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DIGITAL COUNTING OF INDIVIDUAL 
MOLECULES BY STOCHASTC 

ATTACHMENT OF DIVERSE LABELS 

RELATED APPLICATIONS 5 

This application claims priority to U.S. Provisional appli 
cation No. 61/286,768 filed Dec. 15, 2009, the entire dis 
closure of which is incorporated herein by reference in its 
entirety. 10 

SEQUENCE LISTING 

The instant application contains a Sequence Listing which 
has been submitted in ASCII format via EFS-Web and is 
hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Jun. 23, 2014, is named 41977-701-301 
Seqlist.txt and is 393 Kilobytes in size. 

15 

FIELD OF THE INVENTION 2O 

Methods, compositions and products for counting indi 
vidual molecules by stochastic attachment of diverse labels 
from a set of labels, followed by amplification and detection 
are disclosed. 25 

BACKGROUND OF THE INVENTION 

Many processes are characterized or regulated by the 
absolute or relative amounts of a plurality of items. For 
example, in biology, the level of expression of particular 
genes or groups of genes or the number of copies of 
chromosomal regions can be used to characterize the status 
of a cell or tissue. Analog methods such as microarray 
hybridization methods and real-time PCR are alternatives, 35 
but digital readout methods such as those disclosed herein 
have advantages over analog methods. Methods for estimat 
ing the abundance or relative abundance of genetic material 
having increased accuracy of counting would be beneficial. 

The availability of convenient and efficient methods for 40 
the accurate identification of genetic variation and expres 
sion patterns among large sets of genes may be applied to 
understanding the relationship between an organism’s 
genetic make-up and the state of its health or disease, Collins 
et al. Science, 282: 682-689 (1998). In this regard, tech- 45 
niques have been developed for the analysis of large popu 
lations of polynucleotides based either on specific hybrid 
ization of probes to microarrays, e.g. Lockhart et al. Hacia 
et al. Nature Genetics, 21: 4247 (1999), or on the counting 
of tags or signatures of DNA fragments, e.g. Velculescu et al., 50 
Science, 270: 48.4487 (1995); Brenner et al, Nature Biotech 
nology, 18: 630-634 (2000). These techniques have been 
used in discovery research to identify Subsets of genes that 
have coordinated patterns of expression under a variety of 
circumstances or that are correlated with, and predictive of 55 
events, of interest, such as toxicity, drug responsiveness, risk 
of relapse, and the like, e.g. Golub et al. Science, 286: 
531-537 (1999); Alizadeh et al, Nature, 403: 503-511 
(2000); Perou et al, Nature, 406: 747-752 (2000); Shippet 
al, Nature Medicine, 8: 68-74 (2002); Hakak et al. Proc. 60 
Natl. Acad. Sci., 98: 47454751 (2001); Thomas et al, Mol. 
Pharmacol., 60: 1189-1194 (2001); De Primo et al. BMC 
Cancer 2003, 3:3; and the like. Not infrequently the subset 
of genes found to be relevant has a size in the range of from 
ten or under to a few hundred. 

In addition to gene expression, techniques have also been 
developed to measure genome-wide variation in gene copy 

30 
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2 
number. For example, in the field of oncology, there is 
interest in measuring genome-wide copy number variation 
of local regions that characterize many cancers and that may 
have diagnostic or prognostic implications. For a review see 
Zhang et al. Annu. Rev. Genomics Hum. Genet. 2009. 
10:451-81. 
While such hybridization-based techniques offer the 

advantages of scale and the capability of detecting a wide 
range of gene expression or copy number levels. Such 
measurements may be subject to variability relating to probe 
hybridization differences and cross-reactivity, element-to 
element differences within microarrays, and microarray-to 
microarray differences, Audic and Claverie, Genomic Res., 
7: 986-995 (1997); Wittes and Friedman, J. Natl. Cancer 
Inst. 91: 400-401 (1999). 
On the other hand, techniques that provide digital repre 

sentations of abundance, such as SAGE (Velculescu et al. 
cited above) or MPSS (Brenner et al, cited above), are 
statistically more robust, they do not require repetition or 
standardization of counting experiments as counting statis 
tics are well-modeled by the Poisson distribution, and the 
precision and accuracy of relative abundance measurements 
may be increased by increasing the size of the sample of tags 
or signatures counted, e.g. Audic and Claverie (cited above). 

Both digital and non-digital hybridization-based assays 
have been implemented using oligonucleotide tags that are 
hybridized to their complements, typically as part of a 
detection or signal generation schemes that may include 
Solid phase Supports, such as microarrays, microbeads, or 
the like, e.g. Brenner et al. Proc. Natl. Acad. Sci., 97: 
1665-1670 (2000); Church et al, Science, 240: 185-188 
(1988); Chee, Nucleic Acids Research, 19: 3301-3305 
(1991); Shoemaker et al., Nature Genetics, 14: 450456 
(1996); Wallace, U.S. Pat. No. 5,981,179; Gerry etal, J. Mol. 
Biol., 292: 251-262 (1999); Fan et al., Genome Research, 
10: 853-860 (2000); Yeet al., Human Mutation, 17:305-316 
(2001); and the like. Bacterial transcript imaging by hybrid 
ization of total RNA to nucleic acid arrays may be conducted 
as described in Saizieu et al., Nature Biotechnology, 16:45 
48 (1998). Accessing genetic information using high density 
DNA arrays is further described in Chee et al., Science 
274:610-614 (1996). Tagging approaches have also been 
used in combination with next-generation sequencing meth 
ods, see for example, Smith et al. NAR (May 11, 2010), 1-7. 
A common feature among all of these approaches is a 

one-to-one correspondence between probe sequences and 
oligonucleotide tag sequences. That is, the oligonucleotide 
tags have been employed as probe Surrogates for their 
favorable hybridizations properties, particularly under mul 
tiplex assay conditions. 

Determining Small numbers of biological molecules and 
their changes is essential when unraveling mechanisms of 
cellular response, differentiation or signal transduction, and 
in performing a wide variety of clinical measurements. 
Although many analytical methods have been developed to 
measure the relative abundance of different molecules 
through sampling (e.g., microarrays and sequencing), few 
techniques are available to determine the absolute number of 
molecules in a sample. This can be an important goal, for 
example in single cell measurements of copy number or 
stochastic gene expression, and is especially challenging 
when the number of molecules of interest is low in a 
background of many other species. As an example, measur 
ing the relative copy number or expression level of a gene 
across a wide number of genes can currently be performed 
using PCR, hybridization to a microarray or by direct 
sequence counting. PCR and microarray analysis rely on the 
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specificity of hybridization to identify the target of interest 
for amplification or capture respectively, then yield an 
analog signal proportional to the original number of mol 
ecules. A major advantage of these approaches is in the use 
of hybridization to isolate the specific molecules of interest 
within the background of many other molecules, generating 
specificity for the readout or detection step. The disadvan 
tage is that the readout signal to noise is proportional to all 
molecules (specific and non-specific) specified by selective 
amplification or hybridization. The situation is reversed for 
sequence counting. No intended sequence specificity is 
imposed in the sequence capture step, and all molecules are 
sequenced. The major advantage is that the detection step 
simply yields a digital list of those sequences found, and 
since there is no specificity in the isolation step, all 
sequences must be analyzed at a sufficient statistical depth in 
order to learn about a specific sequence. Although very 
major technical advances in sequencing speed and through 
put have occurred, the statistical requirements imposed to 
accurately measure Small changes in concentration of a 
specific gene within the background of many other 
sequences requires measuring many sequences that don’t 
matter to find the ones that do matter. Each of these 
techniques, PCR, array hybridization and sequence counting 
is a comparative technique in that they primarily measure 
relative abundance, and do not typically yield an absolute 
number of molecules in a solution. A method of absolute 
counting of nucleic acids is digital PCR (B. Vogelstein, K. 
W. Kinzler, Proc Natl Acad Sci USA 96, 9236 (Aug. 3, 
1999)), where solutions are progressively diluted into indi 
vidual compartments until there is an average probability of 
one molecule per two wells, then detected by PCR. Although 
digital PCR can be used as a measure of absolute abundance, 
the dilutions must be customized for each type of molecule, 
and thus in practice is generally limited to the analysis of a 
small number of different molecules. 

SUMMARY OF THE INVENTION 

High-sensitivity single molecule digital counting by the 
stochastic labeling of a collection of identical molecules is 
disclosed. Each copy of a molecule randomly chooses from 
a non-depleting reservoir of diverse labels. The uniqueness 
of each labeled molecule is determined by the statistics of 
random choice, and depends on the number of copies of 
identical molecules in the collection compared to the diver 
sity of labels. The size of the resulting set of labeled 
molecules is determined by the stochastic nature of the 
labeling process, and analysis reveals the original number of 
molecules. When the number of copies of a molecule to the 
diversity of labels is low, the labeled molecules are highly 
unique, and the digital counting efficiency is high. This 
stochastic transformation relaxes the problem of counting 
molecules from one of locating and identifying identical 
molecules to a series of yes/no digital questions detecting 
whether preprogrammed labels are present. The conceptual 
framework for stochastic mapping of a variety of molecule 
types is developed and the utility of the methods are dem 
onstrated by stochastically labeling 360,000 different frag 
ments of the human genome. The labeled fragments for a 
target molecule of choice are detected with high specificity 
using a microarray readout System, and with DNA sequenc 
ing. The results are consistent with a stochastic process, and 
yield highly precise relative and absolute counting statistics 
of selected molecules within a vast background of other 
molecules. 
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4 
Methods are disclosed herein for digital counting of 

individual molecules of one or more targets. In preferred 
embodiments the targets are nucleic acids, but may be a 
variety of biological or non-biological elements. Targets are 
labeled so that individual occurrences of the same target are 
marked by attachment of a different label to difference 
occurrences. The attachment of the label confers a separate, 
determinable identity to each occurrence of targets that may 
otherwise be indistinguishable. Preferably the labels are 
different sequences that tag or mark each target occurrence 
uniquely. The resulting modified target comprises the target 
sequence and the unique identifier (which may be referred to 
herein as tag, counter, label, or marker). The junction of the 
target and identifier forms a uniquely detectable mechanism 
for counting the occurrence of that copy of the target. The 
attachment of the identifier to each occurrence of the target 
is a random sampling event. Each occurrence of target could 
choose any of the labels. Each identifier is present in 
multiple copies so selection of one copy does not remove 
that identifier sequence from the pool of identifiers so it is 
possible that the same identifier will be selected twice. The 
probability of that depends on the number of target occur 
rences relative to the number of different identifier 
Sequences. 

Each stochastic attachment event, where a target occur 
rence is attached to a unique identifier, results in the creation 
of a novel sequence formed at the junction of the identifier 
and the target. For a given target, all resulting products will 
contain the same target portion, but each will contain a 
different identifier sequence (T1L1, T1L2, ... T1LN where 
N is the number of different occurrences of target1, “T1 and 
L is the identifier, L1, L2 . . . LN). In preferred aspects the 
occurrences are detected by hybridization. In some aspects 
the methods and systems include a probe array comprising 
features, wherein each feature has a different combination of 
target sequence with identifiers, 1 to N wherein N is the 
number of unique identifiers in the pool of identifiers. The 
array has N features for each target, so if there are 8 targets 
to be analyzed there are 8 times N features on the array to 
interrogate the 8 targets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a method of stochastic labeling 
and counting by hybridization to an array of Support bound 
probes. 

FIG. 2A shows a schematic of labeling target molecules 
with a pool of labels. 

FIG. 2B shows a schematic of detection of labeled targets 
on an array having features that are label specific and target 
specific. 

FIG. 2C shows a schematic illustration of the difference 
between an analog array and a digital array. 

FIG. 3 shows a schematic of a method for circularizing 
targets and amplifying with gene specific primers. 

FIG. 4 shows a schematic of a method for detection of 
ligation products by hybridization to array probes that are 
complementary to the sequence resulting from the ligation. 

FIG. 5 shows a schematic of a method for target prepa 
ration. 

FIG. 6 shows a method for stochastic counting by frag 
mentation where the unique end of the fragment is the label 
used for counting. 

FIG. 7 provides an example of a genomic target ligated at 
either end to a label adaptor. 
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FIG. 8 shows a schematic of the arrangement and position 
of the adaptors, PCR primers, and the biotinylated array 
ligation probe in one exemplary sample prep method. 

FIG. 9 is a schematic of a method for using ligation based 
read out on arrays to detect labeled targets and minimize 5 
partial target hybridization. 

FIG. 10 shows the arrangement of the adaptors, labels and 
primers used to convert the labeled sample into sequencing 
template. 

FIG. 11 is a plot of the number of labels from a non 
depleting reservoir of 960 fables that are predicted to be 
captures at least once, exactly once or exactly twice. 

FIG. 12 is a plot of counting results for 4 different DNA 
copy number titrations using microarray hybridization (on 
left) or DNA sequencing in (on right). 

FIG. 13 shows relative copy ratios of three tested gene 
targets representing copy number 1, 2 or 3 at different 
dilutions as analyzed using the disclosed methods. 

FIG. 14 shows a comparison between experimentally 20 
observed label usage with those predicted from stochastic 
modeling. 

FIG. 15 shows a plot of the expected label usage (y-axis) 
when ligating to a given number of target molecules 
(X-axis). 25 

FIG. 16 shows a plot of number of target molecules 
(X-axis) compared to counting efficiency (y-axis). 

FIG. 17 shows a schematic of a method for attaching 
labels to targets using a splint having a variable region. 

FIG. 18 shows a schematic of a method for enriching for 30 
molecules that contain labels, target or both. 

FIG. 19 shows a scatter plot of a series of different target 
plus label combinations. 

FIG. 20 shows a plot of counting efficiency versus copies 
of target as the number of labels varies. The inset is a 35 
magnification of the upper left portion of the graph. 

FIG. 21 is a plot of labels the array intensity observed 
compared to the number of fragments when fragments are 
binned according to size. 

FIG. 22 shows labels observed by microarray hybridiza- 40 
tion plotted against intensity (y-axis) for each of 960 labels 
for the Chr 4 gene target. 

FIG. 23 shows frequency plots (y-axis, log-scale) of 
intensity distributions of the 960 labels in the microarray 
experiments with the counting threshold applied indicated 45 
by the dashed line. 

FIG. 24 shows plots showing fragment size distribution 
and mean raw intensity on chr22 tiling probes on the 
“CNV type' array. 

FIG. 25 shows a simulated PCR run showing the repli- 50 
cation outcome for 500 molecules of a target fragment 
ligated to a library of 960 label counters. 

FIG. 26 shows intensities of 1,152 array probes associated 
with a single gene target on chromosome 4 in the upper 
panel and a histogram of the intensity data corresponding to 55 
960 labels in the lower panel. 

FIG. 27 shows a plot of the number of times each of the 
960 labels was observed in ligations with low DNA target 
amountS. 

FIG. 28 shows an example of a replication process on a 60 
collection of 390 uniquely labeled target molecules resulting 
from 960 diverse labels independently marked with 500 
copies of a target molecule. 

FIG. 29 shows plots of labels observed in the mapped 
reads from the first sequencing run for chromosome 4 with 65 
the horizontal dashed line indicating the counting threshold 
applied and the vertical dashed line indicating the break 
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6 
separating the 192 negative controls from the expected 
labels (controls to the right of the line). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made in detail to exemplary 
embodiments of the invention. While the invention will be 
described in conjunction with the exemplary embodiments, 
it will be understood that they are not intended to limit the 
invention to these embodiments. On the contrary, the inven 
tion is intended to cover alternatives, modifications and 
equivalents, which may be included within the spirit and 
Scope of the invention. 
The invention has many preferred embodiments and relies 

on many patents, applications and other references for 
details known to those of the art. Therefore, when a patent, 
application, or other reference. Such as a printed publication, 
is cited or repeated below, it should be understood that it is 
incorporated by reference in its entirety for all purposes and 
particularly for the proposition that is recited. 
As used in this application, the singular form “a,” “an.” 

and “the include plural references unless the context clearly 
dictates otherwise. For example, the term “an agent' 
includes a plurality of agents, including mixtures thereof. 
An individual is not limited to a human being, but may 

also be other organisms including, but not limited to, mam 
mals, plants, bacteria, or cells derived from any of the above. 

Throughout this disclosure, various aspects of this inven 
tion can be presented in a range format. It should be 
understood that the description in range format is merely for 
convenience and brevity and should not be construed as an 
inflexible limitation on the scope of the invention. Accord 
ingly, the description of a range should be considered to 
have specifically disclosed all the possible subranges as well 
as individual numerical values within that range. For 
example, description of a range Such as from 1 to 6 should 
be considered to have specifically disclosed Subranges Such 
as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 
2 to 6, from 3 to 6 etc., as well as individual numbers within 
that range, for example, 1, 2, 3, 4, 5, and 6. This applies 
regardless of the breadth of the range. 
The practice of the present invention may employ, unless 

otherwise indicated, conventional techniques and descrip 
tions of organic chemistry, polymer technology, molecular 
biology (including recombinant techniques), cell biology, 
biochemistry, and immunology, which are within the skill of 
the art. Such conventional techniques include polymer array 
synthesis, hybridization, ligation, and detection of hybrid 
ization using a label. Specific illustrations of suitable tech 
niques can be had by reference to the example herein below. 
However, other equivalent conventional procedures can, of 
course, also be used. Such conventional techniques and 
descriptions can be found in standard laboratory manuals 
Such as Genome Analysis. A Laboratory Manual Series 
(Vols. I-IV). Using Antibodies: A Laboratory Manual, Cells. 
A Laboratory Manual, PCR Primer: A Laboratory Manual, 
and Molecular Cloning. A Laboratory Manual (all from 
Cold Spring Harbor Laboratory Press), Gait, “Oligonucle 
otide Synthesis: A Practical Approach' 1984, IRL Press, 
London, Nelson and Cox (2000), Lehninger et al., (2008) 
Principles of Biochemistry 5th Ed., W.H. Freeman Pub., 
New York, N.Y. and Berget al. (2006) Biochemistry, 6' Ed., 
W.H. Freeman Pub., New York, N.Y., all of which are herein 
incorporated in their entirety by reference for all purposes. 
The present invention can employ solid Substrates, includ 

ing arrays in Some preferred embodiments. Methods and 
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techniques applicable to polymer (including protein) array 
synthesis have been described in U.S. Patent Pub. No. 
20050074787, WO 00/58516, U.S. Pat. Nos. 5,143,854, 
5,242,974, 5,252,743, 5,324,633, 5,384,261, 5,405,783, 
5,424,186, 5,451,683, 5,482,867, 5,491,074, 5,527,681, 
5,550,215, 5,571,639, 5,578,832, 5,593,839, 5,599,695, 
5,624,711, 5,631,734, 5,795,716, 5,831,070, 5,837,832, 
5,856,101, 5,858,659, 5,936,324, 5,968,740, 5,974,164, 
5,981,185, 5,981,956, 6,025,601, 6,033,860, 6,040,193, 
6,090,555, 6,136,269, 6,269,846 and 6,428,752, in PCT 
Publication No. WO99/36760 and WO 01/58593, which are 
all incorporated herein by reference in their entirety for all 
purposes. 

Patents that describe synthesis techniques in specific 
embodiments include U.S. Pat. Nos. 5,412,087, 6,147,205, 
6,262,216, 6,310,189, 5,889,165, and 5,959,098. Nucleic 
acid arrays are described in many of the above patents, but 
the same techniques may be applied to polypeptide arrays. 

The present invention also contemplates many uses for 
polymers attached to Solid Substrates. These uses include 
gene expression monitoring, profiling, library Screening, 
genotyping and diagnostics. Gene expression monitoring 
and profiling methods can be shown in U.S. Pat. Nos. 
5,800,992, 6,013,449, 6,020,135, 6,033,860, 6,040,138, 
6,177.248 and 6,309,822. Genotyping and uses therefore are 
shown in U.S. Patent Publication Nos. 2003.0036069 and 
20070065816 and U.S. Pat. Nos. 5,856,092, 6,300,063, 
5,858,659, 6,284,460, 6,361,947, 6,368,799 and 6,333,179. 
Other uses are embodied in U.S. Pat. Nos. 5,871,928, 
5,902,723, 6,045,996, 5,541,061, and 6,197,506. 
The present invention also contemplates sample prepara 

tion methods in certain embodiments. Prior to or concurrent 
with analysis, the sample may be amplified by a variety of 
mechanisms. In some aspects nucleic acid amplification 
methods such as PCR may be combined with the disclosed 
methods and systems. See, for example, PCR Technology: 
Principles and Applications for DNA Amplification (Ed. H. 
A. Erlich, Freeman Press, NY, N.Y., 1992); PCR Protocols: 
A Guide to Methods and Applications (Eds. Innis, et al., 
Academic Press, San Diego, Calif., 1990); Mattila et al., 
Nucleic Acids Res. 19, 4967 (1991); Eckert et al., PCR 
Methods and Applications 1, 17 (1991): PCR (Eds. McPher 
son et al., IRL Press, Oxford); and U.S. Pat. Nos. 4,683.202, 
4,683, 195, 4,800,159, 4,965,188, and 5,333,675, each of 
which is incorporated herein by reference in their entireties 
for all purposes. Enzymes and related methods of use in 
molecular biology that may be used in combination with the 
disclosed methods and systems are reviewed, for example, 
in Rittie and Perbal, J. Cell Commun. Signal. (2008) 2:25 
45. The sample may be amplified on the array. See, for 
example, U.S. Pat. No. 6,300,070 and which is incorporated 
herein by reference in its entirety for all purposes. 
Many of the methods and systems disclosed herein utilize 

enzyme activities. A variety of enzymes are well known, 
have been characterized and many are commercially avail 
able from one or more supplier. For a review of enzyme 
activities commonly used in molecular biology see, for 
example, Rittie and Perbal, J. Cell Commun. Signal. (2008) 
2:25-45, incorporated herein by reference in its entirety. 
Exemplary enzymes include DNA dependent DNA poly 
merases (such as those shown in Table 1 of Rittie and 
Perbal), RNA dependent DNA polymerase (see Table 2 of 
Rittie and Perbal), RNA polymerases, ligases (see Table 3 of 
Rittie and Perbal), enzymes for phosphate transfer and 
removal (see Table 4 of Rittie and Perbal), nucleases (see 
Table 5 of Rittie and Perbal), and methylases. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Other methods of genome analysis and complexity reduc 

tion include, for example, AFLP, see U.S. Pat. No. 6,045, 
994, which is incorporated herein by reference, and arbi 
trarily primed-PCR (AP-PCR) see McClelland and Welsh, in 
PCR Primer: A laboratory Manual, (1995) eds. C. Dieffen 
bach and G. Dveksler, Cold Spring Harbor Lab Press, for 
example, at p 203, which is incorporated herein by reference 
in its entirety. Additional methods of sample preparation and 
techniques for reducing the complexity of a nucleic sample 
are described in Dong et al., Genome Research 11, 1418 
(2001), in U.S. Pat. Nos. 6,361,947, 6,391,592, 6,458,530 
and U.S. Patent Publication Nos. 20030039069, 
20050079536, 20030096235, 20030082543, 20040072217, 
20050142577, 20050233354, 20050227244, 20050208555, 
20050074799, 20050042654 and 20040067493, which are 
each incorporated herein by reference in their entireties. 
The design and use of allele-specific probes for analyzing 

polymorphisms is described by e.g., Saiki et al., Nature 324. 
163-166 (1986); Dattagupta, EP 235,726, and WO 
89/11548. Allele-specific probes can be designed that 
hybridize to a segment of target DNA from one individual 
but do not hybridize to the corresponding segment from 
another individual due to the presence of different polymor 
phic forms in the respective segments from the two indi 
viduals. 
The term “WGSA (Whole Genome Sampling Assay) 

Genotyping Technology” refers to a technology that allows 
the genotyping of thousands of SNPs simultaneously in 
complex DNA without the use of locus-specific primers. 
WGSA reduces the complexity of a nucleic acid sample by 
amplifying a Subset of the fragments in the sample. In this 
technique, a nucleic acid sample is fragmented with one or 
more restriction enzymes of interest and adaptors are ligated 
to the digested fragments. A single primer that is comple 
mentary of the adaptor sequence is used to amplify frag 
ments of a desired size, for example, 400-800, 400-2000 
bps, using PCR. Fragments that are outside the selected size 
range are not efficiently amplified. WGSA is disclosed in, for 
example, U.S. Patent Publication Nos. 20040185475, 
20040157243 (also PCT Application published as WOO4/ 
044225), 20040146890, 20030186279, 20030186280, 
20030232353, 20040067493, 2003.0025075, 20020142314, 
20070065816 and U.S. patent application Ser. No. 10/646, 
674, each of which is hereby incorporated by reference in its 
entirety for all purposes. In U.S. Patent Publication Nos. 
20040185475, US20030186279, and US20030186280, the 
accuracy of genotype calls was determined in two ways: 
through the use of genotypes obtained by independent 
genotyping methods, and by dideoxynucleotide sequencing 
of discordant genotype calls. U.S. Patent Publication No. 
20020142314, arrays are designed to detect specific SNPS 
or simply to detect the presence of a region known to 
frequently contain SNPS. In the latter case, other techniques 
such as sequencing could be employed to identify the SNP. 
In U.S. Patent Publication No. 20070065816, methods that 
may be used to determine the identity of an allele include, 
but are not limited to, detecting hybridization of a molecular 
beacon probe, electrical pore analysis, electrical conduc 
tance analysis, atomic force microscopy analysis, pyrose 
quencing, MALDI-TOF mass spectrometry, Surface 
Enhanced Raman Scattering, current amplitude analysis, use 
of an eSensor system, and use of electrochemical DNA 
biosensors. 

Sample preparation methods are also contemplated in 
many embodiments. Prior to or concurrent with analysis, the 
genomic sample may be amplified by a variety of mecha 
nisms, some of which may employ PCR. See, e.g., PCR 
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Technology. Principles and Applications for DNA Amplifi 
cation (Ed. H. A. Erlich, Freeman Press, NY, N.Y., 1992); 
PCR Protocols: A Guide to Methods and Applications (Eds. 
Innis, et al., Academic Press, San Diego, Calif., 1990); 
Mattila et al., Nucleic Acids Res. 19, 4967 (1991); Eckert et 
al., PCR Methods and Applications 1, 17 (1991): PCR (Eds. 
McPherson et al., IRL Press, Oxford); and U.S. Pat. Nos. 
4,683,202, 4,683,195, 4,800,159 4,965,188, and 5,333,675, 
and each of which is incorporated herein by reference in 
their entireties for all purposes. See also U.S. Pat. No. 
6,300,070 which is incorporated herein by reference. Addi 
tional methods of sample preparation and techniques for 
reducing the complexity of a nucleic sample are described in 
Dong et al., Genome Research 11, 1418 (2001), in U.S. Pat. 
Nos. 6,361,947, 6,391,592 and U.S. Patent Pub. Nos. 
20030096235, 20030082543 and 2003.0036069. 

