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PROVISIONAL PATENT APPLICATION

TITLE: SPATIALLY ENCODED BIOLOGICAL ASSAYS

FIELD OF THE INVENTION

This invention relates to assays of biological molecules, and more

particularly to assays for determining spatial distributions of biological molecules

in a solid sample.

BACKGROUND OF THE INVENTION

In the following discussion certain articles and methods will be described

for background and introductory purposes. Nothing contained herein is to be

construed as an "admission" of prior art. Applicant expressly reserves the right to

demonstrate, where appropriate, that the articles and methods referenced herein do

not constitute prior art under the applicable statutory provisions.

Comprehensive gene expression analysis and protein analysis have been

useful tools in understanding mechanisms of biology. This analysis has allowed

the identification of genes and proteins involved in development and various

diseases such as cancer and autoimmune disease. Conventional methods such as in

situ hybridization and multiplexed detection of multiple different transcripts have

revealed spatial patterns of gene expression and have helped to shed light on the

molecular basis of development and disease. Other technologies that have enabled
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the quantitative analysis of many RNA sequences per sample include microarrays

(Shi, L., et al. (2006, Nature Biotechnology, 24(9), 1151-61; Slonim, D. K. &

Yanai, I. (2009), Plos Computational Biology, 5(10), e1000543) serial analysis of

gene expression (SAGE) (Velculescu, V. E. et al. (1995) Science, 270(5235), 484-

7), and high-throughput implementations of qPCR (Spurgeon, S.L. et al. (2008),

Plos ONE, 3(2), e1662).

[0004] As useful as these methods are, however, they do not enable simultaneous

measurement of the expression of many genes or the active presence of multiple

proteins at many spatial locations in a sample. Laser capture microdissection has

permitted the analysis of many genes at a small number of locations, but it is very

expensive, laborious, and does not scale well. Certain PCR assays in a 2D format

preserve spatial information (Armani, M et al (2009), Lab on a Chip, 9(24), 3526-

34), but these methods have low spatial resolution because they rely on physical

transference of tissue into wells, which also prevents random access to tissue

samples and high levels of multiplexing

At present, no practical method exists to analyze at high resolution the

spatial expression patterns of large numbers of genes, proteins, or other

biologically active molecules simultaneously. There is thus a need for

reproducible, high resolution spatial maps of biological molecules in tissues. The

present invention addresses this need.

[0005]
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SUMMARY OF THE INVENTION

This Summary is provided to introduce a selection of concepts in a

simplified form that are further described below in the Detailed Description. This

Summary is not intended to identify key or essential features of the claimed subject

matter, nor is it intended to be used to limit the scope of the claimed subject

matter. Other features, details, utilities, and advantages of the claimed subject

matter will be apparent from the following written Detailed Description including

those aspects illustrated in the accompanying drawings and defined in the

appended claims

The present invention provides assays, assay systems, and methods of

using such assays in spatially encoded biological assays. The invention provides

an assay system comprising one or more agents provided in defined spatial

patterns on a substrate surface, and a detection system for identifying the presence

or absence, relative amount, and location of a biological molecule. Such biological

molecules include, but are not limited to, nucleic acids, peptides, carbohydrates,

cellular components, and the like. The assay system is a novel multiplexing

approach, as it allows multiple molecules and their respective multiple locations to

be identified in a single system using a unique encoding scheme. This encoding

scheme uses both molecule-specific binding agents and coding identifiers to

provide a practical and cost-effective determination of information on multiple

biological molecules, including specific positional information of such molecules

in a biological sample, e.g., a tissue section. The single molecule detection

analysis using the encoding system also allows relative amounts of biological

[0006]

[0007]
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molecules to be detected, thus providing information on expression levels,

sequestering in specific locales, and the like.

The assay systems detect the presence or absence, and relative amount, of

a biological molecule at more than one spatial location in a sample. In addition,

the assays provide methods for doing this for multiple biological molecules

simultaneously. The assay systems utilize one or more binding agents that

specifically bind to the biological molecule of interest and unique coding

identifiers associated with specific binding agents. The detection system utilizes a

method for identifying the presence and spatial address of the agent binding based

on the positive and/or negative results that are obtained using detection of the

agent and identifier and the encoding scheme of the spatial patterns on the

substrate surface. In a specific aspect, the encoding scheme employs limited

reagent delivery to the spatial patterns on the substrate surface, and access of the

coding identifiers and/or binding agents to portions of the sample is controlled

through such limited delivery.

