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DIGITAL AMPLIFICATION

ABSTRACT

The identification of pre-defined mutations expected to be presentin

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; cach product is then separately analyzed for the

presence of mutations: The process providesa 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 ofU.S. Serial No. 60/146,792,filed

August 2, 1999.

The U.S. governmentretains certain rights in this invention by virtue

ofits support of the underlying research, supported by grants CA 43460, CA

 
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 (1), and may also play a role in

aging (2,3), new genetic principles have arisen. These discoveries have

provided a wealth of new opportunities for patient managementas wellas for

basic research into the pathogenesis of neoplasia. However, many of these

opportunities hinge upon detection of a sniall number of mutant-containing

cells among a large excess of normal cells. Examples include the detection of

neoplastic cells in urine (4), stool (5,6), and sputum (7,8) 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 asymptomatic. Mutant sequences from the

DNAofneoplastic cells have also been found in the blood of cancer patients

(9-11). The detectionofresidual disease in lymph nodes or surgical margins
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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 small

populations of mutant cells (15-17).

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%

(18,19). Mutant-specific oligonucleotides can sometimes be used to detect

mutations present in a minor proportion ofthe 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,butit is difficult to

quantitate the fraction of mutant molecules in the starting population with

these techniques (23-28). Other innovative approachesfor the detection of

somatic mutations have been reviewed (29-32). A general problem with these

methods is that it is difficult or impossible to independently confirm the

existence of any mutationsthat are identified.

Thus there is a need in the art for methods for accurately and

quantitatively detecting genetic sequences in mixed populations ofsequences.
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 methodofthe invention.

These and other objects of the invention are achieved by providing a

method for determiningthe presence of a selected genetic sequence in a

population ofgenetic sequences. A biological sample comprising nucleic acid

template molecules is diluted to form a set of assay samples. The template

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

of assay samples which contain the selected genetic sequence and a second

numberof assay samples which contain a reference genetic sequence. The

first number is then compared to the second numberto ascertain a ratio which

reflects the composition of the biological sample.

Another embodimentofthe inventionis a method for determining the

ratio of a selected genetic sequence in a population of genetic sequences.

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

contain 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 a

quenching agentat 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'.

A second type of molecular beacon 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

agentat the opposite 5' or 3' end. The loop consists of 19-20 basepairs 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 inadivided container as a kit.
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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.

BRIGE DESCRIPTION OF THE DRAWINGS 

Fic. 1. Schemdtic of experimental design. (A) The basic twosteps involved:

PCR on diluted NA samples is followed by addition of fluorescent probes

which discriminate between WT and mutant alleles and subsequent

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

configuration, fluoreskence from a dye at the 5' end of the oligonucleotide

probe is quenched by a Qabcyl group at the 3‘ end. Upon hybridization to a

template, the dye is sepayated from the quencher, resulting in increased
fluorescence. Modified Marras ef al. . (C) Oligonucleotide design.

Primers FI and R1 are used to 4mplify the genomic region of interest. Primer

INT is used to produce single stranded DNA from the original PCR products

during a subsequent asymmetric step (see Materials and Methods).

whether it is WI or mutant at the queried codons. MB-GREENis a

Molecular Beacon which preferentially datects the WT PCR product.

Gly12Ser and Gly12Asp,there were apparently two ofgore alleles ofmutant

c-Ki-Ras for every WT allele; both these tumors were aneuploid.

Fic. 3. Detecting Dig-PCR products with MB-RED.Specific Fluorescence

Avaits of representative wells from an experiment employing colorectal cancer
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cells with Gly12Asp or Gly13Asp 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

fluorescence values <3500 had no PCR productof 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).
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equivalents of BNA from normal cells. Each of these registered positive with

MB-REDand the RED/GREENratios 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.c., fluorescence <3500 fluorescence units.),

The other 288 wells contained diiyted DNA from the steol sample prepared

by alkaline extraction. (Rubeck et al, 1998, BioTechniques 25:588-592.)

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 frota 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 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 assessments were developed, with

the output providing a digital readout of the fraction of mutantalleles in the

analyzed population.

The biological sampleis diluted to a point at which a practicafly 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 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, 3/5, 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 will be the overall assay. Over-dilution will also lead to
aloss of economy, as many samples will be analyzed and provide no signal,

A particularly prefered degree ofdilution 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 amplifable
template molecules, Desirably each assay sample prior to amplification 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. Thelimit of detection is

defined by the number ofwells that can be analyzed and the intrinsic mutation

rate of the polymerase used for amplification. 384 well PCR plates are

i
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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%, i.e. 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 codon 12

of c-Ki-ras) is expected to occur in <I 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 mutarits 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

DNAtemplates 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 mutanttranscripts 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 to amplify a
reference transcript expressed constitutively as well as primers specific for the

experimental transcript. One photoluminescentprobe 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 measure of gene

expression. Another group of examplesinvolves the investigations of allelic

status when two mutations are observed upon sequence analysis of a standard

5 DNA sample. To distinguish whether one variantis present in each allele (vs.

both occurringin oneallele), cloning ofPCR 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

10 relatively commonalleles 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  

o real time PCR methods include their simplicity and the ability to analyze
an multiple samples simultaneously. However, Digital Amplification may prove
Md 15 useful for these applications when the expected differences are small,(¢.g.,

e only ~2-fold, such as occurs with allelic imbalances (55)), |
ih The ultimate utility of Digital Amplification lies in its ability to

“5 convert the intrinsically exponential nature of PCR. to a linear one. It should |
2 thereby prove useful for experiments requiring the investigation of individual |
S 20 alleles, rare variants/mutations, or quantitative analysis ofPCR products, |
ry In one preferred embodiment each diluted sample has on average one |

half a template molecule. This is the same as dne half of the diluted samples |
having one template molecule. This can be empirically determined by

amplification. Hither the analyte (selected genetic sequence) or the reference

25 genetic sequence can be used for this determination. If the analysis method |
being used can detect analyte when presentat a level of 20%, then one must

dilute such that a significant numberof diluted essay 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

30 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

8
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an amplification product. More pteferably 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 atoplification 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 numberofsamples 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 ace performed in the same receptacle. This makes

the method an in situ, or “one-pot” method,

The numberof 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. Chromosomaltranslocations which are characteristic

of leukemias or lymphomas can be detected as a measure of the efficacy of

therapy. Gene amplifications are characteristic of certain disease states.

These can be measured using digital amplification. Alternatively spliced

forms ofa transcript can be detected and quantitated relative to other forms of

the transcript using digital amplification on CDNA made from mRNA.

Similarly, using cDNA made from mRNA one can determinerelative levels

of transcription of two different genes. One can usedigital amplification to

distinguishbetweena situation where oneallele carries two mutations and one

mutation is carried on each of two alleles in an individual. Allelic imbalances

often result from a disease state. Thése can be detected using digital

amplification.
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Biological samples which can be used as the starting material for the

analyses may be from any fissue or body sample fram which DNA or mRNA

can be isolated. Preferred sources include stool, blood, and lymph nodes.

Preferably the biological sample is a cell-free lysate.
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Molecular beacon probes according to 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 to an

5 ‘excited electronic or vibronic State, and subsequently re-emits that
excitation energy as a photonoflight, Such processes include fluorescence,

which denotes emission accompanying descent from an excitedstate with

paired electrons (a "singlet" state) or unpaired electrons {a "triplet" state)

to a lower state with the same multiplicity, i.¢., a quantum-mechanically

10 “allowed” transition. Photoluminescence also includes phosphorescence

which denotes emission eccompanying descent from an excited triplet or

singlet state to a lower state of different multiplicity, 1.2, a quantum

b mechanically "forbidden" transition. Compared to “allowed"transitions,
a “forbidden” transitions are associated with relatively longer excited state
BCS lifetimes.
5 The quenching of photoluminescence may be analyzed bya variety of
ie methods which vary primarily in terms of signal transduction. Quenching

"5 may be transduced as changes in the intensity of photoluminescence or as
a changes in the ratio of photoluminescence intensities at two different
je 20 wavelengths, or as chatiges in photoluminescence lifetimes, or even as

‘3 changes in the polarization (anisotropy) of photoluminescence. Skilled
practitioners will recognize that instrumentation for the measurement of

these varied photoluminescent responses are known. The particular

tatiometric methods for the analysis of quenching in the instant examples

25 should not be construed as limiting the invention to any particular 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

30 beacon probes as the meansof analysis of the amplified dilution samples,

other techniques can be used as well. These include sequencing, gel

12
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TagMan™ (dual-labeled fluorogenic) probes (Perkin Elmer Corp/Applied

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.

EXAMPLE1

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 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 B-mercaptoethanol, 1 mM dATP, 1 mM dCTP,1

mM dGTP, 1 mM TTP, 6% DMSO,1 uM primer F1, 1 uM primer RI, 0.05

units/ul Platinum Taq polymerase (Life Technologies, Inc.), and “one-half

genome equivalent” of DNA. To determine the amount of DNA

corresponding to one-half genomeequivalent, DNA samples were serially
diluted and tested via PCR. The amount that yielded amplification

products 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 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.
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EXAMPLE2

Step 2: Fluorescence analysis. 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,SO,6.7 mM MgCl, 10 mM §-mercaptoethanol, 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/u] 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 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; 94° for one

minute; and 60° for five minutes. The plates were then incubated at room
femperaturé for ten to sixty minutes and fluorescence measured as

described above. Specific fluorescence was defined as the difference in

fluorescence before and after the asymmetric amplification. RED/GREEN
ratios were defined as the specific fluoreacence 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 above in Example 1). We found that the ability of

MB probesto discriminate between WT and mutant sequences under our

conditions could not be reliably determined from experiments in which

they were tested by hybridization to relatively short complementary single

stranded oligonucleotides, and that actual PCR products had to be used for

validation.

EXAMPLE3

Oligonucleotid and DNA sequencing. Primer FI:

§'-CATGTTCTAATATAGTCACATTTICA-3; Primer RI:

5'-TCTGAATTA GTATCGTCAAGG-3'; Primer INT:
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5'-TAGCTGTATCGTCAAGGCAC-3'; MB-RED:

§'.Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3';
M B - G R EB EB N

5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3'.

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

QlAquick PCR purification kits (Qiagen). In the relevant experiments

describedin the text, 20% ofthe product from single wells was used for gel

electrophoresis and 40% was used for each sequencing reaction. The

primer used for sequencing was

5-CATTATTITTATTATAAGGCCTGC-3'. Sequencing was performed

using fluorescently-labeled ABI Big Dye terminators and an ABI 377

automated sequencer.

EXAMPLE4

Principles underlying experiment. The experimentis 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 ofPCR 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

application (31, 33-40). We chose to 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

13
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fluorescent dye at the 5’ end and a quenching agent (Dabcyl)atthe 3’ end

(Fig. 1B). The degree of quenching via fluorescence.energy resonance

transfer is inversely proportional to the 6” powerof the distance between

the Dabcyl group andthe fluorescent dye. After heating and cooling, MB

probes reform a stem-loopstructure which quenchesthe fluorescent signal
from the dye (41). Ifa PCR product whose sequence is complementary to

the loop sequence is presentduring 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 WI PCR productthat is

queried for mutations. Mutations within the corresponding sequence ofthe

PCR product should significantly impede its hybridization to the MB probe
(33,34). 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 whenevera well contains a PCR product, whether that

product is WT or mutantin 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 procedure, wherein a product resulting

from oneset ofprimers is used as template in a second reaction employing

internal primers. As many applications of digital amplification are

expected to require hundredsor thousands of separate amplifications, such

16

 

i
i

j
i
|
'i
|i



Page 375 of 1365

i

ht
ba

O03
fu

*2
‘di

Guat&

10

15

20

25

30

Page 375 of 1365

nesting would be inconvenient and could lead 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 (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

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 modify the standardMB probe

approach in order forit 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. Thoughthis 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

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 raise the background

17
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fluorescence and cost of the assay. We therefore attempted to develop a

single probe 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

stem were each important in determining the efficacy of such probes.

Loops ranging from 14 to 26 bases and stems ranging from4to 6 bases, as

well as numerous sequence variations ofboth stems and loops, were tested

during the optimization procedure. For discrimination between WT and

mutant sequences (MIB-GREEN probe), we foundthat 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 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 ofthe 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 ofthe 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 for fluorescence
analysis showed that the RED/GREEN ratics 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/GREENratio of 1.5 (Glyl2Arg

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

18
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containing only mutantalleles (ao WT) would yield ratios in excess of 3.0,

with the exact value dependent on the specific mutation.

Thoughthis 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 including

an excess ofa single internal primer(primer INT in Fig. 1C) at the time of

addition of the MB probes.

EXAMPLE5

Analysis ef DNA from tumor cells. The principles and practical

considerations described above were illustrated 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 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 mutation, 64% of the positive wells

exhibited RED/GREEN ratios in excess of 3.0 while the other 36% ofthe

positive wells exhibited ratios ranging from 0.8 to 1.1. In the case of the

Do
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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. Theratios of WT to mutant PCR products determined

from the Digital Amplificationpssay was also consistent with the fraction
of mutantalleles inferred from direct sequence analysis of genomic DNA

from the two tumorlines (Fig.2).

Digital Analysis of DNA from stool. As a more practical example, we

analyzed the DNA from stool specimensofcolorectal cancer patients. A

representative result of such an experimentis 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

genespurified from stool would be mutant. We therefore set up a 384 well

Digital Amplificatio xperiment. As positive controls, 48 of the wells
contained 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 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

20
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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 ofthe

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% (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 12Ala Toutation (not shown).
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CLAIMS

. A method for determining the ratio of a selected genetic

sdquence 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 plurality of assay samples;

amplifying the template molecules within the assay samples to form

a population of amplified molecules in the assay samples ofthe 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

“5 reference genetic sequence;
D comparing the first number to the second numberto ascertaina ratio
‘ which reflects the composition ofthe biological sample.
‘ 2. The method of claim 1 wherein the step of diluting is
n 15 performed until at feast one-tenth ofthe assay samples in the set comprisebe

gy a number (N) of molecules such that 1/N is larger than the ratio of selected

id genetic sequences to total genetic sequences required for the step of
5 analyzing to determine the presenceof the selected genetic sequence.hy

ind 3, The method of claim 1 wherein the step of diluting is
20 performed until 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 subjected 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 sampleis cell-

free.

7. The method of claim 1 wherein the numberof assay samples

within the set is greater than 10.

8. The method of claim 1 wherein the number of assay samples

within the sei is greater than 50.

9. The method of claim 1 wherein the numberof assay samples

within the set is greater than 100.

10. The method of claim 1 wherein the number ofassay samples

within the set is greater than 500.

11. The method of claim 1 wherein the number of assay samples

within the set is préater than 1000.

12. The method ofclaim 1 wherein the step of amplifying and the

step of analyzing are performed on assay samples in the same receptacle,

13. The method of claim 1 wherein a molecular beacon probeis
used in the step of analyzing, wherein a molecular beacon probe is an

oligonucleotide with a stem-loop structure having a photoluminescentdye

at one of the 5‘ or 3' ends and a quenching agentat the opposite.3' or 3' end.

14... The method ofclaim1 wherein the step of analyzing employs

gel electrophoresis.

15. The method of claim.1 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

25
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16,|The method of claim 1 wherein the step of analyzing employs
hybridization to at least two nucleic acid probe.

17. The method ofclaim 13 wherein two molecular beacon probes

are used, each having a different photoluminescent dye.

5 18, The method of claim 13 wherein the molecular beacon probe

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

 genetic sequence.

19. The method ofclaim 1 wherein the step of amplifying employs |

a single pair of primers,

10 20. The method ofclaim 1 wherein the step of amplifying employs |
‘9 a polymerase which is activated only after heating.

iB 21, The method ofclaim 1 wherein the step of amplifying employs
Ni at least 40 cycles of heating and cooling, |

. |a 22. The method ofclaim 1 wherein the step of amplifying employs
wi 15 at least 50 cycles of heating and cooling.a 6
-a 23.|The method of claim 1 wherein thestep of amplifying employs |
ind at least 60 cycles of heating and cooling. |
[ak :
o 24. The method of claim 1 wherein the biological sample is

selected from the group consisting of stool, blood, and lymph nodes.

20 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.

Page 384 of 1365 /
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28. The method of claim,1 wherein the selected genetic sequence

is within an amplicon which is amplified during neoplastic development.

29. The method ofclaim1 wherein the selected genetic sequence
is a fare EXOR 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 cDNAofa first transcript and the reference

genetic sequence is present on a cDNAof 8 second transcript.

31. The method 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_j wherein the selected genetic sequence

and the reference genetic sequence are on distinct chromosomes.

33. Amolecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a

photoluminescent dye at oneof the 5' or 3‘ ends and a quenching agentat

the opposite 5' or 3' end, wherein the loop consists of 16 base pairs,

wherein the loop hasaT,, of 50-51°C and the stern consists of 4 base pairs

having a sequence 5'-CACG-3'.

34, ‘The probe of claim 33 wherein the molecular beacon probe

detects a wild-type selectedpenetic sequencebetter than a mutant selected
genetic sequence.

35. The probe of claim33 wherein the molecular beacon probe

detects amutant genetic sequencebetter than a wild-type genetic sequence.

¥ A molecular beacon probe comprising:
an oligonucleotide with a stem-loop structure having a

photoluminescentdye at one of the 5' or 3’ ends and a quenching agentat

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 andthe stem consists of 4 base pairs

having a sequence 5'-CACG-3'.
4

3% A pair of molecular beacon probes comprising:

a first molecular beacon probe whichis an oligonucleotide with a

stem-loop structure having a first photoluminescentdye at one of the 5or

3' ends and a quenching agentat 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

a second molecular beacon probe whichis an oligonucleotide with a

stem-loop structure having a second photoluminescent dyeat one of the 5'

or 3' ends and a quenching agentat 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.a

Ae A method for determining the ratio of a selected genetic
sequence in a population of genetic sequences, comprising the stepsof:

amplifying template molecules within a set comprising a plurality of

assay samples to form a population of amplified molecules in each of the

assay samplesof 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-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;
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comparing the first numberto the second number to ascertain a ratio

which reflects the composition of the biological sample.

39. The method ofclaim38 wherein the numberof assay samples
within the set is greater than 10.

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

within the set is greater than 50.

41. The method of claim 38 wherein the numberof assay samples

within the set is greater than 100.

42. The method of claim 38 wherein the numberof assay samples

within the set is greater than 500,

43. The method ofclaim 38 wherein the numberof assay samples

within the set is greater than 1000.

44. The method ofclaim38 wherein the step of amplifying and the

step of analyzing are performed on assay samples in the same receptacle.

45. The method of claim 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 ofthe 5' or 3' ends and a quenching agentat the opposite 5' or 3' end.

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

47, The method of claim38 wherein thestep of analyzing employs

hybridizationto at least one nucleic acid probe.

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

hybridization to at least two nucleic acid probe.

49. The method ofclaim.45 wherein two molecular beacon probes

are used, cach 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 mutantselected

genetic sequence.

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

§2. The method of claim 38 wherein the step of amplifying

employs a polymerase which isactivated only after heating.

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

54. The method of claim 38 wherein the step of amplifying

employs at least 50 cycles of heating and cooling.

55. The method of claim 38 wherein the step of amplifying
employsat 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 ofclaim 38 wherein the template molecules are
obtained from a bedy sample of a leukemia or lymphomapatient who has

received anti-cancer therapy, said body sample being selected from the

group consisting of blood and bone marrow.

58. The method of claim38 wherein the selected genetic sequence
ig a translocated allele.

§9. The method of claim 38 wherein the selected genetic sequence
is a wild-type allele.

60. The sethod of claixx 38 wherein the selected 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 genetic sequence
is a rare exon sequence.

62. The method of claim 38 wherein the nucleic acid template

molecules comprise cDNA of RNA transcripts and the selected genetic

sequence is present on a cDNAof a first transcript and the reference

genetic sequence is present on a CDNAofa second transcript,

63. The method ofclaim38 wherein the selected genetic sequence

comprisesa first mutation and the reference genetic sequence comprises a

second mutation.

64. The methodofclaim 38 wherein the selected genetic sequence_

and the reference genetic sequence are on distinct chromosomes.
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NEW UNITED STATES UTILITY PATENT APPLICATION
under 37 C.ER, 1.83(b)

v7

Atty. Docket No. 01107.0031

Assistant Commissioner of Patents

Box Patent Applications
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Enclosed herewith is 2 new patent application and the following papers:

First Named Inventor (or application identifier): Kenneth W. Kinzler

Title of Invention: DIGITAL AMPLIFICATION

ofgayeS138 11/0Pe
oag ~~

ae. .a>
=e—

Specification _32 pages (including specification, claims, abstract) / 64. claims (5_ independent)

Declaration/PowerofAttomeyis:
oO attached in the regular manner.

& NOT included, but deferred under 37 C.E.R. § 1.53(f).

_7_ Distinct sheets of Hl Formal 0 informal Drawings

Preliminary Amendment,

Information Disclosure Statement
oO Form 1449

O A copyofeachcited prior ari reference

Assignment with Cover Sheet.

Priority is hereby claimed under 33 U.S.C. § 119 based upon the following application(s):

60/146,792

Priority document(s).

Statement Claiming Stall Entity Status.

Microfiche Computer Program (Appendix).

Nucleotide and/or Amino Acid Sequence Submission.
Oo Computer Readable Copy.
Oo Paper Copy(identical to computer copy).
0 Statement verifying identity of above copies.

 

Date ofFiling (day, month, year)

August 2, 1999

__Applicetion Number|_DateofFilingaymeaty)—_|
ane]

 }
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NEW UNITED STATES UTILITY PATENT APPLICATION
under 37 CAFR. 1.33(b)

Page 2 Atty. Docket No. 01107,.00031

12. Calculation of Fees:

      

Basic Filing Fee (37 C.F.R. § 1.16(a))
H Total Claims in Excess of 20(37 GER. §

denendent Claims in Excess of3 (37 C.F.R. § 1.16(b

           

ple Dependent Claims (37 C_B.R. § 1.16(d

cy | Retueionb regpiaiani |0|sasa.0|
3 [rompemnermepue81000|

iJ
a8

an 13. PAYMENT is:
= O included in the amount of the GRAND TOTAL byour enclosed check. A general authorization under 37
3 CFR. § 1,25(b), second sentence,is hereby given to credit or debit our Deposit Account No. 19-0733 for
‘ed the instantfiling and for any other fees during the pendency ofthis application under 37 C.E.R. §§ 1.16,te 1.17 and 1.18.pe

bik et notincluded, but deferred under 37 CER.§ 1.53).

3 14, All comespondence for the attached application should be directed to:
Banner & Witcoff, Ltd.

1001 G Street, N.W.
Washington, D.C. 20001-4597

Telephone: (202) 508-9100
Facsimile: (202) 508-9299

 
Reg. No. 32,141

SAB/aroa
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COMMISSIONER FOR PATENTS

UNTED STATES PATENT AND TRADEMARK OFFICEWasnnemy, D.C. 20231
WivwUEphogov

 

  

09/613,826 07/11/2000 Kenneth W. Kinzler 01107,00031

FORMALITIES LETTER

Banner & Witcoif Lid E Aa AE Flee1001 G Street NW (aneanteERLE IME
Washington, DC 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 been accorded to this application. The Item(s) indicated below,
however, ere missing. Applicant is given TWO MONTHSfrom the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of lime may be obtained
by filing a pelition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a),

e The statutory basicfiling fee is missing.
Applicant must submit $ 680 fe complete the basic filing fae and/orfile a small entity statement claiming
such status (37 CFR 1.27).

e Total additional claim fee(s) for this application is $946.
s $702 for 44 total claims over 20,
a $156 for 2 independent claims over 3 .

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application bythe
above Application Number end Filing Date, Is required.

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

© The balance diss by applicant is $ 1768.

  cena a 

A copy ofthis notice MUSTbe returned with the reply.

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

PART3 - OFFICE COPY

Page 399 offl@g&C:\APPS\PreExam\correspondence\2_C.xnil 10/3 1/00
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- SECTOR

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE #3
In re Application of

Bert Vogelstein 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 Parts ofApplication (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 Excess (44) 396.00
Independent Claims over Three (2) 80.00

Surcharge for subsequentfiling 65.00
of executed Declaration

TOTAL FILING FEE $896.00

Page 401 of 1365
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In the event any variance exists between the amount enclosed and the Patent Office

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

Respectfully submitted,

Date: December 12, 2000 By: Ppa, ONagg
Sarah 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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OPS
7 LARATION FOR PATENT APE. CATION

lig ®a d inventor, we hereby declare that: rs ag
Our resid, t office address andcitizenship are as stated below next to our names; ast
Webelievew & the,ofiginal, first andjoint inventors of the subject matter whichis claimed and for which a

patent is sought on the ventionentitledDIGITALAMPLIFICATION,the specification ofwhich
Q is atta_ned hereto.

g& wasfiled on July.11,2000as Application Serial Number 09/613,826 and was amended on (if
applicable).

0 wasfiled under the Patent Cooperation Treaty (PCT) snd accorded Intemational Application
No...filedandamendedon(ifany).

Wehereby state that we'have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendmentreferred to above.

Wehereby acknowlgdge the duty to disclose information which is material to patentability in accordance with
Title 37, Code of Federal-Regulations, §1.56(a). :

Prior Foreign Application(s)
Weherebyclaim foreign priority benefits underTitle 35, United States Code, §119 ofany foreign application(s)

for patentor inventor's certificate listed below and have‘also identified below any foreign application(s) for patent or
inventor's certificate havinga filing date before that of the application on which priorify is claimed:

eco pf Date ofFiling Date ofIssue Priority Claimed.
Application No. (day month year) (day month year)|Under 35 U.S.C, §119

Prior United States Provisional Appileation(s)
We hereby claim priority benefils under Title 35, United States Cade, §119(e)(1) of any U.S, provisional

application listed below:

Date ofFiling Priority Claimed
(ay month year} Under 35 U.S.C. §119(6)(1)U.S. Provisional Applicstion No.

aiee

. Prior United States Application(s)
Wehereby claimthe benefit underTitle 35, United States Code, §120 ofany United States application(s) listed

below and,insofar as the subject matter ofeach ofthe claims ofthis application is not disclosed in the prior United States
application in the manner provided bythefirst paragraph ofTitle 55, United States Code, §112, we acknowledgethe duty
to disclose material information as defined in Title 37, Code ofFederal Regulations, §1.56(a) which occurred between
thefiling date ofthe prior application and the national or PCT international filing date ofthis application:

ee : Date ofFiliag j Status — Patented,
pontYe regAan’

  
 
 

 
    

 

 
 

 

 

 

  

     

entree

Banner & Wiicorr, Lo. Attorney Docket No. 01 107.0031,‘age
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Power of Attorney

 
. jointly and seveyally, as our attameys with full power ofsubstitution and sevacation, ta prosecute

this applica ss in the Patent and Tredemark Office connected herewith the following attomeys and agents, their
registration numbe.g heir names:

ALTHERR, Robert F. HOSCHEIT,Dale H. 42,065
BANNER, Donald W. IWANICKY, John P, 38,266
BANNER,Mark T. JACKSON,Thomas H, 35,316
BANNER, Pamela L KAGAN,Sarsh A. 30,969
BECKETT, William W. 18,262 KATZ,Robert S. 28,175
BODNER, Jordan 42,338 KLEIN,William J. 37,210
BUROW,Scott A. 42373 KRAUSE, Joseph P. 33,761
CALLAHAN, James V, 20,095 LINEK, Emest Y. 29,822 RESIS, Robert H. 32,168
CHANG,Steve § 42,402 MALONE,Dale A. 32,155 RIVARD,Paul M. 43,446
COHAN, Gregory J. 40,959 MANNAVA, Ashok K. 45,30) SCHAD,SteveP. 32,550
COOPERMAN, Mare S. 34,143 McDERMOTT,PeterD. 29,411 SHANAHAN,Michael H. 24,438
CURTIN,Joseph P. 34,571 McKEE,Christopher L. 32,384 SHIFLEY, Charles W. 28,042
DAWSON, John R. 39,504 McKIE, Edward F. 47,335 SKERPON,Joseph M. 25,864
DEMOOR, Laum 3. 39,654 MEDLOCK, Nina L, 29,673 STOCKLEY,D.J. 34,257
EVANS, Thomes L. 35,805 MEECE,Timothy C. 38,553 VAN ES,J, Pieter 37,746
FEDOROCHKO,Gary D. 35,509 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,Susan 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 correspondence and telephone communications should be addressedto:
Banner & Witcoff, Lid, Customer Number. 22907
1008 G Street, N.W., 1th Fleor Tel: (202) 508-9100
Washington, D.C. 20001-4597 Fax: (202) 508-9299  

 Wehereby declare that all statements made herein of our own knowledge are true and thata] tements made on information
and beliefare believed to be true; and further that these statements were made with the knowledge.tifat willful false statements and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 ofthe United States Code and that such
willful false stgtements may jeopardize thie validity of the epplication or any patent issuing thereon./

i
Firet Given Name

Citizenship_UnitedStat 
 
 

sw omlattes
Full Name of Second Inventor. i i

v Famity Name First Given Name Second Given Name
Resi Citgetiship_Unifice AldvestLalHaikickWay,Ralls,Maryload 

& Wircorr, Lrp. Attorney DacketNo. 01107.00031

ght Page 2
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GOMMISSIONER FOR PATENTS
Urereo Staves Patewr AND TRAGEMARK OFFICEV&BHINGTON, D.C, 20231

wann.uspto Dor
 
 

  

"09/613,826 07/11/2000 Kenneth W. Kinzler 01107,00031

P FORMALITIES LETTER
Banner & Witcoff Lid ¢ Ef PP4001 G Street Nw ® ALERTHe
Washington, DC 20001-4597 per 1 5 2000

we Date Malled: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILEO UNDER 37 GFR 1.63(i)

Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Nolice within which tofile alt
required Items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained
by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The statutory basic filing fee is missing,
Applicant must submit $ 690 to complete the basic filing fee and/orfile a smalf entity statement claiming
such status (37 CFR 1.27).

® Totat additional claim fee(s) for this application is $948.
a $792 for 44 total claims over 20.
s $166 for 2 independent claims over 3 .

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required.

e Toavold abandonment, 2 tate filing fee or oath or daclaration surcharge as sel forth in 37 CFR 1.16(a)
of $130 for a non-small entity, must 69 submitted with the missing items identified in ihis letter.

e The balance due by appitcant Is $ 1788.

O951386ee  

A copy ofthis notice MUST be returnedwith the reply.

hand
Customer Service Center

Initial Patent Examination Division (703) 308-1202
PART2 - COPY TO BE RETURNED WITH RESPONSE

 190733
cH cHal .

