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DIGITAL AMPLIFICATION

ABSTRACT

The identification of pre-defined mutations expected fo be present in
a minor fraction of a cell population is important for a variety of basic
research and clinical applications. The exponential, analog nature of the
polymerase chain reaction is transformed into a linear, digital signal
suitable for this purpose. Single molecules can be isolated by dilution and
individually amplified; each product is then separately analyzed for the
presence of mutations. The process provides a reliable and quantitative

measure of the proportion of variant sequences within a DNA sample.
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DIGITAL AMPLIFICATION

This application claims the benefit of U.S. Serial No. 60/146,792, filed

August 2, 1999,
The U.S. government retains certain rights in this invention by virtue

of its support of the undexlying research, supported by grants CA 43460, CA

In classical genetics, only mutations of the germ-line were considered
important for wvnderstanding discase. With the realization that somatic

mutations are the primary cavse of cancer (1), and may also play & role in
apging (2,3), new genetic principles have arisen. These discoveries have
provided a wealth of new opportunities for patient management as well as for
basic research into the pathogenesis of neoplasia. However, many of these
opporiunities hinge upon detection of a small number of mutant-containing
cells among a large excess of normal cells. Examples include the detection of
neoplastic cells in wrine (4), stool (5,6), and sputum (7,8) of patients with
cancers of the bladder, colorectum, and lung, respectively. Such defection has
been shown in some ¢ases to be possible at a stage when the primary tumors
are still curable and the patients asymptomatic. Mutant sequences from the
DNA of neoplastic cells have also been found in the blood of cancer patients
(9-11). The detection of residual discase in lymph nodes or surgical margins

1
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may be useful in predicting which patients might benefit most from further
therapy (12-14). From a basic research standpoint, analysis of the early
effects of carcinogens is often dependent on the ability to detect simall
populations of mutant cells (15-17).

Because of the imporiance of this issue in so many settings, many
useful fechniques have been developed for the detection of mutations. DNA
sequencing is the gold standard for the detection of germ line mutations, but
is useful only when the fraction of mutated alleles is greater than ~20%
(18,19). Mutant-specific oligonucleotides can sometimes be used to detect
mutations present in a minor proportion of the cells analyzed, but the signal
to noise ratio distinguishing mutant and wild-type (WT) templates is variable
{20-22), The use of mutant-specific primers or the digestion of polymerase
chain reaction (PCR) products with specific restriction endonucleases are
extremely sensitive methods for detecting such mutations, but it is difficult to
quantitate the fraction of mutant molecules in the starting population with
these techniques (23-28). Other innovative approaches for the detection of
somatic muiations have been reviewed (29-32). A general problem with these
methods is that it is difficult or impossible to independenily confirm the
existence of any mutations that are identified.

Thus there is a need in the art for methods for accurately and
quantitatively detecting genetic sequences in mixed populations of sequences.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide methods for

determining the presence of a selected genetic sequence in a population of
genetic sequences.

It is another object of the present invention to provide molecular
beacon probes useful in the method of the invention.

These and other objects of the invention are achieved by providing a
method for determining the presence of a selected genetic sequence in a
population of genetic sequences. A biological sample comprising nucleic acid
template molecules is diluted to form & set of assay samples. The teroplate

molecules within the assay samples are amplified to form a population of

/77
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.ampliﬁed molecules in the assay samples of the set. The amplified molecules

in the assay samples of the set are then enalyzed to determine a first number
of assay samples which contain the selected genetic sequence and a second
number of assay samples which coniain a reference genetic sequence. The
first mumber is then compared o the second number to ascertain a ratio which
reflects the composition of the biological sample.

Another embodiment of the invention is a method for determining the
ratio of a selected genetic sequence in a population of genetic sequénces.
Template molecules within a set comprising a plurality of assay samples are
amplified to form a population of amplified molecules in each of the assay
samples of the set. The amplified molecules in the assay samples of the set
are analyzed to determine a first number of assay samples which contain the
selected genetic sequence and a second number of assay samples which
coniain a reference genetic sequence, The first number is compared to the
second number to ascertain a ratio which reflects the composition of the
biological sample.

According to another embodiment of the invention, a molecular
beacon probe is provided. It comprises an oligonucleotide with a stem-loop
structure having a photoluminescent dye at one of the 5’ or 3' ends and &
quenching agent at the opposite 5' or 3'end. The loop consists of 16 base
pairs and has a T,, of 50-51°C. The stem consists of 4 base pairs having a
sequence 5-CACG-3'.

4 second type of molecular baacon probe is provided in another
embodiment. It comprises an oligonucleotide with a stem-loop structure
having & photoluminescent dye at one of the 5' or 3' ends and a quenching
agent af the opposite 5’ or 3' end. The loop consists of 19-20 base pairs and
has a'T, of 54-56°C. The stem consisis of 4 base pairs having a sequence 5'-
CACG-3.

Ancther embodiment provides the two types of molecular beacon
probes, either mixed together or provided in a divided container as a kit.
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The invention thus provides the art with the mesns to obtain
quantitative assessments of particular DNA or RNA sequences in mixed
populations of sequences using digital (binary) signals.

BRIEF DESCRIPTION OF THE DRAWING:

5 FIG. 1. Schemiic of experimental design. (A) The basic two steps involved:
PCR on diluted PNA samples is followed by addition of fluorescent probes

fluorometry. (B) ciple of molecular beacon analysis. In the stem-loop

BA7 which discrimina{e between WT and mutant alleles and subsequent
a2

configuration, fluoresence from a dye at the 5' end of the oligonucleotide
10 probe is quenched by a Rabeyl group at the 3' end. Upon hybridization to a
template, the dye is sepdgated from the quencher, resulting in increased
fluorescence. Modified Marras ef al. . (C) Oligonucleotide design.
Primers F1 and R1 are used to }mplify the genomic region of interest. Primer
INT is used to produce single sttgnded DNA. from the original PCR products
15 during a subsequent asymmetric step (see Materials and Methods).

whether it is WT or mutant at the §ueried codons. MB-GREEN is a
Molecular Beacon which preferentially difects the WT PCR product.

Gly12Ser and Gly12Asp, there were apparently two ofsgore alleles of mutant

c-Ki-Ras for every WT allele; hoth these tumors were ancuploid.

FIG. 3. Detecting Dig-PCR products with MB-RED. Specific Fiuorescence
30 /Units of representative wells from an experiment employing colorectal cancer




é:ells with Gly12Asp or Glyl3Asp mutations of the c-Ki-Ras gene. Wells with
values >10,000 are shaded yellow. Polyacrylamide gel electrophoretic
analyses of the PCR products from selected wells are shown, Wells with
flnorescence values <3500 had no PCR product of the correct size while welis
with flucrescence values >10,000 SFU always contained PCR products of 129
bp. Non-specific products generated during the large number of cycles
required for Dig-PCR did not affect the fluorescence analysis. M1 and M2 are
molecular weight markers used to determine the size of fragments indicated

on the left (in base pairs).
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25
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equivalents of BINA from normal cells. Each of these registered positive with
MB-RED and the RED/GREEN ratios were 1.0 +/- 0,1 (mean +/- 1 standard
deviation). The wells cajored yellow contained no template DNA and each
was negative with MB-RED\(i.e., fluorescence <3500 fluorescence units.),
The other 288 wells contained diiyted DNA from the steol sample prepared
by alkaline extraction. (Rubeck et &L, 1998, BioTechniques 25:588-592.)
Those registering as positive with MB-REL) were colored either red or green,
depending on their RED/GREEN ratios, Thage registering negative with
MB-RED were colored white. PCR products froin the indicated wells were

used for automated sequence analysis.
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The method devised by the present inventors involves separately
amplifying small numbers of template molecules so that the resuliant products
have a progortion of the analyte sequence which is detectable by the detection
means chosen. At its limit, single terplate molecules can be amplified so that
the products are completely mutant or completely wild-type (WT). The
homogeneity of these amplification products makes them trivial to distinguish
through existing techniques.

The raethod requires analyzing a large number of amplified products
simply and reliably. Techniques for such assessments were developed, with
the output providing a digital readout of the fraction of mutant alleles in the
analyzed population.

The biological sample is diluted to a point at which a practically usable
number of the diluted samples contain a proportion of the selected genetic
sequence {(analyte) relative to total template molecules such that the analyzing
technique being vsed can detect the analyte. A practically usable number of
diluted samples will depend on cost of the analysis method. Typically it
would be desirable that at least 1/50 of the diluted samples have a detectable
proportion of analyte. Atleast 1/10, 1/5, 3/10, 2/5, 1/2, 315, 7/10, 4/5, or 9/10
of the diluted samples may have a detectable proportion of analyte. The
higher the fraction of samples which will provide useful information, the
more economical mfill be the overall assay. Over-difution will also lead to
a loss of economy, as many samples will be analyzed and provide ne signal,
A particulady preferred degree of dilution is to a point where each of the assay
samples has on average one-half of n template. The dilution can be performed
from more concentrated samples. Aliematively, dilute sonrces of template
nucleic acids con be used. AN of the samples may contain amplifﬁble
template molecules. Desirably each assay sample prior to amplification will
contain less than a hundred or less than ten template molecules.

Digital ampfification can be used to detect mutations present at
relafively low levels in the samples to be analyzed. The limit of detection is
defined by the number of wells that can be analyzed and the intrinsic mutation
rate of the polymerase used for amplification, 384 well PCR plates are

e e
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commercially available and 1536 well plates are on the horizon, theoretically
allowing sensitivities for mutation detection at the ~0.1% level. It is also
possible that Digital Amplification can be performed in microarray format,
potentially increasing the sensitivity by another order of magnitude. This
sensitivity may ultimately be limited by polymerase errors. The effective
error rate in PCR as performed under our conditions was <0.3%, ie, in
control experiments with DNA from normal cells, none of 340 wells
containing PCR products exhibited RED/GREEN ratios >3.0. Any individual
mutation (such as a G- to C- transversion at the second position of cedon 12
of c-Ki-ras) is expected to occur in <1 in 50 polymerase-generated mutants
(there are at least 50 base substitutions within or surrounding codons 12 and
13 that should yield high RED/GREEN ratios). Determining the sequence of
the putative mutants in the positive wells, by direct sequencing as performed
here or by any of the other techniques, provides unequivocal validation of a
prospective mutation: a significant fraction of the mutations found in
individual wells should be identical if the mutation occurred in vivo.
Significance can be established through rigorous statistical analysis, as
positive signals should be distributed according to Poisson probabilities.
Moreover, the error rate in particular Digital Amplification experiments can
be precisely determined through performance of Digital Amplification on
DNA templates from normal cells.

Digital Amplification is as easily applied to RT-PCR products
generated from RNA templates as it is to genomic DNA. For example, the
fraction of alternatively spliced or mutant transcripts from a gene can be easily
determined using photoluminescent probes specific for each of the PCR

. products generated. Similarly, Digital Amplification can be used to quantitate

relative levels of gene expression within an RNA population. For this
amplification, each well would contain primers which are used fo amplify a
reference transcript expressed constitutively as well as primers specific for the
experimental transcript. One photoluminescent probe would then be used to
detect PCR products from the reference transcript and a second
photoluminescent probe used for the test transcript. The number of wells in

7
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which the test transcript is amplified divided by the number of wells in which
the reference transcript is amplified provides a quantitative measore of gene
expression. Another group of examples involves the investigations of allelic
status when two mutations are observed upon sequence enalysis of a standard
DNA sample. To distinguish whether one variant is present in each allele (vs.
both occurring in one allele), cloning of PCR products is generally performed.
The approach described here would simplify the analysis by eliminating the
need for cloning. Qther potential applications of Digital Amplification are
listed in Table 1, When the goal is the quantitation of the proportion of two
relatively common alleles or transcripts rather than the detection of rare
alleles, techniques such as those émploying TaqMan and real time PCR
provide an excellent alternative to use of molecular beacons. Advantages of
real time PCR methods include their simplicity and the ability to analyze
multiple samples simulianeously. However, Digital Amplification may prove
useful for these applications when the expected differences are small, (e.g.,
only ~2-fold, such as occurs with allelic imbalances (55)),

The ultimate utility of Digital Amplification lies in its ability to
convert the intrinsically exponential nature of PCR to a linear one. It should
thereby prove useful for experiments requiring the investigation of individual
alleles, rare variants/mutations, or quantitative analysis of PCR products,

In one preferred embodiment each diluted sample has on average one
half & template molecule. This is the same as ¢ne half of the diluted samples
having one template molecule. This can be empirically determined by
amplification. Bither the analyte (sclected genetic sequence) or the reference
genetic sequence can be used for this determination. If the enalysis methed
being used can detect analyte when present at a level of 20%, then one must
dilute such that a significant number of diluted assay samples contain more
than 20% of analyte. If the analysis method being used requires 100% analyte
to detect, then dilution down fo the single template molecule level will be
frequired.

To achieve a dilution to approximately & single template molecule
level, one can dilute such that between 0.1 and 0.9 of the assay samples. yield
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an amplification product. More preferably the dilution will be to between 0.1
and 0.6, more preferably to between 0.3 and 0.5 of the assay samples yielding
an amplification product.

The digital amaplification method requires analysis of a large number
of samples 10 get meaningful results. Preferably at least ten diluted assay
samples are amplified and analyzed. More preferably at least 15, 20, 25, 30,
40, 50, 75, 100, 500, or 1000 diluted assay samples are amplified and
analyzed. As in any method, the accuracy of the determination will improve

as the number of samples increases, up to a point. Because a large number of

samples must be analyzed, it is desirable to reduce the manipulative steps,

especially sample transfer steps. Thus it is preferred that the steps of
amplifying and analyzing are performed in the same receptacle. This makes
the method an in sity, or “one-pot” method,

The number of different situations in which the digital amplification
method will find application is large. Some of these are listed in Table 1. As
shown in the examples, the methad can be used to find a tumor mutation in a
population of cells which is not purely tumor cells. As described in the
examples, a probe for a particular mutation need not be used, but diminution
in binding to a wild-type probe can be used as an indicator of the presence of
one or more mutations. Chromosomal translocations which are characteristic
of leukemias or lymphomeas can be detected as 2 measure of the efficacy of
therapy. Gene amplifications are characteristic of certain disease states.
These can be measured using digitel amplification. Alteratively spliced
forms of a transcript can be detected and quantitated relative to other forms of
the frenscript using digital amplification on cDNA made from mRNA.
Similarly, using cDNA made from mRNA one can deteemine relative levels
of transcription of two different genes. One can use digital amplification to
distinguish begween a situation where one allele carries two mutations and one
mu¢ation is carried on each of two alleles in an individual. Allelic imbalances
often result from a disease state. Thése can be detecied using digital
amplification.




o
e

h

ok

Page 368 of 1365 -

Biological samples which can be used as the starting material for the
analyses may be from any tissue or body sample from which DNA or mRNA
can be isolated. Preferred sources include stool, blood, and lymph nodes.
Preferably the biological sample is 2 cell-free lysate,

10
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Molecular beacon probes according fo the present invention can utilize
any photoluminescent moiety as a detectable moiety. Typically these are
dyes. Often these are fluorescent dyes. Photoluminescence is any process

in which a material is excited by radiation such as light, is raised fo an

excited electronic or vibronic state, and subsequently re-emits that

excitation encrgy as a photon of light. Such processes include fluorescence,
which denotes emission accompanying descent from an excited state with
paired elecirons (a "singlet" state) or unpaired electrons (a "triplet" state)
to a lower state with the same multiplicity, i.e., a quantum-mechanically
“allowed” transition. Photoluminescence also includes phosphorescence
which denotes emission eccompanying descent from an excited triplet or
singlet staie to a lower staie of different multiplicity, .., a quantum
mechanically "forbidden” transition. Compared to “allowed" transitions,
"forbidden"” transitions are associated with relatively longer excited state
lifetimes.

The quenching of photoluminescence may be analyzed by a variety of
methods which vary primarily in terms of signal transduction. Quenching
may be transduced as changes in the intensity of photoluminescence or as
changes in the ratio of photoluminescence intensities at two different
wavelengths, or as changes in photoluminescence lifetimes, or even as
changes in the polarization (anisotropy) of phofoluminescence. Skilled
practitioners will recognize that instrumentation for the measurement of
these varied photoluminescent responses are Jmown. The particular
ratiometric methods for the analysis of quenching in the instant examples
should not be construed as limiting the invention to any pariicular form of
signal transduction. Ratiometric measurements of photoluminescence
intensity can include the measurement of changes in intensity,
photoluminescence lifetimes, or even polarization (anisotropy).

Although the working examples demonstrate the use of molecular
beacon probes as the means of analysis of the amplified dilution samples,
other techniques can be used as well. These include sequencing, gel
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TagMan™ (dusal-Iabeled fluorogenic) probes (Perkin Elmer Corp JApplied
Biosystems, Foster City, Calif), pyrene-labeled probes, and other

biochemical assays.

The above disclosure generally describes the present invention. A
more complete understanding can be obtained by reference to the following
specific examples which ere provided herein for purposes of illustration
only, and are not intended to limit the scope of the invention,

EXAMPLE 1

Step 1: PCR smplifications. The optimal conditions for PCR described
in this section were determined by varying the parameters described in the
Results. PCR was performed in 7 ul volumes in 96 well polypropylene
PCR plates (Marsh Biomedical Products, Rochester, NY). The
composition of the reactions was: 67 mM Tris, pH 8.8, 16.6 mM NH,SO,,
6.7 mM MgCl,, 10 mM P-mercaptoethanol, 1 mM dATP, 1 mM dCTP, 1
mM dGTP, 1 mM TTP, 6% DMSO, 1 uM primer F1, 1 uM primer R1, 0.05
units/ul Platinum Taq polymerase (Life Technologies, Inc.), and "one-half
genome equivalent” of DNA. To defermine the amount of DNA
corresponding to one-half genome equivalent, DNA samples were serially
diluted and tested via PCR. The amount that yielded amplification
producis in half the wells, usually ~1.5 pg of total DNA, was defined as
"one-half genome equivalent” and used in each well of subsequent Digital
Amplification experiments. Fifty ul light mineral oil (Sigma M-3516) was
added to each well and reactions performed in a HybAid Thermal cycler
at the foilowing temperatires: denaturation at 94° for one min; 60 cycles
of 94° for 15 sec, 55° for 15 sec., 70° for 15 seconds; 70° for five minuies.
Reactions were read immediately or stored at room temperature for up to

36 hours before fluorescence analysis.

13




EXAMPLE2

Step Z: Fluorescence anelysis. 3.5 ul of a solution with the following
composition was added to each well: 67 mM Tris, pH 8.8, 16.6 mM

NH,S0, 6.7 mM MgCl,, 10 mM (-mercaptocthanol, 1 mM dATP, 1 mM

5 dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO, 5 uM primer INT, 1 uM
MB-GREEN, 1 uM MB-RED, 0.1 units/ul Platinum Taq polymerase. The

plates were centrifuged for 20 seconds at 6000 g and fluorescence read at
excitation/emission wavelengths of 485 nm/530 nm for MB-GREEN and

530 nm/590 nm for MB-RED. The fluoréscence in wells without template

10 was typically 10,000 to 20,000 fluorescence "units”, with about 75%
emanating from the fluorometer background and the remainder from the

MB probes. The plates were then placed in a thermal cycler for asymmetric
amplification at the following temperatures: 94° for one minute; 10 - 15

cycles of 94° for 15 sec, 55° for 15 sec., 70° for 15 seconds; 94° for one

15 minute; and 60° for five minutes. The plaies were then {ncubated at room
temperaturé for ten to sixty minutes and fluorescence measured as

described above. Specific fluorescence was defined as the difference in
fluorescence béfore and after the asymmetric amplification. RED/GREEN

ratios were defined as the specific fluorescence of MB-RED divided by

20 that of MB-GREEN, RED/GREEN ratios were normalized to the ratio
exhibited by the positive controls (25 genome equivalents of DNA from

normal cells, as defined above in Example 1). We found that the ability of

MB probes to discriminate between WT and mutant sequences under our

SOTT LG ISBETISh

conditions could not be reliably determined from experiments in which
25 they were tested by hybridization to relatively short complementary single
siranded oligonucleotides, and that actual PCR products had to be used for

validation.

EXAMPLE 3

QOligonucleotid and DNA sequencing. Primer FI:
SO}MP S-CATGTTCTAATATAGTCACATTTICA-3, Primer RI:
G2/ 5 TCTGAATTAGOYGTATCGTCAAGG-3;  Primer  INT:

14
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5'"-TAGCTGTATCGTCAAGGCAC-3"; MB-RED:
3'-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-35
M B - G R E E N

5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3".
Molecular Beacons {33,34) were synthesized by Midland Scientific and
othier oligonucleotides were synthesized by Gene Link (Thornwood, NY).
All were dissolved at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and
kept frozen and in the dark until use. PCR products were purified vsing
QIAquick PCR purification kits (Qiagen). In the relevant experiments
described in the text, 20% of the product from single wells was used for gel
electrophoresis and 40% was used for each sequencing reaction. The
primer used for sequencing WAas
5 .CATTATTITTATTATAAGGCCTGC-3". Sequencing was performed
using fluorescently-labeled ABI Big Dye teyminators and an ABI 377

auntomated sequencer.

EXAMPLE 4

Principies nnderlying experiment. The experiment is outlined in Fig,
1A. First, the DNA is diluted into multiwell plates so that there is, on
average, one template molecule per two wells, and PCR is performed.
Second, the individual wells are analyzed for the presence of PCR products

of mutant and WT sequence using fluorescent probes.

As the PCR products resulting from the amplification of single
template molecules should be homogeneous in sequence, a variety of
standard technigues could be used to assess their presence. Fluorescent
probe-based technologies, which can be performed on the PCR products
“in sits” (i.e., in the same wells) are particularly well-suited for this
application (31, 33-40). We chose o explore the utility of one such
technology, involving Molecular Beacons (MB), for this purpose (33,34).
MB probes are oligonucleotides with stem-loop structures that contain a

15
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fluorescent dye at the 5' end and a quenching agent (Dabcyl) at the 3' end
(Fig. 1B). The degree of quenching via fluorescence-energy resonance
transfer is inversely proportional to the 6" power of the distance between
the Dabeyl group and the fluorescent dye. Afier heating and cooling, MB
probes reform a stem-loop structure which quenches the fluorescent signal
from the dye (41). If a PCR product whose sequence is complementary to
the loop sequence is present during the heating/cooling cycle, hybridization
of the MB to one strand of the PCR product will increase the distance

between the Dabcyl and the dye, resulting in increased fluorescence.

A schematic of the oligonucleotides used for Digital Amplifications
shown in Fig. 1C. Two unmodified oligonucleotides are used as primers
for the PCR reaction. Two MB piobes, each labeled with a different
fluorophore, are used to detect the PCR products. MB-GREEN has a loop
region that is complementary to the portion of the WT PCR product that is
queried for mutations. Mutations within the corresponding sequence of the
PCR product should significantly impede its hybridization to the MB probe
(33,34). MB-RED has a loop region that is complemtentary to a different
portion of the PCR product, one not expected to be mutant. It thus should
produce a signal whenever a well contains a PCR product, whether that
product is WT or mutant in the region quericd by MB-GREEN. Both MB
probes are used together to simultaneously detect the presence of a PCR
product and its mutational status.

Practicel Considerations. Numerous conditions were optimized to
define conditions that could be reproducibly and generally applied. As
outlined in Fig, 1A, the first step involves amplification from single
template molecules. Most protocols for amplification from small numbers
of template molecules use a nesting procedure, wherein a product resulting
from one set of primers is used as template in a second reaction employing
internal primers. As many applications of digital amplification are
expected to require hundreds or thousands of separate amplifications, such

16
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nesting would be inconvenient and could lead to contamination problems.
Hence, conditions were sought that would achieve robust amplification
without nesting. The most imporiant of these conditions involved the vse
of a polymerase that was activated only after heating (44,45) and optimized
concentrations of dNTP's, primers, buffer components, and temperature.
The conditions specified in Examples 1-3 were defined after individually
optimizing each of these components and proved suitable for amplification
of several different human genomic DNA sequences. Though the time
required for PCR was not particularly long (~2.5 hr), the number of cycles
used was high and excessive compared to the number of cycles required
10 amplify the "average" single template molecule. The large cycle number
was necessary because the template in some wells might not begin to be
amplified until several PCR cycles had been completed. The large number
of cycles ensured that every well (not simply the average well) wonld
generate a substantial and roughly equal smount of PCR product if a

template molecule were present within it.

The second step in Fig 1A involves the detection of these PCR
products, It was necessary to considerably modify the standard MB probe
approach in order for it to function efficiently in Digital Amplification
applications. Theoretically, one separate MB probe could be used to
detect each specific mutation that might occur within the queried sequence.
By inclusion of one MB corresponding to WT sequence and another
corresponding to mutant sequence, the nature of the PCR product would be
revealed. Though this strategy could obviously be used effectively in some
situations, it becomes complex when several different mutations are
expected to occur within the same queried sequence. For example, in the
c-Ki-Ras gene example explored here, twelve different base substitutions
resulting in missense mutations could theoretically occur within codons 12
and 13, and at least seven of these are observed in naturally-occurring
humsan cancers, To detect all twelve mutations as well as the WT sequence
with individual Molecular Beacons would require 13 different probes.
Inclusion of such & large number of MB probes would raise the background
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fluorescence and cost of the assay. We therefore atiempted to develop a
single probs that would react with WT sequences betier than any mutant
sequence within the queried sequence. We found that the length of the
loop sequence, its melting temperature, and the length and sequence of the
siem were each important in determining the efficacy of such probes.
Loops ranging from 14 to 26 bases and stems ranging from 4 to 6 bases, as
well as numerous sequence variations of both stems and loops, were tested
during the optimization procedure. For discrimination between WT and
mutant sequences (MB-GREEN probe), we found that a 16 base pair loop,
of melting temperatire (Tm) 50-51°, and a 4 bp stem, of sequence
5’-CACG-3', were optimal. For MB-RED probes, the same stem, with a
19-20 bp Ioop of Tm 54-56°, proved optimal, The differences in the loop
sizes and melting temperatures between MB-GREEN and MB-RED probes
reflected the fact that only the GREEN probe is designed to discriminate
between closely related sequences, with a shorter region of homology

faciliteting such discrimination.

Examples of the ratios obtained in replicate wells containing DNA
templates from colorectal tumor cells with mutations of c-Ki-Ras are
shown in Fig. 2. In this experiment, fifty genome equivalents of DNA
were added to each well prior to amplification. Each of six tested mutants
yielded ratios of RED/GREEN fluorescence that were significantly in
excess of the ratio obtained with DNA. from normal cells (1.5 to 3.4 in the
mutants compared fo 1.0 in normal DNA; p < 0.0001 in each case,
Student's t-Test). The reproducibility of the ratios can be observed in this
figure. Direct DNA sequencing of the PCR products used ft;r fluoreseence
analysis showed that the RED/GREEN ratios were dependent on the
relative fraction of mutant genes within the template population (Fig. 2).
Thus, the DNA from cells containing one mutant ¢-Ki-Ras allele per every
two WT c-Ki-Ras allele yielded a RED/GREEN ratio of 1.5 (Gly12Arg
mutation) while the cells containing three mutant c-Xi-Ras alleles per WT
allele exhibited a ratio of 3.4 (Gly12Asp). These data suggested that wells
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containing only mutant alleles (no WT) would yield ratios in excess of 3.0,
with the exact value dependent on the specific mufation.

Though this mode is the most convenient for many applications, we
found it useful to add the MB probes after the PCR-amplification was
complete (Fig. 1). This allowed us to use a standard multiwell plate
fluorometer to sequentially analyze a large number of multiwell plates
containing pre-formed PCR products and bypassed the requirement for
multiple real time PCR instruments. Additionally, we found that the
fluorescent signals obtained could be considerably enhanced if several
cycles of asymmetric, linear amplification were performed in the presence
of the MB probes. Asymmetric amplification was achieved by incloding
an excess of a single internal primer (primer INT in Fig. 1C) at the time of
addition of the MB probes,

EXAMPLE S

Amalysis of DNA from tumor cells. The principles and practical
considerations described above were illlusirated with DNA from two
colorectal cancer cell lines, one with a mutation in c-Ki-Ras codon 12 and
the other in codon 13. Represeniative examples of the MB-RED
fluorescence values obtained are shown in Fig. 3. There was a clear
biphasic distribution, with “positive” wells yielding values in excess of
10,000 specific fluorescence units (SFU, as defined in Materials and
Methods) and "negative” wells yielding values less than 3500 SFU. Gel
electrophoreses of 127 such wells demonstrated that all positive wells, but
no negative wells, contained PCR products of the expected size (Fig. 3).
The RED/GREEN fluorescence ratios of the positive wells are shown in
Fig. 4. Again, a biphasic distribution was observed. In the experiment
with the tumor containing a Gly12Asp mutstion, 64% of the positive wells
exhibited RED/GREEN ratios in excess of 3.0 while the other 36% of the
positive wells exhibited ratios ranging from 0.8 to 1.1. In the case of the
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tumor with the Gly13Asp mutation, 54% of the positive wells exhibited
RED/GREEN ratios >3.0 while the other positive wells yielded ratios
ranging from 0.9 to 1.1. The PCR products from 16 positive wells were
used as sequencing templates (Fig. 4). All the wells yielding a ratio in
excess of 3.0 were found to contain mutant c-Ki-Ras fragments of the
expected sequence, while WT sequence was found in the other PCR
products.  The presence of homogeneous WT or mutant sequence
confirmed that the amplification products were usually derived from single
template molecules. The ratios of WT to mutant PCR products determined
from the Digital Ampliﬁcaﬁonfassay was also consistent with the fraction
of mutant alleles inferred from direct sequence analysis of genomic DNA
from the two tumor lines (Fig. 2).

Digital Analysis of DNA from stool. As a more practical example, we
analyzed the DNA from stool specimens of colorectal cancer patients. A
representative result of such an experiment is illustrated in Fig. 5. From
previous analyses of stool specimens from patients whose tumors contained
¢-Ki-Ras gene mutations, we expecied that 1% to 10% of the c-Ki-Ras
genes purified from stool would be mutant. We therefore set up a 384 well
Digital Amplificatio xperimént. As positive controls, 48 of the wells
cor{tained 25 genome equivalents of DNA (defined in Materials and
Methods) from normal célls. Another 48 wells served as negative controls
(no DNA template added). The other 288 wells contained an appropriate
dilution of stool DNA. MB-RED fluorescence indicated that 102 of these
288 experimental wells contained PCR products (mean +/- s.d. of 47,000
+/- 18,000 SFU) while the other 186 wells did not (2600 +/- 1500 SFU).

The RED/GREEN ratios of the 102 positive wells supgested that five
contained mutant c-Ki-Ras genes, with ratios ranging from 2.1 to 5.1. The
other 97 wells exhibited ratios ranging from 0.7 to 1.2, identical to those
observed in the positive control wells. To determine the nature of the
mutant ¢-Ki-Ras genes in the five positive wells from stool, the PCR
products were directly sequenced. The four wells exhibiting RED/GREEN
ratios in excess of 3.0 were completely composed of mutant c-Ki-Ras
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sequence (Fig. 5). The sequence of three of these PCR products revealed
Gly12Ala mutations (GGT to GCT at codon 12), while the sequence of the
fourth indicated a silent C to T transition at the third position of codon 13,
‘This transition presumably resulted from a PCR error during the first
productive cycle of amplification from a WT template. The well with a
ratio of 2.1 coniained a ~1:1 mix of WT and Gly12Ala mutant sequences,
Thus 3.9% (4/102) of the c-Ki-Ras alleles present in this stool sample
contained a Glyl2Ala mutation. The mutant alleles in the stool
presumably arose from the colorectal cancer of the patient, as direct
sequencing of PCR products generated from DNA of the cancer revealed
the identical Gly 12A!a mutation (not shown).
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CLATMS

. A method for determining the ratio of a selected genetic
séquence in a population of genetic sequences, comprising the steps of:

diluting nucleic acid template molecules in a biological sample to form
5 a set comprising a plerality of assay samples;
amplifying the template molecules within the assay samples to form

a population of amplified molecules in the assay samples of the set;

analyzing the amplified molecules in the assay samples of the set to

determine a first number of assay samples which contain the selected

10 genetic sequence and a second number of assay samples which contain a
e reference genetic sequence;
;‘g comparing the first number to the second number o ascertain a ratio
!L*:; which reflects the composition of the biological sample.
ﬁj 2. The method of claim 1 wherein the step of diluting is
AL 15 performed until at least one-tenth of the assay samples in the set comprise
(1]
) a number (N) of molecules such that 1/N is larger than the ratio of selected
; arg
l:g genetic sequences (o fotal gemetic sequences required for the step of
3; analyzing to determine the presence of the selected genetic sequence.
u
L3 3, The methed of claim 1 wherein the step of diluting is
20 performed unti! between 0.1 and 0.9 of the assay samples yield an

amplification product when subjected to a polymerase chain reaction.

4. The method of claim 1 wherein the step of diluting is
performed until all of the assay samples yield an amplification product
when subjecied to a polymerase chain reaction and each assay sample

25 contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.
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5. The method of claim 1 wherein the step of diluting is
performed until all of the assay samples yield an amplification product
when subjected to a polymerase chain reaction and each assay sample
contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. ‘The method of claim 1 wherein the biological sample is cell-
free.

7. The method of claim 1 wherein the number of assay samples
within the set is greater than 10.

8. The method of claim 1 whergin the number of assay samples
within the sei is greater than 50,

9. The methed of claim 1 wherein the number of assay samples
within the set is greater than 100.

10.  The method of claim 1 wherein the number of assay samples
within the set is greater than 500.

11.  The method of claim 1 wherein the number of assay samples
within the set is greater than 1000.

12. The methed of claim 1 wherein the step of amplifying and the
step of analyzing are performed on assay samples in the same receptacle.

13.  The method of cEiE 1 wherein a molecular beacon probe is
used in the step of analyzing, wherein a molecular beacon probe is an
oligonucleotide with a stem-loop structure having a photoluminescent dye
at one of the 5' or 3' ends and a quenching agent at the opposite 5’ or 3' end.

14.- The method of claim 1 wherein the step of analyzing employs
gel electrophoresis.

15.  The method of clgim.1 wherein the step of analyzing employs
hybridization to ai least one nucleic acid probe.
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16.  The method of claim I wherein the step of analyzing employs
hybridization to at least two nucleic acid probe,

17. The method of claim 13 wherein two molecular beacon probes

are used, each having a different photoluminescent dye.

18.  The method of claim 13 wherein the molecular bescon probe
detects a wild-type selected genetic sequence beiter than a mutant selected

genetic sequence.

19.  The method of claim 1 wherein the step of amplifying employs
a single pair of primers.

20.  The method of claim I wherein the step of amplifying employs

a polymerase which is activated only after heating.

21, Themethod of claim 1 wherein the step of amplifying employs
at least 40 cycles of heating and cocling,

22, The method of claim 1 wherein the step of amplifying employs
at least 50 cycles of heating and cooling.

23.  The method of claim 1 wherein the step of amplifying employs
at least 60 cycles of heating and cooling.

24.  The method of claim 1 wherein the biological sample is
selected from the group consiﬁg of stool, bload, and Iymph nodes.

25.  The method of claim 1 wherein the biological sample is blood
or bone marrow of a leukemia or lymphoma patient who has received anti-

cancer therapy.

26.  The method of claim 1 wherein the selected genetic sequence

is a translocated allele.

27.  The method of claim 1 wherein the selected genetic sequence
is a wild-type allele.

26
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28.  The method of claim,1 wherein the selected genetic sequence
is within an amplicon which is amplified doring neoplastic development.

29.  The noethod of CEi_m_-,l wherein the selected genetic sequence

is @ rare exXon sequence.

30. The method of claim 1 wherein the nucleic acid template
molecules comprise cDNA of RNA transcripts and the selected genetic
sequence is present on a cDNA of a first transcript and the reference

genetic sequence is present on a cDNA of a second transcript.

31.  Themethod of claim 1 wherein the selected genetic sequence
comprises a first mutation and the reference genetic sequence comprises a

second mutation.

32.  The method of claim | wherein the selected genetic sequence

and the reference genetic sequence are on distinct chromosomes.
33, A molecular beacon probe comprising:

an oligonucleotide with a stem-loop siructure having a
photofuminescent dye at one of the 5' or 3' ends and a quenching agent at
the opposite 5' or 3' end, wherein the lcop consists of 16 base pairs,
whercin the loop has & T,, of 50-51°C and the stern consists of 4 base pairs
having a sequence 5-CACG-3'.

34,  The probe of clai\nfB wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutant selected
genetic sequence.

35.  The probe of claim.33 wherein the molecular beacon probe
detecis 2 autant genetic sequence better than a wild-type genetic sequence.

% A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a

photoluminescent dye at one of the 5’ or 3’ ends and a quenching agent at

27
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the opposite 5’ or 3' end, wherein the loop consists of 19-20 base pairs,
wherein the loop has a T, of 54-56°C and the stem consists of 4 base pairs

having a sequence 5-CACG-3"

e
37 A pair of molecular beacon probes comprising:

a first molecular beacon probe which is an oligonucleotide with a
stem-loop structure having a first photoluminescent dye at one of the 5° or
3' ends and a quenching agent at the opposite 5’ or 3’ end, wherein the loop
consists of 16 base pairs having a T, of 50-51°C and the stem consists of
4 base pairs having a sequence 5-CACG-3'; and

& second molecular beacon probe which is an oligonucleotide with a
stem-loop structure having a second photoluminescent dye at one of the 5'
or 3' ends and a quenching agent at the opposite §' or 3' end, wherein the
loop consists of 19-20 base pairs having a T, of 54-56°C and the stem
consists of 4 base pairs having a sequence 5-CACG-3";

wherein the first and the second photoluminescent dyes are distinct.

-,
/é A method for determining the ratio of a selected genetic

sequence in a population of genetic sequences, comprising the steps of:

amplifying template molecules within a set comprising a plurality of
assay samples to form a population of amplified molecules in each of the

assay samples of the set;

analyzing the amplified molecules in the assay samples of the set to
determine a first number of assay samples which contain the selected
genetic sequence and a second number of assay samples which contain a
reference genetic sequence, wherein at least one-fifiieth of the assay
samples in the set comprise a number (N) of molecules such that 1/N is
larger than the ratio of selected genetic sequences to total genetic
sequences tequired to determine the presence of the selecied genetic

sequence;
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comparing the first number to the second number to ascertain a ratio
which refiects the composition of the biological sample.

39.  The method of claim 38 wherein the number of assay samples
within the set is greater than 10.

40.  The method of claim 38 wherein the number of assay samples

within the set is greater than 50,

41.  The method of claim 38 wherein the number of assay samples
within the set is greater than 100.

42.  The method of claim 38 wherein the number of assay samples
within the set is greater than 500,

43.  The method of claim 38 wherein the number of assay samples
within the set is greater than 1000.

44.  The method of claim 38 wherein the step of amplifying and the
step of analyzing are performed on assay samples in the same receptacle.

45.  The method of ¢laim 38 wherein a molecular beacon probe is
used in the step of analyzing, wherein a molecular beacon probe is an
oligonucleotide with a stem-loop structure having a photoluminescent dye

at one of the 5' or 3' ends and a quenching agent at the opposite §' or 3' end.

46.  The method of claim 38 wherein the step of analyzing employs
gel electrophoresis.

47.  'The method of claim 3§ wherein the step of analyzing employs

hybridization to at least one Tnucleic acid probe.

48.  The method of claim 38 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

49.  The method of claim 45 wherein two molecular beacon probes

are used, each having a different photoluminescent dye.

29
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50. The method of claim 45 wherein the molecular beacon probe
detects a wild-type selected genetic sequence better than a mutant selected

genctic sequence.

