

SEQ ID NO 183 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 183 

t ccc.gcgaaa ttaatacgac 

SEQ ID NO 184 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 184 

tgaa.gcaagg caaatcagag t 

SEO ID NO 185 
LENGTH: 37 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 185 

gtaaaacgac ggc.cagt caa atcagagttg catgga 

SEQ ID NO 186 
LENGTH: 31 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

SEQUENCE: 186 

acataactaa ttaggtttct tdttittattt t 

SEO ID NO 187 
LENGTH: 48 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primers and/or probes 

45 
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<4 OOs, SEQUENCE: 187 

gtaaaacgac ggc.cagtaca taactaatta ggtttcttgt tittattitt 48 

<210s, SEQ ID NO 188 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 188 

ggcaact acc atccagcaac 2O 

<210s, SEQ ID NO 189 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 189 

gtaaaacgac ggc.cagttcc agcaa.ca.gala aatcCag 37 

<210s, SEQ ID NO 190 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 190 

tgtttct c catacaggtoac g 21 

<210s, SEQ ID NO 191 
&211s LENGTH: 34 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 191 

gtaaaacgac ggc.cagtgtc. acggggagcc aatg 34 

<210s, SEQ ID NO 192 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 192 

tccaatatgt ttittcaagat gtagttc 27 

<210s, SEQ ID NO 193 
&211s LENGTH: 44 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 193 

gtaaaacgac ggc.cagttcc aatatgttitt toaagatgta gttc 44 
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<210s, SEQ ID NO 194 
&211s LENGTH: 28 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 194 

Ctgaagatga aataggatgt aat cagac 28 

<210s, SEQ ID NO 195 
&211s LENGTH: 48 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 195 

t ccc.gc.gaaa ttaatacgac Ctgaagatga aataggatgt aat Cagac 48 

<210s, SEQ ID NO 196 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 196 

cagattctgc taataccctg caa 23 

<210s, SEQ ID NO 197 
&211s LENGTH: 43 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OO > SEQUENCE: 197 

t ccc.gcgaaa ttaatacgac cagattctgc taataccctg caa 43 

<210s, SEQ ID NO 198 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 198 

ttggaactag gtcagctgaa ga 22 

<210s, SEQ ID NO 199 
&211s LENGTH: 42 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 199 

t ccc.gc.gaaa ttaatacgac ttggalactag gtcagct Saa ga 42 

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

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

<223> OTHER INFORMATION: primer and/or probe 

<4 OOs, SEQUENCE: 2OO 

gatcCtgtga gcgaagttcC 2O 

<210s, SEQ ID NO 2 O1 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 2O1 

gtaaaacgac ggc.cagtagc gaagttcCag cagtgtc. 37 

<210s, SEQ ID NO 202 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 2O2 

Cagcagactg. Cagggttcta g 21 

<210s, SEQ ID NO 203 
&211s LENGTH: 38 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 2O3 

gtaaaacgac ggc.cagticag Cagactgcag ggttctag 38 

<210s, SEQ ID NO 204 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 204 

tott caggag cqaaatct co 2O 

<210s, SEQ ID NO 205 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 205 

t ccc.gcgaaa ttaatacgac tott caggag cqaaatctoc 4 O 

<210s, SEQ ID NO 206 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 
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<4 OOs, SEQUENCE: 2O6 

cCaaaagtgg totcagaca 

<210s, SEQ ID NO 2 O7 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 2O7 

gtaaaacgac ggc.cagtgct Cagacaccca aaagt cc 

<210s, SEQ ID NO 208 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 208 

gacc cc actic atgtttagca g 

<210s, SEQ ID NO 209 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 209 

t ccc.gcgaaa ttaatacgac gaccc cactic atgtttagca g 

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

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 210 

agtcgttctga ttgc.ca.gctic 

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

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 211 

gtaaaacgac ggc.cagtcga ttgc.cagotc. c9ttic 

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

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 212 

c catgcagtg gaatggtaag 
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<210s, SEQ ID NO 213 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 213 

gtaaaacgac ggc.cagttgg cattataagc cccagtg 37 

<210s, SEQ ID NO 214 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 214 

gccCtggaca aac catgc 18 

<210s, SEQ ID NO 215 
&211s LENGTH: 36 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 215 

gtaaaacgac ggc.cagtgac aaaccatgcc accaag 36 

<210s, SEQ ID NO 216 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 216 

cacctic ct ca aacagotcaa 2O 

<210s, SEQ ID NO 217 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 217 

gtaaaacgac ggc.cagttcc ticaaacagct caaacca 37 

<210s, SEQ ID NO 218 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 218 

gcagtaaatg Ctgcagttca gag 23 

<210s, SEQ ID NO 219 
&211s LENGTH: 37 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 219 

gtaaaacgac ggc.cagticag titcagagggit C caggtt 37 

<210s, SEQ ID NO 220 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 220 

gcctaaagaa toaaatgaaa acc 23 

<210s, SEQ ID NO 221 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 221 

gtaaaacgac ggc.cagt caa atgaaaacca agagaaagag g 41 

<210s, SEQ ID NO 222 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 222 

gcaatttcta cacgagat co tot 23 

<210s, SEQ ID NO 223 
&211s LENGTH: 43 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 223 

t ccc.gcgaaa ttaatacgac goaatttcta cacgagatcc tict 43 

<210s, SEQ ID NO 224 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 224 

Ctgagcaaga ggctttggag 2O 

<210s, SEQ ID NO 225 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 
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<4 OOs, SEQUENCE: 225 

t ccc.gc.gaaa ttaatacgac Ctgagcaaga ggctittggag 4 O 

<210s, SEQ ID NO 226 
&211s LENGTH: 19 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 226 

cgc.catggcc atctacaag 19 

<210s, SEQ ID NO 227 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 227 

t ccc.gcgaaa ttaatacgac toggc.catcta caa.gcagtica 4 O 

<210s, SEQ ID NO 228 
&211s LENGTH: 18 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 228 

taggtotggc ccct cotc 18 

<210s, SEQ ID NO 229 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 229 

gtaaaacgac ggc.cagtgcc cct cotcago atctitat 37 

<210s, SEQ ID NO 230 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 23 O 

aggttggctic tactgtacca 21 

<210s, SEQ ID NO 231 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 231 

t ccc.gcgaaa ttaatacgac aggttggctic tact gtacca 41 
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<210s, SEQ ID NO 232 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 232 

atct actggg acggalacagc 2O 

<210s, SEQ ID NO 233 
&211s LENGTH: 37 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 233 

gtaaaacgac ggc.cagtatic tactgggacg galacagc 37 

<210s, SEQ ID NO 234 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 234 

tittattataa gogoctdctga aaatg 25 

<210s, SEQ ID NO 235 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 235 

t ccc.gcgaaa ttaatacgac titt attataa gcc ct gctga aaatg 45 

<210s, SEQ ID NO 236 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primer and/or probe 

<4 OOs, SEQUENCE: 236 

tcqctgttitt at cact taga aacaa 25 

<210s, SEQ ID NO 237 
&211s LENGTH: 45 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: primers and/or probes 

<4 OOs, SEQUENCE: 237 

t ccc.gcgaaa ttaatacgac togctgttitt at cacttaga aacaa 45 

<210s, SEQ ID NO 238 
&211s LENGTH: 2O 
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