{2/5/2000SBUENS09000097
&

file://C\APPS\PreExam\correspondence\2_B.xml #3 10/31/00



Page 406 of 1365Page 406-0f1365

, . AALS

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Bert Vogelstein etal. Attn: Application Branch

Serial No. 09/613,826

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

INFORMATION DISCLOSURE STATEMENT

The Honorable Commissioner
ofPatents and Trademarks

Washington, D.C. 20231

Sir:
In accordance with 37 CER. §§ 1.97 and 1.98, enclosed is a PTO Form-1449listing

documents for consideration by the Examiner during the prosecution of the subject application
and a copy of.‘cach of the identified documents. It is believed no fee is required to make this a
complete and timely filmg. However,if a fee is required, please charge our Deposit Account No.
19-0733.

Considerationof this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: y Nah (Na,
Sarah A. Kagan
Registration No. 32,141

Banner & Witeoff, Ltd.
1001 G Street, 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 ofthe file History. No additional informationis
available. 
   
 

The following page(s) lof 2 PTO -1449 ofpaper number4is/are
missing from the United States Patent and Trademark Office’s original
copy ofthe file history. No additional information is available  

  ["] The following checked item(s) below ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthe file history. No additional information is available

PTO 1449

PTO 892

[] PTO 948

H PTO 1474Assignment
EC] Cover page

 

  OO

    

Additional comments:
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_ PTO-1449 (Modified) ATTY. DOCKET NO.
OOF0003 creme

U.S. DEPARTMENT OF COMMERCE
PATENTAND TRADEMARK OFFICE APPLICANT

INFORMATION DISCLOSURE STATEMENT
FILING DATE

July 11,2000

EXAMINER: Initial citation ifreference wes considered. Draw line through citation ifnot in conformance to MPEP 609 and not considered,
include copy ofthis form with nextcommunication tospplicmt
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Af-S-O}
PATENT APPLICATION

¢

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of.

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

)
)

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

 
Filed: July 11, 2000 Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

 RECEIVED
INFORMATION DISCLOSURE STATEMENT

MAR 0 8 2001

Assistant Commissioner for Patents TECH CENTER 4600/2900
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-1449identifying information for consideration by the Examiner. A copy

ofeach ofthe items of information is enclosed.

Applicants do not waive any rights to take appropriate action to establish patentability
overthe 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 determinethat a fee is required, please charge our Deposit Account No. 19-0733.

Respectfully submitted,

BANNER & WITCOFF, LTD.

 
Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100 .
Dated: 0%-0S- 6

Page 4090f 1365



Page 410 of 1365

te

 | ATTY. DOCKET NO. PTO-1449 (Modified)

 
 

U.S, DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

FILING DATE GROUP ART UNIT

TECH CENT July £1, 2000 

U.S. PATENT DOCUMENTS

EXAMINER Document1INITIA! NUMBER CLASS

KR 5,670,325 9/1997 Lapidus, etol,
SUB

CLASS

|
|{| sna ae|tity|||

  
 ||| 6,020,137|an000_|Lapidus, et al,|—|3

YL ssens|srzmeo tenet]——]  

Darrea G. MONeK: QN,et al, “Minisateltite“Tzoallele” Discrimination in Pesudohomozygotes by Single Molecule PCRand Varlant RepeatMapping”, Genomics 11, pp. 465-467, 1991

W. NAVIDI, ef al, “Using PCR innae Genetic Digeage Diagnosis", Human Reproduction, Vol. 6, No. 6, pp.
. 836-849, 1991 —aay

Remon PARSONS, etal, “Mismatch Repair Deficiency in Phenatypically Normat HumanCells”, Science, Vo). 268,
PP we THO

Lin ZHANG, al,avbole Genome Amplification from a Single Cell: impliSclence US, 1.89,pp. 5847-5851, Faly.1992

David SIDRANSEY,ef al, “Clonal Expansion ofp53 Mutant Cellsis Associated ath
-Noture, February 27,1992 vel. 285, ep Bib-Ga4 &

C. SCHMITT,efal, “High Sensitive DNA Typing Approaches for the Analysis ofForensic Evi s Comparison of
Nested Variable Number ofTandem Repeais (VNTR) Amplification arid a Short Tandem Repeats (STR) Polymorphisn”,
Forensic Science Intemational, Vol. 6, pp. 129-141, 1994

Paul M. LIZARDI,ef af., “Mutation Deteelion and Fingle-Molecule Counting Using Isothermal Rofling-Circleplification”, Nature Genetics, Vol. 19, Tu 1998 2

EXAMINER: InkInitial citationatereace was considered, Draw line through citation ifnot in conformance to MPEP 609 and not
considered. Include copy ofthis form with next communication to appli
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-- OF

foWW UNITED STATE. JEPARTMENT OF COMMERCE
United States Patent and Trademark Office

d f Address: COMMISSIONER GF PATENTS AND TRADEMARKS
Parag of Washington, D.C, 20231
 

09/613, 026 o7/14/0% VOGELSTEIN Et 2107. Oe

[-  a22907 HMZe70412 |
BANNER & WETCOFF STEW, J
10031 G STREET N W&W
SUITE 1100
WASHINGTON BO 2acdt 16546

DATE MAILED: tastes tl

Please find belaw and/ar attached an Office communteation concerning thls application or
proceeding.

Gommilasloner of Patents and Trademarke

PTO-206 {Aev.11/00) i. Fila Copy
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Application No, Applicant(a)

08/813,826 VOGELSTEIN ET AL.

Examiner Art Untt

Jaffrey Slew 1656

= The MAILING DATE of this communieation appears on the cover sheat with the correspondence eddrass -
Pariod for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extansiona of time may bs avallable underthe provisions of 37 CFR 1.136 (a). [n no avent, however, may a reply be Umaly filed

flor SIX (6) MONTHS from the malting date ofthis communication,
Hf Ihe patiod for reply epeciled above Is tase than thirty (30) days, a reply within the elatulory minimum of thizly (20) days will be coneldered timely.
if NO parted far reply fs specified above, tha maxdmum statutory period will apply and will expire SIX (@) MONTHS from tha malting dala of this communtcation,
Failure to reply within the eed or extended partod for reply will, by statute, cauae the applioallon to become ABANDONED (35 U.S.C. § 139).
Anyreply recatved by the Office tater than three monthaafier the malling date of this oammraunicalion, even H timely fllad, may reduce any
eamed patent term adjustment. Sea 37 GFR 1.704(b}.

Status

4) Responsive to communication(s) filed on 07 Mareh 2007 .

2e)L) This action is FINAL. 2b) This action Is non-final.
3)Z]_ Since this application is In condition for allowance except for formal matiers, prosecution as to the merits is

closed In accordancewith ihe practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Office Action Summary

Disposition of Ciaims

4) Claim(s) 7-64 is/are pending In the application,

4a) Of the above claim(s) is/are withdrawn from consideration.

5)[1 Clalm(s) Is/are allowed.

6)54 Clalm(s) 4-64 is/are rejected.

ACI Claim(s) ______Is/are objectedto.
80] Claims are subject to restriction and/or election requirement.

Application Papers

9)h4 The specification Is objected to by the Examiner.
10)L1 The drawing(s)filed on isfare objected to by the Examiner.
41)L] The proposed drawing correctionfiled on is: a)L] approved b)C] disapproved.
42)C] The oath or declaration Is objected to by the Examiner.

Priority under 35 U.S.C. 6 149

43)L] Acknowledgmentis made of 4 claim for foreign priority under 35 U.S.C. § 118(a)-(d) or (f).
a)LIAN b)L} Some? c)L] Noneof:

4.2 Certified copies of the priority documents have been received,
201] Certified copies of the priority documents have been received in Application No...
3.C] Copies of the certified coples af the priority documents have been recelved in this National Stage

application from the Intemational Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received,

44)L] Acknowledgement Is made of a claim for domestic priority under 35 U.S.C, § 118(e).

Attachment(s)

45) Nolise of References Cited (PTO-892) 18) Oo Interview Summary (PTO-413) Paper Na(s). .
18)[7]Notice of Draftspercon's Patent Drawing Review (PTO-248) 19) L] Notice of Informat Patent Application (PTO-152)
47) ri information Disclosure Statemant(s) (PTO-1449) Paper No(s) 4.4 &. 20) Other: notice to comply .

US Patont and Trademark Office
PTO-326 (Rev. G1-01} Office Acilon Summary Part of Paper No. 6
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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(a)(1) and (a)(2). However,

this application fails to comply with the requirements of37 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 FORTHIN THIS OFFICE

ACTION IN WHICH TO COMPLY WITH THE SEQUENCE RULES,37 CFR 1,821 - 1.825.

Failure to comply with these requirements will result in ABANDONMENT ofthe application

under 37 CFR 1.821(g). Extensions oftime may be obtainedby filing a petition accompanied by

the extension fee under the provisions of37 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

copyofthe attached 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 Report. ,

Information Disclosure Statement

2. Thelisting of references in the specification is not a proper information disclosure

statement. 37 CFR 1.98(b)requires a list of allpatents, 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. " Therefore, 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 PTO-892, they have not been

considered.

Specification

3. In the BriefDescription ofthe Drawings Figure 1 ig referred to but no Figure 1 exists-in

the Drawings. The specification should be amended 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 (see page 14 line 30 & 31). Appropriate correction is required (see also Notice to

comply).

Claim Rejections - 35 USC§ 112

The following is a quotation ofthe second paragraph of 35 U.S.C. 112:

Thespecification shall conclude with one or niore claimsparticularly pointing out and distinctly claiming the
subject matter whichthe 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 Page 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 sampleat the start of the

assay is essential to the invention. Such a step would be critical becauseit is unclear as to how

otherwise the initial concentration would be achieved withouttesting by PCR.

B) 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: linear amplification by PCR. The step of

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

C) The use ofthe term consists” is confirsing 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 ofthe sequence. Proper Markush languageis required.

D) Claim2is confusing becauseit is unclear as to whether each sampleofthe

fraction ofone out ten are to contain N molecules,
n

 



Page 416 of 1365

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

Claim Rejections - 35 USC§ 303

The following is a quotation of35 U.S:C. 103(a) which formsthebasis for all

obviousness rejections set forth in this Office action:

(2) A patent maynotbe obtained though the invention is not identically disclosed or described os set forth in
section 102 ofthis title, ifthe differences between the subject matter sought to be patented and the prior art are
such that the subject metter as a whole would have been obviousat the time the invention was madeto a person
having ordinary skill in theart to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

This application currently namesjoint inventors. In considering patentability of the

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various

claims was commonly ownedat the time any inventions covered therein were made absent any

evidence to the contrary. Applicantis advised of the obligation under 37 CFR 1.56 to point out

the inventor and invention dates of each claim that was not commonly ownedatthe timealater

invention was made in order for the examiner to consider the applicability of35 U.S.C. 103(c)

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

over Lapiduset al (US5,928,870 July 27, 1999) in view ofRuanoet al (PNASvol. 87 pp. 6296-

63000 August 1990).

5. Claims 1,3,4-11,14-16 & 19-32 are rejected under 35 U.S.C. 103(a) as being unpatentable

|
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Lapiduset al teach a method of determining the subpopulation of genomically

transformed cells such as in stool samples by enumerating number molecules of a target

sequence and comparing with a number of moleculesof a reference genomic sequence (see

whole doc. esp. col.2 lines 58-66). They teach statistical difference leads to differencesin

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 cal, 11 lines18-51 & 40-45). They teach that one probeis to wild type genome(see col., 5

lines 40-46),They test malignant cells and the method would beuseful for precancerouscells in

humans and colorectal cancer (see col. 5 line30-35). They teach that method would be useful for

studying patients (see col. 6.line 17-20).

Lapidus et al do not teach dilution to one half genomic equivelent in samples.

Ruanoet al teach single molecule dilution (SMD) in which genomic DNA concentration

is one haploid equivalent per aliquot (see whole doc. esp. pp. 6296 & Fig. 3).

One ofordinary skill would have been motivated to apply Ruanoet al SMD method to

Lapidus et al’s comparison method in order to determine actual allele concentration ratios.
Ruanoet al state that SMD method avoids the empirical optimization of amplification conditions

and allows resolution of arabiguous arrangementofpolymorphic markersby isolating into

definitive haplotypes. It would have been primafacieobvious to apply Ruanoet al’s dilution

method to Lapiduset al’s method in orderto accurately determinealleleratios.

Moreover, it would have beenprimafacie obviousto further optimize the assay

conditions as in the increasing the number ofPCR cyclesor increasing the dilution schemato

achieve single molecule dilution in order to effectively amplify from haploid equivalent.
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6. Claims 12,13,17 & 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Lapidus et al (0$5,928,870 July 27, 1999) in view ofRuano 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 Ruanoet al are described previously,

Lapidus et al do not teach molecular beacons,

Tyagiet 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 ofordinary skill would have been motivated to apply Tyagi et al’s molecular

beacons to the combined invention of Lapidus and Ruanoet al’s enumeration method in order to

accurately monitor detection over real time. It would have been prima facie obviousto apply

Tyagi et al’s probes which would allow detection ofthe different sequences in Lapidus and

Ruano et al’s method in order to achieve accurate quantification.

SUMMARY

Claims 33-37 are free ofthe prior art but rejected under 112 second paragraph. Thereis

no prior art that teach or suggest a molecular beacon probe thisfund a loop consisting of 16 base °
pairs and having a Tm of 50-31C and the stem consisting ofCACG sequence.
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Application/Control Number: 09/613,826 Page 8
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Theclosestprior art is Tyagi et al (US5,925,517) who teach a molecular beacon which

hag 15 base pair loop but a Tm of approximately 40C (Tm=[(A+T)x2C + (G+C) x4C](see PCR

essential Data page 53 1995) 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 ofthe stem which

relates to the functioning ofthe opening and closing of the hairpin during hybridization.

Claims 2 & 38-64 is free of the prior art but rejected under 112 second paragraph.

Applicantis 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 onefiftieth of samples in a set comprise N molecules such that 1/N is larger than the

ratio of selected genetic sequenceto total genetic sequences required for the step of analyzing to

determine presence of selected genetic sequence.

CONCLUSION

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jeffrey Siew whose telephone numberis (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 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.

mee|
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Any inquiry of a general nature orrelating to the status of this application or proceeding

should be directed to the receptionist for Technology Center 1600 whose telephone numberis

(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) 308-4556or (703) 308-4242.

DisSu
Jeffrey Siew

April 7, 2001
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JUL 1 2 2001 
In re Application of

Bert Vogelstein et al. Attn: Application Branch

Serial No. 09/613,826

)
)
)
)
)
)
)Filed: July 11, 2000 Atty. Dkt. No. 01107.0003 1

For; DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT 

The Honorable Commissioner
ofPatents and Trademarks

Washington, D.C. 20231

Sir:

PATENT

In accordance with 37 C.F.R. §§ 1.97 and 1.98, enclosed is a PTO Form-!4439listing

documents for consideration by the Examiner during the prosecution of the subject application

and a copy of each ofthe 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 ofthis information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000

Registration No. 32,141
Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100
SAK/ama

Sarah A. Kagan

THK8ly
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U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

TNFORMATION DISCLOSURE STATEMENT
BY APPLICANT FILING DATE

July 11, 2000

EXAMINER:Initial citation if'reference was considered. Draw linc through citation ifcotia conformance to MPEP 609 and not considesed.
Include copy ofthis form with next communication to applicant;
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PTO. 1449 (Modified) SERIAL NUMBER09/613,826
U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

INFORMATION DISCLOSURE STATEMENT
BY APPLICANT FILING DATE

July 11, 2000

 

ng Using totherma i Nification” Nature

Schmili et al, “Hi ay ing epproachesfortheanalysis o fs * Arison ofnested variable
sumiber of tandem repeats (VNTR) amplification and a short tandem repeats (STR) polymorphism” Forensic Science1954) pag

EXAMINER:Initialcitation ifreference was consideréd. Drawline through citation if nalin conformance to MPEP 609 and not eqhsidered.
Include copy of this form wilhnext communication to applicant. . v
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PATENT
 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) g a
) Group Art Unit: 1656 yBert Vogelstein, et. al. bh.
) Examiner: J SiewSerial No. 09/613,826 ) q|1I
)

Filing Date: July 11, 2000 ) Docket No. 01107,00031

For: DIGITAL AMPLIFICATION

NDMENT RECEIVED

JUL 4 7 2001
. lesioner

WashinatonDC.20231 orPatents TECH CENTER 1600/2900
Sir:

In response to the Office Action mailed April 12, 2001, applicants request entry

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.

INTHECLAIMS

Please add new claims 65-69.
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photoluninescent dye at one ofthe 5’ or 3’ ends and a quenching agentat the opposite 5”

or 3Xend, 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 detects

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

67. (New) Thémolecular beacon probe ofclaim 65, wherein the probe detects

amutant nucleic acid better than a wild-type nucleic acid,

68. (New) A moleculay’beagon probe comprising:

an oligonucleotide comprising a kfem and a loop structure and having a

photoluminescent dye at one oflthe 5’ or 3-ehds and a quenching agent at the opposite 5’

or 3° end, wherein the loop comprises 19-20 bake pairs and has a Tm of 54-56°C, and

wherein the stem comprises 4 base pairs having a ssguence 5°-CACG-3’.gen
69. (New) A pair ofmolecular beacon probes comprising:

a first oligonucleotide comprisinga first stem and a first loop structure and having
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¢ of the 5’ or 3’ ends and a quenching agentat

loop comprises 19-20 base pairs and has a

—
the opposite 5’ or 3° end, wherein fhe §

Tm of $4-56°C, and wherein the s&co:

 5°-CACG-3’.  
 IN. THE SPECIFICATION

 
 
   Please replace the paragraph beginning on page4,line 5, with the following

 
 paragraph.

Fia. A, 18, icf Schematic ofexperimental design. (A) The basic two steps involved:
PCR on diluted DNA samplesis followed by addition of fluorescent probes which

discriminate between WT and mutantalleles and subsequent fluorometry. (B) Principle

ofmolecular beacon analysis. In the stem-loop configuration, fluorescence from a dyeat

the 5’ end ofthe oligonucleotide probe is quenched by a Dabcyl groupatthe 3’ end.

Upon hybridization to a template, the dye is separated from the quencher,resulting in

0. increased fluorescence. Modified from Marras efal. . (C} Oligonucleotide design.
Primers F1 and R1 are used to amplify the genomic region ofinterest. Primer INTis

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 mutantat the
queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT

PCR product.
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}Pleasereplace the paragraph beginning on page 14,line 29 with the following paragraph.
Oligonucleotides and DNA sequencing. Primer FI:

5’-CATGTTCTAATATAGTCACATITTCA-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-Daboyl-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 synthesized by Gene Link (Thornwood, NY). All were dissolved

at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA)andkeptfrozen and in the dark until

3 use. PCR products were purified using QlAquick PCR purification kits (Qiagen). In the
(i relevant experiments described in the text, 20% ofthe productfrom single wells was used

for gel electrophoresis and 40% was used for each sequencing reaction. The primer used

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.

 wee ~N

SEQUENCELISTING

Please enter the enclosed paper copy ofthe Sequence Listing after the claims. A

computer readable copy ofthe Sequence Listing is also enclosed herewith to comply with

37 § CER 1.821(e). The contentof the paper and computer readable copy ofthe
4
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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

Theinvention is directed to a method for determining the ratio ofa selected

genetic sequence in a population of genetic sequences, Nucleic acid template molecules

in a biological sample are diluted to form a set comprisinga 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 determinea first number ofassay samples which contain the selected genetic

sequence and a second number of assay samples which contain a reference genetic

sequence. Thefirst number and the second number are compared to ascertain a ratio that

reflects the composition ofthe biological sample (claim 1).  
The invention is also drawn to a method for determining the ratio of a selected

genetic sequence in a population of genetic sequences, Template molecules within a set j

which comprises a plurality of assay samples are amplified to form a population of

amplified molecules in each ofthe assay samples of the set. The amplified molecules in

the assay samplesofthe set are analyzed to determinea first number of assay samples

which contain the selected genetic sequence and a second umber ofassay samples which

contain a reference genetic sequence, Atleast one-fiftieth of the assay samplesin the set
) 5
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comprise a number (N) ofmolecules such that 1/N is larger than the ratio of selected

genetic sequences to total genetic sequences required to determine the presence ofthe

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 oligonucleotide with a stem-loop structure having a photoluminescent

dye at one ofthe 5’ or 3° ends and a quenching agentat the opposite 5’ or 3’ end, The

loop consists of 16 base pairs and has a T,, of50-51°C. The stem consists of 4 base pairs

and 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 Tn, of 54-56°C (claim 36),

Theinvention also is drawn to a pair ofmolecular beacon probes comprising a

first and second probe. This first probe comprises an oligonucleotide with a stem-loop

structure having a photoluminescentdye at one ofthe 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 stem consists of4 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 agentat the opposite

5’ or 3° end. The loop consists of 19-20 base paixs and has a Ty, of 54-56°C. The stem

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 a

6
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proper information disclosure statement (IDS), Thelisting ofreferences in the

specification is not intended as the IDS for the application. Applicants have made two

submissions on Form PTO-1449,in compliance with 37 CFR 1.98(b) on December15,

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 ofPTO-

1449, as this has been retumed to applicant, albeit entirely crossed out. No explanation is

provided for the failure to consider the references. A new set of references is included in

case these were lost in PTO handling. Lietal. is not included with this response, but will

be sent in a separate mailing. Applicants recognize that the two lists ofreferences 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-1449indicating

consideration ofeach reference.

Objections to the Specification

The Office Action has objected to the specification for reciting “Figure 1” in the

Brief Description of the Drawings, while no Figure 1 exists in the drawings. The

specificationhas been amended to properly recite Figure 1A, 1B, 1C in the Brief

Description of the Drawings.

The specification was further objected to for improper disclosure ofnucleotide

sequences. The sequences referenced in the Office Action (at page14,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 end computer readable form of the

Sequence Listing are submitted with this amendment,

e Rejection of Claims 1-64 under 35 U.S.C.§112

Claims 1-64 have beenrejected 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 Therejected claims are allegedly incomplete for omitting essential steps. The

Office Action identifies the omitted steps as “serially diluting to 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 amplifyingstep at line 3. Thus the only step that could

possibly be missingis diluting in claim 38. However,this step is neither essential nor

required, Claim 38 requires a certain concentration oftemplate which may, but need not,

be achieved by dilution, If samplesareinitially sufficienily dilute, no dilution is

required, Thus dilution is not a necessary step.

The Office Action points to the specification at page 13, lines 17-19, to

demonstrate that claims 1-32 and 38-64 omit the essential steps of serially diluting and

testing via PCR. Thecitation is to example 1. The examples, however, are provided “for

purposes ofillustration only, anndare not intended to limit the scope of the invention.”

(Page 13, lines 6-7.) Nothing in the example indicates that dilution isessential, and as

discussed above,it is not.

Page 432 of 1365

 

 
:

ii
i

||i
'
|1i



Page 433 of 1365Page 433 of 1365

B. The Office Action asserts that the claims omit linear amplification by PCR, which

is allegedly a critical step of the invention. The PTO supportsthis assertion by citing the

specification at page 14, line 18 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:

analyzing the amplified molecules in the assay samples of
the set to determinea first number of assay samples which
contain the selected genetic sequence and a 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 samplesofthe set are analyzed, but a

particular analysis method is not required.

Linear amplification can be performed as part of the step of analyzing 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 amiplified dilution

samples,othertechniquescanbeusedas well.” (Emphasis added, page 12, lines 29-31.)

Since linear amplification was taught to enhance the signal ofmolecular beacon probes,

9
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which are not essential, clearly linear amplification is not essential either. Therefore, the

claimed method does not require linear PCR,

Nothingin the specification indicates that linear amplification by PCR is

essential, Rather, linear amplification by PCR is disclosed as an enhancementto the

analysis step when molecular beacon (MB) probes are used. The specification states,

“fluorescent 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 ofthe

invention.

on The Office Action asserts that the use ofthe term “consists” is confusing because

“i]t cannot be determined whether the claim intends open or closed language for the

limitation ofthe sequence. Proper Markush language is required.” (Page 4, lines 14-15.)

Applicant’s respectfully traverse,

Eachofclaims 33, 36, and 37 recite “the stem consists of 4 base pairs having 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 elementset

forth in that clause.” Manesmann Demag Corp. v. EngineeredMetal 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 presentin claims 33, 36, and 37.

D. The Office Action asserts that “[c]laim 2 is confusing becauseit is unclear as to

whether each sample ofthe 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. |
Theclaim recites, “‘at least one-tenth of the assay samples in the set comprise 4

number (N) ofmolecules.” (Claim 2, lines 2-3.) The claim positively recites that at least

one outoften of the assay samples in the set have a number (N) molecules, Theclaim is

not confusing or unclear, The language ofthe claim affirmatively answers the question :iii|}||(ti|of the Office Action. Each ofthe 1/10 fraction of samples comprise a number (IN)

 
molecules, N is defined so that 1/N is larger than the ratio ofselected genetic sequences

to total genetic sequences. Thusall of the 1/10 samples need not have the same number

of molecules, but a number thatfits the definition. Nonetheless, ifsamples are formed by

dilution, as in claim 2, the samples should have roughlyidentical numbers of molecules.

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

requested as all claims are clear and definite.

Rejection of claims|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, and18, These rejections are respectfully traversed.

Itis axiomatic that all elements of a claim must be taught or suggested by the

prior art for a primafacie case ofobviousness to be proper. MPEP §2143. The present  
rejection fails to fulfill this “all elements”rule and thus fails to present aprimaJacie case.

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

11
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Neither Lapidus nor Ruano teach the step of analyzing or the step of comparing as

specified in claim 1. Claim 1, steps 3 and 4, recite:

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
penetic sequence;

comparing the first number to the second number to
ascertain a ratio which reflects the composition of the
biological sample.

Emphasis added. The Office Actionfails 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. Lapidusinstead 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 ofthe present invention over Lapidus.

Digital amplification, as claimed, converts “the intrinsically exponential nature of PCR to

a linear one.” Specification at page 8, lines 17-18, Thus the present invention climinates

the quantitative bias which exponential amplification introduces into a nucleic acid

sample. Since neither Lapidus nor Ruano teach these elements ofthe claims, the prima

Jacie case must fail.

12
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Tyagi teaches molecular beacon probes. Tyagi is cited in combination with

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

not employ a molecular beacon probeatall, 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 remedythe defect of the primary references. Again, the primafacie case |
fails to teach all elements of the claimed invention and must therefore be withdrawn as !

improper.

A speedy allowance of all pending claims is respectfully requested.

Respectfully submitted,

Date: July 12, 2001 By:
Sarah A. Kagan
Registration No. 32,141

BANNER & WircorF, LTp.
{O01 G STreer, NW

WASHINGTON, DC 20001
202-508-9100  
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Replacement paragraph beginning on page 4,line 5.

Fic. 1A, 1B, 1C. Schematic of experimental design. (A) Thebasic two steps 

involved: PCR on diluted DNA samples is followed by addition of fluorescent probes

which discriminate between WT and mutantalleles and subsequent fluorometry. (B)

Principle ofmolecular beacon analysis, In the stem-loop configuration, fluorescence

from a dye at the 5’ end ofthe oligonucleotide probe is quenched by a Dabcyl groupat

the 3’ end. Upon hybridization to a template, the dye is separated from the quencher,

resulting in increased fluorescence, Modified from Marras et al. . (C) Oligonucleotide

design. Primers F1 and Ri are used to amplify the genomic region ofinterest. Primer

INTis used to produce single stranded DNA from the original PCR products during a

subsequent asymmetric PCR step (see Materials and Methods), MB-REDis a Molecular

Beacon which detects any appropriate PCR product, whether it is WT or mutantat the

queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT

PCR product.

Replacement paragraph beginning on page 14, line 29.

Oligonucleotides and DNA sequencing. Primer F1:

5"-CATGTTCTAATATAGTCACATTTICA-3’ (SEO ID NO:.}); Primex R1:

5’-TCTGAATTAGCTGTATCGTCAAGG-3’(SEQIDNO:2); Priraer INT:

5’-TAGCTGTATCGTCAAGGCAC-3’ (SEOIDNO:3); MB-RED;

14
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5*-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3’ (SEO ID NO: 4);

MB-GREEN:5°-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3' (SEO

IDNO:5). Molecular Beacons (33,34) were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link (Thomwood, 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

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 each sequencing reaction. The primer used

for sequencing was 3’-CATTATTTITATTATAAGGCCTGC-3’ (SEOID NO; 6).

Sequencing was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

15
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following reason(s):

1. This application clearly falis to comply with the raqulraments of 37 C.F.R. 1.621-1.825. Applicant's
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An initial or substitute paper cepy of the "Sequence Listing’, ag well as an amendmentdirectingits enby
frite the specifleation.

Astatementthat ihe content of the paper and computer readable copies are the same and, where
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Technical Assigtame@..cscsccscesscrceceeressrarerten ve.703-287-0200
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/ a | Mo
, PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
)

Bert Vogelstein, e7al. ) Group Art No. 1632
)

Serial No.: 09/613,826 ) Examiner: TBA
}
)» Filed: July 11, 2000 Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner for Patents

Washington, D.C. 20231

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

of each of the items of information is enclosed.

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

application.

Consideration of the cited information and making the sameof record in the prosecution

of the above-noted application are respectfully requested. Should the Patent and Trademark

Office determinethat a fee is required, please charge our Deposit Account No. 19-0733.

Respectfully submitted,

BANNER & WITCOFF, LTD.

 
Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100
Dated: 9 42a? Q
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Serial No, 09/613,826 ) TECH CENTER 1600/2900 
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Filing Date: July 11, 2000 ) Docket No. 01107,00031

For: DIGITAL AMPLIFICATION

SUPPLEMENTAL SUBMISSION

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In applicants’ response to the Office Action mailed July 12, 2001 copies of two previously filed
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Nofee is believed due. Ifany additional fee is due please change our Deposit Account No.19-
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! Respectfully submitted,

Date: July 17,2001 wrMickbe,AbusLorMicheile L. Holmes-Son

Registration No. 47,660

Banner & Wircorr, Lro.
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WasSHINGToN, DC 20001
202-508-9100
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~ “| Application No. : Applicant(s)

08/313,626 VOGELSTEIN ET AL.

Office Action Summary Examiner AU

~ The MAILING DATE of this cammunication appoara 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,
+ Exisnslone of ime may be avallable under the provisiona of 37 CFR 1.136(a). In no event, however, may 8 raply ba Umely filed

after SIX (6) MONTHS from tha malting date of this communication,
- Mithe pariod for reply specified aboveis lesa than thirty (30) days,a reply within the statutory minimum ofthirty (20) days will bo considered timely.
© ff NO period fer reply is specified above, tho maximum atatutory period will apply and val expire SIX (6) MONTHS from the malling date of this communication.
~ Fallura to reply vatthin {he set or exiandad period for repty will, by elatuta, cause (he application ta become ABANDONED (35 U.S.C, § 133).
» Any reply received by the Office leter than threa months after the mailing date of this communiaation, even if timaly fllad, may reduca anyeamed patent term adkistnent. See 37 CFR 1.704(b).