In one aspect, the assay system detects the presence or absence and spatial

location of a biological molecule based on the positive and/or negative results that

are obtained using limited reagent delivery and the encoding scheme of the spatial

patterns on the substrate surface.

The assay system and methods of the invention are based on relational,

solid-state substrates with positions that represent specific spatial locations within

a biological sample, e.g., a cell, organelle or tissue. The ability to use encoding

features to represent locations allows high-throughput analysis of the presence or

[0008]

[0009]

[00010]
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absence, and relative amount, of a biological molecule at more than one spatial

location in a sample. The encoding features also allow provide assaying of

multiple biological molecules at these multiple locations simultaneously.

[00011] A primary feature of the invention is the preservation of the spatial

organization of elements in a sample of interest through the use of an encoding

scheme. For example, the assay may be designed to preserve the relative position

of cells in a tissue, and the assay may interrogate the individual cells for genomic

DNA variation (including epigenetic modifications), and RNA and protein

expression.

[00012] In one specific aspect, the encoding scheme of the assay system comprises

the use of two or more coding patterns, each comprising regions defined by spatial

patterns on the substrate surface. For example, the assay system can utilize an

encoding scheme that comprises a 2-dimensional grid format based on the discrete

positioning of the binding agents in the substrate surfaces. In another example, the

spatial patterns may be based on more randomized cell locations, e.g., the patterns

on the substrate surface follow an underlying biological structure rather than a

strict, x,y grid pattern. This aspect includes systems with two or more substantially

identical spatial patterns using different binding agents and/or coding identifiers, as

well as systems having different patterns for different agents and/or coding

identifiers. The encoding scheme of the systems can be controlled by delivery of

different reagents to discrete regions on the substrate surfaces, which allows

different reactions to take place on substantially similar agents of known location

on the substrate surfaces

6
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In one specific aspect, the invention provides high resolution, high-

throughput analysis of nucleic acids and/or expression levels that provides both

detection and spatial identification of large numbers of nucleic acids, e.g., DNA or

In another specific aspect, the invention provides high resolution, high-

throughput analysis of proteins that provides both detection and spatial

identification of large numbers of such proteins, e.g., kinases or proteases.

Numerous reagent delivery systems can be used with the assay system of

the invention. The primary criteria of such reagent delivery systems is the ability

to direct delivery of specific agents based on spatial patterns on the substrate

surface.

[00016] In one preferred aspect, the encoding scheme utilizes a reagent delivery

system based on printing and informatics technologies to implement the spatial

patterns used for identification and localization of the biological materials. For

example, the patterns found in the encoding scheme may be created using ink jet

printing technology to provide reagents at specific locations on one or more

substrate surfaces. The desired patterns are set out in specific coding patterns on

the substrate surface.

In certain aspects of the invention, the binding agents are immobilized

directly to the substrate surface, and the location of the binding agents is known or

determined prior to use of the substrate surface in the assay system. In another

aspect, the binding agents are immobilized onto beads or other separate structural

elements that are then provided in known locations on the substrate surface. In yet

[00013]

RNA.

[00014]

[00015]

[00017]
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another aspect, the binding agents may be provided in or on features of the

substrate surface, e.g., provided in wells or channels.

[00018] In specific aspects of the invention, the binding agents are nucleic acids

immobilized directly or indirectly to the substrate surface, e.g., directly through the

use of amino groups on the substrate surface or indirectly through the use of a

linker. The location of the nucleic acid sequences is known or determined prior to

use of the substrate surface in the assay system. In another specific aspect, the

nucleic acids may be immobilized directly or indirectly onto beads that are then

provided in known locations on the substrate surface. In yet another aspect, the

nucleic acids may be provided in or on features of the substrate surface, e.g.,

provided in wells

[00019] In these aspects involving nucleic acid agents, any methods of sequence

determination can be used, e.g., sequencing, hybridization and the like. In a

preferred aspect, nucleic acid sequencing, and preferably next-generation

sequencing, is used to decode the spatial encoding scheme in the assay system of

the invention. This provides a very wide dynamic range for very large numbers of

assays, allowing for efficient multiplexing.