51. The method of claim 38 wherein the step of amplifying
employs a single pair of primers.

52. The method of claim 38 wherein the step of amplifying
employs a polymerase which is activated only after heating.

53.  ‘The method of claim 38 wherein the step of amplifying
einploys at least 40 cycles of heating and cooling.

54. The method of claim 38 wherein the step of amplifying
employs at least S0 cycles of heating and cooling.

55. The method of claim 38 wherein the step of amplifying
employs at least 60 cycles of heating and cooling.

56.  The method of claim 38 wherein the template molecules are
obtained from a body sample selected from the group consisting of stool,
blood, and lymph nodes.

57.  The method of claim 38 wherein the template molecules are
obtained from a body sample of a leukemia or lymphorna patient who has
received anti-cancer therapy, said body sample being selected from the

gronp consisting of blood and bone marrow.

58.  The method of claim 38 wherein the selected genetic sequence
is a translocated allele.

59.  The method of clai’rg 38 wherein the selected genetic sequence
is a wild-type allele.

60.  The method of claisx 38 wherein the selecied genetic sequence

is within an amplicon which is amplified during neoplastic development.
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61.  The method of claim 38 wherein the selected genstic sequence

is a rare exon sequence.

62.  The method of claim 38 wherein the nucleic acid template
molecules comprise cDNA of RNA transcripis and the selected genetic
sequence is present on a cDNA of a first transcript and the reference

genetic sequence is present on a cDNA of a second transcript,

63.  The method of claim 38 wherein the selected genetic sequence
comprises a first mutation and the reference genetic sequence comprises a

second mutiation,

64.  The method of claim 38 wherein the selected genetic sequence

—
and the reference genetic sequernce are on distinct chromosomes.

ol
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= NEW UNITED STATES UTILITY PATENT APPLICATION o

CSE e under 37 CF.R. 1.53b) =
S v B

gza 1 Atty. Docket No. 62107.00031

Assistan¢ Commissioner of Patents
Box Patent Applications
Washington, D.C. 20231
Enclosed herewith is & new patent application and the following papers:
First Named Inventor (or gpplication identifier): Kenneth W. Kinzler
Tidle of Invention: DIGITAL AMPLIFICATION
1. [} Specification 32 pages (including specification, claims, abstract) / 64 clims (5 independent)

2. - | Declaration/Power of Attorney is:
m} attached in the regular manner.

Sng B  NOT included, but deferred under 37 CER. § 1.53().
E 3 _7 Distinct sheets of B Formal [ Informal Drawings

Isg 4. 0 Preliminary Amendment,

1]

] 5. O Information Disclosure Statement

] O Form 1449

%3 o A copy of each cited prior art reference

g:: ' O Assignment with Cover Sheet.

] 7. 0 Priority is hereby claimed under 35 U.S.C, § 119 based upon the following application(s):

Country Application Number Date of Filing (day, month, yeas)
Us 60/146,792 Angust 2, 1999
8. 0 Priority document(s).
9 (W Statement Cl;aiming Srnall Entity Status,
10. O Microfiche Computer Program (Appendix).
n o Nucleotide and/or Amino Acid Sequence Submission.

O Computer Readable Copy.
(W} Paper Copy (identical to computer copy).
a Statement verifying identity of above copies.
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NEW UNITED STATES UTILITY PATENT APPLICATION

under 37 CF.R. 1.53b)
Pege 2 Atty. Bocket No. 01207.00631
12 Calculation of Pees:
L . BRESFOR v cdy .ot ) BXCESSCLAMS | FEE ] AMOUNTDUR

Basic Filing Pe (37 C.F.R. § 1.16{a)) $690.00

Total Claims in Excess of 20 (37 C.F.R. § 1.16{c)) 44 18.00 $792.00

Independent Clalms in Excess of 3 (37 C.FR. § 1.16(b)) 2 78.00 $156.00

Multiple Dependent Claims (37 CER. § 1.16(d)) 0 260.00 £0.00

Subtotal - Filing Pez Due $1,638.00

REDUCE BY (%) | (§)
5 Reduction by 50%, if Small Entity (37 CE.R. §8 1.9,1.27, 1.28) (4] $819.00
’l%% TOTAL FILING FEE DUE $819.00
jea Assipnment Recordation Pee (if applicable) (37 C.ER. § 1.21(h) 0 l 40.00 $0.00
W loiknrore - e L o $819.00
gg 13. PAYMENT is:
i' (] incInded in the amount of the GRAND TOTAL by our enclosed check. A general authorization under 37
5 C.PR. § 1.25(b), second sentence, is hereby given to credit or debit our Deposit Account No. 19.0733 for
) the instant filing end for any other fees during the pendency of this application under 37 CE.R. §§ 1.16,
‘. 1.17 and 1.18.
PR
[ B not inchided, but deferred under 37 CER. § 1.53(D).
% 14. All comrespondence for the attached application should be direeted to:
Banner & Witcoff, Ltd.
1001 G Street, N.W.

Washington, D. C. 20001-4597
Telephone: (202) 508-91G0
Facsimile: (202) 508-9259 }

15. Other; . 2

Date: __ Snly 11,2000 By

/ i ‘/“ A f ¥
arah A. Kagan / d
Reg. No. 32,141

SAK/ amn

—_ P - P
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COMMISSIONER FOR FATENTS
UpSTED STATES PATENT AND TRAZEMARK OFFICE
WasHNGTRN, D.C. PO23

Unriep States Patent anp Trapemasig OFFIGE

LRl gov
i APPLICATIONNUMBER | FILING/RECEIPT DATE |  FIRSTMAMEDAPPLICANT | ATTORNEY DOCKET NUMBER |
09/613,826 07/11/2000 Kenneth W. Kinzler 01107.00031
FORMALITIES LETTER
Banner & Witcoff Lid e
Banner & Wiarr T T U

Washington, DG 20001-4597

Date Mailed: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.63(b)
Filing Date Granted

An application number and filing date have bsen accorded to this application. The ltem(s) indicated below,

however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which te file all

required items and pay any fess required below io avoid abandonment. Extensions of ime may be obtsined
. by filing & pelition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o Thae siatutory basic filing fee is missing.

Applicant must submit $ 680 fo comnplete the basic filing fee and/or file a small entity statemant claiming
such status (37 CFR 1.27).

e Total additionsal claim fes(s) for this application is $946.
s 3782 for 44 totet claims over 20,
u $156 for Z independent claims over 3 .

e The osth or deciaration is missing.

A properly signsd cath or doclaration in complience with 37 CFR 1.63, Identifying the epplication by the
above Applicefion Number end Filing Dale, Is required,

e To avoid abandonment, a lats filing fee or oath or daclaration surcharge as set forth in 37 CFR 1.18(e)
of $130 for a non-smafl entity, must ba submitted with the missing ltlems Identifled in this letter.

¢ The balance diss by applicant is § 1766.

A capy of this notice MUST be vefstrned with the reply.

Customer Service Center
Initial Patent Examination Division (703) 308-1202

PART 3 - OFFICE COPY
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE #’3
In re Application of
Bert Vogelsiein et al.

Serial No. 09/613,826

Filed: July 11, 2000
FOR: DIGITAL AMPLIFICATION

SUBMISSION OF EXECUTED DECLARATION
FOR PATENT APPLICATION AND FILING FEES

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Attached is an executed Declaration for Patent Application in compliance with the Notice
to File Missing Paris of Application (copy enclosed), mailed November 1, 2000. Accordingly, it
is respectfully submitted that this application is entitled to a filing date of July 11,2000, the date
upon which the specification and drawings were received by the U.S. Patent and Trademark
Office. Applicants claims small entity status.

Please charge $896.00 for filing fees to our Deposit Account No. 19-0733. The

calculation is as follows:

Basic Fee (total claims = 64) $355.00
Total Claims in Bxcess (44) 396.00
Independent Claims over Three (2) 80.00

Surcharge for subsequent filing 65.00

of executed Declaration
TOTAL FILING FEE $896.00
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In the ovent any variance exists between the amount cnclosed and the Petent Office

charges, please charge or credit any difference to our Deposit Account No. 19-0733.

Respectfully submifted,
Date: December 12, 2000 By: aMM« G,\ZGQWN
Sargh A. Kagan &

Registration No. 32,141

Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597

(202) 508-9100
SAK/ama
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LARATION FOR PATENT APF. ATION

m'5ma

d inventor, we hereby declare that:

{ . N
Gur residc t office address and citizenship are as stated below next to our names;

- m
Webelievew ¢ the,{r‘i’ginal, first and joint inventors of the subject matter which is claimed and for which a
patent is sought on the  vention entitled DIGITAT. AMPLIFICATION, the specification of which

is atta_ned hereto.
B was filed on July 11, 2000 as Application Serial Number (9/613,826 and was amended on if

applicable).
a was filed under the Patent Cooperation Treaty (PCT) &nd accorded International Application

No. filed and amended on (if any).

We hereby state that we‘{ave reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred 10 above.

We hereby acknow!gdge the duty to disclose information which is material to patentability in accordance with
Title 37, Code of FederalRegulations, §1.56(a). .

Prior Foreign Application(s)
We hereby claim foreign priority benefits under Tille 35, United States Code, §119 of any foreign application(s)
for patent or inventor's certificats listed below and have also identified below any foreign application(s) for patent or
inventor's certificate having a filing date before that of the application on which priorijy is claimed:

Date of Filing
(day month year)

Date of Issue
{day rmonth yeer)

Pricrity Claimed

Country Under 35 U.S.C, 119

Application No.

Prior United States Provisional Applleation(s)
We hereby claim priority benefits under Tile 35, United States Code, §119(e)(1) of any U.S, provisional
application listed below:

- Date of Filing Priority Claimed
U.S. Provisiona! Application No. (day month year) Under 35 U.S.C. §119(e)(1)
60/146,792 02 August 1999 Yes

below and, insofar as the subj
application in the manner provided
to disclose material information as

. Prior United States Application(s)
We hereby cloiin the benefit under Title 35, United States Code, §120 of any United States application(s) listed

ect matter of each of the claims of this epplication is not disclosed in the prior United States
by the first paragraph of Title %5, United States Code, §112, we acknowledge the duty
defined in Title 37, Code of Federsl Regulations, §1.56(2) which occurred between

the filing date of the prior application and the national or PCT international filing date of this application:

Application Serial No.

Dete of Filiag
(Day, Month, Vear)

Stafus — Patented,
Pending, Abandoned

BANNER & WCOFF, LTD.
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Power of Atterney

. pm!ly and severally, as our attomeys with full power of sobstitation and sevacation, ta prosecute

this applica ss in the Patent and Trademark Office connecled hc:ew:lh the following attomeys and ageats, their
registratioh numbe. 3 heir names:
AUTHERR, Robext F. HOSCHEIT, Dale H. 42,065
BANNER, Donald W. IWANICK], John P, 38,266
BANNER, Mark T. JACKSON, Thomas H, 35316
BANNER, Pamels L KAGAN, Sargh A. 30,969
BECKETT, Wiliam W. 18,262 KATZ, Robert S. 28,175
BODNER, Yordan 42,338 KLEIN, Wifliam J. 37,210
BUROW, Scott A. 231 KRAUSE, Joseph P. 33,761
CALLAHAN, JomesV, 20,095 LINEK, Emest V. 29,822 RESlS Robert H. 32,168
CHANG, Steve § 42,402 MALONE, Dale A. 32,155 RIVARD, Paul M. 43,446
COHAN, Gregory 1. 40,959 MANNAVA, Ashok K. 45301 SCHAD, Steve P, 32,550
COOPERMAN, Marc S. 34,143 McDERMOTT, PeterD. 29,411 SHANAHAN, Micheel H. 24,438
CURTIN, Joseph P. A5 McKEE, Christopher L. 32,384 SHIFLEY, Charles W, 28,042
DAWSON, Joln R 39,504 McKIE, Edward F. 17,335 SKERPON, Joseph M. 29,864
DEMOOR, Laura 1. 39,654 MEDLOCK, Nina L, 29,673 STOCKLEY,D. J. 34,257
EVANS, ThomasL. 35,805 MEECE, Timothy C, 38,553 VAN ES, . Pieter 37,746
FEDOROCHKOQ, Gary D. 35,508 MEEKER, Frederic M. 35,282 WITCOFF, Sheldon W. 17,399
FISHER, William J. 32,133 MILLER, Charles L. 43,805 WOLFFE, Franklin D. 19,724
GLEMBOCKI, Christopher R.38,800 MITRIUS, Janice V. 43,808 WOLFFE, Busan A. 33,568
HANLON, Brian E. 40,449 MORENO, Christopher P. 38,566 WRIGHT, Bradley C. 38,061
HEMMENDINGER, Lisa M. 42,653 NELSON, Jon O. 24,566
HONG, Patricia E. 34,373 | NIEGOWSKI, James A. 28,331

All pondence snd telephone com should be addressed to:

Banner & Witcoff, Lid,

Customer Mumber: 22907

1001 G Straet, N,W., 1ith Floor
Washington, D.C. 200014597

Tel: (202) 508-2100

Fax: (202) 508-9299 /

We hegeby declare that all statements made herein of our own knowledge are true and that all made on i
end belief are believed to be true; and further (hat these statements were made with the knowlcdgc,eh/ willful false statements and the
\ike 30 made are punishable by fine or imgrisonment, or both, under Section 1001 of Title 18 of the United States Code and that such

£

willful false ts may jeopardize tfie validity of the epplication or eny patent issuing thereon.
/
// M @/——\ s / /
. _,
Signature £ L paté__ ] 7280
Full Notfip of Filst Inven j Bext ] {
- Famity Neme Pirgt Given Name Second Given Name
Residence. L Citizenship_United States
Post 0@’“ Al i
8i .+« Date l l l .)‘6/(90
TFull Name of S¢ 4T i Kenneth
- Famity Name Firat Given Name Second Gwen Name
Roeg’dgm__ﬁzlAmMuwhnL Citlzetiship_1nited States
ffice Address_._ 1403 Halkirk Way, RelAlr, Marylaod 21815

& WCOFF, LyD. Attorney Docket No. 01107.060031

M‘X Pagc 2
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Unirep Stares Parent anp Tranevark OFricE
— . COMMISEIONER FOR FATENTS
Uspren Staves Patear AND TRAOEMARK OFFICE

VasrINGToN, D.C, 2OR3(

wwwtsplopod
| APPLICATIONNUMBER |  FILING/RECEIFTDATE | FRSTNAMEDAPPLICANT | ATTORWEY DOCKETNUMBER |
09/613,826 07/11/2000 Kenneth W. Kinzler 01107.00031
P FORMALITIES LETTER
Banner & Witeoff Lid 2 5 S
1001 G Street N W B 'Wmmm?;mﬂ L
Washington, DC 20001-4597 e 1 5E

,gﬁ' Date Malled: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 GFR 1.83(b)
Flfing Dale Granted

An application aumber and filing date have been accorded to this application, The item(s) indicated below,
howsaver, are missing. Applicant is given TWO MONTHS from the date of this Nolice within which to file ait
required ftems and pay any fees required balow o avaid abandanment. Extensions of time may be obtained
by filing a petition accompanied by the extension fae under the provisions of 37 CFR 1.136(a).

e The statulory basic filing fee is missing,
Applicant must submit $ 690 fo complete the basic filing fee and/or file a small entity statement claiming

such ststus {37 CFR 1.27).
« Total additional claim fea(s) for this application is $948.
a $792 for 44 totel claims over 20.
& $166 for 2 independent clalms over 3 .
e The osth or decleration is missing.
A propearly slgned oath or declarafion In compliance with 37 CFR 1.63, idsnitifying the application by the
above Application Numbsr and Filing Dale, is required.
e To avold abandonment, & late filing fee or oath or daclaration surcharge as sel forth in 37 CFR 1.16(9)
of $130 for a non-small entity, must bs submitted with the missing items identifiad in {his letiar.

e The balance due by applicant Is $ 1788.

190733 | 89613825

A copy of ihis notice MUST be refurned with the reply.

Vhaod

Customer Service Center
Initizl Patent Examination Division (703) 308-1202
PART 2 - COFY TO BE RETURNED WITH RESPONSE

12/19/2000 SBUDNE  OBO0DOYT
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of
Bert Vogelstein et al. Atm: Application Branch
Serial No. 09/613,826

Filed: July 11, 2000 Atty. Dkt. No. 01107.00031

INFORMATION DISCLOSURE STATEMENT

The Honorable Commissioner
of Patents and Trademarks
Washington, D.C. 20231
Sir: ‘

In accordance with 37 C.RR. §§ 1.97 and 1.98, enclosed is a PTO Form-1449 listing
documents for consideration by the Examiner during the prosecution of the subject application
and a copy of ‘gacil of the identified documents. It is believed no fee is required to make this a
complete and tf;nely filing. However, if a fee is required, please charge our Deposit Account No.
19-0733.

Consideration of this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: &MA&‘L@L

Sarah A. Kagan N
Regisiration No. 32,141

Banner & Witcoff, Lid.

1001 G Strect, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100

SAK/ama
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File History Report

[] Paper number is missing from the United States Patent
Trademark Office’s copy of the file History. No additional information is
available.

The following page(s) 1of 2 PTO -1449 of paper number 4 is/are
missing from the United States Patent and Trademark Office’s original
copy of the file history. No additional information is available

[[] The foltowing checked item(s) below of paper number

isfare missing from the United States Patent and Trademark Office’s
original copy of the file history. No additional information is available
[ ] PTO 1449

PTO 892

PTO 948

PTO 1474

Asgsignment

Cover page

NN

Additional comments:




. Sheet2 of 2
. | PTO-1449 (Modified) ATTY. DOCKET NO. SERIAL NUMBER
. : 01107.00031___smer, 09/613,826
U.S. DEPARTMENT OF COMMERCE 7 1R -
PATENT AND TRADEMARK OFFICE APFLICANT
RIFORMATION DISCLOSURRE STATEMENT =
BY APPLICANT FILING DATE OUP ART UNST
July 11,2000 /&’37
pet
1.8, PATENT DOCUMENTS
EXAMINER DOCUMENT SUB FILING
| __INITIAL NUMBER DATE NAME CLASS | CLASS | DATE
FOREIGN PATENT DOCUMENTS
: EXAMINER DOCUMENT SUB T
INITTAL NUMBER DATE COUNTRY CLASS | CLASS

DATE CONSIDERED ?/ & 10’
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PATENT APPLICATION

¢
IN THE UNITBD STATES PATENT AND TRADEMARK OFFICE
In re application of:

Bert Vogelstein, e? al. Group Art No. 1632

-a

Serial No.: 09/613,826 Exeminer: TBA

R e

Filed: July 11, 2000 Docket No. 01107.00031

PFor: DIGITAL AMPLIFICATION

RECEIVED
INFORMATION DISCLOSURE STATEMENT
MAR 0 8 2001
Assistant Commissioner for Patents TECH GENTER 1600/2000

Washington, D.C. 20231
Sir:

Pursuant to 37 C.E.R. §1.56 and in compliance with 37 C.F.R. §1.97, Applicants submit
herewith a Form PTO-1449 identifying information for consideration by the Examiner. A copy
of each of the items of information is enclosed.

Applicants do not waive eny rights to take appropriate action to establish patentability
over the listed documenis should they be applied as a reference against the claims of the present
application,

Consideration of the cited information and makiné the seme of record in the prosecution
of the sbove-noted application are respectfully requested. Should the Patent and Trademark
Office determine that a fee is required, please charge our Deposit Account No. 19-0733.

Respectfuolly submitted,

BANNER & WITCOFF, LTD.

arah A. Kagan

Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100 .
Dated: 0h-p%-0

Page 409 of 1365 o




b

IVED

8 2001

R 1600/2800

Sheet_1 of L
PTO-1449 (Modified) ATTY. DOCKET NO. SERIALNUMBER 07 £1392¢
U., DEPARTMENT OF COMMERCE 01107.00031 IBA R ECH
PATENT AND TRADEMARK OFFICE
APPLICANTS
PQI Bert Vogelatein, ef al, WAR O
INFORMATION DISCLOSURE STA :
BY APJLICANT FILING DATE GROUP ART UNIT
July 11, 2000 o TECH CENTE
7
U.8. PATENT DOCUMENTS
EXAMINER |  DOCUMENT SUB | FILING
RNITIAL NUMBER DATE NAME _ crass | crass | bpame
% 5670325 9/1997 Lapidus, et of, SIS S
5,928,870 /1999 Lapidus, ef af, —_—1 =
6,020,137 22000 Lepidus, et a). — 1 =
6,141,496 11/2000 Brown, etal, et
. QTHER DOCUMENTS (Inchuding Author, Tisle Date, Pertnent Pages, Bt
Darrea G. MONCKTQN, et at, “Minisstellte “Isasllcle” Disorimination in Peeudohomozygotes by Single Molocule PCR
. Genom . 465-467, 1991

Pal 1
4

ic Amplification of Single DNA

a

W. NAVIDY, f al., “Using PCR in Preimp;;}u’zi
816-849, 1991

Q‘:fmaﬁc Digeass Dingr

v

is", Humen R

Vol. 6, No. 6, pp.

Vol. 335, September 39, 1988 pp 46441

Hornigus L, et al., “Amplification and Analygis ofDNA\S&lwccs in Single Human Sperm end Diploid Cells”, Noturs,

Remon PARSONS, et al.,, “Mismatch Repair Deficleacy in Pheno
Muy 5,1995 pp 28 —7%0

ically Normat Human Cells”,

Science, Vol. 268,

Sclence USA, Vol. 89, pp. 5847-5851, Jaly 1992

Lin ZHANG, ¢ al.,, “Whole Genome Amplification from a Single Cell: lm;hat\lons for Genstic Analysis", Proc, National

David STDRANSKY, &t al., “Clonal Exgpansion of p53 Mutant Cells is
- Noture, Febmary 27,1992 vel. 355", op Blb~%41 &

Asgociated w\ithgnin Tumour Prograsaion”,

Akec ] Yo et al, “Mutation Processen st Human Minisatellites®, Bl horesi

Forensic Science Intemational, Vol. 66, pp. 129-141, 1994

\,
X 1317-1535 1995

C. SCHMTTT, el al., “High Sensitive DNA Typing Approaches for the Analysis of Forensic Ev}dqnce
Nested Varisble Number of Tandem Repeats (VMTR) Amplification and a Shart Tandem Repaats (STR) Polymorphisnt™,

Comparison of

Paul M. LIZARDI, et al., " Single-Mol

Amplification’ ,Nuﬁchneﬁﬂ, Vul ID,Juy 1998 pA 225 AR L

le Counting Using Izothermal Rolling-Circle

URBF Y I EE oS | WEX| ¥

EXAMINER DATE CONSIDERED

st

W RS

idered, Includa copy of this form with next

{ ¥

EXAMINER: Initie! ¢itation if reference was conslde:ed. me lme thmugh citstion if not in conformance to MPEP 609 and not

Page 410-0f-4365— —




- [\
f,‘ hi4 UNITED STATE. EPARTMENT OF COMMERCE

United States Patent and Trademark Cffice
Bravgs OF

Address:  COMBAISSIONER OF PATENTS AND TRADEMARKS
Waeshington, D.C, 20231

| APPLICATIONND. | FILNGDATE | FIRST NAMED INVENTGR [ ATvORNEY DOCKETNO. |
Q2/613, 828 9771t /01 VOGELSTEIN E 01147, 000zt
[ o0z=2%07 HMz2/0412 | EXAMINER |
BANNER & WITCOFF SIEW, J
1003 & STREET N W
SUITE 1100 [ amtunr |  eaPER NUMBER |
WASHINGTON DL 20008 1654 (‘7
DATE MAILED: gas1zsn1

Please find below and/or atteched an Office communleation concerning this application or
proceeding.

Commlaaloner of Patents and Trademarks

PTO-50C {Aev.11/00) 1 Fila Copy

Page 411 of 1365




Page 412 of 1365

Application No, Applicant(s)

00/813,826 VOGELSTEIN ET AL.
Office Action Summary Eraoa YT

Joffray Slew 1656

— The MAILING DATE of this communlcation appears on the cover shest with the corragpondence eddress --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.

- Evansions of time may be avallabls under the provislons of 37 CFR 1.138 (2). (n no event, however, may e reply ba mely filsd

aflor SIX (6) MONTHS from the maliing dafe of this comenunication.

H the perod for teply epeciled abava la laes than thirty (30) days, e reply within the statulory minimum of thisly (30) days will be considered timely.

1 NO period far roply e speaiiled abive, tha maximum statutory perlod will apply and will explre S1X (8) MONTHS frem the maling dala of this communicatjon,
Fallure to reply within the sl or extended partod for ceply will, by staiute, cause the apphostion to becoms ABANDONED (35 U.5.C. § 133).

Any reply reoalved by the Office tatsr then (hroe montha afier the malling dale of this cammunication, even if timeky flad, may redyca any

earmad palent larm edjustment. Sea 37 CFR 1,704(h).

Status
X Responsive to communication(s) filed on 07 March 2001 .
2e)[ ] This action is FINAL. 2b)® This action Is non-final.

30 since this application is In condition for allowance except for formal malters, prosecution as to the mernts is
closed In accordance wiih the praclice under Ex parle Quayle, 1835 C.D. 11, 453 0.G. 213.
Disposition of Claims
&R claim{s) 1-64Is/are pending in the application.
4a) Of the above claim(s) Is/are withdrawn from consideration.
51 claim(s) Is/are allowed.
6)fX Clalm(s) 1-84 Isfare rejected,
7)1 Claim(s) ____ls/are objected to.
81 Claims _____are subject to restriction and/or eleclion requirement.

Application Papers
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42)J The oath or daclaration Is objected fo by the Examiner.

Priority under 35 U.8.C. § 119
13)] Acknowledgment is made of & claim for forelgn priority under 35 U.8.C. # 118(a)-(d) or (f).
a)J Al b1 Some * c)[] None of:
1[0 Certified coples of the priority documnents have been received,
201 Ceriified cogles of (he priority documents have been recsived in ApplicationNo. ___ .

3] Copies ofihe ceriified coples af the priority documenis have bosn recelved in this National Stage
application from the inlernational Bureau (PCT Rule 17.2(a)).
* Sas the attached detallad Office actior for a list of the certifled copies not received.,

14 Acknowiedgemant Is made of a claim for demestic priority under 35 U.8.C. § 118(e).
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Application/Conirol Number: 09/613,826 . Page 2
Art Unit: 1656

DETAILED ACTION

1. This application contains sequence disclosures that are encompassed by the definitions
for nucleotide and/or amino acid sequences set forth in 37 CFR 1.821(z)(1) and (a)(2). However,
this application fails to comply with the reqlfirements of 37 CFR 1.821 through 1.825 for the
reason(s) set forth on the attached Notice To Comply With Requirements For Patent
Applications Containing Nucleotide Sequence And/Or Amino Acid Sequence Disclosures.

APPLICANT IS GIVEN THE RESPONSE PERIOD SET FORTH IN THIS OFFICE
ACTION IN WHICH TO COMPLY WITH THE SEQUENCE RULES, 37 CFR 1.821 - 1.825.
Fuailure to comply with these requirements will result in ABANDONMENT of the application
under 37 CFR 1.821(g). Extensions of time may be obtained by filing & petition accompanied by
the extension fee under the provisions of 37 CFR 1.136. In no case may an applicant extend the
period for response beyond the six month statutory period. Applicant is requested to return a
copy of the ettached Notice to Comply with the response. The application is not in compliance
for the reason(s) set forth on the attached Notice to Comply With the Sequence Rules or CRF
Diskette Problem Repor. '

Information Disclosure Staterent

2. The listing of references in the specification is not a proper information disclosure
statement. 37 CFR 1.98(b) requires = list of all patents, publications, or other information
submitted for consideration by the Office, and MPEP § 609 A(1) states, "the list may not be

incorporated into the specification but must be submitted in a separate paper. " Therefors, unless
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Application/Control Number; 09/613,826 Page 3
Art Unit: 1656

the references have been cited by the examiner on form PTQ-892, they have not been

considered.

Specification

3. In the Brief Description of the Drawings Figure 1 ig referred to but no Figure 1 exists in
the Drawings. The specification should be emended to recite the actual figures in the drawings

i.e. Figure 1A, 1B and 1C.

4, Moreover, the specification contains nucleotide sequences which require Sequence

identifiers (sec page 14 line 30 & 31). Appropriate correction is required (see also Notice to

comply).

Claim Rejections - 35 USC § 112

The following is & quotation of the second paragraph of 35 U.8.C. 112:

The spevification ahall conclude with one of miore claims partioularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention.

Claims 1-64 rejected under 35 U.S.C. 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.
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Application/Control Number: 09/613,826 Papge 4
Art Unit: 1656

A) Claims 1-32 & 38-64 lack rejected under 35 U.S.C. 112, second paragraph, as
being incomplete for omitting essential steps, such omission amounting to a gap between the
steps. See MPEP § 2172.01. The omitted steps are: serially diluting to form a set of assay
samples and testing by PCR. The specification provides guidance as to determining the analyte
concentration in which the samples are serially diluted and the concentration is determined by
PCR (see page 13 line19). It appears that the initial concentration of sample at the start of the
assay is essential to the invention. Such a step would be critical because it is unclear as to how

otherwise the initial concentration would be achieved without testing by PCR.

B)  Claims 1-32 & 38-64 Inck rejected under 35 U.8.C. 112, second paragraph, as
being incomplete for omitting essential steps, such omission amounting to a gap between the
steps. See MPEP § 2172.01. The omitted steps are: linear amplification by PCR. The step of

linear amplification appears essential to the invention (see page 14 line 18).

C)  The use of the term consists” is confissing in claims 33, 36 & 37 rendering claims
33.37 indefinite. It cannot be determined whether the claim intends open or closed language for

the limitation of the sequence, Proper Markush language is required.

D)  Claim 2 is confusing because it is unclear as to whether each sample of the

fraction of one out ten are to contain N molecules.

"




Application/Control Number: 09/613,826 Page 5
Art Unit; 1656

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S:C. 103(a) which forms the basis for all

obviousness rejections aet forth in this Office action:

(2) A patent may not be obtained though the invention is not identicelly disclosed or described es set forth in
section 102 of this title, if the differences between the subjeot matter songht to be patented and the prior art are
guch that the subject matter as a whole would have been obvicus at the time the invention was made to & person
having ordinsry skill in the art to which seid subject metter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

This application cutrently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject maiter of the various
claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c)

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).

5. Claims 1,3,4-11,14-16 & 19-32 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Lapidus et al (US5,928,870 July 27, 1999) in view of Ruano et al (PNAS vol. 87 pp. 6296-

63000 August 1990).
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Application/Control Number: 09/613,826 Page 6
Art Unit: 1656

Lapidus et al teach a method of determining the subpopulation of genomicaily
transformed cells such as in stool samples by enumerating number molecules of a target
sequence and comparing with a number of molecules of a reference genomic sequence (see
whole doc. esp. col.2 lines 58-66). They teach statistical difference leads to differences in
genomic sequence (see col. 2 lines 8-10). They teach that the reference and target are different
genetic loci (see col. 7 lines 63-65). They perform amplification by PCR and detect by probing
(see col, 11 lines18-51 & 40-45). They teach that one probe is to wild type genome (see col.. 5
lines 40-46). They test malignant cells and the method would be useful for precancerous cells in
humans and colorectal cancer (see col. 5 ling30-35). They teach that method would be useful for
studying patients (see col. 6 line 17-20).

Lepidus et al do not teach dilution to one half genomic equivalent in samples.

Ruano et al teach single molecule dilution (SMD) in which genomic DNA concentration
i8 one haploid equivalent per aliquot (see whole doc. esp. pp. 6296 & Fig. 3).

One of ordinary skill would have been motivated to apply Ruano et al SMD method to
Lepidus et al’s comparison method in order to determine Actual allele concentrat";on ratios.
Ruano et al state that SMD method avoids the empirical optimization of amplification conditions
and allows resolution of ambiguous arrangement of polymorphic markers by isolating into
definitive haplotypes. Tt would have been prima facie obvious to apply Ruano et al’s dilution
method to Lapidus et al’s method in order to accurately determine allele ratios.

Moreover, it would have been prima facie obvious to further optimize the assay
conditions as in the increasing the number of PCR cycles or increasing the dilution schema to

achieve single molecule dilution in order to #ffectively amplify from haploid equivalent.
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Application/Control Number; 09/613,826 - Page 7
Art Unit: 1656

6. Claims 12,13,17 & 18 are rejected under 35 U.S.C. 103(g) as being unpatentable over
Lapidus et al (US85,928,870 July 27, 1999) in view of Ruano et al (PNAS vol. 87 pp. 6296-63000
August 1990) in further view of Tyagi et al (US5,925,517 July 20, 1999).

The teachings and suggestions of Lapidus and Ruano et al are described previousty,

Lapidus et al do not teach molecular beacons.

Tyagi et al teach molecular beacons {see whole doc. & Fig. 3). They teach that the probe
allows monitoring of progress of reactions that produce nucleic acids with either linear or
exponential kinetics. They provide sensitive detection (see col. 4 lines 22-40),

One of ordinary skill would have been motivated to apply Tyagi et al’s molecular
beacons to the combined invention of Lapidus and Ruano et al’s enumeration method in order to
accurately monitor detection over real time. It would have been prima facie obvious to apply
Tyagi et al’s probes which would allow detection of the different sequences in Lapidus and

Ruano &t al's method in order to achieve accurate quantification.

SUMMARY
Claims 33-37 are free of the prior art but rejected under 112 second paragraph. There is

nio prior art that teach or suggest a molecular beacon probe thht,ims 2 loop consisting of 16 base ’

pairs and having & Tm of 50-51C and the stem consisting of bACG sequence.
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The closest prior art is Tyagi et al (US5,925,517) who teach & molecular beacon which
hag 15 base pair loop but & Tm of approximately 40C (Tm=[(A+T)x2C + (G+C) x4C](see PCR
essential Data page 53 1993) and the stem is GCGAG (see col. . Tyagi et al (US6,037,130) teach
molecular beacon with a stem comprising CACG (see col. 11 probe 3) but with a loop of Tm
65C (see col. 28 line 54). Moreover, the prior art has been focused on the Tm of the gtem which
selates to the functioning of the opening and closing of the hairpin during hybridization.

Claims 2 & 38-64 is free of the prior art but rejected under 112 second paragraph.
Applicant is directed to 112 second paragraph rejections concerning these claims as the lack
clarity of the claims may prove a barrier to allowability. There is no prior art that teach that one
tenth or one fiftieth of samples in a set comprise N molecules such that 1/N is larger than the
ratio of selected genetic sequence to total genetic sequences required for the step of analyzing to

determine presence of selected genetic sequence.

CONCLUSION

Any inquiry concerning this communication or ear'lier communications from the
examiner should be directed to Ieffrey Siew whose telephone number is (703) 305-3886 and
whose e-mail address is Jeffrey. Siew@uspto.gov. However, the office cannot guarantee security
through the e-mail syst.em nor should official papers be transmitted through this route. The
examiner can best be reached on Monday through Thursday from 6:30 a.m. to 4 p.m. If attempts
to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Gary Jones, can

be reached on (703)-308-1152.
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Application/Conirol Number: 09/613,826 Page 9
Art Unit: 1656

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist for Technology Center 1600 whose telephone number is
(703) 308-0196.

Papers related to this epplication may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
Mall 1. The faxing of such papers must conform with the notice published in the Official
Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Voice
(703) 308-3290 and Fax (703) 308-4556 or (703) 308-4242.

s £
Jeffrey Siew

April 7, 2001
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Serial No. 09/613,826

Filed: July 11, 2000 Atty. Dkt. No. 01107.00031
For; DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT

The Honorable Commissioner
of Patents and Trademarks
Washington, D.C. 20231
Sir: .

In accordance with 37 C.F.R. §§ 1.97 and 1.98, enclosed is a PTO Form-1449 listing
documents for consideration by the Examiner during the prosecution of the subject application
and a copy of each of the identified documents. It is believed no fee is required to make this a
complete and timely filing. However, if a fee is required, please charge our Deposit Account No.
19-0733.

Consideration of this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: ﬁgiﬂ\a[(@\

Sarah A. Kagan N
Registration No. 32,141

Banner & Witcoff, Ltd.

1001 G Sweet, N.W., Eleventh Floor !
Washington, D.C. 20001-4597 I
(202) 508-9100
SAK/ama
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) g a
) Group Art Unit: 1656 j

Bert Vogelstein, et. al. /Zj
) Examiner: J Siew

Serial No. 09/613,826 ) 7 / 1§ /(
)

Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

NDMENT RECEIVED

JUL 1 7 2001

. o
@S;;;ﬁn;;fggfggggg or Patents TECH CENTER 1600/2900

Sir:

In response to the Office Action mailed April 12, 2001, applicants request enfry
of the following amendments and request reconsideration of the claims. Claims 1-64 are
pending in the application. Claims 2 and 38-64 are allowable over the prior art. If any

additional fee is due please change our Deposit Account No. 19-0733.

IN THE CLAIMS

Please add new claims 65-69.
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photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5
or 3"¢nd, wherein the loop comprises 16 base pairs and has a Tm of 50-51°C, and

wherein\he stem comprises 4 base pairs having a sequence 5-CACG-3°.

66. ‘The molecular beacon probe of claim 65, wherein the probe dstects

a wild-type nucleic\acid better than a mutant nucleic acid.

67. (New) Th&ymolecular beacon probe of claim 65, wherein the probe detects
a mutant sucleic acid better than a wild-type nucleic acid,
68. (New) A moleculay’beagon probe comprising:

an oligonucleotide compyising a %fem and a loop structure and having &
photoluminescent dye at one of{the 5° or 32¥nds and a quenching agent at the opposite 5’
or 3° end, wherein the loop comprises 19-20 bade pairs and has a Tm of 54-56°C, and

wherein the stem comprises 4 base pairg having a sbguence 5°-CACG-3’.

i?/

69. (New) _A pair of molecular beacon probes comiprising:
a first oligonucleotide comprising a first st and a firyf loop structure and having
a photoluminescent dye at one of the 5’ or 3’ ends and a quenchiny agent at the opposite
5* or 3’ end, wherein the first loop comprises 16 base pairs and has a Tm of 50-51°C, and
wherein the first stem comprises 4 base pairs having a sequence 5’-CACG-3; and

a second oligonucleotide comprising a second stem and a second loopstructure
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¢ of the 5* or 3" ends and a quenching agent at
the opposite 5* or 3° end, wherein fhe S Ioop comprises 19-20 base pairs and has a

I Tim of 54-56°C, and wherein the skcond-§tem comprises

e pairs having a sequence
5-CACG-3". \

IN THE SPECIFICATION

Please replace the paragraph beginning on page 4, line 5, with the following

paragraph. T

F:IG. 14, 1B, IC/ , Schematic of experimental design. (A) The basic two steps involved:
PCR on diluted DNA samples is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent fluorometry. (B) Principle
of molecular beacon analysis. In the stem-loop configuration, fluorescence from a dye at
the 5° end of the oligonucleotide probe is quenched by a Dabcyl group at the 3’ end.
Upon hybridization to a template, the dye is separated from the quencher, resulting in

& incrensed fluorescence. Modified from Marras ef al. . (C) Oligonucleotide design.
Primers F1 and R1 are used to amplify the genomic region of interest. Primer INT is
used to produce single stranded DNA from the original PCR products during a
subsequent asymmetric PCR step (see Materials and Methods). MB-RED is a Molecular
Beacon which detects any appropriate PCR. product, \-Nhethar it is WT or mutant af the
queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT
PCR product.

——
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},l’l@as&replace the peragraph beginning on page 14, ling 29 with the following paragraph.