Other suitable amplification methods include the ligase 
chain reaction (LCR) (for example, Wu and Wallace, 
Genomics 4,560 (1989), Landegren et al., Science 241, 1077 
(1988) and Barringer et al. Gene 89:117 (1990)), transcrip 
tion amplification (Kwoh et al., Proc. Natl. Acad. Sci. USA 
86, 1173 (1989) and WO88/10315), self-sustained sequence 
replication (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 
1874 (1990) and WO90/06995), selective amplification of 
target polynucleotide sequences (U.S. Pat. No. 6,410,276), 
consensus sequence primed polymerase chain reaction (CP 
PCR) (U.S. Pat. No. 4,437,975), arbitrarily primed poly 
merase chain reaction (AP-PCR) (U.S. Pat. Nos. 5,413,909, 
5,861.245), rolling circle amplification (RCA) (for example, 
Fire and Xu, PNAS 92:4641 (1995) and Liu et al., J. Am. 
Chem. Soc. 118:1587 (1996)) and nucleic acid based 
sequence amplification (NABSA). (See, U.S. Pat. Nos. 
5,409,818, 5,554,517, and 6,063,603, each of which is 
incorporated herein by reference). Other amplification meth 
ods that may be used are described in, U.S. Pat. Nos. 
6,582,938, 5,242,794, 5,494,810, 4,988,617, and US Pub. 
No. 2003.0143599 each of which is incorporated herein by 
reference. 

Molecular inversion probes may also be used for ampli 
fication of selected targets. MIPs may be generated so that 
the ends of the pre-circle probe are complementary to 
regions that flank the region to be amplified. The gap can be 
closed by extension of the end of the probe so that the 
complement of the target is incorporated into the MIP prior 
to ligation of the ends to form a closed circle. The closed 
circle can be amplified as previously disclosed in Hardenbol 
et al., Genome Res. 15:269-275 (2005) and in U.S. Pat. No. 
6,858,412. 

In some embodiments, amplification may include the use 
of a strand displacing polymerase that may be primed by 
selected primers or by a mixture of primers, for example, 
random hexamers. See for example Lasken and Egholm, 
Trends Biotechnol. 2003 21 (12):531-5: Barker et al. 
Genome Res. 2004 May: 14(5):901-7: Dean et al. Proc Natl 
Acad Sci USA 2002; 99(8):5261-6; and Paez, J. G., et al. 
Nucleic Acids Res. 2004; 32(9):e71. Other amplification 
methods that may be used include: Qbeta Replicase, 
described in PCT Patent Application No. PCT/US87/00880, 
isothermal amplification methods such as SDA, described in 
Walker et al. 1992, Nucleic Acids Res. 20(7): 1691-6, 1992, 
and rolling circle amplification, described in U.S. Pat. No. 
5,648,245. DNA may also be amplified by multiplex locus 
specific PCR or using adaptor-ligation and single primer 
PCR. Other available methods of amplification, such as 
balanced PCR (Makrigiorgos, et al. (2002), Nat Biotechnol, 
Vol. 20, pp. 936-9), may also be used. Balanced PCR 
operates by digesting the two genomes to be compared 
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10 
(target A and control B) with a restriction enzyme (SAU3A1, 
a four-base cutter) and then ligating composite linkers LN1 
and LN2 to each of the two DNA populations. Each linker 
contains a sequence (P1) found in both linkers and a 
sequence tag unique to each DNA sample. These unique tags 
are included in the 3' end of the sequences P2a and P2b. 
Therefore, primer extension by P2a or P2b can occur only 
when DNA ligated to LN1 or LN2, respectively, is encoun 
tered. The ligated genomes are mixed and amplified in a 
single PCR reaction with the P1 common primer until the 
desired amount of final product is obtained. Subsequently, 
the mixed genomes can be distinguished by two methods: 
differential fluorescent labeling of one or the other DNA 
population in the mixture using the unique sequences P2a or 
P2b in a single primer-extension reaction, or reseparation of 
the two genomes by a low-cycle PCR reaction. 

Methods of ligation will be known to those of skill in the 
art and are described, for example in Sambrook et al. (2001) 
and the New England BioLabs catalog both of which are 
incorporated herein by reference for all purposes. Methods 
include using T4DNA Ligase which catalyzes the formation 
of a phosphodiester bond between juxtaposed 5' phosphate 
and 3' hydroxyl termini in duplex DNA or RNA with blunt 
and Sticky ends; Taq DNA Ligase which catalyzes the 
formation of a phosphodiester bond between juxtaposed 5' 
phosphate and 3' hydroxyl termini of two adjacent oligo 
nucleotides which are hybridized to a complementary target 
DNA. E. coli DNA ligase which catalyzes the formation of 
a phosphodiester bond between juxtaposed 5'-phosphate and 
3'-hydroxyl termini in duplex DNA containing cohesive 
ends; and T4 RNA ligase which catalyzes ligation of a 5' 
phosphoryl-terminated nucleic acid donor to a 3' hydroxyl 
terminated nucleic acid acceptor through the formation of a 
3'->5' phosphodiester bond, substrates include single 
stranded RNA and DNA as well as dinucleoside pyrophos 
phates; or any other methods described in the art. Frag 
mented DNA may be treated with one or more enzymes, for 
example, an endonuclease, prior to ligation of adaptors to 
one or both ends to facilitate ligation by generating ends that 
are compatible with ligation. 

Fixed content mapping arrays are available from Affyme 
trix, for example, the SNP 6.0 array. Methods for using 
mapping arrays see, for example, Kennedy et al., Nat. 
Biotech. 21:1233-1237 (2003), Matsuzaki et al., Genome 
Res. 14:414-425 (2004), Matsuzaki et al., Nat. Meth. 1:109 
111 (2004) and U.S. Patent Pub. Nos. 20040146890 and 
20050042654, each incorporated herein by reference. Appli 
cations of microarrays for SNP genotyping have been 
described in e.g., U.S. Pat. Nos. 6,300,063, 6,361,947, 
6,368,799 and US Patent Publication Nos. 20040067493, 
20030232353, 20030186279, 20050260628, 20070065816 
and 20030186280, all incorporated herein by reference in 
their entireties for all purposes. 

Fixed content mapping arrays are available from Affyme 
trix, for example, the SNP 6.0 array. Methods for using 
mapping arrays see, for example, Kennedy et al., Nat. 
Biotech. 21:1233-1237 (2003), Matsuzaki et al., Genome 
Res. 14:414-425 (2004), Matsuzaki et al., Nat. Meth. 1:109 
111 (2004) and U.S. Patent Pub. Nos. 20040146890 and 
20050042654, each incorporated herein by reference. Appli 
cations of microarrays for SNP genotyping have been 
described in e.g., U.S. Pat. Nos. 6,300,063, 6,361,947, 
6,368,799 and US Patent Publication Nos. 20040067493, 
20030232353, 20030186279, 20050260628, 20070065816 
and 20030186280, all incorporated herein by reference in 
their entireties for all purposes. In U.S. Pat. No. 6,300,063, 
a wide variety of methods can be used to identify specific 
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polymorphisms. For example, repeated sequencing of 
genomic material from large numbers of individuals, 
although extremely time consuming, can be used to identify 
such polymorphisms. In U.S. Pat. No. 6,361.947, arrays are 
designed to detect specific SNPS or simply to detect the 
presence of a region known to frequently contain SNPS. In 
the latter case, other techniques such as sequencing could be 
employed to identify the SNP. 

Computer implemented methods for determining geno 
type using data from mapping arrays are disclosed, for 
example, in Liu, et al., Bioinformatics 19:2397-2403 (2003), 
Rabbee and Speed, Bioinformatics, 22:7-12 (2006), and Di 
et al., Bioinformatics 21:1958-63 (2005). Computer imple 
mented methods for linkage analysis using mapping array 
data are disclosed, for example, in Ruschendorf and Nurn 
berg, Bioinformatics 21:2123-5 (2005) and Leykin et al., 
BMC Genet. 6:7, (2005). Computer methods for analysis of 
genotyping data are also disclosed in U.S. Patent Pub. Nos. 
20060229823, 20050009069, 20040138821, 20060024715, 
2005O25O151 and 2003OOO9292. 

Methods for analyzing chromosomal copy number using 
mapping arrays are disclosed, for example, in Bignell et al., 
Genome Res. 14:287-95 (2004), Lieberfarb, et al., Cancer 
Res. 63:4781-4785 (2003), Zhao et al., Cancer Res. 
64:3060-71 (2004), Huang et al., Hum Genomics 1:287-299 
(2004), Nannya et al., Cancer Res. 65:6071-6079 (2005), 
Slater et al., Am. J. Hum. Genet. 77:709–726 (2005) and 
Ishikawa et al., Biochem. and Biophys. Res. Comm., 333: 
1309-1314 (2005). Computer implemented methods for 
estimation of copy number based on hybridization intensity 
are disclosed in U.S. Patent Pub. Nos. 20040157243, 
20050064476, 20050130217, 20060035258, 20060134674 
and 2006O194243. 

Additional methods of sample preparation and techniques 
for reducing the complexity of a nucleic sample are 
described in Dong et al., Genome Research 11, 1418 (2001), 
in U.S. Pat. Nos. 6,361,947, 6,391,592 and 6,872,529 and 
U.S. Patent Publication Nos. 2003.0036069, 20030096235 
and 20030082543. Additional methods of using a genotyp 
ing array are disclosed, for example, in U.S. Patent Publi 
cation Nos. 20040146883, 20030186280, 20030186279, 
20040067493, 20030232353, 20060292597, 20050233354, 
20050074799, 20070065816 and 20040185475. 

Methods for conducting polynucleotide hybridization 
assays have been well developed in the art. Hybridization 
assay procedures and conditions will vary depending on the 
application and are selected in accordance with known 
general binding methods, including those referred to in: 
Maniatis et al. Molecular Cloning: A Laboratory Manual 
(2" Ed. Cold Spring Harbor, N.Y., 1989); Berger and 
Kimmel Methods in Enzymology, Vol. 152, Guide to 
Molecular Cloning Techniques (Academic Press, Inc., San 
Diego, Calif., 1987); Young and Davis, P.N.A.S., 80: 1194 
(1983). Methods and apparatus for carrying out repeated and 
controlled hybridization reactions have been described in 
U.S. Pat. Nos. 5,871,928, 5,874,219, 6,045,996 and 6,386, 
749, 6.391,623 each of which are incorporated herein by 
reference. 
The present invention also contemplates signal detection 

of hybridization between ligands in certain preferred 
embodiments. See U.S. Pat. Nos. 5,143,854, 5,578,832, 
5,631,734, 5,834,758, 5,936,324, 5,981,956, 6,025,601, 
6,141,096, 6,185,030, 6,201,639, 6,218,803, and 6,225,625 
in U.S. Patent Pub. No. 20040012676 and in PCT Applica 
tion PCT/US99/06097 (published as WO99/47964), each of 
which also is hereby incorporated by reference in its entirety 
for all purposes. 
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Methods and apparatus for signal detection and process 

ing of intensity data are disclosed in, for example, U.S. Pat. 
Nos. 5,143,854, 5,547,839, 5,578,832, 5,631,734, 5,800, 
992, 5,834,758, 5,856,092, 5,902,723, 5,936,324, 5,981,956, 
6,025,601, 6,090,555, 6,141,096, 6,185,030, 6,201,639; 
6,218,803; and 6,225,625, in U.S. Patent Pub. Nos. 
20040012676 and 2005.0059062 and in PCT Application 
PCT/US99/06097 (published as WO99/47964), each of 
which also is hereby incorporated by reference in its entirety 
for all purposes. 
The practice of the present invention may also employ 

conventional biology methods, software and systems. Com 
puter software products of the invention typically include 
computer readable medium having computer-executable 
instructions for performing the logic steps of the method of 
the invention. Suitable computer readable medium include 
floppy disk, CD-ROM/DVD/DVD-ROM, hard-disk drive, 
flash memory, ROM/RAM, magnetic tapes, etc. The com 
puter-executable instructions may be written in a suitable 
computer language or combination of several languages. 
Basic computational biology methods are described in, for 
example, Setubal and Meidanis et al., Introduction to Com 
putational Biology Methods (PWS Publishing Company, 
Boston, 1997); Salzberg, Searles, Kasif, (Ed.). Computa 
tional Methods in Molecular Biology, (Elsevier, Amsterdam, 
1998); Rashidi and Buehler, Bioinformatics Basics: Appli 
cation in Biological Science and Medicine (CRC Press, 
London, 2000) and Ouelette and BZevanis Bioinformatics: A 
Practical Guide for Analysis of Gene and Proteins (Wiley & 
Sons, Inc., 2" ed., 2001). See U.S. Pat. No. 6,420,108. 
The present invention may also make use of various 

computer program products and software for a variety of 
purposes. Such as probe design, management of data, analy 
sis, and instrument operation. See, U.S. Pat. Nos. 5.593,839, 
5,795,716, 5,733,729, 5,974,164, 6,066,454, 6,090,555, 
6,185,561, 6,188,783, 6,223,127, 6,229,911 and 6,308,170. 
Computer methods related to genotyping using high density 
microarray analysis may also be used in the present meth 
ods, see, for example, US Patent Pub. Nos. 20050250151, 
20050244883, 20050108197, 20050079536 and 
2005OO42654. 

Additionally, the present disclosure may have preferred 
embodiments that include methods for providing genetic 
information over networks such as the Internet as shown in 
U.S. Patent Pub. Nos. 200300.97222, 2002O183936, 
2003.01.00995, 2003.01.20432, 2004.0002818, 20040126840, 
and 2004.0049354. 
An allele refers to one specific form of a genetic sequence 

(such as a gene) within a cell, an individual or within a 
population, the specific form differing from other forms of 
the same gene in the sequence of at least one, and frequently 
more than one, variant sites within the sequence of the gene. 
The sequences at these variant sites that differ between 
different alleles are termed “variances”, “polymorphisms’. 
or “mutations'. At each autosomal specific chromosomal 
location or "locus an individual possesses two alleles, one 
inherited from one parent and one from the other parent, for 
example one from the mother and one from the father. An 
individual is "heterozygous at a locus if it has two different 
alleles at that locus. An individual is "homozygous' at a 
locus if it has two identical alleles at that locus. 

Single nucleotide polymorphisms (SNPs) are positions at 
which two alternative bases occur at appreciable frequency 
(>1%) in a given population. SNPs are a common type of 
human genetic variation and are useful in the performance of 
genome wide association studies (GWAS). GWAS may be 
used, for example for the analysis of biological pathways, 
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see Wang and Hakonarson, Nat. Rev. Genet. 2010, 11:843 
854. Other common variation includes single base deletions 
or insertions of a nucleotide relative to a reference allele. 
Copy number variants (CNVs), transversions and other 
rearrangements are also forms of genetic variation. 

Single nucleotide polymorphisms (SNPs) are positions at 
which two alternative bases occur at appreciable frequency 
(>1%) in a given population. SNPs are the most common 
type of human genetic variation. A polymorphic site is 
frequently preceded by and followed by highly conserved 
sequences (e.g., sequences that vary in less than /100 or /1000 
members of the populations). 
The term genotyping refers to the determination of the 

genetic information an individual carries at one or more 
positions in the genome. For example, genotyping may 
comprise the determination of which allele or alleles an 
individual carries for a single SNP or the determination of 
which allele or alleles an individual carries for a plurality of 
SNPs. For example, a particular nucleotide in a genome may 
be an A in some individuals and a C in other individuals. 
Those individuals who have an A at the position have the A 
allele and those who have a C have the Callele. In a diploid 
organism the individual will have two copies of the sequence 
containing the polymorphic position so the individual may 
have an A allele and a Callele or alternatively two copies of 
the A allele or two copies of the Callele. Those individuals 
who have two copies of the Callele are homozygous for the 
C allele, those individuals who have two copies of the A 
allele are homozygous for the Callele, and those individuals 
who have one copy of each allele are heterozygous. The 
array may be designed to distinguish between each of these 
three possible outcomes. A polymorphic location may have 
two or more possible alleles and the array may be designed 
to distinguish between all possible combinations. 

The term “array' as used herein refers to an intentionally 
created collection of molecules which can be prepared either 
synthetically or biosynthetically. The molecules in the array 
can be identical or different from each other. The array can 
assume a variety of formats, for example, libraries of soluble 
molecules; libraries of compounds tethered to resin beads, 
silica chips, microparticles, nanoparticles or other Solid 
Supports. 
The term “complementary” as used herein refers to the 

hybridization or base pairing between nucleotides or nucleic 
acids, such as, for instance, between the two strands of a 
double stranded DNA molecule or between an oligonucle 
otide primer and a primer binding site on a single stranded 
nucleic acid to be sequenced or amplified. See, M. Kanehisa 
Nucleic Acids Res. 12:203 (1984), incorporated herein by 
reference. 
The term “copy number variation” or “CNV refers to 

differences in the copy number of genetic information. In 
many aspects it refers to differences in the per genome copy 
number of a genomic region. For example, in a diploid 
organism the expected copy number for autosomal genomic 
regions is 2 copies per genome. Such genomic regions 
should be present at 2 copies per cell. For a recent review see 
Zhang et al. Annu. Rev. Genomics Hum. Genet. 2009. 
10:451-81. CNV is a source of genetic diversity in humans 
and can be associated with complex disorders and disease, 
for example, by altering gene dosage, gene disruption, or 
gene fusion. They can also represent benign polymorphic 
variants. CNVs can be large, for example, larger than 1 Mb. 
but many are smaller, for example between 100 bp and 1 
Mb. More than 38,000 CNVs greater than 100 bp (and less 
than 3 Mb) have been reported in humans. Along with SNPs 
these CNVs account for a significant amount of phenotypic 
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14 
variation between individuals. In addition to having delete 
rious impacts, e.g. causing disease, they may also result in 
advantageous variation. 

Digital PCR is a technique where a limiting dilution of the 
sample is made across a large number of separate PCR 
reactions so that most of the reactions have no template 
molecules and give a negative amplification result. Those 
reactions that are positive at the reaction endpoint are 
counted as individual template molecules present in the 
original sample in a 1 to 1 relationship. See Kalina et al. 
NAR 25:1999-2004 (1997) and Vogelstein and Kinzler, 
PNAS 96:9236-9241 (1999). This method is an absolute 
counting method where solutions are partitioned into con 
tainers until there is an average probability of one molecule 
per two containers or when, Po-(1-e")=/2; where n is the 
number of molecules and c is the number of containers, or 
n/c is 0.693. Quantitative partitioning is assumed, and the 
dynamic range is governed by the number of containers 
available for stochastic separation. The molecules are then 
detected by PCR and the number of positive containers is 
counted. Each Successful amplification is counted as one 
molecule, independent of the actual amount of product. 
PCR-based techniques have the additional advantage of only 
counting molecules that can be amplified, e.g. that are 
relevant to the massively parallel PCR step in the sequenc 
ing workflow. Because digital PCR has single molecule 
sensitivity, only a few hundred library molecules are 
required for accurate quantification. Elimination of the 
quantification bottleneck reduces the sample input require 
ment from micrograms to nanograms or less, opening the 
way for minute and/or precious samples onto the next 
generation sequencing platforms without the distorting 
effects of pre-amplification. Digital PCR has been used to 
quantify sequencing libraries to eliminate uncertainty asso 
ciated with the construction and application of standard 
curves to PCR-based quantification and enable direct 
sequencing without titration runs. See White et al. BMC 
Genomics 10: 116 (2009). 
To vary dynamic range, micro-fabrication can be used to 

substantially increase the number of containers. See, Fan et 
al. Am J Obstet Gynecol 200, 543 e1 (May, 2009). 

Similarly, in stochastic labeling as disclosed herein, the 
same statistical conditions are met when Po-(1-e")=/2: 
where m is the number of labels, and one half of the labels 
will be used at least once when n/m=0.693. The dynamic 
range is governed by the number of labels used, and the 
number of labels can be easily increased to extend the 
dynamic range. The number of containers in digital PCR 
plays the same role as the number of labels in stochastic 
labeling and by Substituting containers for labels identical 
statistical equations may be applied. Using the principles of 
physical separation, digital PCR stochastically expands 
identical molecules into physical space, whereas the prin 
ciple governing stochastic labeling is identity based and 
expands identical molecules into identity space. 
The term “hybridization” as used herein refers to the 

process in which two single-stranded polynucleotides bind 
noncovalently to form a stable double-stranded polynucle 
otide; triple-stranded hybridization is also theoretically pos 
sible. The resulting (usually) double-stranded polynucle 
otide is a “hybrid.” The proportion of the population of 
polynucleotides that forms stable hybrids is referred to 
herein as the “degree of hybridization.” Hybridizations may 
be performed under stringent conditions, for example, at a 
salt concentration of no more than 1 M and a temperature of 
at least 25° C. For example, conditions of 5xSSPE (750 mM 
NaCl, 50 mM NaPhosphate, 5 mM EDTA, pH 7.4) and a 
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temperature of 25-30° C. are suitable for allele-specific 
probe hybridizations. For stringent conditions, see, for 
example, Sambrook, Fritsche and Maniatis. “Molecular 
Cloning A laboratory Manual' 2" Ed. Cold Spring Harbor 
Press (1989) which is hereby incorporated by reference in its 
entirety for all purposes above. In some aspects salt con 
centrations for hybridization are preferably between about 
200 mM and about 1M or between about 200 mM and about 
500 mM. Hybridization temperatures can be as low as 5°C., 
but are typically greater than 22°C., more typically greater 
than about 30° C., and preferably in excess of about 37° C. 
Longer fragments may require higher hybridization tem 
peratures for specific hybridization. As other factors may 
affect the stringency of hybridization, including base com 
position and length of the complementary Strands, presence 
of organic solvents and extent of base mismatching, the 
combination of parameters is more important than the abso 
lute measure of any one alone. 
The term “mRNA' or sometimes refer by “mRNA tran 

scripts” as used herein, include, but not limited to pre 
mRNA transcript(s), transcript processing intermediates, 
mature mRNA(s) ready for translation and transcripts of the 
gene or genes, or nucleic acids derived from the mRNA 
transcript(s). Transcript processing may include splicing, 
editing and degradation. As used herein, a nucleic acid 
derived from an mRNA transcript refers to a nucleic acid for 
whose synthesis the mRNA transcript or a Subsequence 
thereof has ultimately served as a template. Thus, a cDNA 
reverse transcribed from an mRNA, an RNA transcribed 
from that cDNA, a DNA amplified from the cDNA, an RNA 
transcribed from the amplified DNA, etc., are all derived 
from the mRNA transcript and detection of such derived 
products is indicative of the presence and/or abundance of 
the original transcript in a sample. Thus, mRNA derived 
samples include, but are not limited to, mRNA transcripts of 
the gene or genes, cDNA reverse transcribed from the 
mRNA, cRNA transcribed from the cDNA, DNA amplified 
from the genes, RNA transcribed from amplified DNA, and 
the like. 

The term “mixed population” or sometimes refer by 
“complex population' as used herein refers to any sample 
containing both desired and undesired nucleic acids. As a 
non-limiting example, a complex population of nucleic acids 
may be total genomic DNA, total genomic RNA or a 
combination thereof. Moreover, a complex population of 
nucleic acids may have been enriched for a given population 
but include other undesirable populations. For example, a 
complex population of nucleic acids may be a sample which 
has been enriched for desired messenger RNA (mRNA) 
sequences but still includes some undesired ribosomal RNA 
sequences (rRNA) 
The term “nucleic acid as used herein refers to a poly 

meric form of nucleotides of any length, either ribonucle 
otides, deoxyribonucleotides or peptide nucleic acids 
(PNAS), that comprise purine and pyrimidine bases, or other 
natural, chemically or biochemically modified, non-natural, 
or derivatized nucleotide bases. The backbone of the poly 
nucleotide can comprise Sugars and phosphate groups, as 
may typically be found in RNA or DNA, or modified or 
Substituted Sugar or phosphate groups. A polynucleotide 
may comprise modified nucleotides, such as methylated 
nucleotides and nucleotide analogs. The sequence of nucleo 
tides may be interrupted by non-nucleotide components. 
Thus the terms nucleoside, nucleotide, deoxynucleoside and 
deoxynucleotide generally include analogs such as those 
described herein. These analogs are those molecules having 
Some structural features in common with a naturally occur 
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16 
ring nucleoside or nucleotide Such that when incorporated 
into a nucleic acid or oligonucleoside sequence, they allow 
hybridization with a naturally occurring nucleic acid 
sequence in solution. Typically, these analogs are derived 
from naturally occurring nucleosides and nucleotides by 
replacing and/or modifying the base, the ribose or the 
phosphodiester moiety. The changes can be tailor made to 
stabilize or destabilize hybrid formation or enhance the 
specificity of hybridization with a complementary nucleic 
acid sequence as desired. 
The term "oligonucleotide' or sometimes refer by “poly 

nucleotide' as used herein refers to a nucleic acid ranging 
from at least 2, preferable at least 8, and more preferably at 
least 20 nucleotides in length or a compound that specifi 
cally hybridizes to a polynucleotide. Polynucleotides of the 
present invention include sequences of deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA) which may be 
isolated from natural Sources, recombinantly produced or 
artificially synthesized and mimetics thereof. A further 
example of a polynucleotide of the present invention may be 
peptide nucleic acid (PNA). The invention also encompasses 
situations in which there is a nontraditional base pairing 
Such as Hoogsteen base pairing which has been identified in 
certain thNA molecules and postulated to exist in a triple 
helix. “Polynucleotide' and "oligonucleotide' are used 
interchangeably in this application. 
The term “polymorphism' as used herein refers to the 

occurrence of two or more genetically determined alterna 
tive sequences or alleles in a population. A polymorphic 
marker or site is the locus at which divergence occurs. 
Preferred markers have at least two alleles, each occurring 
at frequency of greater than 1%, and more preferably greater 
than 10% or 20% of a selected population. A polymorphism 
may comprise one or more base changes, an insertion, a 
repeat, or a deletion. A polymorphic locus may be as Small 
as one base pair. Polymorphic markers include restriction 
fragment length polymorphisms, variable number of tandem 
repeats (VNTRs), hypervariable regions, minisatellites, 
dinucleotide repeats, trinucleotide repeats, tetranucleotide 
repeats, simple sequence repeats, and insertion elements 
such as Alu. The first identified allelic form is arbitrarily 
designated as the reference form and other allelic forms are 
designated as alternative or variant alleles. The allelic form 
occurring most frequently in a selected population is some 
times referred to as the wildtype form. Diploid organisms 
may be homozygous or heterozygous for allelic forms. A 
diallelic polymorphism has two forms. A triallelic polymor 
phism has three forms. Single nucleotide polymorphisms 
(SNPs) are included in polymorphisms. 
The term “primer' as used herein refers to a single 

Stranded oligonucleotide capable of acting as a point of 
initiation for template-directed DNA synthesis under suit 
able conditions for example, buffer and temperature, in the 
presence of four different nucleoside triphosphates and an 
agent for polymerization, Such as, for example, DNA or 
RNA polymerase or reverse transcriptase. The length of the 
primer, in any given case, depends on, for example, the 
intended use of the primer, and generally ranges from 15 to 
30 nucleotides. Short primer molecules generally require 
cooler temperatures to form sufficiently stable hybrid com 
plexes with the template. A primer need not reflect the exact 
sequence of the template but must be sufficiently comple 
mentary to hybridize with such template. The primer site is 
the area of the template to which a primer hybridizes. The 
primer pair is a set of primers including a 5' upstream primer 
that hybridizes with the 5' end of the sequence to be 
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amplified and a 3’ downstream primer that hybridizes with 
the complement of the 3' end of the sequence to be ampli 
fied. 
The term “probe' as used herein refers to a surface 

immobilized molecule that can be recognized by a particular 
target. See U.S. Pat. No. 6,582,908 for an example of arrays 
having all possible combinations of probes with 10, 12, and 
more bases. Examples of probes that can be investigated by 
this invention include, but are not restricted to, agonists and 
antagonists for cell membrane receptors, toxins and Venoms, 
viral epitopes, hormones (for example, opioid peptides, 
steroids, etc.), hormone receptors, peptides, enzymes, 
enzyme Substrates, cofactors, drugs, lectins, Sugars, oligo 
nucleotides, nucleic acids, oligosaccharides, proteins, and 
monoclonal antibodies. 
The term "solid support”, “support', and “substrate' as 

used herein are used interchangeably and refer to a material 
or group of materials having a rigid or semi-rigid surface or 
Surfaces. In many embodiments, at least one Surface of the 
solid support will be substantially flat, although in some 
embodiments it may be desirable to physically separate 
synthesis regions for different compounds with, for example, 
wells, raised regions, pins, etched trenches, or the like. 
According to other embodiments, the Solid Support(s) will 
take the form of beads, resins, gels, microspheres, or other 
geometric configurations. See U.S. Pat. No. 5,744,305 and 
US Patent Pub. Nos. 20090149340 and 20080038559 for 
exemplary Substrates. 
A stochastic process is the counterpart to a deterministic 

process. Instead of dealing with only one possible “reality” 
of how the process might evolve under time, in a stochastic 
or random process there is some indeterminacy in its future 
evolution described by probability distributions. This means 
that even if the initial condition (or starting point) is known, 
there are many possibilities the process might go to, but 
Some paths are more probable and others less. 