Status

4)b4 Responsive to communication(s) filed on 12 July 2007 .

2a)f] This action Is FINAL. 2b) This action is non-final.

3)0_ ‘Since this application ts in condition for allowance except for formal matters, prosecution as to the merits Is
closed in accordance with the practice under Ex parte Quayle, 1835 C.D. 11, 453 O.G. 213,

Dispoaltion of Claims

4)B4 Claim(s) 7-69 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5)DJ Clalm(s) 1-84 is/are allowed.

8)01 Claim(s) 65-89 is/are rejected.

7D Glaim(s)___ Isvare objectedto.

8)0 Claim(s) are subject to restriction and/or election requirement.

Application Papers

6)I The specification is objected to by the Examiner.

_ 10)C] The drawing(s) fitad on Isfare; a)C) accepted or b)_] objected to by the Examiner.
Applicant may not requestthat any objaction to the drawing(s) be held in abeyance. See 37 CFR 1,85(a).

11) The proposed drawing correctionfiled on ts: a) approved b)C] disapproved by the Examiner.
Wapproved, corrected drawings are required In reply to this Office action.

42) The oath or declaration Is objected to by the Examiner.

Priority-uider 46 U.S.C. §§ 119 and 120
43)[L. Acknowledgment is madeof a claim forforeign priorily under 35 U.S.C, § 112(a)-(d) or (f.

aLIAl b)I Some * oc) Noneof:

1.0] Certified copies of the priority documents have been received.

2.0] Certified copies of the priority documents have been received in Application No.

3.01 Copies ofthe cerlified coples of the priority documents have baen received In this National Stage
application from the Intemational Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action fora list of the certified copies not received.

44) Acknowledgment is made of a clalm for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
a) DJ Thetranslation of the foreign language provisional application has been received.

45) Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or-121.
Attachment(s)

4) C1 Notice of References Clted (PTO-892) 4) (C1 Interview Summary (PTO-413) Papar No(s).
2) O Notice of Dreftzperson’s Patent Orawing Review (PTO-248) 5) oO Notice of informal Patent Applicatian (PTO-152)
3) Bd) information Disclosure Statemant(s) (PTO-1449) Paper No(s) 4. 6) () other.
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Application/Control Number: 09/613,826 Page 2
Art Unit: 1656

DETAILED ACTION

dnformation Disclosure Statement

1. The IDSfiled 12/15/00 was one page and IDS filed March 7,2001 was one page. Both were

signed and intended to be mailed io 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 ofMarch 7, 2001. It is unclear as to the purpose

applicant’s resubmission ofthese references but as the office has reviewed the references per

IDS March 7, 2001 and signed the PTO-1449it is deemed adequately considered. A copyof

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

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

Claim Rejections - 35 USC§ 112

2, The following is a quotation ofthefirst paragraph of 35 U.S.C, 112:

The specification shall contain a written desoription of the invenfion, and of the manner and process ofmaking
and using it, in auch full, clear, concise, and exact terme as to énsble any person skilled in the art to whichit
pertains, of with which it is most nearly connected, to make and use the same and shal! set forth the best mode
contemplated by the inventor ofcarrying 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 to reasonably convey to one
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Application/Control Number; 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 ofthe claimed invention. The specification describes molecular probes that are

consisting of 16 base pairs with a 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 specification lacks support for molecular beacon that has a loop greater than 16 base

pairs with Tm of 50-51°C and stem comprising 4 basepairs 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.

3. The following is a quotation of the second paragraph of35 U.S.C. 112:

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

Claim 68 is 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.

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

as to whetherthe loopis to be greater than 19 or greater than 20 basepairs.

Claim Rejections - 35 USC§ 102

4. The following is a quotation of the appropriate paragraphs of35 U.S.C, 102 that form the

basis for the rejections under this section made in this Office action:

Page.455of 1365 — --..- ee we eer See
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Application/Control Number: 09/613,826 Page 4
Art Unit: 1656

A person shailbe entitled to a patent unleas ~

(6)theinvention was desoribed in a patent granted on an application for patent by another filed in the United
States before the invention thereofby the applicant for patent, or on an internationalapplication by another wha
has fulfilled the requirements of paragraphs (1), (2), anid (4)ofsection 371(c) ofthis title before the invention
thereofby the applicantfor patent.

Claim 65-67 are rejected under 35 U.S.C, 102(e) as being anticipated by Tyagi etal

(US5,925,517 March 14, 2000).

Tyagi et al who teach a molecular beacon with a stem comprising CACG(seecol. 11

probe 3) but with a loop of Tm 50 Tm=[(A+T)x2C + (G+C) x4C] (see col. 12 SEQ ID NO:3).

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

Uponrecalculation ofthe loop for Tyagiet al’s probe3,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 a molecular beacon

probethat has a loop consisting of 16 base pairs and having a Tm of 50-S1C and the stem

consisting ofCACG 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 ofTm

50C. Moreover, the prior art has been focused on the Tm ofthe stem which relates to the

functioning ofthe opening and closing ofthe hairpin during hybridization.

Page 456 of 1365 at
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Application/Control Number: 09/613,826 Page 5
Art Unit: 1656

Claims 1-32 & 38-64 is allowable. There 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 thefirst 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 onefiftieth 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 ofanalyzing to determine presence ofselected genetic sequence. The closestpriorart is

Lapiduset 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 ofthe extension oftime 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

MONTHSfrom the mailing date ofthis action. In the eventa first reply is filed within TWO

MONTHSofthe mailing date ofthis final action and the advisory action is not mailed until after

the end ofthe 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 ofthe advisory action. In no event,
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Application/Control Number: 09/613,826 Page 6
Ast Unit: 1656

however, will the statutory period for reply expire later than SIX MONTHSfrom thedateofthis

final action.

6. Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and whose e-

mail addressis 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 6:30 a.m. to 3

p.m. Ifattempts 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 aumberis

(703) 308-0196,

Papersrelated 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) 308-4556or(703) 308-4242.

Pde
Jeffrey Siew

September 20, 2001
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Application Ne. Appilcant(s}

09/613,826 VOGELSTEIN ET AL.
Examiner Art Unit

Jeffrey Slew 1656

All participants (applicant, applicant's representative, PTO personnel):

(1) JefireySiew, (3)___.

(2) Michelle Holmes-Son. (4) :

interview Summary

Date ofInterview:

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

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

Claim(s) discussed: None.

Identification of prior art discussed:

Agreementwith respect to the claims )& was reached. g)[] wasnotreached. h)L] NIA.

Substanceof Interview Including description of the general nature of what was agreed toif an agreement was
reached, or any other comments: applicant did not receive signed IDS of 1/23/02. office submitted signed already
considered IDS .

(A fuller description, if necessary, andacopy of the amendments which the examiner agreed would render the claims
- allowable, If available, must be attached. Also, where nocopyof the amendments that would renderthe claims

allowable Ie available, a summery thereof must be attached.)

NH It le not necessary for applicantto provide a separate record of the substance of the interview(If box is
checked).

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

Examiner Note; You must sign this form unlessit is an
Altachment to a signad Office action.

Jule hee,
ners signature,if required

 
+ USPelentend Wedenack Ofics

PTO-113 (Rev. 03- 88) interview Summary PaperNo. 10.
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<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>

peempoemas =

RAW SEQUENCE LISTING DATE:
PATENT APPLICATION: US8/09/613,826 TIME:

Input Set : A:\sequeneslist.ST25. txt
Output Set: N;\CRP3\07242001\1613026, 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: 1999-08-02
NUMBER OF SEQ ID NOS: 6
SOFTWARE: PatentIn version 3.0
SEQ ID NO: 1
LENGTH: 26
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE; 1

26 catgttctaa tatagtcaca ttttca
29 <210>
30 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2
LENGTH: 24
TYPE; DNA
ORGANISM: homo sapiens
SEQUENCE: 2

35 tctgaattag ctgtatcgtc aagg
38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ ID NO: 3
LENGTH: 20
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 3

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

SEQ ID NO: 4
LENGTH: 27
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 4

53 cacgggcetg ctgaaaatga ctgegtg
56 <210>
57 <211>
58 <212>
59 <213>
61 <400>

SEQ ID NO: 5
LENGTH: 24
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 5

62 cacgggagct ggtggcgtag catg
65 <210>
66 <211>
67 <212>
68 <213>
70 <400>

SEQ ID NO: 6
LENGTH: 24
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 6

71 cattattttt attataagge ctge

file://CA\Crf3\Outhold\Vsrl613826.bim
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ENTERED

26

24
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27

24
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Page 2 of 3

ete

VERIFICATION SUMMARY DATE: 07/24/2001
PATENT APPLICATION: US8/09/613,826 TIME: 11:12:17

Input Set : A:\sequencelist.ST25.txt
Output Set: HW: \CRF3\07242001\1613826. caw

file://CACrf3\Outhold\Vsr1613826.htm 124/01
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File History Report

 

   
 [| Paper number is missing from the United States Patent

Trademark Office’s copy ofthe file History. No additional information is
available.

  
    
 <] The following page(s) 3 of 3 ofpaper number 11 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 ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthe file history. No additional information is available

PTO 1449

[|] PTO 892
PTO 948

4 PTO 1474Assignment
[|] Cover page

C

  

Additional comments:
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<110>

<120>
8 <130>

10 <140>
11 <141>
13 <i50>
14 <151>
16 <160>
16 <170>
20 <210>
21 <211>
22 <212>
23 <213>
25 <400>

eae Rerun — Page 1 of 3Ke 13
PatGest) (Op)

OIPE

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

Input Set : A:\sequencelist.sT25.txt REC EF] VED
Output Set: Nr\CRF3\09202061\1613926.raw

APPLICANT: Vogelstein, Bert SEP 2 8 2001
Kinzler, Kenneth W. :
TITLE OF INVENTION: DIGITAL AMPLIFICATION
FILE REFERENCE: 01107.00031 TECHCENTER 1600/2800
CURRENT APPLICATION NUMBER: 09/613,826
CURRENT PILING DATE: 2000-07-11

PRIOR APPLICATION NUMBER: US 60/146,792 ‘ EDPRIOR FILING DATE: 1999-06-02 ERNUMBER OF SEQ ID NOS: 6 EN!SOPTWARE: PatentIn version 3.0
SEQ ID NO: 1 .
LENGTH: 26
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 1

26 catgttctaa tatagtcaca ttttca 26
29 <210>
39 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2
LENGTH: 24
TYPE: DNA >
ORGANISM; homo sapiens
SEQUENCE: 2

35 tetgaattag ctgtatcgtc aagg 24
38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ IB No: 3
LENGTH: 20
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 3

44 tagctgtate gtcaaggcac 20
47 <210>
46 <211>
49 <212>
50 <213>
52 <400>

SEQ ID No: 4
LENGTH: 27
TYPE; DNA
ORGANISM: homo sapiens
SEQUENCE: 4

§3 cacgggcetg ctgaaaatga ctgegtg 27
56 <210>
57 <211>
58 <212>

SEQ ID NO: 5
LENGTH: 24
TYPE: DNA

59 <213> ORGANISM: homo sapiens
61 <400> SEQUENCE: 5
62 cacgggaget ggtggegtag cgtg 24
65 <210> SEQ ID NO: 6 - .
66 <2]1> LENGTH: 24
67 <212> TYPE: DNA
68 <213> ORGANISM: homo sapiens
70 <400> SEQUENCE: 6
71 cattattttt attataagge ctgc . 24

file://CNCrf3\Outhold\Vsr16 13826.hitm. 9/20/01
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Page 2 of 3 i

VERIFICATION SUMMARY DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME: 17:06:05

Input Set : A:\sequenceliat.sT25.tzt
Output Set: Ns\CRF3\09202001\1613826.raw :

RECEIVED
SEP 28 2001 |

TECH CENTER 1600/2900 |

 

 
file://(C\Crf3\Outhold\Vs11613826.him 9/20/01
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STATISTICS SUMMARY DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME; 17:06:05

Input Set : Ar\sequencelist.ST25 txt
Output Set: Ne\CRFI\09202001\1613026. raw

Application Serial Number: US/09/613, 826
Alpha or Numeric: Numeric
Application Class;
Application File Date: 07-11-2000
Art Unit: OIPE
Software Application: Patentin
Total Number of Sequences: 6
fPotal Nucleotides: 145
Total Amino Acids: 0
Number of Errors: 0
Numbex of Warnings: 0
Number of Corrections: 0

MESSAGE SUMMARY

file://CA\CrE3\Outholc\Vsr1613826.htm
Page 465 of 1365
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ne! 6IPES Bh" “O}a |ear’ RECEIVED :
: xy DEC 9 7 ~
an * : 2001 PATENT7 CH CENTER 1600/2999

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 AMPLIFICATION

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

request entry of the following amendments and request reconsideration ofthe claims.ZS Claims 1-69 are pending in the application. Claims 1-64 are allowed, and claims 65-69

are rejected. No fees are believed due to makethis responsefiled timely. If any fee is“Se
°

due please change our Deposit Account No. 19-0733.

IN THE CLAIMS

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

Page 466 of 1365
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33, (Amended) A molecular beacon probe comprising:

an oligonucicotide with a stem-loop structure having a photoluminescent dye at

one ofthe 5’ 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 a T,, 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 ofthe 5’ or 3” ends and a quenching agentat the opposite 5’ or 3’ end, wherein the |
loop consists of 19-20 bases, wherein the loop has a Tp of 54-56°C and the stem consists |
of 4 base pairs having a sequence 5’-CACG-3’,  
37. (Amended) A pair ofmolecular beacon probes comprising:

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

structure having a first photoluminescent dyeat one ofthe 5’ or 3’ ends and a quenching

agent at the opposite 5’ or 3” end, wherein the loop consists of 16 bases having a Tw 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° of 3° ends and a

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

having a T,, of 54-56°C and the stem consists of 4 base pairs having a sequence 5’-

CACG-3’;

Page 467 of 1365
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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 a

photoluminescent dyeat one ofthe 5’ or 3” ends and a quenching agentat the opposite 5’

or 3’ end, wherein the loop consists of 14-26 bases and has a Tm of §0-51°C, and

wherein the stem consists 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

photoluminescentdye at one ofthe 5’ or 3’ ends and a quenching agent at the opposite 5’

or 3’ end, wherein the loopconsists of 14-26 bases and has a Tm of 54-56°C,and

wherein the stem consists of4-6 base pairs comprising a sequence 5’-CACG-3’.

69. (Amended) A pair ofmolecular beacon probes comprising:

a first oligonucleotide comprisinga first stem anda first loop structure and having

a photoluminescent dyeat one ofthe 5” or3’ ends and a quenching agentat the opposite

5° or 3° end, wherein the first loop consists of 14-26 bases and has a Tmof50-51°C,and

wherein the first stem consists of4 base pairs having a sequence 5’-CACG-3’; and

a second oligonucleotide comprising a second stem and a second loop structure

and having a photoluminescent dye at one ofthe 5’ or 3° ends and a quenching agentat

the opposite 5’ or 3’ end, wherein the second loop consists of 14-26 bases and has a Tm
 

3
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of 54-56°C, and wherein the second stem consists of4-6 base pairs comprising a

sequence 5’-CACG-3’.

The Invention

Theinvention is directed to methods for determining the ratio of a selected

genetic sequence in a population ofgenetic sequences.

The inventionis also drawn to molecular beacon probes. The molecular beacon

probes can be used to execute the methodsofthe invention. The molecular beacon

probes comprise an oligonucleotide comprising @ stern and a loop structure and have a

photoluminescent dye at one of the 5’ or 3’ ends and a quenchingagentat the opposite 5°

or 3’ end.

Th endm

Claims 33, 36-37, 65, and 68-69 have each been amended to recite thatthe loops

ofthe molecular beacon probes consist of a specified number of “bases” instead of “base

pairs.” The amendments are supported by the specification and drawings ofthe

application as filed, The specification supports this amendment whereit discloses the

sequence oftwo example molecular beacon probes: “MB-RED: 5’-Cy3’-

CACGGGCCTGCTGAAAATGACTGCGTG-Dabcy!-3’; MB-GREEN: 5’-Fluorescein-

CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3’." (Page 15, lines 1-3.) Each of the

molecular beacon probes has a 5° 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 ofthe probe. The intervening

sequence ofeach probe forms the loop. The loop of each probeis not self-

complementary and therefore does not form base pairs. Thus the loop is 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 stern-loop

structure of a molecular beacon probe, The stem portion ofthe structure, or bottom half,

is base paired, The loop, above the stem and at the top halfof the probe, is not base

paired. Therefore the drawings also support that the loop should be measured in bases,

not base pairs, Thus the amendmentto 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 ofthe claims, The

amendments were not earlier introduced, as applicants werejust became ofthis

inadvertent mistake.

Claim 65 has been amended to recite that the loop ofthe molecular beacon probe

“consists of 14-26 beses” instead of “comprises 16 base pairs.” Claim 65 has also been

amended to recite that the stem of a molecular beacon probe “consists of4 base pairs”

instead of “comprises 4 base pairs.” These amendments are supported by the

specification where it is disclosed, “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.” (Page 18, lines 6-8.) Thus, molecular beacon

probes with loops consisting of 14-26 bases and stems consisting of4 base pairs are

supported in the specification. . The amendments therefore introduce no new matter and

5
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do not require a new search. The amendments to claim 65 were not made earlier as it is a

newly entered claim and applicants have first been made aware ofits alleged

insufficiencies in the final rejection. The amendments 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 ofthe 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 of4-6

bases” instead of “comprises 4 base pairs.” These amendments are also supported by the

specification whereit is disclosed, “Loops ranging from 14 to 26 bases and stems ranging

from 4 to 6 bases, as well as numerous sequence variations ofboth 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 to 6 base pairs are

supported in the specification. The amendments therefore introduce no new matter and

do not require a new search. The amendments to claim 68 were not madeearlier as it is a

newly entered claim and applicants have first been made aware ofits 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 ofa

pair ofmolecular beacon probes has a first loop that “consists of 14-26 bases”instead of

“comprises 16 base pairs” and a first stem that “consists of4 base pairs” instead of

“comprises 4 base pairs.” Claim 69 has also been amended to recite that the second

oligonucleotide ofthe pair ofmolecular beacon probes has a second loopthat “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 amendmentis 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 of4 to 6 base pairs are supported in the specification,

The amendmentsto claim 68 therefore introduce no new matter and do not require a new

search. These amendments were not made earlier as it is a newly entered claim and

applicants have first been made awareofits 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 U.S.C. § 112

Claims 65-69 have been 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 to

reasonable convey to one skilled in the relevant art that the inventor(s), at the time the

application was filed, had possession ofthe claimed invention. Specifically, the Office
Action alleges that the “specification 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 a loop comprising 19-20 base pairs and Tm of 54-56°C and stem

comprising of4 base pairs.” (Paper 10, page 3, lines 5-7.) Applicants respectfully

traverse.

Tosatisfy the written description requirement, a patent specification must

describe the claimed invention in sufficient detail that one skilled in the art can

7
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reasonably concludethat the inventor had possession ofthe claimed invention, Vas-Cath,

Tne. v. Mahurkar, 935 F.2d. at 1563. Amended claims 65-69 are described in the

specification such that oneofskill 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 a stem that “consists of4 base

pairs” or “consists of4-6 base pairs.” The inventors clearly had possession ofthe

invention as recited in the amended claims, The specification discloses that “[lJoops

ranging from 14 to 26 bases and stemsranging from 4 to 6 bases, as well as numerous

sequence variations ofboth 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 stemsconsisting of 4-6 bases are of

the lengths that are optimum in probe design. Clearly the inventors had possession ofthe
inventionas it is claimed. Withdrawal ofthis rejection to claims 65, 68, 69 and

dependent claims 66-67 is respectfully requested.

The Rejection of Claim 68 under 35 U.S.C.§112

Claims 65-69 have been rejected under 35 U.S.C. § 112, second paragraph, as

being indefiniteforfailing to particularlypoint out anddistinctly 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 under 35 U.S.C. §102(e)

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 comprising CACG(see cal. 11 probe 3) and a loop ofTm 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

(US. 5,925,517). However, Tyagi et al., U.S. 6,037,130, issued March 14, 2000, does

teach a molecular beacon probe (probe 3) at column 11. Applicants 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 elementas set forth in the claim is found, either expressly or inherently described,

in a single priorart reference.” Verdegaal Bros, v, Union oil Co. ofCalifornia, 814 F.2¢

628, (Fed. Cir. 1987). Tyagi et al. do not teach each element as set forth in claims 65-67.

Claira 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 stemconsistsof4base

pairs having a sequence 5’-CACG-3.”” (Emphasis added.) Tyagi et al. do not teach a

rnolecular beacon probe with the limitation of a stem consisting of4 base pairs. Tyagi et

9
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al. teach a molecular beacon probe of SEQ ID NO:3 that has the sequence “TMR-’-

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 5 base pairs comprising the sequence CACG. Thus

Tyagi et al. do notteach all the limitations ofclaim 65. Tyagi et al. do not teach a

molecular beacon probe with a stem consisting of 4 base pairs. Withdrawalofthis

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

Respectfully submitted,

Date: December 6, 2001 ofl00Cuneo
Michelle Holmes-Son

Registration No. 47,660

Banner & Witcoff, Lid.
1001 G Street, NW
Washington, DC 20001
202-508-9100

10

Page 475 of 1365

 



Page 476 of 1365

 

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 a quenching agent at the opposite S’ or 3’ end, wherein the

loop corisists of 16 bases [pairs], wherein the loop has a Ty of 50-51°C and the stem

consists of4 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 [pairs], wherein the loop has a Tr, of 54-56°C end the stem

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

37. (Amended) A pair ofmolecular 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

¥,, of $0-51°C and the stem consists of4 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 a

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

11
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[pairs] having a Ta of 54-56°C and the stem consists of 4 base pairs having a sequence

§’-CACG-3’;

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 a

photoluminescent dye at one ofthe 5” or 3’ ends and a quenching agentat the opposite 5’

or 3’ end, wherein the loop [comprises 16] consists of 14-26 bases [pairs] and has a Tm

of 50-51°C, and wherein the stem [comprises] consists 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

phototuminescentdyeat oneofthe 5’ or 3’ ends and a quenching agentat 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 of4-6 base pairs [having]

comprising a sequence 5’°-CACG-3’.

69. (Amended) A pair ofmolecular beacon probes comprising:

gop structure and having 
 
 

4 first oligonucleotide comprisingafirst stem and a:figg

a photoluminescent dye at one ofthe 5’ or 3’ ends and a ¢ ne fagent at the opposite

5? or 3’ end, wherein thefirst loop [comprises 16] consists of ‘bases [pairs] and has
12
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a Tin of 50-51°C, and wherein the first stem [comprises] consists of 4 base pairs having a

sequence 5’-CACG-3°; and

a second oligonucleotide comprising a second stem and 2 second loop structure

and having a photoluminescent dyeat one ofthe 5’ or 3’ ends and a quenching agentat

the opposite 5’ or 3’ end, wherein the second loop [comprises 19-20] consists of 14-26

bases [pairs] and has a Tm of 54-56°C,and wherein the second stem [comprises] consists

of 4-6 basepairs [having] comprising a sequence 5’-CACG-3’.

13
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Bert Vogelstein,et, al.

Serial No. 09/613,826

Filing Date: July 11, 2000

For: DIGITAL AMPLIFICATION

)
) Group Art Unit: 1656
)
) Examiner: J Siew

} Box AF NT ER ET5 SATEREI)
} Docket No. 01107.00031 MARE

AMENDMENT AFTER FINAL REJECTION

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In responseto the Final Office Action mailed September 20, 2001, applicants

requestentry of the following amendments. Claims 1-64 are pending in the application

and are allowed. A petition for a two-month extension oftime is enclosed herewith. No

other fees are believed due to makethis response filed timely, If any additionalfee is due

please change our Deposit Account No. 19-0733.

THE CL.

Please cancel claims 65-69.
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(SEQUENCE LISTING
Please replace the sequence listing in the application with the accompanying substitute

sequencelisting. A computer readable form and paper copy ofthe substitute sequence

listing are enclosed, They are believed to be identical in content. The substitute

sequencelisting introduces no new matter.

|
IN SPECIFICATION

| ‘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
DNAofcells containing the indicated mutations of c-Ki-Ras, wete analyzed with the

, \ Molecular Beacon probesdescribed in the text, Representative examples of the PCR

products used for Molecular Beacon analysis were purified and directly sequenced. In

the cases with Gly 12Cys (SEQ ID NO:11) and Gly12Arg (SEQ ID NO:10) mutations,

contaminating non-neoplastic cells within the tumor presumably accounted for the

i relatively low ratios. In the cases with Glyl2Ser (SEQ ID NO:8) and Glyi2Asp (SEQ

ID NO: 12), there were apparently two or morealleles of mutant c-Ki-Ras for every WT

i allele (SEQ ID NO:7); both these tumors were aneuploid. Analysis of the GlyI3Asp

mutation is also shown (SEQ ID NO;9).

} The paragraph beginning page5,line 10.
j—

Hy
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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-GREENas 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

C ad determined as described in Materials and Methods, The wells with RED/GREEN ratios  
>3.0 each contained mutant sequences while those with RED/GREENratios of ~1.0

contained WT sequences, WT c-Ki-Ras (SEQ ID NO: 7), Gly12Asp (SEQ ID NO:13),

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

_

__-Theparagraph beginning page 5, line 17.
t

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/GREENratios were

1.0 +/- 0.1 (mean +/- 1 standard deviation). The wells colored yellow contained no

template DNA and each wasnegative with MB-RED (ie., 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/GREENratios. Those registering negative with MB-RED werecolored

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 c-Ki-

Ras in wells C10, £11, M10, and L12 (SEQ ID NO:14), and well F21 (SEQ ID NO: 15)

were analyzed.
iS

3
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REMARKS

The Amendments

The specification has been amendedto enter a substitute sequence listing. The

substitute sequence listing includes sequences that were notpresentin the prior sequence

listing. The additional sequences are disclosed in Figures 2, 4, and 5 of the drawings.

The paragraph beginningat page 4, line 19. has been amended to disclose 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 beginningat page 5,

line 17 have each been amended to disclose the sequence identifier for each of the

wildtype or mutant ras sequences shownin Figures 4 and 5,respectively.

These amendments were not madeearlier 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 allowanceis respectfully requested.
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Date: February 20, 2002

Banner & Witcoff, Ltd.
1001 G Street, NW
Washington, DC 20001
202-508-9100
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ort

Respectfully submitted,

oxAVlep00fluffMichelie 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

DNAofcells 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 Beaconanalysis 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 presumably accounted for the

relatively low ratios. In the cases with Gly12Ser (SEQ ID NO:8) and Gly12Asp (SEO

ID NO:12), there were apparently two or more alleles of mutant c-Ki-Ras for every WT

allele (SEO ID NO: 7), both these tumors were aneuploid. Analysis of the Gly]3Asp

mutation is also shown (SEO ID NO: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-GREENas 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

Page497 of1365 |
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contained WT sequences, WT c-Ki-Ras (SEQ ID NO: 7), Gly12Asp (SEOID NO:13),

and Gly13Asp (SEOID NO: 9) were analyzed.

The paragraph beginning page5,line 17.

Fig. 5. Dig-PCR of DNA from a stool sample, The 384 wells used in the experimentare

displayed, Those colored blue contained 25 genome equivalents of DNA from normal

cells. Each ofthese registered positive with MB-RED and the RED/GREENratios 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 werecolored eitherred or green, depending

on their RED/GREENratios. Those registering negative with MB-RED were colored

white. PCR products from the indicated wells were used for automated sequence

analysis. The sequence of WT c-Ki-Res in well Ki (SEO ID NO: 7), and mutant c-Ki-

Ras in wells C10, E11, M10, and L12 (SEO ID NO:14), and well F21 (SEO ID NO; 15)

were analyzed.
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<400>

107.312.8725
SEQUENCE LISTING 

Vegelstein, Bert
Kinzler, Kenneth Ww,

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>
<21b
<212>
<213>

<400>

2
24
DNA

hono sapiens
2

- tctgaattag ctgtatcgte aagg

<210>
<21>
<212>
<213>

<400>

3
20
DNA

homo sapiens

3
tagctgtatc gtcaaggcac

<210>
<21b
<212>
<2135>

<400>

4
27
DNA .
homo sapiens

4
cacgggectg ctgaaaatga ctgcgtg

<213>

<400>

5
24
DNA

homo sapiens

5
cacgggagct ggtggcgtag cgtg
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.
107,31.ST25

~<210> 6
<211l> 24
<212> DNA
<213> homo sapiens

<400> 6
cattattttt attataagge ctge

<210> 7
<211> 12

<212> DNA .
<213> homo sapiens

<400> 7
gctggtagcg ta

<210> 8B
<2ib 12
<212> DNA
<213> homo sapiens

<400> &
gctagtggcg ta

<212> DNA .
<213> homo sapiens
<400> 9
gctggtgacg ta

<210> 10
<211> 12

<212> DNA .
<213> homo sapiens

<400> 10
gctegtggca ta

<210> 11
<21b 13
<212> DNA
<213> homo sapiens

<400> 11
gcttatggec gta

<210> 12
<211> 13
<212> DNA
<213> homo sapiens

<400> 12
gctgatggge gta

Page 500 of 1365 - - oo ~ vere ee
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‘ 107.31.57T25

-<210> 13
<21i> 12
<212> DNA
<213> homo sapiens

<400> 13
gttgatggeg ta

<210> 14
<2lb> 12
<212> DNA
<213> homo sapiens

<400> 14
gctgctggcg ta

<210> 15
<21l> 12
<212> DNA
<213> homo sapiens

<400> 15
gctggtggtg ta

co
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 Appileant(s)

VOGELSTEIN ET AL.
Art Unit

1656

Applleation No.

08/613,828
Examiner

Jaffray Slow

All participants (applicant, applicant's representative, PTO personnel):

(1) Jeffrey Siew. (3) :

(2) Michelle Holmes-Son. (4)____.

Date ofInterview: 04 March 2002 .

 

 
 interview Summary

 
 

  
 
  

Type: a) Telephonic )L] Video Conference
c\] Personal[copy given to: 1)) applicant 2)C) applicant's representative] 

  
    
 

Exhibit shown or demonstration conducted: ad)Yes e)L) No.
If Yes, brief description: 

Clalm(s) discussed: 7-64 .

{dentification of prior art discussed: .

Agreamentwith respectto the claims NZ] was reached. g)[X] was not reached. hy Nia. 

   

Substanceof Interview including description of the general nature of what was agreedto if an agreement was
reached, or any other comments: discussed newly disclosed prior art .