Oligonucleotides and DNA sequencing, Primer F1:
5".CATGTTCTAATATAGTCACATTTTCA-3’ (SEQ ID NO: 1); Primer R1:
5".TCTGAATTAGCTGTATCGTCAAGG-3’ (SEQ ID NO: 2); Primer INT:
5’-TAGCTGTATCGTCAAGGCAC-3’ (SEQ ID NO: 3); MB-RED:
5*-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3' (SEQ ID NO: 4);

MB-GREEN: 5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3’ (SEQ

1D NO: 5). Molecular Beacons (33,34) were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link (Thornwood, NY). All were dissolved
at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and kept frozen and in the dark until

use. PCR products were purified using QIAquick PCR purification kits (Qiagen). In the

O\; relevant experiments described in the text, 20% of the product from single wells was used

for gel electrophoresis and 40% was used for each sequencing reaction. The primer used
for sequencing was 5’-CATTATTTTT ATTATAAGGCCTGC-3’ (SEQ ID NO: 6).
Sequencing was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

JRVES N

SEQUENCE LISTING
Please enter the enclosed paper copy of the Sequence Listing after the claims. A

37 § CFR 1.821(¢). The content of the paper and computer readable copy of the
4

%
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computer readable copy of the Sequence Listing is also enclosed herewith to comply with
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Sequence Listing, submitted in accordance with 37 CFR § 1.821 (c) and (¢), respectively,
are identical. The submitted Sequence Listing, filed in accordance with 37 CFR § 1.821

(g) herein does not include new matter.

REMARKS

The Invention

The invention is directed to a method for determining the ratio of a selected
genetic sequence in a population of genetic sequences. Nucleic acid template molecules
in a biological sample are diluted to form a set comprising & plurality of assay samples.
The diluted nucleic acid template molecules are amplified to form a population of
amplified molecules in the assay samples of the set. The amplified molecules are
analyzed to detetmine a first number of assay samples which contain the selected genetic
sequence and a second number of assay samples which contain a reference genetic
sequence. The first number and the second number are compared to ascertain a ratio that
reflects the composition of the biological sample (claim 1).

The invention is also drawn to & method for determining the ratio of a selected
genetic sequence in a population of genetic sequences, Template molecules within a sct
which comprises & plurality of assay samples are amplified to form a population of
amplified molecules in each of the assay samples of the set. The amplified molecules in
the assay samples of the set are analyzed to determine & first number of assay samples
which contain the selected genetic sequence and a second umber of assay samples which

contain a reference genetic sequence. At least one-fiftieth of the assay samples in the set
' 5




comprise a number (N) of molecules such that 1/N is larger than the ratio of selected
genetic sequences to total genetic sequences required to determine the presence of the
selected genetic sequence. The first number is compared to the second number to
ascertain a ratio which reflects the composition of the biological sample (claim 38).

The invention is also drawn to molecular beacon probes, The molecular beacon
probe comprises an oligomucleotide with a stem-loop structure having a photoluminescent
dye at one of the 5' or 3’ ends and & quenching agent at the opposite 5’ or 3’ end, The
loop consists of 16 base pairs and has a Ty, of 50-51°C. The stem consists of 4 base pairs
end has a sequence 5*-CACG-3’ (claim 33). The loop of the molecular beacon probe
may alternatively consist of 19-20 base pairs and have a Ty, of 54-56°C (claim 36),

The invention also is drawn to a pair of molecular beacon probes comprising a
first and second probe. This first probe comprises an oligonucleotide with a stem-loop
structure having a photoluminescent dye at one of the 5* and 3° ends and a quenching
agent at the opposite 5’ or 3’ end. The loop consists of 16 base pairs and has a Ty, of 50-
51°C. The stemn consists of 4 base pairs and has a sequence 5’-CACG-3°. The second
probe comprises an oligonucleotide that has a stem-loop structure having a
photoluminescent dye at one of the 5° and 3’ ends and a quenching agent at the opposite
5’ or 3* end. The loop consists of 19-20 base pairs and has a Tr, of 54-56°C. The stemn

consists of 4 base pairs and has a sequence 5'CACG-3’ (claim 37).

Information Disclosure Statement
The Office Action asserts that the listing of references in the specification is not 2

6
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proper information disclosure statemnent (IDS), The listing of references in the
specification is not intended as the TDS for the application. Applicants have made two
submissions on Form PTO-1449, in compliance with 37 CFR 1.98(b) on December 15,
2000 and March 7, 2001. A copy of each IDS submitted is attached along with the
postcard receipts, at Tabs A and B, Clearly the PTO received at least one sheet of PTO-
1449, as this has been retnmed to applicant, albeit entirely crossed out. No explanation is
provided for the failure to congider the references. A new set of references is included in
case these were lost in PTO handling. Li et al. is not included with this response, but will
be gent in a separate mailing. Applicants recognize that the two lists of references are
almost identical but for the Brown patent which was only listed on the March 7, 2001
submission. Applicants request an initialed copy of the PTO-1449 indicating

consideration of each reference.

Objections to the ification

The Office Action has objected to the spec{ﬁcation for reciting “Figure 1" in the
Brief Description of the Drawings, while no Figure 1 exists in the drawings. The
specification has been amended to properly recite Figure 1A, 1B, 1C in the Brief
Description of the Drawings.

The speciﬁcatién was further objected to for improper disclosure ofnucleotide
sequences. The sequences referenced in the Office Action (at page 14, lines 30 and 31,
as well as sequences not referenced in the Office Action at page 15, lines 1, 2, 4, and 13

of the specification) were entered into a Sequence Listing as they appear in the
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application, and thus contain no new matter. A paper and computer readable form of the

Sequence Listing are submitted with this amendment,

The Reiection of Claitng 1-64 under 35 U.S.C. § 112

Claims 1-64 have been rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject matter
which the applicant regards as his invention.

A The rejected claims are allegedly incomplete for omitting essential steps. The
Office Action identifies the omitted steps as “serially diluting fo form a set of assay -
samples and testing by PCR.” (Page 4, lines 3-4.) Applicants respectfully traverse.

Claim 1 recites both a diluting step and an amplifying step at lines 3 and 5,
respectively. Claim 38 recites an amplifying step at line 3. Thus the only step that could
possibly be missing is diluting in claim 38. However, this step is neither essential nor
required. Claim 38 requires a certain conceniration of template which may, but need not,
be achieved by dilution, If samples are initially sufficienily dilute, no dilution is
required. Thus dilution is niot a necessary step.

The Office Action points to the specification af page 13, lines 17-19, to
demonstraté that claims 1-32 and 38-64 omit the essential steps of serially diluting and
testing via PCR. The citation is to example 1. The examples, however, are provided “for
purposes of illustration only, annd are not intended to limit the scope of the invention.”
(Page 13, lines 6-7.) Nothing in the example indicates that dilution is-essential, and as

discussed above, it is not.
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B. The Office Action agserts that the claims omit linear amplification by PCR, which
is allegedly a critical step of the invention, The PTO supports this assertion by citing the
specification at page 14, line i8 where an example of sample analysis is disclosed in
which linear amplification is used to enhance the signal provided by molecular beacon
probes. Applicants respectfully traverse.

Claim 1 recites:

gnalyzing the amplified molecules in the assay samples of
the set to determine a first number of assay samples which
contain the selected genetic sequence and & second number
of assay samples which contain a reference genetic
sequence.

Claim 38 recites:

analyzing the amplified molecules in the assay samples of
the get to determine a first number of assay samples which
contain the selected genetic sequence and a second umber
of assay samples which contain a reference genetic
sequence, wherein at least one-fiftieth of the assay samples
in the set comprise a number (N) of molecules such that
1/N is larger than the ratio of selected genetic sequences to
total genetic sequences required to determine the presence
of the selected genetic sequence.

In each claim, the amplified molecules in the assay samples of the set are analyzed, but a

particular analysis method is not required.

Linear amplification can be performed as part of the step of anslyzing but it need
not be. The specification teaches that: “Although the working examples demonstrate the
use of molecular beacon probes as the means of analysis of the amplified dilution
samples, other technigues can be used as well.” (Emphasis added, page 12, lines 29-31.)
Since linear amplification was taught to enhance the signal of molecular beacon probes,

9




which are not essential, clearly linear amplification is not essential either. Therefore, the
claimed method does not require linear PCR,

Nothing in the specification indicates that linear amplification by PCR is
essentinl. Rather, linear amplification by PCR is disclosed as an enhancement to the
analysis step when molecular beacon (MB) probes are used. The specification states,
“fluoreacent signals obtained could be considerably enhanced if severel cycles of
asymmetric, linesr amplification were performed in the presence of the MB probes.”
(Page 19, lines 9-11.) Thus linear amplification is not essential to the method of the
invention.

C. The Office Action asserts that the use of the term “consists” is confusing because
“[i]t cannot be determined whether the claim intends open or closed language for the
limitation of the sequence. Proper Markush language is required.” (Page 4, lines 14-15.)
Applicant’s respectfully traverse,

Each of claims 33, 36, and 37 recite “the stem consists of 4 base pairs baving a
sequence 5°-CACG-3.” “When the phrase ‘consists of’ appears in a clause of the body of
a claim, rather than immediately following the preamble, it limits only the element set
forth in that clause.” Manesmann Demag Corp. v. Engineered Metal Products Co., 793
F.2d 1279, 230 USPQ 45 (Fed. Cir. 1986). Therefore, the term “consists” is closed, The
stem contains the four recited base pairs 5'-CACG-3" and no others, No Markush group
is present in claims 33, 36, and 37.

D. The Office Action asserts that “[c}laim 2 is confusing because it is unclear as to

whether each sample of the fraction of one out ten (sic) are to contain N molecules.”

10
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(Page 4, lines 16-17.) Applicant’s respectfully traverse.

The claim recites, “at least one-tenth of the assay samples in the set comnprise &
number (N) of molecules.” (Claim 2, lines 2-3.) The claim positively recites that at least
one out of ten of the assay samples in the set have a number (N) molecules, The claim is
not confusing or unclear, The language of the claim affirmatively answers the question
of the Office Action. Bach of the 1/10 fraction of samples comprise a number (N)
molecules, N is defined so that 1/N is larger than the ratio of selected genetic sequences
to total genetic sequences. Thus all of the 1/10 samples need not have the sgame number
of molecules, but a number that fits the definition. Nonetheless, if saraples are formed by
dilution, as in claim 2, the samples should have roughly identical numbers of molecules.

Withdrawal of the 35 U.5.C, §112 rejection of claims 1-64 is respectfully

requested as all claims are clear and definite.

Reiection of claims 1 and 3-32 under 35 U.S.C. §103

Lapidus (U.S. 5,928,870) and Ruano (P.N.A.S., vol. 87, pp. 6296-6300, August
1990) in combination are cited as teaching the invention of claims 1, 3, 4-11, 14-16, and
19-32. Tyagi (U.S. 5,925,517) is further combined to allegedly teach the invention of
claims 12, 13, 17, and 18,  These rejections are respectfully traversed.

It is axiomatic that all elements of a claim must be taught or suggested by the
prior art for a prima facie case of obviousness to be proper. MPEP §2143. The present
rejection fails to fulfill this “all elements” rule and thus fails to present a prima Jacie case.

Claim 1 requires four steps: diluting, amplifying, analyzing, and comparing,

1




Neither Lapidus nor Ruano teach the step of analyzing or the step of compering as
specified in claim 1. Claim 1, steps 3 and 4, recite:
anelyzing the amplified molecules in the assay
samples of the set to determine a first number of assay
samples which contain the selected genetic sequence and a
second number of assay samples which contain a reference
genetic sequence;
comparing the first number to the second number to
ascertain a ratlo which reflects the composition of the
biological sample.
Emphasis added. The Office Action fails to point to any portion in either Lapidus or
Ruano which teach these two steps. Lapidus does not teach determining a number of
assay samples containing genetic sequences. Lapidus instead teaches determining
concentration. The Office Action refers to this teaching of Lapidus as “enumerating
number molecules of a target,” citing col. 2, lines 58-66, This, however, is different from

determining the number of assay samples containing a genetic sequence. Since the

numbers of assay samples are not determined according to Lapidus, neither are the
numbers compared, as required in step 4.

This difference leads to an advantage of the present invention over Lapidus.
Digital amplification, as claimed, converts “the intrinsically expotniential nature of PCR to
alinear one.” Specification at page 8, lines 17-18, Thus the present invention eliminates
the quantitative bias which exponential amplification introduces into a nucleic acid
sample. Since neither Lapidus nor Ruano teach these elements of the claims, the prima

Jacie case must fail.

12

Page 436 of 1365




Tyagi teaches molecular beacon probes. Tyagi is cited in combination with

Lapidus and Ruano to allegedly render claims 12, 13, 17 and 18 obvious. (Claim 12 does

not employ a molecular beacon probe at all, so its inclusion in this rejection is improper.)

Like the primary references, Tyagi does not teach the element of “determining a

first number of assay samples” nor of comparing the first and second numbers. Thus

Tyagi does not remedy the defect of the primary references. Again, the prima facie case

fails to teach all elements of the claimed invention and must therefore be withdrawn as

improper,

A speedy allowancs of all pending claims is respectfully requested.

Date: Tuly 12, 2001

BANNER & WITCOFF, LTD,
1001 G STReEET, NW
WASHINGTON, DC 20001
202-508-2 100
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Respectfully submitted,

By:
Sarah A. Kagan (¥
Registration No. 32,141
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Replacement paragraph beginning on page 4, lin 5.

FIG. 1A, 1B, 1C. Schematic of experimenta! design. (A) The basic two steps

involved: PCR on diluted DNA samples is followed by addition of fluorescent probes
which discriminate between WT and mutant alleles and subsequent fluorometry. (B)
Principle of molecular beacon analysis, In the stem-loop configuration, fluorescence
from a dye at the 5” end of the oligonucleotide probe is quenched by a Dabcyl group at
the 3’ end. Upon hybridization to a témplate, the dye is separated from the quencher,
resulting in increased fluorescence, Modified from Marras et al. . (C) Oligonucleotide
design. Primers F1 and R1 are used to amplify the genomic region of interest. Primer
INT is used to produce single stranded DNA from the original PCR products during a
subsequent asymmetric PCR step (see Materials and Methods), MB-RED is a Molecular
Beacon which detects any appropriate PCR product, whether it is WT or mutant at the
queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT

PCR product.

Replacement paragraph beginning on page 14, line 29.

Oligonucieotides and DNA sequenclng. Primer F1:
5-CATGTTCTAATATAGTCACATTTTCA-3’ (SEQ ID NO:; 1); Primer R1:
§-TCTGAATTAGCTGTATCGTCAAGG-3’ {SEQ ID NO: 2); Primer INT:
5-TAGCTGTATCGTCAAGGCAC-3’ (SEQ ID NO: 3); MB-RED:

14
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5"-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3° (SEQ ID NO: 4);
MB-GREEN: 5*-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Debeyl-3' (SEQ
ID NO: 5). Molecular Beacons (33,34) were synthesized by Midland‘ Scientific and other
oligonucleatides were synthesized by Gene Link (Thornwood, NY). All were digsolved
at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and kept frozen and in the dark until
vse. PCR products were purified using QIAquick PCR purification kits (Qiagen). In the
relevant experiments described in the text, 20% of the product from single wells was used
for gel electrophoresis and 40% was used for sach sequencing reaction. The primer uged
for sequencing was 5’-CATTATTTTTATTATAAGGCCTGC-3' (SEQ ID NO; 6).
Sequencing was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

15

Page 439 of 1365




20/01 FRI 16:12 F!

Page 440 of 1365

GP 1500 FAX MACHIN. Booz

Application No.: Dﬂb{ 3826

UIREMENTS FOR PATENT APPLICATIONS CONTAINING
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Applicant must file the ltems indicated below within the time perlod set the Office aclion to which
tha Notlce Is attached to avoid abandonment under 35 U.S.C. § 133 (extensions of time may be
obtalned under the pravisions of 37 CFR 1.138(a)).

The nucleotide and/or amino acid sequence disclosure contalned in this application does not
comply with the requiremants for such a dvsclosure as set forth in 37 C.F.R. 1.821 - 1.825 for the
following reason{s):

1. This application claarly falis to comply with the raquirameants of 37 C.F.R. 1.621-1.825. Applicant's
attention is directed to the final rulemaking natlee publishad at 55 FR 18230 (May 1, 1820), and 1114
OG 29 (May 16, 1920). If the effeclive filing date ls on or after July 1, 1998, pee the final rulemaking
notica published at 63 FR 29620 (June 1, 1998) and 1211 OG 82 (lune 23, 1898).

2. This apptication does not contaln, sy a separate part of the disclosure on paper copy, a “Sequence
Listing® e required by 37 C.F.R, 1.821(c).

3. A copy of the “S8equence Lisling" in comiputer readable form has not been submitted as required by
37 CFR 1.821(e).

D 4, A copy of the *Sequence Lisling” in computer readable form has been submiited. However, the
cantent of the computer readable farm does not comply with the requirements of 37 C.E.R 1.822
and/or 1.823, @s Indlcated on the attached copy of tha marked -up "Raw Saquence Listing.”

D B. The computer readable form that hag been filad with this application hag been found {6 be damaged
and/for unreadable as Indicated un the atisched CRF Diskette Problem Report. A Substitute
computer readalyle form must be submitted as required by 37 G.F.R. 1.825(d).

6. The paper copy of the "Sequance Listing” s not the same as the computer readable from of the
"Seguence Listing” as required by 37 C.FR, 1.821(e).

D 7. Other:

Appllcant Must Provide:
Hl An Tnltial or substitule computer readable form (CRF) copy of the “Sequence Listing”.

An initigl or gubstitute paper copy of (he *Sequence Listing®, s well 8s an amendment direcling its entry
frito the spedﬂeehon

A statement that the content of the paper and computer readsble copies are the samg and, where
applcable, include no new matter, as required by 37 C.F.R. 1.621(e) ar 1.821(f) or 1.821(g) or
1.825(b) or '1.825(d).

For questions regarding compliance to these requirements, please contact:

Far Rulas interpretation, call (703) 308-4216

For CRF Submisgion Help, call (703) 3084212

Patentin Softiware Program Supporl
Technical ASSIBIANCE. ..cccvc i crceimtrrassrerassa .. 703-287-0200
To Purchase Patentin Software.......c.... FTEIR 703-306-2600
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Serial No.: 09/613,826 Examiner: TBA
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}  Docket No. 01107.00031

« Filed: July 11, 2000

For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

o Pursuant to 37 C.F.R. §1.56 and in compliance with 37 CF.R. §1.97, Applicants submit
herewith a Form PTO-1449 identifying information for consideration by the Examiner. A copy
of each of the items of information is enclosed. '

- Applicants do not waive any rights fo take appropriate action to establish patentability
over the listed documents should they be applied as a reference against the claims of the present
application.

Consideration of the cited information and making the same of record in the prosecution
of the above-noted application are respectfully requested. Should the Patent and Trademark
Office determine that a fee is required, please charge our Deposit Account No. 19-0733.

Respecifully submitted,

BANNER & WITCOFF, LTD.

Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of
)} Group Art Unit: 1656

aFq
Tl

D’)lza

) RECEIVED

Bert Vogelstein, et. al. ) JUL 19 200
) Examiner: I Siew .
Serial No. 09/613,826 ) TECH GENTER 160072900

)
Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

SUPPLEMENTAL SUBMISSION

Assistant Comnissioner for Patents
Washington, D,C. 20231

Sir:

In applicants’ response to the Office Action mailed July 12, 2001 copies of two previously filed
Information Disclosure Statements (IDS) were supplied. A new set of references was also included in case
the original set of references was lost in PTO handling, A copy of Li, et al. (Nature, 1988, (335):414-417)
however was missing. The reference is enclosed herewith.

No fee ig believed due. If any additional fee is due please change our Deposit Account No. 19-

0733.

: Respectfully submitted,

Date:  July17,2001 ayzﬂéﬂﬂ:&&m&m
Michelle L. Holmes-Son

Registration No. 47,660

BanMER & WITCOFF, LTD.
1001 G STREET, NW
WasHinaToN, DC 20001
202-508-9 | 00
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Washington, D.C. 20231 { >
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. | Application No. . Applicant(s)
00/313,826 VOGELSTEIN ET AL,
Office Action Summary Examiner AT UK
Jeffrey Siew 1656

- The MAILING DATE of this cammunication appoars on the cover sheet with the correspondence address --
Period for Repiy

A SHORTENED STATUTORY PERIOD FOR REPLY {8 SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.
« Exianslons of ime may be avalizble under the provizlons of 37 CFR 1.436(a). In no avent, howaver, may & raply ba Umely filed
after SIX (6) MONTHS from tha malling date of this communication,
- Hihe pariod for reply specliied above Is leaa than thiry (30) deye, a reply wiihin the stalutory minkmuim ef thirly 30) days wilt be constdered timely.
= W NO period for raply is upacified above, the maximum atstulory periad will apply and vill expire SIX (8) MONTHS from the malling date of this cammunication,
- Fallura o reply within the st or exiandad period for reply will, by elatuta, cause lha epplication to bacome ABANDONED (35 U,5.C, § 133).
« Any raply recsivad by the Office leter than thraa manths after the maliing date of this communication, even if timaly llad, may reduca any
eamed paienl term adjustimeanl, See 37 CFR 1.704(b).

8tatus
1)0d Responslve to communication(s) filed on 12 July 2001 .
28)X] This action is FINAL. 2b)[1 This action is non-final.

30 sinca this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with {he practice under Ex parle Quayls, 1835 C.D. 11, 453 0.G. 213,

Disposltion of Claime
4B claim(s) 1-68 is/are pending In the application.
4g) Of the above claim(s) Isfare withdrawn from consideration.
55 Clalm(s) 1-84 isfare allowed.
8)J Claim(s) 65-89 Is/are rejected.
7O Glaim{s) ____ ls/are objected to.
8)[] clalm(s) _____ are subject to restriction and/or elaction requirement.

Application Papers
9)] The specification is objected to by the Examiner.
_ 1) The drawing(s) filed on Is/are: e)] accepted or b)[] objected to by the Examiner,
Applicant may not request that any objaction to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)0 The proposed drawing correction filed on is: &) eppraved b)[] disapproved by the Examiner.
I epproved, corrected drawings are required In reply fo this Office action.
12)[] The oath or declaration Is objecied to by the Examiner.

Prlqg'gumdsr 35 U.8.C. §8 119 and 120
13)[]. Acknowledgment is made of a claim for foreign priorily under 35 U.S.C. § 119(a)-(d) or {f).
aL1Al B[] Some* (] None of:
1.0 certified copies of the priority decuments have been received.
2] Certliied copies of the priority documents hava been recelved in Application No.

3.[] Copies of tha cerlified coples of the priority documents have bsen recsived In this National Stage
application from the Intemational Bureau (PCT Rule 17.2(s)).
« Sae the attached detailed Office action for a list of the ceriified copies not received.

a) [] The translation of the foreign language provisional application has been received.
15)1 Acknowledgment is made of a claim for domestic prority under 35 U.S.C. §§ 120 and/or-121.
Attachmend(s)

1) [ Noties of References Ciied (PTO-892)
2} [ Motice of Drafispersan's Patent Drawing Revisw (PTO-348)

4[] interview Summary (PTO-413) Papar No(s).
5) D Nolice of Informal Patent Applicatian (PTO-152)

1) Acknowledgment is made of a clalm for domestic priorty under 36 U.S.C. § 118(e) (to a provisional applicatioh).

33 B9 nformation Dieclosure Stetemant(s) (PTO-1449) Paper Nofs) 4. 6) (] Other:
US Patentand Traderaii e
PTO-328 (Rev. 04-01) Offlce Aciion Sumimary Part of Paper No. 10
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Application/Control Nuinber: 09/613,826 Page 2
Art Unit: 1656

DETAILED ACTION
Information Disclosure Statement

1. The IDS filed 12/15/00 was one page and IDS filed March 7,2001 was one page. Both were
signed and jntended to be mailed to applicant. Apparently the IDS of 12/15/00 was only
received. The references on this IDS were crossed out because they are duplicates of
references on IDS March 7, 2001, Moreover, all the references in newly submitted IDS July
12, 2001 were contained in the IDS of March 7, 2001. It is unclear as to the purpose
applicant’s resubmission of these references but as the office has reviewed the references per
IDS March 7, 2001 and signed the PT(Q-1449 it is deemed adequately considered. A copy of

signed IDS March 7, 2001 will be regent with this mailing.

THE FOLLOWING IS A NEW GROUND OF REIECTION NECESSITATED BY THE
AMENDMENT

Claisn Rejections - 35 USC § 112

2. The following is a quotation of the first paragraph of 35 U.5.C, 112:
The specifioation shall contain & writien description of the invenion, and of the manner and process of making
and using it, in quch full, clear, conéize, and exact terms as to éngble any person skilled in the art to which it
pertains, of with which it is most nearly connected, to make and use the same and shall set forth the best mode
contemplated by the inventor of carrying out his invention.
Claims 65-69 are rejected under 35 U.S.C. 112, first paragraph, as containing subject

matter which was not described in the specification in such a way as {o reasonably convey to one




Application/Control Numbers: 09/613,826 Page 3
Art Unit: 1656

skilled in the relevant art that the inventor(s), at the time the application was filed, had
possession of the claimed invention. The specification describes molecular probes that are
consiating of 16 base pairs with & Tm of 50-51°C and a stem consisting of 4 base pairs or one
with a loop consisting of 19-20 base pairs and Tm of 54-56°C and stem consisting of 4 base
pairs. The speciﬁcatiém lacks support for molecular beacon that has a loop greater than 16 base
pairs with Tm of 50-51°C and stem comprising 4 base pairs nor a molecular beacon that & loop

comprising 19-20 base pairs and Tm of 54-56°C and stem comprising of 4 base pairs.

3. The following is a quotation of the second paragraph of 35 U.8.C. 112:

The specification shall conclude with one ar more claims particularly pointing out and distinetly claiming the
subject matter which the applicant regards as his invention.

Claim 68 is rejected under 35 U.8,C, 112, second paragraph, as being indefinite for
failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.

A) The term comprising 19-20 renders claim 68 unclear. As the term is open it is unclear

as to whether the loop.is to be greater than 19 or greater than 20 base pairs.
Claim Rejections - 35 USC § 102

4. The following is a quotation of the appropriate paragraphs of 35 U.5.C. 102 that form the

basis for the rejections under this section made in this Office action:
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Application/Control Number: 09/613,826 Page 4
Art Unit: 1656

A pesson shall be entitled to a patent unleas —

(¢) the invention was described in a patent granted on en application for patent by another filed in the United
States before the invention thersof by the applicent for patent, or on an intermationsl application by another who
has fulfitfed the requirements of paragraphs (1), (2), and (4) of seotion 371(c) of this title before the invention
thereof by the applicant for patent.

Claim 65-67 are rejected under 35 U.S.C. 102(e) as being anticipated by Tyagi et al
(US5,925,517 March 14, 2000).

Tyagi et al who teach & molecular beacon with a stem comprising CACG (see col. 11
probe 3) but with a loop of Tm 50 Tm={(A+T)x2C + (G+C) x4C] (gee col. 12 SEQ ID NO:3).

Claims 66 & 67 refer to a property that is drawn to the intended use of the probe.

Upon recalculation of the loop for Tyagi et al’s probe 3, it appears that the Tm is within
the claimed range. However, in referring to original claim 33 probe 3 does not have the

limitation of stem of only 4 base pairs.

SUMMARY

5. Claims 33-37 are allowable. There is no prior art that teach or suggest & molecular beacon
probe that has a loop consisting of 16 base pairs and having a Tm of 50-51C and the stem
consisting of CACG sequence. The closest prior artis Tyagi et al (US6,037,130) teach
molecular beacon with a stem compriging CACG (see col. 11 probe 3) but with 2 loop of Tm
50C. Moreover, the prior art has been focused on the Tm of the stem which relates to the

functioning of the opening and closing of the hairpin during hybridization.
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Claims 1-32 & 38-64 is allowable. Theré is no prior art that teach or suggest diluting a
nucleic acid template in a sample to a plurality of sample and amplifying the template molecule
in the samples and analyzing amplified molecules to determine the first number of samples
containing the selected genetic sequence and second number assay samples which contain a
reference genetic sequence and comparing the two numbers. Moreover, there is no prior art that
teach or suggest that one tenth or one fiftieth of samples in a set comprise N molecules such that
1/N is larger than the ratio of selected genetic sequence to total genetic sequences required for
the step of enalyzing to determine presence of selected genetic sequence. The closest prior art is
Lapidus et al who teach a reference and target nucleic acid amplification and concentration
determination. However, his determination of concentration is within a sample and they do not

teach or suggest a dilution.

CONCLUSION
Applicant's amendment necessitated the new ground(s) of rejection presented in this

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,

Page 457 of 1365




Application/Control Number: 09/613,826 Page 6
Art Unit: 1656

however, will the statutory period for reply expire later than STX MONTHS from the date of this

final action.

6. Any inquiry concerning this communication or earlier communications from the examiner
should be directed io Jeffrey Siew whose telephone number is (703) 305-3886 and whose e-
mail address is Jeffrey. Siew@uspto.gov. However, the office cannot guarantee gecurity
through the e-mail system nor should official papers be transmitted through this route. The
examiner is on flex-time schedule and can best be reached on weekdays from 6:30 2.m. to 3
p.m, If attempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary
Jones, can be reached on (703)-308-1152.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist for Technology Center 1600 whose telephone number is
(703) 308-0196.

Papers related to this application may be submitted to Group 1600 by facsimile
transmission, Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
Mall 1. The faxing of such papers must conform with the notice published in the Official
Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Voice
(703) 308-3290 and Fax (703) 308-4556 or (703) 308-4242.

Do
Jeffrey Siew

September 20, 2001
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Application No. Appllcant(s}

09/613,826 VOGELSTEIN ET AL
Interview Summary Examlnar Art Unit

Jeffrey Slew 1656

All participants (applicant, applicant's repsesantative, PTO personnel).

(1) Jofirey_Siow, (@)
(2) Michslle Holmas-Son. (4) .

Date of Interview:

Type: a)[] Telephonic b)[] Video Conference
)1 Personal [copy glven to: 1)[] applicant 2)[1 applicant's representative)

Exhibit shown or demonstration conducted:  dj]Yes  e)[1 No.
If Yes, brief description: .

Claim(s) discussed: None .

Identification of prior art discussed:

Agresment with respect to the clalms )X was reached. g)[1 was notreached. h)1 N/A.

Substance of Interview Including description of the genersl nalure of what was agreed to if an egreement was
reached, or any other comments: applicant did not receive signed IDS of 1/23/02, office submitied, signed slready
considerad IDS .

(A fuller description, if necessary, and a copy of the emendments which the examiner agreed would render the claims
- allowable, If available, must be attached. Also, whare no copy of the amendments that weuld render the claims
sllowable le avallabie, a summary thereof must be attached.)

N3 It is not necessary for applicant to provide & separate record of the substance of the interview(f box is
chacked).

Unlese the paragraph above has been chacked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Ssction 713.04). If a reply to the last Office
actlon has already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on
reverse side or on attached sheet.

Examiner Note: You must sign this form unless it is an M ] q""'/'v‘
Attachment to a signad Office action. Exariner's signature, if required

. U5, Pelan and Tredemerk Ofce

PTO-413 {Rev. 03- 88) interview Summary Paper No. 10.
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<110>

<120>
<130>
<140>
<141>
<150>
<151>
<160>
<170>
<210>
<211>
<212>
<213>
<400>

RAW SEQUENCE LISTING
PATENT APPLICATION: US/09/613,826

Input Set : aA:\sequencelist.S8T25.txt
Output Set: N:\CRF3\07242001\1613826,raw

APPLICANT: Vogelstein, Bert

Kinzler, Kenneth W.

TITLE OF INVENTION: DIGITAL AMPLIFICATION
FILE REFERENCE: 01107.00031

CURRENT APPLICATION NUMBER: 09/613,826
CURRENT FILING DATE: 2000-07-11

PRIOR APPLICATION NUMBER: US 60/146,792
PRIOR FILING DATE: 1993%-08-02

NUMBER OF SEQ ID NOS: &

SOFTWARE: PatentIn version 3.0

SEQ ID NO: 1

LENGTH: 26

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE; 1

catgttctaa tatagtcaca ttttca

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 2

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 2

tctgaattag ctgtatcgtc aagg

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 3

LENGTH: 20

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 3

tagctgtate gtcaaggcac

<210>
<211>
<212>
<213>
<400>

SEQ ID NWO: 4

LENGTH: 27

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 4 |

cacgggcectg ctgaaaatga ctgegtyg

<210>
<211>
<212>
<213>
<400>

SEQ ID HO: 5

LENGTH: 24

TYPE: DNA

ORGANISM: homo saplens
SEQUENCE: 5

cacgggagct ggtggcgtag cgtg

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 6

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 6

cattattttt attataaggc ctgce

file://CACH3\Outhold\Ver1613826.him
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VERIFICATION SUMMARY
PATENT APPLICATION:

U8/09/613,828

Input Set : A:\peguencelist.ST25.txt

Output Set: W:\CRF3\07242001\1613826.raw
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Additional comments:;




<110>

<120>
8 <130>
10 <140>
11 <141>
13 <150>
14 <151>
16 <160>
18 <170>
20 <210>
21 <211>
22 <212>
23 <213>
25 <400>

e ReePoﬁ - Page 1 0f 3

b 15

B

@ 19
OIPE

RAW SEQUENCE LISTING DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME: 17:06:04

Input Set : As\sequencelist.ST25.txt R E C E , VE D

Output Set: M:\CRF3\02202001\I1613826.xaw

APPLICANT: Vogelstein, Bert SEP 2 8 2001
Kinzler, Kenneth W. .
TITLE OF INVENTION: DIGITAL AMPLIFICATION

FILE REFERENCE: 01107.00031 TEC%{CENTER1600DQOO
CURRENT APPLICATION NUMBER: 09/613,826

CURRENT FILING DATE: 2000-07-11

PRIOR APPLICATION NUMBER: US 60/146,792 ' ED
PRIOR FILING DATE: 13%99-08-02 ER

NUMBER OF SEQ ID NOS: 6 E'N

SOFTWARE: PatentIn version 3.0

SEQ ID MNO: 1 .

LENGTH: 26

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 1

26 catgttotaa tatagtcaca ttttea 26

29 <210>
30 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2

LENGTH: 24

TYPE: DMA .
ORGANISM: howmo sapiens
SEQUERCE: 2

35 tetgaattag ctgtatcgtc aagg 24

38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ ID RO: 3

LEMGTH: 20

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 3

44 tagctgtatec gtcaaggcac 20

47 <210>
48 <211>
49 <212>
50 <213>
52 <400>

SEQ ID RO: 4

LENGTH: 27

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 4

$3 cacgggcetg ctgaaaatga ctgcgtg 27

56 <210>
57 <2115
58 <212>
59 <213>
61 <400>

§2 cacgggagcet ggtggoegtag cgtg 24

65 <210>
66 <211>
67 <212>
68 <213>
70 <400>

71 cattattttt attataagge ctge . 24

file://CNCrENOuthold\Vsrl613826.him 9/20/01
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SEQ ID HO: 5

LENGTH: 24

TYPE: DHA

ORGANISM: homo sapiens
SEQUERCE: 5

SEQ ID NO: 6

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: €
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VERIFICRATION SUMMARY

DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826

TIME: 17:06:05

Input Set : Ai\seguencellst.ST25.tzt
Output Set: N:\CRF3\09202001\X613826.raw

RECEIVED

SEP 2 8 2001
TECH CENTER 1600/2800
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STATISTICE SUMMARY DATE :
PATENT APPLICATIOMN: US/09/613,0826 TIME;

Input Set : A:\seguencelist.ST25.txt
output Set: N:\CRF3I\09202001\1613826.xraw

Application Serial Number: US/09/613,8B26
Blpha or HWumeric: Numeric
Application Class:

Application File Date: 07-11-2000
Art Unit: OIPR

Software Application: Patentln
Total Number of Sequences: 6
Total Hucleotides: 145

Potal Amino Aclds: 0

Numbex of Errors: 0

Numbexr of Warnings: 0

Rumber of Correctionsg: 0

MESSAGE SUMMARY

file//CNCriNOuthold\Vsr1613826.htm
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[N THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of )
) Group Ari Unit: 1656
Bert Vogelstein, et. al.
) Examiner: J Siew
Serial No. 09/613,826 ) Box AF
)
Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

AMENDMENT AFTER FINAL REJECTION
Assistant Commissioner for Patents
Waghington, D.C. 20231
Sir:
In response fo the Final Office Action mailed September 20, 2001, applicants

0” ) request entry of the following amendments and request reconsideration of the claims.

2

Claims 1-69 are pending in the application. Claims 1-64 are allowed, and claims 65-69

L
b .
M are rejected. No fees ave believed due to make this response filed timely. If any fee is
%{ due please change our Deposit Account No. 19-0733.

IN THE CLATMS

Please amend claims 33, 36-37, 65, and 68-69.

Page 466 of 1365




33, (Amended) A molecular beacon probe comprising:

an oligonucieotide with a stem-loop structure having a photoluminescent dye at
one of the 57 or 3* ends and a quenching agent at the opposite 5° or 3* end, wherein the
loop consists of 16 bases, wherein the loop has & Tr of 50-51°C and the stem consists of

4 base pairs having a sequence 5°-CACG-3'.,

36. (Amended) A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a photoluminescent dye at
one of the 5* or 3’ ends and a quenching agent at the opposite 5” or 3’ end, wherein the
loop consists of 19-20 bases, wherein the loop has 8 T of 54-56°C and the stem consists

of 4 base pairs having a sequence 5’~-CACG-3",

37. (Amended) A pair of molecular beacon probes comprising:

a first molecular beacon probe which is an oligonucleotide with a stem-loop
structure having a first photoluminescent dye at one of the 5’ or 3’ ends and & quenching
agent at the opposite 5° or 3’ end, wherein the loop consists of 16 bases having a Ty, of
50-51°C and the stem consists of 4 base pairs having a sequence 5’-CACG-3’; and

a second molecular beacon probe which is an oligonucleotide with a stem-loop
structure having a second photoluminescent dye at one of the 5' or 3’ ends and a
quenching agent at the opposite 5 or 3° end, wherein the loop consists of 19-20 bases

having a Ty, of 54-56°C and the stem consists of 4 base pairs having a sequence 5’-

CACG-3";
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wherein the first and the second photoluminescent dyes are distinct.

65. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having
photoluminescent dye at one of the 5° or 3” ends and a quenching agent at the opposite 5’
or 3’ end, wherein the loop consists of 14-26 bases and has a Tm of 50-51°C, and

wherein the stem consiats of 4 base pairs having a sequence 5°-CACG-3".

68. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having a
photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5°
or 3" end, wherein the loop consists of 14-26 bases and has a Tm of 54-56°C, and

wherein the stem consists of 4-6 base pairs comprising a sequence 5’-CACG-3".

69. (Amended) A pair of molecular beacon probes comprising;

a first oligonucleotide comprising a first stem and a first loop structure and having
a photoluminescent dye at one of the 5” or 3’ ends and a quenching agent at the opposite
5* or 3" end, wherein the first loop consists of 14-26 bases and has a Tm of 50-51°C, and
wherein the first stem consists of 4 base pairs having a sequence 5’-CACG-3"; and

a second oligonucleotide comprising a second stem and & second loop structure
and having a photoluminescent dye at one of the 5° or 3° ends and a quenching agent at

the opposite §° or 3’ end, wherein the second loop consists of 14-26 bases and has 2 Tm
3




of 54-56°C, and wherein the second stem consists of 4-6 base peirs comprising a

sequence 5°-CACG-3°.

The Invention

The invention is directed to methods for determining the ratio of a selected
genetic sequence in 2 population of genetic sequences.