In the simplest possible case, a stochastic process 
amounts to a sequence of random variables known as a time 
series (for example, see Markov chain). Another basic type 
of a stochastic process is a random field, whose domain is a 
region of space, in other words, a random function whose 
arguments are drawn from a range of continuously changing 
values. One approach to stochastic processes treats them as 
functions of one or several deterministic arguments ('in 
puts', in most cases regarded as “time') whose values 
("outputs) are random variables: non-deterministic (single) 
quantities which have certain probability distributions. Ran 
dom variables corresponding to various times (or points, in 
the case of random fields) may be completely different. The 
main requirement is that these different random quantities all 
have the same “type'. Although the random values of a 
stochastic process at different times may be independent 
random variables, in most commonly considered situations 
they exhibit complicated statistical correlations. 

Familiar examples of processes modeled as stochastic 
time series include stock market and exchange rate fluctua 
tions, signals such as speech, audio and video, medical data 
such as a patient's EKG, EEG, blood pressure or tempera 
ture, and random movement Such as Brownian motion or 
random walks. Examples of random fields include static 
images, random terrain (landscapes), or composition varia 
tions of an heterogeneous material. 

The stochastic labeling process can be generalized as 
follows. Consider n copies of a given target molecule T. 
where T={t1, i=1,2,..., n}, and a non-depleting reservoir 
of m diverse labels L., where L={1.j=1,2,..., m}. Treacts 
with L. Stochastically, such that each t, will choose exactly 
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one lo, 1sj(i)sm to take on a new identity to and may be 
identified by its label subscript. Therefore, the new collec 
tion of molecules T may be denoted as T-tl, i=1, 
2. . . . . n. 1sj(i)sm}. 
When different copies of the target molecules react with 

the same label,j(i) for those molecules will assume the same 
value, therefore, the number of uniquely labeled target 
molecules k cannot be greater than m. The stochastic map 
ping of the set of labels on a target may be described by a 
stochastic operator S with m members, acting upon a target 
population of n, such that S(m)T(n)=T*(m, n) generating the 
set T={tle, i=1,2,..., n. 1sj(i)sm}. For simplicity, we 
may write T={tl}. Furthermore, since S operates on all 
molecules randomly, it will independently act on many 
different target sequences and the method can be expanded 
to count copies of multiple target sequences, w, simultane 
ously: ST"—ST+ST+ +ST=T*+T*+ 
T*={tl}+{tl}2+ . . . +{tl}, where each T, *, i=1, 
2,..., w consists of a set {t1,. The net result of S operating 
on a specific target population is to map the number of 
molecules, n, of that target, to the number of labels captured, 
k, which is a random variable. 

Since target molecules randomly react with a label with 
probability 

1 
n 

the probability of a label being captured by exactly x out of 
in copies of a target molecule can be modeled as a Binomial 
distribution, 

where x denotes the factorial of X. The probability that a 
label will not be captured by any copy of the target molecule 
is P(O)=(1-1/m)", and the probability that a label will be 
captured at least once is 1-P(O). When n->OO and 1/m->0 in 
the way that n/m->w, P(x) converges to the Poisson distri 
bution with mean W, i.e., 

To compute the number of unique counters captured by n 
copies of a target molecule, we introduce an index random 
variable, X, which is 1 if a counter has been captured at least 
once and 0 otherwise. The number of unique counters 
captured is thus 

(1) 

valk)=n-(-i) ( – ) non-i(-)-(-i). 
To compute the number of unique labels captured by n 

copies of a target molecule, we introduce an index random 
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variable, X, which is 1 if a label has been captured at least 
once, and 0 otherwise. The number of unique labels captured 
is thus 

The mean and variance of k can be derived, 

E(R)=nl-(1-t) (1) 

vark)=n-(-i) (1-1)+non-i(-)-(-i). 
Similarly, to compute the number of labels captured by 

exactly X copies of a target molecule, we introduce another 
index random variable, Y, which is 1 if a label has been 
captured exactly X times, and 0 otherwise. The number of 
labels captured X times is thus 

The mean and variance of t are, 

E() = Tr() ( – ) 
()() (-i) ( (.) 

where 

A = n(()(-i). 
and the combination 

(3) 

( (4) Vart = A (1 - A) + (n - 1)m. 

The equations were experimentally validated by perform 
ing numerical simulations with 5000 independent runs for 
each simulated case. Complete agreement with the analyti 
cal Solutions was observed. 
Stochastic Labeling of Individual Molecules 
Methods are disclosed herein that may be applied to 

determining Small numbers of biological molecules and their 
changes in response to, for example, cellular response, 
differentiation or signal transduction. The methods may also 
be used in performing a wide variety of clinical measure 
ments. Although many analytical methods have been devel 
oped to measure the relative abundance of different mol 
ecules through sampling (e.g., microarrays and sequencing), 
the methods disclosed herein are able to determine the 
absolute number of molecules in a sample. 

Methods for performing single molecule digital counting 
by the stochastic labeling of a collection of identical mol 
ecules are disclosed. As illustrated in FIGS. 1, 2A and 2B, 
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each copy of a molecule (from a collection of identical target 
molecules 103) randomly captures a label by choosing from 
a large, non-depleting reservoir of diverse labels 101. The 
uniqueness of each labeled molecule is governed by the 
statistics of random choice, and depends on the number of 
copies of identical molecules in the collection compared to 
the diversity of labels. Once the molecules are labeled each 
has been given a unique identity and can now be separately 
detected. In some aspects, it is preferable to first amplify the 
labeled targets prior to detection so that simple present/ 
absent threshold detection methods can be used. Counting 
the number of labels is used to determine the original 
number of molecules in Solution. In some aspects, the 
molecules to be counted are each members of a class that 
shares some common feature, for example, they may each be 
a single copy of a particular gene sequence or nucleic acid 
sequence. Counting may be applied, for example, to mRNA 
targets, splice products, alternatively spliced products, struc 
tural RNAs, tRNA, miRNA, siRNA, microRNA and the 
like. Similarly, counting may be applied to DNA, for 
example, gene copy number, chromosome number, mito 
chondrial DNA, bacterial genomes, pathogen nucleic acid, 
viral nucleic acids and the like. Counting may be applied in 
research of disease in humans or other mammals or agri 
cultural organisms, e.g. cattle, chicken, wheat, rice, fish, etc. 
Counting may also be applied to counting aspects of 
microbes, such as environmental measurements, e.g. water 
quality testing. The methods may be particularly useful 
where small numbers of items are to be counted and an 
accurate count is desirable rather than a relative estimate. 
One embodiment is illustrated schematically in FIG. 1. 

The library of different label-tag sequences 101 is combined 
with a sample that includes an unknown number of targets 
of interest 103. Three different species of target are shown, 
103a, 103b and 103c, present at 4, 6 and 3 copies respec 
tively. The individual label-tag oligonucleotides from library 
101 are covalently attached to the different targets to form 
target-label-tag molecules 105. Each target has a collection 
of different label-tag molecules 105a, 105b and 105c and 
within each target-specific collection the members differ in 
the label-tag oligo that is attached. On the array 107, each 
target is tiled in combination with all possible label-tag 
combinations represented with each different combination 
being present at a different known or determinable location 
on the array. In the figure each different possible combina 
tion of target and label-tag is represented by a single probe 
for illustration purposes, but on the array each different 
probe is preferably present in a feature having multiple 
copies of the same probe sequence. The array is divided into 
subarrays 107a, 107b and 107c for illustrative purposes. The 
upper portion 109 of the probes varies at each feature 
according to the different label-tag. The lower portion 113 is 
the same for all features of each Subarray and is comple 
mentary to the target. After hybridization individual features 
of the array are labeled through hybridization of the comple 
mentary target-label-tag molecule to the feature. The figure 
shows a detectable label 111 may be used to detect features 
where a target-label-tag is hybridized. 

FIG. 2A illustrates the attachment of different labels from 
the pool 101 to each of 4 different copies of the same target 
“t. Label 20 is attached to t1, label 107 to t2, label 477 to 
t3 and label 9 to ta. The labeled targets are then amplified to 
generate four unique populations, each population represent 
ing a single occurrence of the target in the starting sample. 

FIG. 2B illustrates the method for a comparison of two 
samples, sample 1 and 2. The target 201 Gene A is present 
in 2 copies in sample 1 and 9 copies in sample 2. Both 
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samples have non-target molecules 203. The labels 205 are 
combined with the samples and target molecules are 
attached to individual label-tag molecules in a stochastic 
manner. The targets with attached label-tags are hybridized 
to an array 211 having many features, there is a feature for 
each possible target-label-tag combination. Some of the 
features are labeled, for example, 209 and others are not, for 
example, 207. The labeled features indicate the presence of 
a specific target-label-tag combination and each corresponds 
to a count. As shown for gene A in sample 1 there are two 
labeled features so the count is 2. For Gene A in sample 2 
there are 9 labeled features so the count is 9. 

The stochastic labeling process can be generalized as 
follows for illustrative purposes. Consider a given target 
sequence defined as T={t1, t2 ... t.); where n is the number 
of copies of T. A set of labels is defined as L={1, 1 ... 1), 
where m is the number of different labels. Treacts stochas 
tically with L, such that eacht becomes attached to one l. If 
the 1s are in non-depleting excess, each t will choose one 1 
randomly, and will take on a new identity lit, where 1, is 
chosen from L and j is the j" copy from the set of n 
molecules. We identify each new molecule 1,t, by its label 
subscript and drop the subscript for the copies of T. because 
they are identical. The new collection of molecules becomes 
T*-lt+1st--... lt; where 1, is the i" choice from the set of 
m labels. It is important to emphasize that the subscripts of 
1 at this point refer only to the i' choice and provide no 
information about the identity of each 1. In fact, 1 and 1 will 
have some probability of being identical, depending upon 
the diversity m of the set of labels. Overall, T will contain 
a set of k unique labels resulting from n targets choosing 
from the non-depleting reservoir of m labels. Or, T (m,n)= 
{tl}; where k represents the number of unique labels that 
have been captured. In all cases, k will be smaller than m, 
approaching m only when n becomes very large. We can 
define the stochastic attachment of the set of labels on a 
target using a stochastic operator S with m members, acting 
upon a target population of n, Such that S(m)T(n)=T*(m,n) 
generating the set {tl|}. Furthermore, since S operates on all 
molecules randomly, it can independently act on many 
different target sequences. Hence, the method can simulta 
neously count copies of multiple target sequences. The 
distribution of outcomes generated by the number of trials n. 
from a diversity of m, can be approximated by the Poisson 
equation, P, x/xle". P is the probability that a label will 
not be chosen in n trials, and therefore, 1-P is the prob 
ability that a label will occur at least once. It follows that the 
number of unique labels captured is given by: km (1-Po)= 
m(1-ee"). 

FIG. 2C illustrates a comparison of traditional analog 
methods where the quantity of a target is inferred from the 
signal strength or hybridization intensity at a single feature 
or a collection of target specific features and the digital 
counting method. The labeled target on the left is labeled 
generically, i.e. all targets have the same label and specificity 
is through target specific hybridization to the array. For 
digital counting on the right each target-label-tag combina 
tion is detected by a different feature, with positive features 
being shaded grey in the illustration. Quantity is determined 
by counting features with signal above background. There 
are 7 features that are positive for hybridization so the 
counting method indicates 7 copies of the target in the 
starting sample. These illustrations show counting for a 
single target, but multiple targets can be counted as well. 
For each different target to be counted a collection of 
target-label-tag features is included on the array. T1:L1, 
T1:L2 . . . T:LN; T2:L1, T2:L2 . . . T2:LN etc. 
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Given k, we can calculate n. In addition to using the 

Poisson approximation, the relationship for k, n and m can 
be described analytically using the binomial distribution, or 
simulated using a random number generator, each yielding 
similar results (see SOM). 
The outcome of stochastic labeling is illustrated by exam 

ining the graph of k verses n (curve 3201 in FIG. 11) 
calculated using a label diversity (m) of 960. As expected, 
the number of unique labels captured depends on the ratio of 
molecules to labels, n/m. When n is much smaller than m, 
each molecule almost always captures a unique label, and 
counting k is equivalent to counting n. As n increases, k 
increases more slowly as given by eq. 1, and yet remains a 
very precise estimate of n. For example, when n/m is -0.01, 
the ratio of unique labels to molecules k/n-0.99, and we 
expect an increase of 10 molecules will generate 10+/-X 
new labels. As n/m approaches 0.5 (i.e., ~480 molecules 
reacted with 960 labels), k/n-0.79 and -6+/-X new labels 
are expected with an increase of 10 molecules. At high n/m, 
k increases more slowly as labels in the library are more 
likely to be captured more than once. Curve 3202 in FIG. 11 
shows the number of labels chosen exactly once, and curve 
3203 shows the number of labels chosen exactly twice as n 
increases. Curve 3201 shows the number of labels captured 
at least once. A more complete description of the number of 
times a label is chosen as a function of n is shown in FIG. 
15. 
The methods and examples below demonstrate that a 

population of indistinguishable molecules can be stochasti 
cally expanded to a population of uniquely identifiable and 
countable molecules. High-sensitivity threshold detection of 
single molecules is demonstrated, and the process can be 
used to count both the absolute and relative number of 
molecules in a sample. The method should be well suited for 
determining the absolute number of multiple target mol 
ecules in a specified container, for example in high-sensi 
tivity clinical assays, or for determining the number of 
transcripts in single cells. The approach should also be 
compatible with other molecular assay systems. For 
example, antibodies could be stochastically labeled with 
DNA fragments and those that bind antigen harvested. After 
amplification, the number of labels detected will reflect the 
original number of antigens in Solutions. In the examples 
shown here, DNA is used because of the great diversity of 
sequences available, and because it is easily detectable. In 
principle, any molecular label could be used, for example 
fluorescent groups or mass spectroscopy tags, as long as they 
are easily detected and they have sufficient diversity for the 
desired application. Although many of the examples refer to 
populations 

It is instructive to contrast the attributes of stochastic 
labeling with other quantitative methods. Microarray and 
sequencing technologies are commonly used to obtain rela 
tive abundance of multiple targets in a sample. In the case of 
microarray analysis, intensity values reflect the relative 
amount of hybridization bound target and can be used to 
compare to the intensity of other targets in the sample. In the 
case of sequencing, the relative number of times a sequence 
is found is compared to the number of times other sequences 
are found. Although the techniques differ by using intensity 
in one case and a digital count in the other, they both provide 
relative comparisons of the number of molecules in solution. 
In order to obtain absolute numbers, quantitative capture of 
all sequences would need to be assured; however in practice 
the efficiency of capture with microarray and sequencing 
technologies is unknown. 
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Digital PCR is an absolute counting method where solu 
tions are stochastically partitioned into multi-well containers 
until there is an average probability of one molecule per two 
containers, then detected by PCR(4). This condition is 
satisfied when, Po-(1-e")=/2; where n is the number of 5 
molecules and c is the number of containers, or nic is 0.693. 
Quantitative partitioning is assumed, and the dynamic range 
is governed by the number of containers available for 
stochastic separation. Once the molecules are partitioned, 
high efficiency PCR detection gives the yes/no answer and 10 
absolute counting enabled. To vary dynamic range, micro 
fabrication can be used to substantially increase the number 
of containers (5). Similarly, in Stochastic labeling, the same 
statistical conditions are met when P=(1-e")=/2; where 
m is the number of labels, and one half of the labels will be 15 
used at least once when n/m=0.693. The dynamic range is 
governed by the number of labels used, and the number of 
labels can be easily increased to extend the dynamic range. 
The number of containers in digital PCR plays the same role 
as the number of labels in stochastic labeling and by 20 
substituting containers for labels we can write identical 
statistical equations. Using the principles of physical sepa 
ration, digital PCR stochastically expands identical mol 
ecules into physical space, whereas the principle governing 
stochastic labeling is identity based and expands identical 25 
molecules into identity space. 
New methods and compositions for single molecule 

counting employing the use of stochastic labeling are dis 
closed herein. In preferred aspects, a diverse set of labels is 
randomly attached to a population of identical molecules is 30 
converted into a population of distinct molecules suitable for 
threshold detection. Random attachment as used herein 
refers to a process whereby any label can be attached to a 
given molecule with the same probability. To demonstrate 
stochastic labeling methods experimentally the absolute and 35 
relative number of selected genes were determined after 
stochastically labeling 360,000 different fragments of the 
human genome. The approach does not require the physical 
separation of molecules and may take advantage of highly 
parallel methods such as microarray and sequencing tech- 40 
nologies to simultaneously count absolute numbers of mul 
tiple targets. In some embodiments, stochastic labeling may 
be used for determining the absolute number of RNA or 
DNA molecules within single cells. 
The methods disclosed herein may be used to take quan- 45 

titative measurements of copies of identical molecules in a 
Solution by transformation of the information to a digital 
process for detecting the presence of different labels. The 
stochastic properties of the method have been measured, and 
the relative and absolute digital counting of nucleic acid 50 
molecules is demonstrated. The method is extremely sensi 
tive, quantitative, and can be multiplexed to high levels. In 
Some aspects a microarray-based detection method is used, 
but the method is extendable to many other detection 
formats. 55 

In some aspects, the methods are based on probability 
theory, where the outcome of chemical reactions occurring 
between a set of labeling molecules and a set of target 
molecules is modeled and tested. When all of the molecules 
in a uniform mixture of fixed volume collide and react 60 
randomly, the chemical events follow a stochastic process 
governed in part by the molecule concentration of each 
species (D. T. Gillespie, The Journal of Physical Chemistry 
81, 2340 (1977)). 
Methods for analyzing genomic information often utilize 65 

a correlation between a measurement of the amount of 
material associated with a location. The location can be, for 
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example, a feature of an array that contains a specific 
sequence that is known or can be determined or any type of 
Solid Support such as a bead, particle, membrane, etc. A 
common aspect to these methods is often hybridization of a 
target to be measured to a complementary probe attached to 
the Solid Support. The probe may be, for example, an 
oligonucleotide of known or determinable sequence, but 
may also be BACs, PACs, or PCR amplicons. 

Because of the density of different features that can be 
obtained using synthesis methods such as photolithography, 
microarrays can be applied to high density applications. For 
example, at feature sizes of 1 micron square an array can 
have about 10 features per cm. Within a feature, depending 
on the chemistry used for synthesis, the probes are spaced 
typically at about 10 nm spacing resulting in about 10 
molecules in a micron. At approximately full Saturation 
about 10% of those probes are hybridized with target. There 
are then about 640 functional molecules in an array having 
1 micron spacing between features (~800 nm functional 
area). This relatively small number of functional molecules 
in a feature limits the dynamic range for estimating relative 
concentration from hybridization signal intensity. 
Methods are disclosed herein to overcome the dynamic 

range limitations observed with Small feature sizes and Small 
numbers of molecules on the array Surface, by using a 
counting or digital readout as a Substitute for the typical 
analog signal resulting from array hybridization. 
Methods that use signal intensity to estimate relative 

concentrations of targets typically label the targets with a 
detectable label, often after an amplification step, and 
through hybridization of the labeled target to the probe, the 
probe and thus the feature is also labeled. The amount of 
label is detected and correlated with a measurement of the 
amount of target in the sample. The estimate of amount of 
a given target in a sample is typically relative to other targets 
in the sample or to previously obtained measurements and 
may be based on comparison to targets present in the sample 
at known or expected levels or to controls within the sample. 
This type of analysis can and has been used Successfully, for 
example, to estimate genomic copy number to detect copy 
number variation in individuals or in cell populations (see, 
for example, Pinkel & Albertson, Annu. Rev. Genomics 
Hum. Genet. 6, 331-354 (2005), Lucito et al. Genome Res. 
13, 22.9102305 (2004), Sebat et al. Science 305, 525-528 
(2004), Zhou et al., Nat. Biotechnol. 19, 78-81 (2001) and 
Zhao et al. Cancer Res. 65,5561-5570 (2005) and US Patent 
Pub. Nos. 20040157243 and 20060035258) or to estimate 
gene expression levels (see, for example, Lockhart et al., 
Nat. Biotechnol. 14:1675-1680 (1996), and Wodicka et al., 
Nat. Biotechnol. 15:1359–1367 (1997)). 

Correlating intensity of hybridization signal or signal 
intensity with concentration of target molecules has limita 
tions and can typically provide only an estimate of the 
absolute amount of a target, and may not be an accurate 
count of the actual amount of target present. The estimate 
may be an under or over estimate, particularly when com 
paring different targets or different samples. This is the result 
of many different factors, including but not limited to, 
differences between probes, feature specific effects, sample 
specific effects, feature size (as it decreases the ability to 
correlate accurately decreases) and experimental variation. 
Much of this variation can be addressed by data analysis 
methods, but the methods do not provide counting of indi 
vidual molecules or events and are therefore subject to 
estimation errors. 

In preferred aspects methods are disclosed for attaching a 
different label-tag sequence to each molecule of a particular 
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target sequence or more preferably a collection of target 
sequences of interest. For example, a sample having 100 
molecules of target type 1 is mixed with an excess, for 
example, 1000 different label-tag sequences, forming a 
library of label-tag sequences under ligation conditions. 
Multiple copies of the library of label-tag sequences are 
added so there are preferably many copies of each label-tag. 
Different label-tag sequences from the library are appended 
to each of the 100 target molecules so that each of the 100 
molecules of the first target sequence has a unique label-tag 
sequence appended thereto. This results in 100 different 
target-label-tag combinations. The target-label-tag mol 
ecules may then be amplified to enrich the target-label-tag 
products relative to other non-targets. Amplification after 
labeling alters the absolute amount of the target, but because 
each occurrence in the original sample has been uniquely 
labeled this will not alter the count. The amplified target 
label-tag products, whether amplified or not, can then be 
labeled with a detectable label, and hybridized to an array of 
probes. The features of the array that have target-label-tag 
hybridized thereto can be detected, for example, by labeling 
the hybridization complex with a fluorescent label and 
detecting the presence of signal at the features. In this 
example, because there are 1000 different labels possible 
and a single target being analyzed, there are 1000 different 
possible label-target sequences that might be generated so an 
array having a different feature for each of the 1000 different 
possibilities can be used. Assuming each target is labeled 
and no label is used twice, 100 of the 1000 different features 
should be detectable, indicating the corresponding label has 
been used. 

Consider 1 copy of a target molecule in Solution identified 
as t. React this target against a set of 10 labels, L ={1, 
1, ... lio. Each label has a 0.1 probability of being chosen. 
Next consider multiple copies of the target, t, reacted 
against the set of L, (assume non-depelting reservoir of 
labels). For simplicity, consider 3 copies oft: t t and ts. 
Target t will choose a label, t has a 0.9 probability of 
choosing a different label, t has a predictable probability of 
choosing the same label as t or t. For n copies choosing 
from m labels, outcomes can be modeled by the binomial 
distribution as discussed above. For 3 targets and 10 labels, 
the probability of a label not being chosen, Po is (1- 
(Mo))=0.729. The probability P of being chosen exactly 
once is (3/10)(1-(/o))=0.243. The probability of being 
chosen twice, P, is 0.027 and the probability P of being 
chosen 3 times is 0.001. Since P is the probability of not 
being chosen, 1-P is the probability of being chosen at least 
once. We define km (1-P) as the number of labels we 
expect to see in an experiment. Conversely, if we know m, 
and observe k we can solve for the number of molecules. In 
the previous example where n=3 and m=10 we expect to see 
10(1-P) or 2.71 labels as our most probable outcome. 
Increasing m dramatically increases our counting efficiency, 
accuracy and dynamic range, e.g. for m=1,000, k (number of 
labels expected for n=10, k=9.96, for n=20, k=19.8. 
Once the target molecules are labeled with the counter 

they can be amplified freely without impacting the counting 
since the readout is either yes, indicating detection or no 
indication not detected. In one aspect, a simple detector 
having m elements for each target sequence can be con 
structed. The detector may be an array. An array having 10 
features or elements could assay 10 different targets using 
10 different labels, for example. Other detection methods 
do not require individual elements for each counter, for 
example, sequencing. 
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In preferred aspects the “counter library” or “label-tag 

library' has approximately the same number of copies of 
each label-tag in the library. The label-tag sequences are not 
target specific, but are like the tags that have been used for 
other tagging applications, for example, the Affymetrix 
GENFLEX tag array. Preferably all label-tags in a set of 
label-tags will have similar hybridization characteristics so 
that the label-tags of the set can be detected under similar 
conditions. 

For each target there are a series of features on the array, 
preferably one feature for each label-tag. In each of these 
features the portion of the probe that hybridizes to the target 
(or target complement) is the same but the label-tag comple 
ment is different in each feature. For example, to detect a 
first target RNA, “RNA1, there would be a series of 
features each having a different probe (RNA1-tag 1, 
RNA1-tag2, ... RNA1-tagN). For each target to be detected 
there is a similar set of features, e.g. RNA2-tag 1, RNA2 
tag2, ... RNA2-tag.N. The set of label-tags is N tags and it 
is the unique combination of the label-tag with the target 
sequence that creates a novel sequence to be detected, for 
example, by hybridization. 