In some aspects, the assay utilizes two or more oligonucleotides, the

oligonucleotides comprising a universal primer region and a region that correlates

specifically to a single spatial pattern within the spatial encoding scheme. In a

specific aspect, the assay comprises two allele specific oligonucleotides and one

specific SNPs, indels or mutations within an allele. This is useful in the

[00020]

locus specific oligonucleotides. These oligonucleotides allow the identification of
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identification of genetic changes in somatic cells, genotyping of tissues, and the

like.

In other specific aspects of the invention, the binding agents are peptides.

In one aspect, these peptides are associated directly or indirectly to known

locations on a substrate surface, e.g., using binding protein pairs or through

surface. In another aspect, the binding agents are peptides are immobilized

directly or indirectly onto beads or other separate structural elements that are then

provided in known locations on the substrate surface. In yet another aspect, the

peptides may be provided in or on features of the substrate surface, e.g., provided

in wells.

[00022] In yet other specific aspects of the invention, the binding agents are

chemical entities (e.g., small molecules) that are coded, e.g. using sequence tags or

mass spectroscopy tags as coding identifiers. In one aspect, these chemical entities

can be are immobilized directly to the substrate surface. In another aspect, the

binding agents are immobilized onto beads or other separate structural elements

that are then provided in known locations on the substrate surface. In yet another

aspect, the binding agents may be provided in or on features of the substrate

surface, e.g., provided in wells.

The assay system of the invention can utilize various detection

mechanisms, based on the molecules to be detected and the reagents needed for

such detection system. Exemplary methods that can be used with the assay

systems of the invention are described in more detail below.

[00021]

oligonucleotide linkers complementary to oligonucleotides on the substrate

[00023]
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DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a general mechanism for the encoding scheme of the

assays of the invention.

FIG. 2 illustrates the overall scheme for an exemplary assay for single

nucleotide polymorphisms (SNPs) that can be used with the assay system of the

invention.

DEFINITIONS

The terms used herein are intended to have the plain and ordinary meaning

as understood by those of ordinary skill in the art. The following definitions are

intended to aid the reader in understanding the present invention, but are not

intended to vary or otherwise limit the meaning of such terms unless specifically

indicated.

[00027] The term "binding agent" as used herein refers to any agent that

specifically binds to a biological molecule of interest.

[00028] "Complementary" or "substantially complementary" refers to the

hybridization or base pairing or the formation of a duplex between nucleotides or

nucleic acids, such as, for instance, between the two strands of a double-stranded

DNA molecule or between an oligonucleotide primer and a primer binding site on

a single-stranded nucleic acid. Complementary nucleotides are, generally, A and T

(or A and U), or C and G. Two single-stranded RNA or DNA molecules are said

to be substantially complementary when the nucleotides of one strand, optimally

aligned and compared and with appropriate nucleotide insertions or deletions, pair

10
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with at least about 80% of the other strand, usually at least about 90% to about

95%, and even about 98% to about 100%.

[00029] "Hybridization" refers to the process in which two single-stranded

polynucleotides bind non-covalently to form a stable double-stranded

polynucleotide. The resulting (usually) double-stranded polynucleotide is a

"hybrid" or "duplex." "Hybridization conditions" will typically include salt

concentrations of approximately 1M or less, more usually less than about 500 mM

and may be less than about 200 mM. A "hybridization buffer" is a buffered salt

solution such as 5% SSPE, or other such buffers known in the art. Hybridization

temperatures can be as low as 5°C, but are typically greater than 22°C, and more

typically greater than about 30°C, and typically in excess of 37°C. Hybridizations

are often performed under stringent conditions, i.e., conditions under which a

primer will hybridize to its target subsequence but will not hybridize to the other,

non-complementary sequences. Stringent conditions are sequence-dependent and

are different in different circumstances. For example, longer fragments may

require higher hybridization temperatures for specific hybridization than short

fragments. As other factors may affect the stringency of hybridization, including