The invention is also drawn to molecular beacon probes. The molecular beacon
probes can be used to execute the methods of the invention. The molecular beacon
probes comprise an oligonucleotide comprising a stem and a loop structure and have a
photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5°

or 3’ end.

Th endm

Claims 33, 36-37, 65, and 68-69 have each been amended to recite that the loops
of the molecular beacon probes consist of a specified number of “bases” instead of “base
pairs.” The amendments are supporied by the specification and drawings of the
application as filed, The specification supports this amendment where it discloges the
sequence of two example molecular beacon probes: “MB-RED: 5’-Cy3’-
CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3’; MB-GREEN: 5°-Fluorescein-
CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3"." (Page 15, lines 1-3.) Bach of the

molecular beacon probes has 2 §* terminal sequence, 5'-CACG-3°, which base pairs with
4
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the 3’ terminal sequence, 5’-CGTG-3, to form the stem of the probe. The intervening
sequence of each probe forms the loop. The loop of each probe is not self-
complementary and therefore does not form base pairs. Thus the loop i3 measured in
bases rather than base pairs. Figure 1b is a further disclosure that the loop of the
molecular beacon probes is not base paired. Figure 1b is an illustration of the stem-loop
structure of a molecular beacon probe, The stem portion of the structure, or bottom half,
is base paired, The loop, above the stem and at the top half of the probe, is not base
paired. Therefore the drawings also support that the loop should be measured in bases,
not base pairs, Thus the amendment to the claims is supported by the application. The
amendments do not introduce new matter and do not require a new search. The
amendments also clarify the claims and do not narrow the scope of the cleims, The
amendments were not earlier introduced, as applicants were just became of this
inadvertent mistake.

Claim 65 has been amended to recite that the loop of the molecular beacon probe
“consists of 14-26 bases” instead of “comprises 16 base pairs.” Claim 65 has also been
amended to recite that the stem of 2 molecular beacon probe “consists of 4 base pairs”
instead of “comprises 4 base pairs.” These amendments are supported by the
specification where it is disclosed, “Loops sanging from 14 to 26 bases and stems ranging
from 4 to 6 bases, as well as numerous sequence variations of both stems and loops, were
tested during the optimization procedure.” (Page 18, lines 6-8.) Thus, molecular beacon
probes with loops consisting of 14-26 bases and stems consisting of 4 base pairs are
supported in the specification. - The amendments therefore introduce no new matter and

5




do not require & new search. The amendments to claim 65 were not maade earlier asitis a
newly entered claim and applicants have firsi been made aware of its alleged
insufficlencies in the final rejection. The amendiments are also believed to place the
claims in condition for allowance or better condition for appeal.

Claim 68 has been similarly amended to recite the loop of the molecular beacon
probe “consists of 14-26 bases” instead of “comprises 19-20 base pairs.” Claim 68 has
also been amended to recite the stem of the molecular beacon probe “consists of 4-6
bases” instead of “comprises 4 base pairs.” These amendments are also supported by the
specification where it is digclosed, “Loops ranging from 14 to 26 bases and stems ranging
from 4 to 6 bases, as well ag numerous sequence variations of both stems and foops, were
tested during the optimization procedure.” (Page 18, lines 6-8.) Thus, molecular beacon
probes with loops consisting of 14-26 bases and stems consisting of 4 to 6 base pairs are
supported in the specification. The emendments therefore introduce 1o new matter and
do not require a new search. The amendments to claim 68 were not made earlier asitis a
newly entered claim and applicants have first been made aware of its alleged
insufficiencies in the final rejection. The amendments also are believed to place the
claims in condition for allowance or better condition for appeal.

Claim 69 has been similarly amended to recite that the first oligonucleotide of a
pair of molecular beacon probes has a first loop that “consists of 14-26 bases” instead of
“comprises 16 base pairs” and a first stem that “consists of 4 base pairs” instead of
“comprises 4 base pairs.” Claim 69 has also been amended to recite that the second
oligonueleotide of the pair of molecular beacon pfobes has a second loop that “consists of

6
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14-26 bases” instead of “comprises 19-20 base pairs” and a stem that “consists of4-6
base pairs” instead of “comprises 4 base pairs.” This amendment is also supported by the
specification at page 18, lines 6-8. Thus, molecular beacon probes with loops consisting
of 14-26 baess and stems consisting of 4 to 6 base pairs are supported in the specification,
The amendments to claim 68 therefore introduce no new matter and do not require a new
search. Thease amendments were not made eatlier as it is a newly entered claim and
applicants have first been made aware of its alleged insufficiencies in the final rejection.
These amendments to claim 68 are also believed to place the claim in condition for

allowance or in better condition for appeal.

The Rejection of Claims 65-69 under 35 US.C. § 112

Claims 65-69 have been rejected under 35 U.8.C. § 112, first paragraph, as
contzining subject matter which was not described in the specification in such a way as to
reasonable convey to one skilled in the relevant art that the inventor(s), at the time the
application was filed, had possession of the claimed invention. Specifically, the 6fﬁce
Action alleges that the “specification lacks support for molecular beacon tha; has a loop
greater than 16 base pairs with Tm of 50-51°C and stem comprising 4 bage pairs nor a
molecular beacon that a loop comprising 19-20 base pairs and Tm of 54-56°C and stem
comprising of 4 base pairs.” (Paper 10, page 3, lines 5-7.) Applicants respectfully
traverse.

To satisfy the written description requirement, a patent specification must
describe the claimed invention in sufficient detail that one skilled in the ast can

7
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reagonably conclude that the inventor had possession of the claimed invention. Vas-Cath,
Inc. v. Mahurkar, 935 F.2d. at 1563. Amended claims 65-69 are described in the
specification such that one of skill in the art would conclude that the inventors had
possession of the invention.

Claims 65, 68, and 69 have been amended to recite molecular beacon probes that
have a loop that “consists of 14-26 bases.” Claims 65, 68, and 69 have each also been
amended to recite that the molecular beacon probes have & stem that “consists of 4 base
pairs™ or “consists of 4-6 base pairs.” The inventors clearly had possession of the
invention as recited in the amended claimg, The specification discloses that “[1joops
ranging from 14 to 26 bases and stems ranging from 4 to 6 bases, as well 2s numerous
sequence variations of both stems and loops, were tested during the optimization
procedure,” (Page 18, lines 6-8.) Thus the specification discloses that molecular beacon
probes with loops consisting of 14 to 26 bases and stems consisting of 4-6 bases are of
the lengths that are optimum in prol:se design. Clearly the inventors had possession of the
invention as it is claimed. Withdrawal of this rejection to claims 65, 68, 69 and

dependent claims 66-67 is respectfully requested.

The Rejection of Claim 68 under 35 US.C. § 112

Claims 65-69 have been rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out end distinctly claim the subject matter
which applicant regards es the invention. Specifically, the Office Action asserts that the
phrase “comprising 19-20” renders claim 68 unclear. Claim 68 has been amended to
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recite “consists of 14-26" in place of “comprises 19-20.” Thus the rejection is rendered

moot.

Rejection of Claims 65-67 nnder 35 U.S.C, §102(¢)
Claims 65-67 are rejected under 35 U.S.C. §102(e) as being anticipated by Tyagi

et al, (U.S. 5,925,517 March 14, 2000).

The Office Action asserts that Tyagi et al. teaches a molecular beacon probe with
a stem comptising CACG (see cal. 11 probe 3) and & loop of Tm 50 (see SEQ ID NO: 3
at column 12). (Paper 10, page 4, lines 8-9.) Applicants respectfully traverse.

Applicants are unable to locate the cited molecular beacon probe in Tyagi et al
(U.S. 5,925,517). However, Tyagi et al,, U.8. 6,037,130, issued March 14, 2000, does
teach a molecular beacon probe (probe 3) at column 11. Applicents will discuss
molecular beacon probe 3 disclosed in Tyagi et al., U.S. 5,925,517 in this response.

To reject a claim under 35 U.S.C. § 102, each element must be taught or
inherently described in the prior art reference. “A claim is anticipated only if each and
every element as set forth in the claim is found, either expreasly or inherently described,
in a single prior ari reference.” Verdegaal Bros. v. Union oil Co. of California, 814 F.2d
628, (Fed. Cir. 1987). Tyagi et al. do not teach each element as set forth in claims 65-67.

Claima 65 has been amended to recite a molecular beacon probe “wherein the loop
consists of 14-26 bases and has a Tm of 50-51°, and wherein the stem consists of 4 base
pairs having a sequence 5’-CACG-3.”” (Emphasis added.) Tyagi et al. do not teach a
molecular beacon probe with the limitation of a stem consisting of 4 base pairs. Tyagi et

9




al. teach a molecular beacon probe of SEQ ID NO: 3 that has the sequence “TMR-5-
CCACGT-fluorescein-TCTTGTGGGTCAACCCCGTGG-3-DABSYL.” (Column 11
through column 12, line 40, emphasis in reference.) Thus Tyagi et al. teach a molecular
beacon probe with a stem loop of 3 base pairs comprising the sequence CACG. Thus
Tyagi et al. do not teach all the limitations of claim 65. Tyagi et al. do not teach a
molecular beacon probe with a stem consisting of 4 base pairs, Withdrawal of this

rejection to cleims 65 and dependent claims 66-67 is respectfully requested.

Respectfully submitted,

Date: December b, 2001 BMLMQLMM\’

Michelle Holmes-Son
Registration No. 47,660

Banner & Witcof, Ltd.
1001 G Street, NW
Washington, DC 20001
202-508-9100
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33. (Amended) A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a photoluminescent dye at
one of the 5 or 3’ ends and & quenching agent at the opposite §* or 3’ end, wherein the
loop consists of 16 bases [pairs], wherein the loop has a Tn, of 50-51°C and the stem

consists of 4 base pairs having a sequence 5°-CACG-3’.

36, (Amended) A molecular beacon probe comprising!

an oligonucleotide with a stem-loop structure having a photolumincscent dye at
one of the 5* or 3’ ends and a quenching agent at the opposite 5* or 3’ end, wherein the
loop consists of 19-20 bases [pairs], wherein the loop has a T of 54-56°C end the stem

consiats of 4 base pairg having a sequence 5"-CACG-3’,

37. (Amended) A pair of molecular beacon probes comprising:

a first molecular beacon probe which is an oligonucleotide with a stem-loop
structure having a first photoluminescent dye at one of the 5’ or 3’ ends and a quenching
agent at the opposite 5’ or 3’ end, wherein the loop consists of 16 bases [pairs] having a
Ton of 50-51°C and the stem consists of 4 base pairs having e sequence 5*-CACG-3°; and

a second molecular beacon probe which is an oligonucleotide with a stem-loop

structure having a second photoluminescent dye at one of the 5° or 3’ ends and &

quenching agent at the opposite 5* or 3' end, wherein the loop consists of 19-20 bases

11
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[peirs] having a Ty of 54-56°C and the stem consists of 4 base pairs having a sequence
5-CACG-3*;

wherein the first and the second photoluminescent dyes are distinct.

65. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising & stem and a loop structure and having a
photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5°
or 3’ end, wherein the loop [comprises 16] consists of 14-26 baseg [pairs] and has & Tm
of 50-51°C, and wherein the stem [comprises] congists of 4 base pairs having a sequence

5’-CACG-3".

68. (Amended) A molecular beacon probe cominising:

an oligonucleotide comprising & stem and a loop structure and having a
photoluminescent dye at one of the 5’ or 3’ ends and a quenching agent at the opposite 5”
or 3’ end, wherein the loop [comprises 19-20] consists of 14-26 bases [pairs] and has a
Tm of 54-56°C, and wherein the stem [comprises] consists of 4-6 base pairs [having]

gomprising a sequence 5’-CACG-3’.

69. (Amended) A pair of molecular beacon probes comprisitg:

& first oligonucleotide comprising a first stem and a:fii foop structure and having

a photoluminescent dye at one of the 5’ or 3’ ends and a g e agent at the opposite

5 or 3’ end, wherein the first loop [comprises 16] consists offl ‘baseg [pairs] and has

12
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a Trn of 50-51°C, and wherein the first stem [comprises] congists of 4 base pairs having a
sequence 5°-CACG-3°; and

a second oligonucleotide comprising a second stem and a second loop structurs
and having a photoluminescent dye at one of the 5’ or 3’ e;xds and a quenching agent at
the opposite 5* or 3° end, wherein the second loop [comprises 19-20] copsists of 14-26
bases [pairs] and has a Tm of 54-56°C, and wherein the second stem [comprises] consists

of 4-6 base pairs [having] comprising a sequence 5’-CACG-3".

13
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condition for allowance; (2) a timely filed Notlce of Appeal (with appeal fes); or (3) a timely filed Request for Continued
Examination (RCE) in compliance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]
a) B The petiad for reply explres 3 monthe from the malling date of tha final reJection.

no event, howaver, wiil the statutory peried for reply explre lalar than SIX MONTHS from the maiiing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. Seo MPEP

T08.07(f).
Extansions of time may be obtained under 37 CFR 1.136(a). The date on which the pefition under 37 CFR 1.136(a) and the appropriate extanslon

fea have baen filed Is the date for purposes of determining the pericd of extenslon and the carreaponding amount of the fes. The appropriate extension
fee under 37 CFR 1.17(a) is calculated from: (1) the explration date of the shorlened statutory parlod for reply originaliy set In the final Office action; or
{2) ms set fortn In (b) above, If checked, Any reply received by the Office later than threa months after the maliing date of the final rejection, even if
timely filed, may reducs any eamed pateni term adjustment. Sea 37 CFR 1.704{b).

1] A Notice of Appeal was filed on . Appellant's Brief must be filed within the period set forth in
37 CFR 1,192(a), or any exienslon thereof (37 CFR 1.191(d)), to avold dismissal of the appeal.

254 The proposed amendment(s) will nat be entered because:

(2) [ they ralse new lssues that would require further conslderation and/or search {see NOTE below),

() [ they ralse the Issue of new matter (see Note below);

{c) [J they are not deemed {0 place the application In better form for appeal by materially reducing or simplifying the

issues for appeal; and/or
’ (d) ] they prasent additional clalms without canceling a corresponding number of ﬁnaﬂy're]scted claims.
NOTE: the limitatl conslst - ould require new search and consldarati

3.5 Applicant's reply has overcome the following rejection(s): See Continuation Sheet.

would be allowabls {f submitted in a separate, timely filed amendment

4] Newly proposed or amended clalm(s)
canceling the non-allowable claim(s).

5.0 The a)] affidavit, b)J exhibit, or ¢)] request for reconsideration has been considered but does NOT place the
application in condition for allowance because:

6.[] The affidavit or exhibit will NOT be consldered bacause it is not directed SOLELY 1o issues which were nawly
raised by the Examiner in the final rejection. :

7.0 For purpases of Appeel, the proposed amendment(s} )] will not be enterad ar b)_] will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appsnded. :

The status of ihe claim(s) is (or will be) as follows:
Claim(s) allowed: 1-64.
Claim(s) objected to: .
Claim(s) rejected: 65-69.
Claim(s) withdrawn from consideration:
8] The proposed drawing correction filed on is a)[_] approved or b)[] disapproved by the Examiner.

9] Note the attached Information Disclosure Statement(s)( PTO-1449) Papar No(s). .
10.[] Other:

b) |:| The pericd for raply explres on: (1) the maliing dats of this Advisary Action, or (2) tha date sat forth In the final relection, whichever is tater. In

U.&. Palant end Trademadk Office
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CQntln'uaglon Bhest (PTO-303) Application No. 08/613,828

Continuation of 3. Applicant's reply has ovarcome the following rejection(s): the proposed amendment would over acmver the 112 first
wiitten description and ascond paregraph sejsctions. The office would like to thank applicant to bringing attention the inadvertent aversight
of 102(¢) relection over Tyagi US8,037,130. The 102(e) tejection appears overcome by the new amendment.

lew
33 /a 2

Cﬂ% %,_) Q/IG /0(
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In Re Application of: [ 2
5 5
Bert VOGELSTEIN et al. : %_ Il o I
Group Art Unit: 1656 ‘Z% ‘

Serial No. 09/613,826
Examiner: J. Siew

Filed:  July 11, 2000 Box: AF

For: DIGITAL AMPLIFICATION Attorney Docket No. 01107.00031

INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Pursuant to 37 C.E.R. § 1,56 and in compliance with 37 C.F.R. § 1.97(d), Applicants
herewith submit Form PTO 1449 listing references for consideration in connection with the
above-identified application. A copy of each reference is provided herewith.

FEach item of information contained in the information disclosure statement was first
cited in any communication from a foreign patent office in a counterpart foreign application

not more than three months prior to the filing of the information disclosure statement,

01/28/2002 IEDRARKT 00000149 130733 (%6134
01 FCelB6 16003 CH
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Serial No. 09/613,826
Applicants respectfully request that the Examiner consider and enter these documents
into the file of the above-identified application. A fee of $180.00 as set forih in 37 CF.R. §
1.17(p) is enclosed herewith to ensure consideration and eniry of the cited documents by the
Examiner. If any additional fee is deemed necessary, the Commissioner is authorized to
charge our Deposit Account No. 19-0733.

Respectfully submitted,

d

Date: January 23, 2002 By:
Michelie L. Holmes-Son
Registration No. 47,660

BANNER & WITCOFF, LTD
1001 G Street, N.W.

Eleventh Floor

Washington, D.C, 20001-4597
(202) 508-9100
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r PTO/SBABA (10-01) &H S-\

Approve 190 through 10/31/2002, OMB 0651-0031
U.S. Patan and Trademark « «ce: U.8. DEPARTMENT OF COMMERCE

Undertha Reduction Art of 1885, 70 209 e to & eobection of ifomation unlags it contalng | valld OMB control furrbe,
Substitute for form 1449A/PTO Complete If Known e ﬁ
INFORMATION DISCL Applicatian Number _ [ 09/613,828 %_E =)
STATEMENT BY AP % > |_Fiing Date July 11, 2000 = O

C,:,é* First Named Inventor Beri Vogelstein ot al, el %
I 232 ) Group At Unit A W) = i‘__ﬂ
(use es many sheels as fige ¥l A Exariner Nema J. Slew ! <
\_sheet |1 | of |2 &/ Atiomey Docket Numbhsy 01107.00034 2
s g m
@%.mq\/ = @
.5, PATENT DOCUMENTS B
’ Examiner ah1 Oocumant Number F Dals Narts "'&;‘.‘,“{,“o;‘},’“@ﬁ{" feart of Pagas, Golumps, Lings, Whare Ratsvaéni
Inlls® | No' | punhar - Kind Coda? (f knoren) MM-DD-YYY N h&-r-cf::me:\;am
, UUS-5,804,383 09-08-1898 Gruenerl of al. el .
US- 5,658,663 01-12-1999 Nisson at al. —~ | .
US-
Us-
us-
Us-
Us-
US-
Us-
US-
US-
Us-
us-
US-
Us- |
Us- |
us- 1
Us- \
Us- |
us- I
FOREIGN PATENT DOCUMENTS
F Patant Document Pagas, Columns, Linas,
piner | Cig orclgn Polan st Nama of Patelon o Whera Relavant
g la or
:-l:ale No, Country Code® - Numbar® - Kind Cods® (#known) | nuop-yyyy % '{'Wr ™
WO 85/13398 05-16-1995 | - - L > Yy —
£P 0543140 A 03-15-1885 »” 20N -] -
WO 9913113 03161890 | 4" "y A o
0] e
7 . T =

Exsminer & . Date ‘

[Signature M\w i+ | Considered 3 IAS /01,
"EXAMINER: Inifial I referencs conalderad, whefher or ndl citation s fn conformance with MPEP 609. Draw ltne through chtatien if not in conformafica
and nol consldated, Include copy of this form with naxt communication to epplicent. !

* Applicant’s unique ciation designalion numbe (opliona!) . Sas Kinds Godes of USPTO Palent Documants at s usoto.day of MPEP so1p4.

3 Entar Offics that tasued the document, by the two-leiter coda (WIPO Standard ST.3). * For Jop patent tha Indleatian of the yaar of
1he relgn of the Empsror must precade the sarfat numbar of the patant L ® Kind of by the appropricle eymbals g Indicated on the
documant undes WIPO Standerd ST, 16 H possibie. © applicant Is to placa 8 chack mark here if English tanguage Tranatation-ls eftachad.

Burdan Hour Statemeant; This form !s getimatad to take 2.0 hours to complete. Tima will vary depanding upon the neads of the Individus! casa. Any
commants on tha amount of Gma you are required lo complata this form ehould be eant 10 tha Chisef informatian Officsr, U.S, Patant and Teadamark
Oflics, Weshington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Assistart Commisslonar for
Palants, Washington, DG 20231,
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PTO/SAMBB(10-01)}
Approved for uge ihroigh 10/31/2002. OMB 0851-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMYERCE
Lh*darﬁ\ePapaMdemﬁmAdd1995.mpammemﬂedbmpuﬂbudedbndﬁmmﬁmwﬂaslmmamﬁow ﬂ
Substijute for form 1440A/PTO Complete If Known % m
Application Number 00/613,826 (=N -
TION DISCLOSURE Fiing Dato July 14, 2000 2 fa %
STATENENT BY APPLICANT First Named Inventor Bert Vogelstein el al. il e 'Z
T\ 19 ..“;:) Group Art Unit 856~ ( [, 9] = S m
(usq@p many shasts as necessary) Examiner Name J. Siew ? 2 Q
of |2 ‘Attornay Docket Numbar | 01107.00031

OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), tite of the article (when appropriate), fitla of

Exeminsr C“BI the item (bbok, magazine, journal, serial, symposium, catalog, etc.), dats, page(s), volume-issus T?
nitials ® No. numbarls), publishar, city end/or country where published.

i Mycobecdarl

A, PIATEK et al, "MolaBuler Beacon Sequance Analysia for Detscling Drug Res! y
T 15", Nature Blotechnology, Apri 1698, pp. 358-383, Vel. 18, No. 4

v 5. TYAG! el al., “Muilicolor A taf [ {or gllele di ", Nature Blol logy. pp. 303-308,
Jenuary 1888, Vo). 16, No. 1 .
J. AM. VET et al., "Multilex Detection of Four Path\%?n!c F il Using Molecular B >, P dinge of
the National Acadamy of Sciancas of the Unitsi S{atas‘, May 25, 1899, pp. 6384-6389, Vol. €6, No. 11
S. TYAGI ot &, "Molacular B probas that Fi \‘ulmn Hybridization®, Nelure Blotechnology, 1896, pp.
303-308, Vol. 14, No. 3
W. P, HALFORD et at,, "The Inharent Quentitative Capacity of the F T ription-Poly Cheln
F fon®, Analylical Bl Istry, January 15, 1869, FR.\1B1-IM. Vol. 266, No. 2
{ Acad}qy of Scll of the Unitad States,

8. VOGELSTEIN of B!,; “Dighal PCR®, Pr dings of the
August 3, 1888, pp. 8236-0241, Vol. 98, No. 4§

. O.E, EVERETT st 8|, “Identification of nlae apacies of the Chismydiacaes Ulstig PCRAFLP", April 1659, pp.
803-813, Vol 48, No. 2 N

Qg

Examinef - Dals

Signature »‘Hﬁk—qﬁw Considered ?7 2% U -]
g ] .

EXAMINER: Inffial [f reforence considered, whether of not citallon ls in conformenca with MPEP 603, Draw fine through citation if not In canformance

and not congldsred. Includs copy of this form with next communieation to epplicant.

! Unique ditation numbsr (aptional). ® Appiicant 1s to place @ check mark here If English Transtation i d,

Burdon Hour Statemari: This form le ealimatad to take 2.0 hours to complate, Tima will vary depanding upon tis neads of the Individuel cesa. Any

comments o the emount of tine you ena required to complata this form Ehoidd ba ésnt to the Chief Information Offtcer, U.S. Patent end Trademark
-+' Office, Washinglon, DC 20231, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Agsistant Commissionar for

Patents, Weshington, DC 20231.
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Under the Peporwark Reduelion Act of 1.

EIURE WL

Approvad for usa through 10/3172002. OMB 05510032

U5, Palant and Trede
3erzons are required lo respond to a collecilon of Informatic

“fMce: U.S, DEPARTMENT OF COMMERCE
9 ft dlapleys a valld OMB cantra! number.

(—-FEE TRANSMITTAL .
Applicalion Number | 08/813,826 " “ﬂ
g
I\Fiing Date July 11, 2000 CE o Spm
P Loy
Namad Invanter | Bert Vogeleteln et &, P
e 'S 4&—«
B minet Name J. Siaw % 2 V% :,'
<
Boup / At Un 1658 oY P
K [d =
\lOTAL AMOUNT OF PAYMENT } ($) 18\)\'?‘1, i/Altorney Docket No, | 01107.00031 — % @
METHOD OF PAYMENT {chack allthatapply} FEE CALCULATION {continued
3, ADDITIONAL FEEB
QI Chack [ Creditcard [] Monay {1 Other [ Nane Large Smal)
= QOrder Eniity Entity
Bl Deposit Account: foe Foa o Fag F
pos; Coda  (3) Cn:h {8 Feo Daseriplion P:l;
Depasit 105 130 W5 65 Surcherge - lata filing fee or oath
Account Bannor & Witcoff, Lid. 127 &0 2r 25 Surcharge = fate provisional filing fas -
Number or cover shest.
Gapoalt 139 130 130 130 Non-English spedfication
Account 180733 147 2820 WP 2620 Forfling e requast for
A 12 920¢ 112 820°  Requesting publicalion of SIR pror to
The Commlssloner I8 authorizad to: (check elf that epply) Feminer aolion
g 13 18400 13 140
g Charga fes{s) indicated below [ Credit any overpayments ! paor . 2:3;?,;‘:‘;‘3.,'2,‘;‘,’,”““““ of SIR afler
Charge any additions! fes(s) during ths pendency of this sppiicetion
[J Charge feefs) Indicated below, except for ha fillng fee fts Mo 215 &5 Extenslon farsoply whhin frat month
to the gbove-ldeniified deposit acoount 16 400 210 200 Em&“"’" for reply within sscond
maon|
FEE CALGULATION 17 g0 27 480  Exienslonfor roply within thind month
1. BASIC FILING FEE 114 1440 218 720 Extonsfon for reply within fourth
Lerge Enty Small Eniity month
Feo Fea Fes Fea  Foa Daseription 128 1560 226 80  Extension for reply within fifth month
Coda {5} Cods (§) Feg Psld 9 320 20 180 Notia of Appeal
101 140 201 370 Utlily Ring fee 120 320 20 160 Filing & brief in support of en appaal
108 330 200 165  Deelgn filngfea 121 280 21 140 ‘Request for orel hearing
107 516 207 255  Pleni fiing fee Patition & fnatitute & public use
108 740 208 370  Ralsous filng fea 18 50 138 1510 ding
114 @0 214 80 Froviskonal filling fos 140 110 240 85 Palition la revive — Uinavaldable
151 1,260 241 640 Pelitfon to revive —
SUBTOTAL (1) CBIT 770 fwe 1280 202 80 Uihiylsava feo or relonus)
2. EXTRA CLAIN FEES 143 480 243 20  Deésign lssuefes
Extre Fea from Foe 144 620 244 310  Plentlssuefes
Claims balow Pald 22 130 122 130  Pelitona to the Comm
Foraictema [___J-20+ =[08_ I x[___3=T0__] Jim e . 128 5  Processingfeaunds 37 CFR 117 (q)
i ! ]4" =l o I X . l 0 1 w0 1z e Spbmissbnoll fon D 180
aulliple f rding aach patant ass)f
napsndent X = 581 40 589 40 perproparly (timgs number of
o properifas)
large  Entlly Bmafl  Entlty 148 70 28 370 Fitng s aubmission eftar Gnat refaction
Fea (Faa f:?d- r‘o)c Pos Degcrlption w30 {37 CFR § 1.12B{a)}
Codo 149 740 For each eCdilional invention to ba
103 18 209 9 Clgims In excesa of 20 examinad (37 CFR § 1.128(b))
102 84 202 42 Indepandant d&lms jn excoss of 3 ) ]
104 2680 204 140 * Mulliplo depsndent siaim, If nat pald 176 740 27@ 370 Requesifor Continued Exemination (RCE) |
** Refaaua depandant clalms over 169 20O 188 600  Request for oxpodidad esenvinaltion
108 84 209 42z original patent o 8 design eppleation
** Redspua clalma In sXceas of 20 and
1o 18 210 9 over arlginal patent
*Reducad by Basle Filing Fea Pald UBTOTAL (%)
“or number praviously pald, if greater; For Relssuse, sga above
SUBHITIED BY Complets (7 appicenls ™
Kama (PriniTypa) Pichalls L Holmas-Son l Registration No. Atlomay/Agent) [ 47,630 Telephone 202-508-0100
Da
 Signaturs bh 1o - to Januery 23, 2002 )

WARNING: Informetfon on this form may bacome public. Credit card informetion should not be
netuded en this farm. Provide credit cerd Informztion end euthortzat(on an PT0-2038.
Burdan Hour Stalomant. This form i3 estimatsd to lake 0.2 hours lo complete. Tims will very dapanding upon the needs of the indlvidual caze, Any commsnta on the

wavount of fme you
DO NOT SEND FE
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Ploase \ype & plus gign (+) inslde this box —3

(656

FTO/SB/21 (06-08Y

Appraved for use through 10/31/2002, OMB 08516031

. U.S, Patent end Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under tha Papenvork Reduction Act of 1685, no parsons am requised to respond o a collection of informalion untass B displays a valid ONS contral numbar.

Application Number 09/613,826 ol ﬂ
TRANSMIT Filing Date July 11, 2000 €2 m
FOR 5 BN First Named Inventor Bert Vogelsteln et al. €4 Q)
(ta bo used for ell comaspondente af%n}ial flling) proup Art Unit 1656 = 1 m
A %*— ]
'Vfa'_ 2%/ Examiner Name J. Siew s 4
Total Number of Pages In This Submisslan=t-= Attorney Dacket Number | 01107.00031 = 31!

ENCLOSURES (chack all that apply)

T D Assignmeant Papers J Afier Allowance Communication to
Fee Transmiltal Form (for én Applicalion) Group
{71 Appeal Communication ta Board of
D Feo Altached D Drawing(s) Appoals and Interferences
1 Appeal Communication to Group
[[] Amendment / Respanse [ Licansing-related Papers (Aevoal Notlos, Erel, Roply Briof)
[ after Final 1 Patition [ Proprietary Information
[ Petition to Corvert to a
[[] Atidavits/dectaration(s) Provislonal Application [ status Letter
[ Power of Attorney, Revocation %]
[0 extension of Time Request Change of Comrespondsnce Address 8&1:%?,?;‘;?&1
[ Terminal Diaclatmer PT0-1448 (wireferences)
D Express Abendonment Request
[J Request for Refund
X information Disclosure Statement [ co, Number of CD(s)
[ certified Copy of Priority Retmairks
Dacument(s)
[ Respanse to Missing Parta
Incomplete Applicalion
[ Response to Missing
Parts under 37 CFR
1.52 or 1.53
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Flrm ’

or
individual neme

Michelle L, Halmee-Sen, Rapistralion No. 47,660

Signafure

feh 5 We e —

Date

January 23, 2002

CERTIFICATE OF MAILING

| hersby cartlfy that this correspondence Is bsing deposited with the Uniled Stales Postal Service as first class mall in an envelope
addressed to; Assistant Commissioner for Patents, Washington, D.C. 20231 on this dats: [ I

Typed or printad name
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Burden Hour Stalamant: This form {e estimated to take 0.2 hours to complele. Time wil vary dopanding upon the neads of tha indiidual case. Any
commants on the amount of time you are required fo complete this form chould ba send to tha Chief information Officar, U.S. Patent and Yrademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commisslonar for

Patants, Washington, DC 20231,




PETITION FOR ‘EXTENSION OF TIME UNDER 37 CFR1 133(!)

PTO/SBI22 (10-00}
ugh 10/31/2002. OMB 0851-0031
:v DEPARTMENT OF COMMERCE
splays o vaild OMB control number,
Dncket Number (Optional)
091107.00031

roved for
uss Patant and deamszk ot
1o & collsction of

N SO

.

SEnitd

In re Applicetion of Bert VOGELSTEIN, et a.
| Fited July 11, 2000

Application Number 09/613,826
For Digital Amplification

Group Art Unit Examiner
1658 Jeffrey Siew

il ¢ 2 934

03A1303y ?\c\;
N

00821081 317 gy

This is a request under the provisions of 37 CFR 1.138(a} 10 exiend the period for filing &
response in the above Identified epplication.

The requested extension and appropriate non-small-entity fes are es follows

(chack tima period desired):

[ One month (37 GFR 1.17(a)(1))

S

Two months (37 CFR 1.17(a)(2)) $400.00

[0 Three months (37 CFR 1.17(8)(3)) $__

O Fourmonths (37 CFR 1.17(a)(4)) §
$

[1 Five months (37 CFR 1,17(a)(5)}
Applicant claims smali entity etatus. See 37 CFR 1.27. Thersfore, the fee amount shown

above is reduced by one-hall, and the resulting fee is: $ 200.00 .
A check in the mount of the fee is enclosed.

B4

O
[0 Payment by credit card. Form PTO-2038 Is aftached.
The Commissioner has already baen authorized 1o charge fees in this
application to & Deposit Account.
[X]  The Commissioner is hereby authorized to charge any fees which may be required,

ar credit any overpayment, to Deposit Account Number 18-0733 .

| have erniclosed a duplicate copy of this shaet.

1 am the [ applicant/inventor,

[ assignee of record of the entire Interest. See 37 CFR 3.71
Statement under 37 CFR 3.73(b) Is enclosed. (Form PTO/SB/@6).

aftorney or egent of record.
[l attomey or agent under 37 GFR 1.34(a).
Reglatration number f acting under 37 CFR 1.34(g), .

WARNING: Informatlon on this formn may become publle. Credii card information should not
be Inctuded on this form. Provide credit card Information and authorization on PTO-2038.

L had~

February 20, 2002

/

Date Signature
1 03600054 190733 GILIINEG Michelle L. Holmes-Son,
00.00 CH Reg. No. 47,660
Typed or printed name

of record af the entire interest of thalr representativa(s) ara requlred. Submit mutiiple

NOTE: Signatures of all tha Inventars or asely
1}

forma if more than one siynature Is required, see below”,

N
03!
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“Total of fofms ara submitted,

Burden Hour Slatsment; Thia form ia eatimatad to lake 0 1 houns tn complate. Time will very depetding Upon tha needa of the individusd caza. Any
commanda gn the amaunt of tima yeu sre required fo complata this form shoutd ba sant to IIH Chief Indomiation Officer, LLS. Patsrt and Trademark
Offies, Washingion, DG 202234, DO NOT BEND FEES OR COMPLETED FORMS TO THIS ADORESS. BEND TO: Asslgtznt Commiaaioner for

Patents, Washingion, DC 20031




Approve A “ar uge through 10131120026!;6065'1—5632'
. N U.S. Patent and Trademe co: .S, DEPARTMENT OF COMMERCE
N _ Underthe Papenwark Reduclion Adt of 186 sraons are requirad to respond to a coRection of Information 1 ¢t displays a valld OMB confrol number.

TRANSMITTAL e 3

Application Numbst

AL

i
or FY 2002 Filig Date July 14, 2000 o 7
Firet Named Inventor | Berd VOGELSTEIN, etal = Wb
t fows 2ra subjéet o annuel revision. Nama Jafirey Siew [y
=
Group ! A st 1850 -
<
OUNT OF PAYREENT ' € 200 | Attorney Docket Mo, | 001107 60031 L
WAETHOD OF PAVMENT (check all that upply} FEE GALGULATION {continued) Cffg
3, ADDITIONAL FEES
[ chack [ Crediteard [ Monsy [ Other [1 None Lerga Bmalt
Daposlt Ocdr F 2% Fe EF"M F:
N {] ae 68
00 Depouit Account: foe (&  code @8 Foe Description pald
Daposlt 108 130 206 83 Surcharge - ate fiting fes of cath
Account 180723 127 80 27 25 Surchargd - lete pravialonal fling fea
Numbar or eaver sheot
Depasit 13 120 139 130 Non-Englizh specification
A it Boswar & Wicof, Lid 147 2520 147 2,520 Foriiing & requast for i
Mama 112 a0 112 820*  Requasting publication of SIR prior to
[ I ts guthorizad to: (chack a/f that epply) Examiney acton
The Commigelonss k2 sul : &lf that p, 112 1840 113 1,040 Requesting publicalio
[ Charge fea{s) indicatsd below [ Credit any ovampaymenis g E::m;,:,lﬁgm n of SIR eles

B4 Charge any additione) foa(s) during the pendancy ef this epplication

L Change fas(s) indicated below, oxcept far ths filing fee 115 10 215 B& Extensinn for reply wihin firet month

1o the above-dantified daposit account. 118 400 216 200 Extenslon for reply wilhin sacond 20000
L e manth ‘
FEE CALCULATION 17 820 27 480 Extension for reply wilhin third month
1. BASIC-FILING FEE 118 1,440 218 720 Extenelon for raply within fourth
tome  Emity 8meHd Entity monih
Fee Fee Feo Fee Foe Doscription 128 1860 220 60  Extongiom fof raply within fifth month
Codz {§) Code (8 Fea Pald 198 320 219 §e0  Nelice of Appent
104 740 201 370 Uiy Milngfae 120 a20 220 180  Fliing u brlef in support of an eppaat
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )}
)} Group Art Unit: 1656
Bert Vogelstein, et, al. )
) Examiner: J Siew
Serial No. 09/613,826 ) Box AF
)
Filing Date: July 11, 2000 } Docket No. 01107.00031

For: DIGITAL AMFPLIFICATION

AMENDMENT AFTER FINAL REJECTION

Assistant Commissioner for Patents
Washington, D.C, 20231

Sir:
In response to the Final Office Action mailed September 20, 2001, applicants
Qk‘o‘o request entry of the following amendments. Claims,l-64 are pending in the application
q,ob and are allowed. A petition for a two-month extension of time is enclosed herewith. No
; other fees are believed due to make this response filed timely, If any additional fee is due

please change our Deposit Account No. 19-0733.

THE CIL.
Please cancef claims 65-69.
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SEQUENCE LISTING

Please replace the sequence listing in the application with the accompanying substitute
sequence listing. A computer readable form and paper copy of the substitute sequence
listing are enclosed, They are believed to be identical in content. The substitute

sequence listing introduces no new matter,

IN SPECIFICATION

The paragtaph beginning page 4, line 19.

j
{

Fig.’ 2. Discrimination between WT and mutant PCR products by Molecular Beacons.
Te/n separate PCR products, each generated from ~25 genome equivalents of genomic
DNA of cells containing the indicated mutations of ¢-Ki-Ras, were analyzed with the
Molecular Beacon probes described in the text, Representative examples of the PCR
products used for Molecular Beacon analysis were purified and directly sequenced. In
the cases with Gly12Cys (SEQ ID NO: 11) and Gly12Arg (SEQ ID NO: 10) mutations,
contaminating non-neoplastic cells within the tumor presuniably accounted for the
relatively low ratios. In the cases with Gly12Ser (SEQ ID NO: 8) and Gly12Asp (SEQ
1D NO: 12), there were apparently two or more alleles of mutant ¢-Ki-Ras for every WT

allele (SEQ ID NO: 7); both these tumors were aneuploid. Analysis of the Gly13Asp

mutation is also shown (SEQ ID NO: 9).
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Fig. 4. Discriminating WT from mutant PCR products obtained in Dig-PCR,
RED/GREEN ratios were determined from the fluorescence of MB-RED and
MB-GREEN as described in Materials and Methods, The wells shown are the same as
those illustrated in Fig, 3, The sequences of PCR products from the indicated wells were
determined as described in Materials and Methods, The wells with RED/GREEN ratios
>3.0 each contzined mutant sequences while those with RED/GREEN ratios of ~1.0
contained WT sequences, WT ¢-Ki-Ras (SEQ ID NO: 7), Gly12Asp (SEQ ID NO: 13),

and Gly13Asp (SEQ ID NO: 9) were analyzed.