Label-tag attachment to individual targets is a stochastic 
process whereby the probability of any given label-tag being 
attached to any target is stochastic. There is a random 
selection of label-tags by attaching the label-tags to the end 
of a known target sequence in a sequence independent 
manner. The label-tag is attached without requirement for it 
to hybridize to any portion of the target so there is no or 
minimal bias as to which label-tag sequence is attached. 
Individual molecules all look the same for the purpose of 
attachment of the label-tag. 
The label-tag may be attached to the target by any method 

available. In one embodiment, the label-tag is attached by 
ligation of the label-tag to one of the ends of the target. In 
preferred aspects the probes of the array are complementary 
to a predicted junction between target and label So it is 
preferable that the labels are attached to all occurrences of 
a target at the same position. This is facilitated if the termini 
of each occurrence of a selected target are the same and are 
known. In one aspect, target occurrences are fragmented 
with a restriction enzyme so that defined ends of known 
sequence are formed. 

After label-tag attachment in some embodiments the 
target-label-tag segment is amplified. Attachment of univer 
sal primers to either end followed by PCR amplification is 
one method for amplifying. The universal primers may be 
added along with the label or at a Subsequent ligation step. 

For RNA targets an RNA ligase, such as T4 RNA ligase 
may be used. T4 RNA ligase 1 catalyses the ligation of a 5' 
phosphoryl-terminated nucleic acid donor to a 3’ hydroxyl 
terminated nucleic acid acceptor. Substrates include single 
stranded RNA and DNA. See, for example, Romaniuk, P. 
and Uhlenbeck, O. (1983) R. Wu, L. Grossman and K. 
Moldave (Eds.), Methods Enzymol., 100, pp. 52-56. New 
York: Academic Press and Moore, M. J. and Sharp, P. A. 
(1992) Science, 256, 992-997. RNA targets may also be 
circularized and used as template for rolling circle amplifi 
cation using an enzyme having reverse transcriptase activity. 
T4 RNA ligase 1 may be used for circularization of RNA by 
ligating the ends of the molecule together. T4 RNA ligase 1 
can also be used to ligated RNA to DNA. 

Full-length mRNA can be selected by treating total or 
poly(A) RNA with calf intestinal phosphatase (CIP) to 
remove the 5' phosphate from all molecules which contain 
free 5' phosphates (e.g. ribosomal RNA, fragmented mRNA, 
tRNA and genomic DNA). Full-length mRNAs are not 
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affected. The RNA can them be treated with tobacco acid 
pyrophosphatase (TAP) to remove the cap structure from the 
full-length mRNA leaving a 5'-monophosphate. A synthetic 
RNA adapter can be ligated to the RNA population. Only 
molecules containing a 5'-phosphate, (i.e. the uncapped, 
full-length mRNAs) will ligate to the adapters. Preferably 
the adapter has a variable label sequence, and may also have 
a constant sequence for priming. Preferably, the constant 
sequence is 5' of the variable sequence. In some aspects, the 
adapter ligated mRNA may then be copied to form a first 
Strand cDNA by, for example, random priming or priming 
using oligo dT. The cDNA may subsequently be amplified 
by, for example, PCR. 
T4 RNA ligase may also be used for ligation of a DNA 

oligo to single stranded DNA. See, for example, Troutt et al., 
(1992) Proc. Natl, Acad. Sci. USA, 89,9823-9825. 

In other aspects, the ligated target-label-tag molecule may 
be enriched in the sample relative to other nucleic acids or 
other molecules. This enrichment may be, for example, by 
preferentially amplifying the target-label-tag methods, using 
for example, a DNA or RNA polymerase, or by degrading 
non target-label-tag molecules preferentially. 

In one aspect, the target-label-tag molecule may be nucle 
ase resistant while the unligated target and unligated label 
molecules may be nuclease sensitive. A nuclease can be 
added to the sample after ligation so that ligated target-label 
tag molecules are not digested but non-ligated molecules are 
digested. For example, the targets may be resistant to a 5' 
exonuclease (but not a 3’ exonuclease) while the labels are 
resistant to a 3' exonuclease but not a 5' exonuclease. 
Ligating target to label generates a molecule that is resistant 
to 5' and 3' exonuclease activity. After ligation the sample 
may be treated with a 5’ exonuclease activity, a 3’ exonu 
clease activity or both 5' and 3' exonuclease activities. For 
examples of nucleases see Rittie and Perbal, J. Cell Com 
mun. Signal. (2008) 2:25-45, which is incorporated by 
reference (in particular see Table 5). Exo VII, for example 
degrades single stranded DNA from both the 5' and 3' ends 
so the sample could be treated with Exo VII after ligation to 
degrade molecules that are not ligation products. 

In another aspect amplification may include a rolling 
circle amplification (RCA) step. See for example, Baner et 
al. (1998) NAR 26:5073, Lizardi et al. (1998) Nat. Genet. 
19:225, Fire and Xu, (1995) PNAS 92:4641-5, Zhao et al. 
Angew Chem Int Ed Engl. 2008; 47:6330-6337 and Nilsson 
et al. (2008), Trends in Biotechnology, 24:83-88. The targets 
may be ligated so that they have a label and a universal 
priming (UP) sequence attached to the 5' end of the targets. 
The UP-label-target is then ligated to form a circle. A primer 
complementary to the UP is then hybridized to the circles 
and extended using a strand displacing polymerase. The 
resulting amplification product contains multiple copies of 
the complement of the circle, UP-target-L. 

In another aspect, targets may be labeled in a copying 
step. For example, a primer having a 3" target specific region 
and a 5' variable label region may be hybridized to the 
targets, either RNA or DNA, and extended to create a single 
complimentary copy of the target. Each extension product 
will have a different label and the junction between the label 
and the target specific region is known. The extension may 
be performed in the presence of nuclease resistant nucleo 
tides so that the extension product is resistant to nuclease but 
the unextended primers are not. After extension the reaction 
is treated with a 3'-5' exonuclease activity to digest unex 
tended primer. Exonuclease I, for example, removes nucleo 
tides from single stranded DNA in the 3' to 5' direction and 
Exo III removes nucleotides from the 3' termini of duplex 
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DNA. Exonuclease T (or RNaseT) is a single-stranded RNA 
or DNA specific nuclease that requires a free 3' terminus and 
removes nucleotides in the 3' to 5' direction. The extension 
products are then detected by hybridization to probes that 
are complementary to the primers and include the unique 
label portion and the constant target specific portion. If the 
target is RNA it can be digested with RNase H after 
extension. The extension product may also be amplified 
before hybridization. 

In some aspects the probability that any two targets are 
labeled with the same label may be decreased by using two 
or more labeling steps. For example, a first labeling step 
where each target has a label selected from a set of labels 
followed by a second labeling set using the same set of 
labels. The first labeling event will be independent of the 
second so the probability that the first and second labeling 
events will both be the same in two independent targets is 
the product of the probability of two targets having the same 
label in either step. If there are N possible labels, and the first 
target is labeled first with label N1 and then with label N4. 
the probability that a second target will be labeled also with 
N1 and then N4 is 1/N. So if there are 100 different labels, 
the probability that two targets will be labeled with the same 
label in the first round and the same label in the second round 
is /10,000. 

In another aspect a first round of labeling may be done 
with 16 probes (for example, all possible 2 base combina 
tions) and then a second round of labeling is done using the 
same 16 probes. The chance of any one probe attaching to 
a given target occurrence in the first round is 1 out of 16, the 
chance that the same probe will attach to the second target 
is /16 and the chance that the same two probes will attach is 
/16x/16 or /256. 

In another aspect reversible terminators are used to add a 
sequence to the end of each target being counted. For 
example, a 6 base sequence may be added and the chance of 
two being the same is 1 in 4° or 1 in 4096. See, for example, 
WO 93/06121 and U.S. Pat. No. 6,140,493 which disclose 
stochastic methods for synthesizing random oligomers. 

There is a finite set of labels, L and each target to be 
detected is present in the sample at a certain integer occur 
rence (T1, T2, ... TN). In a preferred aspect, the 
method is used to count the number of each of the different 
targets, (e.g. how many occurrences of T1, how many of 
T2, . . . how many of TN) in the sample. The targets are 
independently labeled with the label molecules. Labeling is 
stochastic, so that any given target occurrence can be labeled 
with any one of the labels. For example, T1-1/L.689, T1-2/ 
L3, T1-3/L4,567 and so on. For Target 2, any given occur 
rence can also be labeled with any of the label molecules. 
This might generate, for example, (T2-1, L5), (T2-2, L198), 
(T2-3, L34) and so on. There are multiple copies of each 
label so T2-1 might be labeled with L5 and T1-500 may also 
be labeled with L5. 
The methods disclosed herein may be used to measure 

random cell-to-cell variations in gene expression within an 
isogenic population of cells. Such variation can lead to 
transitions between alternative states for individual cells. 
For example, cell-to-cell variation in the expression of 
comK in B. subtilis has been shown to select cells for 
transition to the competent state in which genes encoding for 
DNA uptake proteins are expressed. See, Maamar et al. 
Science 317:526-529 (2007) which is incorporated herein by 
reference. 

In some aspects the labels are generated within the target 
to be counted. For example, the label may be a unique 
cleavage site in a target fragment as shown in FIG. 6. Each 
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of the copies of the target to be counted 601 have a common 
sequence at one end identified in the figure as 603. This may 
be a common sequence that has been added to the targets 
through ligation or primer extension or it may be a naturally 
occurring sequence in the target. The targets are fragmented 
randomly, for example by shearing or Sonication resulting in 
cleavage at the points indicated by the arrows to generate 
cleavage products 604. Cleavage is at a different and unique 
site in each of the fragments and results in a unique sequence 
in the target immediately to the left of the point of cleavage 
in the illustration (indicated by circles in fragments 607). 
This unique sequence can function as a label for the dis 
closed methods. A second common sequence 605 may be 
attached to each of the targets immediately downstream of 
the cleavage point, through for example ligation of an 
adaptor sequence. The resulting targets 607 can be analyzed 
directly to determine how many unique sequences are pres 
ent and using this number as an indication of the number of 
targets in the starting sample. This is illustrated for nucleic 
acids, but could similarly be applied to proteins or other 
contiguous strings of monomers or units that are assembled 
in a non repeating pattern. 

FIG. 7 shows a strategy for selecting probes for target 
fragments. For a double Stranded fragment there are 4 
possible junctions that can be targeted with array probes 
3001, 3003, 3005 and 3007. Each of these junction regions 
as shown has a counter region 3011 denoted by Ns, a fixed 
sequence 3013 that is defined by the restriction enzyme used 
for fragmentation and a target specific region 3015. The 
region 3015 is shown as N’s but in preferred aspects it is a 
known and predictable sequence of the target that is adjacent 
to the selected restriction site. In a preferred aspect, the array 
probes are complementary to at least a portion of 3011, a 
portion of 3015 and all of 3013. For each target sequence 
counter combination there are 4 different probes that could 
be included on the array. For example, if the targets are 10 
loci from each of 4 chromosomes and 4 probes per fragment 
are included for 1200 different labels (1000 specific plus 200 
nonspecific) the array would have 192,000 total probes 
(4x10x4x1200). 

In some aspects methods for selecting a collection of 
labels optimized for use in the disclosed methods is con 
templated. For example, a list of all possible 14 mers may be 
used as a starting pool (4'' is ~268 million different 
sequences). Different label lengths can be used resulting in 
different numbers of starting sequences. Eliminate all labels 
that are not at least 50% GC content. Eliminate all labels that 
do not use each of the 4 possible nucleotides at least twice. 
Eliminate all labels that have more than two Gs or Cs in 
tandem, e.g. a probe with GGG or CCC would be elimi 
nated, or with more than three AS or TS in tandem, e.g. 
AAAA or TTTT would be removed. Remove labels that 
contain a selected restriction site. Remove labels having a 
Tm that is outside of the range (38.5 to 39.5° C.). In other 
embodiments the range may be about 38 to 40, 38-39, or 
39-40. Remove probes that have self complementarity 
beyond a selected threshold. Perform a hierarchical cluster 
ing to maximize sequence differences between labels to 
minimize cross hybridization, same label to same probe. 
Minimize self-complementarity within the collection to 
reduce tendency of two labels binding to each other. 

FIG. 8 shows a counter adaptor 3101 that includes a 
counter region 3103, a constant region for priming 3105 and 
a sticky end 3107 for ligation to an overhang created by 
restriction digestion, for example with BamHI. After ligation 
of the adaptors 3101 to the target fragment 3109 there are 
two adaptors ligated to the target fragment, one at either end. 
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It is probable that the counters on the two ends will be 
different although there is a predictable probability of having 
the same counter ligated to both ends of the same fragment. 
After adaptor ligation the fragment 3111 can be amplified by 
PCR using a common primer to the 3103 region of the 
adaptor. The adaptor may first be filled in to make it double 
stranded. The PCR amplification may be used to preferen 
tially amplify fragments of a selected size range, for 
example, 300 to 2 kb. Smaller fragments are not amplified 
as efficiently because of self complementarity between the 
ends of the individual strands (capable of forming a pan 
handle structure that inhibits amplification) and longer frag 
ments (longer than about 3 kb) also don’t amplify well. 

After circularization, the uncircularized fragments can be 
digested using an exonuclease, for example. The circular 
ized fragments can be amplified using target specific primers 
to generate amplification product 3113. In the figure the 
target specific primers are identified as TS primer F and TS 
primer R. Whereas the primers used to amplify 3111 are 
common to all adaptor ligated fragments and will amplify all 
fragments that are in the size range to be amplified using 
PCR, the TS primers are specific for selected targets to be 
analyzed. The amplification product 3113 has in the 5' to 3' 
direction, target specific sequence, overhang sequence, a 
first counter, first adaptor sequence, circularization junction 
3115, second adaptor sequence, second counter, second 
overhang sequence and a second target specific sequence. 
The first and second counter are different (although they may 
be the same at a low probability) and the first and second 
target sequence are different. The product 3113 or preferably 
fragments thereof can be detected by a variety of methods, 
for example, an array of probes as exemplified by probe 
3117 can be used. The array probe 3117 is complementary 
to a region of the target, the overhang region and the counter. 
When hybridized the target will have an overhanging single 
Stranded region that corresponds to the adaptor sequence. A 
labeled probe 3119 that is complementary to one strand of 
the adaptor can be hybridized and the ligated to the array 
probe as shown, and as described below. 

FIG. 9 shows a method for reading out the labeled targets 
on arrays. On the left, the target with G ligated to L. 
"G.L. is shown hybridizing to the complementary array 
probe over the entire length of the probe. On the right target 
G ligated to label L is shown partially hybridized to the 
GL probe on the array. On the left the biotin labeled 
constant segment can hybridize to the GL target and ligate 
to the 5' end of the G L array probe. The constant segment 
can hybridize to the L segment but will not ligate to L. This 
allows for labeling of properly hybridized target-label pairs 
with both hybridization and ligation discrimination. The 
lower panel shows an example where the target or G portion 
is not matching with the probe on the array. This will not 
ligate efficiently because it hybridizes less stably. 
The left panel shows the results when target G ligated to 

label L to form GL hybridizes to the complementary GL 
probe on the array. The constant region (in white) can 
hybridize to its labeled complement so that the 3' end of the 
labeled complement is juxtaposed with the 5' end of the L 
region of the probe on the array and the ends can be ligated. 
In the center panel the target hybridizing to the GL probe 
is non-cognate, the label region is L and not L. So it does 
not hybridize to the L region of the probe. The labeled oligo 
can hybridize to the partially hybridized target but it is not 
juxtaposed with the 5' end of the L region of the probe so 
it should not ligate to the probe. In the right panel the target 
shown hybridized has the L region and is complementary to 
the array probe at that region, but the array probe has a G 
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region that is not G. So the GL target does not hybridize. 
The labeled oligo can hybridize to the target but because the 
L1:L1 region is short the duplex is not stable and the labeled 
oligo does not ligate to the end of the array probe. 

If you have N targets T (T.T. ...T.) and each is present 
at a number of copies C (C, C2, ... C.) where X varies from 
target to target (X, X. . . . X) and you ligate to a set 
of Y different labels (L. L. . . . L) then you generate, for 
example, T.C.L., T.C.L. . . . TMCL, where Xssy). 
So, for example, if T1 is gene A and T2 is gene B and gene 
A is present in the sample at 500 copies and gene B is present 
at 100 copies, each copy of gene A, 1 to 500, will be attached 
to a different label (so there will be ~500 different labels 
attached to the gene A copies), and each copy of gene B, 1 
to 100, will be attached to a different label. 
A method for counting the number of occurrences of each 

of a plurality of same targets in a mixture of targets com 
prising multiple occurrences of each type of a plurality of 
different targets. In preferred aspects, the mixture of targets 
is a nucleic acid sample that contains different amounts of 
multiple target sequences. For example, there may be target 
sequences 1, 2, 3, 4 and 5 that are expression products from 
5 different genes, occur in the sample as follows: 1000 
copies of target 1, 100 copies of target 2,500 copies of target 
3, 10 copies of target 4 and 50 copies of target 5. The targets 
are preferably of known sequence and are treated so that 
they may be ligated to a label-tag sequence. 

FIG. 1 shows one embodiment of the method. Labels or 
counters 101 are combined with assay targets 103 so that 
each target is combined with one label to form label-targets 
105. The process of combining an individual target with 
individual label molecules is a stochastic process. The 
number of labels each target type combines with is directly 
proportional to the number of individual targets of that target 
type or the copy number of the target. The number of labels 
is counted by hybridization to arrays where individual 
label-targets are detected at different features. 
The targets are mixed with a collection of label-tag 

sequences, each label-tag being a different sequence and the 
collection having a number that is preferably 10 times the 
number of copies of the most abundant target to be counted. 
In a preferred aspect, the label-tags are a collection of known 
sequences such as a collection of all possible timers (N). 
Each of the label-tag sequences is present in multiple copies 
in the mixture, but all are present at approximately equal 
amounts. The label-tag sequences are ligated to the targets. 
Ligation is random So that any given label-tag has about the 
same probability of ligating to any one target occurrence. So 
if there are 1000 different targets each could be ligated to a 
different label-tag sequence and the probability that any two 
target occurrences will have the same label-tag ligated is 
low. Because the ligation is a random stochastic process 
there is a known probability that if there are C copies of a 
given target and N different label-tags that any two copies of 
a target T will have the same label. 

T1, T2, ... TN. C1, C2, ... CX, L1, L2, ... LY where 
T are the different targets and there are N different targets, 
C are the different copies of a target and there are X copies 
of that target and L are the different label label-tags and there 
are Y label tags. X varies for each target and determining X 
is one of the objects of the present invention. The relation 
ship between X and Y determines the probability that two 
C’s will have the same L. In preferred aspects Y is greater 
than X for each target to be counted. This reduces the 
probability of undercounting due to double labeling. If C1 
and C2 of T1 are both labeled with L3 both copies will be 
counted as a single occurrence, resulting in under counting. 
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Undercounting can also be adjusted for by estimating the 
number of copies that are likely to be multiply labeled and 
adjusting the final count upwards to take those into account. 
For example, if there is a likelihood that 5 of 1000 copies 
will be labeled with the same label tag then the final number 
should be adjusted up by 0.5%. 

In preferred aspects, the detection is by hybridization to 
an array of probes. The array has a collection of features for 
each target that includes a different feature for each label tag. 
For example, if there are X label tags there are X features for 
each target, T1L1, T1L2, ... T1LX and the same for target 
2, T2L1, T2L2, ... T2LX, out to TNL1, TNL2, ... TNLX. 
The number of features of the array is on the order of X 
times N. Each probe has a target complementary sequence 
and a label tag complementary sequence. Within a set of 
probes for a given target the target segment of the probe 
would remain constant and the label tag portion varies from 
feature to feature so that each label tag sequence is repre 
sented by at least one feature for each target. 

In one aspect, the methods may be used to count the 
number of copies of each of a plurality of targets in a sample. 
The amount of target containing sample mixed with the label 
tags may be diluted so that the number of copies of each 
target to be counted is less than the number of label tags. For 
example, if the targets to be counted are present at about 
1,000 copies per cell and there are 10,000 label tags you 
want to have the amount of sample in the mixture to be about 
the equivalent of one cells worth of RNA. You can mix that 
with multiple copies of each label-tag, but you want to keep 
the absolute number of copies of target below the number of 
types of label tag sequences. Dilution of the sample and use 
of an appropriately small amount of starting material may be 
used. If a target sequence is present at low copy number per 
cell it is possible to use the nucleic acid from a larger number 
of cells. For example, to measure the DNA copy number of 
a chromosomal region relative to other chromosomal 
regions the expected copy number is low (e.g. 2 for normal) 
so if there are 10,000 different label tags, the number of 
genomes that can be added to the sample for attachment of 
label tags can be high, e.g. 500 to 1000. 

In one aspect, the methods are used to identify regions of 
genomic amplification and chromosomal abnormalities. For 
example, the methods may be used to detect trisomy. Most 
of the chromosomal regions will be present in 2 copies per 
cell and the region of trisomy will be present in 3 copies per 
cell. You would expect to observe a 3:2 ratio in your count. 
For example, if you have 500 genomes you would have 1000 
copies of most regions and 1500 copies of the trisomy 
regions. Small errors in the counting, resulting from under 
counting, would have little or no effect on the counting. 

In some aspects, controls of known copy number may be 
spiked in to a sample to determine accuracy. 

Stochastic labeling ofty (collection of essential identical 
molecules of copy 1,2...N of target 1) by L, (effectively 
an infinite reservoir of diversity m when m is much greater 
than N). This allows for complete or near complete resolu 
tion of members of ty, by imparting separate identities to 
the members of the collection of tx (provided that M is 
sufficiently smaller than N in the labeling). This provides for 
a stochastic or random projection ofty onto L. In some 
aspects L, is a library and the members of the library that 
are associated with ty can be counted to determine the 
number of copies of the target. In some aspects the methods 
can be described as indexing the members of the target. This 
provides a method to follow individual molecules that are 
members of a type of molecule that would not otherwise be 
distinguishable one from another. 
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Because stochastic labeling can impart identifiability to 
otherwise non-identifiable molecules it can impart identifi 
ability to any two targets that may be very similar, but 
different. Examples of targets that may be highly similar but 
could be separately counted using the disclosed methods, 
include, for example, alternative splice forms of a gene, and 
sequences that have one or more variations, including a 
variation in a single base (e.g. SNP or indels (insertion or 
deletions of short regions, e.g. 1-5 bases). In some aspects 
the methods impart a clonal labeling, that allows a single 
copy to be separately detected and separately isolated from 
the solution. 
Some nucleic acid sequencing reactions use methods that 

stochastically attach targets to a solid Support followed by 
amplification of the attached target and analysis. The target 
attaches in an unknown location and the location can be 
determined by sequencing the amplified target at specific 
locations. In contrast, the disclosed methods provide for 
clonal amplification of known targets in a known location. 
The stochastic nature of the formation of the target-label-tag 
molecule provides a mechanism for isolating single occur 
rences of selected targets that can be Subsequently amplified 
and analyzed. In some aspects the label can be used as a 
handle for isolating clonal populations of targets. The label 
ing step generates an indexed library that has a variety of 
applications. For example, the indexed library could be used 
for sequencing applications. The method adds distinguish 
ability to any set of molecules, even molecules that are not 
distinguishable by other mechanisms because they may 
share common regions or even been identical. The indexed 
library can be stored and used multiple times to generate 
samples for analysis. Some applications include, for 
example, genotyping polymorphisms, studying RNA pro 
cessing, and selecting clonal representatives to do sequenc 
1ng. 

In some aspects the methods are used to stochastically 
label a polyclonal antibody population. This may be used to 
identify different polyclonal populations. 
The methods may be used to convert an analog readout of 

hybridization signal intensities on arrays into a measurable 
process that can be scored digitally on the arrays. The 
method leverages a random process where the tagging of 
assayed molecules is governed by stochastic behavior. In a 
random process, the more copies of a given target, the 
greater the probability of being tagged with multiple labels. 
A count of the number of incorporated labels for each target 
can approximate the abundance level of a given target of 
interest. The ability to count labels on microarrays would be 
a clear cost-advantage over the other existing techniques. 

Serial analysis of gene expression (SAGE) is another 
method for analysis of gene expression patterns. SAGE 
relies on short sequence tags (10-14 bp) within transcripts as 
an indicator of the presence of a given transcript. The tags 
are separated from the rest of the RNA and collected. The 
tags can be linked together to form long serial molecules that 
can be cloned and sequenced. Quantitation of the number of 
times a particular tag is observed provides an estimate of the 
relative expression level of the corresponding transcript, 
relative to other tagged transcripts. See, for example, Vel 
culescu et al. Science 270, 484-487 (1995) and Velculescu et 
al. Cell 88 (1997). Again this method provides a relative 
estimate of the abundance of a transcript and not an actual 
count of the number of times that transcript appears. Other 
methods based on counting and estimating relative abun 
dance have also been described. See, for example, Wang et 
al. Nat. Rev. Genet. 10, 57-63 (2009). Additional methods 
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for digital profiling are disclosed, for example, in U.S. 
Patent Pub. 200502501.47 and U.S. Pat. No. 7,537,897. 
A stochastic counting assay system as described herein 

can also be a Sub-system within a much larger bio-analysis 
system. The bio-analysis system could include all the 
aspects of sample preparation prior to, for example, optical 
detection, the post processing of data collected in the optical 
detection phase and finally decision making based on these 
results. Sample preparation may include steps such as: 
extraction of the sample from the tested Subject (human, 
animal, plant environment etc.); separation of different parts 
of the sample to achieve higher concentration and purity of 
the molecules under investigation; sample amplification 
(e.g. through PCR); attachment of fluorescence tags or 
markers to different parts of the sample; and transfer of the 
sample or a portion of the sample into a reaction vessel or 
site on a Substrate. The post processing of the collected data 
may include: normalization; background and noise reduc 
tion; and Statistical analysis such as averaging over repeated 
tests or correlation between different tests. The decision 
making may include: testing against a predefined set of rules 
and comparison to information stored in external data-bases. 
The applications and uses of the stochastic labeling and 

counting methods and systems described herein can produce 
one or more result useful to diagnose a disease state of an 
individual, for example, a patient. In one embodiment, a 
method of diagnosing a disease comprises reviewing or 
analyzing data relating to the presence and/or the concen 
tration level of a target in a sample. A conclusion based 
review or analysis of the data can be provided to a patient, 
a health care provider or a health care manager. In one 
embodiment the conclusion is based on the review or 
analysis of data regarding a disease diagnosis. It is envi 
Sioned that in another embodiment that providing a conclu 
sion to a patient, a health care provider or a health care 
manager includes transmission of the data over a network. 

Accordingly, business methods relating to the stochastic 
labeling and counting methods and methods related to use 
thereofas described herein are provided. One aspect of the 
invention is a business method comprising screening patient 
test samples for the amount of a biologically active analyte 
present in the sample to produce data regarding the analyte, 
collecting the analyte data, providing the analyte data to a 
patient, a health care provider or a health care manager for 
making a conclusion based on review or analysis of the data 
regarding a disease diagnosis or prognosis or to determine a 
treatment regimen. In one embodiment the conclusion is 
provided to a patient, a health care provider or a health care 
manager includes transmission of the data over a network. 