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would renderthe clalms
* allowable, if avallable, must be attached, Also, where no copy of the amendments that would renderthe claims

allowable is avaliable, a summary thereof must be attached.)  
  
  
  
  
 
 
 

)DI It le not necessary for applicant to provide a separate record of the substance of the interview(if boxIs
checked).

Unless the paragraph above has heen checked, THE FORMAL. WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCEOF THEINTERVIEW. (See MPEP Section 713.04). if a raply to the fast Office
action has already been filed, APPLICANT 1S GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCEOF THE INTERVIEW. See Summary of Record ofInterview requirements on
reverse side or on attached sheet.

Qui)

2402  
 
 

 
Examiner Note: You mustsign this form untessitis an
Attachmentto a signed Office action. Examiner's signature,if required  

 OS, Patan! and Trademark Offics
PTO-413 (Rav, 02+ 88) interview Summary Papat No.18.
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. Page 1 of 5

1

RECEIVED
WAR 4 4 2002 a 1637

EqH CENTER 1600/2800 ENTERED
RAW SEQUENCE. LISTING DATE: 03/01/2002
PATENT APPLICATION: US/09/613,026A TIME: 15:29:37

Input Set : Ar\107.31.8T25.txt
Output Set: Ni\CRF3\03012002\1613826a. raw

3 <110> APPLICANT: Vogelstein, Bert
4 Kinzler, Kenneth W.
6 <120> TITLE OF INVENTION: DIGITAL AMPLIFICATION
8 <130> FILE REFERENCE: 01107.00031

10 <140> CURRENT APPLICATION NUMBER: 03/613,626A

11 <141> CURRENT. FILING DATE: 2000-07-11 RECEIVED
13 <150> PRIOR APPLICATION NUMBER: US 60/146, 792
14 <151> PRIOR PILING DATE: 1999-08-02
168 <160> NUMBER OF SEQ ID Nos: 15 MAR 1 4 2002
18 <170> SOFTWARE: PatentiIn version 3.1
20 <210> 580 1D NOt | TECH CENTER ‘00/2800
21 <211> LENGTH: 26
22 <212> TYPE: DNA
23 <213> ORGANISM; hemo sapiens
25 <400> SEQUENCE: 1
26 eatgttctaa tatagtcaca ttttca 26

* 99 <210> SEQ ID NO: 2
30 <211> LENGTH: 24
31 <412> TYPE: DNA
32 <213> ORGANISM: hemo sapiens
34 <400> SEQUENCE: 2
35 tetgaattag ctgtatcgte aagg 24
38 <210> SEQ ID NO: 3 .
39 <311> LENGTH: 20
40 <212> TYPE; DNA
41 <213> ORGANISM: homo saplens
43 <400> SEQUENCE: 3
44 tagetgtate gtcaaggeac 20
47 <210> SEQ ID NO: 4
48 <211> LENGTH: 27
49 <212> TYPE: DNA
50 <213> ORGANISM: homo sapiens
52 <400> SHQUENCE: 4
53 cacgggectg ctgaaaatga ctgcgtg 27
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 cats ‘ 24
65 <210> SBQ ID NO: 6
66 <211> LENGTH: 24
67 <212> TYPE: DNA

file://CACrfS\Outhold\V6116 13826A.htm
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RAW BEQUENCE LISTING
PATENT APPLICATION: Ud/09/613,926A

Input Set + As\107.31,8725,.txt

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

Output Set: Ns\CRF3\03012002a\1613626A. raw

68 <213> ORGANISM: homo sapiens
70 <400> SEQUENCE: 6
Fl ocattattttt attataagge ctgec
74 <210> SEQ ID NO: 7
75 <211> LENGTH: 12
76 <212> TYPE: DNA
77 <213> ORGANISM: homo. sapiens
79 <400> SEQUENCE: 7
80 gctgatggeg ta
83 <210> SEQ ID NO: 8
84 <211> LENGTH: 12
85 <212> TYPE: DNA
86 <213> ORGANISM: homo sapiens
B6 <400> SEQUENCE: §
89 getagtggcg ta
92 <210> SEQ ID NO: 9
93 <211> LENGTH: 12
94 <212> TYPE: DNA
95 <213> ORGANISM: homo sapiens
97 <400> SEQUENCE: 9
98 gcetggtgacg ta
101 <210> SEQ ID NO: 10
102 <211> LENGTH: 12
103 <212> TYPE: DNA
104 <213> ORGANISM: homo
106 <400> SEQUENCE: 10
107 gcetegtggoag ta
110 <210> SEQ ID NO: 11

+ 111 <211> LENGTH: 13
112 <212> TYPE: DNA
113 <213> ORGANISM: hemo

it115 <400> SEQUENCE:

116 gettgtggee gta
119 <210> SEQ ID NO: 12
120 <311> LENGTH: 13
121 <212> TYPE: DNA
122 <213> ORGANISM:

125 gcetgatggge gta
128 <210> SEQ ID NO;

homo

124 <400> SEQUENCE: 12

129 <211> LENGTH: 12
130 <212> TYPE: DNA
131 <213> ORGANISM:

134 gotgatggeg ta
137 <210> SEQ ID NO: 14

homo
133 <400> SEQUENCE: 13

138 <211> LENGTH: 12
139 <212> TYPE: DNA
140 <213> ORGANISM: homo

sapiens

sapiens

saplens

saplena

sapiens

flet//CACre3\Outhold\Vs1l613826A.htm.
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Page 3 of 5

RAW ‘SEQUENCE LISTING DATE; 03/01/2002
PATENT APPLICATION: 06/09/613,826A TIME: 15:29:37

Input set +: Ar\107.31.9925.tzt
Output Set: Ne\CRF3\03012002\16130260. raw

142 <400> SEQUENCE: 14
143 getgctggeg ta 12 ‘
146 <210> SEQ Ip NO: 15
147 <211> LENGTH: 12
148 <212> TYPE: DNA
149 <213> ORGANISM: homo sapiens
151 <400> SEQUENCE: 15
152 getggtggtg ta 12

file://CACrf\Outhold\Vs1l613826A.htm 3/1/02
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éveohover SUMMARY
PATENT. APPLICATION:

Input Bet + Ars\107.31.9925.tzt

8/09/613, 8268
DATE: 03/01/2002

TIME: 15:29:38

Output Seti Ne\CRP3\03012002\T613026A. raw

file//CACrf3\Outhold\V'srl613826A.him
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File History Report

     

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

  
     

 

 
  

 
 | The followingpage(s) 5 of 5 ofpaper number19 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 ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthefile history. No additional information is available

PTO 1449

PTO 892

[| PTO 948
[|] Pro 1474
|] Assignment
{| gCover|

OO
 

  

Additional comments: 



Page 508 of 1365

x abtane te &en
feet zpeng eryre

reached, or any
* Ge le 

Application No. Applicant(s) _
09/643,829 .interview Summary 18 _| TAKESHITA ET ALExaminer Art Unie

aa
All participants (applicant, applicant's representative, PTO personnal):

(1) Jeffrey Siew. (3).

(2) Michelle Holmes Son. (4)

Date of Interview:179March2002.

Type: a) Telephonic )[7) Video Conference
c)(_] Personal [copy given to: 1)[] applicant 2)(-] applicant's representative]

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

Claim(s) discussed: 7:64 .

Identification of prior art discussed:

Agreementwith ragpectto the claims f) was reached. aC] was notreached. hj) N/A.

6 general nature of what was agreedto If an agreement was
ewil ao a Q or axa fe

(A fuller daseription, if necessary, and a copy of the amendments which the examiner agreed would renderthe claims
allowable,if avallable, must be attached. Also, where no copy of the amendments that would renderthe claims
allowable is avallable, a summary thereof must be attached.)

IX It le not necessary for applicant to provide a separate racord af the substance ofthe Interview(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 Ssctlon 713.04). [fa reply to the last Office
action 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 RecordofInterview requirements on
raverse side or on attached sheet.

Examiner Note: You must elgn this form untageit lp an
Attachmentto a signed Office action. Examiner's signature,if required

(6. Palentand Trademark Office ~
PTO-413 (Rav, 03- 06) Interview Surnmary Paper No. 20,
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09/673,829

Jeffrey Slew ;

Applleant(s)

TAKESHITA ET AL. ;
Art Unit

1656 .

w= The MAILING DATE of this communication appears on the cover sheet with the correspondance address
All claima being allowable, PROSECUTION ON THE MERITSIS (OR REMAINS) CLOSEDin this application, {f not included
herewlth (or previously malied), a Notice of Allowance (PTOL-86)or other appropriate communication will be mailed in dua course, THIS
NOTICE OF ALLOWABILITY I8 NOT A GRANT OF PATENT RIGHTS. This application 1s subject to withdrawal fram Issueattheinillative
of the Office or upon petition by the applicant, Sea 37 CFR 1 .313 and MPEP 1308.

4,BQThis communication Is responalve foint9/19/02.
2.BlThe allowed clalm(s)Is/are 1-64,
3,BlThe drawingsfiled on17July2000are accepted by the Examinar.
4, £] Acknowledgmentis madaof a clalm for forelgn prority under 35 U.S.C. § 118(e)-(d) or (f),

a) AN=b)[])Some* c){1 None oftha:
4. C1 Certified coples of tha priority documents have been recelved.
2. C1 Certified caples of the priority documents have been recelved In Application No, :
3, 2) Coplesofthe certified coples of the priority documents have been recelved In this national stage application from. the

International Bureau (FCT Rule 17.2(a)),

* Cartlfled copies not received:
6§.62Acknowledgmentle made of a clalm for domestic priority under 36 U.S.C, § 118(a)(to a provilonal application).

(a) [_] The transtatton of the foreign languaga provisional application haa been received,
6, ] Acknowledgmentis madeof a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Notice of Allowablilty

  
  
  
    
  
  
    
  
  
   
  
  
 

 

. 

Applicant has THREE MONTHS FROM THE "MAILING DATE”ofthis communication te fila a raply complying with the raquirements noted
below. Fallure to timely comply will result In ABANDONMENTofthis apptication. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. (2) A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-162) which gives reason(s) why the oath or daclaration is deficient, 

  

  
  
  
 
 
  

  

 

 

 8,I]CORRECTED DRAWINGS must be submitted.
(a) EJ including changes required by the Notice of Drafteperson’s Patent Drawing Review ( PTO-048)attached

1)Eg]hereto or 2) () to Papar No. .
(b) C1] inciudirig changes required by the proposed drawing correction filed , Which has been approved by the Examiner.
(c) 0) Including changes required by the attached Examiner's Amendment / CommentorIn the Office action of Paper No.

 
 

Identifying Indlcla such as the application number (eee 37 GFR 1.84(c)) should be written on the drawings In the top margin (not the back) -
pf each shest. The drawings ehoutd befiled as a eeperate paper with a tranemittel latter addreézed to the Offlelal Draftaparson.

9. [] DEPOSIT OFand/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note'the
attached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.
 

 Attachmant(s)

1(1) Notice of References Cited (PTO-802) 2] Notice ofInformal Patent Application (PTO-152)
3(WNotica of Draftperson’s Patent Drawing Review (PTO-048) 4p interview Summary (PTO-413), Paper No Ze
5C1 information Disclosure Statements (PTO-1448), Paper No. __. 6] Examiner's Amendment/Comment
70] Examiner's Comment Regarding Requirementfor Deposit ‘ 80d Examiner's Statement of Reasons for Allowance

6f Blological Material 9] Other 

 
  

   

Us. atant and Teagmnatt Chico — : ° ” ~~
FTOQ-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 statementof reasons for allowance:

Claims 33-37 are allowable, There is no priorart that 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 closestprior 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 ofthe hairpin during hybridization.

Claims 1-32 & 38-64 is allowable, Thereis no priorart that teach or suggest diluting a

nucleic acid template in a sampleto 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 onefiftieth of samples in a set comprise N molecules such that

1/N is larger thanthe ratio of selected genetic sequenceto total genetic sequences required for

the step of analyzing to determine presenceofselected genetic sequence. The closestpriorart is

Lapiduset 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 suggesta dilution.

Page 510 of 1365
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Application/Conirol Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted no later than the

paymentofthe issue fee and,to avoid processing delays, should preferably accompanythe issue

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONCLUSION

2. Any inquiry concerning this communicationorearlier communications from the |i
examiner should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and |

whose e-mail addressis Jeffrey.Siew@uspto.gov. However,the office cannot guarantee security |
through the e-mail system nor should official papers be transmitted throughthis route. The |
examiner is on flex-time schedule and-can best be reached op 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 natureorrelating to the status ofthis 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 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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    UNTEDATATES DEPANIMENTGF COMMERCEUntied States Patont aud Trademark OfflceAihfrerit, GOM MISBIONIGR Zi PAPSN EH AND TRADEM eidWrulanglah OC gudatweve apts gov

NOTICE OF ALLOWANCEAND FEE(S) DUE

 

 

22907 7590 03/24/2002

BANNER & WITCOFF _- _
1001 G STREET NW SIEW, JEFFREY
SUITE 1100 —_ pe _
WASHINGTON,DC 20001 [_ARTUNIT|_Stass-sunciass|1637 43 5-QKtHO

DATE MAILED; 03/24/2012

    FIRST NAMED INVENTOR ATTORNEY DOCKET NO|CONFIRMATION NO

9976 14,826 O71 172000 ee Flere Vogelstein ee OT1O7 00031 ” 5893

TITLE OF INVENTION:DIGITAL AMPLIFICATION

    [ronieronree[ormReape[DATO]
64 nonprovisional YES $640 $0 $640 06/24/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT,
PROSECUTION ON THE 18 CLOSED, THIS NOTICE OF ALLOWANCEIS NOT A GRANTOFPATENTRIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT.SEE 37 CFR 1.313 AND MPEP 1308,

THE ISSUE FEE AND PUBLICATIONFEE (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 38 U.S.C, 151, THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLYPAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR ANEQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVENIF 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:
ENTITYis shown as YES, verify-your current SMALL ENTITYstatua:

A. If the status is changed, pay the PUBLICATION FEE (if required)|A. Pay TOTAL FEE(S) DUE shown above,or
and twice the amountof the ISSUE FEE shown above and notify 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 ENTITYstatus before,or is now +
above, claiming SMALL ENTITY status, check the box belaw and enclose

, the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

@ Applicant claims SMALL ENTITY status.See 37 CFR 1.27,

Il. PART B - FEE(S) TRANSMITTALshould be completed and retuned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE(if required), Evenif the fee(s) have already been paid, Part B- Fee(s) Transimttal 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
completed and an extma copy af the form should be submitted,

11, Al) communications regarding this application mustgive the application number, Please direct all communications prior te issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents lssuing on applicationsfiled on or after Dec, 12, 1980 may require payment of
malntonance feos, [¢ 1a patentee's responalbliity to ensure thmely payment of maintenance fees when due.

Page 1 of 3

PTOL-83 (REV, 07-01) Appmvedfor use through 01/31/2004,
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. .a

eo"
PART B- FEE(S) TRANSMITTAL

Complete and mail this form, together with applicable fee(s), to: Box ISSUE FREAssistant Commmisatoner for Patents
Washington, D.C, 20231

  
   mre  

 
    ATCING TNETROCTIONS. This form should be used tor transmitting the ISSUW FEE ond PUBLICATION TEE Gl required), BlocksT(rough 4 should be complet

where anproprite, All further correspondence including the Patent, advance ordera and ‘notification of maintenance fees will be mailed to the current Corrcepondence nddrossindllented un pss bormoted below or ditected otherwise tn Black |, by (a) bpeclfying a new correspondence addrese; and/or (b) indienting a ecparate "FEE ADDRESS"|maintenance fee noufications,MeeaeeneeeeeerrterteyRTPIseis
CURRENT CORRESPONDENCE ADDRESS (Nate: Legibly mark-up whih-any correstlons of uss Blook 1) Note: The cerilficate of mailing below can only bs used for donicstimailings of the Poe(s) Transmittal, This certificate cannot be used for an:

22907 7590 03/24/2002 other ieoFtheeal na Bach additionut paper aueh na an pexgnmch
BANNER & WITCOFF or formal drawing, must have its own cortificale of mniling

lool Gs ETNW | hateby certify (het, thi Seats)te santai being depopiicd Ht fhSUITE 1100 United States Postal Service w th su yoIont postage lor firs elnas mad invastave for Fist class matin ay
WASHINGTON, DC 20001 envelope addressed to the Box fskuo Fes nddrevs above onsale ditindicated below,

(Depaattays dom
(Squat 
 APPLICATION NO. " ‘FIRST NAMED INVENTOR " CONFIRMATION NO

09/613,826 : 07/11/2000 Beit Vogelstein " 01107,0003] ORAS
TITLE OF INVENTION: DIGITAL AMPLIPICATION

  

     APPLN. TYPE
nonprovistanal

DATEQUETOTAL CLAIMS SMALL ENTITY PUBLICATION FEE | TOTALFEE(S)DUB |
— 64 " " Yes " $0 3640$640 06/24/21)2

EXAMINER ART UNIT CLASS-SUBCLASS

SIEW, JEFFREY 1637 435-006000

 
  

 

 
 

1, Change ofcorrespondence address or indication of "Poe Addresa* (37
CFR1.363), Use of PTO form(s) and Cuztomer Numberare recommended,
but not required,

2..Por printing on the patent front page, hat (1)
the names of up to 3 registered patent attorneys
or. agents OR, alternatively, (2) the name ofgo
single finn (having as a member a registered
altamey or agent) and the names of up to 2 a.rogistered patent attomeys or agents If aa same
is fisted, no name will be printed Ferencee oe

O Change ofcorrespondence addreas (or Change ofCorrespondenceAddress form PTO/SB/122)attached.
CO "Foe Address" indication (ar “Fee Address" Indication fonn
PTO/SB/47) attavhed  

3, ASSIGNEE NAME AND RESIDENCE DATATO BE PRINTED-ON THE PATENT (print or type)

PLEASE NOTE: Unless an agslenee fa tdentified below, no assignee data will oppcar.on the patent, Inclusion of assignes data is only, Approprinte when an axsignmtent haxibeen previously submitted to the USPTO oris betng submitted under separute cover. Completion ofthis form is NOT a substitute for filing an nssignment,
(A) NAME OF ASSIGNEE (RB) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (wil! nat be printed on the patent) Qindividual Q cotporation or otherprivate group ently 1 goverainentsaheaenerpenem

da, The foltawing fee(s) ace anclosed: 4b, Payment ofFer(s): j
Olsouc Fee DAcheckin the amount of the fea(s) is enctosed, '
O Publication Fee O Paymont by credit card. Form PT'O-2038 {s attached,

. Q TheCommissionerig hereby authorized by charge the required fee(s}, or credit any overpayment,(a
Advance Onder=HofCopros Deposit Account Number(enclose an extra Arethis form), yeverpay(AceSEEPShteeerieerecta

The COMMISSIONER OF PATENTS AND TRADEMARKSia requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously patil Issc fee tn thy
application Identified abave,
(Authonzed Signative)  

 
 
 
 

(Date)

NOTE The leaue {co and Puoncuton Fee (it wequited) will not be necepled Irom anyone
other than the oppltconl; a registered grcamey or agent, of the assignee or ather party inintoreat a8 shown by the records.of the United Starea Fatant and Trademark Office,

Mrden HOD cement is fOrm js catimaled to take 0.2 houra to compiete. Tinie will yary

depending on the needs of the individual ease, Any comments on the amount af dme requiredto gore eta this form should be sent fa the Chief Information Officer, United States Patentand Trademark Office, gynahington, .C, 20241. DO NOT. SEND PRES OR COMPLETRDFORMS TO THIS ADDRESS, SEND PRES AND THIS FORM TO: Box Issue Fee,
Agaistant Commissioner for Patenta, Washington, D.C, 20234
Under the Paperwork. Reduction Act of 1995, no persons are required to respond to a
collection of iMformation ‘antese it displays a volid OMBeontral number ,  

TRANSMIT THIS PORM WITH FEE(S)
PTOL-85 (REV, 07-01) Approved for ugo through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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    UNPTED STATO DEPARTMENT OF COMMEHOTUntied Atntas Patani and Trademark OfticeAthtawi, CRIM MEAN ER OF PARNER SND TATA ACEEWaouluayton DO wusdaweve Utptogoy

[APPLICATIONNO| ~ [ATTORNEYBOCKETNO,|CONFIRMATIONNO|NNO |
097613,828 07/11/2000 Bert Vogelstein 01107,00031 9493

~~ EXAMINER ”

 
“RIRST NAMED INVENTOR FILING DATE

42907 7590 0724/2002 crescent w=

BANNER& WITCOFE SIEW, JEFFREY
1001 G STREET NW —_— .
SUITE 1100

WASHINGTON,DC 20001 187 afDATE MAILED, 03/24/2002

Determination of Patent Term Adjustment under 35 U.S.C, 154 (b)
(application filed on ar after May 29, 2000)

The patent term adjustmentto date is 0 days. If the issue fee is paid on the date that is three monthsafter 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 adjustmentwill be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustmentis the filing date of the most recent CPA,

Applicantwill be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.gov)
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Application No.

  
 

ner Appileant(s)dupe G 09/613,829 TAKESHITA ET AL.No of Allowabll Examiner Art Unit

Jeffrey Siew 1656

= The MAILING DATE ofthis communication appears on the coversheet with ihe correspontance adidress—
All claims being allowable, PROSECUTION ON THE MERITSiS (OR REMAINS) CLOSEDIn this application. If not included
herewith (or previously melled), @ Notice of Allowance (PTOL-86) or other appropriate communication will be mailed In due course. THIS
NOTICE OF ALLOWAGBILITY IS NOT A GRANTOF PATENTRIGHTS. This application is subjact to withdrawalfrom issueat the Initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

  
 

    

  

   
  
  
  
  
  
  
  
  
  
  
  

  
     
  
  
  
  

 
  
 

   
  
 

 

41. This communication Is responsive toinf3/19/02.
2.KIThe allowed claim(s)Is/are 7-64.

3.BJThe drawings filad on 14 July 2000 are accepted by the Examiner.
4.77 Acknowledgmentis made of a claim for foraign priority under 35 U.S.C. § 418(a)-(d) or(f).

a)O] All b)L)Some* c)D) None ofthe:
1. D] Certified coptes of the priority documents have been recelved.
2. £1 Certifiad coptesof the priority documents have been recelved In Application No. .
3. [4 Coplesof the cartified coples of the priority documents have been recalved in this national stege epplication from the

International Bureau (PCT Rule 17.2(a)).

° Certifled copies not received:
5. 62 Acknowledgment Is made ofa claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

(a) [1] The transfationof the foreign languageprovisional application has been recelved.
6. £1] Acknowledgmentis made of a claim for domestic priority under 36 U.S.C. §§ 120 and/or 121.

 

. 

Applicant has THREE MONTHS FROM THE “MAILING DATE”ofthis communicationto file a reply complying with the requirements noted
below. Fallure to timely comply will rasultin ABANDONMENTofthis application. THIS THREE-MONTH PERIOD [S NOT EXTENDABLE.

7. ASUBSTITUTE OATH OR DECLARATION mustbe submitted, Nolo the attached EXAMINER'S AMENDMENTer NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration Is deficient.

8.JCORRECTED DRAWINGSmust be submitted.
(8)EE}including changes required by the Notice of Drafisperson’s Patent Drawing Review { PTO-948)attached

4) (3 herato or 2) Ml to Paper not.
(6) (1 Including changes required by the proposed drawing correction filed ___, which has bean approved by the Examiner.
(c) 01 including changes required by the attached Examiner's Amendment / Commentor In the Office action of Paper No. .

 

identifying Indicla auch as the epplicatton number(ea 37 CFR 4.64{c)) should ba written on the draveings In the top margin (rat the back)
of each aheet. The drawings ahould befiled as a separate paper with transmittal fetter addressed to the Offictal Orattaperson. 

9. 1] DEPOSIT OFand/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

  Attachment(s)

: 4) Notice of References Cited (PTO-892) 2] Notice of Informal Patent Application (PTO-{52)
: 3L3Notice of Draftperson’s Patent Drawing Review (PTO-948) 4Piintarview Summary (PTO-413), Paper No{Zsé@
: 501 Information Disclosure Statements (PTO-1449), Paper No. ____. 6] Examiners Amendment/Comment

7 Examiners Comment Regarding Requiremantfor Deposit 8fX] Examiner's Statement of Reasons for Allowance
of Blofogleal Material 9( Other

 
  

PTO-37(Rev.04-01) ‘ Notice of Allowabliity Part of Paper Nos.
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Application/Control Number: 09/613,829 Page 2
Art Unit: 1656

REASONS FOR ALLOWANCE

1. The following is an examiner’s statement of reasons for allowance:

Claims 33-37 are allowable. There is no priorart that teach or suggest a molecular beacon

probe that has a loop consisting of 16 base pairs and having a Tm of50-51C and the stem

consisting of CACG sequence. Theclosestprior 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 ofthe stem which relates to the

functioning ofthe opening and closing of the hairpin during hybridization.

Claims 1-32 & 38-64 is allowable. There is no priorart 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 determinethe first number of samples

containing the selected genetic sequence and second numberassay samples which contain a

reference genetic sequence and comparing the two numbers. Moreover, there is no priorart that

teach or suggest that one tenth or onefiftieth of samples in a set comprise N molecules such that

Y/N is larger than the ratio ofselected genetic sequenceto total genetic sequences required for-

the step of analyzing to determine presence of selected genetic sequence. Theclosest priorart is

Lapidus et al whoteach a reference and target nucleic acid amplification and concentration

determination. However, his determination ofconcentrationis within a sample and they do not

teach or suggest a dilution.

Page 517 of 1365
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1

Application/Control Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted nolater than the

paymentofthe issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled “Cormments on Statement of Reasonsfor

Allowance.”

CONCLUSION

2. Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to Jeffrey Siew whose telephone numberis (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

examineris on flex-time schedule and can best be reached on weekdaysfrom 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)-308-11 19.

Any inquiry of a general natureorrelating 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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\ t

Application/Control Number: 05/613,829 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) 308-3290 and Before Final FAX (703) 872-9306 or After Final FAX (703) 30872-9307.

Ha
March 19, 2002
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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) PTO - 948 ofpaper number 22 is/are missing

from the United States Patent and Trademark Office’s original copy of the
file history. No additional information is available 

 [-] Thefollowing checked item(s) below ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthe file history. No additional informationis available

PTO 1449

PTO 892

L] PTo948
[| Pro 1474
[]
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4° corrected Copy >
ee
  UNCED STATES DEPARTMENT OF COMMERCEUntied States Patent and Tradesnark OfficeAbhime COMMIBSIURAE GF PATENES ADH CRAURMAGHE

Wislnlen, DO g0tetwryre uEpio gov 

NOTICE OF ALLOWANCE AND FRE(S) DUE

22907 7490 03/26/2002 “ ss

BANNER & WITCOFF
1001 G STREET N W SIEW, JEFFREY .
SUITE 1100
WASHINGTON, DC 20001

(637 435-006000

DATE MAILED:03/26/2002

09/613,826 O7/172000 Bert Vogelstein 61107,00031 ORS3

TITLE OF INVENTION. DIGITAL AMPLIFICATION

[ornare—[—arenes|—svatzenarty[waver posucationre]_voracrans ou
64 $0 $640nonpravisional YES $640 66/26/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ONTHE MERITS ISCLOSED, THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWALFROM 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.SEE35 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 Tf the SMALL ENTITY is shown as NO:
ENTITYis shown as YES,verify your current SMALL ENTITYstatus:

A.If the status is changed, pay the PUBLICATION REE(if wired)|A, Pay TOTAL FEE(S) DUE shown above, orand twice the amountof the ISSUE FEE shown above notity the
United States Patent and Trademark Office ofthe change in atatua, or

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

Q Applicant claims SMALL ENTITYstatus.See 37 CFR 1.27,

Tl. PART B - FEE(S) TRANSMITTALshould be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even tf the fee{s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. Ifyou are charging the fee(s) to your deposit account, section "4b" ofPart B - Fee(s) Transmittal should be
completed and an extra copy ofthe form should be submitted,
HE. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEEunless advised to the contrary.

IMPORTANT REMINDER:Utlity patents Issuing on applications filed on orafter Bec. 12, 1980 may require paymentof
maintenancefees. Et ls patentee's responsibility to ensure timely payment of matntenance fees when due.
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PART B- FEE(S) TRANSMITTAL

 

     
    

 
 
    

Complete and mail this form, together with applicable fee(s), to: Bax ISSUE FEEAssistant Commissioner for Patents
Washington, D.C, 20231

MATTING INSTRUCTIONS. This torm shouldbeised for tansmitting the FEE ond PUBLICATION FEE(ifrequired). BlocksTthrough 4 should be completed
whereappropriate. All further correspondence including the Patent advance orders and notification ofmaintenance fees WillGe mailed to (he currentea rdfenceeddvess as
indiested un css corrected below or directed otherwise in Block 1, by (a) specifying a new corsespondence address; and/or (b) indicating a separate "FEE ADDRESS" foimai nce fee notifications,

CURRENT CORRESSONDENCE ADDRESS (Not Legibly mark-up with any earreetions o7 wed Black 1} Note: weeeee of mailing, below canary be used forrdomesticmailings of the Fee! ransmittal, This certificat t
22907 7550 03/26/2002 other decompanyingpapers, Esch ‘additonalpaper,suchas GinBestgnincnl

BANNER & WITCOFE orformal drawing, must haveits own cerificate offmaiting,

[001 G STREET N W 1 herb ify that thi Seiadie bei |SUITE 1100|here certify that this Pee{s) Transmittal is being Aepasited with thecs Postal Service with sufficient postage for fist class mail
WASHINGTON,DC 20001 enyelops addiessed to the Box Issuc Fee ad ress, above “on the "dateindicated below,

(Depenrtnrs nemo}
(Signetuc}

APPLICATION NO | FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
ON/613,826 ~ 07/11/2000 Bert Vogelstein 01 167.00031 9393

TITLE OF INVENTION: DIGITAL AMPLIFICATION

    

TOTALCLAIMS | APPLN. TYPE SMALL ENTITY ISSUE PEE PUBLICATION FEE TOTAL FEE(S) DUE
64 YES ” 80nonprovisional $640 $640 06/26/2002

aart Tecan
STEW, JEFFREY 1637 435-006000
 

    
 
 

 
  

 
}, Change ofconeapondence addreasor indication of“Fee Address” (37 2, For printing on the patent front page, list (1)gk i 63),Use o ‘© form(s) and Customer Number are recommended,|the names of up to 3 cogtstered patent atlameys 'uf nok required. or agents OR, altematively, (2) the name of 2
Change ofcomespondence address (or Change of Correspondence aingie firm (having as a member a registeredAddress form PTCUSH/I22) attached. attorney or agent) and the names of up to 2. “———_-------. gee © Indicat, registered patént attormeys o1 agents. If no name
oOEeeae(or “Eee Address” Indication form is listed, no-name will be printed. 3 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (printor type)
PLEASE NOTE: Untegs an azsi; iz identified below, no assignee data will appear on thepatent, Inclusion of assignee data is only approptlale when an assignmenthes
been previously submitted to the USPTOor is being submitted under scparate cover. Completion of this form is NOT a substitute for filing en assignment.
(A) NAME OF ASSIONEB (B) RESIDENCE:(CITY and STATE OR COUNTRY}

Please check the appropriate assignee category or categories (will not be printed on the patent) Cdindividual O corporation or other private group entity QO gavernment
4a. The following fee{s) are enclosed: 4b. PaymentofFee(s);

Qlssue Fee QA check in the amountofthe fee(s) is enclosed.
Q Publication Fee Oy Payment by credit card. Forrn PTO-2038is attached.