A
-

w)rh{paragraph beginning page 5, line 17.

Fig. 5. Dig-PCR of DNA from a stool sample. The 384 wells used in the experiment are
displayed. Those colored blue contained 25 genome equivalents of DNA from normal
cells. Bach of these registered positive with MB-RED and the RED/GREEN ratios were
1.0 +/- 0.1 {mean +/- 1 standard deviation). The wells colored yellow contained no
template DNA and each was negative with MB-RED (i.e.ﬁ, fluorescence <3500
fluorescence units.). The other wells contained diluted DNA from the stool sample.
Those registering as positive with MB-RED were colored either red or green, depending
on their RED/GREEN ratios. Those }egisteﬁng negative with MB-RED were colored
white. PCR products from the indicated wells were used for automated sequence
analysis. The sequence of WT ¢-Ki-Ras in well K1 (SEQ ID NO: 7), and mutant ¢-Ki-
Ras in wells C10, E11, M10, and L12 (SEQ ID NO: 14), and well F21 (SEQ ID NO: 15)

were analyzed.
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REMARKS

The Amendments

The specification has been amended to enter a substitute sequence listing. The
substitute sequence listing includes sequences that were not present in the prior sequence
listing. The additional sequences are disclosed in Figures 2, 4, and 5 of the drawings.

The paragraph beginning at page 4, line 19 has been amended to diéclose the
sequence identifier of each of the wildtype or mutant ras sequences shown in Figure 2,

The paragraph beginning at page 5, line 10 and the paragraph beginning at page 5,
line 17 have each been amended to disclose the sequence identifier for each of the
wildtype or mutant as sequences shown in Pigures 4 and 5, respectively.

These amendments were not made earlier as applicants only first became aware of
this oversight after the final rejection was mailed, Rejected claims 65-69 have been
canceled without prejudice to their future prosecution in continuation applications. A

notice of allowance is respectfully requested.
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Date: February 20, 2002

Banner & Witcoff, Ltd.
1001 G Strest, NW
Washington, DC 20001
202-508-8100
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Respectfully submitted,

By: ! (ﬁ/ILQQL %“@’b

MicheHe Holmes-Son
Registration No. 47,660
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MARKED UP VERSION TO SHOW CHANGES MADE

The paragraph beginning page 4, line 19.

Fig, 2. Discrimination between WT and mutant PCR products by Molecular Beacons.
Ten separate PCR products, each generated from ~25 genome equivalents of genomic
DNA of cells containing the indicated mutations of c-Xi-Ras, were analyzed with the
Molecular Beacon probes described in the text, Representative examples of the PCR
products used for Molecular Beacon analysis were purified and directly sequenced. In
the cases with Gly12Cys (SEQ ID NO: 11) and Gly12Arg (SEQ ID NO: 10) mutations,
contaminating non-neoplastic cells within the tamor presumably accounted for the
relatively low ratios. In the cases with Gly12Ser (SEQ ID NO: 8) and Gly12Asp (SEQ
ID NO: 12), there were apparently two or more alleles of mutant ¢-Ki-Ras for every WT
allele (SEQ ID NO: 7); both these tumors were aneuploid. Analysis of the Gly13Asp

mutation is also shown (SEQ ID NQ: 9).

‘The paragraph beginning page 5, line 10,

Fig. 4. Discriminating WT from mutant PCR products obtained in Dig-PCR.
RED/GREEN ratios were determined from the fluorescence of MB-RED and
MB-GREEN as described in Materials and Methods. The wells shown are the same as
those illustrated in Fig. 3. The sequences of PCR products fium the indicated wells were
determined as described in Materials and Methods. The wells with RED/GREEN ratios

>3.0 each contained mutant sequences while those with RED/GREEN ratios of ~1.0




contained WT sequences. WT c-Ki-Ras (SEQ ID NO: 7), Glyl12Asp (SEQ ID NO: 13),

and Gly13Asp (SEQ ID NO: 9) were analyzed,

The paragraph beginning page 5, line 17,

Fig. 5. Dig-PCR of DNA from a stool sample. The 384 wells used in the experiment are
displayed. Those colored blue contained 25 genome equivalents of DNA from normal
cells. Each of these registered positive with MB-RED and the RED/GREEN ratios were
1.0 +/- 0.1 (mean +/- 1 standard deviation). The wells colored yellow contained no
template DNA and each was negative with MB-RED (i.e., fluorescence <3500
fluorescence units.), The other wells contained diluted DNA from the stool sample.
Those registering as positive with MB-RED were coloted either red or green, depending
on their RED/GREEN ratios. Those registering negative with MB-RED were colored
white. PCR products from the im_iicated wells were used for automated sequence

analysis. The sequence of WT ¢-Ki-Ras in well K1 (SEQ ID NO: 7), and mutant ¢-Ki-

Ras in wells C10, E11, M10, and 1.12 (SEQ ID NO: 14), and well F21 (SEQ ID NO; 15)

were analyzed.
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<400>

vegelstein, Bert
Kinzler, Kenneth W,

DIGITAL AMPLIFICATION
01107.00031

09/613,826
2000-07-11

us 60/146,792
1999-08-02

15

Patentin version 3.1
1

26

DNA

homo sapiens

1
catgttctaa tatagtcaca ttttca

<210>
<211>
<212>
<213>

<400>

2

24

DNA

homo sapiens

2
. tctgaattag ctgtatcgtec aagg

<210>
<211>
<212>
<213>

<400>

3

20

DNA

homo sapiens
3

tagcrgtatc gtcaaggcac

<210>
<211>
<212>
<213>

<400>

cacgdgectg ctgaaaatga ctgcgtg

<213>
<400>

4

27

DNA .
homo sapiens

4

5

24

DA

homo sapiens

3
cacgggagct ggtggegtag cgtg
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26

24

20

27
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¢

210>
<211>
<212>
<213>

<400> 6
cattattitt attataaggc ctge

<210>
<211>
<212>
<213>

<400>

6

24

DNA

homo sapiens

7

12

DNA .
homo sapiens

7

gcrggtageg ta

<210>
<211>
<212>
<213>

<400>

8

12

DNA

homo sapiens

8

gctagtggeg ta

<212>
<213>

<400>

DNA .
homo sapiens

9

getggtgacg ta

<210>
<211>
<212>
<213>

<400>

10

12

DNA .
homo sapiens

10

gctcgtggeg ta

<210>
<211>
<212>
<213>

<400>

homo sapiens
11

gcttgtggec gta

<210>
<211~
<212>
<213>

<400>

12

13

DNA

homo sapiens

12

gctgatggoe gta
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210>
<211>
<212>
<213>

<400>

i3

12

DNA

howmo sapiens

13

gctgatggeg ta

<210>
<211>
«212>
<213>

<400>

14

12

DNA ,
homo sapiens

14

gctgctggeg ta

<210>
<211>
<212>
<213>

<400>

homo sapiens
15

gctggtggtg ta

——— s
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Application No. Applicant(s)

09/613,828 VOGELSTEIN ET AL.
Intarview Summary Examiner Art Unlt

Jefiray Slow 1856

All participants (applicant, applicant's representative, PTO personnal);

(1) Jefirey_Slow. (3
(2) Michelle Holmes-Son. 3 I—

Date of Interview: 04 March 2002 .

Type: m)[X| Telephonic b)[] Vidao Conference
¢)] Personal [copy given to: 1) applicant 2)J applicant's representative]

Exhlblt shown or demonstration conducted: a1 Yes e)] No.
If Yes, brief description:

Clalm(s) discussed: 1-64 .
{dentification of prior art discussed: .

Agreament with respect to the claims N[] was reached. @)Xl was notreached. MO Nia,

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: dlscussed newly disclosed prior aff .

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
* allowable, if avallable, must be attached, Also, where no copy of the amendments that would render the claims
allowable Is avallable, & summary theraof must ba attachad.)

HBJ It Is not necessary for applicant to provide a separate record of the substence of the interview(lf box Is
checked).

Unless the paragraph above has heen checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW, (See MPEP Saction 713.04). if a reply to the last Office
action has aiready been flled, APPLIGANT 1S GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on
reverge side or on attached shest,

Quand
2Jujor

Examiner Note: You must sign this form unless tis an

Attachment to a signed Office action. Examiner's signature, if required
S, Paten! and Tradamark Offica
PTO-413 (Rev, 03- B8) interview Summary Papar No. 18,
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<110>

<120>
<130>
<140>

o . Pagelofs

19
RECEIVED

WAR 1 4 2002

oarmoesd ENTERED

DATE: 03/01,2002
TIME: 15:29:37

RAW SEQUENCE LISTING
PATENT APPLICATION: US/09/613,826A

Input Set : Ar\107.31.8T25.txt
output Set: Ni\CRF3\03012002\1613826A.yaw

APPLICANT: Vogelstein, Bert

Kinzler, Kenneth W.

TITLE OF INVENTION: DIGITAL AMPLIFICATION
FILE REFERENCE: 01107.00031

CURRENT APPLICATION NUMBER: 039/613,826A

11 <141> CURRENT FILING DATE: 2000-07-11

13 <150> PRIOR APPLICATION NUMBER: US 60/146,792
14 <151> PRTOR FILING DATE: 1999-08-02

16 <160> NUMBER OF SEQ ID RoS: 15

RECEIVED

MAR 1 4 2002

18 <170> SOFTWARE: PatentIn versiom 3.1

20 <210> SEQ ID NO: 1

21 <211> LENGTH: 26

22 <212> TYPE: DNA

23 <213> ORGANISM: hemo sapiens

25 <400> SEQUENCE: 1

26 catgttctaa tatagtcaca ttttca
~ 99 <210> SEQ ID NO: 2

30 <211> LENGTH: 24

31 <212> TYPE: DNA

32 <213> ORGANISM: hoemo saplens

34 <400> SEQUENCE: 2

35 tetgaattag ctgtategte aagg

390 <210> SEQ ID NO: 3

39 <211> LENGTH: 20

40 <212> TYPE; DNA

41 <313> ORGANISM: homo saplens

43 <400> SEQUENCE: 3

44 tagetgtatc gtecaaggeac

47 <210> SEQ ID NO: 4

48 <211> LENGTH: 27

49 <212> TYPE: DNA

50 <213> ORGANISM: homo sapiens

52 <400> SEQUENCE: 4

53 cacgggcctg ctgaaasatga ctgcgtg

56 <210> SEQ ID NO: 5

57 <211> LENGTH: 24

58 <212> TYPE: DNA

89 <213> ORGANISM: homo sapiens

61 <400> SEQUENCE: 5

62 cacgggaget ggtggegtag cgtg

65 <210> SBQ ID RO: 6

66 <211> LENGTH: 24

67 <212> TYPE: DNA

file://CACHFMOuthold\WVsrI613826A. hitm
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122
124
125
128
129
130
131
133
134
137
138
139
140

Page 2 of 5

RAW BEQUENCE LISTING DATE: 03/01/2002
PATENT APPLICATION: U8/09/613,826A TIME: 15:29:37

Input Set ! A3\107.31,8T25.txt
output Set: N3\CRFI\030L2002\IG13B26A.xraw

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6

cattattttt attataagge ctge 24
<210> SEQ ID NO: 7

<211> LERGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

getggtggeg ta 12
<210> SEQ ID NO: 8
<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo saplens

<400> SEQUENCE: 8

getagtggeg ta 12
<210> SEQ ID RO: 9

<211> LENGTH: 12
<212> TYPE: DRA

<213> ORGANISM: homo sapiens

<400> SEQUERCE: 9

gectggtgacg ta 12
<210> SEQ ID NO: 10

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

getegtggog ta 12
<210> SEQ ID NO: 11

<211> LENGTH: 13

<213> TYPE: DNA

<213> ORGANISM: homo saplens

<400> SEQUENCE: 11

gettgtggee gta 13
<210> SEQ ID NO: 12

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 12

gctgatggge gta 13
<210> SEQ ID NO: 13

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo saplens

<400> SEQUENCE: 13 )

getgatggcg ta 12
<210> SEQ ID NO: 14

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

file://CACHEINOuthold\VsrI613826A.htm 3102
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142
143
146
147
148
149
151
152

AV ‘BEQUENCE LISTING DATE: 03/01,/2002
PATENT APPLICATION: US/09/613,826A TIME: 15:29:37

Input Set : A:\107.31.8T25.tzt
Output Set: H:\CRFI\03012002\I613026A.raw

<400> SEQUENCE: 14
getgetggey ta

<210> SEQ ID WO: 15

<211> LEWNGTH: 12

<212> TYPE: DHNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 15
gotggtggty ta

file//CNCEFNOuthold\Vsrl613826A.htm
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Page 4 of 5
vmgxémrou SUMMARY DATE: 03/01/2002 -
PATENT APPLICATION: UB/09/613,826A TIME: 15:29:38
Input Bet : A:\107,31,8725.tzt
Output Bet: Ni\CRF3\03012002\T613826A.ray
1
|
file://CNCrENOuthold\VsiT613826A.him 3/1/02
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File History Report

[[] Paper number is missing from the United States Patent
Trademark Office’s copy of the file History. No additional information is
available.

B The following page(s) 5.of 3 of paper number 19 is/are missing
from the United States Patent and Trademark Office’s original copy of the
file history. No additional information is available

[] The following checked itemn(s) below of paper number
is/are missing from the United States Patent and Trademark Office’s
original copy of the file history. No additional information is available
] PTO 1449

PTO 892

PTO 948

PTO 1474

Assignment

Cover page
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Application No. Applicant(s)
09/643,620 TAKESHITAET AL,
Interview Summary Examiner Art Unit
Jeffrey Slew 1856

All participants (applicant, applicant’s representative, PTO personnal):

(1) Jeffrey Siew. (3
(2) Michalle Holmes Son. ) e

Dato of Interview: 19 March 2002 .

Type: 8) Telephonie b)[Z] Video Conference
)] Personal [copy given to: 1)] epplicant  2)(1 applicant's representative]

Exhibit shown or demonstration conducted: d)[J] Yes )] No.
If Yes, brief description: .

Claim(s) discussed: 1=64 .

ldentification of prior art discussed:

Agresment with raepect to the claims X was reached. o) was notreached. h)] N/A

Substance of interview Including description of the general nature of what was agreed to If an agreement was
reached, or any Iscussed ewly clfeg d 4 or exa
. e e

(A fuller description, if necessary, and a copy of the amendments which the examiner agread wouid render the claims
allowabte, If avaliable, must be altached. Also, where no copy of tha amendments that would render the claims
aliowable is avallehle, a summary thersof must be attached.)

DX It Is not necessary for applicant to provide & separate racord of the substance of the Intarview(if box Is
checked).

Unless the paragraph above has bean checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Ssction 713.04). If a reply to the last Office
action has already been flled, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW, See Summary of Record of Interview raquiremants on
reverse side or on attached sheet.

Examinar Nota: You must elgn this form unlese it s an
Attachment to & signed Office actlon. Examiner's signature, if required

U5, Falant and Tredamark Offco
PTO=413 (Rav, 13- 08) Intarview Summary Papsr No. 20,
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Application Ne. Applleant{g)
Notlce of Allawabliity 00/613,629 TOKESHIAET AL,
Jeffrey  Slew 1656

« The MAILING DATE of this communlcation sppears on the eover shest with the correspondance address--
All clalms belng aflowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application, f not included
herewlth (or previously malled), = Nofice of Allowance (PTOL-8E) or other appropriate communication wili be malled in due course, THIS
NOTICE OF ALLOWABILITY I8 HOT A ORANT OF PATENT RIGHTS. This application |s subject to withdrawa! fram Issue at the inlfiative
of the Office or upon petition by the applicant. See 37 CFR1 .313 and MPEP 1308,

1, X This communloation Is responslve fo jnf ¥/19/02.
2. X The allowed elaim(s) la/are 1-64,
3, [ The drawings filad on 11.July 2000 are accepted by the Examinar.
4, ] Acknowledgment is mada of a clalm for forelgn priority under 35 U.S.C. § 118(e)-(d) or (f).
a)[1 A b)[18ome* ¢)INone of tha:
1. [7] Certified coples of the priarity documents have been recelved.
2, [0 Certiflad caples of the priority documants have been recelved in Application No, .
3, ] Coples of the certiled coplas of the priority decuments have baen racelved In this national siage application from the
Intemational Bureau (PCT Rula 17.2(a)).
* Cartified coples not recelved: .
6. 5 Acknowledgment le made of a clalm for domestic priority under 35 U.S.C. § 118(e) (o & provislonal application).
{a) [C] Thae transfation of the forelgn languaga provisiona! application has been received,
8. [7] Acknowladgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121,

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communicatian to fila a raply complying with the requirements noted
below. Fallure to timely comply will result In ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. [ A SUBSTITUTE OATH OR DECLARATION muat be submittad. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT AFPLICATION (PTO-162) which gives reagon(s) why the oath ar daclaration Is deficient,

8. [X} CORRECTED DRAWINGS must be submitted.
(a) ¥ including changes required by the Nofice of Draftsperson’s Patent Drawing Review ( PTO-D48) attachad

1) [ hareto or 2) [ to Paper No. .
(b) ] Including changes required by the proposed drawing correction filed , which has been approved by the Examiner.
{¢)[J] Including changes required by the altachod Examiners Amendment / Comment or In the Office action of Paper No.

Identlfying Indlela such as the application number {ses 37 GFR 1.84(c)) should he writien on the drawings In the top margin {not the back) -
of each shest. The drawlngs ehould be filad a8 & seperata paper with a tranemiital latter addrecsed to the Officlal Drafiaparson.

9. [[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submittad. Note'the
atiached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL,

Aftachmant(s)

1[] Noflce of References Cited (PTO-892) 2] Notice of Informal Patent Application (PTO-152)

3[WNofica of Draftperson's Patent Drawing Review {PTO-048) 4f4 nterview Summary (PTO-413), Papar No [x1%

507 Information Disclosure Stetements (PTO-1448), PaperNo. ___. 61 Examiner's Amendment/Comment

707 Examiner's Comment Regarding Requirement for Daposit ‘ B[] Examiner's Staterent of Reasons for Allowance
of Blologlcal Mafterial 9] Other

\T8, iatent ani Treqomark Olice.
PTO-37 (Rev. 04-01) Notice of Allowabllity Part of Paper No. 20 .
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Application/Conirol Number: 09/613,829 Page 2
Art Unit: 1656

REASONS FOR ALLOWANCE

1, The following is an examinet’s statement of reasons for allowance:

Claims 33-37 are allowable, There is no prior art that teach or suggest a moleonlar beacon
probe that has a loop consisting of 16 base pairs and having a Tm of 50-51C and the stem
consisting of CACG sequence. The closest prior art is Tyagi et al (US6,037,130) teach
molecular beacon with a stem comprising CACG (see col. 11 probe 3) but with a loop of Tm
50C, Moreover, the prior art has been focused on the Tm of the stem which relates to the
functioning of the opening and closing of the hairpin during hybridization,

Claims 1-32 & 38-64 is allowable, There is no prior art that teach or suégest diluting 2
nucleic acid template in a sample to a plurality of sample and amplifying the template molecule
in the samples and analyzing amplified molecules to determine the first number of samples
containing the selected genetic sequence and second number assay samples which contain a
reference genetic sequence and comparing the two numbers. Moreover, there is no prior art that
teach or suggest that one tenth or one fiftieth of samples in a set comprise N molecules such that
1/N is larger than the rafio of selected genetic sequence to total genetic sequences required for
the step of analyzing to determine presence of selected genetic sequence. The closest prior art is
Lapidus et al who teach a reference and target pucleic acid amplification and concentration
determination, However, his determination of concentration is within a sample and they do not

teach or suggest a dilution.
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Application/Control Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
foe. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Aliowance.”

CONCLUSION

2. Any inquiry conceming this communication or earlier communications from the
examiner should be directed to Jeffrey Siew whose telephone number is (703) 305-3886 and
whose e-mail address is Jeffrey.Siew@uspto.gov. However, the office cannot guarantee security
through the e-mail system nor should official papers be trangmitted through this route. The
examiner is on flex-time schedule and can bes/t be reached on weekdays from 6:30 a.m. to 3 p.m.
If attempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary Benzion, can
be reached on (703)-308-1119.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist for Technology Center 1600 whose telsphone number is
(703) 308-0196.

Papers related to this application may be submitted to Group 1600 by facsimile

{ransmission, Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
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Application/Control Number: 09/613,829 Page 4
Arxt Unit: 1656

Mall 1. The faxing of such papers must conform with the notice published in the Official
Gazette, 1096 OG 30 (November 15, 1989). The CM! Center numbers for Group 1600 are Vaice

(703) 308-3290 and Before Final FAX (703) 872-9306 or After Final FAX (703) 30872-9307.

Jeffrey Siew
March 19, 2002
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" UNTTED RTATES DENANKRENT (OF COMMERCE
Unfisd Siatas Padunt aud Trademark Offlce
Athfret, COMMISBIONIRR QR PATEM PR AND TRAITEM Stehil
Wiudnhglan DG sugad
v Lapto gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

22007 7590 03240002
BANNER & WITCOFF L EXAMINER J
1001 G STREETN W SIEW, JRFFREY
SUITE 1100 '
WASHINGTON, DC 20001 [' ARTUNIT l CLASS-SUBCLASS I
1637 435-006(H0
DATE MAILED; 03724720012
[TTAWICATIONND, | FILINODATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO |~ CONFIRMAIONND |
097613,826 0771172000 Tert Vugetstein 1107 0003 1 553

TITLE OF INVENTION: DIGITAL AMPLIFICATION

{TTOTALCLAIME | APPLN.TYPE | SMALLENTITY | ISSURviE | PuUBLICATION FEE | TOYAL FEESIDUE | DAILDUK
64 nonprovisional YES $640 $0 §640 06/24/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL YROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1,313 AND MPEP 1308,

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE . SEE 35 U.5.C. 151, THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT) .
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED,

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above. If the SMALL If the SMALL ENTITY is shown as NO:
ENTITY is shown as YES, verify your current SMALL ENTITY

status:

A. Ifthe status is changed, pay the PUBLICATION FEE (if required) | A. Pay TOTAL FEE(S) DUE shown above, or
and twice the amount of the ISSUE FEE shown aboveé and notify the

United States Patent and Trademark Office of the change in'status, ot

B, If the status is the same, pay the TOTAL FEE(S) DUE shown B. If epplicant claimed SMALL ENTITY status before, or is now
above, claiming SMALL ENTITY status, check the hox below and enclose
. the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

1 Applicant claimg SMALL ENTITY status.
See 37 CFR 1.27.

1I. PART B - FER(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Bven if the fee(s) have already been paid, Part B - Fee(s) Transmuital should he:
completed and returned, If you are charging the fee(s) to your deposit account; section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra capy of the form should be submitted.

111, Al) communications regarding this application must give the application number, Pleasc direot all communications prior te fssuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utllity putents lssuing on applications filed on or after Dec. 12, 1980 may require payment of
maintonance fey, It I8 patontoe’s responalbliity to ensure timely payment of malntenance fees when due.

Poge 1 of 3
PTOL-85 (RBV, 07-01) Apprved for use thiough 01/31/2004.
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e '
PART B - FEE(S) TRANSMITTAL

Complete and mail this form, tegether with applieable foe(s), to: Box ISSUE FEE
Asslstant Commlssioney for Patents
Washington, D.C. 20231
T Torm eholl]d U< vieed 107 iransmiting e 150U FOR and PUBLICATION TEE il required). BIocks T through 4 should 5o complot
where appm‘:mlc. All further eorrespondence including the Patent, ndvg{;ea orders and notification of maintenance fees wiil ﬂc mailed to the current gc(;rrcg gcl:dcnce idlt?rgfs
indicated un ?:: :mctet:! below or directed atherwiss n Block J, by (2) epeciying a new npond eddress; andfor (b) indienting a ecpatate "FRE ADDRESS" |
Al notiiicatio!
CURRENT CORRESPONDENCE ADDRESS (Nete: Legibly marksup with say corraetlona or uss Blook 1) Note: The certlficete of maiting: below con only be used for domiesti
" wain muilings of the Fee(s) Transmittal, This cerficate cannot be used for nn:
22507 T3 312412002 olhgr decompanying pepers. Bach additional [ such nu an aesignmen
BANNER & WITCOFF or formal drawing, must have s own cortificate of mniling
1001 G STREET N W 1 batoby cortify that hi (‘[i:cnlll)tglge OI'MMI“W belng denowtod 'I |
SUITE 1100 Un&;\;% 1:(%? osl At ! ui tc(g nsuitnl s belng depomted wahy i
tad Service with suffiorent postage for Fyst elass mad In o
WASHINGTON, NC 20001 mr‘ccl;pg &ﬁgwsscd 0 the Box Tsiun s nddvess above o<l du
0! '
{Depatittar'y fam
[LLTE)
(D
| APPLICATION NO, I FILINQ DATE I FIRST NAMED INVENTOR ‘ ATTORNEY DOCKET NQ ‘ CONFIRMA {HON NO
00/613,826 ONIRG00 Beit Vogelstemn 011070003} CITH)
TITLE OF INVENTION: DIGITAL AMPLIFICATION
| ToTaLCLAMS APPLN.TYPE | EMALLENTITY | 1SSUE FEE | pusLicaTIONFEE | TOTALFEE(S)DUE | DATE DUE
%) nonprovisianal YES $640 50 5640 0672403002
! EXAMINER ] ART UNIT | casssuaclass |
SIEW, JEFPREY 1637 435-006000
1, Change of correspondence address or indlcation of "Foe Address” (37 2, Por printing an the patent frant page, hst (1)
Eﬁ'}.}g%‘h ggo of PTO form(s) and Customer Number are recammended, | the names of up to 3 registered patent altorneys '
q g or.agenis OR, n!lemnllvcly, (2) the name of n -
0 Change ofcom%undcnce addreas (or Change of Correspondence single fim (having as o member a registered 2
Address form PTO/SB/122) attached. oltomey or agent) pnd the namcs of up to 1
" " o “ rogistcred potent attomeys or agents 1 o name
'E'Tgﬁ‘é‘a'?f?{ﬁf{wm"““““ (ar "Fec Address” Indientinn fonn is fisted, no nome will be printed e e e e

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED-ON THE PATENT (print or type)

PLEASE NOTE: Unless an usiit}ec ia tdentified below, no assignee data will sppear on the patent, Inclusion of assignec dntn is onl¥ appreprinte when ag assigament hiy
been previously submitied to the USPTO or s betng submitted under separute cover. Completion of this form is NOT & subslitute for filing an tssigniment,

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY}
Please check the approprlate assignee category or categories (wil! nat be printed an the patent) X individual O gotporation or other privite group uatily W govetmnent
da, The following fie(s) ace anclosed: 4b, Payment of Fep(s): |
O lsouc Fee D A check in the amount of the fea(s) is enclosed, '
O Publication Fee Q Payment by credit card, Form FT'0-2038 {s attached.
. Q0 The Comminaioner is hereby authorized by charge the required fee(s), or credit any avepayment, (o
O Advance Order - # of Coprot oo Deposit Account Number . .. " (enclose an extra copr ihis form), ¥ CYOIpRY

The COMMISSIONER OF PATENTS AND TRADEMARKS Is requested to apply the Issue Fee and Publication Fec (if any) or to re-apply uny previously patd Issuc fee 1o thy
application identfied abave,

(Authonzed Signatuve) (Date)

ROTET The 16auc Tec and Pubeahon Fee (1 vequited) will not be Aeeenied Ifom ANyone
other than the appliconl; 8 registered moéﬁ? ar agent; of the agsgnes or ather parly in
intoreat 0z shown by the records of the United Statea Fatant and Trademark Office,

nrden Houy tement 3 torm 18 estimated 10 take 0.2 houra to compiete. Time will vary
<lepending on the naeds of the individual esse, Any comments on the amoun of time rogulrod
to complets this form should be sent ta the Chiet Information Qfficer, United States Patent
and Trademack Offico, Washington, D.C. 20231, DO NOT SEND FEES OR COMPLETAD
FORMS TO THIS ADDRESE, SEND FRES AND THIS FORM TO: Bax lssue Fee,
Agsiatant Commissloner for Patents, Washington, D.C, 20231

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
<ollection of lmnﬁon anfess it dtsplays a volid OMEcontroI numbqer "

TRANSMIT THIS PORM WITH FEE(S)
PTOL.83 (REV, 07.01) Approved for uso through 01/31/2004. OMB 0651.0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE




TUNITED STATED DEPARTM

YTy

I M OF COMMIZROT
United Atntas Pataln and Trademark Oltice
Akl CKMMIHHIOMER UF PATHN TR AN RAIFM AR
Wuslungton, D C wg1
werw uiptogoy

| appLicaTIoNNO | PFILING DATE 1 FIRST MAMER INVENTOR [ AvroRNEY DOCKET ND, |~ CONFIRMATION NO |
09/613,826 07/1172000 Bert Vogelstetn 01107,0003 9893
21907 7590 0372412002 [ EXAMINGR | )
BANNER & WITCOFF SIEW, JEFFREY
1001 G STREET N W
SUITE 1100 I ART UNIT [ rarernumner |
WASHINGTON, DC 20001 1637

a1

DATE MAILED, 03/24/2002

Determination of Patent Term Adjustment under 35 U.S.C, 154 (b)
(application filed on or after May.29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA,

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) system. (http://pair.nspto.gov)

PTOL-85 (REV, 07-01) Approved for use through 01/31/2004,
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Application No. Applicant(s)

SZ% \ﬂ?/ 09/613,820 TAKESHITAET AL,
No of Allowabfl Examiner Art Unlt

Jeffray Sisw 1656

- The MAILING DATE of (hlz communicalion appears on the cover shast with the correspondonce address—
All clalms belng allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED In this application. If not included
herewith (o previously melled), e Notice of Allowance (PTOL-86) or ofhver appropriate communication will be malled In dus course. THIS

of Ihe Office or upon pstition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communicatlon Is responsive to {nf 3/19/02.
2. [ The allowed clalm{s) Is/are j-64.
3. [ The drawings filad on 11 July 2000 are accepted by the Examiner.
4. [ Acknowledgment is made of a claim for forelgn priority. under 35 U.8.C. § 119(=)-(d) or ().
a)[J Al b)[JSome* c)[]MNone ofthe:
1. [ Certified coplee of the priority documents have baen recelved.
2, [ Ceriified coples of the priority documents have been recelved In Application No. .
3, 3 Coples of tha cartified coples of the priority documents have been recalved in this national stage eppfication from the

International Bureau (PCT Rule 17.2(a)).

® Cerliflod copies not received: .

5. [ Acknowledgment s made of a clalm for domestic priority under 35 L.S.C. § 119(e) (to a provisional application).
(a) ] The transtation of the forelgn fanguage provisionat application hes been recelved.

6. ] Admowledgment is made of a claim for domestic priofity under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply camplying with the requiremenis noted

7.0 ASUBSTITUTE OATH OR DECLARATION must be submitted. Nole the attached EXAMINER'S AMENDMENT or NOTICE OF
{NFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration Is deficient.

8. B CORRECTED DRAWINGS must be submiited.
[C)] including changes required by the Notica of Draftsperson’s Patent Drawing Review { PTO-948) atlached

1) 3 herato or 2) [l to Paper Noa" .
() O Including changes required by the proposed drawing correction fited , which has bean approved by the Examiner.
(©) O] including changes required by the attached Examiner's Amendment / Comment or In the Office action of Papsr No. .

Idonttfying Indicla such es the epplication number (ses 37 CFR 4.84{c)) should ba wiitten on the drawings i the top mangin (rat the back)
of each aheet. The drawings ahould be filed as a separate papsr with tranamittal totter addressed to the Oificlal Oraftspaerson.

. {T] DEPOSIT OF andfor INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
atiached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application Is subject to withdrawal from issue at the Initiative

bslow. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

Aftachimoent(s)
4[] Notica of References Cited (FTO-892) 2] Notice of Informal Patent Application (PTO-152)
: 3[WNotice of Draftperson's Patent Drawing Review (PTO-948) 4ﬁlnterviaw Summary (PTO-413), Paper Nof##Eq
: 5[] Information Disclosure Statemants (PTO-1449), Paper No. . 6] Examiner's Amandmant/Commant

707 Examiners Gomment Regarding Requiremant for Deposit 81X] Examinar’s Statemsnt of Reasons for Allowance

of Blologlcal Materlal o[ ] Other
U5 Fatont and Tragamar OFca
: Notlce of Allowabllity Part of Paper No L.

PTO-37 (Rev. 04-01)
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Application/Control Number: 09/613,829 Page 2
Art Unit: 1656

REASONS FOR ALLOWANCE

1. The following is an examinet’s statement of reasons for allowance:

Claims 33-37 are allowable. There is no prior art thaf teach or suggest a molecular beacon
probe that has a loop consisting of 16 base pairs and having a Tm of 50-51C and the stem
consisting of CACG sequence. The closest prior art is Tyagi et al (US6,037,130) teach
molecular beacon with 2 stem comprising CACG (see col. 11 probe 3) but with a loop of Tm
50C. Moreover, the prior art has been focused on the Tm of the stem which relates to the
functioning of the opening and closing of the hairpin during hybridization,

Claims 1-32 & 38-64 is allowable. There is no prior art that teach or suégest diluting a
nucleic acid template in a sample to a plurality of sample and amplifying the template molecule
in the samples and analyzing amplified molecules to determine the first number of semples
containing the selected genetic sequence and second number assay samples which contain a
reference genetic sequence and comparing the two numbers. Moreover, there is no prior art that
teach or suggest that one tenth or one fiftieth of samples in a set comprise N molecules such that
1/N is larger than the ratio of selected genetic sequence to total genetic sequences required for -
the step of analyzing to determine presence of selected genetic sequence. The closest prior art is
Lapidus et al who teach a reference and target nucleic acid amplification and concentration
determination. However, his determination of concentration is within a sample and they do not

teach or suggest a dilution.
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Application/Control Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONCLUSION

2. Any inquiry concerning this communication or eatlier communications from the
examiner should be directed to Jeffrey Siew whose telephone number is (703) 305-3886 and
whose e-mail address is Jeffrey.Siew@uspto.gov. However, the office cannot guarantee security
through the e-mail system nor should official papers be transmitted through this route, The
examiner is on flex-time schedule and can best be reached on weekdays from 630 am. to 3 p.m,
If attempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary Benzion, can
be reached on (703)-308-1119.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist for Technology Center 1600 whose telephone number is
(703) 308-0196.

Papers related to this application may be submitted to Group 1600 by facsimile

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
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Application/Control Number: 09/613,829 Page 4
Art Unit: 1656

Mall 1. The faxing of such papers must conform with the notice published in the Official

Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Voice

(703) 308-3200 and Before Final FAX (703) 872-9306 or After Final FAX (703) 30872-9307.
ﬂf‘i@f;‘y/Siew

March 19, 2002
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UNUIED STATES DEPARTMERT OF COMMERCE

Untied Staton Patout and Trsdesark Office

Abhiemia FOMMIBSIGERG GF PAYENES AP {SANEMAGKY
Wishilow, DT 3024t

NOTICE OF ALLOWANCE AND FEE(S) DUE

22307 7490 03262002
BANNER & WITCOFF | EXAMINER |
1001 G STREETN W SIEW, JEFFREY .
SUITE 1100
WASHINGTON, DC 20001 I ART UNIT [ ciasssumciass |
1637 435-006000
DATE MAILED: 03/26/2002
| apruicaTION NO. | FILING DATE | FIRST NAMED INVENTQR | ATToRNEY DOCKET NO. [ conFirmaTioN NO ]
09/613,826 07117000 Bert Vogelstein 0110700031 9893

TITLE OF INVENTION. DIGITAL AMPLIFICATION

| TOTALCLAIMS |  APPLN.TYPE | SMALL ENTITY l 18SUE FEE ] PUBLICATION FEE ITOTALFEE(S)DUE | DATE PUE
64 nonpravisional YES $640 $0 3640 067262002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION 1S SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT, SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U,S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION, THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above, If the SMALL If the SMALL ENTITY is shown as NO:
ENTITY is shown as YES, verify your current SMALL ENTITY

status:

A. If the status is changed, pay the PUBLICATION FEilsif vired) { A, Pay TOTAL FEE(S) DUE shown above, or
and twice the amount of the ISSUE FEE shown above norf}y the

United States Patent and Trademark Office of the change in status, or

B. If the status is the same, pay the TOTAL FEE(S) DUE shown B. If applicant claimed SMALL ENTITY status before, or is now
above. claiming SMALL ENTITY status, check the box below and enclose
the PUIgLICATION FEE and 1/2 the ISSUE FEE shown above.

0 Applicant cleims SMALL ENTITY status.
See 37 CFR 1.27,

L. PART B - FEE(S) TRANSMITTAL should be completed and retined to the United States Patent and Trademark Office (USFTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even 1f the fee{s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b” of Part B - Fee(s) Transmittal should be
cormpleted and an extra copy of the form should be submitted,

I All communications regarding this application must give the application number. Please direct all communicetions prior to issuance to
Box ISSUE FEE unless advised to the contrary.

[MPORTANT REMINDER: Utllity patents Issulng on applicationa flled on or after Dec. 12, 1980 may require payment of
malntenance fees. It Is patentee's responsibllity to ensure timely payment of mafntenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and mail this form, together with applicable fee(s), to: Box ISSUE FEE
Asslstant Commissioner for Patents
Washington, D.C. 20231
; This torm should be used for wensmifting the [ iF required), Blocks 1 through 4 should be campleted
where ;51 igte. Al T pond luding the Pmm‘ e orders and notification of maintenange foos wiﬁe mailed 1o the cun'cn‘tl%orrca ndence addng:scsfzs
indical \m%ss coirected below or directad otherwise in Block 1, by (a) specifying a new comespondence address; and/or (b) indicating a separatc "FEE ADDRESS” for
=
CURRENT CORRESRONDENCE ADDRESS (Noiz Logibly mack-up with any comeetions o7 et Black 1) Note: The certificate of mailing below can anly be used for domestic
- maillngs of the Fee(s) Transmittal, This certificaté cannot be wsed for any
907 7580 03/26/2002 other zccompanying papers. Esch addilional paper, such as an axsgnment
BANNER & WITCOEF or formal diawinig, must have its own certificate of mailing,
1001 G STREETN W 1 hereh ity that hi C;"{'"’-’?[}WTMDHIH:K e i 5
SUITE 1100 Unﬁrc% mn(e&r‘hpy‘()s:arts;&s ‘ec(s) Transmutinl is being dc{:nsncd with the
ice with sufficient postage for Msl class mail
WASHINGTON, DC 20001 enyelops bneclldmsed to the Box lssue F [ oss. l:ll)f)vl;: R;fn |hl:: e
oW,
(Oxpenrtors peme}
[Stgnediav}
(15
| aepucamorvo | FILING DATE ] FIRST NAMED INVENTOR | ATTORNEY DOCKETNO | cONFIRMATIONND ]
00/613,826 0771172000 Bert Vogelsteln 01107.00031 9893

TITLE OF INVENTION: DIOITAL AMPLIFICATION

| Toratcrams | ameMryeE | SMALLENTITY | 1SSUE FEE | pusLicaviON Fee | totaLreesipue | DA'lE DUE |
64 nonprovisional YES $640 £0 £640 067262002
| EXAMINER { ART UNIT | cLasssuaciass |
SIEW, JEFFREY 1637 435-006000
1, Change of conreepondence address or indicstion of "Fes Address” (37 2. For printing on the patent front page, list (1)
CFR L§63).‘g‘s’c o}?T 0 form(s) and Customer Number arc recommended, | the names of up to 3 regstered patent AHomeys )
but not required. or sgents OR, altematively, (2) the namc of n

D Change of comespondence address {or Change of Comespandencs angle firm (having @8 8 member o registcred 2
Address form Frojgﬂllﬂ)amched. attormey or ngent) and the names of up t0 2 S ————

. P A, registered patént altomeys o1 agents. If no name
%_ gfse B?gndmuﬂ;clhmud. tion (or “Fee Address” Indication form is isted, na name will be printed. 4

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE FATENT (print or type)

PLEASE NOTE: Unlezs an assi iz identified below, no agsignes data will eppear on the patent, Inclusion of assignee data is only appropiinte when an essignment hes
been previously submitted to the USPTQ or is being sub d under gep cover. Compl of this form s NOT a subatitute for filing en assignment.