Applications for the disclosed methods include diagnos 
ing a cancerous condition or diagnosing viral, bacterial, and 
other pathological or nonpathological infections, as 
described in U.S. Pat. No. 5,800,992. Additional applica 
tions of the disclosed methods and systems include, patho 
gens detection and classification; chemical/biological war 
fare real-time detection; chemical concentration control; 
dangerous Substance (e.g., gas, liquid) detection and alarm: 
Sugar and insulin levels detection in diabetic patients; preg 
nancy testing; detection of viral and bacterial infectious 
diseases (e.g. AIDS, Bird Flu, SARS, West Nile virus); 
environmental pollution monitoring (e.g., water, air); and 
quality control in food processing. 
Any available mechanism for detection of the labels may 

be used. While many of the embodiments discussed above 
use an array readout form, it will be obvious to one of skill 
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in the art that other methods for readout may be used. For 
example, sequencing may be preferred in Some embodi 
mentS. 

In some aspects the readout is on an array. The array may 
be a solid Support having immobilized nucleic acid probes 
attached to the Surface in an ordered arrangement. The 
probes may be, for example, synthesized in situ on the 
Support in known locations using photolithography or the 
probes may be spotted onto the Support in an array format. 
As discussed above, in some embodiments the array 
includes a probe feature for each possible label-target com 
bination. A feature preferably includes many copies of a 
single probe sequence. The feature may also have some 
probes that are not full length, resulting from truncation of 
synthesis. The photo activation process may not be 100% 
efficient so some probes are terminated at each step without 
having Subsequent bases added. These truncated probes 
have the sequence of a portion of the full length probe. 

Sequencing readout. After attachment of the labels to the 
targets in a stochastic manner, the targets may be amplified 
according to any of the methods disclosed herein and the 
amplification product may be subjected to any available 
sequencing method. 
A number of alternative sequencing techniques have been 

developed and many are available commercially. For a 
review see, for example, Ansorge New Biotechnology 25(4): 
195-203 (2009), which is incorporated herein by reference. 
These include the use of microarrays of genetic material that 
can be manipulated so as to permit parallel detection of the 
ordering of nucleotides in a multitude of fragments of 
genetic material. The arrays typically include many sites 
formed or disposed on a substrate. Additional materials, 
typically single nucleotides or strands of nucleotides (oli 
gonucleotides) are introduced and permitted or encouraged 
to bind to the template of genetic material to be sequenced, 
thereby selectively marking the template in a sequence 
dependent manner. Sequence information may then be gath 
ered by imaging the sites. In certain current techniques, for 
example, each nucleotide type is tagged with a fluorescent 
tag or dye that permits analysis of the nucleotide attached at 
a particular site to be determined by analysis of image data. 

In another aspect, mass spec analysis may be used to 
detect the labels and count the targets. The labels can be 
distinguishable based on size or other property that can be 
detected. Many of the examples provided herein identify the 
label based on unique nucleic acid sequence but any distin 
guishable label may be used, for example, the pool of labels 
may be labels that are differentially detectable based on 
fluorescence emission at a unique wavelength. 

FIG. 9 shows a method for reading out the labeled targets 
on arrays. On the left, the target with G ligated to L. 
"G.L. is shown hybridizing to the complementary array 
probe over the entire length of the probe. On the right target 
G ligated to label L is shown partially hybridized to the 
GL probe on the array. On the left the biotin labeled 
constant segment can hybridize to the G L target and ligate 
to the 5' end of the G L array probe. The constant segment 
can hybridize to the L segment but will not ligate to L. This 
allows for labeling of properly hybridized target-label pairs 
with both hybridization and ligation discrimination. The 
lower panel shows an example where the target or G portion 
is not matching with the probe on the array. This will not 
ligate efficiently because it hybridizes less stably. 
The left panel shows the results when target G ligated to 

label L to form GL hybridizes to the complementary GL 
probe on the array. The constant region (in white) can 
hybridize to its labeled complement so that the 3' end of the 
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labeled complement is juxtaposed with the 5' end of the L 
region of the probe on the array and the ends can be ligated. 
In the center panel the target hybridizing to the GL probe 
is non-cognate, the label region is L and not L. So it does 
not hybridize to the L region of the probe. The labeled oligo 
can hybridize to the partially hybridized target but it is not 
juxtaposed with the 5' end of the L region of the probe so 
it should not ligate to the probe. In the right panel the target 
shown hybridized has the L region and is complementary to 
the array probe at that region, but the array probe has a G 
region that is not G. So the GL target does not hybridize. 
The labeled oligo can hybridize to the target but because the 
L1:L1 region is short the duplex is not stable and the labeled 
oligo does not ligate to the end of the array probe. 
The methods are broadly applicable to counting a popu 

lation of molecules by performing a stochastic operation on 
the population to generate a stochastic population of iden 
tifiable molecules. The targets need not be identical. For 
example, the methods may be used to count the absolute 
number of members of a group. In one aspect, a sample 
having an unknown number of copies of a selected nucleic 
acid target is fragmented randomly so that on average each 
copy of the target has a different end resulting from a distinct 
fragmentation event. A common adaptor sequence can be 
ligated to the end of each fragment and used for amplifica 
tion of the fragments. Each ligation event generates a new 
molecule having a junction formed by the end of the random 
fragment and the adaptor sequence. The new junction can be 
detected by, for example, sequencing using a primer comple 
mentary to the adaptor or a region of the adaptor. Because 
the fragmentation was a stochastic process the number of 
different ends detected is a count of the number of different 
starting target molecules, assuming one fragment per start 
ing target molecule. 
The examples provided herein demonstrate the concept of 

using a stochastic labeling strategy in the high sensitivity 
detection and counting of individual DNA molecules. The 
difficult task of quantifying single nucleic acid molecules is 
converted into a simple qualitative assay that leverages the 
statistics of random probability; and at the same time, the 
requirement of single molecule detection sensitivity is 
achieved with PCR for the robust amplification of single 
DNA molecules. In some aspects improved methods for 
amplification will be used. For example, linear amplification 
methods may be used to mitigate the representation distor 
tions created by exponential cycling in PCR. Given the lack 
of available techniques for single molecule counting, and the 
increasing need for its use, the new concept of stochastic 
labeling is likely to find numerous applications in the near 
future. 

EXAMPLES 

To demonstrate stochastic labeling, we performed an 
experiment to count Small numbers of nucleic acid mol 
ecules in solution. Genomic DNA from a male individual 
with Trisomy 21 was used to determine the absolute and 
relative number of DNA copies of chromosomes X, 4 and 
21, representing 1, 2 and 3 target copies of each chromo 
some, respectively. Genomic DNA isolated from cultured 
B-Lymphocytes of a male caucasian with Trisomy 21 was 
purchased from The Coriell Institute for Medical Research 
(Catalog #GMO1921). The DNA quantity was determined 
by PICOGREEN dye (Invitrogen) measurements using the 
lambda phage DNA provided in the kit as reference stan 
dard. DNA quality was assessed by agarose gel electropho 

S1S. 
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The DNA concentration in the stock solution was mea 
Sured by quantitative staining with picogreen fluorescent 
dye, and dilutions containing 3.62 ng, 1.45 ng, 0.36 ng and 
0.036 ng were prepared. In each dilution, the number of 
copies of target molecules in the sample was calculated from 
a total DNA mass of 3.5 pg per haploid nucleus (see, T. R. 
Gregory et al., Nucleic Acids Res 35, D332 (2007), and 
represent approximately 500, 200, 50 and 5 haploid 
genomes. The absolute quantity of DNA in the sample was 
determined by optical density measurements and quantita 
tive staining with PICOGREEN fluorescent dye (Invitrogen) 
prior to making dilutions. 
As outlined in FIG. 3, the genomic DNA sample 1901 was 

first digested to completion with the BamHI restriction 
endonuclease to produce 360,679 DNA fragments 1905. A 
diverse set of labels consisting of 960 14-nucleotide 
sequences was synthesized as adaptors harboring BamHI 
overhangs (SEQ ID Nos. 44-1963). Genomic DNA was 
digested to completion with BamHI (New England BioLabs, 
NEB) and ligated to a pool of adaptors consisting of an equal 
concentration of 960 distinct labels. Each adaptor consists of 
a universal PCR priming site, a 14 nucleotide long counter 
sequence and a BamHI overhang (similar to the form of the 
adaptor shown in FIG. 7). The sequence of the label adaptors 
SEQID Nos. 44-1963 were selected from an all-possible 4.'' 
nucleotide combination to be of similar melting temperature, 
minimal self-complementation, and maximal differences 
between one-another. Homopolymer runs and the sequence 
of the BamHI restriction site were avoided. Each pair, for 
example, SEQID Nos. 44 and 45, form an adaptor pair that 
has a region of complementarity starting at base 12 in SEQ 
ID No. 44 and base 5 in SEQ ID No. 45: 

SEO ID 44 
s' CGACAGACGCCTGATCTTTTGTTAGCCGGAGT 3 

SEO ID 45 
3. ACTAGAAAACAATCGGCCTCACTAG5 

The adaptors have a 5' overhang of 11 bases in the even 
numbered SEQ IDs and 4 bases (GATC) in the odd num 
bered SEQ IDs. Oligonucleotides were synthesized (Inte 
grated DNA Technologies) and annealed to form double 
Stranded adaptors prior to pooling. For ligation, the digested 
DNA was diluted to the desired quantity and added to 100 
pmoles (equivalent to 6x10" molecules) of pooled label 
adaptors, and 2x10 units (equivalent to 1x10" molecules) 
of T4 DNA ligase (NEB) in a 30 ul reaction. The reaction 
was incubated at 20° C. for 3 hours until inactivation at 65° 
C. for 20 minutes. 

For the stochastic labeling reaction, each DNA fragment 
end randomly attaches to a single label by means of enzy 
matic ligation of compatible cohesive DNA ends to generate 
labeled fragments 1907. High coupling efficiency is 
achieved through incubation with a large molar excess of 
labels and DNA ligase enzyme (~10" molecules each). At 
this stage, the labeling process is complete, and the samples 
can be amplified as desired for detection. A universal primer 
may be added, and the entire population of labeled DNA 
fragments may be PCR amplified. The PCR reaction pref 
erentially amplifies approximately 80,000 fragments in the 
150 bp-2 kb size range (FIG. 21). Adaptor-ligated fragments 
were amplified in a 50 ul reaction containing 1x TITANIUM 
Taq PCR buffer (Clontech), 1 M betaine (Sigma-Aldrich), 
0.3 mM dNTPs, 4 uM PCROO4StuA primer (SEQ ID No. 
1974), 2.5 U Taq DNA Polymerase (USB), and 1x TITA 
NIUM Taq DNA polymerase (Clontech). An initial PCR 
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extension was performed with 5 minutes at 72°C.: 3 minutes 
at 94° C.; followed by 5 cycles of 94° C. for 30 seconds, 45° 
C. for 45 seconds and 68° C. for 15 seconds. This was 
followed by 25 cycles of 94° C. for 30 seconds, 60° C. for 
45 seconds and 68° C. for 15 seconds and a final extension 
step of 7 minutes at 68°C. PCR products were assessed with 
agarose gel electrophoresis and purified using the QIA 
QUICK PCR purification kit (Qiagen). 
The purified PCR product was denatured at 95° C. for 3 

minutes prior to phosphorylation with T4 polynucleotide 
kinase (NEB). The phosphorylated DNA was ethanol pre 
cipitated and circularized using the CIRCLIGASE II ssDNA 
Ligase Kit (Epicentre). Circularization was performed at 60° 
C. for 2 hours followed by 80°C. inactivation for 10 minutes 
in a 40 ul reaction consisting of 1x CIRCLIGASE II reaction 
buffer, 2.5 mM MnC1, 1M betaine, and 200 U CIRCLI 
GASE II ssDNA ligase. Uncirculated DNAs were removed 
by treatment with 20 U Exonuclease I (Epicentre) at 37° C. 
for 30 minutes. Remaining DNA was purified with ethanol 
precipitation and quantified with ODo measurement. 

Amplification of gene targets. Three assay regions were 
tested: One on each of chromosomes 4, 21 and X. The 
genomic location (fragment starting and ending positions are 
provided), of the selected fragments are as follows: Chr4 
106415806 106416680 (SEQ ID No. 1), 
Chr2138298.439 382993.72 (SEQ ID No. 2), and ChrX 
133694723. 133695365 (SEQ ID No. 3). The lengths are 
875,934 and 643 bases respectively. The circularized DNA 
was amplified with gene specific primers (SEQID Nos. 4-9) 
in a multiplex inverse PCR reaction. PCR primers were 
picked using Primer3 (available from the FRODO web site 
hosted by MIT) to yield amplicons ranging between 121 and 
168 bp. PCR was carried out with 1x TITANIUM Taq PCR 
buffer (Clontech), 0.3 mM dNTPs, 0.404 each primer, 1x 
TITANIUM Taq DNA Polymerase (Clontech), and -200 ng 
of the circularized DNA. After denaturation at 94° C. for 2 
minutes, reactions were cycled 30 times as follows: 94° C. 
for 20 seconds, 60° C. for 20 seconds, and 68° C. for 20 
seconds, with a 68° C. final hold for 4 minutes. PCR 
products were assessed on a 4-20% gradient polyacrylamide 
gel (Invitrogen) and precipitated with ethanol. 
The amplified DNA was fragmented with DNase I, end 

labeled with Biotin, and hybridized to a whole-genome 
tiling array which spans the entire non-repetitive portion of 
the genome with uniform coverage at an average probe 
spacing of ~200 nt (see Matsuzaki et al., Genome Biol 10, 
R125 (2009) and Wagner et al. Systematic Biology 43, 250 
(1994)). Probe intensity (“Array Intensity') from the whole 
genome tiling array (y-axis) is grouped into 200 nt bins by 
the length of the BamHI fragment on which it resides. High 
probe intensity demonstrates the amplification of fragments 
in the 600 bp-1.2 kb size range (X-axis, log-scale). The 
computed size distribution of BamHI restricted fragments in 
the reference genome sequence (NCBI Build 36) is shown 
by the curve labeled “Number of Fragments’. After circu 
larization of the amplified products to obtain circles 1909, 
three test target fragments were isolated using gene-specific 
PCR; one on each of chromosomes X, 4, and 21, and 
prepared for detection. 
The three labeled targets were counted using two Sam 

pling techniques: DNA microarrays and next-generation 
sequencing. For the array counting, a custom DNA array 
detector capable of distinguishing the set of labels bound to 
the targets was constructed by dedicating one array element 
for each of the 960 target-label combinations. Each array 
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element consists of a complementary target sequence adja 
cent to one of the complements of the 960 label sequences 
(as shown in FIG. 3). 

Array Design: For each gene target assayed, the array 
probes tiled consist of all possible combinations of the 960 
counter sequences connected to the two BamHI genomic 
fragment ends (FIG. 8). An additional 192 counter 
sequences that were not included in the adaptor pool were 
also tiled to serve as non-specific controls. This tiling 
strategy enables counter detection separately at each paired 
end, since each target fragment is ligated to two independent 
counters (one on either end). 

Arrays were synthesized following standard Affymetrix 
GENECHIP manufacturing methods utilizing lithography 
and phosphoramidite nucleoside monomers bearing photo 
labile 5'-protecting groups. Array probes were synthesized 
with 5' phosphate ends to allow for ligation. Fused-silica 
wafer substrates were prepared by standard methods with 
trialkoxy aminosilane as previously described in Fodor et 
al., Science 251:767 (1991). After the final lithographic 
exposure step, the wafer was de-protected in an ethanolic 
amine solution for a total of 8 hrs prior to dicing and 
packaging. 

Hybridization to Arrays: PCR products were digested 
with Stu I (NEB), and treated with Lambda exonuclease 
(USB). 5 lug of the digested DNA was hybridized to a 
GeneChip array in 112.5 ul of hybridization solution con 
taining 80 ug denatured Herring sperm DNA (Promega), 
25% formamide, 2.5 pM biotin-labeled gridding oligo, and 
70 ul hybridization buffer (4.8MTMAC1, 15 mM Tris pH 8, 
and 0.015% Triton X-100). Hybridizations were carried out 
in ovens for 16 hours at 50° C. with rotation at 30 rpm. 
Following hybridization, arrays were washed in 0.2xSSPE 
containing 0.005% Triton X-100 for 30 minutes at 37° C. 
and with TE (10 mM Tris, 1 mM EDTA, pH 8) for 15 
minutes at 37°C. A short biotin-labeled oligonucleotide (see 
3119 in FIG. 8) was annealed to the hybridized DNAs, and 
ligated to the array probes with E. coli DNA ligase (USB). 
Excess unligated oligonucleotides were removed with TE 
wash for 10 minutes at 50° C. The arrays were stained with 
Streptavidin, R-phycoerythrin conjugate (Invitrogen) and 
scanned on the GCS3000 instrument (Affymetrix). 

In order to maximize the specificity of target-label hybrid 
ization and scoring, we employed a ligation labeling proce 
dure on the captured sequences (FIG. 8). We set thresholds 
to best separate the intensity data from the array into two 
clusters, one of low intensity and one of high intensity to 
classify labels as either being used or not (FIGS. 22, 23 and 
29). We score a label as “present” and counted if its signal 
intensity exceeded the threshold. To count labels we set 
thresholds for the array intensity, or the number of sequenc 
ing reads. Appropriate thresholds were straightforward to 
determine when used and un-used labels fall into two 
distinct clusters separated by a significant gap. In situations 
where a gap was not obvious, the function normalmixEM in 
the R package mixtools was used to classify labels. This 
function uses the Expectation Maximization (EM) algorithm 
to fit the data by mixtures of two normal distributions 
iteratively. The two normal distributions correspond to the 
two clusters to be identified. The cluster of labels with a high 
value is counted as “used, and the other as “not used’. The 
average of the minimum and maximum of the two clusters, 
(I+I)/2, was applied as the threshold for separating the 
two clusters. 

Sampling error calculation. A sampling error can be 
introduced when preparing dilutions of the stock DNA 
Solution. This error is a direct consequence of random 
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fluctuations in the number of molecules in the volume of 
solution sampled. For example, when exactly 10 ul of a 100 
ul Solution containing 100 molecules is measured, the actual 
number of molecules in the sampled aliquot may not be 
exactly 10. The lower the concentration of the molecules in 
the entire solution, the higher the sampling error, and the 
more likely the actual abundance in the sampled aliquot will 
deviate from the expected abundance (n=10). To calculate 
sampling errors, we determined the number of molecules for 
each chromosome target in our stock DNA solution and 
performed numerical simulations to follow our dilution steps 
in preparing the test samples (3.62 ng, 1.45 ng, 0.36 ng and 
0.036 ng). To illustrate, if the dilution step is sampling 1 ul 
of a 25 ul solution containing 250 molecules, we create 25 
bins and randomly assign each of the 250 molecules into one 
of the bins. We randomly choose one bin and count the 
number of molecules assigned to that bin to simulate the 
process of sampling /2.5" of the entire solution. If a serial 
dilution was performed, we would repeat the simulation 
process accordingly. For each dilution, the observed copy 
number ratios of Chr 4:X or 21:X for 10,000 independent 
trials are summarized as observed medians, along with the 
10' and 90' percentiles and shown in FIGS. 12 and 13. 
As an alternate form of detection, the samples were 

submitted to two independent DNA sequencing runs (FIG. 
10). The arrangement and position of the adaptors and PCR 
primers used to convert the DNA sample hybridized to 
microarrays into sequencing templates are shown in the 
figure. The circularized junction 3115 is located between the 
two counter labels. PCR primers that have restriction sites 
are used to amplify two fragments. The fragments are 
digested with the restriction enzymes to generate ends 
compatible with ligation to sequencing adaptors. The 
sequencing adaptors are ligated to the ends to generate a 
fragment that has the label sequence and a portion of the 
target that is 48 to 94 base pairs in length are flanked by 
sequences for use with SOLID sequencing. 

Validation by DNA sequencing (First SOLID run). DNA 
targets that were used for hybridization to arrays were 
converted to libraries for sequencing on the SOLID instru 
ment (ABI). P1 and P2 SOLID amplification primers were 
added to the DNA ends through adaptor ligation and strand 
extension from gene-specific primers flanked by P1 or P2 
sequences (FIG. 10). Each sample received a unique ligation 
adaptor harboring a 4-base encoder (SEQ ID Nos. 34-43) 
that unambiguously identifies the originating sample of any 
resulting read. Each adaptor includes two strands, SEQ ID 
Nos. 34 and 35, 36 and 37, 38 and 39, 40 and 41 or 42 and 
43, that hybridize to form a double stranded region of 29 
base pairs and a single stranded 4 base overhang (GATC). 
Individual libraries were prepared for each sample, and 
quantified with picogreen before equal amounts of each 
sample was combined into a single pooled library. DNA 
sequencing was performed on SOLID V3 by Cofactor 
Genomics. A total of ~46 million 50 base reads were 
generated. Each read is composed of three segments, cor 
responding to the sample encoder, label sequence and gene 
fragment (FIG. 10). We removed reads if uncalled color 
bases were present, the average Quality Value (aCV) of the 
whole read-10, the acV of the sample encoder-20, or the 
aOV of the label sequences18.40% of the raw reads were 
removed. Filtered reads were mapped to reference 
sequences using the program Short Oligonucleotide Color 
Space (SOCS), available from ABI with a maximum toler 
ance of 4 color mismatches between the first 45 color bases 
in each read and reference sequences (the last 5 color bases 
on 3' end of each read were trimmed in alignment). About 
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64.3% reads were uniquely mapped to reference sequences, 
of which 89.5% (16 million) have high mapping quality, i.e., 
with no mismatch in the sample encoder and at most 1 
mismatch in the label sequence. These high-quality reads, 
accounting for ~35% of the total reads generated, were used 
in Subsequent counting analysis. 

Sequencing replication (Second SOLID run). An aliquot 
of the exact same DNA library originally sequenced by 
Cofactor Genomics was Subsequently re-sequenced by 

5 

42 
sequencing. The calculated number of target molecules was 
determined from the number of labels detected on microar 
rays (Table 4, column 9) or from the SOLiD sequencing 
data. For each sample dilution, the copy number ratio of 
each gene target relative to ChrX is shown for Microarray 
(FIG. 13 left) and SOLiD sequencing (FIG. 13 right). For 
comparison, relative copy ratios obtained from in silico 
sampling simulations are also shown in (FIG. 13 left) and 
(FIG. 13 right), where circles indicate the median values 

Beckman Coulter Genomics. Approximately 50 million 35 10 from 10,000 independent trials and error bars indicate the 
base reads were generated, and processed following the 10" and 90" percentiles. The 90" percentile values of the 
same rules. Approximately 61% of the raw reads passed relative copy ratios at the lowest concentration (0.036 ng) 
quality filters, of which 81% uniquely mapped to a reference are explicitly labeled in the plots. 
sequence with a maximum tolerance of 3 color mismatches 
(An adjusted mismatch tolerance was applied in the align- 15 TABLE 2 
ment step to account for the shorter length of these reads). 
Of the mapped reads, 91% (22.5 million) are of high DNA sample 3.62ng 1.45 ng 0.36 ng 0.036 ng Ong 
mapping quality, i.e., with perfect match in the sample Chr4 Stochastic Model 633 336 98 10 O 
encoder and at most 1 mismatch in the label sequence. These Left Microarray 5O1 260 102 14 O 
high-quality reads (45% of the total raw reads generated) 20 side SOLD run S13 251 101 14 O 

2 SOLD run S16 273 102 14 O 
were used for counting analysis. Right Array 525 256 107 14 O 

Between several hundred thousand to several million side 1 SOLID run 544 291 103 13 1 
reads were used to score the captured labels. Table 1 shows 26 SOLID run 557 307 103 13 1 
the number of mapped reads from SOLID DNA sequencing. 

TABLE 1. 

DNA sample 5 ng 2ng 0.5 ng 0.05 ng Ong 

Chr4 Left side 1 SOLID run 709,076 252,211 237,380 316,629 1,204 
2’ SOLID run 621,372 73.962 189,937 237,520 411 

Right side 1 SOLiD run 1,724.955 1,662,958 1,114,246 2,201,078 3,353 
2 SOLID run 1422,673 1,359,512 839,775 980,616 2,386 

Chr21 Left side 1 SOLID run 1,615.416 1,474,208 832,234 1,428,540 1,851 
2"SOLID run 1,296,685 1,038,456 622.429 930,461 840 

Right side 1 SOLiD run 1,124,772 886.421 551,192 849,204 821 
2 SOLID run 910,298 522,358 367,207 479,621 224 

ChrX Left side 1 SOLID run 444,960 316,975 254,386 515,213 744 
2’ SOLID run 266,606 157,860 137,706 220,121 5 

Right side 1 SOLiD run 1,227,047 921,214 777,033 1,064,531 64 
2 SOLID run 1,043,475 768,296 559,038 695,873 43 

40 

We set thresholds for the number of sequencing reads TABLE 2-continued 
observed for each label, and score a label as “present” and 
counted if the number of sequencing reads exceeded the DNA sample 3.62ng 1.45 ng 0.36 ng 0.036 ng Ong 
threshold. Label usage summaries from experimental obser- Chr21 Stochastic Model 769 457 143 15 O 
vations or from the stochastic modeling are shown in Table 45 Left Microarray 651 335 160 20 O 
2. The number of attached labels, k, detected for each target side SOLID run 67 381 152 20 O 

- 2 SOLD run 665 358 161 18 O 
in each dilution either by microarray counting or sequence Right Microarray 627 341 157 20 O 
counting is presented in Table 2, and plotted in FIGS. 4 and side 1 SOLID run 650 381 146 19 O 
5. 2 SOLID run 653 379 146 19 O 

Several dilutions (3.62 ng, 1.45 ng, 0.36 ng and 0.036 ng) 50 Chrx Stochastic Model 400 186 50 5 O 
Left Microarray 281 148 50 11 O 

of DNA isolated from cultured of a Trisomy 21 male side 1 SOLID run 290 149 43 11 O 
individual were processed for microarray hybridization 2 SOLID run 300 150 45 11 O 
(FIG. 12 left) and DNA sequencing (FIG. 12 right). Three Right Microarray 306 133 48 10 1 
gene targets were tested from chromosome X, 4 and 21, and side 1 SOLID run 336 153 50 12 O 

& G 2 SOLID run 344 167 43 11 O observed numbers of detected labels are shown ("ob- 55 
served'). The number of target molecules for each sample 
was determined from the amount of DNA used, assuming a The counting results span a range of approximately 1,500 
single haploid nucleus corresponds to 3.5 pg. For compari- to 5 molecules, and it is useful to consider the results in two 
son, the calculated number of labels expected to appear counting regimes, below and above 200 molecules. There is 
using a stochastic model are also plotted ("calculated'). 60 a striking agreement between the experimentally observed 
Numerical values are provided in Table 4. Relative copy number of molecules and that expected from dilution in the 
ratios of the three gene targets (FIG. 13): ChrX (right bar), first regime where the ratio of molecules to labels (n/m)<0.2 
Chr4 (left bar) and Chr21 (center bar) representing one, two (Table 2). Below 200 molecules the data are in tight agree 
and three copies per cell, respectively. Different dilutions ment, including the data from the lowest number of mol 
(3.62ng, 1.45 ng, 0.36 ng and 0.036 ng) of the DNA isolated 65 ecules, 5, 10 and 15 where the counting results are all within 
from cultured lymphoblasts of a Trisomy 21 male individual 
were processed for microarray hybridization and DNA 

the expected Sampling error for the experiment (The sam 
pling error for 10 molecules is estimated to be 10+6.4, where 

PARSE EX.1053.059



US 9,708,659 B2 
43 

10 and 6.4 are the mean and two standard deviations from 
10,000 independent simulation trials). 