base composition and length of the complementary strands, presence of organic

solvents, and the extent of base mismatching, the combination of parameters is

more important than the absolute measure of any one parameter alone. Generally

stringent conditions are selected to be about 5°C lower than the Im for the specific

sequence at a defined ionic strength and pH. Exemplary stringent conditions

include a salt concentration of at least 0.01M to no more than 1M sodium ion

11
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concentration (or other salt) at a pH of about 7.0 to about 8.3 and a temperature of

at least 25°C. For example, conditions of 5.times.SSPE (750 mM NaCI, 50 mM

sodium phosphate, 5 mM EDTA at pH 7.4) and a temperature of 30°C are suitable

for allele-specific hybridizations.

[00030] "Ligation" means to form a covalent bond or linkage between the termini

template-driven reaction. The nature of the bond or linkage may vary widely and

the ligation may be carried out enzymatically or chemically. As used herein,

ligations are usually carried out enzymatically to form a phosphodiester linkage

between a 5' carbon terminal nucleotide of one oligonucleotide with a 3' carbon of

another nucleotide.

herein refers generally to at least two nucleotides covalently linked together. A

nucleic acid generally will contain phosphodiester bonds, although in some cases

nucleic acid analogs may be included that have alternative backbones such as

peptide nucleic acid backbones and linkages. Other analog nucleic acids include

those with bicyclic structures including locked nucleic acids, positive backbones,

non-ionic backbones and non-ribose backbones. Modifications of the ribose-

phosphate backbone may be done to increase the stability of the molecules; for

example, PNA:DNA hybrids can exhibit higher stability in some environments.

"Primer" means an oligonucleotide, either natural or synthetic, that is

capable, upon forming a duplex with a polynucleotide template, of acting as a

12

of two or more nucleic acids, e.g., oligonucleotides and/or polynucleotides, in a

[00031] "Nucleic acid", "oligonucleotide", "oligo" or grammatical equivalents used

phosphoramidite, phosphorodithioate, or methylphophoroamidite linkages; or

[00032]
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point of initiation of nucleic acid synthesis and being extended from its 3' end

along the template so that an extended duplex is formed. The sequence of

nucleotides added during the extension process is determined by the sequence of

the template polynucleotide. Primers usually are extended by a DNA polymerase.

The term "SNP" of "single nucleotide polymorphism" refers to a genetic

variation between individuals; e.g., a single nitrogenous base position in the DNA

of organisms that is variable. SNPs are found across the genome; much of the

genetic variation between individuals is due to variation at SNP loci, and often this

genetic variation results in phenotypic variation between individuals. SNPs for use

in the present invention and their respective alleles may be derived from any

number of sources, such as public databases (U.C. Santa Cruz Human Genome

determined as described in U.S. Pat. No. 6,969,589; and Ser. No. 10/284,444, filed

Oct. 31, 2002 and published as 2006-0188875 on Aug. 24, 2006 entitled "Human

Genomic Polymorphisms". Although the use of SNPs is described in some of the

embodiments presented herein, it will be understood that other biallelic or multi-

allelic genetic markers may also be used. A biallelic genetic marker is one that has

two polymorphic forms, or alleles. As mentioned above, for a biallelic genetic

marker that is associated with a trait, the allele that is more abundant in the genetic

composition of a case group as compared to a control group is termed the

"associated allele", and the other allele may be referred to as the "unassociated

allele". Thus, for each biallelic polymorphism that is associated with a given trait

13

[00033]

Browser Gateway (http://genome.ucsc.edu/cgi-bin/hgGateway) or the NCBI

dbSNP website (http://www.ncbi.nlm.nih.gov/SNP/), or may be experimentally
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(e.g., a disease or drug response), there is a corresponding associated allele. Other

biallelic polymorphisms that may be used with the methods presented herein

include, but are not limited to multinucleotide changes, insertions, deletions, and

translocations. It will be further appreciated that references to DNA herein may

include genomic DNA, mitochondrial DNA, episomal DNA, and/or derivatives of

DNA such as amplicons, RNA transcripts, CDNA, DNA analogs, etc. The

polymorphic loci that are screened in an association study may be in a diploid or a

haploid state and, ideally, would be from sites across the genome.