(A)NAME OF ASSIONEE () RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate essignes category or categories {will not be printed on the patent) Dyindividual O corpomtion or other privete group entity [ gavemment

4, The following fee(s) ere enclozeds 4%. Payment of Fea(d):
O A check in the amoun! of the fee{t) is enclosed.

2 lssue Fee
D Publication Fee O Payment by credit card. Forrn PTO-2038 is atinched.
. 5 0 The Ce fsgil is heteby Buthorized by charge the required fee(s), or credit any nverpayment, to
D Advance Order - #of Coples____ .. Deposit Account Mumber ____ " (enclosc an extra copy o? this form). ¥ ey
The COMMISSIONER OF PATENTS AND TRADEMARKS is requesied to apply the [ssue Fee and Publication Fec (if any] or to re-apply any previously paid sssuc foc to the
application entified above.
(Anthorized Signafure) (Da)

Nﬁ’h}ﬁ' !h‘e‘hiaaue ‘l-"ec and Publication Fe6 (R mzulrec:)g wnlilhn:t e eccepted tfg:n Bnyone
ol Bpplicani; & istered B (L o) or assignee or o in
e the cconds of e Uned Qe Patent and Tredemark Office.
urden Hour Siatement: 10 17 13 evtmatzd (0 t2ke U.2 hours t complets, i

mplete, Tume Wil vary
dependi the meeds of the individual caze, Any comments on the amount of time reguired
to comp?g!g‘:hi:fonn should be sent to the Chiel Information Ofﬁeer§ United Smt;%‘ atent

e Washington, D.C. 2033]. DO NOT SEND FEES OR COMPLETED
e e WAk SHy #EES AND THIS FORM TO: Box Issue Fee,
Asststont Commissioner for Patents, Washington, D.C. 20231

Under the Paperwork Reduction Act of 1995, no persons are ired to respond to &
sloct 4:]"‘1‘c ion uniess i display & velid O wnttolnumr%?r.

TRANSMIT THIS FORM WITH FEE(S)
FTOL-85 (REV. 07-01) Approved for use through 01/31/2004. OMB 0551-0033 U.S. Patent and Trademark Offfics; .S, DEPARTMENT OF COMMERCE
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UNITED HTATEN DEPARTMENT OF COMMERCE
United Htntas Patons and Trudemnrk Offca
Arhlrvue QURBISSIUMER OF PATEN Y ANTRADRMARRY
Weattugiou, DC 3l
W uspto gy

| arrucamonno.  [§ 7 FILING DATE | FIRST NAMED INVENTOR | ATroriey BockeTNo | conmamaTioNMD |
09/613,826 071172000 Bert Vogelstein 01107.60031 9893
22507 7580 032612002 L EXAMINER |
BANNER & WITCOFF SIEW, JEFFREY
1001 G STREET N W
SUITE 1100 | ART UNIT [ ravennomorr
WASHINGTON, DC 20001 1617 2 ;2

DATE MAILED: 03/26/2802

Determination of Patent Term Adjustment under 35 U.8.C. 154 (b)
{application flled on or after May 29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after

the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

{PAIR) system. (http://pair.uspto.gov)
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3 w11z ) PART B~ FEE(S) TRANSMITTAL

. Complate end % ehis form, with epplicabls foe(a), tos Bax ISSUE FEE
. £ ;ﬂ‘ Asslstant Commbseloner for Patonts
’Muﬂ thlngton. .. 26231

il ofmnimmwe m‘ oodence
mxmn:p:mc E ADDRESS® for

mmmwwordmm in Blog! |hy(a qnd!ylnzamwcmenpmdemuddrw.mdlot(b)
CUTRENT CORBESPONDENCE ATTIRESS lats: Laghly merbery whth ey comoloes or oo Bitack 1) to; The certificats of malling below can only be wsed For domentic
— 1550 v mllim of tho Feele) %‘mmlm] Thia cenificat cannot be used for any
B otfier secompanying papzns. Each Iddmw. fUh u en ssalgoment
BANNER & WITCOFF or formal drawing, mwat have its own
1001 G STREETN W
SUIT 1100 lietin s SR el o o
WASHINGTON, DC 20001 eips s o S the “Box lwsae I’m e '"'“‘“ ’Em
isdiwedbc
’ Bopadiiern e=ngh
. i Rigrata) ]
(Penny
| aesucamonne. | FILING DATE | FRST NAMED INVENTOR | Avvomnev pockeT N, | ConFiRMATIONNO. |
613,626 07/1172000 Bent Vogalsteln 03107.00081 e,
TITLE OF INVENTION: DIGITAL AMPLIFICATION
| voracapsm | Amitvee | sualewmoY | BsUErER | FUBLICATIONFER | TOTALPER)DUE | DATEDUE ]
] Gonprovisicad VES $640 E] $640 (1T L7173)
o0 EXAMINER | aerwar |_cuamsmciass |
SIEW, JEFFREY 1637
Tndisation of "Fee Addreas” (37 2. PR froat Het L
&m; e b aeon<aned, mFm}"u,"’m"fmw ,.,f’,ﬁm,:.',},z
5: ﬂm Okn..ﬂ'!ﬂﬂlﬁw'y; m’ reame of & "*‘—"‘-—T L
l:lmna- adipeng (or Chaisge of Comespondencs ng ving a2 8 membor o registered |, Bannew & Witcoff .
oA ety o Chmgm ol muyurv‘::‘nt e anes o€ vp 1 2 2 SRS B WA
Addres® Addirosa™ etaTnzys o egeats.
%ﬂnwﬂuﬂu(ﬁ?ﬂ tedlcailon foom fo Heted, 10 namae will be printed.
3, ASSEGITER NAME AMD RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or typo)
' - idengifiod below, oo esilpnos den will appear on the parent. Incluslon of nslgnos data l g i
| A R e e e b Campleiba oF s ora s NOT C e e T nEon et ng, 1 esignimant bas
1 (A) NAHE OF Assmm {B) RESIDENCE: (CITY snd STATE OR COUNTRY)
Johns Boplkins Undveraity Baltimore, Maryland

mmm&,' emlgass catagusy or cssagories (will not bo minted oo the patest) Q lndividust gmmmhanmwlmmmﬁy Ol pyveramant

€ 4. Ties follsudeg Bode) am euclosed: &b, Payrasss of Pesfa)
l 18 lazo Pee Q A ehesk bn the emamt of B feefe) b enclossd.

O Publicssion Fea Q) Payment by eredit egrd. Porm FT0-2038 {3 itached,
B Advaigo Ovdar - 8 of Coplas__10) Cotmnlulum hhnn_bﬁ mhadzndg! harpe the ﬁw*ﬁﬁcﬁ‘lww o

{ WWMROFPATM AND TRADEMARKS & requssted o apply die 1zaua Feo end Publication Fes (If any) or o e-agply eny previeusly peid igue fee 1o the

G3/RR/R00R TREBAMIE GOGOMOED §307T13  (SBITEE

A m Y iy

poming b poo ol ndlioal o,y eopmes o g ampuns o maregied | €8 Pl 00 o

sad Tradesark W mgmm.uoumsmmﬁsonmmn

FORMS TO THIS ADD) ND THIS FORM TO: Box lusue Fee,

C for Pazzria, Wazhingten, D.C. 2023
the Poperwod Reduetion of 1993, requlred o d
mmwmmna@uy-.m S conmol Bumhes, reponl o 8
TRANSMIT THIS FORM WiTH PEE(S)
FTOL-83 (REV. 07-01) Approved fo use Brrough 01/31/2004, OMB 05$1-0033 U.S. Patens end Trademark Offica; U S, DEPARTMENT OF COMMERCE
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04/18/02 68:14 FAX @oad 007

PATENT APPLICATION

N THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Applicetion of: }
)
Bert VOGELSTEIN et al. )
} ' Groop Art Unit: 1656
Serial No. 09/613,826 )
Yy Bxaminer; J.Siew
Filed:  Tuly 11,2000 } Box: AF
)
Fov: DIGITAL AMPLIFICATION y  Attorney Docket No. 01107.00031
INF N DISCLO

Assistant Cormissioner for Patents
Washington, D.C. 20231

Sir:

Pursuant to 37 C.RR. § 1.56 and in complisnce with 37 CF.R, § 1.97(d), Applicants
herevwdih submit Porm PTO 1449 listing references for consideration in connection with the
pbove-identified application. A copy of each reference is provided herewith.

Bach item of information conteined in the information disclosure statement was first
cited in any communication from a foreign patent office in a counterpart foreign application

not mote then three months prior o the filing of the information disclosure statement.

Recelvedivon< & 4riGR02 10:16:34 A Eastem Dayligh! Time]
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04/15/02 00314 FAX @ 008/007

Serial No. 09/613,826
Applicsots respectfidly request that the Examiver copsider nod enter these docnments
into the file of the above-identified application. A fee of $180.00 s set forth in 37 CE.R. §
L.17(p) is enclosed herewith to ensuge consideration and entry of the cited documenis by the
Bxaminer, If any additions] fee is deemed necessary, the Commigsioner is authorized to
charge onr Deposit Account No, 13-0733,
Regpectfully submitted,

Date: Jamary 23,2002 By:ﬂlﬁﬂé@%ﬂw CD"‘\;
Michélle L. Holmes-Son

Registration No, 47,660

BANNER & WITCOFF, LTD
1001 G Streot, NW.

Bleventh Floor

‘Washington, D.C. 20001-4597
(202) 508-9100

o2-

Recesd o ¢ > et 412 1:10:3 A BasemDayigt T
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M/IE/O_Z 08:14 FAX @oo6/007
PTO/SERANA (10-01)
Apsroved s ve2 throwgh 043172002 OMS 0861-0031
u.s. PMEM‘TrIdimmk Offica: US. DEPART!\%EN\‘OFGOMMERGE
Bea -4l ]
Sutigiiluto for ferm 1443APT0 Complate If Kaswa
INFORMATION DISCLOSURE | Apetosian Nunher 33;6:313::00
1CANT Fiing 78 Y e SO
STATEMENT BY APPL Firel Npmod vanlar Bert Vogelsteln el &l
Graup Art Unit 1658
{usa as meny shaals as necessary} Exurminer Name . Slaw
\NEEE To]2 Anemay Dockal Numbor 01107.00034
U.B. PATENT DOGUMENTS
Doaurreni Nurmder m«mudemmumpawm
Esmminer | £ Pustation Dita Cisd Dosumen Pagzs, Cedumns, inas, Wied Rogvze)
%,. o) et - e e [ brom) WOD-YYYY g o Rasavarh
UE-5,B04,38% 2081908 Gruenast et Bl
:ﬁ 1,858,669 T61-12-1858 ‘Niason a1 ol. {
Ua- |
Us-
[
us-
uE
Ug-
[0S
U5
Us
Vs-
| LS
\s-
us.
[
U
\Us-
UB-
us-
FOREIGN PATENT DOCUMENTS
P Forelgn Palsnt Docuravd . m ;?:g:f Pag;;.h ut::tm.ﬂm&
trltste [ Mo’ | coupiryons® - Huant* o et Cotat Wkmowm) | pylmmns Doamiont d‘:mﬁmﬂ -
2K WO 04/13500 08-18-169956 —
y EP §8ARI40 A 03-15-1885 — -
Ly WO BEHS1IS 63-18-1658 ——1 .
Wy
Examingr . Dztle
Seutn | S b EER )
EJ(AMINER:hmmm{man mwundmhnhhmdmncewhw&'m Draw line throuph eliation i not kn eonfommanss
and not consldgreg. oS copy of this ot with nest consmimdcasion o appilca
1 Applicanlia uniqud chuson dasignation sumbas (ogtiomad) - 'mmmduswov.mmmmunmmmwspmm
% Enter Officn that lreued [ dottimend. by Da bro-doed coda (WIFO Standerd 6T.3) * For Japanasa parlsnl osumants, tha indization of (ho yesr oI
iunlnnu!mnEmmmmm:uﬂmn&srnrmmm‘Khdo!dnamomby\hnppmpdlhmsbolu es Indicated on the
umdés WIFQ ST.1B¥ © Applicant 1s to plato & Chebek mark hess if Englizh
mmﬂwsummtmmnmmmumzummmmmmmmnmmvdmmm Aty
mmm B et 6F Y0 you B reqinad o complete thiz farm should bo sant to the Chia! infommlion Officer, U S. Patanl srd Yradumarc
Qfico, WesNagton, OC 20231, DO NOT BEND FEEB OR COMPLETED FORMS YO THIS ADDRESS. SENO YO: Asairisnl Comavissianar tar
Pmm.w:uhlngm D 20251,
Recelved from < > st 418102 10:1%:34 A [Eastam Dfight i)
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24/28/02  §0:148 FAX

e ———— i e e @oar/007

PTQISBGABLIOT)
ppmovat foruze lhma:h 1072472007 OMB 64610034
S, Palentond de&mmﬁom«n UE. ARMM’ chMEEEE

Unelor o PapanvorieReciion Adtof 1966, o

Bubpihirts fo1 fom VEABAFTO Completa If Knawn
. Numbst s
INFORMATION DISCLOSURE |-y
STATEMENT BY APPLICANT Fhat Nemod lnvontar Beit Vogelsialn ot al.
Group A Unh 1666
(uko Bg many sles(s aa nacessary) Exceminer Name J. Bigws
N _Sheet |2 Jo] Aligmey Dookat Numbor | 6110700831

DTHER PRIDR ART -~ NON PATENT LITERATURE DOGUMENTS
Inciuda neme of the bihor [in CAPITAL LETTERS), (e of i anlcly (when eppropriata), tla of

Bramiaer | Gile tha flem (baok, mugazlm Journal, serfa), symposkam, catelog, atc.). dsle, prge(s), voluma-tsue Tr
intigts= | No.}* a), -publisher, clly endfor counlry where X

‘93 A PIATEK e ol., "Wotecular Begcon Sequaenta Ansiysts (or Datecting Drug Ruslslansa b Mycohacierum

Yuhercutosts®, Nelure Blalechnology, Apdl 1608, pp. 358363, Vol, 95, Na. &

9. TYAG! el B, "M Mk & ingsfior”, Rotwre B . . 203208,
Jmmibﬁa Vu( 10, a4 .

3. A%2, VET el al, "Wuliisx Datatian of Feur Pathopenla ina Liaing ly
mmwdswmnvmummw oy 26, 1980, pp. a:m-csalvu 6, Nn, 11

8. TVAG! at oL, "Hok B Yroban thal F Upon Hytsidization”, Nalzo X Gy, 19828, o,
303-908, Vo, 14, Mo. 3 '

w.p. HN.FORDI(!I;-'TNIIMM Cumniiaiiva Ceprcly of the T
vify, Jamuary 15, 1029, pﬂ.wf-lm Vo), 228, No. 2

B. VOGELSTEIN o ), *Dipist PCR, Procestings of the N WW“WMNMUMMWN,
Augrust 3; 1568, pp. 0238-824Y, Vol D5, Ha. 16

K. D€ EVERETT ol ¢!, Idmlification of rine epeafen of tha Chiamydiszace Uisng PCR-AFLE, Apfl 1589, pp.
802843, Vnuo. Mo.Z

L

sE?En’:‘é’:é % A Congidarsd 7/ r570 ). J

Emmmaimlmmmn&kiad.mﬂmormdmmnhhmmmmdmWﬂuw.mmwwmummm«m
pad ol conakiared, EAioua cofry of this form wdlh Rad eomywmiostion (o Gpplicant,
¥ Uriiqa titslon destgnetion mumber {eptonsd). * Applornd 1o To piecs & choth ek tem f English lanuega Trenadalon is A
wmmmmmmmhMummmbmmmqummmmmﬂmwmumm
amanants on [hod srsund of BMe you s Whmmmmmmmmhmmmmu&wmmm
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Plenes iype & plus sign {+) nelds Uia box =3 A

PTOEB/2Y (08-00)

Approvad fof vue rotgh ANBI002, O)MB 6851001

U8, Petent and Tredarierk Qfficat U.9, DEPARTHMENT OF GCOMMERGE
Uswla? tha Pepanuork Redustion A of 1858, yo psmana mmhmmhmdhhmumuﬂenmayuﬁmmwm.

Application Humber 08/643,826
TRANSMITTAL Filing Dels July 41, 2000
FORM Flrat Ramed bhwentor Bert Vogehieln el el
{10 be usad for ali comespondanca after Inkisd filng) 4 Group Art Unit 1656
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 'H:;I ).7 Dg\

In e Application of 25"
) Group Art Unit: 1637

Bert Vogelstein, et. al. )
) Examiner: Jeffrey Siew

Serial No. 09/613,826 )
)

Filing Date: July 11,2000 )} Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

SUBMISSION OF FORMAL DRAWINGS

Assistant Commissioner of Patents
‘Washington, D.C. 20231
Attn: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are
seven (7) sheets of formel drawings (FIGS. 1 A-C, 2-5) for the above-identified patent
application.

Please charge any fee in connection with the filing of these drawings to our
Deposit Account No, 19-0733 and forward the recorded.document to the undersigned. A
duplicate of this sheet is enclosed. '

Respectfully submitted,

Date: May 21, 2002 By: Q@MMM%
Michélle L. Holmes-Son "
Registration No. 47,660

Banner & Witcoff, Lid.

1001 G Street, N.W., Eleventh Floor
‘Washington, D.C. 20001-4597
(202) 508-9100
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Application Numbar 00/513,826 N
TRANSMITTAL Filing Dato Jaly 11, 2000
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Examiner Name Jeffrey Slew
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SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm

Michelle Holmes-Son, Reg. No. 47,660
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CERTIFICATE OF MAILING
1 hareby certify that this comaspondsncs la baing deposiied with the United States Postal Servics as first ciass mail in an envelopa
addrassed to: Assistent Commisaioner for Patents, Washington, D.C. 20231 on this date: [ '
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Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND YO. Assistant Commissioner for
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )

) Group Art Unit: 1637
Bert Vogelstein, et. al.

) Examiner: Jeffrey Siew
Serial No. 09/613,826 )

)
Filing Date: July 11, 2000 )} Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

SUBMISSION OF FORMAL DRAWINGS

Assistant Commissioner of Patents
‘Washington, D.C. 20231
Atin: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are
seven (7) sheets of formal dra\yings (FIGS. 1 A-C, 2-5) for the above-identified patent
application.

Please charge any fee in connection with the filing of these drawings to our
Deposit Accomnt No. 19-0733 and forward the recorded document to the undersigned. A
duplicate of this sheet is enclosed.

Respectfully submitted,

. ‘ ! .
Date: May 21, 2002 By: L/“' % » .
Miche

Atll L. Holmes-Son
Registration No. 47,660

Banner & Witcoff, Ltd.

1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100
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[ ] The following page(s) of paper number is/are missing
from the United States Patent and Trademark Office’s original copy of the
file history. No additional information is available

[ The following checked item(s) below of paper number

is/are missing from the United States Patent and Trademark Office’s
original copy of the file history. No additional information is available
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UNITED STATES PATENT AND TRACEMARK OFFICE
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Date:  15Apr2002

Yo Nichello L Holmes-Son Fromz Joiioy Siow
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1 distribution or copying of this document Is stricly prohibitad. If this document ls recelved In emmor, you are requested fo
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Asglstant Conmissloner for Patants
Washington, DC 20231
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COMMISSIONER FOR PATENTS

Uni7ED STATES PATENT AND TRADEMARK OFFICE
Waarikaron, D.C. 20231

wWWAEPIogOY

Froms Jeftey Siow
Applcaticn/Conol Numben 00/613,826 Aurt Units 1658
Fatboy (202) 508-9299 Phons Nos 7033053686
Voles No. (202) 5030100 Ratum Fanc Mo 703-308-4556
Rez 'ccz

Piurgent [ | ForReview | | ForComment | | ForReply [ | PerYour Request

Comments:
Per your requast a copy of tha notice to comply for offics action 4/12/01

thanks

STATEMENT OF CONFIDENTIALITY

i This facsimile transmisston is en Officlel U.S. Govemment document which may contain Information which Is privileged and |
L confidentiol. it s intendsd only for use of the reciplent named above. |f you ere not the intended reciplent, any dissemination, |
1 distribution or copying of this document Is strictly prohibited. if this document is recaived in emor, you ars requested to |
| immediately notify the sander et the above Indlcated telephone number and retum the entire document in en envslope 1
It addressed to;

Assistant Commisslaner for Patents




\pplication No.: O‘?/bl'.i 826

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS CONTAINING
NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE DISCLOSURES

Applicant must file the items indicated below within the time period set the Office action to which
the Notice is attached to avoid abandonment under 35 U.S.C. § 133 (extensions of time may be
obtained under the provisions of 37 CFR 1.136(a)).

The nucleotide and/or amino acld sequence disclosure contained in this application does not
comply with the requirements for such a disclosure as set forth in 37 C.F.R. 1.821 - 1.825 for the
following reason(s).

1. This application clearly falls to comply with the requirements of 37 C.F.R, 1:821-1.625. Applicant's
attention Is direcled to the final rulermaking notice published at 55 FR 18230 (May 1, 1990), and 1114
OG 28 (May 15, 1990). if the effective filing date'is on or after July 1, 1998, see the final rulemaking
notice published at 63 FR 28620 (June 1, 1998) and 1211 OG 82 (June 23, 1988).

2. This application does not contain, as a separate part of the dis¢losure on paper copy, a *Sequence
Listing® as required by 37 C.F.R. 1.821(c).

3. A copy of the “Sequanca Listing” in computer readable form has not been submilted as required by
37 C.F.R. 1.821(e).

4, A copy of the “Sequence Listing” in computer readable form has been submitied. Howaver, the
content of the computer readabla form does not comply with the requirements of 37 C.F.R. 1.622
and/or 1.823, as indicated on the attached copy of the marked -up "Raw Sequence Listing.”

D 5. The computer readable form that has been filed with this application has baen found to be damaged
and/or unreadabla as indicated on the attached CRF Diskette Problem Report. A Substitute
computer readable form must be submitted as required by 37 C.F.R. 1.825(d).

6. Tha paper copy of the “Sequence Listing’ is not the same as the computer readable from of the
*Sequence Listing” as required by 37 C.F.R. 1.821(e).

D 7. Other:

Applicant Must Provide:
m An initial of substifute computer readeble form (CRF) copy of the “Sequence Listing”.

An Initial or §gp§m_15g paper copy of the “Sequence Listing®, as well as an amendment directing its entry
into the specification.

A statement that the content of the papsr and computer readable copies are the same and, where
epplicable, include no new matter, as required by 37 C.F.R. 1.821(s) or 1.821(f) or 1.821(g) or

1.825(b) or 1.825(d).

For questions regarding caompliance to these requirements, please contact:

For Rules Interpretation, call (703) 3084216

For CRF Submission Help, call (703) 308-4212

Patentin Software Program Support
Technical AssiStance.......covveeeeeiecccrcnicinnniien 703-287-0200
To Purchase Patentln Software 703-306-2600

PLEASE RETURN A COPY OF THIS NOTICE WITH YOUR REPLY
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARGHING AUTHORITY 5 . 427 3¢
fom the INTE G TH = &'/: PCT
o ey o
BDANNER & WITCOFF. LTD L!O“"L(ZE ED NOTIFICATION OF TRANSMITTAL OF
Attn. KAGAN Sara’:h A.' . 3’ . THE INTERMATIONAL SEARCH REPORT
1001 6 Street, N.W. IO L i OF THE DEGLARATION
Eleventh Floor Vs e o )
Washington, DC 20001-4597 2 (PCT Ruls 44.1)
UNITED STATES OF AMERICA

Date of melilng

(caymonthyear) 311122001
Applicant’s or egent’s file refsrente .
01107.00030 FOR FURTHER ACTION See paragraphe 1 and 4 below
Intemetional applicaton No. intamational filing date
PCT/US 00/ 20740 (aaymenthysa 3110712000
Applicant

THE JOHNS HOPKINS UNIVERSITY et al,

o 1 1. [X] The applicant ta hereby notified that the Intefnationsl Ssarch Report has hasn seiahlished and is tranemitisd herowiih.
Flliing of amandments and statement under Article 18;
The appficant is entitied, it he 20 wishes, to amend the claims of tha Intemational Application (sse Rule 46):

When? The time Iimit for fiing such emendments Is nomally 2 months from the date of transmitial of the
b lonal S h Report; h , Tor more datalls, sae tho notes on the accompanying sheet.

Where? Directly to the  Intlematione! Bureau of WIPO
34, chamin dsa Colombalies
1211 Genéva 20, Switzefland
Fascimila No.: (41~-22) 740.14.35

For more datalled Inatructions, 8ge the notes on \ite accompanying sheet,

2. D The applicant ls hereby notified thatno Intemational Search Report will ba astablishad and that the declaration undar
Ariicta 17{2)(a) to that effect Is tansmitied herewith,

3. [ with regerd to the protast against payment of (an) additional fee(s) undar Rule 40.2, tho appicant s nofiflad that:

D the protest togather with the daclslon thereon has been transmitiad to the Inlemational Buraau togsther with the
epplicants requast to 1orward the texis of both tha protest and the dacislon thereon to the deeignated Ofiices.

D no decision has baen mada yet an the protast; the applicant will be notiied as eoon a3 a decision Is made.

4, Further ection{s):  The applicant is remindsd of the foBowing:

Shortly after 18 months from the pricrity date, e Intkematianal application will ba pubfished by the onal B:
H the applicant wishes to avold or postpone publicetion, a notice of withdrawal of the intemational application, o of e
priodiy clalm, must reach the Intemational Bureau as providadin Rules 80bls.1 and 80542, 3, raspectively, bafore the
completion of the tachnlical praparations for intarnational publication.

Within 19 mentha from the priority date, a dsmand for intemationaf prefiminary examination must ba filed i the applicant
wishes to postpone the antry into the national phass untit 30 months from the priority dats (in soma QOffices evan later),

Within 20 months from the priorty dats, the applicant must perform the prescribed acis for entiy Into the national phass
before ak dasignated Offices which have nol bden eletlad in the demand of In a latsf elaction within 19 months from the
priority date of could not be elected bacauss they ane not bounct by Chapier Il.

Name and mailing rddress of the Intemational Searching Authority | Authorized officer

=& Europaan Patent Office, P.B. 5818 Patentlaan 2 .
NL-2280 HY Rijswiji Catherine Humbert

Tel. (+31-70) 340-2040, Tx. 39 851 epo ),

Fax: (+31-70) 340-30186

Form PCT/ISA/220 (July 1596)
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NOTES TO FORM PCT/N8AR220

Theza Noles ero intanded lo give the baala Inslrustivns conceming the fifing of emendmeante undar asticls 19, The
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METHODS FOR THE DETECTION OF LOSS
OF HETEROZYGOSITY

FIELD OF THE INVENTION

This invention relates to methods useful for disease
diagnosis by detecting loss of heterozygosity in cellular
samples containing a small amount of mutated genetic
material dispersed within a large amount of normal genetic
material. Methods of the invention are especially useful in
the detection of genetic mutations characteristic of cancer.

BACKGROUND OF THE INVENTION

Cancer is a disease characterized by genomic instability.
The acquisition of genomic instability is thought to arise
[rom a coincident disruption ol genomic integrity and a loss
of cell cycle control mechanisms. Generally, a disruption of
genomic integrity is thought merely to increase the prob-
ability that a cell will engage in the multistep pathway
leading to cancer. However, coupled with a loss of cell cycle
control mechanisms, a disruption in genomic integrity may
be sufficient to generate a population of genomically
unstable neoplastic cells. A common genetic change char-
acteristic of the early stages of transformation is loss of
heterozygosity. Loss of heterozygosity at a number of tumor
suppressor genes has been implicated in tumorigenesis. For
example, loss of heterozygosity at the P53 tumor suppressor
locus has been correlated with various types of cancer.
Ridanpaa, et al., Path. Res. Pract, 191: 399402 (1995). The
loss of the apc and dec tumor suppressor genes has also been
associated with tumor development. Blum, Europ. J. Cancer,
31A: 1369-372 (1995).

Loss of heterozygosity is therefore a potentially useful
marker for detecting the early stages of cancer. However, in
the early stages of cancer only a small number of cells within
a tissue have undergone transformation. Genetic changes
characteristic of gcnomic instability thcorctically can scrve
as markers for the early stages of, for example, colon cancer,
and can be detected in DNA isolated from biopsied colonic
epithelium and in some cases from transformed cells shed
into fecal material. Sidransky, et al., Science, 256: 102—-105
(1992).

Detection methods proposed in the art are time-
consuming and expensive. Dufty, supra. Moreover, methods
according to the art cannot be used to identify a loss of
heterozygosity or microsatellite instability in small sub-
population of cells when the cells exist in a heterogeneous
(ie., clonally impure) sample. For example, in U.S. Pat. No.
5,527,676, it is stated that tissue samples in which a muta-
tion is to be detected should be enriched for tumor cells in
order to detect the loss of heterozygosity in a p53 gene.

Colorectal cancer is a common cause of death in Western
society. Any tumor or precancerous polyp that develops
along the length of the colon or the rectum sheds cells or
DNA into the lumen of the colon. Shed cells or cellular DNA
are usually incorporated onto and into stool as stool passes
through the colon. In the early stages of cancer, cancerous or
precancerous cells represent a very small fraction of the shed
epithelial cells or DNA in stool. Current methods for detec-
tion of colorectal cancer do not focus on detecting cancerous
or precancerous cells in stool. Rather, such methods typi-
cally focus on extracellular indicia of the presence of cancer,
such as the presence of fecal occult blood or carcinoembry-
onic antigen circulating in serum.

It is thought that sporadic colorectal cancers result from
mutations in oncogenes and tumor suppressor genes. Spo-
radic colorectal cancer is also typically associated with
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massive loss of genetic material. Such mutations appear to
occur at a point in the etiology of the disease that is much
earlier than the point at which extracellular indicia or
clinical signs of cancer are observed. If detected early, colon
cancer may be effectively treated by surgical removal of the
cancerous tissue. Surgical removal of early-stage colon
cancer is usually sucecssful becausc colon cancer begins in
cells of the colonic epithelium and is isolated from the
general circulation until the occurrence of invasion through
the epithelial lining. Thus, detection of early mutations in
colorectal cells would greatly increase survival rate.

Current non-invasive methods for detection of colon
cancer involve the detection of fecal occult blood and
carcinoembryonic antigen. These methods often either fail
to detect colorectal cancer or they detect colorectal cancer
only after it has progressed to a less treatable stage.
Moreover, carcinoembryonic antigen is thought not to be an
effective predictor of cancer but merely an indicator of
recurrent cancer.

Invasive techniques, such as endoscopy, while effective,
arc cxpensive and painful and suffer from low paticnt
compliance. Accordingly, current colon cancer screening
methods are not practical for screening large segments of the
population. See, e.g., Blum, FEurop. J. Cancer, 31A:
1369-1372 (1995).

Therefore, there is a need in the art for simple and efficient
non-invasive methods [or reliable large-scale screening 1o
identify individuals with early stage colon cancer. Such
methods are provided herein.

SUMMARY OF THE INVENTION

The present invention provides methods for detecting a
subpopulation of genomically transformed cells or cellular
debris. Such methods detect the presence in a biological
sample of a clonal subpopulation of cells which have a
genome different from that of the wild type, and from
bacterial, parasitic, or contaminating organisms that may
also be present in the sample. Practice of the invention
permits, for example, detection of a trace amount of DNA
derived from cancer or precancer cells in a biological sample
containing a majority of “normal” DNA. A preferred use of
the methods is to reliably detect in a stool sample voided by
a patient the presence of a trace amount of cells and/or
cellular debris containing DNA shed into the colon at the site
of an asymptomatic precancerous or cancerous lesion. The
invention takes advantage of several important insights
which permit, for example, reliable detection of a DNA
deletion al a known genomic site characteristic ol a known
cancer cell type. Methods of the invention are useful for the
detection and diagnosis of a genetic abnormality, such as a
loss of heterozygosity or, more generally, a mutation, which
can be correlated with a disease, such as cancer. For pur-
poses of the present invention, unless the context requires
otherwise, a “mutation” includes modifications,
rearrangements, deletions, substitutions, and additions in a
portion of genomic DNA or its corresponding mRNA.

In general, the invention comprises methods for counting
(i.e. enumerating) the number of molecules of a target
genomic sequence present in a sample. The invention further
comprises methods for comparing the number ol molecules
with a reference number to determine whether any differ-
ence between the two numbers is statistically significant, a
statistically significant difference being indicative of loss of
heterozygosity involving a genomic region comprising the
target sequence. A useful reference number is the number of
molecules of a reference genomic sequence. The reference
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genomic sequence is chosen such that the oumbers of
molecules of the target and reference genomic sequences are
identical in normal cells which have not undergone loss of
heterozygosity. When comparing the quantities of two
genomic sequences in a sample, the enumerative methods
are useful to identify a statistically-significant difference
between the two quantities, and to correlate any difference,
to a degree of defined statistical confidence, with the pres-
ence in the sample of a subpopulation of cells having an
altered (e.g. Loss of heterozygosity) genomic sequence.

The invention may be divided into two general embodi-
ments. (1) In a first general embodiment, an enumerative
amount (number of copies) of a genetic region of interest in
a sample (i.e. including a gene or genes, the mutation of
which is known or suspected Lo be associated with cancer)
is compared to an enumerative amount of a reference gene
or gene fragment in the sample, the reference gene being a
gene which is not normally associated with cancer and
which normally has a low rate of mutation. A statistically-
significant difference between the two enumerative amounts
is indicative of genomic instability in a cellular subpopula-
tion in the sample. (2) In a second general embodiment of
the invention, an enumerative amount of a region on a
maternal allele is compared to an enumerative amount of the
corresponding region on a paternal allele. A statistically-
significant difference between the two amounts is indicative
of genomic instability.

In a preferred embodiment, enumerative detection of a
nucleic acid mutation is accomplished by exposing a nucleic
acid sample to first and second radionucleotides. The radio-
nucleotides may be single nucleotides or oligonucleotide
probes. The first radionucleotide is capable of hybridizing to
a genctic region suspected to be mutated in cancer or
precancer cells. The second radionucleotide is capable of
hybridizing to a region known not to be mutated in cancer
or precancer cells. After washing to remove unhybridized
radionucleotides, the number of each of first and second
radionucleotides is counted. A statistically-significant dif-
ference between the number of first and second radionucle-
otides is indicative of a mutation in a subpopulation of
nucleic acids in the sample.

In preferred methods of the invention, first and sccond
radionucleotides are isolated from other sample components
by, for example, gel electrophoresis, chromatography, and
mass spectrometry. Also in a preferred embodiment, either
or both of the first and second radionucleotides is a chain
terminator nucleotide, such as a dideoxy nucleotide. A
preferred radionucleotide for use in methods of the invention
is selected from the group consisting of **P, *°P, *°S, °H,
1251 and **C. The number of first and second radionucle-
otides may be determined by counting. Methods of the
invention are especially uselul [or the detection of massive
nucleotide deletions, such as those that occur in loss of
heterozygosity.

A massive loss of genetic material is detected as a
reduction in the expected number in a sample of a nucleic
acid fragment that is chosen to represent a genomic region
suspected to be lost. For example, deletion of regions
including all or part of human chromosome 18q have been
associated with the development of cancer. According to the
invention, a reduction in the number ol cells in a sample
having an intact 18q region is determined by comparing the
number of a portion of the 18q region detected in the sample
to the number of that region expected to occur in the sample.
Similarly, a point mutation is detected by methods of the
invention as a reduction in the sample of the number of
wild-type nucleic acids encompassing the nucleotide sus-

Page 565 of 1365

10

15

20

30

35

40

45

50

55

60

65

4

pected to be mutated. Accordingly, methods of the invention
detect a mutation by detecting a reduction in the number of
a nucleic acid expected to be in a sample. As described in
detail below, methods of the invention are useful to detect a
mutation in a heterogeneous cellular population without
requiring the detection of multiple mutations.

An additional feature of the invention is that it has now
been recognized that materials from cclls lining the colon
(e.g., a polyp or lesion) are shed onto forming stool only in
a region comprising a longitudinal stripe along the length of
the stool. Thus, unless the stool sample under investigation
is a whole stool or comprises at least a cross-section of a
stool, the sample will contain the relevant diagnostic infor-
mation only by chance. The colon contains numerous bends
and [olds throughout its length. See, U.S. patent application
Ser. No. 08/699,678 (Atty. Docket No. EXT-002), filed on
Aug. 14, 1997. Epithelial cells lining the colon normally
migrate from a basal position in colonic crypts, where stem
cells divide by mitosis, to the top of the crypts and are then
shed into the lumen. Colonic epithelial cells that line the
intestinal lumen typically undergo regeneration every four to
five days as a result of the rapid turnover rate through the
epithelium. Accordingly, sloughed epithelial cells or their
DNA are constantly being deposited in the forming stool as
it passes through the lumen. As the stool proceeds toward the
rectum and becomes progressively more solid (from an
initial liquid state), epithelial cells are only sloughed onto
the portion of the stool making contact with the portion of
the lumen that formerly contained those cells in its epithelial
lining. Epithelial cells of a polyp undergo the same rapid life
cycle and shedding described above for normal colonic
epithelial cells. Accordingly, cells shed from polyps are
typically only absorbed onto the surface of the forming stool
that makes contact with the polyp. However, if the stool is
in a liquid state, mixing of shed polyp cells throughout the
stool occurs automatically.

Accordingly, the present invention provides methods for
detecting genomic changes in a subpopulation of cells in a
sample of biological material. Methods of the invention are
useful for the detection of changes in the nucleotide
sequence of an allele in a small subpopulation of cells
present in a large, heterogeneous sample of diagnostically-
irrelevant biological material.

Also, in a preferred embodiment, transformed cells sought
to be detected using methods according to the invention are
malignant cells. Transformed cells detected according to
methods of the invention may be induced transformants,
transformed, for example, by a virus, by radiation, or by
chemical or other carcinogenic means.

Methods of the invention may be performed on any
biological samplc, including tissuc and body fluid samplcs.
Particularly preferred biological samples include pus,
sputum, semen, blood, saliva, cerebrospinal fluid, and urine.
In an important embodiment of the invention the sample is
stool which is analyzed to detect colorectal cancer or pre-
cancer. Methods of the invention may be practiced by
exposing a biological sample to one or more radionucle-
otides in order to separately detect the number X of a first
polynucleotide and the number Y of a second polynucle-
otide. In a preferred embodiment the radionucleotides are
incorporated into oligonucleotide probes which are exposed
to the sample under conditions that promote specific hybrid-
ization of the radiolabeled oligonucleotide probes with the
first or second polynucleotides. In a more preferred
embodiment, unlabeled oligonucleotide probes are exposed
to the sample. The probes are subsequently radiolabeled
using a primer extension reaction in the presence of radio-
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labeled nucleotides. The radiolabeled nucleotides are pref-
erably chain terminating nucleotides, (e.g.
dideoxynucleotides). The number of molecules of a poly-
nucleotide in a sample is calculated from the measurement
of the number of radioactive decay events that is specifically
associated with the polynucleotide. The number of radioac-
tive decay events is directly proportional to the number of
molecules.