In the second regime above 200 molecules, there is an 
approximate 10-25% undercounting of molecules, increas 
ing as the number of molecules increases. We attribute this 
deviation to be due to a distortion in the amplification 
reaction. PCR-introduced distortion occurs from small 
amounts of any complex template due to the differences in 
amplification efficiency between individual templates (2, 3). 
In the present case, Stochastic labeling will produce only one 
(at low n/m ratios), and increasingly several copies (at 
higher n/m ratios) of each template. Modeling Suggests that 
simple random dropout of sequences (PCR efficiencies 
under 100%) generate significant distortion in the final 
numbers of each molecule after amplification. At any label 
ing ratio, random dropout of sequences due to PCR effi 
ciency will result in an undercount of the original number of 
molecules. At high n/m ratios, the number of labels residing 
on multiple targets will increase and have a statistical 
Survival advantage through the PCR reaction causing greater 
distortion. In Support of this argument, we observe a wide 
range of intensities on the microarray and a wide range in the 
number of occurrences of specific sequences in the sequenc 
ing experiments (FIGS. 23, 29). This effect can be reduced 
by carrying out the reaction at n/m ratios near or less than 
0.2, increasing the number of labels m, further optimization 
of the amplification reaction, or by employing a linear 
amplification method. Other factors, such as errors from 
inaccurate pipetting, could also contribute. 
The lymphoblast cell line used in this study provides an 

internal control for the relative measurement of copy num 
ber for genes residing on chromosomes X, 4 and 21. FIG. 13 
presents the relative number of molecules from all three 
chromosomes normalized to copy number 1 for the X 
chromosome. As shown, the measurements above 50 mol 
ecules all yield highly precise relative copy number values. 
At low numbers of molecules (0.036 ng), uncertainty results 
because the stochastic variation of molecules captured by 
sampling an aliquot for dilution are significant. Numerical 
simulations were performed to estimate the sampling varia 
tion, and summarized medians, along with the 10" and 90' 
percentiles of the copy number ratios and are shown in 
FIGS. 12 and 13 as circles and range bars, respectively. At 
the most extreme dilutions, where ~5, 10, and 15 molecules 
are expected for the chromosome X, 4 and 21 genes, the 
copy number ratios fall within the expected sampling error. 

Overall, the identity of labels detected on the microarrays 
and in sequencing are in good agreement, with only a small 
subset of labels unique to each process (Table 7). Despite a 
high sequencing sampling depth (Table 1), a small number 
of labels with high microarray intensity appear to be missing 
or under-represented in the sequencing results. In contrast, 
labels that appear in high numbers in the sequencing reac 
tion always correlate with high microarray intensities. No 
trivial explanation could be found for the labels that are 
missing from any given sequencing experiment. While 
under-represented in some experiments, the same labels 
appear as present with high sequence counts in other experi 
ments, suggesting that the sequences are compatible with the 
sequencing reactions. 
PCR validation. We used PCR as an independent method 

to investigate isolated cases of disagreement, and demon 
strated that the labels were present in the samples used for 
the sequencing runs. 
PCR was used to detect the presence of 16 label sequences 

(Table 3) which were either observed as high or low hybrid 
ization intensity on microarrays, and observed with either 
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44 
high or low numbers of mapped reads in SOLID sequencing. 
The Chr4 gene target was PCR amplified with 3 dilutions 
(0.1 pg. 1 pg, and 10 pg) of the 3.62 ng NAO 1921 sample, 
using the DNA target that was hybridized to microarrays, or 
the prepared SOLID library template. PCR products were 
resolved on 4% agarose gels and fluorescent DNA bands 
were detected after ethidium bromide staining 

TABLE 3 

Micro 
Micro- array SOLiD 

1st 2nd array target library 
Label Label SOLiD SOLiD inten- tem- tel 
ID Sequence reads reads sity plate plate 

112 AGATCTTG O 2 15, 9 O7 1. 2 
TGTCCG 

182 ATCTTCGA O 1 10,304 3 4. 
CACTGG 

779 TCGAGATG O 4 9, 411 5 6 
GTGTTC 

782 TCGGATAG O O 6, 716 7 8 
AGAGCA 

783 TCGGTACC 1. 4 13, 132 9 10 
AACAAC 

29 O CCAAGGTT 1. 17 10,777 11 12 
TGGTGA 

780 TCGCAAGA 1. 1 8, 915 13 14 
GGTAAG 

57O GGAGTTAC 1. 2 8, 252 15 16 
GGCTTT 

741, TCAACCAG 794 4 OO 466 17 k 18 k 
TAAGCC 

424 CTGTAAAC 1, 1911, 292 27 19 k 2 Oik 
AACGCC 

242 CACGATAG 9 OS 781. 1, 103 21 k 22 
TTTGCC 

859 TGTACTAA 92O 892 1, 107 23 k 24k 
CACGCC 

83 ACGCTAAC 8, 629 7,704 19, 5 OO 25 26 
TCCTTG 

383 CGTTTACG 7, 278 6, 4 O2 19 O22 27 28 
ATGTGG 

804 TCTTAGGA O O 70 29 k 3 Osk 
AACGCC 

834 TGCAATAG O 1. 72 31 k 32 k 
ACGACC 

Table 3. PCR detection for the presence of label 
sequences in the processed DNA sample that was hybridized 
to microarray, or in the DNA sequencing library. Each PCR 
contained 0.1 pg of template, which represents approxi 
mately 1x10' DNA molecules. The number of mapped 
sequencing reads and the microarray intensity of each of the 
16 labels for this selected gene target (Chr4, 3.62 ng) are 
listed. The last 2 columns show the gel lane number con 
taining the indicated Sample. Those numbers indicated by an 
* correspond to reactions where PCR failed to detect the 
label sequence in the sample. 

Although we can clearly confirm their presence in the 
sequencing libraries, it is unclear as to why these labels are 
missing or under-represented in the final sequencing data. 
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To test the stochastic behavior of label selection, we 
pooled the results of multiple reactions at low target con 
centrations (0.36 and 0.036 ng), where the probability that a 
label will be chosen more than once is small. 

FIG. 14 shows that the number of times each label is used 
closely follows modeling for 1,064 data points obtained 
from microarray counting. The graph is a comparison 
between experimentally observed label usage rates (microar 
ray results) with those predicted from stochastic model 
(stochastic model). At low target molecule numbers, the 
chance of multiple target ligations to the same label 
sequence is low. It is therefore reasonable to consider data 
from experiments with low target numbers (0.036 ng and 
0.36 ng of DNA), from those experiments, a total of 1,064 
labels were observed, with the total frequency of label usage 
ranging from 0 to 6. The theoretically expected label usage 
frequency for 1,064 target molecules was obtained by per 
forming 5000 simulation runs, with multiple independent 
reactions simulated in each run. The error bars indicate one 
standard deviation from the corresponding means. 

Furthermore, since each end of a target sequence chooses 
a label independently, we can compare the likely hood of the 
same label occurring on both ends of a target at high copy 
numbers. Table 4 columns 10-11 present the experimentally 
observed frequency of labels occurring in common across 
both ends of a target and their expected frequency from 
numerical simulations. No evidence of non-stochastic 
behavior was observed in this data. 

TABLE 4 

Expected 
# of 
labels 

Estimated Expected in 
Genomic # of # of common Microarray 
DNA molecules labels at across observed if 

Gene amount at either either paired- of labels 

target (ng) end end ends L R Avg 

Chr4 3.62 1034 633 417.68 11.3S SO1 S25 S13 
1.45 414 336 117.92 7.83 26O 256 258 
O.36 103 98 9.93 + 2.81 102 107 104 
O.036 10 10 O.11 - O.32 14 14 14 
O O O O O O O 

Chr21 3.62 1551 769 616.74 - 11.94 651 627 639 
1.45 62O 457 217.36 9.51 33S 341 338 
O.36 155 143 21.37 3.98 16O 157 158 
O.036 15 15 O.24 0.48 2O 20 20 
O O O O O O O 

Chrx 3.62 517 400 166.63 - 8.81 281 306 294 
1.45 2O7 186 36.26 - 4.98. 148 133 140 
O.36 51 50 2.58 - 1.52 SO 48 49 
O.036 5 5 O.O3 + 0.16 11 1 0 10 
O O O O O 1 O 

1 2 3 4 S 6 7 8 
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labels detected (col. 8), we obtain the corresponding number 
of copies of target molecules (col. 9) in our stochastic model, 
and the predicted occurrences of identical labels across 
paired-ends (col. 10). The numbers in col. 5 and 10 are the 
means from 5,000 independent simulation runs along with 
one standard deviation of the corresponding means, given 
the number of labels at either end (col. 4 and col. 9). 
The detailed column information for Table 4 is as follows: 

column 1: name of tested gene targets; column 2: estimated 
number of target molecules at either left or right end, this 
number is determined by PICOGREEN dye measurement 
(Molecular Probes, Inc.), the DNA concentration is also 
listed in this column; column 3: number of labels expected 
to be observed/used at either end (predicted by theoretical 
models), given the estimated number of target molecules in 
2nd column; column 4: number of labels expected to be 
observed in common across the paired-ends (predicted by 
theoretical models), given the estimated number of target 
molecules in 2nd column; column 5: empirically observed 
number of labels used at the left end of gene target; column 
6: empirically observed number of labels used at the right 
end of gene target; column 7: empirically observed number 
of labels used in common across the paired-ends; column 8: 
number of target molecules predicted by theoretical models, 
based on the empirically observed number of labels used 
(i.e., number in 7th column); column 9: number of labels 
expected to be observed in common across the paired-ends, 
given the number of target molecules in 8th column; column 

Microarray 
# of Expected observed 

molecules # of # of 
inferred labels labels 
from in in 

microarray common COOl 
observed across 80OSS 
# of paired- paired 

labels ends ends 

733 273.96 10.24 303 
3OO 69.22 - 643 63 
110 11.26 2.99 2O 
14 O.20 0.44 O 
O O O 

1051 425.28 11.37 453 
416 118.79 - 7.83 130 
172 25.86 - 4.38 32 
2O O40 - 0.62 O 
O O O 

351 90.14 - 7.08 103 
151 2O34 - 3.94 23 
50 2.45 - 1.51 4 
10 O.10 - 0.31 2 
O O O 
9 10 11 

Labels detected on microarray experiments are quantified in 10: empirically observed number of labels that were used in 
Table 4. Indicated quantities (col. 2) of genomic DNA 
derived from a Trisomy 21 male sample were tested on 3 
chromosome targets (col. 1). The estimated number of 
copies of target molecules (or haploid genome equivalents, 
col. 3), the number of labels expected by the stochastic 
model (col. 4), and the actual number of labels detected on 
microarrays (col. 6-8) are Summarized. Because each gene 
target fragment paired-end consists of random, independent 
label ligation events at the left (L) and the right (R) termini, 
the number of identical labels expected (col. 5) can be 
predicted from computer simulations, and compared to the 
number actually detected (col. 11). Given the number of 

60 

65 

common across the paired-ends of the gene target. 

Example X 

An array was designed having 48 target sequences. Each 
target was paired with one of 3840 labels or “counters” for 
a total of 48x3840 or 184,320 probes. The probes were 30 
mers (30 nucleotides in length) and the assay was designed 
to test whether or not the 30 mer imparts sufficient discrimi 
nation. Of the 30 bases, 15 bases are from the labels and the 
other 15 bases are derived from the targets. The probes were 
assayed to determine if each label-target combination 

PARSE EX.1053.061



US 9,708,659 B2 
47 

hybridizes specifically. A phage RNA ligase was used to join 
labels with targets. Universal priming sites of 18 bases were 
included on the 5' end of the labels and the 3' end of the 
targets, facilitating PCR amplification of the joined label 
targets. The method is diagramed in FIG. 3. 

The 3840 distinct label oligos (counters) were single 
stranded oligos pooled from the Ddel TACL primer panel 
(40 primer plates by 96 wells per plate for 3840 different 
oligos). An example label oligo 301 is shown (SEQID NO: 
1964) 5TCGATGGTTTGGCGCGCCGGTAGTTTGAAC 
CATCCAT3'. The 48 different primers used as “targets” 
were synthesized using as target 48 different 21 nucleotide 
sequences from the Affymetrix TrueTag 5K A array. An 
example target oligo 307 is shown (SEQ ID NO: 1965) 
5'GCCATTTACAAACTAGGTATTAATCGATCCTGCAT 
GCC-3'. 
The “label' or “counter oligo has an 18 nt common 

sequence at the 5' end and a 15-28 nt “label’ (or “counter) 
sequence at the 3' end. An example “label' 305 is shown. 
The universal primer 303 common to all or a group of the 
label oligos has sequence 5' TCGATGGTTTGGCGCGCC 
3' (SEQ ID NO: 1966) at the 5' end and each target 
oligonucleotide has common sequence 311 5' AATCGATC 
CTGCATGCCA-3' (SEQ ID NO: 1967) at the 3' end as 
universal priming sequence. The target oligos vary in 
sequence at the 5' end 309. 
A 1:1 dilution of each of the 3840 counters was mixed 

with various dilutions of each of the 48 target oligos to 
simulate different expression levels under ligation condi 
tions so that the 5' end of the target oligos can be ligated to 
the 3' end of the label oligos. In preferred aspects T4 RNA 
ligase may be used to join the ends of the single stranded 
oligos. The 5' and 3' ends of the target oligos are phospho 
rylated and the 5' and 3' ends of the label oligos are 
hydroxylated. After the ligation the products are amplified 
by PCR using primers to the universal priming sequences. 
Only those fragments that have both universal priming 
sequences 303 and 311 will amplify efficiently. 

Each of the 48 target sequences may be tiled with each of 
the 3,840 counters, resulting in a total number of features on 
array=48x3,840–184,320. This is the number of different 
possible combinations of target with label. The product of 
the ligation and amplification reactions is hybridized to the 
array. For each target, the number of features that light up is 
determined and can be compared to the known copy number 
of each target in the input sample. 
To test the digital counting methods, also referred to as 

stochastic labeling a collection of label-tag sequences was 
provided. Each has a common 5' universal priming 
sequence, preferably 15-20 bases in length to facilitate 
amplification, and a 3" label sequence, preferably 17-21 
bases in length. Each type of primer in the collection has the 
same universal priming sequence but each type has a label 
sequence that is different from all of the other types in the 
collection. In one aspect there are about 4,000 to 5,000 
different types of label sequences in the collection to be 
used. For testing the method, a set of 50 target sequences 
was synthesized. The target sequences each have a universal 
priming sequence at the 3' end (5'GCTAGGGCTAATATC 
3'SEQ ID NO: 1968, was used in this experiment). Each of 
the 50 oligo target sequences that were generated has a 
different 21 base sequence from the GENFLEX array col 
lection of sequences, for example, 5 GCCATTTA 
CAAACTAGGTATT3' SEQ ID NO: 1970. The collection 
of label-tag oligos and the collection of target oligos was 
mixed. Various dilutions of the different targets were used in 
the mixture of targets to simulate a mixed population present 
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48 
at different levels, for example, different expression or copy 
number levels. T4 RNA ligase was added to ligate the 
label-tag oligos to the target oligos. There are 5000 different 
types of label oligos and 50 different types of target oligos 
so the majority of the target oligos of the same type will be 
labeled with a type of label oligo that is different from all of 
the other target oligos of that type. So target oligo type 1, 
occurrence 1 will be labeled with a label oligo type A (11A) 
and target oligo type 1, occurrence 2, will be labeled with a 
different label oligo, label oligo type B (12B). There is a 
finite and calculable probability that two or more occur 
rences of the same target type will be labeled with the same 
label oligo (11A and 12A), but that probability decreases as 
the number of different types of label oligos increases 
relative to the number of occurrences of any given type of 
target. 
The ligated target/label oligos are then amplified using 

primers to the universal priming sites. Labels can be incor 
porated during amplification. The labeled amplification 
product is then hybridized to an array. For each different 
possible combination of target (50) and label (5000) there is 
a different probe on the array that targets that junction of the 
target ligated to the label. There will therefore be 50x5000 
different probes on the array or 250,000 different probes. 

Scanned images of the 48x3840 array were analyzed and 
compared to expected results. A total of 8 of the 48 targets 
were ligated to a pool of 3840 labels (counters). The assay 
was as shown in FIG. 3. The conditions were single strand 
deoxyoligonucleotide ligation using a phage RNA ligase to 
join the labels with targets. Universal priming sites on the 
targets and labels were included to enable PCR amplification 
of the joined label-targets. The ligation conditions were 
essentially as described in (Tessier, D. C. et al. (1986) Anal 
Biochem. 158, 171-178, 50 mM Tris-HCl, pH 8, 10 mM 
MgCl2: 10 ug/mL BSA, 25% PEG, 1 mM HCC, 20 uM ATP: 
5:1 acceptor (labels) to donor (the 8 targets) ratio at 25 C 
overnight. The products were amplified using PCR, purified, 
biotin labeled with TaT, hybridized to the array, washed, 
stained, and scanned. The expected 8 blocks show hybrid 
ization to the array in the expected patterns. 

Different ligation conditions were also tested by ligating 
either a single target or a pool of 48 targets to the 3,840 
counters. The concentrations of the targets used in the 
experiment were high as in the previous experiment so most 
counters will be ligated to targets. In ligation 1a single target 
was ligated to 3,840 labels. In ligation 2, 48 targets at 1:1 
copy number were ligated to 3,840 labels. Ligation 3 is a 
negative control for PCR so no DNA was added. PCR with 
the pair of universal primers was performed using the 
ligation products as template and the products separated on 
a gel. As expected a band was observed from ligations 1 and 
2, but not 3. The PCR products were labeled and hybridized 
to the array and the scan images after array hybridization 
were analyzed. As expected no signal was observed for 
ligation 3, all of the targets were observed for ligation 2 and 
the single expected target was observed for ligation 1. The 
single target lights up in the correct region of the chip, but 
background signal was also observed in unexpected loca 
tions. Increased stringency of hybridization conditions can 
be used to minimize hybridization to unexpected probes of 
the array. 

In another example, conditions for optimization of 
hybridization to decrease cross hybridization were tested. 
The products used were as described above and hybridiza 
tion was performed with formamide and with or without 
non-specific competitor (herring sperm DNA). The non 
specific signal is significantly decreased in the presence of 
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formamide, with and without non specific competitor. This 
demonstrates that even though the targets and counters alone 
have 15 bases of complementarity to probes on the array, the 
combination of target plus counter and the resulting increase 
to 30 bases of complementarity to the probes, results in 
specific hybridization. Within the block of 3,480 probes, 
there is heterogeneity in the hybridization intensity. Prelimi 
nary sequence analysis shows a strong correlation of GC 
content with high signals. To minimize this array probes 
may be selected to have similar melting temps for the 
counters or the target-counter combination may be opti 
mized to obtain similar hybridization stabilities. For 
example, if two targets are to be analyzed the portions of 
each target that are to be part of the probe may be selected 
to have similar TMs. 

To test the efficiency of T4 RNA ligase in the ligation of 
labels to targets, DNA ligase from E. coli was tested. This 
required a slight modification of the sample prep (as 
depicted in FIG. 7) by creating an overhang site for duplex 
ligation. The target in this example has a double stranded 
target specific portion and a single stranded overhang. The 
overhang may be, for example, a run of inosine bases, for 
example 6 to 9, or a string of random bases, for example, 
N6-16. DNA ligase is used to close the gap and generate a 
ligated product that includes the target Strand and a label/ 
counter from the pool of 3,840 counters. The PCR is carried 
out in the same manner as above using common primers. 
The expected targets were observed, but some non-spe 

cific bands were also detected in the amplified DNA, even 
in the absence of the target. This suggests that the some of 
the 3,840 labels are combining with each other when this 
method is used. Selection of an optimized pool of labels may 
be used to mitigate Such interference. 

In another example random primed PCR was tested. 
Instead of a ligation step, the targets have a 3' random 
region, that can be, for example, a degenerate region or an 
inosine region. The labels hybridize to the random region 
and the random region is used as a primer for extension 
through the label during the PCR step to append a copy of 
the label and the universal priming site at the 5' end of the 
label oligo to the 3' end of the target. The extended target has 
a copy of the label sequence and the universal priming 
sequence and can be amplified by PCR. 

In another example, a purification method for removing 
excess un-ligated counters was tested. The method is shown 
schematically in FIG. 11. The counters 101 and the targets 
2103 are ligated to form counter-target molecules as shown 
previously. A Support bound probe that is complementary to 
the universal primer at the end of the target oligonucleotides 
2105, is used to separate counter-targets and targets from 
un-ligated counters. The support 2109 may be, for example, 
a magnetic bead. A second separation can be used to separate 
counter-targets from un-ligated targets. The second separa 
tion uses a Support bound probe complementary to the 
universal priming sequence at the end of the counters 2107. 
The single capture reduces background amplification. A 
double round of capture may also be used. 

In FIG. 18 a scatter plot is shown to illustrate one way of 
representing the combinations of different target occurrences 
ligated randomly to different labels in the set. The plot shows 
combinations for 20 different target occurrences (labeled 1 
to 20) representing 20 copies of the same target. The Y-axis 
represents different labels identified by a number from 1 to 
1000. Each of the targets can be labeled with any of the 1000 
labels, for example target 1 is labeled with label 351 and has 
coordinates (1,351). The labels are distinct and distinguish 
able while the targets are the same in this example. 
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FIG. 19 shows a schematic where genomic DNA 1901 is 

fragmented, for example at restriction sites 1903 to produce 
fragments 1905. The fragments are ligated with labels to 
form fragments labeled at both ends 1907. All fragments can 
be ligated to the labels The label-ligated fragments are 
circularized, for example, by ligation of the label ends to 
form closed circles 1909 with first and second labels form 
ing a single label 1911. The circularized fragments can be 
treated with exonuclease to remove unligated fragments. 
The circle and label can be amplified using gene-specific 
PCR primers 1913. The PCR product has the label region 
1911 flanked by target specific regions. The array probe is 
preferably complementary to the junction between the target 
specific region and the label. There are two Such junctions 
1915 and 1917 in the PCR product and each could be 
targeted on either strand (since the product is double 
Stranded). The products may be fragmented, labeled and 
hybridized to an array of probes to the junctions. The 
label-target combination can be hybridized to an array for 
counting. 

FIG. 20 shows a graph of counting efficiency on Y axis 
and copies of target on X axis. The different lines represent 
different numbers of labels being used, from 1000 to 10,000. 
The inset graph is a blow up of the upper left hand region of 
the larger graph and shows how counting efficiency changes 
with the number of labels. Fewer labels results in a more 
rapid decrease in counting efficiency as the number of 
targets increases. 

FIG. 21 is a plot of labels observed per target as the copies 
of targets increases and the number of label types increases. 

In another embodiment, illustrated schematically in FIG. 
5, genomic DNA 1901 is fragmented with a restriction 
enzyme, for example, BamHI, which generates a single 
Stranded overhang for Sticky ended ligation. The fragments 
1905 are ligated to adaptors 2207 that include a label 2205 
and a universal priming site 2203. Different adaptors vary in 
the label portion 2205 but have a common priming site 2203. 
The label is 3' of the universal priming site so that it is 
between the fragment and the universal priming site. The 
adaptor ligated fragments are amplified by PCR using 
primer 2209. The PCR product can be fragmented, labeled 
with a detectable label and hybridized to an array. The 
resulting strands are detected by hybridization to an array 
having target-label probes 2210 and includes different fea 
tures for each target-label combination. The array has a 
different feature for each target-label-tag combination. The 
PCR amplicons may be fragmented prior to array hybrid 
ization. Preferably the fragments are labeled, for example, 
by TodT incorporation of a nucleotide that can be detected, 
Such as a biotin containing nucleotide. 
The probes of the array are complementary to the junction 

between the label and the restriction fragment. The 
sequences at the ends of the individual strands of the 
restriction fragments are predicted based on in silico diges 
tion of the human genome. Also, fragments are targeted that 
are within the size range that is known to amplify efficiently 
by adaptor ligation PCR, for example, 200 bases to 2 kb. The 
adaptor 2201 had two segments, a constant priming region 
2203 and a variable label region 2205. Together 2203 and 
2205 form the label adaptor 2207. The primer 2209 has the 
same sequence 5' to 3' as the 2203. The schematic is drawn 
showing only one strand, but one of skill in the art would 
understand that in a preferred embodiment the genomic 
DNA is double stranded and the restriction fragments have 
two strands, which may be referred to as a top strand and a 
bottom strand. The convention is that the top strand is drawn 
5' to 3' left to right and the bottom strand is the complement 
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of the top strand and is drawn 3' to 5" left to right. Adaptors 
are preferably double stranded for at least a portion of the 
adaptor, they may have single Stranded overhangs, for 
example to have “sticky ends' that facilitate hybridization 
and ligation to the overhang resulting from restriction diges 
tion. In a preferred aspect, the same adaptor can be ligated 
to the two ends of a strand of a restriction fragment and may 
be ligated to one or both Strands. The adaptor may be ligated 
to the ends of the top strand in opposite orientations as 
shown in FIG. 22, so that the label is internal to the priming 
site at both ends. The adaptor may have a top and a bottom 
Strand and the top strand may be ligated to the top strand of 
the fragment and the bottom strand ligated to the bottom 
strand of the fragment. The top and bottom strands of the 
adaptor may be complementary over the entire length, but 
often have single stranded regions at one end to facilitate 
Sticky ended ligation to an overhang created by a restriction 
enzyme. 
To test this method several adaptors were generated. The 

test adaptor has PCR002 (SEQID No. 1969) as top or sense 
strand and Bam AdaAS (SEQ ID No. 1970) as bottom or 
antisense Strand. 

PCROO2 

5' ATTATGAGCACGACAGACGCCTGATCT (1969) 

BamAdaaS 
3' AATACTCGTGCTGTCTGCGGACTAGACTAG is 'P (197O) 

The single Stranded region on the right is the BamHI single 
Stranded overhang. The adaptor also has a half Bgl II site. 
The “full length-label' adaptor has SEQID No. 1972 as top 
or sense strand and SEQID No. 1973 as bottom or antisense 
Strand. 

Sense 
5 ATTATGAGCACGACAGACGCCTGATCTNNNNNNNNNNNNNNT 

AntiSense 
3 AATACTCGTGCTGTCTGCGGACTAGANNNNNNNNNNNNNNACTAG 

A 5' phosphate may be added to one or both strands of the 
adaptor using, for example, T4 polynucleotide kinase. In 
Some aspects a truncated adaptor may be used. An example 
of such an adaptor is shown in FIG. 7, the top or sense strand 
is SEQ ID No. 1974 and the bottom or antisense strand is 
SEQID No. 1975. The portion of the sequence that has a line 
through it for both SEQ ID NOS. 1974 and 1975 indicates 
bases missing as compared to SEQID NOS. 1972 and 1973 
respectively. The N’s in SEQ ID Nos. 1972-1975 indicate a 
variable sequence in the adaptor that is different for each 
different label. For example, if there are 1,920 different 
labels to be used then the N represents the 1920 different 
labels. 