The term "selectively binds", "selective binding" and the like as used

herein, when referring to a binding partner (e.g., protein, nucleic acid, antibody,

etc.), refers to a binding reaction of two or more binding partners with high affinity

and/or complementarity to ensure selective hybridization under designated assay

conditions. Typically, specific binding will be at least twice background signal or

noise and more typically more than 10 to 100 times background. Thus, under

designated conditions the binding partner binds to its particular "target" molecule

and does not bind in a significant amount to other molecules present in the sample.

"Sequencing", "Sequence determination" and the like means

determination of information relating to the nucleotide base sequence of a nucleic

acid. Such information may include the identification or determination of partial as

well as full sequence information of the nucleic acid. The sequence information

may be determined with varying degrees of statistical reliability or confidence. In

one aspect, the term includes the determination of the identity and ordering of a

plurality of contiguous nucleotides in a nucleic acid.

14
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The term "Im" is used in reference to the "melting temperature." The

melting temperature is the temperature at which a population of double-stranded

nucleic acid molecules becomes half dissociated into single strands. Several

equations for calculating the Tm of nucleic acids are well known in the art. As

indicated by standard references, a simple estimate of the Im value may be

calculated by the equation, Tm=81.5+0.41 (% G+C), when a nucleic acid is in

aqueous solution at 1M NaCl (see e.g., Anderson and Young, Quantitative Filter

Hybridization, in Nucleic Acid Hybridization (1985)). Other references (e.g.,

Allawi, H. T. & SantaLucia, J., Jr., Biochemistry 36, 10581-94 (1997)) include

alternative methods of computation which take structural and environmental, as

well as sequence characteristics into account for the calculation of Tm.

DETAILED DESCRIPTION OF THE INVENTION

The practice of the techniques described herein may employ, unless

otherwise indicated, conventional techniques and descriptions of organic

chemistry, polymer technology, molecular biology (including recombinant

techniques), cell biology, biochemistry, and sequencing technology, which are

within the skill of those who practice in the art. Such conventional techniques

include polymer array synthesis, hybridization and ligation of polynucleotides, and

detection of hybridization using a label. Specific illustrations of suitable techniques

can be had by reference to the examples herein. 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

15
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Green, et al., Eds. (1999), Genome Analysis: A Laboratory Manual Series (Vols. I-

IV); Weiner, Gabriel, Stephens, Eds. (2007), Genetic Variation: A Laboratory

Bowtell and Sambrook (2003), DNA Microarrays: A Molecular Cloning Manual;

Mount (2004), Bioinformatics: Sequence and Genome Analysis; Sambrook and

Russell (2006), Condensed Protocols from Molecular Cloning: A Laboratory

Manual; and Sambrook and Russell (2002), Molecular Cloning: A Laboratory

Manual (all from Cold Spring Harbor Laboratory Press); Stryer, L. (1995)

Synthesis: A Practical Approach" 1984, IRL Press, London; Nelson and Cox

(2000), Lehninger, Principles of Biochemistry 3" Ed., W. H. Freeman Pub., New

York, N.Y.; and Berg et al. (2002) Biochemistry, 5 Ed., W.H. Freeman Pub., New

York, N.Y., all of which are herein incorporated in their entirety by reference for

all purposes.

[00038] Note that as used herein and in the appended claims, the singular forms

"a," "an," and "the" include plural referents unless the context clearly dictates

otherwise. Thus, for example, reference to "a nucleic acid" refers to one or more

nucleic acids, and reference to "the assay" includes reference to equivalent steps

and methods known to those skilled in the art, and so forth.

[00039] Unless defined otherwise, all technical and scientific terms used herein

have the same meaning as commonly understood by one of ordinary skill in the art

to which this invention belongs. All publications mentioned herein are

incorporated by reference for the purpose of describing and disclosing devices,

16

Manual; Dieffenbach, Dveksler, Eds. (2003), PCR Primer: A Laboratory Manual;

Biochemistry (4th Ed.) W.H. Freeman, New York N.Y.; Gait, "Oligonucleotide
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formulations and methodologies that may be used in connection with the presently

described invention.