In a preferred embodiment the first and second radiola-
beled oligonucleotides are separable from each other. For
example, the first and second oligonucleotides are of differ-
ent sizes and can be separated by gel electrophoresis,
chromatography or mass spectrometry. In one embodiment
the first and second oligonucleotides are of different lengths.
In a preferred embodiment the size diflerence is imparted by
a size marker which is specifically attached to one of the
different size marks. Alternatively a different size marker is
attached to each oligonucleotide. After separation, the num-
ber of radioactive decay events is measured for each
oligonucleotide, and the number of molecules is calculated
as described herein.

In a more preferred embodiment, the first and second
oligonucleotides are of the same size but are labeled with
different radioisotopes selected [rom, [or example, 358, *°p,
33p, *H, *2°T and **C. The first and second oligonucleotides
are then distinguished by different characteristic emission
spectra. The number of radioactive decay events is measured
for each oligonucleotide without separating the two oligo-
nucleotides from each other.

Methods of the invention are especially uselul for the
detection of colorectal cancer or precancerous cells in
humans. For purposes of the present invention, precancerous
cells are cells that have a mutation that is associated with
cancer, and which renders such cells susceptible to becom-
ing cancerous. Such methods comprise determining whether
cells or nucleotide debris in a stool sample include a deletion
of a polynucleotide normally present in a wild-type genome
of the human or other mammal. The sample may be exposed
to a plurality of first and second oligonucleotide probes
under hybridization conditions, thereby to hybridize (i) first
probe to copies of a first polynucleotide segment character-
istic of a wild-type genomic region known or suspected not
to be deleted in cells of the sample and (ii) second probe to
copies of a second polynucleotide segment characteristic of
the wild-type genomic region suspected of being mutated in
the sample. The number of duplexes formed with each of the
first and second probes is then detected and counted. The
presence of a statistically-significant difference in those two
numbers is indicative of the presence in the sample of a
mutation that may be characteristic of colorectal cancer.
Endoscopy or other visual examination procedures are then
indicated.

Methods according to the invention also may be used to
detect a loss of heterozygosity at an allele by determination
of the amounts of maternal and paternal alleles comprising
a genetic locus that includes at least one single-base poly-
morphism. A statistically-significant difference in the num-
bers of each allele is indicative of a mutation in an allelic
region encompassing the single-base polymorphism. In this
method, a region of an allele comprising a single-base
polymorphism is identified, using, [or example, a database,
such as GenBank, or by other means known in the art.
Probes are designed to hybridize to corresponding regions
on both paternal and maternal alleles immediately 3' to the
single base polymorphism. After hybridization, a mixture of
at least two of the four common dideoxy nucleotides are
added to the sample, each labeled with a different detectable
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label. A DNA polymerase is also added. Using allelic DNA
adjacent the polymorphic nucleotide as a template, hybrid-
ized probe is extended by the addition of a single dideoxy-
nucleotide that is the binding partner for the polymorphic
nucleotide. After washing to remove unincorporated
dideoxynucleotides, the dideoxynucleotides which have
been incorporated into the probe cxtension are detected by
determining the number of bound extended probes bearing
cach of the two dideoxy nucleotides in, for example, a
scintillation counter. The presence of an almost equal num-
ber of two different labels mean that there is normal het-
erozygosity at the polymorphic nucleotide. The presence of
a statistically-significant difference between the detected
numbers of the two labels means that a deletion of the region
encompassing the polymorphic nucleotide has occurred in
one of the alleles.

Methods of the invention may be used to determine
whether a patient is a candidate for follow-up invasive
diagnostic or other procedures, such as endoscopy. For
example, methods of the invention may be used to detect a
mutation in a tumor suppressor gene or an oncogene in a
subpopulation of cells in a stool sample obtained from a
patient. An endoscopy procedure may then be performed on
patients diagnosed with a mutation. A positive endoscopy
result is then followed by polypectomy, surgery, or other
treatment to remove cancerous or precancerous tissue.

Accordingly, it is an object of the invention to provide
methods for detecting loss of heterozygosity in a subpopu-
lation of cells in a cellular sample. It is a further object of the
invention to provide methods for detecting a genomic
change in a subpopulation ol cells, wherein the genomic
change is indicative of cancer. It is another object of the
invention to detect a loss of heterozygosity in a genomic
region associated with cancer, such as a tumor suppressor
region. It is yet another object of the invention to provide
methods for detecting heterozygosity and the loss thereof at
single-base polymorphic nucleic acids. Finally, it is an
object of the invention to provide methods for the detection
of cancer, and particularly colorectal cancer by detection of
cells or cellular debris indicative of cancer in a heteroge-
neous sample, such as a stool sample.

Further aspects of the invention will become apparent
upon consideration of the following detailed description and
of the drawings.

DESCRIPTION OF TIIEL DRAWINGS

FIG. 1 depicts differential primer extension as exempli-
fied below.

I'IGS. 2A and 21 are model Gaussian distributions show-
ing regions of low statistical probability.

FIG. 3 is graph showing the probable values of N for a
heterogencous population of cells in which 1% of the cells
are mutated.

DETAILED DESCRIPTION OF THE
INVENTION

Methods according to the present invention are useful for
the detection of loss of heterozygosity in a heterogeneous
cellular sample in which the loss of hetlerozygosily oceurs in
only a small subpopulation of cells in the sample. Using
traditional detection methods, such a subpopulation would
be difficult, if not impossible, to detect especially if the
deletion end points are unknown at the time of detection or
a clonally-impure cellular population is used. See, e.g., U.S.
Pat. No. 5,527,676 (reporting that a clonal population of
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cells should be used in order to detect a deletion in a p53
gene). Traditional methods for detection of mutations
involved in carcinogenesis rely upon the use of a clonally-
pure population of cells and such methods are best at
detecting mutations that occur at known “hot spots” in
oncogenes, such as k-ras. See, Sidransky, supra.

Methods of the present invention are useful for detecting
loss of hcterozygosity in a small number of cclls in an
impure cellular population because such methods do not rely
upon knowing the precise deletion end-points and such
methods are not affected by the presence in the sample of
heterogeneous DNA. For example, in loss of heterozygosity,
deletions occur over large portions of the genome and entire
chromosome arms may be missing. Methods of the inven-
tion comprise counting a number of molecules of a larget
nucleic acid suspected of being deleted and comparing it to
a reference number. In a preferred embodiment the reference
number is the number of molecules of a nucleic acid
suspected of not being deleted in the same sample. All that
one needs to know is at least a portion of the sequence of a
target nucleic acid suspected of being deleted and at least a
portion of the sequence of a reference nucleic acid suspected
of not being deleted. Methods of the invention, while
amenable to multiple mutation detection, do not require
multiple mutation detection in order to detect indicia of
cancer in a heterogeneous sample.

Accordingly, methods of the present invention are useful
for the detection of loss of heterozygosity in a subpopulation
of cells or debris therefrom in a sample. Loss of heterozy-
gosity generally occurs as a deletion of at least one wild-type
allelic sequence in a subpopulation of cells. In the case of a
tumor suppressor gene, the deletion typically takes the form
of a massive dcletion characteristic of loss of hetcrozygosity.
Often, as in the case of certain forms of cancer, discase-
causing deletions initially occur in a single cell which then
produces a small subpopulation of mutant cells. By the time
clinical manifestations of the mutation are detected, the
disease may have progressed to an incurable stage. Methods
of the invention allow detection of a deletion when it exists
as only a small percentage of the total cells or cellular debris
in a sample.

Mcthods of the invention comprise a comparison of the
number of molecules of two nucleic acids that are expected
to be present in the sample in equal numbers in normal
(non-mutated) cells. In a preferred embodiment, the com-
parison is between (1) an amount of a genomic polynucle-
otide segment that is known or suspected not to be mutated
in cells of the sample (the “reference™) and (2) an amount of
a wild-type (non-mutated) genomic polynucleotide segment
suspected of being mutated in a subpopulation of cells in the
sample (the “target”). A statistically-significant difference
between the amounts of the two genomic polynucleotide
segments indicates that a mutation has occurred.

In a preferred embodiment, the reference and target
nucleic acids are alleles of the same genetic locus. Alleles
are useful in methods of the invention if there is a sequence
difference which distinguishes one allele from the other. In
a preferred embodiment, the genetic locus is on or near a
tumor suppressor gene. Loss of heterozygosity can result in
loss of either allele, therefore either allele can serve as the
reference allele. The important information is the presence
or absence of a statistically significant difference between
the number of molecules of each allele in the sample. Also
in a preferred embodiment, the reference and target nucleic
acids are different genetic loci, for example difterent genes.
In a preferred embodiment, the reference nucleic acid com-
prises both alleles of a reference genetic locus and the target
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nucleic acid comprises both alleles of a target genetic locus,
for example a tumor suppressor gene. Specifically, in the
case of a deletion in a tumor suppressor gene, the detected
amount of the reference gene is significantly greater than the
detected amount of the target gene. If a target sequence is
amplified, as in the case of certain oncogene mutations, the
detected amount of target is greater than the detected amount
of the reference gene by a statistically-significant margin.

Methods according to the art generally require the use of
numerous probes, usually in the form of PCR primers and/or
hybridization probes, in order to detect a deletion or a point
mutation. However, because methods of the present inven-
tion involve enumerative detection of nucleotide sequences
and enumerative comparisons between sequences that are
known (o be stable and those that are suspected of being
unstable, only a few probes must be used in order to
accurately assess cancer risk. In fact, a single set (pair) of
probes is all that is necessary to detect a single large
deletion. The risk of cancer is indicated by the presence of
a mutation in a genetic region known or suspected to be
involved in oncogenesis. Patients who are identified as being
at risk based upon tests conducted according to methods of
the invention are then directed to other, typically invasive,
procedures for confirmation and/or treatment of the disease.

Enumerative sampling of a nucleotide sequence that is
uniformly distributed in a biological sample typically fol-
lows a Poisson distribution. For large populations, such as
the typical number of genomic polynucleotide segments in
a biological sample, the Poisson distribution is similar to a
normal (Gaussian) curve with a mean, N, and a standard
deviation that may be approximated as the square root of N.

Statistically-significance between numbers of target and
reference genes obtained from a biological sample may be
determined by any appropriate method. See, e.g., Steel, et
al., Principles and Procedures of Statistics, A Biometrical
Approach (McGraw-Hill, 1980), the disclosure of which is
incorporated by reference herein. An exemplary method is to
determine, based upon a desired level of specificity
(tolerance of false positives) and sensitivity (tolerance of
false negatives) and within a selected level of confidence,
the difference between numbers of target and reference
gencs that must be obtained in order to recach a chosen level
of statistical significance. A threshold issue in such a deter-
mination is the minimum number, N, of genes (for each of
target and reference) that must be available in a population
in order to allow a determination of statistical significance.
The number N will depend upon the assumption of a
minimum number of mutant alleles in a sample containing
mutant alleles (assumed herein to be at least 1%) and the
further assumption that normal samples contain no mutant
alleles. It is also assumed that a threshold differences
between the numbers of relerence and targel genes must be
at least 0.5% for a diagnosis that there is a mutation present
in a subpopulation of cells in the sample. Based upon the
foregoing assumptions, it is possible to determine how large
N must be so that a detected difference between numbers of
mutant and reference alleles of less than 0.5% is truly a
negative (i.e. no mutant subpopulation in the sample) result
99.9% of the time.

The calculation of N for specificity, then, is based upon
the probability of one sample measurement being in the
portion of the Gaussian distribution covering the lowest
3.16% of the population (the area marked “A” in FIG. 2A)
and the probability that the other sample measurement is in
the portion of the Gaussian distribution covering the highest
3.16% of the population (the area marked “B” in FIG. 2B).
Since the two sample measurements are independent events,
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the probability of both events occurring simultaneously in a
single sample is approximately 0.001 or 0.1%. Thus, 93.68%
of the Gaussian distribution (100%-2x3.16%) lies between
the areas marked A and B in FIG. 3. Statistical tables
indicate that such area is equivalent to 3.72 standard devia-
tions. Accordingly, 0.5% N is set equal to 3.72 sigma. Since
sigma (the standard deviation) is equal to VN, the equation
may be solved for N as 553,536. This means that if the lower
of the two numbers representing reference and target is at
least 553,536 and if the patient is truly normal, the difference
between the numbers will be less than 0.5% about 99.9% of
the time.

To determine the minimum N required for 99% sensitivity
a similar analysis is performed. This time, one-tailed Gaus-
sian distribution tables show that 1.28 standard deviations
(sigma) from the mean cover 90% of the Gaussian distri-
bution. Moreover, there is a 10% (the square root of 1%)
probability of one of the numbers (reference or target) being
in either the area marked “A” in FIG. 3 or in the area marked
“B” in FIG. 3. If the two population means are a total of 1%
different and if there must be a 0.5% difference between the
number of target and reference genes, then the distance from
either mean to the threshold for statistical significance is
equivalent to 0.25% N (See T'IG. 3) for 99% sensitivity. As
shown in FIG. 3, 0.25% N corresponds to about 40% of one
side of the Gaussian distribution. Statistical tables reveal
that 40% of the Gaussian distribution corresponds to 1.28
standard deviations from the mean. Therefore, 1.28 sigma is
equal to 0.0025N, and N equals 262,144. Thus, for abnormal
samples, the difference will exceed 0.5% at least 99% of the
time if the lower of the two numbers is at least 262,144.
Conversely, an erroneous negative diagnosis will be made
only 1% of the time under these conditions.

In order to have both 99.9% specificity (avoidance of false
positives) and 99% sensitivity (avoidance of false
negatives), a sample with DNA derived from at least 553,
536 (or roughly greater than 550,000) cells should be
counted. A difference of at least 0.5% between the numbers
obtained is significant at a confidence level of 99.0% for
sensitivity and a difference of less than 0.5% between the
numbers is significant at a confidence level of 99.9% for
specificity. As noted above, other standard statistical tests
may be used in order to determine statistical significance and
the foregoing represents one such test.

Based upon the foregoing explanation, the skilled artisan
appreciates that methods of the invention are useful to detect
mutations in a subpopulation of a polynucleotides in any
biological sample. For example, methods disclosed herein
may be used to detect allelic loss (the loss of heterozygosity)
associated with diseases such as cancer. Additionally, meth-
ods of the invention may be used to detect a deletion or a
base subslitution mutation causalive ol a metabolic error,
such as complete or partial loss of enzyme activity. For
purposes of exemplification, the following provides details
of the use of methods according to the present invention in
colon cancer detection. Inventive methods are especially
useful in the early detection of a mutation (and especially a
large deletion typical of loss of heterozygosity) in a tumor
suppressor gene. Accordingly, while exemplified in the
following manner, the invention is not so limited and the
skilled artisan will appreciate its wide range of applicability
upon consideration thereof.

Methods according to the invention preferably comprise
comparing a number of a target polynucleotide known or
suspected to be mutated to a number of a reference poly-
nucleotide known or suspected not to be mutated. In addition
to the alternative embodiments using either alleles or genetic
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loci as reference and target nucleic acids, the invention
comprises a comparison of a microsatellite repeat region in
a normal allele with the corresponding microsatellite region
in an allele known or suspected to be mutated. Exemplary
detection means of the invention comprise determining
whether a difference exists between the number of counts of
cach nuclcic acid being mcasurcd. The presence of a
statistically-significant difference is indicative that a muta-
tion has occurred in one of the nucleic acids being measured.
1. Preparation of a Stool Sample

A sample prepared from stool voided by a patient should
comprise at least a cross-section of the voided stool. As
noted above, stool is not homogenous with respect to
sloughed cells. As stool passes through the colon, it absorbs
sloughed cells from regions of the colonic epithelium with
which it makes contacts. Thus, sloughed cells from a polyp
are absorbed on only one surface of the forming stool
(except near the cecum where stool is still liquid and is
homogenized by Intestinal Peristalsis). Taking a represen-
tative sample of stool (i.e., at least a cross-section) and
homogenizing it ensures that sloughed cells from all epithe-
lial surfaces of the colon will be present for analysis in the
processed stool sample. Stool is voided into a receptacle that
is preferably small enough to be transported to a testing
facility. The receptacle may be fitted to a conventional toilet
such that the receptacle accepts stool voided in a conven-
tional manner. The receptacle may comprise a mesh or a
screen of sufficient size and placement such that stool is
rcetaincd while urine is allowed to pass through thc mesh or
screen and into the toilet. The receptacle may additionally
comprise means for homogenizing voided stool. Moreover,
the receptacle may comprise means for introducing homog-
enization buffer or one or more preservatives, such as
alcohol or a high salt concentration solution, in order to
neutralize bacteria present in the stool sample and to inhibit
degradation of DNA.

The receptacle, whether adapted to fit a toilet or simply
adapted for receiving the voided stool sample, preferably has
sealing means sufficient to contain the voided stool sample
and any solution added thereto and to prevent the emanation
of odors. The receptacle may have a support frame which is
placed directly over a toilet bowl. The support frame has
attached thereto an articulating cover which may be placed
in a raised position, for depositing of sample or a closed
position (not shown) for sealing voided stool within the
receptacle. 'The support frame additionally has a central
opening traversing from a top surface through to a bottom
surface of the support frame. The bottom surface directly
communicates with a top surface of the toilet. Extending
from the bottom surface of the support frame and encom-
passing the cntirc circumference of the central opening is a
means for capturing voided stool. The means for capturing
voided stool may be fixedly attached to the support frame or
may be removably attached for removal subsequent to
deposition of stool.

Once obtained, the stool sample is homogenized in an
appropriate buffer, such as phosphate buffered saline or a
chaotropic salt solution. Homogenization means and mate-
rials for homogenization are generally known in the art. Sce,
e.g., US. Pat. No. 4,101,279. Thus, particular homogeniza-
tion methods may be selected by the skilled artisan. Methods
for further processing and analysis of a biological sample,
such as a stool sample are presented below.

II. Methods for Detection of Colon Cancer or Precancer

For exemplification, methods of the invention are used to
detect a deletion or other mutation in or near the p53 tumor
suppressor gene in cells obtained from a representative stool



5,928,870

11

sample. The p53 gene is a good choice because the loss of
heterozygosity in p53 is often associated with colorectal
cancer. An mRNA sequence corresponding to the DNA
coding region for p53 is reported as GenBank Accession No.
M92424. The skilled artisan understands that methods
described herein may be used to detect mutations in any
gene and that detection of a p53 delction is cxemplary of
such methods. In the detection of loss of heterozygosity, it
is not necessary to target any particular gene due to the
massive deletions associated with this event. Accordingly,
an LOH-type deletion involving, for example, p53 may be
detected by probing a region outside, but near, p53 because
that region is also likely to be deleted. At least a cross-
section of a voided stool sample is obtained and prepared as
described immediately above. DNA or RNA may optionally
be isolated from the sample according to methods known in
the art. See, Smith-Ravin, et al., Gur, 36: 81-86 (1995),
incorporated by reference herein. Methods of the invention
may also comprise the step of amplifying DNA or RNA
sequences using the polymerase chain reaction. However,
methods of the invention may be performed on unprocessed
stool.

Nucleic acids may be sheared or cut into small fragments
by, for example, restriction digestion. The size of nucleic
acid fragments produced is not critical, subject to the limi-
tations described below. A target nucleic acid that is sus-
pected of being mutated (p53 in this example) and a refer-
ence nucleic acid are chosen. The target and reference
nucleic acids may be allcles on or ncar the p53 genc.
Alternatively, the target nucleic acid comprises both alleles
on or near the p53 gene and the reference nucleic acid
comprises both alleles on or near a genetic locus suspected
not to be deleted. Single-stranded nucleic acid fragments
may be prepared using well-known methods. See, e.g.,
Sambrook, et al., Molecular Cloning, A Laboratory Manual
(1989) incorporated by reference herein.

Either portions of a coding strand or its complement may
be detected in methods according to the invention. In a
preferred embodiment, both first and second strands of an
allele are present in a sample during hybridization to an
oligonucleotide probe. The sample is exposed to an excess
of probe that is complementary to a portion of the first
strand, under conditions to promote specific hybridization of
the probe to the portion of the first strand. In a most preferred
embodiment, the probe is in sufficient excess to bind all the
portion of the first strand, and to prevent reannealing of the
first strand to the second strand of the allele. Also in a
preferred embodiment, the second strand of an allele is
removed from a sample prior to hybridization to an oligo-
nucleotide probe that is complementary to a portion of the
first strand of the allcle. For cxcmplification, deteetion of the
coding strand of p53 and reference allele are described.
Complement to both p53 and reference allele are removed
by hybridization to anti-complement oligonucleotide probes
(isolation probes) and subsequent removal of duplex formed
thereby. Methods for removal of complement strands from
a mixture of single-stranded oligonucleotides are known in
the art and include techniques such as affinity chromatog-
raphy. Upon converting double-stranded DNA to single-
stranded DNA, sample is passed through an affinity column
comprising bound isolation probe that is complementary Lo
the sequence to be isolated away from the sample. Conven-
tional column chromatography is appropriate for isolation of
complement. An affinity column packed with sepharose or
any other appropriate materials with attached complemen-
tary nucleotides may be used to isolate complement DNA in
the column, while allowing DNA to be analyzed to pass
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through the column. See Sambrook, Supra. As an
alternative, isolation beads may be used to exclude comple-
ment as discussed in detail below.

After removal of complement, the target and reference
nucleic acids are exposed to radio-labeled nucleotides under
conditions which promote specific association of the radio-
labeled nucleotides with the target and refercnce nucleic
acids in a sample. In order to count the number of molecules
of the target and reference nucleic acids, the radionucle-
otides associated with the target nucleic acid must be dis-
tinguished from the radionucleotides associated with the
reference nucleic acid. In addition, the radionucleotides that
are specifically associated with either target or reference
nucleic acid must be distinguished from radionucleotides
that are not associated with either nucleic acid. The number
of molecules of target nucleic acid is counted by measuring
a number X of radioactive decay events (e.g. by measuring
the total number of counts during a defined interval or by
measuring the time it takes to obtain a predetermined
number of counts) specifically associated with the target
nucleic acid. The number X is used to calculate the number
X1 of radionucleotides which are specifically associated
with the target nucleic acid. The number Xlis used to
calculate the number X2 of target nucleic acid molecules,
knowing the ratio of radionucleotide molecules to target
nucleic acid molecules in the assay.

According to methods of the invention, it is important to
count the number of molecules in order to provide a statis-
tical analysis of thc likclihood of loss of heterozygosity.
Comparison of the numbers of radioactive decays without
knowing the numbers of molecules associated with the
radioactive decays does not provide statistical data on the
significance of any observed difference.

In a preferred embodiment, a radionucleotide is incorpo-
rated into a specific oligonucleotide prior to exposure to the
sample. In a most preferred embodiment, a radiolabeled
oligonucleotide is used which comprises a single radionucle-
otide molecule per oligonucleotide molecule. A radio-
labeled oligonucleotide is designed to hybridize specifically
to a target nucleic acid. In one embodiment the target nucleic
acid is a specific allele of a polymorphic genetic locus, and
the oligonucleotide is designed to be complementary to the
allele at the site of polymorphism. One skilled in the art can
perform hybridizations under conditions which promote
specific hybridization of the oligonucleotide to the allele,
without cross hybridizing to other alleles. Similarly, radio-
labeled oligonucleotides are designed to specifically hybrid-
ize with the reference nucleic acid.

Also in a preferred embodiment, a radionucleotide is
specifically incorporated into an oligonucleotide by primer
cxtension, after cxposing the oligonucleotide to the sample
under conditions to promote specific hybridization of the
oligonucleotide with the target nucleic acid. In a preferred
embodiment the oligonucleotide is unlabeled, and the radio-
nucleotide is a radiolabeled chain terminating nucleotide
(e.g. a dideoxynucleotide). In a most preferred embodiment,
the radionucleotide is the chain terminating nucleotide
complementary to the nucleotide immediately 5' to the
nucleotide that base pairs to the 3' nucleotide of the oligo-
nucleotide when it is specifically hybridized to the target
nucleic acid. In the embodiment where the target nucleic
acid is an allele of a polymorphic genetic locus, the oligo-
nucleotide is preferably designed such that the 3' nucleotide
of the oligonucleotide base pairs with the nucleotide imme-
diately 3' to the polymorphic residue. In a preferred
embodiment, a radiolabeled terminating nucleotide that is
complementary to the residue at the polymorphic site is
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incorporated on the 3' end of the specifically hybridized
oligonucleotide by a primer extension reaction. Similarly, in
a preferred embodiment, a radionucleotide is specifically
associated with a reference nucleic acid by primer extension.
Other methods for specifically associating a radioactive
isotope with a target or reference nucleic acid (for example
a radiolabcled scquence specific DNA binding protcin) arc
also useful for the methods of the invention.

In a preferred embodiment, prior to counting the radio-
active decay events, the radionucleotides specifically asso-
ciated with target and reference nucleic acids are separated
from the radionucleotides that are not specifically associated
with either nucleic acid. Separation is performed as
described herein, or using techniques known in the art. Other
separation techniques are also useful for practice of the
invention. Methods of the invention also comprise distin-
guishing the radio-label specifically associated with a target
nucleic acid from the radio-label specifically associated with
a reference nucleic acid. In a preferred embodiment the
isotope associated with the target is dilferent [rom the
isotope associated with the receptor. Different isotopes use-
ful to radio-label nucleotides include 35S, 32p, 33p, 1251 31,
and C. In one embodiment, an oligonucleotide comple-
mentary to a target nucleic acid is labeled with a different
isotope from an oligonucleotide complementary to a refer-
ence nucleic acid. In another embodiment, the chain termi-
nating nucleotide associated with the target nucleic acid is
different from the chain terminating nucleotide associated
with the reference nucleic acid, and the two chain terminat-
ing nucleotides are labeled with different isotopes.

In a preferred embodiment, radionucleotides labeled with
different isotopes are detected without separating the radio-
nucleotide associated with the target nucleic acid from the
radionucleotide associated with the reference nucleic acid.
The different isotopes useful to the invention have different
characteristic emission spectra. The presence of a first
isotope does not prevent the measurement of radioactive
decay events of a second isotope. In a more preferred
embodiment, the labeled oligonucleotide associated with the
target nucleic acid is the same size as the labeled oligo-
nucleotide associated with the reference nucleic acid (the
labeled oligonucleotides can be labeled prior to hybridiza-
tion or by primer extension). The two differentially labeled
oligonucleotides are electrophoresed on a gel, preferably a
denaturing gel, and the gel is exposed to an imager that
detects the radioactive decay events of both isotopes. In this
embodiment the two isotopes are detected at the same
position on the imager, because both oligonucleotides
migrate to the same position on the gel. Detection at the
same position on the imager reduces variation due to dif-
ferent detection cfficiencics at different positions on the
imager.

Also in a preferred embodiment, the radionucleotide
associated with the target nucleic acid is separated from the
radionucleotide associated with the reference nucleic acid
prior to measuring radioactive decay events. In a preferred
embodiment the separated radionucleotides are labeled with
the same isotope.

Preferred separation methods comprise conferring differ-
ent molecular weights to the radionucleotides specifically
associated with the target and reference nucleic acids.

In a preferred embodiment, first probes comprise a “sepa-
ration moiety.” Such separation moiety is, for example,
hapten, biotin, or digoxigenin. The separation moiety in first
probes does not interfere with the first probe’s ability to
hybridize with template or be extended. In an alternative
embodiment, the labeled ddNTPs comprise a separation
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moiety. In yet another alternative embodiment, both the first
probes and the labeled ddN'I'Ps comprise a separation moi-
ety. Following the extension reaction, a high molecular
weight molecule having affinity for the separation moiety
(e.g., avidin, streptavidin, or anti-digoxigenin) is added to
the reaction mixture under conditions which permit the high
molccular weight molcecule to bind to the scparation moicty.
The reaction components are then separated on the basis of
molecular weight using techniques known in the art such as
gel electrophoresis, chromatography, or mass spectroscopy.
See, Ausubel et al., Short Protocols in Molecular Biology,
3rd ed. (John Wiley & Sons, Inc., 1995); Wu Recombinant
DNA Methodology II, (Academic Press, 1995).

Also in a preferred embodiment the radionucleotide asso-
ciated with a first allele of a polymorphic genetic locus is
separated from the radionucleotide associated with a second
allele of the polymorphic locus by differential primer
extension, wherein the extension products of a given oligo-
nucleotide primer are of a different length for each of the two
alleles. In differential primer extension (exemplified in FIG.
1) an oligonucleotide is hybridized such that the 3' nucle-
otide of the oligonucleotide base pairs with the nucleotide
that is immediately 5' of the polymorphic site. The extension
reaction is performed in the presence of a radiolabeled
terminator nucleotide complementary to the nucleotide at
the polymorphic site of the first allele. The reaction also
comprises non-labeled nucleotides complementary to the
other 3 nucleotides. Extension of a primer hybridized to the
first allcle results in a product having only the terminator
nucleotide incorporated (exemplified in FIG. 1A, T* is the
labeled terminator nucleotide). Extension of a primer
hybridized to the second allele results in a product that
incorporates several non-labeled nucleotides immediately 5'
to the terminator nucleotide (exemplified in FIG. 1B). The
number of non-labeled nucleotides that are incorporated is
determined by the position, on the template nucleic acid, of
the closest 5' nucleotide complementary to the terminator
nucleotide. In an alternative embodiment, differential primer
extension comprises a labeled oligonucleotide and a non-
labeled terminator nucleotide.

Labeled probes are exposed to sample under hybridization
conditions. Such conditions are well-known in the art. See,
e.g., Wallace, et al., Nucleic Acids Res., 6: 3543-3557
(1979), incorporated by reference herein. First and Second
oligonucleotide probes that are distinctly labeled (i.e. with
different radioactive isotopes, fluorescent means, or with
beads of different size) are applied to a single aliquot of
sample. After exposure of the probes to sample under
hybridization conditions, sample is washed to remove any
unhybridized probe. Thereafter, hybridized probes are
dectected scparatcly for p53 hybrids and reference allele
hybrids. Standards may be used to establish background and
to equilibrate results. Also, if differential fluorescent labels
are used, the number of probes may be determined by
counting differential fluorescent events in a sample that has
been diluted sufficiently to enable detection of single fluo-
rescent events in the sample. Duplicate samples may be
analyzed in order to confirm the accuracy of results
obtained.

If there is a difference between the amount of p53 detected
and the amount of the relerence allele detected greater than
2 0.5% difference with at least 550,000 events (earlier shown
to be the threshold of significance), it may be assumed that
a mutation has occurred in the region involving p53 and the
patient is at risk for developing or has developed colon
cancer. Statistical significance may be determined by any
known method. A preferred method is outlined above.
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The determination of a p53 mutation allows a clinician to
recommend further treatment, such as endoscopy
procedures, in order to further diagnose and, if necessary,
treat the patient’s condition. The following examples illus-
trate methods of the invention that allow direct quantifica-
tion of hybridization events.

‘What is claimed is:

1. Amethod for detecting the presence of a mutant nucleic
acid in a sample population, comprising the steps of:

a) introducing a first radionucleotide to a sample popu-
lation suspected to contain a subpopulation of a nucleic
acid mutant, wherein said first radionucleotide hybrid-
izes to a first wild-type nucleic acid target, a subpopu-
lation of which suspected to be mutated in the sample;

b) introducing a second radionucleotide to the sample,
wherein said second radionucleotide hybridizes to a
second wild-type nucleic acid target in the sample

c) washing said sample to remove unhybridized first and
second radionucleotides;

d) determining a number X of radioactive decay events
associated with said first radionucleotide;

¢) determining a number Y of radioactive decay events
associated with said second radionucleotide;

f) determining whether a difference exists between num-
ber X and number Y, the presence of a statistically-
significant difference being indicative of the presence
of a mutation in said sample.

2. The method of claim 1 wherein said first radionucle-
otide is capable of hybridizing to a nucleic acid in the sample
that is suspected to be mutated in cancer or precancer; and
said second radionucleotide is capable of hybridizing to a
nucleic acid in the sample that is not mutated in cancer or
precancer.

3. The method of claim 1 wherein said first radionucle-
otide is capable of hybridizing to a portion of the maternal
allele at a genetic locus; and said second radionucleotide is
capable of hybridizing to a portion of the paternal allele at
said locus.

4. The method of claim 1 further comprising the step of
isolating said first radionucleotide specifically bound to a
first target nucleic acid, and said second radionucleotide
specifically bound to a second target nucleic acid.

5. The method of claim 4 wherein said isolating step is
selected from the group consisting of gel electrophoresis,
chromatography, and mass spectrometry.

6. The mcthod of claim 4 whercin said number X is
correlated with a number X1 of molecules of said first
nucleic acid, and said number Y is correlated with a number
Y1 of molecules of said second nucleic acid.

7. The method of claim 1 wherein at least one of said first
and second radionucleotides is a chain terminator nucle-
otide.

8. The method of claim 1 wherein at least one of said first
and second radionucleotides is an oligonucleotide.

9. The method of claim 1 wherein said radionucleotides
are labeled with an isotope selected from the group consist-
ing of 32P, 33P, 35S, 1251 and 14C.

10. The method of claim 1 wherein each of said first and
second radionucleotides are labeled with a different isotope.

11. The method of claim 10 wherein said numbers X and
Y are determined by coincidence counting.
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12. A method for determining the number of molecules of
a nucleic acid comprising the steps of:

a) exposing a sample to a plurality of first radionucle-
otides;

b) isolaling radionucleotides specifically bound to first
target nucleic acid molecules;

¢) determining a number of radioactive decay events
associated with the radionucleotides of step b);

d) calculating a number of molecules of said sequence as
equivalent to said number of radioactive decay events.
13. A mcthod for detecting the presence of a mutation in

a nucleic acid, comprising the steps of:

a) exposing a sample to a plurality of a oligonucleotide;

b) performing a primer extension reaction in the presence
of a plurality of a chain terminating nucleotide, to
generate extension products of said oligonucleotide;

¢) determining the size of the extension products, the
presence of extension products of different sizes being
indicative of the presence of a mutation.

14. The method of claim 13 wherein said oligonucleotide
is capable of hybridizing to a member selected from the
group consisting of a matcrnal allelc and a patcrnal allele of
the same genetic locus.

15. The method of claim 13 wherein said oligonucleotide
is labeled.

16. The method of claim 13 wherein said terminating
nucleotide is labeled.

17. The method of claims 15 or 16 wherein said label is
a radioactive isotope.

18. The method of claim 13 wherein said extension
reaction is performed in the presence of at least two differ-
entially labeled chain terminating nucleotides.

19. A method for detecting loss of heterozygosity in a
nucleic acid, comprising the steps of:

a) contacting a sample with a radionucleotide;

b) isolating a nucleic acid specifically bound to said
radionucleotide;

¢) determining a number of radioactive decay events

associated with said nucleic acid;

d) comparing said number to a reference number,

wherein a statistically significant difference between said

number and said reference number is indicative of loss
of heterozygosity.

20. The method of claim 1, wherein said sample com-
prises cellular material from a population of patients.

21. The method of claim 20, wherein said population of
patients is healthy.

22. The method of claim 20, wherein said population of
patients has a disease suspected to be associated with said
mutant nucleic acid.

23. The method of claim 20, wherein said disease is
cancer.

24. The method of claim 1, wherein said mutant nucleic
acid is an allelic variant.

25. The method of claim 24, wherein said variant is a
single nucleotide polymorphism.

& * * #* *
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DIGITAL AMPLIFICATION

This application is a division of U.S. application Ser. No.
11/709,742 filed Feb. 23, 2007, which is a continuation of
U.S. application Ser. No. 10/828,295 filed Apr. 21, 2004, now
abandoned, which is a division of U.S. application Ser. No.
09/981,356 filed Oct. 12, 2001, now U.S. Pat. No. 6,753,147,
which is a continuation of U.S. application Ser. No. 09/613,
826 filed Jul. 11, 2000, now U.S. Pat. No. 6,440,706, which
claims the benefit of provisional U.S. Application Ser. No.
60/146,792, filed Aug. 2, 1999. The disclosure of all priority
applications is expressly incorporated herein.

The U.S. government retains certain rights in this invention
by virtue of its support of the underlying research, supported
by grants CA 43460, CA 57345, and CA 62924 from the
National Institutes of Health.

TECHNICAL FIELD OF THE INVENTION

This invention is related to diagnostic genetic analyses. In
particular it relates to detection of genetic changes and gene
expression.

BACKGROUND OF THE INVENTION

In classical genetics, only mutations of the germ-line were
considered important for understanding disease. With the
realization that somatic mutations are the primary cause of
cancer, and may also play a role in aging, new genetic prin-
ciples have arisen. These discoveries have provided a wealth
of new opportunities for patient management as well as for
basic research into the pathogenesis of neoplasia. However,
many of these opportunities hinge upon detection of a small
number of mutant-containing cells among a large excess of
normal cells. Examples include the detection of neoplastic
cells in urine, stool, and sputum of patients with cancers of the
bladder, colorectum, and lung, respectively. Such detection
has been shown in some cases to be possible at a stage when
the primary tumors are still curable and the patients asymp-
tomatic. Mutant sequences from the DNA of neoplastic cells
have also been found in the blood of cancer patients. The
detection of residual disease in lymph nodes or surgical mar-
gins may be useful in predicting which patients might benefit
most from further therapy. From a basic research standpoint,
analysis of the early effects of carcinogens is often dependent
on the ability to detect small populations of mutant cells.

Because of the importance of this issue in so many settings,
many useful techniques have been developed for the detection
of mutations. DNA sequencing is the gold standard for the
detection of germ line mutations, but is useful only when the
fraction of mutated alleles is greater than ~20%. Mutant-
specific oligonucleotides can sometimes be used to detect
mutations present in a minor proportion of the cells analyzed,
but the signal to noise ratio distinguishing mutant and wild-
type (WT) templates is variable. The use of mutant-specific
primers or the digestion of polymerase chain reaction (PCR)
products with specific restriction endonucleases are
extremely sensitive methods for detecting such mutations, but
it is difficult to quantitate the fraction of mutant molecules in
the starting population with these techniques. Other innova-
tive approaches for the detection of somatic mutations have
been reviewed. A general problem with these methods is that
it is difficult or impossible to independently confirm the exist-
ence of any mutations that are identified.

Thus there is a need in the art for methods for accurately
and quantitatively detecting genetic sequences in mixed
populations of sequences.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide methods
for determining the presence of a selected genetic sequence in
a population of genetic sequences.

It is another object of the present invention to provide
molecular beacon probes useful in the method of the inven-
tion.

These and other objects of the invention are achieved by
providing a method for determining the presence of a selected
genetic sequence in a population of genetic sequences. A
biological sample comprising nucleic acid template mol-
ecules is diluted to form a set of assay samples. The template
molecules within the assay samples are amplified to form a
population of amplified molecules in the assay samples of the
set. The amplified molecules in the assay samples of the set
are then analyzed to determine a first number of assay
samples which contain the selected genetic sequence and a
second number of assay samples which contain a reference
genetic sequence. The first number is then compared to the
second number to ascertain a ratio which reflects the compo-
sition of the biological sample.