In some aspects it is preferable to use shorter oligos. The 
full length adaptor in includes 87 bases. The truncated 
adaptor has 57 bases. Since 2 different oligos must be 
synthesized for each different label adaptor (e.g. 1,920 labels 
requires 3,840 different oligos) shorter adaptors are more 
economical. The separate oligos are preferably annealed 
together prior to being combined into a pool for ligation to 
fragments. The primer may be, for example, SEQ ID NO. 
1969 or the 5' 17 bases of SEQID No. 1974. 

FIG. 24 shows the results of a control experiment where 
the test adaptor was ligated to fragmented genomic DNA 
and analyzed on an array having genomic probes. The DNA 
was subjected to fragmentation with a BamHI, the test 
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adaptor was ligated to the ends and SEQ ID No. 1969 was 
used as a primer for PCR amplification. The PCR products 
were fragmented and end labeled using TclT and hybridized 
to a CNV type and HG49 arrays. The upper plot is the 
number of probes (number of different features where each 
feature corresponds to a different probe sequence) comple 
mentary to restriction fragments in the different size bins 
shown on the X-axis. The sizes and sequences of restriction 
fragments from a selected genome can be predicted and 
binned according to size. The probes of the tiling array 
(probes essentially all non-redundant sequences in the 
genome) can be assigned to the restriction fragment to which 
the probe is complementary. Longer fragments will have 
larger numbers of probes that are complementary to that 
fragment, simply because the fragment is longer. Restriction 
fragment size is distributed based on the frequency of the 
occurrence of the recognition site. Note that the X axis does 
not increase linearly. While there are more probes that are 
complementary to fragments in the bins of size greater than 
3000, particularly in the bins between 9000 and 30,000, but 
the intensity in those size bins is less than the intensity of the 
bins that are about 400 to about 1800. The larger fragments, 
greater than 9000 bases, for example, do not amplify effi 
ciently with PCR, resulting in lower representation of those 
large fragments in the hybridization. 

In another example, a truncated label adaptor was used 
(SEQ ID Nos. 1974 and 1975). The adaptor ligated frag 
ments were extended to fill in the ends with polymerase prior 
to PCR. Hybridization was done in duplicate to either the 
CNV-type array or HG49 design C. Fragmented DNA and 
non-fragmented DNA were plotted. The intensity of the 
DNA that was not fragmented prior to hybridization is less 
than the intensity of the fragmented DNA. The peak of the 
intensity for both plots is at a fragment size of about 900 
base pairs. 

FIG. 11 shows a theoretical modeling of the number of 
counters predicted to be observed at least once 3201, exactly 
once 3202 or exactly twice 3203. A non-depleting reservoir 
of 960 diverse labels was considered. Equation (1) was used 
to calculate the at least once curve, equation (2) the exactly 
once curve and equation (3) the exactly twice curve. The 
error bars indicate one standard deviation from the corre 
sponding mean value. 

E(k) = m1-(1- i) 
valk)=n-(-i) ( – ) non-i(-)-(-i). 
FIG. 12 shows counting results for DNA copy number 

titrations using microarray hybridization in (A) or DNA 
sequencing in (B). Dilutions (3.62 ng, 1.45 ng, 0.36 ng and 
0.036 ng) of a DNA sample isolated from cultured lympho 
blasts of a Trisomy 21 male individual were processed for 
microarray hybridization (left) and DNA sequencing (right). 
Three chromosome targets were tested and observed num 
bers of counters (Y-axis) are shown (curve 1201). The 
number of target molecules for each sample (X-axis) was 
determined from the amount of DNA used, assuming a 
single cell corresponds to 10 pg. For comparison, the 
theoretical counter usage rates from the stochastic model 
equation are also plotted 1202. Numerical values are pro 
vided in Table 4. 

(1) 
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BamHI cuts the human genome into an estimated 360.679 
fragments with a size distribution of 6 bp to 30,020,000 bp. 
The median size is 5142 bp and the mean is 8320 bp. There 
are 79.517 fragments in the size range of 150 bp to 2 kb. For 
testing it may be desirable to choose fragments that meet 
selected criteria, for example, within a selected size range, 
select fragments that have more than 1 probe on the HG49m 
array, exclude fragments that are in known CNV regions, or 
exclude fragments having a SNP in the first or last 20-30 
bases. 

The upper panel of FIG. 26 shows the intensities of 1,152 
array probes associated with one gene target on chromosome 
4, chr4 Ols. The data are from the array with 5 ng DNA, i.e., 
1000 copies of the tested gene target. The 1,152 probes 
shown share the same genomic sequence portion, but have 
different label sequences. Each black dot represents one 
label sequence. The left 960 dots (on the left side of the red 
vertical line) correspond to specific labels (i.e., labels used 
in ligation reaction), and the right 192 dots correspond to 
non-specific labels (i.e., labels not used in ligation reaction). 
The probe intensities were plotted in natural log scale on the 
y-axis. The blue horizontal line is the threshold determined 
by analysis algorithm (see Materials and Methods), which 
has a value of 3,800. 
The array design for the experiment represented in FIG. 

26 is as follows. For each gene target assayed, the array 
probe consists of all possible combinations of the 960 label 
sequence and either of the two BamHI genomic fragment 
ends. An additional 192 label sequences that were not 
included in the adaptor pool were also tiled to serve as 
non-specific controls. This tiling strategy enables consis 
tency check on the number of labels used at the paired ends, 
since each target fragment is ligated to two independent 
labels (one on either end), and for the same target fragment, 
the counts on the left and right side should be very similar. 

The lower panel shows the histogram of the intensity data 
corresponding to 960 specific labels. Also shown in the 
figure are the 2 fitted normal distributions, designated by red 
and green curves, respectively. The fitted distributions have 
the mean and standard deviation of 1447+680 and 
12186+3580, respectively. The blue vertical line is the 
threshold, which has the same value as the blue horizontal 
line shown in the upper panel. Based on such threshold, 501 
probes (i.e., labels) were counted as “used. 

FIG. 27 shows the number of times observed for each of 
the 960 specific labels. Empirically, we did not observe 349 
labels in any of the 20 cases. By model, we would expect to 
observe 643.05+9.96 labels at least once, which means we 
expect not to observe 307-327 labels. This result shown was 
obtained by grouping labels used in independent ligation 
reactions together. To more accurately estimate the fre 
quency of usage of labels, only data from experiments with 
low concentrations (0.05 ng and 0.5 ng of DNA ligation 
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amount) were considered. Under each concentration, 5 dif 
ferent gene targets independently ligated to labels at both 
ends. Therefore, a total of 20 independent reactions (2 
concentrationsX5 gene targetsx2 ends) were grouped 
together. Of these reactions, 1,064 labels were observed: 
some were observed more often than the others, the fre 
quency of usage of labels ranges from 0 to 6. 

FIG. 28 shows one example of the replication process of 
500 copies of a gene target. In each Subplot, copies of target 
molecules were plotted in the same order. The y-axis is the 
relative ratio of the number of amplified molecules over the 
minimal number of amplified molecules in each PCR cycle. 
Before PCR, all copies are of equal amount, i.e., each copy 
has one molecule at cycle 0 (subplot (a)). As the PCR 
process goes on, we start to see differences in the number of 
amplified molecules corresponding to different copies of 
target molecules. For example, in cycle 3 (subplot (b)), the 
ratio between most and least abundant of amplified mol 
ecules is 4. Such ratio becomes larger as the number of PCR 
cycle increases. In cycle 8 and 15, the ratio becomes 26 and 
30, in cycles 8 and 15 respectively (see subplots (c) and (d)). 
This suggests that the differential usage of labels may be 
observed before PCR is started. Such difference in the 
amount of molecules associated with different labels will 
carry on as PCR process goes on. 
PCR simulation. We defined in copies of a gene fragment 

T. each ligated to a single counter randomly selected from an 
infinite pool of munique counters to generate a collection of 
k resulting counter-ligated gene target molecules T={tl, 
i=1, 2, . . . . k. We assumed that each counter-ligated gene 
target molecule ti, replicates randomly and independently of 
other target molecules; and that the replication probability p 
(i.e., amplification efficiency) of different molecules, tl, 
remains constant throughout the PCR process. For each til, 
we denote the number of molecules at PCR cycle c as N. 
When c=0, N, is the initial number oftl. The PCR process 
at cycle c+1 can be modeled as a series of N, independent 
trials that determine the replicability of each of the N. 
molecules with replication probability p. Let AN, represent 
the number of molecules replicated at cycle c+1, then the 
number of molecule ti, after cycle c+1 is 

N'=N.--AN, where the probability of AN, is 

(2) N C AA p(AN | N) = al (1-p)"-a". 
AN 

We determined the relative abundance of different counter 
ligated gene target molecules t, upon completion of the 
simulated PCR run for n=500, 50, or 5, and p=0.8, 0.7 or 0.6 
(Table 5). In each case, we performed 1,000 independent 
runs to simulate 30 cycles of adaptor PCR, followed by 30 
cycles of gene-specific PCR. 

TABLE 5 

Shows Summary statistics drawn from 100 independent simulation runs modeling 
PCR, ligation at each end of targets is considered. 

Initial copy 
number N = S 

Side Left Right 

#of labels 5 5 
observed 

Max (1.43 0.19) (1.43 
* 1011 * 1011 

N = SO N = SOO 

Left Right Left Right 

48.61 O.99 48.64 1.09 388.91 389.27 
6.85 7.18 

0.19) (2.18 0.49) (2.13 0.47) (4.52 0.59) (4.44 0.55) 
* 1010 *1010 * 109 * 109 
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TABLE 5-continued 
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Shows Summary statistics drawn from 100 independent simulation runs modeling 
PCR, ligation at each end of targets is considered. 

Initial copy 
number N = S N = SO 

Side Left Right Left Right 

Min (5.73 2.27) (5.73 2.27) (2.35 1.06) (2.35 1.06) 
* 1010 * 1010 * 109 * 109 

Ratio btW 3.13 2.44 3.13 2.44 14.10 13.87 
max & min 11.41 13.42 
Mean (1.00 0.16) (1.00 0.16) (1.03 0.06) (1.03 0.06) 

* 1011 * 1011 * 1010 * 1010 
Standard (3.44 1.02) (3.44 1.02) (3.98 0.52) (3.94 0.54) 
deviation * 1010 * 1010 * 109 * 109 
Coef. Of O.36 0.13 O.36 0.13 O.39 O.OS 0.38 O.OS 
variation 

Focusing on the experiments with concentrations of 0.5 

N = SOO 

Left Right 

(1.15 0.49) (1.23 0.49) 
* 108 * 108 
43.42 44.92 
25.66 30.04 

(1.27 0.03) (1.27 0.03) 
* 109 * 109 
(6.75 0.41) (6.69 0.40) 
* 108 * 108 
O.S3 O.O3 O.S3 O.O3 

clustering based on the middle 6 bases, randomly pick one 
and 0.05 ng, (3" and 4" in each group of 5), which provide 2O sequence out of every cluster, this gives us 3,084 sequences, 
the most accurate count of labels, there are 20 different denoted by set C. Step 4: calculate the all-against-all align 
opportunities for a given label to be observed (2 concentra- ment score of set C, which gives us a 3,084x3,084 self 
tionsX5 ampliconsx2 sides (left or right)). We observed similarity score matrix, denoted by S. Step 5: filter based on 
1,064 labels over the 20 opportunities. 25 the score matrix. If an element of the score matrix S(i,j) has 
To observe the distortion of the relative abundance of a high value, that means, the corresponding sequences i and 

DNA molecules in the reaction resulting from the PCR j are very similar to each other. Starting from the elements 
process, dispersion in the quantitative distribution of PCR with top self-similarity score, randomly pick one and discard 
amplified DNA molecules was analyzed. A model of the the other; repeat this process until the number of retained 
PCR process was generated to understand the dispersion in sequences<2000. Until this step, 1,927 sequences were 
the distribution of amplified molecules (FIG. 25, Table 6). A retained. 
series of 1,000 independent simulation runs were performed For the retained 1,927 sequences, an all-against-all 
to simulate the replication of uniquely labeled target mol- complement score was calculated for each. This gave a 
ecules through PCR processes. For each run, we measured 1927x1,927 cross complement score matrix. A step similar 
the distribution of the final amount of PCR products and is to step 5 was performed to avoid labels with maximal 
quantified the dispersion of distribution using two measures: cross-complement with other labels. Starting from the pairs 
ratio of the maximal to the minimal amount, and coefficient with top cross-complement score, one was randomly pick 
of variation of final PCR products. This demonstrates that and the other discarded. This process was repeated until the 
the degree of dispersion increases with the incidence of number of retained sequences was 1920. Next the 1920 
replicate use of identical counters, which may be in-part labels were split into 2 sets, with one set (denoted by set A) 
responsible for the deviation observed when assaying high consisting of sequences that are maximum different from 
target copy numbers. Table 6 lists the ratio and CV for one-another, and the other set (denoted by set B) consisting 
distributions corresponding to different concentrations and of the remaining sequences. The procedure used to split 
replication probabilities (one sided ligation considered). sequences was as follows. Starting from the original 1920 by 

TABLE 6 

replication 
probability n = 5 n = SO n = SOO 

Ratio of max to min p = 0.6 5.69 4.95 26.16 - 23.78 12418 - 88.04 
amount of PCR p = 0.7 4.59 + 8.03 16.22 + 15.53 71.55 + 55.13 
amplified product p = 0.8 2.82 - 1.51 11.54 - 9.53 42.24 27.49 
Coefficient of p = 0.6 O.48 - 0.16 O.51 - 0.06 O.62 O.O3 
Variation (CV) p = 0.7 0.41 + 0.14 0.44 + 0.05 O.S7 O.O2 

p = 0.8 0.34 + 0.12 0.36 + 0.05 O-52 - O.O2 

55 

Example 1 of a method for selecting a collection of labels 
starting with all possible 14 mers (4 or ~268 million 
possible labels). Step 1: clustering based on the last 7 bases: 
all sequences with the same last 7 bases are grouped 
together, within each cluster, randomly pick one sequence, 
this gives us 11,025 sequences, denoted by set A. Step 2: 
clustering based on the first 7 bases: all sequences with the 
same first 7 bases are grouped together, within each cluster, 
randomly pick one sequence, this gives us 13.377 
sequences, denoted by set B. Step 3: get the union set of set 
A and B, the combined set has 24,073 sequences. Then do 

60 

65 

1920 similarity Score matrix, for each sequence, (1) sum up 
all its similarity scores with the rest of the sequences in the 
pool, that is, for each sequence, calculate a total similarity 
score. (2) Sort the total similarity scores of all sequences and 
select the sequence with the lowest total score, and move it 
to set A. (3) Remove the row and column corresponding to 
the selected sequence, i.e., both the number of rows and 
columns in the similarity score matrix are reduced by 1. 
Repeat steps 1-3, until the number of rows and columns in 
the similarity score matrix reaches 960 or half of the 
original. The selected sequences belong to set A and the 
remaining sequences belong to set B. 
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In another embodiment a collection of labels is selected 
using the following steps. Starting with all possible 14 mers 
(4" or ~268 million possible labels) eliminate all that do not 
have 50% GC content. Eliminate those were each nucleotide 
does not occur at least twice. Eliminate those that have more 
than two G/C in tandem or more than three A/T in tandem. 
Eliminate those that contain a selected restriction site. That 
reduces the original set to 33 million or 12.43% of the 
original set. From that set select those that have a Tm within 
the range of 38.5° C. to 39.5°C. This step results in a set of 
~7 million or 2.73% of the original set. Remove those that 
have regions of self-complementarity. The resulting set in 
this example was now 521.291. A hierarchical clustering 
was performed to identify a set that has maximum sequence 
difference between one-another. The resulting set contained 
1927 labels. Labels were removed if the sequence had a 
tendency to bind to other labels in the set. This reduced the 
set to 1,920 labels. A final set of 960 labels was selected from 
the 1920 as being maximally different for the “specific' 
labels and 192 additional counters to tile on the array as 
“non-specific’ controls. 

Selection of Targets and design of test array. Regions 
selected to assay as targets included Chr X, Chr Y. Chr 4 as 
a reference and Chr 21 for Trisomy. Locations on the 
chromosomes for assaying were selected to avoid cen 
tromeres and telomeres. Fragments were selected based on 
Bam HI fragments of between about 400 and 600 base pairs. 
Fragment intensity was checked using HG49 array hybrid 
ization. The first and the last 26 nucleotides of the fragments 
(from and including the Bam HI site) were tiled. Repeats 
were avoided and GC 96 was optimized. 

The array format was 100/25. Feature size is Sum. There 
are 436x436 features or 190,096 features. Synthesis was 
NNPOC, 43 mer probes, 5' up, no phosphate. The chip name 
is STCL-test2. The gridding probe used was the same as the 
HG49. No QC probes were included. 

Aside from reducing whole chromosomes into 360.679 
smaller molecular weight DNA pieces more suitable for 
ligation reactions, restriction digestion also serves to reduce 
the overall sequence complexity of the sample, as only an 
estimated 79,517 fragments reside in the 150 bp-2 kb size 
range that is effectively amplified by PCR. To detect and 
quantify counters that have been selected by the target 
molecules, the labeled genomic target fragments may be 
circularized and PCR amplified to prepare for analysis, for 
example, using microarray hybridization or DNA sequenc 
ing. A representative BamHI target fragment was sampled 
for each of the three test chromosomes. Simultaneous mea 
Surements of all three chromosomes serve as an internal 
control independent of dilution or other systematic errors. A 
suitable DNA array detector capable of distinguishing the set 
of counters bound to copies of the target molecules was 
constructed using photolithography (S. P. Fodor et al., 
Science 251, 767 (Feb. 15, 1991).). Each array element for 
a target to be evaluated consists of a target complementary 
sequence adjacent to one of the complements to the 960 
counter sequences (FIGS. 1 and 2A). For increased speci 
ficity, a ligation-readout was performed on the microarray 
after hybridization to avoid false positive detection of the 
cross-hybridization of identical targets with different coun 
ters. As a means of validation through a secondary measure, 
samples hybridized to microarrays were Subsequently 
sampled by DNA sequencing (FIGS. 10 and 29). 
An equation to model the stochastic labeling of target 

molecules with a small library of 960 counters, and validate 
our equation model with numerical simulations is disclosed. 
In the model, the diversity of counters selected by, and 
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ligated to target molecules in the reaction solution (simpli 
fied as used) is dictated by the number of copies of 
molecules present for each target fragment in the reaction 
(FIG. 12). Under conditions where the size of the counter 
library is much greater than the number of copies of a given 
target molecule, the counting efficiency is high, and counting 
the number of counters used is equivalent to counting the 
number of copies of the original target molecules (FIG. 16). 
When the number of target copies approaches and exceeds 
the number of different counters in the reaction, any counter 
in the library is more likely to be used multiple times (FIG. 
15). The number of counters used at least once is an 
important measure because it serves as the basis for drawing 
yes/no conclusions in our digital readout on microarrays. 
Under stochastic labeling conditions, we expect that the 
absolute quantity of single DNA molecules can be accu 
rately determined by proxy counts of labeling events. 
Indeed, microarray experiments demonstrate a high degree 
of correlation between the number of copies of target 
molecules added to the reaction and the number of counters 
used, as detected on microarrays (FIG. 12). In particular, 
counter usage precisely profiles the number of target mol 
ecules under conditions of high counting efficiency. Subtle 
deviations from the model may represent minor dilution 
errors in the preparation of the sample. However, within that 
sample dilution, the relative counter ratios of the three 
internally built-in markers are highly accurate (FIG. 13). 
FIG. 13 shows comparison of relative copy ratios of the 
three gene targets tested: ChrX, Chr4 and Chr21 represent 
ing genetic material of one, two and three copies per cell. 
Different dilutions (5 ng, 2ng, 0.5 ng and 0.05 ng) of a DNA 
sample isolated from cultured lymphoblasts of a Trisomy 21 
male individual were processed for microarray hybridization 
and DNA sequencing. The calculated number of target 
molecules (see, Table 4, column 9) was inferred from the 
number of counters detected on microarrays (A), and was 
also calculated for the SOLID sequencing data (B). For each 
sample dilution, the target copy number ratio of each gene 
target relative to ChrX is shown. 
On the other hand, when target copies exceed ~100, 

detected labeling events appear to indicate fewer than actual 
molecules in solution (FIG. 12 inset in graph on left). This 
deviation was reproducible and consistently observed across 
multiple microarray experiments, and was also observed in 
the DNA sequencing experiments (FIG. 12 inset in graph on 
right). Under-counts of expected labeling events may origi 
nate from inadequate detection sensitivity of the microarray 
platform or from other systematic or indeterminate deficien 
cies in the sample preparation procedure. PCR, for example, 
is prone to amplification bias (T. Kanagawa, J Biosci Bioeng 
96, 317 (2003) and M. F. Polz, C. M. Cavanaugh, Appl 
Environ Microbiol 64, 3724 (1998)), which could hinder the 
comprehensive detection of labeling events that may be 
genuinely stochastic. 
To confirm the microarray results, a digital sequence 

counting of individual molecules in the DNA samples 
hybridized to microarrays was used as a means of validation, 
and to detect the presence of any false negatives that may 
have escaped microarray detection. Analysis of mapped 
sequence reads resulted in counts in agreement to the 
microarray observations. Furthermore, a second, indepen 
dent sequencing run was repeated with similar findings 
(Table 3). 
An additional feature of digital sequence counting is that 

unlike the microarray intensity data (FIGS. 22 and 23), 
which offers lower resolution into the measurement of the 
concentration dispersion of PCR amplified molecules, 
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sequence counting clearly demonstrates significant variation 
in the representation of amplified targets (FIG. 29). This is 
consistent with the computed PCR model. Overall, detected 
counters on the microarray and sequencing experiments 
correlate well, but a small subset of counters appear to be 
unique to each process (Table 7). The observed number of 
labels in common between the microarray and the two sets 
of sequencing experiments are Summarized in the table. The 
number of labels in each category is included. The catego 
ries are as follows: A+1+2 for labels detected in each of the 
3 experiments, 1+2 for labels detected only in sequencing 
runs 1 and 2, 1+A for labels detected in sequencing run 1 and 
by array, and so on for the amounts of DNA shown in 
column 3. 

TABLE 7 

A + 1 + 1 + 2 + 
DNA sample 1 + 2 2 A. A. 1 2 A. 

Chr4 Left 0.036 ng 3 O O O O O 1 
side 0.36 ng 96 3 O 1 2 2 5 

45 ng 228 13 4 22 6 10 6 
3.62 ng 484 23 2 3 4 6 12 

Right 0.036 ng 4 O O O O O O 
side 0.36 ng 100 1 O O 2 2 7 

45 ng 249 25 2 O 15 33 5 
3.62 ng 511 22 2 1 9 23 11 

Chr21 Left 0.036 ng 8 O 2 O O O O 
side 0.36 ng 150 O 2 4 O 7 4 

45 ng 324 17 8 1 32 16 2 
3.62 ng 637 14 10 O 17 14 4 

Right 0.05 ng 8 O 1 1 O O O 
side 0.36 ng 144 O 2 2 O O 9 

45 ng 330 34 2 3 15 12 6 
3.62 ng 615 29 1 7 5 2 4. 

ChrX Left 0.036 ng 1 O O O O O O 
side 0.36 ng 42 O O O 1 3 8 

45 ng 137 3 1 5 8 5 5 
3.62 ng 274 12 O 2 4 12 5 

Right 0.036 ng O 1 O O 1 O O 
side 0.36 ng 43 O 3 O 4 O 2 

45 ng 127 15 O O 11 25 6 
3.62 ng 298 12 3 3 24 31 2 

For the reverse scenario, high numbers of mapped 
sequence reads were always observed to correlate with high 
microarray intensities in these examples. No systematic or 
sequence correlations, or explanations were identified for 
the counters that are absent from any given sequencing 
experiment for which the microarray readout demonstrates a 
strong signal. While obviously underrepresented in some 
experiments, the same counters are sometimes present in 
high sequence counts in other experiments, suggesting that 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 1979 

SEO ID NO 1 
LENGTH: 875 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs SEQUENCE: 1 

gatccaccala to catacatg agacggcc.ca atcc agittag to cittatcca aact citt cac 

acactitcaga tat citatgga agcaccagoc ctatgaactt ct attccacc to at ct caag 

ctgcaggttc at atttgaat tottctaatc ccatgaaccc ttaccctggg cittittgaatc 

5 

10 

15 

25 

30 

35 

40 

45 

60 
they are available for sequencing. PCR was used to resolve 
these isolated cases of disagreement and demonstrate these 
were false negatives in the sequencing experiments (Table 
3). Despite their presence in the sequencing library, it is 
unclear why the counters were not observed or were under 
represented in the original sequencing run, and also in the 
Subsequent replicate sequencing run. 

Aside from the comparative analysis of absolute and 
relative counts of the numbers of target molecules and 
counter labels, additional ways to assess the stochasticity of 
the labeling process were evaluated. First, if the labeling 
process is random, the frequency of incorporation of iden 
tical counters in independent events across the paired left 
and right termini of target fragments should closely 
resemble outcomes from numerical simulation. Observed 
counts on microarrays do in fact match closely with numbers 
obtained from computer simulations (Table 4, columns 
10-11). Second, if the target molecules are labeled randomly 
with an equal likelihood of incorporation for any member of 
the 960 counters in the library, we would expect the number 
of repeated observations of counters to follow a stochastic 
nature. For this analysis, we accumulated a total of 1,064 
counter observations over several microarray experiments 
restricted to low target copy numbers. Exclusion of data 
from high copy targets was necessary to avoid undercount 
ing labeling events from multiple incidences of identical 
counters attaching individually to numerous target copies. 
As a further and final demonstration of stochastic labeling, 
results show that the frequency of label usage follows a 
pattern consistent with outcomes from numerical simulation. 

CONCLUSION 

While preferred embodiments of the present invention 
have been shown and described herein, it will be obvious to 
those skilled in the art that such embodiments are provided 
by way of example only. Numerous variations, changes, and 
substitutions will now occur to those skilled in the art 
without departing from the invention. It should be under 
stood that various alternatives to the embodiments of the 
invention described herein may be employed in practicing 
the invention. It is intended that the following claims define 
the scope of the invention and that methods and structures 
within the scope of these claims and their equivalents be 
covered thereby. All cited references, including patent and 
non-patent literature, are incorporated herein by reference in 
their entireties for all purposes and particularly to disclose 
and describe the methods or materials in connection with 
which the publications are cited. 