: , Q TheCommissioner is hereby authorized by charge the required fee(s}, or credit any overpayment, toAdvance Order-# ofCopies—___-_ Deposit Account Number » Cenclose an extra copys this form). yoverrey 
The COMMISSIONER OF PATENTS AND TRADEMARKSis requested to apply the [ssue Fee and Publication Fee (if any) or to re-apply any picviously paid tssuc for ta the
application identified above.
(Authorized Signature) (Date)

NOTE: TheTesue Fee and Publication Fee (fF required)willct beaccepted From anyoneot Bpplicant, & istered a OF a or esalgnee oT oO in
Seaeeeare the records oftreUnited Stee Pateatand Trademark Office.

ui cur Statement: 1g estimated to take0.2hourst complais. Time will vary

depending on the aeeds ofthe Individual case, Any comments on the amount oftime required
iaeagachSeaDTneFORMS TO THIS ADDRESS. SEND FEES AND. THIS FORM TO: Box Issue Fee,Assistant Commissioner for Patents, Washington, D.C. 20234
Under the Paperwork Reduction Act of 1995, no persons are fred to respond to &
edeeeeeeteae w displays valid OMBcontrol number

 
TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV. 07-01) Approved for use through 01/31/2004, OMB 0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE.United Bencas Patent and Tradomuark OfficaAdios GUMEISSTUNEE OF PAEEN GH AND TRAGERAR RS
Wrstuigtou, DC wdsalww uspto gay

 
09/613,826 07/11/2000 Bert Vogelstein OLLO7.00031 9893

2507 7550 oxasaon2

BANNER & WITCOFF SIEW, JEFFREY
1001 G STREET N W .
SUITE 1100 ES

WASHINGTON,DC 20001 a7 22)DATE MAILED:03/26/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
{application filed on or after May 29, 2000)

The patent term adjustmentto date is 0 days. If the issue fee is paid on the date that is three monthsafter 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 adjustmentis 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)

Page 3 of 3

PTOL-85 (REV. 07-01) Approved for use through 01/31/2004.
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. way time 3) PART B- FEE(S) TRANSMITTAL
Complete end ay this form, with applicable fes{o), to: Box ISSUE FEE

c) we Assistant Commlselaner for PatentsRane Washington, Be. 26231
 
   

ether correspondines Wi CE EeeeenTeaeg Fete de poube eapineicsSeatonatceehedeyeeeugandanuaerslflgwbeearnCay E ADDRESS?for
CURRENTCORRESPONDENCE ANOREGH Qluse: Laghly maarloop wht aay exarscces oy ozo Black 1) fe: The certificate f mailing below can only be uscd For domesticaot 7590 paasacon veTaee of tie Feele) Transmittal. This corificats cannotote used for any

other accompanying papers. Exchsareeetinflhyeuch es en ssalgamentBANNER & WITCOFE or formal drawing, Mudhaveits own
1001 G STREET NW

SUITE 1100|bared certythat thisFeeSeenTeoeTeWASHINGTON,DC 20001 etensiopsadraed toteon inat arecaordreactchetallines

 
eeTTT“aa Ov/12000 Best VogalstelnTITLE OF INVENTION: DIGITAL AMPLIFICATION

   

 

 

[rereccams|aeceries[tunity|_waveren|waticinoweee|voraireiayoue|vareoue|main]. mare ear ci rates | oieore  

 
    

 
 

2. For griating on the patent front pago, bet (1)
ths named Of up W 3 registered patent e¥omeys
oc agenta OR, attemstively, (2) the name of aaoteTEeeataOlanreeseumeded,
dngla fisn (raviogax a member @ registered 2, Benner & Witcoff, Li.

a euktress cSeats £5) {or Change of Cosrexpaniienes o ; ad the namednanaof op12wt5 patent anes or sgents.
Preeateaelootion(oe "Fen Adena todlextioa foan felieted60 will be printed.

3. ASSIGNEENAMI AND RESIDENCE DATA TOBE PRINTED ON THE PATENT (prim or ¢yps)
enaifled betow,ongasignes den will appear on theparent. inchalon of asalgnee data lponlyexpropriate igument basPeeaTTeedeattoed edereports coteCompletion of thu femmNOTenboatue tHingesepee

TONALIE OFASSONEE (B) RESIDENCE: (CITY on STATE OR COUNTRY)

Jehns Hopkins University Baltimore, Maryland

Oledividust Gcompocattua ot other psivete group ently Oi government 
‘a Tesblowing Bathyam encoasds 4, Paytiecs of Peafa)

3B lesue Pee QA ehosk in the emeaumt of the fea{e) ls enclosed.
O PubReailon Fes OiPaymeat by credit eard. Porm PTO-2038 in attached,
FB Advance Order~ GofCopies 10. Commisalonotenerhooey eehare ths &the regultedfeela)orqpoultay overpayment, ta

 
teinThSESSSSShit

aeieaieeAND TRADEMARKS& requested to apply the Inaua Peo and Publication Fes (Ifasy) or to re-2eply any previously paid iesuc fee to the

GS/BR/E0GR TREE OOOOH) 150793 GSTTAEE
04 Foebee 640.00| G2 PCRsse a8 B!

  
  

 

 
 

Patest a

ial Bod ba fsa U2 BG } Cdamniete, fayeEoiee otheChetislpmnmlosOfficerUntodStaanPusat
goabea.BO NOT SEND FEGB OROR COMPLETEDSeene Ob D THIS FORM TO: Hox lanue Fee,SsADDRESSD,anigu,Beeaos

Onesern,letoOMBcoatrelaumbes, to respond to 8

 

  

TRANSMIT THIS FORM WiTH FEE(S)
FIOL-83 (REV. 07-01) Approved for we through 01/31/2008, O}ME 0651-0033 US.Patent ead Trademark Offlea; U.S, DEPARTMENT OF COMMERCE

 
Page 524 of 1365



Page 525 of 1365Page 525 of 13

 04/18/02 09:14 PAX moud/oo7   

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: }
)

Bert VOGELSTEIN etal. )
} ° Group Ast Unit: 1656

Serial No. 69/613,826 y
) Bxaminer; J. Siew

Filed: July 21, 2000 } Box: AP
)

Far: DIGITAL AMPLIFICATION } Attorney Dooket No. 01107.00031

INF IN DISCLO

Assistant Coromissioner for Patents
Washington, D.C. 2023]

Sir:

Pursuant to 37 CER. § 1.56 ond in compliance with 37 CFR, § 1.97(d), Applicants

herevalih submit Porm PTO 1449 listing references for consideration in connection with the

above-identified application. A copy of cach reference is provided herewith.

Each item of information contained in the information disclosure statement was first

cited in any communication Som a foreign patent office in a counterpart foreign application

not mote then three mouths prior to thefiling of the information disclosure statement.

Recelvdram Dada? (0:10:34 Ald Eastern DayightTine]
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04/18/02 G0:i4 FAXnei Bons/o07
  

Serial No. 09/615,826

Applicants respectfully request that the Examiner consider and enter these documents

into the file ofthe above-identified application. A fee of $180.00 os sct forth in 37 CFR.§

L17(p) is enclosed herewith to ensuce consideration and entry 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,

oe pile, Airdate: January 23,2002 By: L a
Michblle L. Holmes-Son

Registration No. 47,660

BANNER & WITCOFF, LTD
100) G Street, N.W.
Eleventh Floor

Washington, D.C. 20001-4597
(202) 508-9100

-2-

Recevedom «>e213AlasDayTne
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PTOEAAIBA (10-01)
Approved a. une through 40fs1/2002. OMB 0261-0031

vsePatent ond Todaro Office: us5.;DEPARTMENTOFF COMMERCE
7 pubgtuto forform 1445470 corp Known

INFORMATION DISCLOSURESTATEMENT BY APPLICANT —————tea——
peasasia———1656

Examiner Name

Leroi|ovorapoet 7

ENE OFApplicaChad Dooument

FORE!
Foreign Patent Document

Sourlry Code" - Humnbax’ - Had Cage” ifnoon)
WO S0F1g508 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ee lo "] Da

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
Attn: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are

seven (7) sheets of formal 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. documentto the undersigned. A

duplicate of this sheet is enclosed.

.
Respectfully submitted,

Date: May 21, 2002 By: : “
Michtlle 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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In re Application of )
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Assistant Commissioner ofPatents

Washington, D.C. 20231 |
Atto: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are |
seven (7) sheets of formal 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,

Michell L. Holmes-Son
Registratien No. 47,660

Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100

Page 542 of 1365

 

“eRe , osRR! Yipee.



Page 543 of 1365Page 543 of 1365

File History Report

 

   
  [| Paper number is missing from the United States Patent

Trademark Office’s copy ofthe file History. No additional information is
available,

 

   
   [_] The following page(s) of paper number is/are missing

from the United States Patent and Trademark Office’s original copy ofthe
file history. No additional informationis available

 

 
 
   

  
 [| The following checkeditem(s) below ofpaper number

is/are missing from the United States Patent and Trademark Office’s
original copy ofthefile history. No additional informationis available

PTO 1449

PTO 892

[|] Pro 948
[] PTO 1474
|
[J

DO
 
 

  Assignment
Cover page

Additional comments:Paper #25 same as Paper #23



Page 544 of 1365

Unrrep Srares Pareny AND TraDEMarK OFFICE COMNISSIONER FOR PATENTS:
UNITED Staves ParENT AND TRADEMARK OFFICE

Wasnpioted, D.C, 20231
WAV,LEDIO.Ov

 

Fax Cover Sheet
Bate: 15 Apr2002

‘Tos Michel L Homes-Son Prom: Jefiey Siew

‘Application\Control Humber: 00619826 Art Units 1656

Feo Ws (202) 508-0200 Phone Nea 7000050806

Voice Wo. (202) 508-8100 Retum Pex Nox 703-308-4556

Res co

Turment (| orReview [_] ForGomment [| ForReply [_] Per Your Request
 

Comments

per your request

This facalmite banamission is an Official U.S. Goverment document which may contain information which Is privileged and |
Confidential, {tis intanded only for use of the raciptent named above.If you are notthe Intanded recipient, any dissemination,

|| distribution or copying of this document Is strictly prohibitad. If this documentls recetved In error, you are requested fa
/} immediataly notify the sander at the above Indicated telephone number and retum the entire document In an envelopes

Assistant Cormmissioner for Patents
Washington, DC 20231
 

Page 544 of 1365 2

 

 

 
i|
|:i



Page 545 of 1365

08/28/01 FRI 16:13 FAX 703S08 0204 ’ GP 1800 FAX KACHINE 7 moot

 

RSSMEEENSeSSSasagase
ees TX REPORT ate
SEESSESESVSSE SESS SES

TRANSHISSION OK

TX/RX NO
CONNECTION TEL 82025000280
SUBADDRESS
CONNECTION ID
ST, TIME 06/20 16:12
USAGE T 00°62
PGs. 2
RESULT OK

COMMIGEIORER PGR PATENTS
UNTeb Sarasa PATENT 4ND TraneMagik OFMeEVaervaton, 0.C, EOB2)

vimuenptogny

* 
Reaaay Sea

Aut Unie 1658

Fax Mes (202) 803-0280 RTee

Volos ble.« (202) 508-6100 ” RetaFaxMes 703-308-465

Ra Se

Jument (["] FerReview [_| FerComment [| ForReply | PerYour Request
 

Goramenisa

Peryour request a capy oftha notice io comply for offices action 4/12/01

thanks

ee
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I) addressed to:

 
COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
VAaHineron, D.C. 20231

WALUSpOgOy
 

 
Wes Ms. Holmeson Frons Jeffrey Siew

Appiication/(Contre!l Number: 09/613,826 Art Units 1656

Fex Ros (202) 508-0900 Phone Nos 703-205-3888

Volce Now (202) 502-8100 Ratum Faxes: 703-308-4556

Rez rs

Bdurgent [|_| ForReview [_] ForComment [_] ForRepty [_] Par Your Request
 

Comments:

Per your request a copy of the notice to comply foroffice action 4/12/01

thanks

: STATEMENT OF CONFIDENTIALITY
ll This facsimile transmission is en Officlal U.S, Goverment document which may contain Information which fs privileged and|

confidential. tt is intended only for use of the recipient named above. If you ere not the intended recipient, any dissemination, |
Hf distribution or copying of this documentIs strictly prohibited. if this document {s received In enor, you are requested tof
| immediately notify the sander at the above indicated telephone number and retum the entire document In an envelope : 

Assistant Commissioner for Patents
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.- \pplication No.: Oot $26ees

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS CONTAINING
NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE DISCLOSURES

Applicant mustfile the items indicated below within the time period set the Office action to which
the Notice is attached to avoid abandonmentunder 35 U.S.C. § 133 (extensions oftime may be
obtained under the provisions of 37 CFR 1.136(a)).

The nucleotide and/or amino acid 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 clearlyfalls.to comply with the requirements of 37 C.F.R, 1,821-1.625. Applicant's i
attention Is directed to the final rulemaking notice published at 55 FR 18230 (May 1, 1990), and 1114 |
OG29 (May 15, 1990). {f the effective filing date is on or after July 1, 1998, see thefinal rulemaking i
notice published at 63 FR 29620 (June 1, 1998) and 1211 OG 62 (June 23, 1998). ;

2. This application does not contain, as a separate part of the disclosure on paper copy, a “Sequence :
Listing’ as required by 37 C.F.R. 1.821(c). :

3. A copyof the “Sequence Listing’ in computer readable form has not been submitted as required by
37 C.F.R. 1.821(e).

4, A copy of the “Sequence Listing’ in computer readable form has been submitted. However, the
content of the computer readable form does not comply with the requirements of 37 C.F.R. 1.822
and/or 1.823, as indicated on the attached copy of the marked -up "Raw SequenceListing.”

[] 5, The computer readable form that has beenfiled with this application has been found to be damagedand/or unfeadabla 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. The paper copy of the “SequenceListing” is not the same as the computer readable from of the
"Sequence Listing” as required by 37 C.F.R. 1.821(¢).

[] 7. Other:

Applicant Must Provide:

Yl Aninitial or substitute computer readable form (CRF) copy of the "Sequence Listing’.

 

into the specification.

A statement that the content of the paper and computer readable copies are the same and, where
applicable, include no new matter, as required by 37 C.F.R. 1.821(8) or 1.821(f) or 1.621(g) or
4.825(b) or 1.825(d).

For questions regarding compliance to these requirements, please contact:
For Rules Interpretation, call (703) 308-4216
For CRF Submission Help, call (703) 308-4212
Patentin Software Program Support

Technical Assistance..............22:::csesceeeseseres703-287-0200
To Purchase Patentin Software...703-306-2600

I
I

. !

yl Aninital or gubstitute paper copy of the “Sequence Listing", as well as an amendmentdirecting its entry

PLEASE RETURN A COPY OF THIS NOTICE WITH YOUR REPLY
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY2/74 7. #7? PCT

 
 
  
   
 

 

 

  
  
 

[UNITED STATES OF AMERICA

To; rHOC CeBANNER ge WITCOFF, LTD GOCKE PED NOTIFICATION OF TRANSMITTAL OF
lAttn. KAGAN, Sarah A. . a THE INTERNATIONAL SEARCH REPORT
1001 G Street, N.W. JANdfbyayendeet OR THE DECLARATION

| Eleventh Floor eye TE pioA . :
iMashington, DC 20001-4597 wah ee YF (PCT Rule 44.1) |

 
 
  

 

Date of malling
(dayimonthiyea)=94/42/2001 

 
 
 

 
 

 
     

Applicant's os agent’s file reference :

01107 . 00030 FOR FURTHER ACTION Sse paregraphe 1 and4balow |
Intemetional application No. — intemallonal filing date
pex/as200
Applicant "

THE JOHNS HOPKINS UNIVERSITY et al.

 
 

  
 
 
  
 

 
 

 
 
 
 

  

  
  
 

 

1. Fal The applicant fa heraby notified thatthe Intemational Search Report has baen established and is tranemitiad herewith.
Filing of amendments and statement under Article 19;
The applicantis entitted, i he 20 wishes, to amend the claims cf the Intemational Application (gee Rule 46): 

 
 When? The tlmelimit for filing such amendments Is normally 2 months from the date of transmittat of the

Intemational Search Report, however, for more details, sae the notes on the accompanying sheet.  
Where? Directly to tha=Intemattonal Bureau of WIPO

34, chamin daa Cotombattes
1211 Geneva 20, Switzerland
Fascimita No.: (44~22) 740.14.35,

For more detailed Inatructiona, see the notes on the accompanying shaol,

 
2. LD The applicantIs hereby notified thatno Intemational Search Report will ba astabllshad and that the declaration underArttcte 17(2){a) to that effect is tanemitted herewlth. 

 3. LL] with regard to the protest against payment of (an) additional fea(s) under Rule 40.2, the applicantis notified that:
OI the protest together with the declelon thereon has been transmitiad to the Intemational Buraau logsther with theepplicant’s requast to forward the texts of both tha protest and the decision thereon to the deeignated Cifices,

CI no decision has baen mada yet anthe protest; the applicant will be notified as eoon as a decision Is made.

 4, Further section(s);

Shortly after 18 months from the priority date, the Intamational application will ba pub"shed by the intamationa! Bureau,
It the applicant wishesto avoid or postpone pubiicetion, a notice of withdrawal of the intematonal application, or of lhe
prlonty claim, must reach the Intemational Bureau as providadin Rules S0bls.1 and 90bi9.3, raspectively, bafore the
completion of the technical praparations for intamational publication.

Within 49 mentha from the priority date, a demand for intamational preliminary examination mustba filed # the applicant
wishea to postponethe antry into the national phase untit 30 monthe from the prtority date (in soma Offices even later).

Within 20 monthefrom the priory date, the applicant must perform the prescribed acts for enty Into the national phass:
before ali dasignated Offices which have nol béen elecied in the demand oFinalaterelection within 19 months from the
priority date or could not be elected bacause they are not bound by Chapter It,

Theapplicant is reminded of the fofowing: 

 

Name and mailing address of the Intemational Searching Authority|Authorized officer
| "aE" European Patent Office, P.8, 5818 Patentlaan 2

NL~2280 HV Rijswijk
@ Tal. (+91~70) 340-2040, Tk. 31 661 epo ni,  
 
 

 Catherine Humbert

Fax: (431-70) 340-3016
 

Form PCT/ISA/220 (July 1998)

Page549of1365 ce eee eee oo. .
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NOTES TO FORM PCTIBAZ20

Theze Noles are intanded to give the baala Inginuistions conceming the filing of emondmente undaz astisha 19. The
Notee are based en the tequiremerits of the Pelent Conparation Trealy, the Reguiations eid the Administrative inatructions
under thet Treaty. In ease of disorepensy between these Nolee and thoes requirements,tha latter are epplicab!e, For moro
detalled intarmatian, eee alzs the POT Appiioant’s Guide, a publontion ef WIFO,  

In thane Notes, ‘Article’, “Ruls®, and “Seetion® salarto theprovisions af the PCT,the PGT Regulations end ihe PCT
Administrative Inetructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 18

‘The applicant haa, afar having received the ltemationa asareh reper, ene opportunity to amend the clalma of the
itemmionel epplloation, it should however be emphesized thal, einoa af parta of tha Internaflonal application (olaima,
Geactiption and drawings) may be amended during the international preliminary examinalien prosedure,there i usuallyno nead to fia amandments of the claims under Arilole 19 excep! where, og. the applicant wants the latter to be publiehed
for the pusposes of provisions! profection of has another reason for amending the olaime belore intemallene! pbulicetion.
Fusthannoare, i should be emphasized that provisions! protection fs evallabls in soma Gleles anly.

 
What pests of the international eppiicsticn may be amended?

Under Artists 19, enly the clains may be amended.

During the intern@ional phesa, the olaima may elso be amanded (or kurther amended) underAsticle 34 bofare
the iniemational Pretiminary Examining Authority, The desosiption and drawings may onlybe amended under
Articla 94 before the Intemational Examining Authority.

Upon enty into the nelione! phese, el parts of tha Inlametional application may be amendad undar Article 26
os, where applicable, Article 41.

Wheat Within 2 months frem the date af tranemitiel ol the intemallonal peeroh report ar 16 manths from the paiorhy i
date, whichever lime mit expires later. It should be noted, however, thet the amendmants wit be considered I
aa heving been recsived on Eme if they are received by the Intamallonal Bureau after the expiration of tha I
appliotie time tml bul before the completion ofthe technical preparations for itamationsl publicetion /(Puta 46.1),

Where not to Hoe the emenimanis?

‘The emendments may only bo Med with the Intemational Bureau and not with the recelving Office or tha
Imemationat Searching Authority (Avis 46.2).

Where a damand for intemational preliminary examination hes been/a filed, ese below.

Haw? Ether by cencelling ene of more entire claims, by adding ona or more new olzime or hy amending the tad ofone or more oj the claire ea fied.

Areplecement sheet must be submited for each eheat of the clalma which, on ancount of an amendmenl or
emandments, differs from the sheel orginally Bled.

Al the cleira appearing on a replacaniont sheet must ba numbered in Arabic numerala, Whare a claim ipcancelled, no renumbering of the other clalwa le required. In ef oszaawhere claims are renumbered, thay muat
be renumbered consecutively (Administralive lneinustiona, Section 208{b)}.

‘The amendments must be made In the lenguege tn which the bdemational eppllcation ts to be pudlichad,

Wihet documenta mustimay accompany the amendmenia?

Letter (@ection 265(b)):
‘Tho amandments must be submitied with a letter.

‘The letterwi not be published wah the intemational application end the amended dzims, Heheuld nel ba
confused with the “Bletament under Autiole 18(1)° (eee below, under “Statement! under Article 19{1}°).

‘The letter prue’ bo bn English or French, at the choles of the epplicent, However,H the language ol the
international appleallon le Englich, the lettey muat be ln Engllah; H the language oftho Intemational epplication
Is French, the telter muet be In French.

 

    
 
"Poles toFormPCTASA220 (let shoe!) (lanusry 1594)

PageBhO@lrletSOiccancenrs 1 >a a ae ee
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"Notas to Form PGTASA220(second shoot) (January 1994)
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MOTES TO FORM PCTNSA/220 (continued)

‘The letter must indicatethe differences between ths clalma aa fled and tne claima aa amended, @ rae, in
partouler, Indwete, in connection with each clalm appoaring in the International xpplication (it being untlerstoodthat identical Indications conceming eeveral elalme may ba groupsd),whelhar

@ tho elaim ia unchanged,
(} the elelm ia canesiled,
Gi) the claim ia new;

{iv) the claim reptaces one of more claims ua filed;
{v) the claim is the reaull of the division of aclain as Aled.

‘Tha followlag exempiaa Wualrate the manner In which emendmenta mustbs oxpleined In tha
eccompanyling lettar:

1. [Where originally there wore 48 olaima and after amendment of eomeclaima ikere are 54]:
*Claims { to 20, 99, 92, 34, 55, 57 to 48 replaced by emanded claime beanng Ihe same nunibern;
eleims 30, 38 end 36 unchanged; new claima 49 to $1 added.*

2. ere originally there were 15 olaime end after amendment of all elaine thana are 11]:
iClaima ( to 18 replaced by umended claims 1 to 11."

3. [Where osginally there were 14 claime endthe amendments sonalet ln earresling acme clalme end in addingnew olalma):
"Claims 1 to 6 and 14 unchanged; olaima 7 to 13 asncalied, new claime 15, 16 and 17 added." or
"Claims 7 ta 13 cansated: new claims 15,16 and 17 added; ail other claims unchanged.”

4. ere vaiious kinds of amondmanta are mada):
jaime 1-10 unchanged; claima 11 te 19, 18 and 1@ cancelled; cleima 14, 15 and 16 replaced by amended

alaim 14; claim 17 eubdivided ino amanded clalma 15, 16 and 17; new clams 20 and 21 a: .

"Ststement under arllcla 10/1)" (Rule 4.4)

Ths emondmente may be ecsompanted by a sietement oxpleining the amendments and indioaling any impact
that euch amendments might have on the desaription and the drawings (which eannct be amended undsr
Asticte 19{1)).

‘The étatemerd will be published with tha inlemational eppliontion and the emanded claims.
it peual be In the language tn wihich the internations! eppplication ls ta be published.
Rreusi be brie! nol exoseding 600 words if in Englishor If branaleted into English.
RB ehould not be eonfusad with and dove net replace theleties indicating the differances betwean {he ctaima
ga Red and aa amended, It must be Gled on a separate sheet and musi be identified as such by a heading,
praferably by using the words "Sisternont undar Article 18(1).”
it may not conten any laparaging comments on tha Intemational seesoh report of the relevance of otationa
eoniained in that report. Reference to caations, releventto a givan claim, contained in the intometione! search
repost may be made only in comnection with an amendment of thal claim. :

Consequence tf a demend for Intemational preliminary examination has eéraady been filed
tt, af the time of Gling any amendmentn under Article 12, a damand (or international preliminary exemination
hea abeady been aubmitied, the applicant must preferably,6 Iho came bmoof fing the amendments with the
intemationa! Bureau, alzo fle m copy of such emendmente with the Intemational Pretminary Examarang
futhonty (eee Rule 62.2(e), frat conience}.

Consequence with regard to traneletion of the (riermmilanal appileation for entry lato the eatlonal phace
The eppioant’s attention is deen to ihe fact (hat, where upon entry into the nelional phese, a tranalation of the
dsima a3 amended under Article 19 may have to bs furnished to the designated/elecied Olfoze, instend of, or
in addition to,the banslation of tho elaima an filed.
Fer further dataits on tiv requirements of each designatedielsaled Cifice, ee@ VolumeIl of tha POT Applcant'aGuide,



Page 552 of 1365Page 552 of 1365

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Anicle 18 and Rules 43 and 44)
T 1 <2” aoe Nolliication of Tranemittal of Intarnalional Search Report SS

FoRa (Form PCT/ISA/220) as wall as, where appicable,liam 5 below, |
| Intemational tilng date (day/month/year)

31/07/2000

  
 

  

 
 

  
 

 
 
 
 

 [ippicanta or agentfiereference

| 01107.00030
intamational appkcation No.

PCT/US 00/ 20740
| Applicant

 
  
 

  
 

 

 
{Earllest) Priority Date (day/monih/year)

02/08/1999   

|THE JOHNS HOPKINS UNIVERSITY et al. 
This Intemational Search Report has been prepared by this {ntamational Searching Authority and Is tranemitted to the applicant
according to Article 18. A copy Ia baing tranemitted to tha intematlonal Bureau. 

 
 

  
  
  
  

   
   
 
  
 
 
  

 
  
    
  
 

 
 

‘Thio Intemational Saarch Repart consiets of a totalof__6_.eheeta.
{tis aleo accompanied by a copy of each prior art documentcited In this report,

4. Basis of the report
a. With regard to the language,the Intemational cearch was carrlad out on the basis of the Intarmational application in the

language In which it was filed, unlaas otherwise Indicated underthis item.

[21__tre international ssarch was camied out on the basis ofa tranclation of the Intemational application furnished to thisAuthority (Rute 23.1(b)).

b. With regavd to any nucleotide and/or emino acld sequence dieclosedIn tha internatlenal appfication, the International eaarch
was carrisd outontha basis of fhe sequence listing :

contained in the intamational application In waltten form.

filed togathar with the International sppiication In computer readable form.
furnished eubsequentlyto this Authority in written form.

furnished subsequently to this Authority in computer readble form.
the statementthat the subsequently furnished written eaquenceIisting does not go beyond the cisclosure in the
Intemational application as tied has been furnished.
tha statement that the information recorded In computer readable form 1g Identical to the written sequence Ilstng has beenfurnished

Certain cleime were found unsearcheble (See Box |).

Unlty of Invention [s lacking (ese Box 1).

OOOOOOO
. With regard to the titte,

tne text Is approved as eubmitisd by tha applicant.

[_]_the texthas heenestablished bythis Authority to read as followe:

 

. With regard to the abstract,
tha text Is approved as Submitisd by the applicant,
the text has been established, according to Rule 38.2(b), by this Authority as It appears in BoxIll. Tha appicant may,
within ona month itom the date of mailing of Ihis Intemational search report, submit comments to this Authority.

 

&. ‘Thefigure of tha drawings © ba published with the abstract is Figure No. ee
oO as suggested by the applicant. [x] None ofthe figures.
DO bacause tha applicant falted to suggesta figure.
_]__bacause tls figure better charactarizea the Invention.

Form POTISA/210 (first sheet) (July 1898)
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INTERNATIONAL SEARCH REPORT inemedional Application No

PCT/US 00/20740    

Ffyper MATTER68

According toInternat!Intemational Patent Cleasificallon (IPC)ortortobothboth national clesaliicaien and IPC

: FIELDS SEARCHED ;inimurn documentalion Baarched (Glaselfication pystam fofawed ‘by classification symbols)
TPC 7=€12Q

  

 
 
 

  
 

 

cuinaniallon saerched olhar than minimum documentation fo tha awiant that such documents are included In the aids eaarchact 
Ba

 

 

 

 

Electronic data basa consulted during international search (name of data basa and, where prectical, search terms used)

EPO-Internal, WPI Data, PAJ, BIOSIS, CHEM ABS Data, EMBASE, MEDLINE, SCISEARCH
 
 

 

 
  
  
  
  
  
  
  
  
  

 

 
 
 

C, DOCUMENTS CONSIDERED TO BE RELEVANT . ;
Cltation of document, with Indcallon, where appropriate, of the relevani passages

VET JACQUELINE AMET AL: "Multiplex

detection of four pathogenic retroviruses
using molecular beacons."
PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES,
vol. 96, na. 11, 25 May 1999 (1999-05-25),
pages 6394-6399, XP002145609
May 25, 1999
ISSN: 0027-8424
the whole document

kK] Patent famay members era hsted In annex.  
  