Where a range of values is provided, it is understood that each intervening

value, between the upper and lower limit of that range and any other stated or

intervening value in that stated range is encompassed within the invention. The

upper and lower limits of these smaller ranges may independently be included in

the smaller ranges, and are also encompassed within the invention, subject to any

specifically excluded limit in the stated range. Where the stated range includes one

or both of the limits, ranges excluding either both of those included limits are also

included in the invention.

[00041] In the following description, numerous specific details are set forth to

provide a more thorough understanding of the present invention. However, it will

be apparent to one of skill in the art that the present invention may be practiced

without one or more of these specific details. In other instances, well-known

features and procedures well known to those skilled in the art have not been

described in order to avoid obscuring the invention.

The Invention in General

The assay system and methods of the invention are based on relational

methods that allow extraction of data to detect the presence or absence and relative

amount of a biological molecule, and the location of this molecule in a sample

having a distinct structure, e.g., a tissue section or other biological structure with

distinct locations of specific biological molecules. The encoding scheme used in

17
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these systems corresponds to the structural elements of the sample, and the

information obtained using a two-dimensional coding system is indicative of the

spatial addresses of these molecules in a sample of interest.

Integral to the assay system of the invention is a method for spatial

patterning of reagents. Technologies for formulating and delivering both biological

molecules (e.g. DNA or antibodies) and chemical reagents (e.g., small molecules

or dNTPs) have already been demonstrated, and use of these systems will be

available to one skilled in the art and easily adaptable upon reading this

specification.

[00044] The assay design of the invention provides an accurate and easily scalable

spatial encoding system. The ability to deliver reagents in a spatially defined

pattern together with software, reagents and protocols comprises a novel and

highly innovative assay system for spatial analysis of various biological molecules

and activities. This allows the assays to measure numerous biological functions in

a meaningful spatial environment, including functions such as gene expression and

peptide localization. The systems provide the potential to open a new analytical

window into the complex spatial patterns of cellular function and regulation in

biological systems

The biological molecules to be detected can be any biological molecules

such as proteins, nucleic acids, lipids, carbohydrates, ions, or multicomponent

complexes containing any of the above. Further examples of subcellular objects

18

[00043]

[00045]

include organelles, e.g., mitochondria, Golgi apparatus, endoplasmic reticulum,

chloroplast, endocytic vesicle, exocytic vesicles, vacuole, lysosome, etc.
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Fig. 1 illustrates such a target-specific assay system for identification of

nucleic acid sequences in a sample. In this system 101, two reagents 120, 122 that

specifically bind to a biological molecule of interest are associated with coding

identifiers 106, 108 that encode for a spatial location in the sample. These coding

identifiers 106, 108 are optionally associated with sites that assist in their

identification in the assay format, e.g., universal priming sites 104, 110 for

amplification of the assay products or adapters to enable identification of the

coding identifiers and the binding agents using sequencing technologies. The

sample that is tested, here shown as a tissue section 116 is encoded using the

combination of the patterns 112, 114 created using the separate coding identifiers

106, 108 which provide a two dimensional code 118 that shows the location of any

positive detection of the biological molecule 102 as well as quantifying the

biological molecule 102 at each location assayed in the tissue.

[00047] The assay systems of the invention are particularly advantageous in that

they are compatible with numerous samples types, such as fresh samples, such as

primary tissue sections, and preserved samples including but not limited to frozen

samples and paraformalin-fixed, paraffin-embedded (FFPE) samples. An

important aspect of the assay systems of the invention is that the binding agents are

immobilized on a substrate surface in discrete, independently measureable areas.

These discrete areas can be formed by spatially selective deposition of the binding

agents on the substrate surface. Numerous methods can be used for the deposition

of the agent and the coding identifiers associates with the agent. For example, the

coding identifiers can be delivered together or separately from the agent. If

19

[00046]

Curio EX1009-p. 19 
Curio v Prognosys 

IPR2024-01289



Attorney Client Privileges Apply

delivered together they can be attached (e.g., synthesized as a single molecule or

attached through ligation or a chemical coupling mechanism) or simply mixed

together to be attached after delivery to the substrate. In a preferred aspect, the

agent and the coding identifier are made separately, mixed together for attachment,

and delivered either attached or as a mixture to be attached on the surface. In a

specific aspect the binding agents are delivered generally over the substrate surface

and the coding identifiers are delivered in a pattern-specific manner.