60 
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agaataccca 

catatctggg 

aaga cc ct ct 

gaaatagc.ca 

atggitttcag 

at CC Cact Ca 

tgagcaatcc 

ataact acag 

acaaggagaa 

ttaac catga 

gtcaggaaaa 

atgaggtotg 

at atcCat Ca 

titcc tatt ct 

gtctaagctic 

gagttttaca 

cagttgtacc 

tgagatggat 

aalacatggac 

tgcagctc.cg 

tgacatgctt 

tagaactgct 

gcago Cattg 

gtcagacagc 

<210s, SEQ ID NO 2 
&211s LENGTH: 934 
212. TYPE : DNA 

61 

tat caatgca 

c cc cagt citc 

agt ctaccac 

totaaatact 

attagaccaa 

ggccactt.ca 

tataaaaatg 

ggcatgttca 

tcc cacacag 

tgttgtc.caag 

gcactagt cc 

gag cagagct 

atgga aacct 

agc.cgatgga 

CCatcCatac 

taggittatgg 

atgtacatca 

tgggagccac 

gtgaa catca 

acagotctict 

Ctaatgggitt 

gaggcttaca 

agggtgttggc 

ttctg 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 2 

gatcCaggac 

tcagga Caag 

t ct cagttcc 

ggagaggtgc 

tctgctggag 

agtictagdac 

caaactitt to 

ttagcaactg 

at attaattit 

acgc.ccctica 

atgcagctga 

CCaataaCaC 

aataaacctg 

gtgggctt at 

agggaaag.ca 

Cctctggctg 

tgttitt catg 

Cgtaagtaag 

tgtcttctico 

cgctgaccat 

alacact attt 

tgatagaa.ca 

tittaaaggag 

Caggggalagg 

gag cagtttic 

attictagttg 

caaactgagc 

ttttgtcatt 

tgctttcaac 

catcc.cagtt 

alacagtggct 

agggtctgtt 

<210s, SEQ ID NO 3 
&211s LENGTH: 643 
212. TYPE : DNA 

Ctagt ctggc 

accitacgatg 

Cagagggtgg 

tatggtggca 

tgggacaatt 

Caaggacgta 

agagttgcag 

gaaaggctgt 

cattt cagtic 

atgataagct 

ttact tagag 

cctgc cattc 

CCaCt. Cacct 

gggtctcCtt 

acatt coagc 

ggaggtgagc 

t cacagaacg 

citcgtttgat 

Cagg tagctg 

gctact catt 

tgtcatc.ttg 

agtgctgcct 

gtaatcc ctd 

alacac Cotto 

ccttgtcatg 

Ctaaaagatg 

attitt Caaac 

aaacaggaac 

gccagaggtg 

tattt cocac 

c cct c cacag 

Ccag 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 3 

US 9,708,659 B2 

- Continued 

atcagtggac aactgct coc 

tctgtatagg tat coaa.gc.c 

actittaccag cca aggtttg 

aalaccaaaat atgcagggag 

tgtagggaaa ttgcct CCtt 

ctic tagatta ccacc caatc 

ttcacct tct CacataatcC 

t catgcc ctd catct coaaa 

atcaaagatg citt coagctic 

caaattaagt gatgctaatg 

ttctggtgca gagga caacg 

synthetic oligonucleotide 

Ctagcaggitt gtact gacct 

cc caa.cagtt atc tocc citt 

gggaa.gagat gactgggagt 

cagggtgctic ticctic ctaat 

gctggagggit CCttt Cotaa 

tttalaccagg aaggc galagg 

gtgtttittitt ttittcaatag 

agcticagacg cacaatggga 

ttaattittga agtctggitat 

gcaagattgg taggccaaa 

tatttgtaag actggcatct 

tgttc cctogg aag accc.tta 

gag cctgaaa gaactggggit 

tggtgttitt c tdaccatgcc 

t caactaagt tt cattcttic 

synthetic oligonucleotide 

gatcctgtgt gcc ttct c ct gcc atgg tac acacact cac acacc cc ct c atacacaagt 

CCtttgttga gcc ctgaggc aggaaatggg aaattcaaaa ggaagagcct gagaaac cat 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

6 O 

120 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

934 

6 O 

12 O 
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titta t t t cat 

gaccagaacc 

ggggcttaga 

ttggcc titat 

tatatatgta 

tgagggc.ca.g 

gttittctittg 

Cagtatgtgc 

tgtttcctica 

tt Cagggggc 

cct ct cacag 

agttttgtct 

cacacagaaa 

tccagcagaa 

t ccttggag 

cc caaag.ccc 

gagaactggit 

<210s, SEQ ID NO 4 
&211s LENGTH: 2O 
212. TYPE : DNA 

63 

ttct caccat 

agt cittagtt 

gttgggggaa 

gatttgttgtt 

t cacaggaaa 

agatacttgc 

tag.cggggag 

ttgacCaggc 

Catgtgaaag 

CCCttgaagg 

cacat cotag 

atctotgcag 

t cagtgaagt 

aaact Coaaa. 

citt to tcc tt 

atttggagtt 

agtaatgggg 

gacaaaggct 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 4 

ggacaacgat gaggtotggt 

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

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 5 

tagggctggit gct tccatag 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 6 

gcc cct coac agt caactaa 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OO > SEQUENCE: 7 

cgcttgtc.ct gaaggit cagt 

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

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 8 

ggccticagga at agct aggg 

US 9,708,659 B2 

- Continued 

aggcagc.ccc 

atataaaa.ca 

gct caaaaag 

galacacagaa 

aact cacttg 

cagacitt cqt 

Catgaggatg 

gcct caggaa 

ttg 

synthetic oligonucleotide 

synthetic oligonucleotide 

synthetic oligonucleotide 

synthetic oligonucleotide 

synthetic oligonucleotide 

aagtgatata 

gagaact tcc 

talaccCaggg 

aagaggtgag 

tgctaagtict 

tgtcagt ct c 

gacgcacagg 

tagct agggc 

18O 

24 O 

3OO 

360 

54 O 

643 
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- Continued 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 9 

tgttgtatgag giggtgttgttg 

<210s, SEQ ID NO 10 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 10 

tgat citagat cittgttgtc.cg 

<210s, SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 11 

tgat citat ct tcgacactgg 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 12 

tgat Cttcga gatggtgttc 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 13 

tgat Cttcgg atagaga.gca 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 14 

tgat ctitcgg taccaacaac 

<210s, SEQ ID NO 15 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

66 
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- Continued 

<4 OOs, SEQUENCE: 15 

tgat ct coaa ggtttggtga 

<210s, SEQ ID NO 16 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 16 

tgat Cttcgc aagaggtaag 

<210s, SEQ ID NO 17 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 17 

tgatctggag ttacggctitt 

<210s, SEQ ID NO 18 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 18 

tgat cittcaa ccagtaagcc 

<210s, SEQ ID NO 19 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 19 

tgat citctgt aaacaacgcc 

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

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O 

tgat ct cacg at agtttgcc 

<210s, SEQ ID NO 21 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 21 

tgat cittgta ctaacacgcc 

<210s, SEQ ID NO 22 

68 
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- Continued 

&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 22 

tgat citacgc taactic cttg 

<210s, SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 23 

tgat ct cqtt tacgatgtgg 

<210s, SEQ ID NO 24 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 24 

tgat cittctt aggaaacgcc 

<210s, SEQ ID NO 25 
& 211 LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 25 

tgat cittgca atagacgacc 

<210s, SEQ ID NO 26 
&211s LENGTH: 41 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 26 

c cactacgcc ticcgctitt co tot citatggg cagtc.ggtga t 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 27 

ctg.ccc.cggg titcct cattc 

<210s, SEQ ID NO 28 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 28 

41 
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- Continued 

ggagct ciga caacgatgag gtctggit 

<210s, SEQ ID NO 29 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 29 

ggagct Ctag ggctggtgct tccatag 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 30 

ggagct cqcc cct coacagt caactaa 

<210s, SEQ ID NO 31 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 31 

ggagct cogc titgtc.ctgaa ggt cagt 

<210s, SEQ ID NO 32 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 32 

ggagct cigc ct caggaata gct aggg 

<210s, SEQ ID NO 33 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 33 

ggagct Ctgt gtatgagggg gttgttgttg 

<210s, SEQ ID NO 34 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 34 

titcCtcticta tiggcagt cq gtgat cqaa 

<210s, SEQ ID NO 35 
&211s LENGTH: 33 
&212s. TYPE: DNA 

27 

27 

27 

27 

27 

27 

29 
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- Continued 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 35 

gatctt.cgat Caccgactgc ccatagagag gaa 

<210s, SEQ ID NO 36 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 36 

titcCtcticta tiggcagt cq gtgatgttg 

<210s, SEQ ID NO 37 
&211s LENGTH: 33 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 37 

gatcCaac at Caccgactgc ccatagagag gaa 

<210s, SEQ ID NO 38 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 38 

titcCtcticta tiggcagt cq gtgataaga 

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

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 39 

gatctott at Caccgactgc ccatagagag gaa 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 4 O 

titcc to tcta tdggcagt cq gtgattitt c 

<210s, SEQ ID NO 41 
&211s LENGTH: 33 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 41 

gatcgaaaat caccgactgc ccatagagag gaa 

33 

29 

33 

29 

33 

29 

33 
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- Continued 

<210s, SEQ ID NO 42 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 42 

titcc to tcta tdggcagt cq gtgattacc 

<210s, SEQ ID NO 43 
&211s LENGTH: 33 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 43 

gatcggtaat caccgactgc ccatagagag gaa 

<210s, SEQ ID NO 44 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 44 

cgacagacgc Ctgatcttitt gttagc.cgga git 

<210s, SEQ ID NO 45 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 45 

gat cactic cq gotiaacaaaa gatca 

<210s, SEQ ID NO 46 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 46 

cgacagacgc ctdatcttitt citcgaccact gt 

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

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 47 

gat cacagtg gtc.gagaaaa gat.ca 

<210s, SEQ ID NO 48 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

29 

33 

32 

25 

32 

25 
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- Continued 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 48 

cgacagacgc ctdatcttitt ctagot accq ct 

<210s, SEQ ID NO 49 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 49 

gatcagcggit agctagaaaa gat.ca 

<210s, SEQ ID NO 50 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 50 

cgacagacgc Ctgatcttitt C9ttaggagg ct 

<210s, SEQ ID NO 51 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 51 

gatcagcct c ctaacgaaaa gatca 

<210s, SEQ ID NO 52 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 52 

cgacagacgc ctdatcttitt cotgaacgac ct 

<210s, SEQ ID NO 53 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 53 

gatcaggit cq ttcaggaaaa gat.ca 

<210s, SEQ ID NO 54 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 54 

cgacagacgc ctdatcttitt coatagogtc ct 

32 

25 

32 

25 
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25 

32 
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<210s, SEQ ID NO 55 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 55 

gatcaggacg ctatggaaaa gat.ca 

<210s, SEQ ID NO 56 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 56 

cgacagacgc ctdatcttitt cactacggct ct 

<210s, SEQ ID NO 57 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 57 

gatcagagcc gtagtgaaaa gat.ca 

<210 SEQ ID NO 58 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 58 

cgacagacgc ctdatcttitt caccagtcca git 

<210s, SEQ ID NO 59 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 59 

gat cactgga citggtgaaaa gat.ca 

<210s, SEQ ID NO 60 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 60 

cgacagacgc ctdatcttitt actg.cgacct ct 

<210s, SEQ ID NO 61 
&211s LENGTH: 25 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

25 

32 

25 

32 

25 

32 

80 

PARSE EX.1053.078



US 9,708,659 B2 
81 

- Continued 

<4 OOs, SEQUENCE: 61 

gatcagagglt c.gcagtaaaa gat.ca 

<210s, SEQ ID NO 62 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 62 

cgacagacgc ctdatcttitt acgc.ctctga ct 

<210s, SEQ ID NO 63 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 63 

gatcagticag aggcgtaaaa gat.ca 

<210s, SEQ ID NO 64 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

< 4 OO SEQUENCE: 64 

cgacagacgc ctdatcttitt acctggactg ct 

<210s, SEQ ID NO 65 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 65 

gatcagcagt c caggtaaaa gat.ca 

<210s, SEQ ID NO 66 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 66 

cgacagacgc Ctgatcttitt acaggaga.gc gt 

<210s, SEQ ID NO 67 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 67 

gat cacgctic ticcitgtaaaa gatca 

<210s, SEQ ID NO 68 
&211s LENGTH: 32 

25 

32 

25 

32 
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32 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 68 

cgacagacgc Ctgatcttitt aactgaggcg gt 

<210s, SEQ ID NO 69 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 69 

gat caccgcc ticagttaaaa gatca 

<210s, SEQ ID NO 70 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 7 O 

cgacagacgc Ctgatcttitt aaccaggagc gt 

<210s, SEQ ID NO 71 
&211s LENGTH: 25 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 71 

gat cacgctic ctdgttaaaa gatca 

<210s, SEQ ID NO 72 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 72 

cgacagacgc ctdatc.tttgttccacct ca git 

<210s, SEQ ID NO 73 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 73 

gat cactgag gtggaacaaa gat.ca 

<210s, SEQ ID NO 74 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 74 

32 

25 

32 

25 

32 

25 

PARSE EX.1053.080



US 9,708,659 B2 
85 

- Continued 

cgacagacgc Ctgatctttgttaggcaggit ct 

<210s, SEQ ID NO 75 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 75 

gatcagacct gcc taacaaa gatca 

<210s, SEQ ID NO 76 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 76 

cgacagacgc Ctgatctttgttgtag accgt git 

<210s, SEQ ID NO 77 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 77 

gat cacacgg totaca Calaa gat Ca 

<210s, SEQ ID NO 78 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 78 

cgacagacgc ctdatctittg tat cotcacg ct 

<210s, SEQ ID NO 79 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 79 

gatcagcgtg aggatacaaa gat.ca 

<210s, SEQ ID NO 8O 
&211s LENGTH: 32 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 80 

cgacagacgc Ctgatctttg tagacagagc gt 

<210s, SEQ ID NO 81 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

32 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 81 

gat cacgctic tdtctacaaa gatca 

<210s, SEQ ID NO 82 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 82 

cgacagacgc Ctgatctttg tacgtgtagg ct 

<210s, SEQ ID NO 83 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 83 

gatcagccta cacgtacaaa gatca 

<210s, SEQ ID NO 84 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 84 

cgacagacgc Ctgatctttg gttaaggctic gt 

<210s, SEQ ID NO 85 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 85 

gat cacgagc cittaac caaa gatca 

<210s, SEQ ID NO 86 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 86 

cgacagacgc Ctgatctttg gtc.tcaaggt git 

<210s, SEQ ID NO 87 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 87 

gat cacacct tdagaccalaa gatca 

25 
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<210s, SEQ ID NO 88 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 88 

cgacagacgc Ctgatctttg gagagaacag ct 

<210s, SEQ ID NO 89 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 89 

gatcagctgt tot citccaaa gatca 

<210s, SEQ ID NO 90 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 90 

cgacagacgc Ctgatctttg gaatctgctg gt 

<210s, SEQ ID NO 91 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 91 

gat caccago agattic caaa gatca 

<210s, SEQ ID NO 92 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 92 

cgacagacgc Ctgatctttg gaat Caggac git 

<210s, SEQ ID NO 93 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 93 

gat cacgtcc tdattic caaa gatca 

<210s, SEQ ID NO 94 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

32 
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<4 OOs, SEQUENCE: 94 

cgacagacgc Ctgatctttg galagacgaga ct 

<210s, SEQ ID NO 95 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 95 

gatcagt citc gtc.ttic caaa gatca 

<210s, SEQ ID NO 96 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 96 

cgacagacgc ctdatctittg ctic tact cac git 

<210s, SEQ ID NO 97 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 97 

gat cacgtgagtagagcaaa gat.ca 

<210s, SEQ ID NO 98 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 98 

cgacagacgc Ctgatctttg Ctalaccagga ct 

<210s, SEQ ID NO 99 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 99 

gatcagtic ct ggittagcaaa gat.ca 

<210s, SEQ ID NO 100 
&211s LENGTH: 32 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 1.OO 

cgacagacgc Ctgatctttg cgtgagagat ct 

<210s, SEQ ID NO 101 

32 
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&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 101 

gatcagat ct ct cacgcaaa gatca 

<210s, SEQ ID NO 102 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 102 

cgacagacgc ctdatctittg catct cacca git 

<210s, SEQ ID NO 103 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 103 

gat cactggit gagatgcaaa gat.ca 

<210s, SEQ ID NO 104 
& 211 LENGTH 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 104 

cgacagacgc Ctgatctttg Cagatgagga ct 

<210s, SEQ ID NO 105 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 105 

gatcagtic ct catctgcaaa gatca 

<210s, SEQ ID NO 106 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 106 

cgacagacgc Ctgatctttg atgtgagcct gt 

<210s, SEQ ID NO 107 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 107 

25 
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gat cacaggc tica catcaaa gatca 

<210s, SEQ ID NO 108 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 108 

cgacagacgc Ctgatctttg atggaacgga ct 

<210s, SEQ ID NO 109 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 109 

gatcagtc.cg titc catcaaa gatca 

<210s, SEQ ID NO 110 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 110 

cgacagacgc Ctgatctttg agcacaagga git 

<210s, SEQ ID NO 111 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 111 

gat cactic ct tdtgct caaa gatca 

<210s, SEQ ID NO 112 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 112 

cgacagacgc Ctgatctttg acg tatggag ct 

<210s, SEQ ID NO 113 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 113 

gatcagct co atacgtcaaa gatca 

<210s, SEQ ID NO 114 
&211s LENGTH: 32 
&212s. TYPE: DNA 

25 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 114 

cgacagacgc Ctgatctttg acggagatga ct 

<210s, SEQ ID NO 115 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 115 

gatcagt cat citcc.gtcaaa gatca 

<210s, SEQ ID NO 116 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 116 

cgacagacgc Ctgatctttg acacgaagag git 

<210s, SEQ ID NO 117 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 117 

gat cacct ct tcgtgtcaaa gatca 

<210s, SEQ ID NO 118 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 118 

cgacagacgc Ctgatctitt C ttggagtagc gt 

<210s, SEQ ID NO 119 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 119 

gat cacgcta citccaagaaa gatca 

<210s, SEQ ID NO 120 
&211s LENGTH: 32 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 120 

cgacagacgc Ctgatctitt C tagtgtgac git 

32 
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<210s, SEQ ID NO 121 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 121 

gat cacgt.ca cacticagaaa gatca 25 

<210s, SEQ ID NO 122 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 122 

cgacagacgc ctdatctittc. tcc.gacactt gt 32 

<210s, SEQ ID NO 123 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 123 

gat cacaagt gtcggaga aa gat.ca 25 

<210s, SEQ ID NO 124 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 124 

cgacagacgc Ctgatctitt C gaggttgaca git 32 

<210s, SEQ ID NO 125 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 125 

gat cactgtc. aacct cqaaa gatca 25 

<210s, SEQ ID NO 126 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 126 

cgacagacgc Ctgatctitt C gaagagaacg gt 32 

<210s, SEQ ID NO 127 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 127 

gat caccgtt citctt.cgaaa gatca 

<210s, SEQ ID NO 128 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 128 

cgacagacgc ctdatctitt c cittcaact cq gt 

<210s, SEQ ID NO 129 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 129 

gat caccgag ttgaaggaaa gat.ca 

<210s, SEQ ID NO 130 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 130 

cgacagacgc ctdatctitt c ctdgagacac tt 

<210s, SEQ ID NO 131 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 131 

gatcaagtgt CtcCaggaaa gat.ca 

<210s, SEQ ID NO 132 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 132 

cgacagacgc ctdatctitt c citctgaaacc git 

<210s, SEQ ID NO 133 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 133 

gat cacggitt t cagaggaaa gat.ca 

25 

32 

25 

32 

25 

32 
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<210s, SEQ ID NO 134 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 134 

cgacagacgc ctdatctitt c ctattgaccg ct 

<210s, SEQ ID NO 135 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 135 

gatcagcggt caataggaaa gat.ca 

<210s, SEQ ID NO 136 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 136 

cgacagacgc Ctgatctitt C. c99tgatgat gt 

<210 SEQ ID NO 137 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 137 

gat cacat catcaccggaaa gatca 

<210s, SEQ ID NO 138 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 138 

cgacagacgc ctdatctitt c cqacaagact ct 

<210s, SEQ ID NO 139 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 139 

gatcagagtic ttgtcggaaa gat.ca 

<210s, SEQ ID NO 140 
&211s LENGTH: 32 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

32 
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<4 OOs, SEQUENCE: 140 

cgacagacgc ctdatctitt c catgtcgagt ct 

<210s, SEQ ID NO 141 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 141 

gatcagactic gacatggaaa gat.ca 

<210s, SEQ ID NO 142 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 142 

cgacagacgc ctdatctitt c cacgttagt c ct 

<210s, SEQ ID NO 143 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

< 4 OO SEQUENCE: 143 

gatcaggact aacgtggaaa gat.ca 

<210s, SEQ ID NO 144 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 144 

cgacagacgc Ctgatctitt C Caagaa.gc.ca git 

<210s, SEQ ID NO 145 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 145 

gat cactggc titcttggaaa gat.ca 

<210s, SEQ ID NO 146 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 146 

cgacagacgc Ctgatctitt C atgaaggacg gt 

<210s, SEQ ID NO 147 
&211s LENGTH: 25 

32 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 147 

gat caccgt.c citt catgaaa gatca 

<210s, SEQ ID NO 148 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 148 

cgacagacgc ctdatctitt catalaccgagc ct 

<210s, SEQ ID NO 149 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 149 

gatcaggctic ggittatgaaa gat.ca 

<210s, SEQ ID NO 150 
&211s LENGTH: 32 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 150 

cgacagacgc Ctgatctitt C aggttggtag ct 

<210s, SEQ ID NO 151 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 151 

gatcagctac caacctgaaa gatca 

<210s, SEQ ID NO 152 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 152 

cgacagacgc Ctgatctitt C aggagccaat ct 

<210s, SEQ ID NO 153 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 153 
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gatcagattg gct cotgaaa gat.ca 

<210s, SEQ ID NO 154 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 154 

cgacagacgc ctdatctitt.c accqqatctt ct 

<210s, SEQ ID NO 155 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 155 

gatcagaaga t ccggtgaaa gat.ca 

<210s, SEQ ID NO 156 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 156 

Cgacagacgc Ctgat Cttt C aagtggagac git 

<210s, SEQ ID NO 157 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 157 

gat cacgt.ct coactitgaaa gatca 

<210s, SEQ ID NO 158 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 158 

cgacagacgc Ctgatctitt C aaacggagag git 

<210s, SEQ ID NO 159 
&211s LENGTH: 25 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 159 

gat cacct ct cogtttgaaa gatca 

<210s, SEQ ID NO 160 
&211s LENGTH: 32 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 160 

cgacagacgc Ctgatctitta t t cagaggc gt 

<210s, SEQ ID NO 161 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 161 

gat cacgcct ctdacataaa gatca 

<210s, SEQ ID NO 162 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 162 

cgacagacgc Ctgatctitta ttacgctic gt 

<210s, SEQ ID NO 163 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 163 

gat caccgag cqtacatalaa gat.ca 

<210s, SEQ ID NO 164 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 164 

cgacagacgc Ctgatctitta tigcgtggat ct 

<210s, SEQ ID NO 165 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 165 

gatcagatco acgc.cataaa gatca 

<210s, SEQ ID NO 166 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 166 

cgacagacgc Ctgatctitta tagdgacga git 

32 
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<210s, SEQ ID NO 167 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 167 

gat cactic git cqct cataaa gatca 

<210s, SEQ ID NO 168 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 168 

cgacagacgc ctdatctitta t ccacgacag ct 

<210s, SEQ ID NO 169 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 169 

gatcagctgt cqtggataaa gat.ca 

<210s, SEQ ID NO 170 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 170 

cgacagacgc Ctgatctitta tagt cqcgtg gt 

<210s, SEQ ID NO 171 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 171 

gat caccacg cqactataaa gatca 

<210s, SEQ ID NO 172 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 172 

cgacagacgc Ctgatctitta taaggccacc gt 

<210s, SEQ ID NO 173 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

25 
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<4 OOs, SEQUENCE: 173 

gat cacggtg gcc titataaa gat.ca 

<210s, SEQ ID NO 174 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 174 

cgacagacgc Ctgatctitta gtttcggcag git 

<210s, SEQ ID NO 175 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 175 

gat cacctgc cqaaactaaa gatca 

<210s, SEQ ID NO 176 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 176 

cgacagacgc Ctgatctitta gtgtactggc gt 

<210s, SEQ ID NO 177 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 177 

gat cacgc.ca gtacactaaa gatca 

<210s, SEQ ID NO 178 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 178 

cgacagacgc ctdatctitta gttct coaccg at 

<210s, SEQ ID NO 179 
&211s LENGTH: 25 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 179 

gatcatcggt ggagactaaa gat.ca 

<210s, SEQ ID NO 18O 

25 
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&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 18O 

cgacagacgc ctdatctitta gitatgct cqc ct 

<210s, SEQ ID NO 181 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 181 

gatcaggcga gcatactaaa gat.ca 

<210s, SEQ ID NO 182 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 182 

cgacagacgc ctdatctitta gcc to caatc git 

<210s, SEQ ID NO 183 
& 211 LENGTH 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 183 

gat cacgatt ggaggctaaa gat.ca 

<210s, SEQ ID NO 184 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 184 

cgacagacgc Ctgatctitta gaactctggc gt 

<210s, SEQ ID NO 185 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 185 

gat cacgc.ca gagttctaaa gat.ca 

<210s, SEQ ID NO 186 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 186 
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cgacagacgc Ctgatctitta gaacgc.gaga git 

<210s, SEQ ID NO 187 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 187 

gat cact citc gcgttctaaa gatca 

<210s, SEQ ID NO 188 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 188 

cgacagacgc ctdatctitta gaaccacac ct 

<210s, SEQ ID NO 189 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 189 

gatcaggtgt cqgttctaaa gat.ca 

<210s, SEQ ID NO 190 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 190 

cgacagacgc ctdatctitta ct cagaac cq ct 

<210s, SEQ ID NO 191 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 191 

gatcagcggt t ctgagtaaa gat.ca 

<210s, SEQ ID NO 192 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 192 

cgacagacgc Ctgatctitta cagaggcaa ct 

<210s, SEQ ID NO 193 
&211s LENGTH: 25 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 193 

gatcagttgc ct citcgtaaa gatca 

<210s, SEQ ID NO 194 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 194 

cgacagacgc ctdatctitta ccttggagcc tt 

<210s, SEQ ID NO 195 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 195 

gatcaaggct C caagg taala gat.ca 

<210s, SEQ ID NO 196 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 196 

cgacagacgc ctdatctitta ccagacaa.gc ct 

<210s, SEQ ID NO 197 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 197 

gatcaggctt gtctgg taala gat.ca 

<210s, SEQ ID NO 198 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 198 

cgacagacgc Ctgatctitta aggcgagaca git 

<210s, SEQ ID NO 199 
&211s LENGTH: 25 

&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 199 

gat cactgtc. tcgc.cttaaa gatca 
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<210s, SEQ ID NO 2 OO 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2OO 

cgacagacgc Ctgatctitta aggacgcaag git 

<210s, SEQ ID NO 2 O1 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O1 

gat caccittg cqt cct taaa gatca 

<210s, SEQ ID NO 202 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O2 

cgacagacgc Ctgatctitta agcggaactg gt 

<210s, SEQ ID NO 203 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O3 

gat caccagt to cqcttaaa gatca 

<210s, SEQ ID NO 204 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 204 

cgacagacgc ctdatctitta agc catct co gt 

<210s, SEQ ID NO 205 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 205 

gat cacggag atggct taala gat.ca 

<210s, SEQ ID NO 206 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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