  
  
  
  
    

 

EI Furlher docurnante ere listed In ine conlinuation ol box C.
° ied cat ‘las of cited documanis +

Sper legorl 3 "T* tator document pubsetied aftr the intemationel flag datsG2i¢ and notin confitcl wih tha eppfication bul
*A" documant défining ihe general state of Ihe ani which is notSeared te ot parbcular levance cedadtoundaratand the principle or theory underlyng the
*E* garter document bul published on or aflerthe Intamabonal 1 douamont 6f particularrelevance;tha claimed invantion

fading data cannot be coneidsrad noval or cannat ba Ted to
“Lr Socumenthich may throwdoubtsonon priory, cleien{e)or Involvean inventive elep when Ihe document is taken alongwhichfs ced to aeia publica’ 2 ofana "document of particular relevance; tha calmed In

tation oF other epectal reason (ae Bpacsied) canmot ba oonsidsred (e ewvelvaah valve etapwhon the
*O? document rafarring to en oral disclosure, use, exhipilon or document is combined with one oF more olher such docu-

other means ments, such combinailon belng obvious 10 a person skied
*P* document published prior to the Intemational filing date but inihe ant.

Isiorthen the pnorhy date claimed "&° document member of Ine eame patent famy

 

  
  

 

 Dals of the ectual completion of Ihe Internailonal search Date of mating of the international search report

21/12/2001
Authorized etficer

10 December 2001

Nama end mafing address of tha ISA "
European Palent O(a, P.B, 5816 Patenttaan 2
NL + 2260 HV Rijavijk

Fel. (231-70) 340-2040, Tx 31 651 epo ni,
Fea: (431-70) HO-3016

  
  

 
 

 

 

Gabriels, d

FonPGTASA/210 (escand chest) [July 1602)

page 1 of 3
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INTERNATIONAL SEARCH REPORT

G.{Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT

aayy°| Ghationof document, wih indicallon.where eppropials, of herelsvantpaseagas ==

  
 
 
 

         

PIATEK ANY S ET AL:

resistance in Mycobacterium tuberculosis.*
NATURE BIOTECHNOLOGY,
vol. 16, no. 4, Apri) 1998 (1998-04),
pages 359-363, P000891876
ISSN: 1087-0156

the whole document

TYAGI SANJAY ET AL: “Multicolor molecular

“Molecular beacon
sequence analysis for detecting drug

beacons for allele discrimination. “
NATURE BIOTECHNOLOGY,
vol. 16, no. 1, January 1998 (1998-01),
pages 49-53, XP002143901
ISSN: 1087-0156

the whole document

TYAGI SANJAY ET AL: "Holecular beacons:
Probes that fluoresce upon hybridization."
NATURE BIOTECHNOLOGY,
vol. 14, no. 3, 1996, pages 303-308,
XP002914999
ISSN: 1087-0156
the whole document

WO 99 13113 A (KRAMER FREO R ;ALLAND DAVID
(US); PIATEK AMY (US); TYAGI SANJAY (U)
18 March 1999 (1999-03-18)

1-14; example 2

HALFORD WILLIAM P ET AL: "The inherent

page 7, line 32 -page 9, line 3; claims

quantitative capacity of the reverse
transcription-polymerase chain reaction.”
ANALYTICAL BIOCHEMISTRY,
vol. 266, no. 2,
15 January 1999 (1999-01-15), pages
181-191, XP000791527
ISSN: 0003-2697
the whole document

EP 0 643 140 A (CANON KK)
15 March 1995 (1995-03-15
page 1-3

itemettona’ Appilcstion No

PCT/US 00/20740

 

 
 

 

 

  
 

 
Relevantto clam No,

1-13,
15-19,
21-24,
26,27,
30,32,
38-45,
47-51,
53-56,
58,59,
62,64

 
 
 

  
 

 
 
 
  

 
  

  

 
 
 
 

 

 
 

 
 

1-13,
15-19,
21-24,
26,27,
30,32,
38-45,
47-51,
53-56,
58,59,
62,64

 
 

  
 

 
  

 
  

    
 
 

 
 
 
 
  
  
 
 

 
 

 

 

  
 

1-19,
21-23,
30,
38-51,
53-55, 62

  
  
 
 

 
 

 
 
 

 
 

1-19,
21-23,
30,
38-51,
53-55, 62

  
 
 

 
 

 
 

1-12,
38-44
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INTERNATIONAL SEARCH REPORT Internationst Application No

PCT/US 00/20740  
 

 
  

 
 GiGentinustion) OOCUMENTS CONSIDERED 10 GE RELEVANT

Gialion of dacumant, win indication,wheve appropiate, of (he relavant passages =O Relevantto clelm No.
       

WO 95 13399 A (NEW YORK HEALTH RES INST) 33-37
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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
from a coincident disruption of 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: 399-402 (1995). The
loss of the ape 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 numberof cells within
a tissue have undergone transformation. Genetic changes
characteristic of genomic instability theoretically can serve
as markersfor the early stages of, for example, colon cancer,
and can be detected in DNAisolated 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. Duffy, 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
(i.e., 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 tumorcells 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
DNAinto the lumenof 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
precancerouscells 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 scrum.

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 maybe effectively treated by surgical removal of the
cancerous tissue. Surgical removal of early-stage colon
canccris usually sucecssful because 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 survivalrate.

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 aller 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
methodsare not practical for screening large segments of the
population. See, e.g., Blum, Europ. J. Cancer, 31A:
1369-1372 (1995).

Therefore, there is a need in the art for simple and efficient
non-invasive methods for reliable large-scale screening to
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 transtormed 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 precancercells in a biological sample
containing a majority of “normal” DNA.A preferred use of
the methodsis 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 shedinto the colonat 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 characterisuic of 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 DNAorits 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 of molecules
with a reference number to determine whether any differ-
ence between the two numbersis statistically significant, a
statistically significant difference being indicative of loss of
heterozygosity involving a genomic region comprising the
target sequence. A useful reference numberis the numberof
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 sequencesare
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 (numberof copies) of a genetic region ofinterest in
a sample (i.e. including a gene or genes, the mutation of
which is known or suspected to 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 oormally 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
maternalallele is compared to an enumerative amountof the
corresponding region on a paternal allele. A statistically-
significant difference between the two amounts is indicative
of genomic instability.

In a preterred 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. Thefirst 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 numberof 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 methodsof the invention
is selected from the group consisting of *°P, **P, *°S, °H,
4251 and “*C. The numberoffirst and second radionucle-
otides may be determined by counting. Methods of the
invention are especially useful for 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
includingall or part of human chromosome 18q have been
associated with the development of cancer. According to the
invention, a reduction in the number of cells in a sample
having an intact 18q region is determined by comparing the
numberof a portion of the 18q region detected in the sample
to the numberof 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-
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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 matcrials from cells 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 folds 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
DNAare 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 sample, including tissuc and body fluid samples.
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 embodimentthe 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 embodimentthe size difference 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 from, for example, a55 3°P
33p, 3H, 1*°I and “4C. Thefirst and second oligonucleotides
are then distinguished by different characteristic emission
spectra. The numberof radioactive decay events is measured
for each oligonucleotide without separating the two oligo-
nucleotides from each other.

Methods of the invention are especially useful 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
probeto 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 numberof duplexes formed with each of the
first and second probes is then detected and counted. The
presence ofa 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, for 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
each 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 meansthat 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 followcd by polypectomy, surgery, or other
treatment to remove cancerous or precanceroustissue.

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 of 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 OP TITE DRAWINGS

FIG. 1 depicts differential primer extension as exempli-
fied below.

FIGS. 2A and 2B are model Gaussian distributions show-

ing regions of low statistical probability.

FIG. 3 is graph showing the probable values of N for a
heterogeneous population of cells in which 1% of the cells
are mutated.

DETAILED DESCRIPTION OF THE
INVENTION

Methodsaccordingto the present invention are useful for
the detection of loss of heterozygosity in a heterogeneous
cellular sample in whichthe loss of heterozygosily occurs 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 unknownatthe 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 hetcrozygosity in a small number of cclls in an
impure cellular population because such methods do notrely
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-
lion comprise counting a number of molecules of a target
nucleic acid suspected of being deleted and comparing it to
a reference number. In a preferred embodimentthe 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 atleast 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 ofat 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 deletion characteristic of loss of hetcrozygosity.
Often, as in the case of certain forms of cancer, disease-
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 amountof a genomic polynucle-
otide segmentthat 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 ofcells 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 different 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 amountoftarget is greater than the detected amount
of the reference gene byastatistically-significant margin.

Methodsaccording to the art generally require the use of
numerousprobes,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 to be stable and those thal 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 canceris indicated by the presence of
a mutation in a genetic region known or suspected to be
involved in oncogenesis. Patients whoare 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 Poissondistribution. 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 whichis
incorporated by reterence herein. An exemplary methodis 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
gcencs that must be obtained in order to reach 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 reference and target 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 (ic. 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 measurementts 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%Nis set equal to 3.72 sigma. Since
sigma(the standard deviation) is equal to VN, the equation
maybe solved for N as 553,536. This meansthatif the lower
of the two oumbers representing reference and target is at
least 553,536 andif 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 minimumNrequired for 99% sensitivity
a similar analysis is performed. This time, one-tailed Gaus-
sian distribuuion 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 meansare a total of 1%
different and if there must be a 0.5% difference between the

numberof 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
shownin 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 orderto 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 orderto determinestatistical significance and
the foregoing represents one suchtest.

Based upon the foregoing explanation, the skilled artisan
appreciates that methodsof the invention are useful to detect
mutations in a subpopulation of a polynucleotides in any
biological sample. For example, methods disclosed herein
may be usedto detectallelic 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 substitution mutation causative of 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 oumber of a target polynucleotide koown or
suspected to be mutated to a number of a reference poly-
nucleotide knownor suspected not to be mutated. In addition
to the alternative embodimentsusing 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 knownor suspected to be mutated. Exemplary
detection means of the invention comprise determining
whethera difference exists between the number of counts of

cach nucleic acid being measured. The presence of a
statistically-significant difference is indicative that a muta-
tion has occurred in oneof the nucleic acids being measured.
I. 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., al 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 preterably 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
retaincd while urine is allowed to pass through the mesh or
screen and into the toilet. The receptacle may additionally
comprise means for homogenizing, voided stool. Moreover,
the receptacle may comprise meansfor 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 entire circumference of the central opening is a
means for capturing voided stool. The means for capturing
voided stool maybe 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-
nials for homogenization are generally knownin theart. See,
e.g., U.S. Pat. No. 4,101,279. Thus, particular homogeniza-
ion metheds maybe 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
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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 regionfor p53 is reported as GenBankAccession 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 deletion is exemplary 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 mayoptionally
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. ‘Vhe size of nucleic
acid fragments producedis 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 near the p53 gence.
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 probeto 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 allele. For exemplification, detection 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 asaffinity 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 to
the sequence to be isolated away from the sample. Conven-
tional column chromatographyis appropriate for isolation of
complement. Ao 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 reference 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 X1is 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 the likclihood of loss of hctcrozygosity.
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 embodimentthe 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
extension, after cxposing the oligonuclcotide to the sample
under conditions to promote specific hybridization of the
oligonucleotide with the target nucleic acid. In a preferred
embodimentthe 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



Page 570 of 1365

5,928,870
13

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 protein) are
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 knownin theart. 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
isolope associated with the target is different from the
isotope associated with the receptor. Ditferent isotopes use-
ful to radio-label nucleotides include 35S, 3*P, 7°P, 1751, 3H,
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 twodifferentially 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 cfficicncics 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
molecular weight molecule 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.ohn Wiley & Sons, Inc., 1995); Wu Recombinant
DNA Methodology II, (Academic Press, 1995).

Also in a preferred embodimentthe 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 primerare 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 polymorphicsite. 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 allele 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-knownin 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
detected scparatcly for p53 hybrids and reference allcle
hybrids. Standards may be usedto 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 amountof the reference allele detected greater than
a 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 allowsa clinician to
recommend further treatment, such as endoscopy
procedures, in order to further diagnose and, if necessary,
treat the patient’s condition. The following examplesillus-
trate methods of the invention that allow direct quantifica-
tion of hybridization events.

What is claimed is:

1. Amethodfor 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;

e) determining a number Y of radioactive decay events
associated with said second radionucleotide;

f) determining whethera difference cxists 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 method of claim 4 whercin said number X is
correlated with a number X1 of molecules of said first

nucleic acid, and said numberY 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, 125I 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) isolating radionucleotides specifically bound to first
target nucleic acid molecules;

c) 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 numberof radioactive decay events.

13. A method 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;

c) 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 maternal allele and a paternalallele 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;

c) 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 numberis 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.

* a * * *
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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
USS. application Ser. No. 10/828,295filedApr. 21, 2004, now
abandoned, which is a division of U.S. application Ser. No.
09/981,356 filed Oct. 12, 2001, now USS. Pat. No. 6,753,147,
whichis 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 disclosureofall priority
applications is expressly incorporated herein.

The U.S. governmentretainscertain 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
NationalInstitutes of Health.

TECHNICAL FIELD OF THE INVENTION

This inventionis related to diagnostic genetic analyses. In
particularit relates to detection of genetic changes and gene
expression.

BACKGROUNDOF THE INVENTION

In classical genetics, only mutationsofthe germ-line were
considered important for understanding disease. With the
realization that somatic mutations are the primary cause of
cancer, and mayalso play a role in aging, new genetic prin-
ciples have arisen. These discoveries have provided a wealth
of new opportunities for patient managementas 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 ofpatients with cancers ofthe
bladder, colorectum, and lung, respectively. Such detection
has been shown in somecasesto be possible at a stage when
the primary tumorsare still curable and the patients asymp-
tomatic. Mutant sequences from the DNAofneoplasticcells
have also been found in the blood of cancer patients. The
detection of residual disease in lymph nodesor surgical mar-
gins maybe usefulin predicting which patients might benefit
most from further therapy. From a basic research standpoint,
analysis ofthe early effects of carcinogensis often dependent
on the ability to detect small populations of mutantcells.

Because ofthe importanceofthis issue in so manysettings,
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 minorproportion ofthe cells analyzed,
but the signal to noise ratio distinguishing mutant and wild-
type (WT) templates is variable. The use of mutant-specific
primersor the digestion of polymerase chain reaction (PCR)
products with specific restriction endonucleases are
extremely sensitive methodsfor detecting such mutations, but
it is difficult to quantitate the fraction ofmutant molecules in
the starting population with these techniques. Other innova-
tive approachesfor the detection of somatic mutations have
been reviewed. A general problem with these methodsis that
itis difficult or impossible to independently confirm theexist-
ence of any mutationsthat are identified.

Thusthere is a need in the art for methods for accurately
and quantitatively detecting genetic sequences in mixed
populations of sequences.
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SUMMARYOF THE INVENTION

It is an object of the present invention to provide methods
for determining the presence ofa 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 ofthe inven-
tion.

These and other objects of the invention are achieved by
providing a methodfor determiningthe presenceofa 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 samplesofthe
set. The amplified molecules in the assay samples ofthe 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 comparedto the
second numberto ascertain a ratio which reflects the compo-
sition of the biological sample.

Another embodimentofthe invention is a methodfor deter-

mining the ratio ofa 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 ofthe set are analyzed to determinea first number of
assay samples which contain the selected genetic sequence
and a second numberof 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 theratio of selected genetic sequences
to total genetic sequences required to determine the presence
of the selected genetic sequence. Thefirst number is com-
pared to the second numberto ascertain a ratio whichreflects
the composition of the biological sample.

According to another embodiment of the invention, a
molecular beacon probeis 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 agentatthe
opposite 5' or 3' end. The loop consists of 16 base pairs which
has a T,, of 50-51 C. The stem consists of 4 base pairs having
a sequence 5'-CACG-3".

A second type of molecular beacon probeis 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 agentat 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 embodimentprovides the two types of molecular
beaconprobes,either mixed togetheror provided in a divided
container as a kit.

The invention thus providestheart 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 twosteps involved: PCR on diluted DNA
samples is followed by addition of fluorescent probes which
discriminate between WT and mutantalleles 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
Dabcy] 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 DNAfrom 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, whetherit is WT or mutantat the
queried codons. MB-GREENis a Molecular Beacon which
preferentially detects the WT PCRproduct.

FIG.2. Discrimination between WTand mutant PCRprod-
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 ID NO: 11) and
Gly12Arg (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 morealleles of mutant c-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).

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
ofcycles required for Dig-PCRdidnot affect the fluorescence
analysis. M1 and M2 are molecular weight markers used to
determinethe size of fragments indicated onthe left (in base
pairs).

FIG. 4. Discriminating WT from mutant PCR products
obtained in Dig-PCR. RED/GREENratios were determined
from the fluorescence of MB-RED and MB-GREENas
described in Materials and Methods. The wells shownare the

same as thoseillustrated in FIG. 3. The sequences of PCR
products from the indicated wells were determined as
described in Materials and Methods. The wells with RED/

GREENratios >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), Gly12Asp (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-REDandthe
RED/GREEN ratios were 1.0+/-0.1 (mean+/-1 standard
deviation). The wells colored yellow contained no template
DNAandeach was negative with MB-RED(..e., fluorescence
<3500 fluorescence units.). The other wells contained diluted
DNA from the stool sample. Those registering as positive
with MB-REDwere coloredeither red or green, depending on
their RED/GREENratios. Those registering negative with
MB-REDwerecolored 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 whichis 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
makesthem trivial to distinguish throughexisting techniques.

The method requires analyzing a large numberofamplified
products simply and reliably. Techniques for such assess-
ments were developed, with the output providing a digital
readoutofthe fraction ofmutantalleles in the analyzed popu-
lation.

The biological sample is diluted to a point at which a
practically usable number ofthe 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 o ofthe
diluted samples have a detectable proportion of analyte. At
least Yio, Y%, Mo, %, %, %, “Ao, 4, or “o 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 hundredorless than ten template
molecules.

Digital amplification can be used to detect mutations
presentatrelatively low levels in the samplesto be analyzed.
The limit of detection is defined by the numberofwells that
can be analyzed andthe 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 underour conditions
was 1.1%, 1.e., four out of 351 PCR products derived from
WT DNAsequence appearedto contain a mutation by RED/
GREENratio criteria. However, any individual mutation
(such as a G to T transversionat 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/GREENratios). 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 unequivocalvalidation 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 beprecisely
determined through performanceofDigital Amplification on
DNAtemplates from normalcells.

Digital Amplification is as easily applied to RT-PCRprod-
ucts generated from RNA templates asit 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 referencetran-
script and a second photoluminescentprobe usedfor the test
transcript. The numberofwells in which thetest transcript is
amplified divided by the number of wells in which therefer-
encetranscript 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 tworelatively commonalleles or transcripts
rather than the detection of rare alleles, techniques such as
those employing TaqMan and real time PCR provide an
excellent alternative to use ofmolecular 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.)

TABLE1
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requiring the investigation of individualalleles, 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. Either
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 mustdilute such that a significant
numberofdiluted assay samples contain more than 20% of
analyte. If the analysis method being used requires 100%
analyte to detect, then dilution downto 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 numberofsamples to get meaningfulresults. Preferably
at least ten diluted assay samples are amplified and analyzed.
Morepreferably 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. Thusit is preferredthatthe steps of amplifying
and analyzing are performed in the samereceptacle. This
makes the methodan insitu, or “one-pot” method.

The numberof 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 tumorcells. 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-
mosomaltranslocations whichare characteristic ofleukemias

or lymphomascan be detected as a measureoftheefficacy of

Potential Applications of Dig-PCR.

Application Example Probe 1 Detects:

Base substitution Cancer gene mutationsin stool, mutant or WT
mutations blood, lymph nodes alleles
Chromosomal Residual leukemiacells after therapy normal or
translocations (DNA or RNA) translocated

alleles
Gene Determine presence or extent of sequence within
amplifications amplification amplicon

Alternatively Determine fraction ofalternatively minor exons
spliced products spliced transcripts from same gene

(RNA)
Changes in gene Determinerelative levels of first transcript
expression expression of two genes (RNA)
Allelic Twodifferent mutantalleles vs. both first mutation

mutations in sameallele
Quantitative analysis with non-
polymorphic markers

discrimination
Allelic Imbalance marker sequence

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
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Probe 2 Detects:

WTPCRproducts

translocated allele

sequence from another
part of same
chromosome arm
common exons

reference transcript

second mutation

marker from another
chromosome

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 oneallele 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 asthe starting mate-

rial for the analyses may be from anytissue or body sample
from which DNA or mRNAcanbeisolated. Preferred sources

include stool, blood, and lymph nodes. Preferably the bio-
logical sampleis 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. Photoluminescenceis any process in which a materialis
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. Photoluminescencealso includes phos-
phorescence which denotes emission accompanying descent
from an excited triplet or singlet state to a lower state of
different multiplicity, 1-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 termsof signal
transduction. Quenching maybe transducedas changesin the
intensity of photoluminescence or as changesin theratio of
photoluminescenceintensities 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. Theparticular ratiometric methods for
the analysis of quenching in the instant examples should not
be construedas limiting the invention to any particular form
of signal transduction. Ratiometric measurements of photo-
luminescence intensity can include the measurement of
changes in intensity, photoluminescencelifetimes, 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 TaqMan™
(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
intendedto limit the scope ofthe invention.

Example 1

Step 1: PCR amplifications. The optimal conditions for
PCRdescribed in this section were determined by varying the
parameters described in the Results. PCR was performedin 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,
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 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 halfthe 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
Thermalcyclerat 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: Fluorescenceanalysis. 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. Theplates
were centrifuged for 20 seconds at 6000 g and fluorescence
read at excitation/emission wavelengths of 485 nm/530 nm
for MB-GREENand 530 nm/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 backgroundand the remainderfrom the
MBprobes. The plates were then placed in a thermalcycler
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 measuredas 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/
GREENratios were defined as the specific fluorescence of
MB-RED divided by that of MB-GREEN. RED/GREEN
ratios were normalizedto the ratio exhibited by the positive
controls (25 genome equivalents of DNA from normalcells,
as defined in Materials and Methods). We found that the
ability ofMB probesto discriminate between WT and mutant
sequences under our conditions could not be reliably deter-
mined from experiments in which they weretested by hybrid-
ization to relatively short complementary single strandedoli-
gonucleotides, and that actual PCR products had to be used
for validation.

Example 3

Oligonucleotides and DNA sequencing. Primer FI:
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-Dabcyl-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 therel-
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 5'-CATTATTTTTATTATAAGGCCTGC-3'
(SEQ ID NO:6). Sequencing was performed using fluores-
cently-labeled ABI Big Dye terminators and an AB] 377
automated sequencer.

Example 4

Principles underlying experiment. The experimentis out-
lined in FIG. 1A.First, the DNA is diluted into multiwell
plates so thatthere 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 PCRproducts“in situ”(Le., 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
(Dabcy])at the 3' end (FIG. 1B). The degree of quenching via
fluorescence energy resonance transfer is inversely propor-
tional to the 6” power of the distance between the Dabcyl
group andthe fluorescent dye. After heating and cooling, MB
probes reform a stem-loop structure which quenchesthe fluo-
rescent signal from the dye. Ifa PCR product whose sequence
is complementary to the loop sequenceis 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
MBprobes, each labeled with a different fluorophore, are
used to detect the PCR products. MB-GREENhasa 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 ofit to the MB probe. MB-
REDhasa loop region that is complementary to a different
portion of the PCRproduct, 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 MBprobesare used together
to simultaneously detect the presence of a PCR product and
its mutationalstatus.
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 oneset 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
numberof cycles used was high and excessive compared to
the numberofcycles 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 numberofcycles ensuredthat every well (not simply the
average well) would generate a substantial and roughly equal
amount of PCR productif a template molecule were present
within it.

The secondstep in FIG. 1A involvesthe detection of these
PCR products. It was necessary to considerably modify the
standard MBprobeapproach in orderfor it to function effi-
ciently in Digital Amplification applications. Theoretically,
one separate MB probe could be usedto 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. Thoughthis strategy could
obviously be used effectively in somesituations, 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 exploredhere, 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 ofsuch a large number ofMB 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 sequencesbetter 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 from4to 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-GREENprobe), we
foundthat 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-REDprobes, the same stem, with a 19-20 bp
loop of Tm 54-56°, proved optimal. The differences in the
loop sizes and melting temperatures between MB-GREEN
and MB-REDprobesreflected the fact that only the GREEN
probe is designed to discriminate between closely related
sequences, with a shorter region of homologyfacilitating
such discrimination.

Examples ofthe ratios obtainedin replicate wells contain-
ing DNA templates from colorectal tumor cells with muta-
tions ofc-Ki-Ras are shownin 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 ofRED/GREENfluorescencethat were significantly in
excess ofthe ratio obtained with DNA from normalcells (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/GREENratios 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-Rasallele per every two WT c-Ki-Rasallele
yielded a RED/GREENratio of 1.5 (Gly12Arg mutation)
while the cells containing three mutant c-Ki-Rasalleles per
WTallele exhibited a ratio of 3.4 (Gly12Asp). These data
suggested that wells containing only mutant alleles (90 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 probesafter 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 requirementfor 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-
tion were performedin the presence ofthe 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 fluorescenceval-
ues obtained are shown in FIG. 3. There wasa 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 valuesless
than 3500 SFU.Gel electrophoreses of 127 such wells dem-
onstrated that all positive wells, but no negative wells, con-
tained PCRproductsofthe expected size (FIG. 3). The RED/
GREENfluorescenceratios ofthe positive wells are shown in
FIG. 4. Again, a biphasic distribution was observed. In the
experiment with the tumorcontaining a Gly12Asp mutation,
64%of the positive wells exhibited RED/GREENratios in
excess of 3.0 while the other 36% ofthe positive wells exhib-
ited ratios ranging from 0.8 to 1.1. In the case of the tumor
with the Gly13Asp mutation, 54% ofthe positive wells exhib-
ited RED/GREENratios >3.0 while the other positive wells
yielded ratios ranging from 0.9 to 1.1. The PCR products

 

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
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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
foundto 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 confirmedthat the amplification products were usu-
ally derived from single template molecules. The ratios ofWT
to mutant PCR products determined from the Digital Ampli-
fication assay was also consistent with the fraction ofmutant
alleles inferred from direct sequence analysis of genomic
DNA from the two tumorlines (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
experimentis 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.
Aspositive 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
PCRproducts (mean+/-s.d. of 47,000+/-18,000 SFU) while
the other 186 wells did not (2600+/-1500 SFU). The RED/
GREENratios 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 sequenceofthree ofthese
PCRproducts revealed Gly12Ala mutations (GGT to GCTat
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 PCRerror 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% (02) of the c-Ki-
Rasalleles present in this stool sample contained a Gly12Ala
mutation. The mutantalleles in the stool presumably arose
from the colorectal cancerofthe patient,as direct sequencing
of PCR products generated from DNA ofthe cancerrevealed
the identical Gly12Ala mutation (not shown).

26



Page 589 of 1365

13

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 2

tetgaattag ctgtategtc 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

cacgggectg ctgaaaatga ctgegtg

<210> SEQ ID NO 5
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 5

cacgggagct ggtggcgtag egtg

<210> SEQ ID NO 6
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6

cattattttt attataagge ctge

<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

gectagtggeg ta

<210> SEQ ID NO 9
<211> LENGTH: 12
<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9

getggtgacg ta

<210> SEQ ID NO 10
<211> LENGTH: 12
<212> TYPE: DNA
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-continued

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

getcegtggeg ta

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

SEQ ID NO 11
LENGTH: 13
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 11

gettgtggee gta

<210> SEQ ID NO 12
<211> LENGTH: 13
<212> TYPE: DNA

<213> 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

getgatggceg ta

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

SEQ ID NO 14
LENGTH: 12
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 14

getgctggeg ta

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

SEQ ID NO 15
LENGTH: 12
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 15

gctggtggtg ta

The invention claimedis: 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 ofassay samples to forma population ofampli-
fied molecules in each of the assay samples oftheset,
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 numberofassay 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;
comparingthefirst number to the second numberto ascer-

tain an allelic imbalancein the biological sample; and
identifying an allelic imbalancein 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 ofclaim 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 ofthefirst allelic form ofthe 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 ofassay samples are homogeneoussuch thatthefirst
numberof assay samples do not contain the secondallelic
form of the marker and the second numberof assay samples
do not contain thefirst allelic form of the marker.

7. The method ofclaim 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 numberofassay samples which contain a second
allelic form of the marker;

comparingthefirst number of assay samples to the second
numberof assay samples to ascertain an allelic imbal-
ance betweenthefirst allelic form and the second allelic

form in the biological sample.
9. The method ofclaim 8 wherein the sample is from blood.
10. The method ofclaim 1 or 8 wherein between 0.1 and 0.6

of the assay samples yield an amplification product.
11. The method ofclaim 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 ofthefirst allelic form ofthe marker.

17. The methodofclaim 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 ofclaim 8 wherein the amplified molecules
in each of the assay samples within the first and second
numbers ofassay samples are homogeneoussuch thatthefirst
numberof assay samples do not contain the secondallelic
form of the marker and the second numberof assay samples
do not contain thefirst allelic form of the marker.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )

Bert VOGELSTEIN etal. Examiner: WOOLWINE, Samuel C.

Serial No. 13/071,105
) Group Art Unit: 1637

Filed: March 24, 2011 Confirmation No. 3361

For: DIGITAL AMPLIFICATION Atty. Dkt. No. 001107.00866

RESPONSE TO OFFICE ACITON

Commissioner ofPatents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In responseto the office action mailed October 10, 2012, applicants request entry ofthe

amendmentand reconsideration of the patentability of the claims in view of the remarks.

A petition for a two-month extension oftime to an including March 11, 2013

accompanies this submission. The Commissioneris authorized to charge any fees which may be

required or credit any overpayment to our Deposit Account 19-0733.
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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 sequenceis a mutant sequence ofthe allele, comprising:

distributing or diluting a mixed population ofcell-free, human genomic nucleic acid

sequenees template molecules into a set comprising at least ten assay samples such that said at

least ten assay samples each comprisesless 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 fem-es-essey

sesaple in the assay samplesof the set with homogencous amplification products to determine a

first number of assay samples which contain the first sequence and a second numberof assay

samples which contain the second sequence;

comparing the first number to the second numberto 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 eack-ef the assay samples of the

set have kes 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 sequencesis distributed or diluted to a single template moleculelevel in the assay samples.

53. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acid sequencesis from a tissue or body sample.

54, (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis 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 sequencesis 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 sequencesis 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 sequencesis 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 sequencesis 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 sequencesis 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 sequencesis 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 sequencesis 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 sequencesis distributed or diluted suchthat 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 sequencesis 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 sequencesis distributed or diluted such that between 0.1 and 0.9 ofat 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 sequencesis distributed or diluted such that onehalfof 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

sequenceof anallele are taught at page 6,last paragraph. Sequencing and determiningratios to

determine a mutation is taught at the paragraph spanning pages 7 and 8. Thestep of identifying

a mutation is also taught at the paragraph spanning pages 7 and 8. Dilution/distributionofcell-

free nucleic acids is taught inter alia at page 11, first full paragraph. The amendmentto claim 49

to recite human genomic sequencesis supported at page 17, lines 1-3.