Another embodiment of the invention is a method for deter-
mining the ratio of a selected genetic sequence in a population
of genetic sequences. Template molecules within a set com-
prising a plurality of assay samples are amplified to form a
population of amplified molecules in each of the assay
samples of the set. The amplified molecules in the assay
samples of the set are analyzed to determine a first number of
assay samples which contain the selected genetic sequence
and a second number of assay samples which contain a ref-
erence genetic sequence. At least one-fiftieth of the assay
samples in the set comprise a number (N) of molecules such
that 1/N is larger than the ratio of selected genetic sequences
to total genetic sequences required to determine the presence
of the selected genetic sequence. The first number is com-
pared to the second number to ascertain a ratio which reflects
the composition of the biological sample.

According to another embodiment of the invention, a
molecular beacon probe is provided. It comprises an oligo-
nucleotide with a stem-loop structure having a photolumines-
cent dye at one ofthe 5' or 3' ends and a quenching agent at the
opposite 5' or 3' end. The loop consists of 16 base pairs which
hasaT,, 0of 50-51 C. The stem consists of 4 base pairs having
a sequence 5'-CACG-3".

A second type of molecular beacon probe is provided in
another embodiment. It comprises an oligonucleotide with a
stem-loop structure having a photoluminescent dye at one of
the 5' or 3' ends and a quenching agent at the opposite 5' or 3'
end. The loop consists of 19-20 base pairs and has a T,, of
54-56 C. The stem consists of 4 base pairs having a sequence
5'-CACG-3'.

Another embodiment provides the two types of molecular
beacon probes, either mixed together or provided in a divided
container as a kit.

The invention thus provides the art with the means to obtain
quantitative assessments of particular DNA or RNA
sequences in mixed populations of sequences using digital

(binary) signals.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C. Schematic of experimental design.
(FIG.1A) Thebasic two steps involved: PCR on diluted DNA
samples is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent
fluorometry. (FIG. 1B) Principle of molecular beacon analy-
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sis. In the stem-loop configuration, fluorescence from a dye at
the 5' end of the oligonucleotide probe is quenched by a
Dabcyl group at the 3' end. Upon hybridization to a template,
the dye is separated from the quencher, resulting in increased
fluorescence. Modified from Marras et al. (FIG. 1C) Oligo-
nucleotide design. Primers F1 and R1 are used to amplify the
genomic region of interest. Primer INT is used to produce
single stranded DNA from the original PCR products during
a subsequent asymmetric PCR step (see Materials and Meth-
ods). MB-RED is a Molecular Beacon which detects any
appropriate PCR product, whether it is WT or mutant at the
queried codons. MB-GREEN is a Molecular Beacon which
preferentially detects the WT PCR product.

FIG. 2. Discrimination between WT and mutant PCR prod-
ucts by Molecular Beacons. Ten separate PCR products, each
generated from -25 genome equivalents of genomic DNA of
cells containing the indicated mutations of c-Ki-Ras, were
analyzed with the Molecular Beacon probes described in the
text. Representative examples of the PCR products used for
Molecular Beacon analysis were purified and directly
sequenced. In the cases with Gly12Cys (SEQ IDNO: 11)and
Glyl12Arg (SEQ ID NO: 10) mutations, contaminating non-
neoplastic cells within the tumor presumably accounted for
the relatively low ratios. In the cases with Gly12Ser (SEQ ID
NO: 8) and Gly12Asp (SEQ ID NO: 12), there were appar-
ently two or more alleles of mutant c-Ki-Ras for every WT
allele (SEQ ID NO: 7); both these tumors were aneuploid.
Analysis of the Glyl13Asp mutation is also shown (SEQ ID
NO: 9).

FIG. 3. Detecting Dig-PCR products with MB-RED. Spe-
cific Fluorescence Units of representative wells from an
experiment employing colorectal cancer cells with Gly12Asp
or Gly13Asp mutations of the c-Ki-Ras gene. Wells with
values >10,000 are shaded yellow. Polyacrylamide gel elec-
trophoretic analyses of the PCR products from selected wells
are shown. Wells with fluorescence values <3500 had no PCR
product of the correct size while wells with fluorescence
values >10,000 SFU always contained PCR products of 129
bp. Non-specific products generated during the large number
of'cycles required for Dig-PCR did not affect the fluorescence
analysis. M1 and M2 are molecular weight markers used to
determine the size of fragments indicated on the left (in base
pairs).

FIG. 4. Discriminating WT from mutant PCR products
obtained in Dig-PCR. RED/GREEN ratios were determined
from the fluorescence of MB-RED and MB-GREEN as
described in Materials and Methods. The wells shown are the
same as those illustrated in FIG. 3. The sequences of PCR
products from the indicated wells were determined as
described in Materials and Methods. The wells with RED/
GREEN ratios >3.0 each contained mutant sequences while
those with RED/GREEN ratios of -1.0 contained WT
sequences. WT c-Ki-Ras (SEQ ID NO: 7), Glyl12Asp (SEQ
ID NO: 13), and Gly13Asp (SEQ ID NO: 9) were analyzed.

FIG. 5. Dig-PCR of DNA from a stool sample. The 384
wells used in the experiment are displayed. Those colored
blue contained 25 genome equivalents of DNA from normal
cells. Each of these registered positive with MB-RED and the
RED/GREEN ratios were 1.0+/-0.1 (mean+/-1 standard
deviation). The wells colored yellow contained no template
DNA and each was negative with MB-RED (i.e., fluorescence
<3500 fluorescence units.). The other wells contained diluted
DNA from the stool sample. Those registering as positive
with MB-RED were colored either red or green, depending on
their RED/GREEN ratios. Those registering negative with
MB-RED were colored white. PCR products from the indi-
cated wells were used for automated sequence analysis. The
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sequence of WT c-Ki-Ras in well K1 (SEQ ID NO: 7), and
mutant c-Ki-Ras in wells C10, E11, M10, and L12 (SEQ ID
NO: 14), and well F21 (SEQ ID NO: 15) were analyzed.

DETAILED DESCRIPTION OF THE INVENTION

The method devised by the present inventors involves sepa-
rately amplifying small numbers of template molecules so
that the resultant products have a proportion of the analyte
sequence which is detectable by the detection means chosen.
Atits limit, single template molecules can be amplified so that
the products are completely mutant or completely wild-type
(WT). The homogeneity of these amplification products
makes them trivial to distinguish through existing techniques.

The method requires analyzing a large number of amplified
products simply and reliably. Techniques for such assess-
ments were developed, with the output providing a digital
readout of the fraction of mutant alleles in the analyzed popu-
lation.

The biological sample is diluted to a point at which a
practically usable number of the diluted samples contain a
proportion of the selected genetic sequence (analyte) relative
to total template molecules such that the analyzing technique
being used can detect the analyte. A practically usable num-
ber of diluted samples will depend on cost of the analysis
method. Typically it would be desirable that at least %50 of the
diluted samples have a detectable proportion of analyte. At
least Yio, V5, 30, %, Y4, 35, 7o, 45, or %10 of the diluted
samples may have a detectable proportion of analyte. The
higher the fraction of samples which will provide useful
information, the more economical will be the overall assay.
Over-dilution will also lead to a loss of economy, as many
samples will be analyzed and provide no signal. A particu-
larly preferred degree of dilution is to a point where each of
the assay samples has on average one-half of a template. The
dilution can be performed from more concentrated samples.
Alternatively, dilute sources of template nucleic acids can be
used. All of the samples may contain amplifiable template
molecules. Desirably each assay sample prior to amplifica-
tion will contain less than a hundred or less than ten template
molecules.

Digital amplification can be used to detect mutations
present at relatively low levels in the samples to be analyzed.
The limit of detection is defined by the number of wells that
can be analyzed and the intrinsic mutation rate of the poly-
merase used for amplification. 384 well PCR plates are com-
mercially available and 1536 well plates are on the horizon,
theoretically allowing sensitivities for mutation detection at
the ~0.1% level. It is also possible that Digital Amplification
can be performed in microarray format, potentially increas-
ing the sensitivity by another order of magnitude. This sen-
sitivity may ultimately be limited by polymerase errors. The
effective error rate in PCR as performed under our conditions
was 1.1%, i.e., four out of 351 PCR products derived from
WT DNA sequence appeared to contain a mutation by RED/
GREEN ratio criteria. However, any individual mutation
(such as a G to T transversion at the second position of codon
12 of c-Ki-Ras), are expected to occur in <1 in 50 of these
polymerase-generated mutants (there are at least 50 base
substitutions within or surrounding codons 12 and 13 that
should yield high RED/GREEN ratios). Determining the
sequence of the putative mutants in the positive wells, by
direct sequencing as performed here or by any of the other
techniques, provides unequivocal validation of a prospective
mutation: a significant fraction of the mutations found in
individual wells should be identical if the mutation occurred
in vivo. Significance can be established through rigorous
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statistical analysis, as positive signals should be distributed
according to Poisson probabilities. Moreover, the error rate in
particular Digital Amplification experiments can be precisely
determined through performance of Digital Amplification on
DNA templates from normal cells.

Digital Amplification is as easily applied to RT-PCR prod-
ucts generated from RNA templates as it is to genomic DNA.
For example, the fraction of alternatively spliced or mutant
transcripts from a gene can be easily determined using pho-
toluminescent probes specific for each of the PCR products
generated. Similarly, Digital Amplification can be used to
quantitate relative levels of gene expression within an RNA
population. For this amplification, each well would contain
primers which are used to amplify a reference transcript
expressed constitutively as well as primers specific for the
experimental transcript. One photoluminescent probe would
then be used to detect PCR products from the reference tran-
script and a second photoluminescent probe used for the test
transcript. The number of wells in which the test transcript is
amplified divided by the number of wells in which the refer-
ence transcript is amplified provides a quantitative measure of
gene expression. Another group of examples involves the
investigations of allelic status when two mutations are
observed upon sequence analysis of a standard DNA sample.
To distinguish whether one variant is present in each allele
(vs. both occurring in one allele), cloning of PCR products is
generally performed. The approach described here would
simplify the analysis by eliminating the need for cloning.
Other potential applications of Digital Amplification are
listed in Table 1. When the goal is the quantitation of the
proportion of two relatively common alleles or transcripts
rather than the detection of rare alleles, techniques such as
those employing TagMan and real time PCR provide an
excellent alternative to use of molecular beacons. Advantages
of real time PCR methods include their simplicity and the
ability to analyze multiple samples simultaneously. However,
Digital Amplification may prove useful for these applications
when the expected differences are small, (e.g., only ~2-fold,
such as occurs with allelic imbalances.)

TABLE 1
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requiring the investigation of individual alleles, rare variants/
mutations, or quantitative analysis of PCR products.

In one preferred embodiment each diluted sample has on
average one half a template molecule. This is the same as one
half of the diluted samples having one template molecule.
This can be empirically determined by amplification. FEither
the analyte (selected genetic sequence) or the reference
genetic sequence can be used for this determination. If the
analysis method being used can detect analyte when present
at a level of 20%, then one must dilute such that a significant
number of diluted assay samples contain more than 20% of
analyte. If the analysis method being used requires 100%
analyte to detect, then dilution down to the single template
molecule level will be required.

To achieve a dilution to approximately a single template
molecule level, one can dilute such that between 0.1 and 0.9
of the assay samples yield an amplification product. More
preferably the dilution will be to between 0.1 and 0.6, more
preferably to between 0.3 and 0.5 of the assay samples yield-
ing an amplification product.

The digital amplification method requires analysis of a
large number of samples to get meaningful results. Preferably
at least ten diluted assay samples are amplified and analyzed.
More preferably at least 15, 20, 25, 30, 40, 50, 75, 100, 500,
or 1000 diluted assay samples are amplified and analyzed. As
in any method, the accuracy of the determination will
improve as the number of samples increases, up to a point.
Because a large number of samples must be analyzed, it is
desirable to reduce the manipulative steps, especially sample
transfer steps. Thus it is preferred that the steps of amplifying
and analyzing are performed in the same receptacle. This
makes the method an in situ, or “one-pot” method.

The number of different situations in which the digital
amplification method will find application is large. Some of
these are listed in Table 1. As shown in the examples, the
method can be used to find a tumor mutation in a population
of cells which is not purely tumor cells. As described in the
examples, a probe for a particular mutation need not be used,
but diminution in binding to a wild-type probe can be used as
an indicator of the presence of one or more mutations. Chro-
mosomal translocations which are characteristic of leukemias
or lymphomas can be detected as a measure of the efficacy of

Potential Applications of Dig-PCR.

Application Example Probe 1 Detects:

Probe 2 Detects:

Base substitution Cancer gene mutations in stool, mutant or WT

mutations blood, lymph nodes alleles

Chromosomal Residual leukemia cells after therapy — normal or

translocations (DNA or RNA) translocated
alleles

Gene Determine presence or extent of sequence within

amplifications amplification amplicon

Alternatively Determine fraction of alternatively minor exons

spliced products  spliced transcripts from same gene

(RNA)

Changes in gene  Determine relative levels of first transcript

expression expression of two genes (RNA)

Allelic Two different mutant alleles vs. both  first mutation

mutations in same allele
Quantitative analysis with non-
polymorphic markers

discrimination

Allelic Imbalance marker sequence

WT PCR preducts

translocated allele

sequence from another
part of same
chromosome arm
COINIMON eXOlS

reference transcript

second mutation

marker from another
chromosome

The ultimate utility of Digital Amplification lies in its
ability to convert the intrinsically exponential nature of PCR
to alinear one. It should thereby prove useful for experiments

Page 585 of 1365

65

therapy. Gene amplifications are characteristic of certain dis-
ease states. These can be measured using digital amplifica-
tion. Alternatively spliced forms of a transcript can be
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detected and quantitated relative to other forms of the tran-
script using digital amplification on ¢cDNA made from
mRNA. Similarly, using cDNA made from mRNA one can
determine relative levels of transcription of two different
genes. One can use digital amplification to distinguish
between a situation where one allele carries two mutations
and one mutation is carried on each of two alleles in an
individual. Allelic imbalances often result from a disease
state. These can be detected using digital amplification.

Biological samples which can be used as the starting mate-
rial for the analyses may be from any tissue or body sample
from which DNA or mRNA can be isolated. Preferred sources
include stool, blood, and lymph nodes. Preferably the bio-
logical sample is a cell-free lysate.

Molecular beacon probes according to the present inven-
tion can utilize any photoluminescent moiety as a detectable
moiety. Typically these are dyes. Often these are fluorescent
dyes. Photoluminescence is any process in which a material is
excited by radiation such as light, is raised to an excited
electronic or vibronic state, and subsequently re-emits that
excitation energy as a photon of light. Such processes include
fluorescence, which denotes emission accompanying descent
from an excited state with paired electrons (a “singlet” state)
or unpaired electrons (a “triplet” state) to a lower state with
the same multiplicity, i.e., a quantum-mechanically
“allowed” transition. Photoluminescence also includes phos-
phorescence which denotes emission accompanying descent
from an excited triplet or singlet state to a lower state of
different multiplicity, i.e., a quantum mechanically “forbid-
den” transition. Compared to “allowed” transitions, “forbid-
den” transitions are associated with relatively longer excited
state lifetimes.

The quenching of photoluminescence may be analyzed by
a variety of methods which vary primarily in terms of signal
transduction. Quenching may be transduced as changes in the
intensity of photoluminescence or as changes in the ratio of
photoluminescence intensities at two different wavelengths,
or as changes in photoluminescence lifetimes, or even as
changes in the polarization (anisotropy) of photolumines-
cence. Skilled practitioners will recognize that instrumenta-
tion for the measurement of these varied photoluminescent
responses are known. The particular ratiometric methods for
the analysis of quenching in the instant examples should not
be construed as limiting the invention to any particular form
of signal transduction. Ratiometric measurements of photo-
luminescence intensity can include the measurement of
changes in intensity, photoluminescence lifetimes, or even
polarization (anisotropy).

Although the working examples demonstrate the use of
molecular beacon probes as the means of analysis of the
amplified dilution samples, other techniques can be used as
well. These include sequencing, gel electrophoresis, hybrid-
ization with other types of probes, including TagMan™
(dual-labeled fluorogenic) probes (Perkin Elmer Corp./Ap-
plied Biosystems, Foster City, Calif.), pyrene-labeled probes,
and other biochemical assays.

The above disclosure generally describes the present
invention. A more complete understanding can be obtained by
reference to the following specific examples which are pro-
vided herein for purposes of illustration only, and are not
intended to limit the scope of the invention.

Example 1

Step 1: PCR amplifications. The optimal conditions for
PCR described in this section were determined by varying the
parameters described in the Results. PCR was performed in 7
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ul volumes in 96 well polypropylene PCR plates (RPI). The
composition of the reactions was: 67 mM Tris, pH 8.8, 16.6
mM NH,SO,, 6.7 mM MgCl,, 10 mM [-mercaptoethanol, 1
mM dATP, 1 mM dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO,
1uM primer F1, 1 uM primer R1, 0.05 units/ul Platinum Taq
polymerase (Life Technologies, Inc.), and “one-half genome
equivalent” of DNA. To determine the amount of DNA cor-
responding to one-half genome equivalent, DNA samples
were serially diluted and tested via PCR. The amount that
yielded amplification products in half the wells, usually ~1 pg
of total DNA, was defined as “one-half genome equivalent”
and used in each well of subsequent Digital Amplification
experiments. Fifty ul light mineral oil (Sigma M-3516) was
added to each well and reactions performed in a HybAid
Thermal cycler at the following temperatures: denaturation at
94° for one min; 60 cycles of 94° for 15 sec, 55° for 15 sec.,
70° for 15 seconds; 70° for five minutes. Reactions were read
immediately or stored at room temperature for up to 36 hours
before fluorescence analysis.

Example 2

Step 2: Fluorescence analysis. 3.5 ul ofa solution with the
following composition was added to each well: 67 mM Tris,
pH 8.8, 16.6 mM NH,SO,, 6.7 mM MgCl,, 10 mM [-mer-
captoethanol, 1 mM dATP, 1 mM dCTP, 1 mM dGTP, 1 mM
TTP, 6% DMSO, 5 uM primer INT, 1 uM MB-GREEN, 1 uM
MB-RED, 0.1 units/ul Platinum Taq polymerase. The plates
were centrifuged for 20 seconds at 6000 g and fluorescence
read at excitation/emission wavelengths of 485 nm/530 nm
for MB-GREEN and 530 nny/590 nm for MB-RED. This
fluorescence in wells without template was typically 10,000
to 20,000 fluorescence “units”, with about 75% emanating
from the fluorometer background and the remainder from the
MB probes. The plates were then placed in a thermal cycler
for asymmetric amplification at the following temperatures:
94° for one minute; 10-15 cycles of 94° for 15 sec, 55° for 15
sec., 70° for 15 seconds; 60° for five minutes. The plates were
then incubated at room temperature for at least 20 minutes
and fluorescence measured as described above. The fluores-
cence readings obtained were stable for several hours. Spe-
cific fluorescence was defined as the difference in fluores-
cence before and after the asymmetric amplification. RED/
GREEN ratios were defined as the specific fluorescence of
MB-RED divided by that of MB-GREEN. RED/GREEN
ratios were normalized to the ratio exhibited by the positive
controls (25 genome equivalents of DNA from normal cells,
as defined in Materials and Methods). We found that the
ability of MB probes to discriminate between WT and mutant
sequences under our conditions could not be reliably deter-
mined from experiments in which they were tested by hybrid-
ization to relatively short complementary single stranded oli-
gonucleotides, and that actual PCR products had to be used
for validation.

Example 3

Oligonucleotides and DNA sequencing. Primer Fl1:
5'-CATGTTCTAATATAGTC ACATTTTCA-3' (SEQ ID
NO: 1); Primer R1: 5-TCTGAATTAGCTGTATCGT-
CAAGG-3' (SEQ ID NO: 2); Primer INT: 5-TAGCTG-
TATCGTCAAGGCAC-3' (SEQ ID NO: 3); MB-RED:
5'-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dab-
cyl-3' (SEQ ID NO: 4); MB-GREEN: 5'-Fluorescein-
CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3"  (SEQ
ID NO: 5). Molecular Beacons (33,34) were synthesized by
Midland Scientific and other oligonucleotides were synthe-
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sized by Gene Link (Thornwood, N.Y.). All were dissolved at
50 uM in TE (10 mM Tris, pH 8.0/1 mM EDTA) and kept
frozen and in the dark until use. PCR products were purified
using QIAquick PCR purification kits (Qiagen). In the rel-
evant experiments described in the text, 20% of the product
from single wells was used for gel electrophoresis and 40%
was used for each sequencing reaction. The primer used for
sequencing was S5-CATTATTTTTATTATAAGGCCTGC-3'
(SEQ ID NO: 6). Sequencing was performed using fluores-
cently-labeled ABI Big Dye terminators and an ABI 377
automated sequencer.

Example 4

Principles underlying experiment. The experiment is out-
lined in FIG. 1A. First, the DNA is diluted into multiwell
plates so that there is, on average, one template molecule per
two wells, and PCR is performed. Second, the individual
wells are analyzed for the presence of PCR products of
mutant and WT sequence using fluorescent probes.

As the PCR products resulting from the amplification of
single template molecules should be homogeneous in
sequence, a variety of standard techniques could be used to
assess their presence. Fluorescent probe-based technologies,
which can be performed on the PCR products “in situ” (i.e., in
the same wells) are particularly well-suited for this applica-
tion. We chose to explore the utility of one such technology,
involving Molecular Beacons (MB), for this purpose. MB
probes are oligonucleotides with stem-loop structures that
contain a fluorescent dye at the 5' end and a quenching agent
(Dabcyl) at the 3' end (FIG. 1B). The degree of quenching via
fluorescence energy resonance transfer is inversely propor-
tional to the 67 power of the distance between the Dabcyl
group and the fluorescent dye. After heating and cooling, MB
probes reform a stem-loop structure which quenches the fluo-
rescent signal from the dye. Ifa PCR product whose sequence
is complementary to the loop sequence is present during the
heating/cooling cycle, hybridization of the MB to one strand
of the PCR product will increase the distance between the
Dabcyl and the dye, resulting in increased fluorescence.

A schematic of the oligonucleotides used for Digital
Amplifications shown in FIG. 1C. Two unmodified oligo-
nucleotides are used as primers for the PCR reaction. Two
MB probes, each labeled with a different fluorophore, are
used to detect the PCR products. MB-GREEN has a loop
region that is complementary to the portion of the WT PCR
product that is queried for mutations. Mutations within the
corresponding sequence of the PCR product should signifi-
cantly impede the hybridization of it to the MB probe. MB-
RED has a loop region that is complementary to a different
portion of the PCR product, one not expected to be mutant. It
thus should produce a signal whenever a well contains a PCR
product, whether that product is WT or mutant in the region
queried by MB-GREEN. Both MB probes are used together
to simultaneously detect the presence of a PCR product and
its mutational status.

Practical Considerations.

Numerous conditions were optimized to define conditions
that could be reproducibly and generally applied. As outlined
in FIG. 1A, the first step involves amplification from single
template molecules. Most protocols for amplification from
small numbers of template molecules use a nesting proce-
dure, wherein a product resulting from one set of primers is
used as template in a second reaction employing internal
primers. As many applications of digital amplification are
expected to require hundreds or thousands of separate ampli-
fications, such nesting would be inconvenient and could lead
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to contamination problems. Hence, conditions were sought
that would achieve robust amplification without nesting. The
most important of these conditions involved the use of a
polymerase that was activated only after heating and opti-
mized concentrations of dNTP’s, primers, buffer compo-
nents, and temperature. The conditions specified in Examples
1-3 were defined after individually optimizing each of these
components and proved suitable for amplification of several
different human genomic DNA sequences. Though the time
required for PCR was not particularly long (~2.5 hr), the
number of cycles used was high and excessive compared to
the number of cycles required to amplify the “average” single
template molecule. The large cycle number was necessary
because the template in some wells might not begin to be
amplified until several PCR cycles had been completed. The
large number of cycles ensured that every well (not simply the
average well) would generate a substantial and roughly equal
amount of PCR product if a template molecule were present
within it.

The second step in FIG. 1A involves the detection of these
PCR products. It was necessary to considerably moditfy the
standard MB probe approach in order for it to function effi-
ciently in Digital Amplification applications. Theoretically,
one separate MB probe could be used to detect each specific
mutation that might occur within the queried sequence. By
inclusion of one MB corresponding to WT sequence and
another corresponding to mutant sequence, the nature of the
PCR product would be revealed. Though this strategy could
obviously be used effectively in some situations, it becomes
complex when several different mutations are expected to
occur within the same queried sequence. For example, in the
c-Ki-Ras gene example explored here, twelve different base
substitutions resulting in missense mutations could theoreti-
cally occur within codons 12 and 13, and at least seven of
these are observed in naturally-occurring human cancers. To
detect all twelve mutations as well as the WT sequence with
individual Molecular Beacons would require 13 different
probes. Inclusion of such a large number of MB probes would
not only raise the background fluorescence but would be
expensive. We therefore attempted to develop a single probe
that would react with WT sequences better than any mutant
sequence within the queried sequence. We found that the
length of the loop sequence, its melting temperature, and the
length and sequence of the stem were each important in
determining the efficacy of such probes. Loops ranging from
14 to 26 bases and stems ranging from 4 to 6 bases, as well as
numerous sequence variations of both stems and loops, were
tested during the optimization procedure. For discrimination
between WT and mutant sequences (MB-GREEN probe), we
found that a 16 base pair loop, of melting temperature (Tm)
50-51°, and a 4 bp stem, of sequence 5'-CACG-3', were
optimal. For MB-RED probes, the same stem, witha 19-20 bp
loop of Tm 54-56°, proved optimal. The differences in the
loop sizes and melting temperatures between MB-GREEN
and MB-RED probes reflected the fact that only the GREEN
probe is designed to discriminate between closely related
sequences, with a shorter region of homology facilitating
such discrimination.

Examples of the ratios obtained in replicate wells contain-
ing DNA templates from colorectal tumor cells with muta-
tions of c-Ki-Ras are shown in FIG. 2. In this experiment, fifty
copies of genomic DNA equivalents were diluted into each
well prior to amplification. Each of six tested mutants yielded
ratios of RED/GREEN fluorescence that were significantly in
excess of the ratio obtained with DNA from normal cells (1.5
to 3.4 in the mutants compared to 1.0 in normal DNA;
p<0.0001 in each case, Student’s t-Test). The reproducibility
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of the ratios can be observed in this figure. Direct DNA
sequencing of the PCR products used for fluorescence analy-
sis showed that the RED/GREEN ratios were dependent on
the relative fraction of mutant genes within the template
population (FIG. 2). Thus, the DNA from cells containing one
mutant C-Ki-Ras allele per every two WT c-Ki-Ras allele
yielded a RED/GREEN ratio of 1.5 (Gly12Arg mutation)
while the cells containing three mutant c-Ki-Ras alleles per
WT allele exhibited a ratio of 3.4 (Gly12Asp). These data
suggested that wells containing only mutant alleles (no WT)
would yield ratios in excess of 3.0, with the exact value
dependent on the specific mutation.

Though this mode is the most convenient for many appli-
cations, we found it useful to add the MB probes after the
PCR-amplification was complete (FIG. 1). This allowed us to
use a standard multiwell plate fluorometer to sequentially
analyze a large number of multiwell plates containing pre-
formed PCR products and bypassed the requirement for mul-
tiple real time PCR instruments. Additionally, we found that
the fluorescent signals obtained could be considerably
enhanced if several cycles of asymmetric, linear amplifica-
tionwere performed in the presence of the MB probes. Asym-
metric amplification was achieved by including an excess of
a single internal primer (primer INT in FIG. 1C) at the time of
addition of the MB probes.

Example 5

Analysis of DNA from tumor cells. The principles and
practical considerations described above was demonstrated
with DNA from two colorectal cancer cell lines, one with a
mutation in c-Ki-Ras codon 12 and the other in codon 13.
Representative examples of the MB-RED fluorescence val-
ues obtained are shown in FIG. 3. There was a clear biphasic
distribution, with “positive” wells yielding values in excess of
10,000 specific fluorescence units (SFU, as defined in Mate-
rials and Methods) and “negative” wells yielding values less
than 3500 SFU. Gel electrophoreses of 127 such wells dem-
onstrated that all positive wells, but no negative wells, con-
tained PCR products of the expected size (FIG. 3). The RED/
GREEN fluorescence ratios of the positive wells are shown in
FIG. 4. Again, a biphasic distribution was observed. In the
experiment with the tumor containing a Gly12Asp mutation,
64% of the positive wells exhibited RED/GREEN ratios in
excess of 3.0 while the other 36% of the positive wells exhib-
ited ratios ranging from 0.8 to 1.1. In the case of the tumor
with the Gly13 Asp mutation, 54% of the positive wells exhib-
ited RED/GREEN ratios >3.0 while the other positive wells
yielded ratios ranging from 0.9 to 1.1. The PCR products
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from 16 positive wells were used as sequencing templates
(FIG. 4). All the wells yielding a ratio in excess of 3.0 were
found to contain mutant c-Ki-Ras fragments of the expected
sequence, while WT sequence was found in the other PCR
products. The presence of homogeneous WT or mutant
sequence confirmed that the amplification products were usu-
ally derived from single template molecules. The ratios of WT
to mutant PCR products determined from the Digital Ampli-
fication assay was also consistent with the fraction of mutant
alleles inferred from direct sequence analysis of genomic
DNA from the two tumor lines (FIG. 2).

Digital Analysis of DNA from stool. As a more practical
example, we analyzed the DNA from stool specimens from
colorectal cancer patients. A representative result of such an
experiment is illustrated in FIG. 5. From previous analyses of
stool specimens from patients whose tumors contained c-Ki-
Ras gene mutations, we expected that 1% to 10% of the
c-Ki-Ras genes purified from stool would be mutant. We
therefore set up a 384 well Digital Amplification experiment.
As positive controls, 48 of the wells contained 25 genome
equivalents of DNA (defined in Materials and Methods) from
normal cells. Another 48 wells served as negative controls (no
DNA template added). The other 288 wells contained an
appropriate dilution of stool DNA. MB-RED fluorescence
indicated that 102 of these 288 experimental wells contained
PCR products (mean+/-s.d. of 47,000+/-18,000 SFU) while
the other 186 wells did not (2600+/-1500 SFU). The RED/
GREEN ratios of the 102 positive wells suggested that five
contained mutant c-Ki-Ras genes, with ratios ranging from
2.1 to 5.1. The other 97 wells exhibited ratios ranging from
0.7 to 1.2, identical to those observed in the positive control
wells. To determine the nature of the mutant c-Ki-Ras genes
in the five positive wells from stool, the PCR products were
directly sequenced. The four wells exhibiting RED/GREEN
ratios in excess of 3.0 were completely composed of mutant
c-Ki-Ras sequence (FIG. 5B). The sequence of three of these
PCR products revealed Gly12 Ala mutations (GGT to GCT at
codon 12), while the sequence of the fourth indicated a silent
C to T transition at the third position of codon 13. This
transition presumably resulted from a PCR error during the
first productive cycle of amplification from a WT template.
The well with a ratio of 2.1 contained a ~1:1 mix of WT and
Gly12Ala mutant sequences. Thus 3.9% (%102) of the c-Ki-
Ras alleles present in this stool sample contained a Glyl12Ala
mutation. The mutant alleles in the stool presumably arose
from the colorectal cancer of the patient, as direct sequencing
of PCR products generated from DNA of the cancer revealed
the identical Gly12Ala mutation (not shown).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 26

TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 1

catgttctaa tatagtcaca ttttca

<210> SEQ ID NO 2
<211> LENGTH: 24
<212> TYPE: DNA

Page 588 of 1365

26



US 7,915,015 B2
13

-continued

14

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 2

tctgaattag ctgtatcgtce aagg
<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 3

tagetgtate gtcaaggcac

<210> SEQ ID NO 4

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 4

cacgggectyg ctgaaaatga ctgegtyg
<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 5

cacgggaget ggtggegtag cgtg
<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 6

cattattttt attataaggc ctgce
<210> SEQ ID NO 7

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 7

getggtggeg ta

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 8

getagtggeyg ta

<210> SEQ ID NO 9

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9

getggtgacy ta

<210> SEQ ID NO 10
<211> LENGTH: 12
<212> TYPE: DNA
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16

-continued

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

getegtggeyg ta

<210>
<211>
<212>
<213>

SEQ ID NO 11

LENGTH: 13

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 11

gettgtggee gta

<210>
<211>
<212>
<213>

SEQ ID NO 12

LENGTH: 13

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 12

getgatggge gta

<210>
<211>
<212>
<213>

SEQ ID NO 13

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 13

getgatggeyg ta

<210>
<211>
<212>
<213>

SEQ ID NO 14

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 14

getgetggeyg ta

<210>
<211>
<212>
<213>

SEQ ID NO 15

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 15

gCtggtggtg ta
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The invention claimed is: 50

1. A method for determining an allelic imbalance in a
biological sample, comprising the steps of:

amplifying template molecules within a set comprising a
plurality of assay samples to form a population of ampli-
fied molecules in each of the assay samples of the set,
wherein the template molecules are obtained from the
biological sample;

analyzing the amplified molecules in the assay samples of
the set to determine a first number of assay samples
which contain a first allelic form of a marker and a
second number of assay samples which contain a second
allelic form of the marker, wherein between 0.1 and 0.9
of the assay samples yield an amplification product;

comparing the first number to the second number to ascer-
tain an allelic imbalance in the biological sample; and

identifying an allelic imbalance in the biological sample.
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2. The method of claim 1 wherein the step of amplifying
employs real-time polymerase chain reactions.

3. The method of claim 2 wherein the real-time polymerase
chain reactions comprise a dual-labeled fluorogenic probe.

4. The method of claim 1 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the first allelic form of the marker.

5. The method of claim 1 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the second allelic form of the
marker.

6. The method of claim 1 wherein the amplified molecules
in each of the assay samples within the first and second
numbers of assay samples are homogeneous such that the first
number of assay samples do not contain the second allelic
form of the marker and the second number of assay samples
do not contain the first allelic form of the marker.

7. The method of claim 1 wherein the sample is from blood.
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8. A method for determining an allelic imbalance in a
biological sample, comprising the steps of:
distributing nucleic acid template molecules from a bio-
logical sample to form a set comprising a plurality of
assay samples;
amplifying the template molecules within the assay
samples to form a population of amplified molecules in
the assay samples of the set;
analyzing the amplified molecules in the assay samples of
the set to determine a first number of assay samples
which contain a first allelic form of a marker and a
second number of assay samples which contain a second
allelic form of the marker;
comparing the first number of assay samples to the second
number of assay samples to ascertain an allelic imbal-
ance between the first allelic form and the second allelic
form in the biological sample.
9. The method of claim 8 wherein the sample is from blood.
10. The method of claim 1 or 8 wherein between 0.1 and 0.6
of the assay samples yield an amplification product.
11. The method of claim 1 or 8 wherein between 0.3 and 0.5
of the assay samples yield an amplification product.
12. The method of claim 1 or 8 wherein the set comprises
at least 500 assay samples.
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13. The method of claim 1 or 8 wherein the set comprises
at least 1000 assay samples.

14. The method of claim 8 wherein the step of amplifying
employs real-time polymerase chain reactions.

15. The method of claim 14 wherein the real-time poly-
merase chain reactions comprise a dual-labeled fluorogenic
probe.

16. The method of claim 8 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the first allelic form of the marker.

17. The method of claim 8 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the second allelic form of the
marker.

18. The method of claim 8 wherein the amplified molecules
in each of the assay samples within the first and second
numbers of assay samples are homogeneous such that the first
number of assay samples do not contain the second allelic
form of the marker and the second number of assay samples
do not contain the first allelic form of the marker.
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IN THE CLAIMS

Please replace the following claim set for that currently of record.

1. -48. (Cancelled)

49. (Proposed amendment) A method for detecting quantity of a genetic sequence in a mixed

population of human genomic nucleic acid sequences comprising at least a first and a second

human genomic sequence, wherein the first sequence is a wild-type sequence of an allele and a

second sequence is a mutant sequence of the allele, comprising:

distributing or diluting a mixed population of cell-free, human genomic nucleic acid

segquenees template molecules into a set comprising at least ten assay samples such that said at

least ten assay samples each comprises less than ten template molecules;
amplifying the template molecules in the assay samples, wherein an assay sample with a
single template molecule forms homogeneous amplification products in the assay sample;

analyzing by determining nucleic acid sequence of amplification products fres-as-assay

sezaple in the assay samples of the set with homogeneous amplification products to determine a
first number of assay samples which contain the first sequence and a second number of assay
samples which contain the second sequence:

comparing the first number to the second number to ascertain a ratio which reflects the
composition of the mixed population;

identifying a mutation in the mixed population if a statistically significant fraction of

samples comprises the second sequence.

50. (Currently amended) The method of claim 49 wherein eaeh-ef the assay samples of the

set have kas on average 0.5 molecules of template.

51. (Previously Presented)  The method of claim 49 wherein between 0.1 and 0.9 of the assay

samples yield an amplification product.
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52. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic

acid sequences is distributed or diluted to a single template molecule level in the assay samples.

53. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic

acid sequences is from a tissue or body sample.

54. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is from a sample selected from the group consisting of stool, blood, and lymph

nodes.

55. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least fifteen assay samples comprise less

than ten template molecules.

56. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least twenty assay samples comprise less

than ten template molecules.

57. (Previously Presented) ~ The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least twenty-five assay samples comprise

less than ten template molecules.

58. (Previously Presented) ~ The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least thirty assay samples comprise less than

ten template molecules.

59. (Previously Presented) ~ The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least forty assay samples comprise less than

ten template molecules.
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60. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least fifty assay samples comprise less than

ten template molecules.

61. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least seventy-five assay samples comprise

less than ten template molecules.

62. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least one hundred assay samples comprise

less than ten template molecules.

63. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least five hundred assay samples comprise

less than ten template molecules.

64. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least one thousand assay samples comprise

less than ten template molecules.

65. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least one thousand assay samples are diluted

to a single template molecule level.

66. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that at least one thousand assay samples has on

average 0.5 molecules of template.

67. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that between 0.1 and 0.9 of at least one thousand

assay samples yield an amplification product.
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68. (Previously Presented)  The method of claim 49 wherein the mixed population of nucleic
acids sequences is distributed or diluted such that one half of at least one thousand assay samples

have one template molecule.
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Remarks

The amendments to claim 49 are fully supported and do not add new matter. Quantitative
analysis is taught at page 9, last paragraph. First and second sequences as mutant and wild-type
sequence of an allele are taught at page 6, last paragraph. Sequencing and determining ratios to
determine a mutation is taught at the paragraph spanning pages 7 and 8. The step of identifying
a mutation is also taught at the paragraph spanning pages 7 and 8. Dilution/distribution of cell-
free nucleic acids is taught inter alia at page 11, first full paragraph. The amendment to claim 49

to recite human genomic sequences is supported at page 17, lines 1-3.

The rejection under § 112, second paragraph

Claim 50 has been amended to address the unclear claim language. Please withdraw the

rejection under § 112, second paragraph in view of the amendment.

Rejection under § 102(b)
Claims 49, 51-53, and 55-62 stand rejected as anticipated by Li. Li is cited as teaching

dilution of a sample comprising sperm and subsequently lysing the sperm and amplifying. This
is distinct from dilution of a cell-free sample of nucleic acids. Li does not teach dilution of a
cell-free sample of nucleic acids. Thus Li does not anticipate the claimed invention. Please
withdraw the rejection under § 102 in view of the amendment to recite dilution of a cell-free

nucleic acid population.

Rejection under § 102(a)

Claims 49, and 52-54 stand rejected as anticipated by Irving. Irving is cited as teaching
amplification of end-point dilution aliquots and sequencing the amplification products. Irving
studies the variants in a population of TTV virus in a single individual. Irving does not identify
human genomic mutant and wild-type sequences, nor does Irving use the fraction of mutant
sequences to identify mutations. For at least these reasons, Irving does not anticipate claims 49

and 52-5