The rejection under § 112, second paragraph

Claim 50 has been amendedto 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. Liis cited as teaching

dilution of a sample comprising sperm and subsequently lysing the sperm and amplifying. This

is distinct from dilution ofa cell-free sample ofnucleic acids. Li does not teach dilution of a

cell-free sample ofnucleic acids. Thus Li does not anticipate the claimed invention. Please

withdraw the rejection under § 102 in view of the amendmentto 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 ofTTV virusin a single individual. Irving does notidentify

human genomic mutant and wild-type sequences, nor does Irving usethe fraction of mutant

sequencesto identify mutations. Forat least these reasons, Irving does not anticipate claims 49

and 52-54.

Thefirst rejection under § 103(a)
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Claims 63-68 are rejected as obvious over Li. Claims 63-68 specify the numberofassay

samples into whichthe nucleic acids are distributed or diluted. Li is cited as suggesting typing as

manyas 500 products in a week. However, Li, did not suggest the dilution or distribution of

cell-free DNA. Li’s technique relied on dilution of whole, intact sperm cells. Forat least this

reason, Li does not render obvious the subject matter of claims 63-68.

The second rejection under§103(a

Claims 50, 51, and 55-68 stand rejected as obvious over Irving in view of Simmonds. As

discussed above,Irving taught detection ofvariants within a virus population from a single

infected patient.

With regard to claims 55-65 which recite various numbers of assay samples between 15

and 1000, the Patent and Trademark Office urgesthat although Irving did not actually report

such large experiments, it would have been obvious to do them in order to find more variants. It

is not clear why oneofordinaryskill in the art would want to find more variants. The rejection

does not identify what unanswered question in Irving’s study more variants would address. As

it stand, the rejection lacks anyarticulated reason whyoneofskill would do the proposed

experiments,

With regard to claims 50 and 66 whichrecite a particular level of dilution/distribution,

the Patent and Trademark Office urges that Simmondsteaches that the number of templates in an

assay is a function ofthe level of dilution. Neither SimmondsnorIrving teachesthat the recited

average of 0.5 moleculesis a desired level. Simmondsteaches 0.33 and 0.125, but not 0.5. Even

if one accepts for the sake of argument that Irving did want 1 template per assay, the

combination of Simmondswith Irving does not teach an average of 0.5. The Patent and

Trademark Office bootstraps its argument by suggesting that 0.5 molecules is mere optimization.

But neither SimmondsnorIrving is alleged to teach for what the parameter is being optimized.

The Patent and Trademark Office’s rejection with regard to claims 51 and 67 is derivative

of the rejection of claims 55-65. But that rejection is deficient, as noted.

Perhaps more significantly, Irving does not identify mutant and wild-type sequences, nor

does Irving use the fraction ofmutant sequencesto identify mutations which occurred in vivo

rather thanin silico. All of claims 50, 51, and 55-68 depend from claim 49 which identifies the

the fraction of allegedly mutant sequence whichis used to determine whetherthe mutation is

“real”orartifactual, i.e., generated in vivo or generated in the amplification reaction.
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Neither Irving nor Simmondssuggests such steps. For that reason as well, the method of

claims 50, 51, and 55-68 are not obvious overIrving in view of Simmonds.

Please withdraw the rejection under § 103, in view interalia of the amendments to claim

49,

Respectfully submitted,

Date: March 11, 2013 By: {Sarah A, Kagan/
Sarah A, Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 11332
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PTO/SB/22 (09-11)
Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE
Underthe paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contro! number.  

  
  Docket Number (Optional)

001107.00866

[riled March24,2011

Examiner Samuel C. Woolwine

This is a request under the provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the aboveidentified
application.

 

 

 
 

  

  
  
  
  
 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)
  

Application Number 13/071,105
For Digital Amplification 

  Art Unit 1637 
 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee

[-] One month (37 CFR 1.17(a)(1)) $150 $75 $

Two months (37 CFR 1.17(a)(2)) $560 $280 g¢ 70.00 
Three months (37 CFR 1.17(a)(3)) $1270 $635 $ 

 

 

  Four months (37 CFR 1.17(a)(4)) $1980 $990 $

[_] Five months (37 CFR 1.17(a)(5)) $2690 $1345 $

  

  

  
  
  
  
 

CJ Applicant claims small entity status. See 37 CFR 1.27.

[_] A checkin the amountofthe fee is enclosed,

C] Paymentby credit card. Form PTO-2038is attached.

Cl The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 190733 .
WARNING:Information on this form may becomepublic. Credit card Information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

  
  
  
  
  
  
 
 

| am the [| applicant/inventor.

Cc assigneeofrecord of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number 32,141

CI attorney or agent under 37 CFR 1.34.
Registration numberif acting under 37 CFR 1.34

      /Sarah A. Kagan/ 11 March 2013

Signature Date

Sarah A. Kagan (202) 824-3000      

Typed orprinted name Telephone Number  
NOTE:Signaturesofall the inventors or assignees of record ofthe entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Totalof 1. forms are submitted.
This collection ofinformation is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public whichisto file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the compteted application form to the USPTO. Timewill vary depending upon the individual case. Any
comments on the amountof time you require to completethis form and/or suggestionsfor reducing this burden, should be sentto the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, calf 1-800-PTO-9199 and select option2.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuantto
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

Privacy Act Statement

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which mayresult in termination of proceedings or abandonmentof the application or
expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whetherdisclosure of these records is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use,in the course of
presenting evidenceto a court, magistrate, or administrative tribunal, including disclosures
to opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when
the individual has requested assistance from the Memberwith respect to the subject matter
of the record.

Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treatyin
this system of records may be disclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to anotherfederal
agencyfor purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA aspart of that agency's responsibility to recommend improvementsin
records managementpractices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of recordsfor this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use,to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR1.14, as a routine use, to the public if the record wasfiled in an application which
became abandoned orin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency,if the USPTO becomesawareofa violation or
potential violation of law or regulation.
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Application No. Applicant(s)

13/071,105 VOGELSTEIN ET AL. 

Office Action Summary Examiner Art Unit
SAMUEL WOOLWINE 1637

- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(80) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 37 GFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.
li NO period for reply is specified above, the maximumstatutory period will apply andwill expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timelyfiled, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)%] Responsive to communication(s) filed on 17 June 2012.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)E] An election was madebythe applicant in responseto a restriction requirement set forth during the interview on

_____} the restriction requirement and election have been incorporatedinto this action.

4)C] Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5) Claim(s) 1-68 is/are pending in the application.
5a) Of the above claim(s) 7-48 is/are withdrawn from consideration.

6)L] Claim(s) is/are allowed.
7) Claim(s) 49-68 is/are rejected.
8)C] Claim(s)___ is/are objectedto.
9)[_] Claim(s)___ are subjectto restriction and/orelection requirement.

Application Papers

10)E] The specification is objected to by the Examiner.
11)[] The drawing(s)filed on is/are: a)L_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawlng(s) be held in abeyance. See 37 CFR 1.85(a).

Replacementdrawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJ Alb) Some * c)[_] Noneof:

1.[] Certified copiesof the priority documents have been received.
2.C] Certified copies of the priority documents have beenreceived in Application No.
3. Copiesofthe certified copies of the priority documents have beenreceived in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1)BdNotice of References Gited (PTO-892) 4) [[] Interview Summary (PTO-413)
2) C1] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3)BdInformation Disclosure Statement(s) (PTO/SB/08) 5) [_] Notice of informal Patent Application

Paper No(s)/Mail Date 03/24/2011. 6) [_] other:
U.S. Patent and Trademark Oifice

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20121003
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Application/Control Number: 13/071,105 Page 2
Art Unit: 1637

DETAILED ACTION

Election/Restrictions

Applicant's election of GroupIV claims 49-68in the reply filed on

06/11/2012 is acknowledged. Because applicant did not distinctly and

specifically point out the supposederrorsin the restriction requirement, the

election has been treated as an election without traverse (MPEP § 818.03(a)).

Claims 1-48 are withdrawn from further consideration pursuant to 37 CFR

1.142(b) as being drawn to a nonelected invention, there being no allowable

generic or linking claim. Election was made withouttraverse in the replyfiled on

06/11/2012.

Claim Rejections - 35 USC § 112

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

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

Claim 50 is rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out anddistinctly claim the subject matter

which applicant regards as the invention.

Each assay sample cannot have an average numberof template

molecules. Any sample has precisely the numberof template moleculesit

contains. An average would be applied to a population of assay samples.

Claim Rejections - 35 USC § 102

Thefollowing is a quotation of the appropriate paragraphs of 35

U.S.C. 102 that form the basis for the rejections under this section madein this

Office action:
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Application/Control Number: 13/071,105 Page 3
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A person shall be entitled to a patent unless —

(a) the invention was knownor used byothersin this country, or patented or described in a
printed publication in this or a foreign country, before the invention thereof by the applicantfor
a patent.

(b) the invention was patentedor described in a printed publicationin this or a foreign country
or in public use or on sale in this country, more than one yearprior to the date of application
for patent in the United States.

Claims 49, 51-53, 55-62 are rejected under 35 U.S.C. 102(b) as being

anticipated by Li et al (Nature 335:414-417 (1988), cited on the IDS of

03/24/2012).

With regard to claim 49, Li taught:

  
  distelbuding.av-dihitingaimed pas nid sequences Tato-atdeast tet

  say “suchples auchthat sald a€ Meal tenassaysamples-oach couiprises lose thantan tenaplale

  molecules:

The mixed population of nucleic acid sequences was "a semen sample":

page 415, column 1, last[partial] paragraph: "Sperm werepurified from a semen

sample...". Each sperm would contain 23 chromosomes, and some sperm would

comprise maternally derived chromosomes,while others would comprise

paternally derived chromosomes. In addition, some sperm would comprise Y

chromosomes, whereas others would comprise X chromosomes. Furthermore,

the semen sample wasobtained from an individual known to be heterozygousat

a locus of the LDLr gene (page 415, column 1, last [full] paragraph). Li took

single sperm and placed them into separate tubes for amplification (page 415,

column1, last [partial] paragraph). By doing so, Lidistributed the mixed

population into at least ten (in this case, 80) "assay samples” suchthat each of

the assay samples comprisedless than ten(in this case, 1) template molecules;

the template, in this case, is the LDLr gene.
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Application/Control Number: 13/071 ,105 Page 4
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¥ see WAG wales

Li amplified each of the assay samples containing individual sperm; page

415, column1, last [partial] paragraph: "Individual sperm were drawninto a fine

plastic needle under microscopic observation and delivered to a tubeforlysis

and amplification.” Since each sample containing one sperm would contain one

template molecule (i.e. LDLr gene), the amplification product from such a sample

would inherently be homogeneous.

detmniaing nuckde ack’ acqaenee of amplification paniucts foumrar seaay serple with homogdnentemann iicationproduets,

Li amplified a known sequence:a 254 bp fragmentof the LDLr gene (page

415, column1, last[full] paragraph). The only missing sequence information was

which single nucleotide polymorphism was presentin each of the homogeneous

amplified products, which Li determined using allele-specific oligonucleotides

(see figure 2 and legend). In this way, Li determined "nucleic acid sequence of

amplification products from an assay sample with homogeneous amplification

products".

With regard to claim 51, Li notes that of the 80 individual sperm, 55%

produceda hybridization signal (thus indicating an amplification product; page

415, sentence spanning columns1-2). This is between 0.1 (10%) and 0.9 (90%).

With regard to claim 52, since Li distributed individual sperm to individual

assay samples,he distributed to a single template molecule in the assay

samples.
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Application/Control Number: 13/071,105 Page 5
Art Unit: 1637

With regard to claim 53, semen is a "body sample"(it's a sample from a

body).

With regard to claims 55-61, Li set up 80 assay samples containing less

than 10 template molecules as described in the experiment on page 415 entitled

"Analysis in single human sperm”.

With regard to claim 62, Li performed a similar analysis on 150 individual

sperm (page 415, column 2, under section entitled "Independent assortmentof

chromosomes".

Claims 49, 52-54 are rejected under 35 U.S.C. 102(a) as being anticipated

by Irving et al (The Journalof Infectious Diseases 180:27-34, July 1999).

With regard to claims 49, 52, Irving used dilution to allow for sequence

determination of individual molecules of TT virus (TTV) DNA in a sample; page

28, column1, last [full] paragraph:

aniplification ofuindilvied DNAextracts. Analysisofthe popu-
lationdiversity within individual patients was dohe by directly sequencing iheFR.Rpredatesderived from* ampliicaion ofnn \- 

In one case,Irving determined the sequenceof 11 different individual

molecules of TTV from a single sample; page 30, column2,last paragraph:
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Application/Control Number: 13/071,105 Page 6
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Variants, mnultiplefe amplificationsoofSingle
.NAllspresentAn.theDNA extracts oblained.from 

As seen from figure 4, the "22 samples" consist of 9 molecules of TTV

from the first sample, and 13 molecules of TTV from the last sample. Thus,in

the latter case, there were at least 13 "assay samples" formed by dilution of the

last sample, each such "assay sample" comprising a single molecule of template

(which is less than 10). The assay samples were amplified, producing

homogeneousproducts (the inherentresult of amplifying a single template

molecule) and sequenced. As the sequencing results indicate the original

sample contained multiple genotypes of TTV,the original sample was a "mixed

population of nucleic acid sequences". Not only that, the sample was serum from

a human subject, which was clearly obtained in the form of blood (the true
"original sample"), and as such would have also comprisedall the chromosomal

and mitochondrial genomic DNA,plusall the various forms of RNA (tRNA, rRNA,

mRNA) present in a human blood sample. In this manner, too, it can be said that

Irving began with a mixed population of nucleic acid sequences.

With regard to claims 53, 54, one of ordinary skill in the art knows that one

does not obtain serum directly from a body. Rather, one obtains blood, allows
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Application/Control Number: 13/071,105 Page 7
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the blood to clot, and separates the serum from the cellular components by

centrifugation. In this manner,Irving's original sample wasblood.

Claim Rejections - 35 USC § 103

Thefollowing is a quotation of 35 U.S.C. 103(a) which forms the basis for

all obviousnessrejections setforth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102ofthistitle, if the differences between the subject matter soughtto
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the mannerin which the
invention was made.

Claims 63-68 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Li et al (Nature 335:414-417 (1988), cited on the IDS of 03/24/2012).

The teachings of Li have been discussed. With regard to claim 63, Li did

not actually distribute into 500 assay samples. With regard to claims 64, 67 and

68,Li did not distribute into 1000 assay samples.

However, Li expressly suggested analyzing 500 assay samples; page

416, last paragraph: "With PCR, we can envisage typing as many as 500 meiotic

products in a week."

It would have been prima facie obvious to oneof ordinary skill in the art at

the time the invention was madeto distribute 500, or even 1000individual sperm

and assay according to Li's technique. One would have been motivated to do so

becauseLi stated (page 416,first paragraph of "Discussion"): "A significant

advantage of the approach described hereis that a large numberof meiotic

products can be examined from a single individual allowing determination of the

recombination frequency of recombination between genetic markers which are
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physically very close." Li's express contemplate of 500 individual meiotic event

certainly renders claim 63 obvious, and, by simple extrapolation, the subject

matter of claims 64, 65, 67 and 68, which merely require more assay samples

(ie. 1000).

Claims 50, 51 and 55-68 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Irving et al (The Journal of Infectious Diseases 180:27-34, July

1999) in view of Simmondset al (Journal of Virology 64(2):864-872 (1990)).

The teachingsof Irving have been discussed.

With regard to claims 55-65, it would have been obviousto oneof skill in

the art at the time the invention was made to make up to 1000 (or more) assay

samplesin order to obtain more virus templates for sequencing,in order to

discover moreviral variants within the sample.

With regard to claims 50 and 66, Irving did not specifically say that the

"end-point dilution" (page 28, column1, last [full] paragraph) used to obtain

single molecules for DNA sequencing wasa dilution that produced, on average,

0.5 templates per assay sample. However,Irving cites to Simmonds(ref. 12).

Simmondsstates (page 871, last paragraph):

  
  
 

cule is present will usually be greater than this. From the
Poisson distribution, when 50% of reactions are positive,
about one-third of the positive reactions will contain two
template molecules; when 25% are positive, about one-
eighth of the positive reactions will contain two templates.
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From this itis clear that the number of assay samples containing a single

molecule would be dependent upon how muchdilution of the original sample was

made (and, consequently, on the average numberof template molecules per

assay sample). As such, the average numberof template molecules per assay

samples is a variable affecting the numberof assay samples containing a single

template, which wasthe desire ofIrving. Therefore, the average numberof

template molecules per assay sample wasa variable subject to routine

optimization (MPEP 2144.05(II)(B)). "Where the general conditions in a claim are

disclosed in the priorart, it is not inventive to discover the optimum or workable

ranges by routine experimentation." /n re Aller, 220 F.2d 454, 456, 105 USPQ

233, 235 (CCPA 1955).

With regard to claims 51 and 67,in arriving at an average of 0.5 molecules

per assay sample, one would also have arrived at a state wherein between 0.1

and 0.9 assay samples produced an amplification product, as 50% is between

10% and 90%.

Conclusion

No claims are free of the priorart.

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to SAMUEL WOOLWINE whosetelephone

numberis (571)272-1144. The examiner can normally be reached on Mon-Fri

9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner's supervisor, Gary Benzion can be reached on (571) 272-0782. The
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fax phone numberfor the organization where this application or proceeding is

assigned is 571-273-8300.

Information regarding the status of an application may be obtained from

the Patent Application Information Retrieval (PAIR) system. Status information

for published applications may be obtained from either Private PAIR or Public

PAIR. Status information for unpublished applications is available through

Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on accessto the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197(toll-

free). If you would like assistance from a USPTO Customer Service

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA)or 571-272-1000.

/Samuel Woolwine/

Primary Examiner
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acid sequence of amplification products from an assay sample with homogeneous amplification

products), Claims 50-68 are amended below to depend from claim 49.

In addition, applicants elect species: A-1 (less than all), B-1 (in samepot), C-2 (blood),

and D-3 (a rare exon sequence). Claims whichread on all of the elected species are: claims 49-

68.

The Commissioner is authorized to charge any fees which may be required or credit any

overpayment to our Deposit Account 19-0733.
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IN THE CLAIMS

Please replace the following claim set for that currently of record.

1. (Original) A method for detecting a cancer-associated mutant nucleic acid that is present in a

patient sample at a low level relative to a corresponding wild-type nucleic acid, the method

comprising:

diluting nucleic acids in a biological sample to form a set comprising a plurality of

assay samples;

amplifying the nucleic acids in the assay samples to form a population of amplified

molecules;

performing an assay on the amplified molecules in each assay sample to determine

whethera cancer-associated mutation is present in at least one of the assay samples;

wherein the step of diluting in performed until at least one-fiftieth of the assay samples

in the set comprise a number (N) of molecules such that 1/N is larger than a ratio of the mutant

nucleic acid to the wild-type nucleic acid required to detect the mutant nucleic acidif it is present

in the assay sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until between

0.1 and 0.9 of the assay samples yield an amplification product when subjected to a polymerase

chain reaction.

3. (Original) 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 10 nucleic acid template molecules containing a reference

genetic sequence.

4. (Original) 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 a reference

genetic sequence.

5. (Original) The method of claim 1 wherein the biological sample is cell-free.

6. (Original) The method of claim 1 wherein the number of assay samples within the set is

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

greater than 50.

8. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 100.

9, (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 500.

10. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 1000.

11. (Original) The method of claim 1 wherein the step of amplifying and the step of analyzing

are performed on assay samples in the same receptacle.

12. (Original) The method of claim 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 ofthe 5' or 3' ends and a quenching agent at the opposite 5'

or 3' end.

13. (Original) The method of claim 1 whereinthe step of analyzing employs gel electrophoresis.

14, (Original) The method of claim 1 wherein the step of analyzing employs hybridization to at

least one nucleic acid probe.

15. (Original) The method of claim 1 wherein the step of analyzing employs hybridization to at

least two nucleic acid probe.

16. (Original) The method of claim 12 wherein two molecular beacon probes are used, each

having a different photoluminescent dye.

17. (Original) The method of claim 12 wherein the molecular beacon probe detects a wild-type

nucleic acid better than a mutant nucleic acid.

18. (Original) The method of claim 1 wherein the step of amplifying employs a single pair of

primers.
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19, (Original) The method of claim 1 wherein the step of amplifying employs a polymerase

whichis activated only after heating.

20. (Original) The method of claim 1 wherein the step of amplifying employsat least 40 cycles

of heating and cooling.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 50 cycles

of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employs at least 60 cycles

of heating and cooling.

23. (Original) The method of claim 1 wherein the biological sample is selected from the group

consisting of stool, blood, and lymph nodes.

24, (Original) The method of claim 1 wherein the biological sample is blood or bone marrow of

a leukemia or lymphomapatient who has received anti-cancer therapy.

25. (Original) The method of claim 1 wherein the mutant nucleic acid is a translocated allele

26. (Original) The method of claim 1 wherein the mutant nucleic acid is within an amplicon

whichis amplified during neoplastic development.

27. (Currently amended)=The method of claim 1 wherein the mutant nucleic acid is a rare

exon sequence,

28. (Original) The method of claim 1 wherein the nucleic acids being analyzed comprise cDNA

of RNAtranscripts.

29, (Original) A method for determining the ratio of a selected genetic sequence in a population

of genetic sequences from a blood sample, comprising the steps of:

diluting nucleic acid template molecules from a blood 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 ofthe set;
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analyzing the amplified molecules in the assay samples of the set to determineafirst

number of assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence;

comparing the first number to the second number to ascertain a ratio which reflects the

composition of the blood sample.

30. (Original) The method of claim 29 wherein the step of amplifying employs real-time

polymerase chain reactions.

31. (Original) The method of claim 30 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

32, (Original) The method of claim 29 further comprising the step of:

identifying an allelic imbalance based ontheratio ascertained.

33. (Original) The method of claim 29 whereinthe selected genetic sequences and the reference

genetic sequence are non-polymorphic markers.

34. (Original) The method of claim 29 wherein the selected genetic sequence and the reference

genetic sequenceare on distinct chromosomes.

35. (Original) A method for determining the ratio of a selected non-polymorphic marker in a

population of genetic sequences in a biological sample, comprising the steps of:

diluting nucleic acid template molecules in a biological 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 moleculesin the assay samplesoftheset;

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

number of assay samples which contain the selected non-polymorphic marker and a second

number of assay samples which contain a reference non-polymorphic marker, wherein the

selected and reference non-polymorphic markers are on distinct chromosomes;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample; and

identifying an allelic imbalance based ontheratio ascertained.
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36. (Original) The method of claim 35 wherein the biological sample is a blood sample.

37. (Original) The method of claim 35 wherein the step of amplifying employs real-time

polymerase chain reactions.

38. (Original) The method of claim 37 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

39, (Original) A method for determining the ratio of a selected genetic sequence in a population

of genetic sequences from a blood sample, comprising the stepsof:

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, wherein the

template molecules are obtained from a blood sample;

analyzing the amplified molecules in the assay samples of the set to determinea 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-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 sequencesto total genetic sequences required to determine the presence

of the selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio which reflects the

composition of the blood sample.

40. (Original) The method of claim 39 wherein the step of amplifying employs real-time

polymerase chain reactions.

41. (Original) The method of claim 40 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

42. (Original) The method of claim 39 further comprising the step of:

identifying an allelic imbalance based ontheratio ascertained.

43. (Original) The method of claim 39 wherein the selected genetic sequences and the reference

genetic sequence are non-polymorphic markers.

44. (Original) The method of claim 39 wherein the selected genetic sequence and the reference

genetic sequence are on distinct chromosomes.
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45. (Original) A method for determining the ratio of a selected non-polymorphic marker in a

population ofnon-polymorphic markers from a biological sample, 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 , wherein the

template molecules are obtained from a biological sample;

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

number of assay samples which contain the selected non-polymorphic marker and a second

number of assay samples which contain a reference non-polymorphic marker, 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 non-polymorphic marker to total non-polymorphic markers

required to determine the presenceofthe selected non-polymorphic marker, wherein the selected

genetic sequence and the reference genetic sequence are on distinct chromosomes,

comparing the first number to the second numbertoascertain a ratio which reflects the

composition of the biological sample; and

identifying an allelic imbalance based ontheratio ascertained.

46. (Original) The method of claim 45 wherein the step of amplifying employs real-time

polymerase chain reactions.

47. (Original) The method of claim 46 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

48, (Original) The method of claim 45 wherein the biological sample is from blood.

49, (Previously Presented) A method for detecting a genetic sequence in a mixed population

ofnucleic acid sequences, comprising:

distributing or diluting a mixed population of nucleic acid sequences into 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;

determining nucleic acid sequence of amplification products from an assay sample with

homogeneous amplification products.
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50. (Currently amended) The method of claim + 49 wherein each of the assay samples has

on average 0.5 molecules oftemplate.

51. (Currently amended) The method of claim + 49 wherein between 0.1 and 0.9 of the

assay samples yield an amplification product.

52, (Currently amended) The method of claim + 49wherein the mixed population ofnucleic

acid sequences is distributed or diluted to a single template molecule level in the assay samples.

53. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acid sequences is from a tissue or body sample.

54. (Currently amended) 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. (Currently amended) The method of claim 4+ 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifteen assay samples comprise less

than ten template molecules.

56. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least twenty assay samples comprise less

than ten template molecules.

57. (Currently amended) 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. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least thirty assay samples comprise less than

ten template molecules.

59. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that at least forty assay samples comprise less than

ten template molecules.
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60. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifty assay samples comprise less than

ten template molecules.

61. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least seventy-five assay samples comprise

less than ten template molecules.

62. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least one hundred assay samples comprise

less than ten template molecules.

63. (Currently amended) 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. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that at least one thousand assay samples comprise

less than ten template molecules,

65. (Currently amended) The method ofclaim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed ordiluted such that at least one thousand assay samples are diluted

to a single template molecule level.

66. (Currently amended) 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. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that between 0.1 and 0.9 ofat least one thousand

assay samplesyield an amplification product.

68. (Currently amended) The method of claim 4+ 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that onc halfof at least one thousand assay samples

have one template molecule.
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U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE
Under the paperwork Reduction Act of 1995, no personsare required to respond to a collection of information unlessit displays a valid OMB control number.  

Docket Number(Optional)

001107.00866

Application Number 13/071,105 ~~|Filed March 24, 2011 oO
For Digital Amplification

PETITION FOR EXTENSIONOF TIME UNDER 37 CFR 1.136(a)
 

 

  
  
  
  

Art Unit 1637 Examiner WOOLWINE, SamuelC. |   
This is a request underthe provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the aboveidentified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee

One month (37 CFR 1.17(a)(1)) $150 $75 g 150.00 
 

 

Two months (37 CFR 1.17(a)(2)) $560 $280 $  

    
  
 

[[] Three months (37 CFR 1.17(a)(3)) $1270 $635 $

CI Four months (37 CFR 1.17(a)(4)) $1980 $990 $

[-] Five months (37 CFR 1.17(a)(5)) $2690 $1345 $

[| Applicant claims small entity status. See 37 CFR 1.27.

CI A checkin the amountofthefee is enclosed.

[-] Paymentby credit card. Form PTO-2038is attached.

C] The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which maybe required, orcredit any overpayment,to
Deposit Account Number 190733 .
WARNING:Information on this form may becomepublic. Credit card information should not be included on this form.
Provide credit card information and authorization on PTOQ-2038.

 

  
  
  
  

lamthe—[~] applicant/inventor.

CI assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agentof record. Registration Number 32141

CI attorney or agent under 37 CFR 1.34.
Registration numberif acting under 37 CFR 1.34

     

   

/Sarah A. Kagan/ June 11, 2012
Signature ~ Date ~

Sarah A. Kagan (202) 824-3000

~ Typed oFprinted name Telephone Number
 
 NOTE: Signaturesofall the inventors or assignees of record of the entire interestor their representalive(s) are required. Submit multiple formsif more than one

signature is required, see below.

Totalof1 forms are submitted.
This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public whichIstofile (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, Including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option2.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

Privacy Act Statement

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for whichthe information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do notfurnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which mayresult in termination of proceedings or abandonmentof the application or
expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. The Information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Departmentof Justice to determine
whetherdisclosure of these records is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures
to opposing counselin the course of settlement negotiations.
A record in this system of records maybe disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when
the individual has requested assistance from the Memberwith respect to the subject matter
of the record.

Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agencyhaving needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an Intemational Application filed under the Patent Cooperation Treatyin
this system of records maybedisclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuantto the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records maybedisclosed, as a routine use,to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSAaspartof that agency’s responsibility to recommend improvementsin
records managementpractices and programs, underauthority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandoned orin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency,if the USPTO becomes awareof a violation or
potential violation of law or regulation.
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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY |S SET TO EXPIRE 7 MONTH(S) OR THIRTY(80) DAYS,
WHICHEVERIS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
+ Extensionsof time may be available under the provisions of 37 GFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHSfrom the mailing date of this communication.
- IFNO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure fo reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timelyfiled, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Siatus

1)] Responsive to communication(s) filed on
2a)(_] This action is FINAL. 2b)X] This action is non-final.
3)L] An election was made by the applicant in response to a restriction requirementset forth during the interview on

: the restriction requirement and election have been incorporated into this action.

4)C1 Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)D] Claim(s) 1-68 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6)C1 Claim(s) is/are allowed.
7). Claim(s) is/are rejected.
8)E] Claim(s) is/are objected to.
9 Claim(s) 7-68 are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11) The drawing(s)filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing{s) is objected to. See 37 CFR 1.121(d).

12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[_] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f.
a)LJAI b)[] Some * c)E Noneof:

1. Certified copies of the priority documents have beenreceived.
2.01 Certified copies of the priority documents have been received in Application No.
3.0] Copiesof the certified copies of the priority documents have been receivedin this National Stage

application from the international Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action fora list of the certified copies not received.
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DETAILED ACTION

Note: New claims 50-68 dependfrom original claim 1, rather than new independent

claim 49. Applicant is requested to confirm whetherthis is the case. The restriction

requirement set forth below applies to the claims as written. If claims 50-68 were

intended to depend from claim 49, those claims will be included in Group IV rather than

GroupI.

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

Page 663 of 1365

Claims 1-28 and 50-68, drawn to methodsfor detecting a cancer-

associated mutation comprising diluting until at least 1/50 of the assay

samples comprise a number(N) of molecules such that 1/N is larger than

a ratio of the mutant nucleic acid to the wild-type nucleic acid required to

detect the mutant nucleic acid if it is present in the assay sample,

classified in class 435, subclass 6.12.

Claims 29-38, drawn to methods for determining a ratio of a selected

genetic sequenceto a reference genetic sequence comprising

determining a first number of assay samples which contain the selected

genetic sequence and a second numberof assay samples which contain a

reference genetic sequence and comparingthe first numberto the second

numberto ascertain a ratio, classified in class 435, subclass 6.12.

Claims 39-48, drawn to methodsfor determining a ratio of a selected

genetic sequenceto a reference genetic sequence wherein at least 1/50
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of the assay samples comprise a number(N) of molecules such that 1/N is

larger than a ratio of selected genetic sequencesto total genetic

sequencesrequired to determine the presenceof the selected genetic

sequence and determining a first number of assay samples which contain

the selected genetic sequence and a second numberof assay samples

which contain a reference genetic sequence and comparing thefirst

numberto the second numberto ascertain a ratio, classified in class 436,

subclass 6.12.

Claim 49, drawn to methodsfor detecting a genetic sequence comprising

distributing or diluting a mixed population of nucleic acid sequencesinto at

least 10 assay samples suchthat at least 10 assay samples each

comprise less than 10 template molecules and determining nucleic acid

sequence of amplification products from an assay sample with

homogeneous amplification products, classified in class 435, subclass

6.12.

Theinventions are distinct, each from the other because of the following reasons:

Inventions | and (II & Ill) are unrelated. Inventions are unrelatedif it can be

shown that they are not disclosed as capable of use together and they havedifferent

designs, modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant

case,the different inventions have different designs. Invention | requires detection of a

cancer-associated mutation, which is not required for inventions II & Ill. Inventions Il &

lll require determining the ratio of a selected genetic sequence to a reference genetic
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sequence, which is not required for invention |. In addition, invention | requires at least

1/50 of the assay samples comprise a number(N) of molecules suchthat 1/N is larger

than a ratio of a nucleic acid comprising a cancer-associated mutation fo wild-type

nucleic acid required to determine the presence of the mutation, which is not required

by invention III. Note that in invention Ill, what is required is that 1/50 of the assay

samples comprise a number(N) of molecules such that 1/N is larger than a ratio of a

selected genetic sequencefo total nucleic acid (which is presumed, based on plain

language, to mean "selected" genetic sequence + "reference" genetic sequence). This

is not required for invention I.

InventionsII and III are unrelated. Inventions are unrelatedif it can be shown

that they are not disclosed as capable of use together and they havedifferent designs,

modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant case, the

different inventions have different designs. Invention II requires diluting nucleic acid

template molecules from a sample to formaplurality of assay samples, which is not

required for invention Ill. Invention Ill requires at least 1/50 of the assay samples

comprise a number(N) of molecules such that 1/N is larger than a ratio of selected

genetic sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence, which is not required for inventionII.

Inventions IV and(I-III) are unrelated. Inventions are unrelatedif it can be shown

that they are not disclosed as capable of use together and they have different designs,

modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant case, the

different inventions have different designs. Invention IV requires distributing or diluting
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a mixed population of nucleic acid sequencesinto at least ten assay samples such that

at least ten assay samples each comprise less than ten template molecules, whichis

not required byinventionsI-IIl. Inventions II & Ill require determiningafirst numberof

assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence and comparing thefirst

numberto the second numberto ascertain a ratio, which is not required by invention IV.

In addition, invention | requires at least 1/50 of the assay samples comprise a number

(N) of molecules such that 1/N is larger than a ratio of a nucleic acid comprising a

cancer-associated mutation to wild-type nucleic acid required to determine the presence

of the mutation, which is not required by invention IV. Invention Ill requires at least 1/50

of the assay samples comprise a number(N) of molecules suchthat 1/N is larger than a

ratio of selected genetic sequencesto total genetic sequences required to determine

the presence of the selected genetic sequence, whichis not required for invention IV.

Restriction for examination purposesasindicated is proper becauseall these

inventionslisted in this action are independentordistinct for the reasons given above

and there would be a serious search and/or examination burdenif restriction were not

required becauseat least the following reason(s) apply:

Dueto the fact that each groupof inventions requires limitations not required by

the other groups, a search eachinvention would be conducted using different search

strategies. While these different searches might be partially overlapping, they would not

be the same. This would place an undue burden of search on the Office.
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Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement

may be traversed (37 CFR 1.143) and(ii) identification of the claims encompassing

the elected invention.

The election of an invention may be made with or without traverse. To reserve a

right to petition, the election must be madewith traverse. If the reply does notdistinctly

and specifically point out supposederrorsin the restriction requirement, the election

shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are addedafter

the election, applicant must indicate which of these claims are readable upon the

elected invention.

Should applicant traverse on the groundthat the inventions are not patentably

distinct, applicant should submit evidenceoridentify such evidence now of record

showing the inventions to be obvious variants or clearly admit on the record thatthis is

the case. In either instance,if the examinerfinds one of the inventions unpatentable

overthe prior art, the evidence or admission may be usedin a rejection under 35 U.S.C.

103(a) of the other invention.

This application contains claims directed to the following patentably distinct

species:

A1: less than all assay samples yield an amplification product/contain template

(claims 2, 50, 51, 66, 67).
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A2: all assay samples yield an amplification product/contain template (claims 3,

4, 52, 65).

Bi: analyzing performed in same receptacle/employs hybridization probes

(claims 11, 12, 14-17, 31, 38, 41, 47).

B2: analyzing employs gel electrophoresis (claim 13).

Ci: sample is stool (claims 23 in-part, 54 in-part).

C2: sample is blood (claims 23 in-part, 24 in-part, 29-34, 36, 39-44, 48, 54in-

part).

C3: sample is lymph node (claims 23 in-part, 54 in-part).

C4: sample is bone marrow (claim 24 in-part).

D1: mutation is translocated allele (claim 25).

D2: mutation is a nucleic acid sequence amplified during neoplastic development

(claim 26).

D3: mutation is a rare exon sequence (claim 27).

The species are independentor distinct because each species within a groupA,

B, C or D is mutually.exclusive of the others. In addition, these species are not obvious

variants of each other based on the currentrecord.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species

from each of A, B, C and D for prosecution on the merits to which the claims shall be

restricted if no generic claim is finally held to be allowable. Depending on the invention

elected (I-IV), some elections of species may not apply. Currently, claims 1, 5-10, 18-

22, 28, 35, 37, 45, 46, 49, 53, 55-64 and 68 are generic.
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There is a search and/or examination burdenfor the patentably distinct species

as set forth above becauseatleast the following reason(s) apply:

Since each species within a group A, B, C or D is mutually exclusive of the others

and would require a different search. There is no certainty that a prior art reference

anticipating or rendering obvious any one species would be applicable to the others.

Applicant is advised that the reply to this requirement to be complete must

include (i) an election of a species or a grouping of patentably indistinct species

to be examined even though the requirement may be traversed (87 CFR 1.143) and

(ii) identification of the claims encompassing the elected species or grouping of

patentably indistinct species, including any claims subsequently added. An argument

that a claim is allowable or that all claims are generic is considered nonresponsive

unless accompanied by anelection.

The election may be made with or without traverse. To preserve a right to

petition, the election must be made with traverse.If the reply does notdistinctly and

specifically point out supposederrors in the election of species requirement, the election

shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144.If claims are addedafter

the election, applicant must indicate which of these claims are readable on the elected

species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of

patentably indistinct species from which election is required, are not patentablydistinct,
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applicant should submit evidence oridentify such evidence now of record showing them

to be obvious variants or clearly admit on the record thatthis is the case.In either

instance,if the examinerfinds one of the species unpatentable overthe prior art, the

evidence or admission may be used in a rejection under 35 U.S.C. 103(a) of the other

species.

Upon the allowanceof a generic claim, applicant will be entitled to consideration

of claims to additional species which depend from or otherwise require all the limitations

of an allowable generic claim as provided by 37 CFR 1.141.

Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b)if one

or more of the currently named inventors is no longer an inventor of at least one claim

remaining in the application. Any amendmentof inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.

If attempts to reach the examinerby telephone are unsuccessful, the examiner's

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA)or 571-272-1000.

/Samuel Woolwine/

Primary Examiner
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UTILITY PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof: ) Group Art Unit: 1637

Bert VOGELSTEIN etal. Docket No. 001107.00866

Serial No. 13/071,105 Confirmation No: 3361

Filed: March 24, 2011 Examiner: Woolwine, Samuel C.

For: DIGITAL AMPLIFICATION

PRELIMINARY AMENDMENT
 

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building, Mail Stop: Missing Parts
401 Dulany Street
Alexandria, VA 22314

DearSir:

Please enter the following amendment to the application before examination commences.

Should any additional fees be required to enter this amendment, please charge our deposit account

no. 19-0733.
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IN THE CLAIMS

Please substitute the following set of claims forthose currently pending.

1. (Original) A methodfor detecting a cancer-associated mutant nucleic acid that is

presentin a patient sample at a low level relative to a corresponding wild-type nucleic

acid, the method comprising:

diluting nucleic acids in a biological sample to form a set comprisingaplurality of assay

samples;

amplifying the nucleic acids in the assay samples to form a population of amplified molecules;

performing an assay on the amplified molecules in each assay sample to determine whether a

cancer-associated mutation is present in at least one of the assay samples;

wherein the step of diluting in performed until at least one-fiftieth ofthe assay samples in the

set comprise a number (N) ofmolecules suchthat 1/N is larger than a ratio of the mutant nucleic

acid to the wild-type nucleic acid required to detect the mutantnucleic acidif it is present in the

assay sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until

between 0.1 and 0.9 ofthe assay samples yield an amplification product when subjected

to a polymerase chain reaction.

3. (Original) The method of claim 1 wherein thestep 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 10 nucleic acid template molecules

containing a reference genetic sequence.

4. (Original) The methodof claim 1 wherein the step of diluting is performed untilall

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 a reference genetic sequence.

5. (Original) The method of claim 1 wherein the biological sampleis cell-free.

6. (Original) The method of claim 1 wherein the numberof assay samples within the

set is greater than 10.
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7. (Original) The method of claim 1 wherein the numberofassay samples within the

set is greater than 50.

8. (Original) The method of claim 1 wherein the number of assay samples within the

set is greater than 100.

9, (Original) The method of claim 1 wherein the numberofassay samples within the

set is greater than 500.

10. (Original)|The method of claim 1 wherein the numberof assay samples within the set

is greater than 1000.

Ll. (Original)|The method of claim 1 whereinthe step of amplifying and the step of

analyzing are performed on assay samples in the samereceptacle.

12. (Original)|The method of claim 1 wherein a molecular beacon probe is used in the

step of analyzing, wherein a molecular beacon probeis an oligonucleotide with a stem-

loop structure having a photoluminescentdyeat one ofthe 5' or 3' ends and a quenching

agent at the opposite 5' or 3' end.

13. (Original)|The method of claim 1 wherein the step of analyzing employs gel

electrophoresis.

14. (Original)|The method of claim 1 wherein the step of analyzing employs

hybridizationto at least one nucleic acid probe.

15. (Original)|The method of claim 1 wherein the step of analyzing employs

hybridizationto at least two nucleic acid probe.

16. (Original)|The method of claim 12 wherein two molecular beacon probesare used,

each having a different photoluminescent dye.

17. (Original)|The method of claim 12 wherein the molecular beacon probe detects a

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

18. (Original)|The method ofclaim 1 wherein the step of amplifying employsa single

pair ofprimers.

19. (Original) The method ofclaim 1 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

20. (Original) The method of claim 1 wherein the step of amplifying employsat least 40

cycles ofheating and cooling.
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21.

22.

23.

24.

25.

26,

27.

28.

29,

(Original) The method of claim 1 wherein the step of amplifying employs atleast 50

cycles ofheating and cooling.

(Original)|The methodofclaim 1 wherein the step of amplifying employsat least 60

cycles ofheating and cooling.

(Original)|The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

(Original)|The method of claim 1 wherein the biological sample is blood or bone

marrow of a leukemia or lymphomapatient who has received anti-cancer therapy.

(Original)|The method of claim 1 wherein the mutant nucleic acid is a translocated

allele

(Original) The method of claim 1 wherein the mutant nucleic acid is within an

amplicon which is amplified during neoplastic development.

(Original)|The methodofclaim 1 wherein the mutant nucleic acid is a rare exon

sequence

(Original)|The method of claim 1 wherein the nucleic acids being analyzed comprise

cDNAofRNAtranscripts.

(Original)|A method for determining theratio of a selected genetic sequence in a

population of genetic sequences from a blood sample, comprising the steps of:

diluting nucleic acid template molecules from a blood 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 ofthe set;

analyzing the amplified moleculesin the assay samplesofthe set to determine a first

numberof assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence;

comparingthe first number to the second numberto ascertain a ratio whichreflects the

composition of the blood sample.

30. (Original)|The methodofclaim 29 wherein the step of amplifying employs real-time

polymerase chain reactions.
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31. (Original)|The method of claim 30 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

32. (Original)|The method of claim 29 further comprising the step of:

identifying an allelic imbalance based onthe ratio ascertained.

33. (Original) |The method of claim 29 wherein the selected genetic sequences and the

reference genetic sequence are non-polymorphic markers.

34. (Original)|The method of claim 29 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

35. (Original)|A method for determining the ratio of a selected non-polymorphic

marker in a population of genetic sequences in a biological sample, comprising the

steps of:

diluting nucleic acid template moleculesin a biological 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 ofthe set;

analyzing the amplified molecules in the assay samplesofthe set to determinea first

numberof assay samples which contain the selected non-polymorphic marker and a second

number of assay samples which contain a reference non-polymorphic marker, wherein the

selected and reference non-polymorphic markers are on distinct chromosomes,

comparingthe first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample; and

identifying anallelic imbalance based on the ratio ascertained.

36. (Original)|The method of claim 35 wherein the biological sample is a blood sample.
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37. (Original)|The method of claim 35 wherein the step of amplifying employsreal-time

polymerase chain reactions.

38. (Original)|The method of claim 37 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

39. (Original)|A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences from a blood sample, comprising the stepsof:

amplifying template molecules within a set comprising a plurality of assay samplesto

form a population of amplified molecules in each ofthe assay samples of the set, wherein the

template molecules are obtained from a blood sample;

analyzing the amplified moleculesin the assay samples of the set to determinea first

numberofassay samples which contain the selected genetic sequence and a second number 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;

comparing the first numberto the second numberto ascertain a ratio which reflects the

composition of the blood sample.

40. (Original)|The method of claim 39 wherein the step of amplifying employs real-time

polymerase chain reactions.

41. (Original)|The method of claim 40 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

42. (Original)|The method ofclaim 39 further comprising the step of:

identifying an allelic imbalance based on theratio ascertained.
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43. (Original)|The method of claim 39 wherein the selected genetic sequences and the

reference genetic sequence are non-polymorphiec markers.

44, (Original)|The method of claim 39 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

45. (Original)|A method for determining the ratio of a selected non-polymorphic

markerin a population of non-polymorphic markers from a biological sample,

comprising the stepsof:

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 ofthe set , wherein the

template molecules are obtained from a biological sample;

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

numberof assay samples which contain the selected non-polymorphic marker and a second

numberof assay samples which contain a reference non-polymorphic marker, wherein at least

one-fiftieth ofthe assay samples in the set comprise a number(N) ofmolecules such that 1/N is

larger than the ratio of selected non-polymorphic markerto total non-polymorphic markers

required to determine the presence ofthe selected non-polymorphic marker, wherein the

selected genetic sequence and the reference genetic sequence are on distinct chromosomes;

comparing the first numberto the second numberto ascertain a ratio whichreflects the

composition ofthe biological sample; and

identifying an allelic imbalance based on the ratio ascertained.

46. (Original)|The method of claim 45 wherein the step of amplifying employs real-time

polymerase chainreactions.

47. (Original)|The method of claim 46 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

Page 678 of 1365

 



Page 679 of 1365

Bert VOGELSTEIN et al.

U.S. Patent Application No. 13/071,105

48. (Original)|The method of claim 45 wherein the biological sample is from blood.

49. (New) A method for detecting a genetic sequence in a mixed population

ofnucleic acid sequences, comprising:

distributing or diluting a mixed population ofnucleic acid sequencesintoat least

ten assay samples suchthat said at least ten assay samples each comprisesless

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;

determining nucleic acid sequence of amplification products from an assay

sample with homogeneousamplification products.

50. (New) The method of claim 1 wherein each of the assay samples has on average 0.5

molecules of template.

51. (New) The method of claim 1 wherein between 0.1 and 0.9 ofthe assay samples yield an

amplification product.

52. (New) The methodof claim 1 wherein the mixed population ofnucleic acid sequencesis

distributed or diluted to a single template molecule level in the assay samples.

53. (New) The methodof claim | wherein the mixed population ofnucleic acid sequencesis

from a tissue or body sample.

54. (New) The method ofclaim 1 wherein the mixed population ofnucleic acids sequences

is from a sample selected from the group consisting of stool, blood, and lymph nodes.

55. (New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted suchthat at least fifteen assay samples comprise less than ten

template molecules.

56. (New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least twenty assay samples comprise less than ten

template molecules.
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37.

58.

59.

60.

61.

62.

63.

64.

65.

66.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least twenty-five assay samples comprise less than

ten template molecules.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least thirty assay samples compriseless than ten

template molecules.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such thatat least forty assay samples comprise less than ten

template molecules.

(New) The method of claim 1 wherein the mixed populationofnucleic acids sequences

is distributed or diluted such that at least fifty assay samples comprise less than ten

template molecules.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least seventy-five assay samples comprise less than

ten template molecules.

(New) The methodof claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least one hundred assay samples comprise less than

ten template molecules.

(New) The methodof claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least five hundred assay samples comprise less than

ten template molecules.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least one thousand assay samples comprise less than

ten template molecules.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least one thousand assay samplesare diluted to a

single template moleculelevel.

(New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that at least one thousand assay samples has on average 0.5

molecules of template.
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67. (New) The method of claim 1 wherein the mixed population ofnucleic 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.

68. (New) The method of claim 1 wherein the mixed population ofnucleic acids sequences

is distributed or diluted such that one half of at least one thousand assay samples have

one template molecule.

-10-
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Remarks

The new claimsare fully supported in the application asfiled, as indicated below.

Claim recitations Specification Support

49 A method for detecting a genetic sequence in a|Thusthere is a needin the art for
mixed population of nucleic acid sequences,|methods for accurately and
comprising: quantitatively detecting genetic

sequences in mixed populations
of sequences. Page 2, secondfull
paragraph

  
     

  
  
  
 

 
 
 
 

 

The biological sample is diluted
to a point at which a practically
usable numberofthe diluted

sainples 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...
Alternatively, dilute sources of
template nucleic acids can be
used. Page 7, paragraph 2

 

  
 
 

 distributing or diluting a mixed population of nucleic
acid sequencesinto at least ten assay samples such
that said at least ten assay samples each comprises
less than ten template molecules;

 

 
  
  

   
  
  
  

 
  
 
 
 

 Preferably at least ten diluted
assay samples are amplified and
analyzed. Page 10, paragraph 3

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2

  
  

   
 
 

  
 

 
 
 

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;

 
   
 
 
 

Atits limit, single template
molecules can be amplified so
that the products are completely
mutant or completely wild-type

 
 

 

-1l1-
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Claim recitations Specification Support

(WT). The homogeneity of these
amplification products makes
them trivial to distinguish
through existing techniques. Page
6, last paragraph.

  
   

 
 

  
 

determining nucleic acid sequence of amplification
products from an assay sample with homogeneous
amplification products.

 

  
 
 

Determining the sequence of the
putative mutants in the positive
wells, by direct sequencing as
performed here or by any of the
other techniques....Page 8, first
paragraph

 
  
  
  
 
 
  

   
  
  

 
  

  
  
  
 

  
   
  
 
 

 Although the working examples
demonstrate the use ofmolecular

beacon probes as the means of
analysis of the amplified dilution
samples, other techniques can be
used as well. These include

sequencing....Page 12, second
full paragraph

The method of claim 1 wherein each of the assay|A particularly preferred degree of
dilution is to a point where each
of the assay samples has on
average one-half of a template.

 

0.9 of the assay samples yield an amplification|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. Page 10,

raph 2

population of nucleic acid sequencesis distributed|approximately a single template
or diluted to a single template molecule level in|molecule level, one can dilute
the assay samples. such that between 0.1 and 0.9 of

the assay samples yield an
amplification product. Page 10,

  
  
  paragraph 2

53 The method of claim 1 wherein the mixed|Biological samples which can be
population of nucleic acid sequences is from a|used asthe starting material for

the analyses may be from an

-12-
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Claim recitations Specification Support

tissue or body sample. tissue or body sample from  
 
 
 

 

  
which DNA or mRNAcan be

isolated. Page 11, first full
aragraph

Preferred sources includestool,
blood, and lymph nodes. Page
11, first full paragraph

 

 
 
 

 

 
 

  
The method of claim 1 wherein the mixed

population of nucleic acids sequences is from a
sample selected from the group consisting of
stool, blood, and lymph nodes.

 

 
 
 

 

 
 
  

   
  

  
 

 
 

 

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, Page 10, paragraph 3

The method of claim 1 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,

 
  
  

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2
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. Page 10, paragraph 3

 
 

  
 
 
 

   

 
 

The method of claim 1 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,

 

 
  
  

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2
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. Page 10, paragraph 3

  
  

  
 

 

  
 

 
 
 
  
 

  

 

 
 

The method of claim 1 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.

 

 
 
 

  
 
 

Desirably each assay sample
prior to amplification will

-13-
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Claim recitations Specification Support

contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2
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. Page 10, paragraph 3

  
  
 

 
 
  
 
 
 

 

 
 

The method of claim 1 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.

 
  

 
 

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2

Preferably at least ten diluted
assay samples are amplified and
analyzed. Morepreferably at
least 15, 20, 25, 30, 40, 50, 75,
100, 500, or 1000 diluted assay
samples are amplified and
analyzed. Page 10, paragraph 3

  
  

  
 

  
 

 
 

 
 

 
 

The method of claim 1 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.

 
 

 
  

 
 
 

 
 

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2 _.
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. Page 10, paragraph 3

    
  

 

 
 

  
 

 

 

 
 
 
 

 
 

The method of claim 1 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.

 
 

  

 
 
 

 

 

  
  

  
 

 

 
  

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2
Preferably at least ten diluted
assay samples are amplified and
analyzed. Morepreferably at
least 15, 20, 25, 30, 40, 50, 75,

 
 
 

 
 
 

The method of claim 1 wherein the mixed

population of nucleic acids sequences is
distributed or diluted such that at least seventy-

-14-
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Claim recitations Specification Support

- five assay samples compriseless than ten template|100, 500, or 1000 diluted assay
molecules. samples are amplified and

Page 686 of 1365

   
  
  

analyzed. Page 10, paragraph 3

Desirably cach assay sample
prior to amplificationwill
contain less than a hundred or

less than ten template molecules,
Page 7, paragraph 2
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. Page 10, paragraph 3

  
  

  
 

 
 

  
 
 
 

 
 
 
 
 

 

 
 
 

The method of claim 1 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.

 
 
 

Desirably each assay sample
prior to amplification will
contain less than a hundredor

less than ten template molecules.
Page 7, paragraph 2
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. Page 10, paragraph 3

  
   

 
 

 
 

 
 
 

 
 

The method of claim 1 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.

 
 
 

  
 
 
 

Desirably each assay sample
prior to amplification will
contain less than a hundred or

less than ten template molecules.
Page 7, paragraph 2

  
  

  
 

 

 
 

 

  
 
 
 

 
 
 

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. Page 10, paragraph 3

 
 

The method of claim 1 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.

 
 

  
 
 
 

Desirably each assay sample
prior to amplification will
contain less than a hundred or
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Claimrecitations Specification Support

less than ten template molecules.
Page 7, paragraph 2

The method of claim 1 wherein the mixed| Preferably at least ten diluted

Page 687 of 1365

   
 

 
 
 
 

  
 
 
  
  
  

  
 
 

 
  
 

 
 
 
 
 

population of nucleic acids sequences_is|#8say samples are amplified and
distributed or diluted such that at least one|analyzed. Morepreferablyat
thousand assay samples are diluted to a single|1east 15, 20, 25, 30,40, 50, 75,
template molecule level 100, 500, or 1000 diluted assay

‘ samples are amplified and
analyzed. Page 10, paragraph 3

 
 

 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. Page 10,

atagraph 2
Preferablyat 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. Page 10, paragraph 3

 
 
  

 

The method of claim 1 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.

 
 

  

 
  
   

 
  
 

 
 
 

  

 
 

A particularly preferred degree of
dilution is to a point where each
of the assay samples has on
average one-half of a template.
Page 7, paragraph 2
Preferably at least ten diluted
assay samples are amplified and
analyzed. Morepreferably at
least 15, 20, 25, 30, 40, 50, 75,
100, 500, or 1000 diluted assay
samples are amplified and
analyzed. Page 10, paragraph 3

 
 

 
 

 
 

The method of claim 1 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.

 
 

 
  

 
  

 
 
 

  

 
 

To achieve a dilution to
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Claim recitations Specification Support

o approximately a single templatemolecule level, one can dilute

CustomerNo. 11332

  
   
 

 
 

  
 

 

such that between 0.1 and 0.9 of

the assay samples yield an
amplification product. Page 10,

graph 2

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. Page 10, paragraph 3

 
 
 

 

 
 

The method of claim 1 wherein the mixed

population of nucleic acids sequences is
distributed or diluted such that one half ofat least

one thousand assay samples have at least one
template molecule.

 
  
  
 

   
  
  

  
 

 

  

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.

 
Respectfully submitted,

By:_/Sarah A. Kagan/
Sarah A. Kagan
Registration. No. 32,141

Dated: November30, 2011
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Lisa Hemmendinger--42653

Domestic Priority data as claimed by applicant
This application is a CON of 12/617,368 11/12/2009 PAT 7,915,015
which is a CON of 11/709,742 02/23/2007 PAT 7,824,889
which is a CON of 10/828,295 04/21/2004 ABN
whichis a DIV of 09/981,356 10/12/2001 PAT 6,753,147
which is a CON of 09/613,826 07/11/2000 PAT6,440,706
which claims benefit of 60/146,792 08/02/1999

Foreign Applications (You maybeeligible to benefit from the Patent Prosecution Highway program at the
USPTO.Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 04/19/2011
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The country code and numberof yourpriority application, to be usedforfiling abroad under the Paris Convention,
is US 13/071,105

Projected Publication Date: 08/18/2011

Non-Publication Request: No

Early Publication Request: No
Title

Digital Amplification

Preliminary Class

435

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughouttheterritory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to considerthe fillng of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies thefiling
of patent applications on the sameinvention in member countries, but does not result in a grant of “an international
patent" and doesnoteliminate the need of applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advisedthatin the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a requestfor a foreign filing license. The application's filing receipt contains further information and
guidanceasto the status of applicant's licenseforforeignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents"(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guideis available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http:/Avwww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations ofthis license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
dateindicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be usedat any time on or after the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as Imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the exportof technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Departmentof
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been grantedatthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3

Page 698 of 1365

 
 



Page 699 of 1365

 

 
  

 
 

      

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 43/071,105     

      

 
         

 
   

    

APPLICATIONAS FILED - PART | OTHER THAN

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED|NUMBER EXTRA RATE($) FEE(S)

BASIC FEE

SEARCH FEE
SEARCHTeri NIA N/ApNA|fo
EXAMINATION FEE N/A N/A N/A

 

 
 
  

(37 CFR 1.16(0), (p), or (q))
TOTAL CLAIMS " 7

INDEPENDENT CLAIMS

|_ (37 GFR 1.16(h))

    

      

If the specification and drawings exceed 100

REECICATION SIZE|sheets of paper, the application size fee dueIs$270 ($135 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16()))

 
   

* lf the difference in column 1 is less than zero, enter "0" in column 2.

{Golumn 1) (Column 2} (Column 3} SMALL ENTITYCLAIMS HIGHEST
REMAINING NUMBER PRESENT

AFTER PREVIOUSLY EXTRA
AMENDMENT PAID FOR

(37 CFR 1.16()}

Independent |(37 CFA 1.16(h))

Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16()))

{Column 1} (Column 2) {Column 3)

NUMBER PRESENT
PREVIOUSLY EXTRA

PAID FOR

 
APPLIGATION AS AMENDED- PARTIl

   

OTHER THAN
SMALL ENTITY

x

       

  ADDITIONAL
FEES)

 

 
 

Total
    AMENDMENTA
 

 
REMAINING

AFTER
AMENDMENT DDITIONAL DDITIONAL

RATE($) ADDITION. Al PEER)
x = Total

(37 CFR 1.160)
Independent Minus

(37 CFR 1.16(h))AMENDMENTB
 

ADD'L FEE

* Ifthe entry in column 1 is less than the entry in column2, write "0" in column 3.
* Ifthe "Highest Number Previously Paid For" IN THIS SPACEisless than 20, enter "20".

*™ Ifthe "Highest Number Previously Paid For* IN THIS SPACEIs less than 3, enter "3".
The "Highest Number Previously Paid Fort (Total or Independent) is the highest found in the appropriate box in column 1.
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UTILITY PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof: Group Art Unit: TBA

Bert VOGELSTEIN etal. Docket No. 001107.00866

Serial No. 13/071,105 Confirmation No: 3361

Filed: March 24, 2011 Examiner: TBA

For: DIGITAL AMPLIFICATION

RESPONSE TO NOTICE TO FILEMISSING PARTS OF NONPROVISIONAL
APPLICATION

  

USS.Patent and Trademark Office

Customer Service Window

Randolph Building, Mail Stop: Missing Parts
401 Dulany Street
Alexandria, VA 22314

DearSir:

In response to the Notice to File Missing Parts of Non-provisional Application under 37

C.F.R. §1.53(b), dated May 9, 2011, applicant submits the fees due. The fees are calculated as

follows:

2 Independentclaims over3 $440.00

28 total claims over 20 $1456.00

Total Fees $1896.00
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Bert VOGELSTEIN etal.

U.S. Patent Application No. 13/071,105

Webelieve that all Patent and Trademark Office requirements have now been fully met andit

werespectfully request that the above-identified patent application be forwarded for examination.

Please charge the filing of this paper and any additional fee, which may be associated to our

Deposit Account No. 19-0733.

Respectfully submitted,

By:_/Sarah A, Kagan/
Sarah A, Kagan
Registration, No, 32,141

Banner & Witcoff, Ltd.
1100 13Street, N.W., Suite 1200
Washington, D.C. 20005-4051
(202) 824-3000

Dated: July 8, 2011
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