Examples of methods that can be used for deposition of agents and/or

coding identifiers onto the substrate surface include, but are not limited to, ink jet

spotting, mechanical spotting by means of pin, pen or capillary, micro contact

printing, fluidically contacting the measurement areas with the biological or

biochemical or synthetic recognition elements upon their supply in parallel or

crossed micro channels, upon exposure to pressure differences or to electric or

electromagnetic potentials, and photochemical or photolithographic

immobilization methods.

[000491 For several applications, it may be preferred to arrange the substrates into

segments of one or more measurement areas for reagent distribution and agent

determination. These regions may be physically separated using barriers or

channels. They may still comprise several additional discrete measurement areas

with agents that are different or in different combination from each other.

In certain aspects, the present invention provides a method, e.g., a

machine-based method, for evaluating changes in the presence and/or location of a

biological molecule over time. The method includes providing a plurality of
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encoded array results representative of the biological molecule over time and

evaluating the differences in detection and/or localization of the biological

molecules.

Nucleic Acid Detection and Localization

[00051] In a particular aspect, the assay system is used to analyze nucleic acids, e.g

genotyping, gene expression analysis, localization of particular transcripts within

samples, and the like.

[00052] Genotyping may be performed using any technique known to those of skill

in the art. Preferred techniques permit rapid, accurate determination of multiple

variations with a minimum of sample handling. Some examples of suitable

techniques involve but are not limited to direct DNA sequencing, capillary

electrophoresis, hybridization, allele-specific probes or primers, single-strand

conformation polymorphism analysis, nucleic acid arrays, bead arrays, restriction

fragment length polymorphism analysis, cleavage fragment length polymorphism

analysis, random amplified polymorphic DNA, ligase detection reaction,

heteroduplex or fragment analysis, differential sequencing with mass spectrometry,

atomic force microscopy, pyrosequencing, FRET (e.g., TaqMan (Applied

Biosystems, Inc., Foster City, Calif.) and Molecular Beacon (Stratagene, La Jolla,

Calif.) assays), and other related techniques. Several methods for DNA

sequencing are well known and generally available in the art. See, for example,

Sambrook, et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor

Laboratory, New York) (2001); Ausubel, et al., Current Protocols in Molecular
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Biology (John Wiley and Sons, New York) (1997), Twyman, et al. (2003)

"Techniques Patents for SNP Genotyping", Pharmacogenomics 4(1):67-79; and

Kristensen, et al. (2001) "High-Throughput Methods for Detection of Genetic

Variation", BioTechniques 30(2):318-332. For details on the use of nucleic acid

arrays (DNA chips) for the detection of, for example, SNPs, see U.S. Pat. No.

6,300,063 issued to Lipshultz, et al., and U.S. Pat. No. 5,837,832 to Chee, et al.,

HuSNP Mapping Assay, reagent kit and user manual, Affymetrix Part No. 90094

format (Hardenbol et al., 2003) is another example of a highly multiplexable assay

that may be used with the assay systems of the invention.

[00053] In one exemplary and preferred method for analyzing nucleic acids using

the assay system of the invention, the detection of nucleic acids uses two allele-

are carried out according to the strategy outlined in Fig. 2 using next-generation

sequencing or another highly parallel nucleic acid assay technology. In this assay,

a set of two oligonucleotides is designed to hybridize to each target sequence, with

a common oligonucleotide and two unique coding identifiers. The allele can be

determined, e,g, by primer extension of the locus specific oligonucleotide.

Following primer extension and ligation, an amplifiable template is formed with

universal primer sequences at either end. Assay oligonucleotides are annealed to a

template and enzymatic reactions are used to join the two oligonucleotides only

when both are correctly annealed. The detection techniques and read out

parameters used in this system of the invention include a much shorter tag than the

22
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oligonucleotides used in the assays that are based on capture by hybridization.

These shorter tags are designed to be read out by sequencing or, preferably, used to

ligate codes onto both ends of the fragment as illustrated in Fig. 2.

[00054] In Figure 2, two target-specific assay oligonucleotides are ligated together

202 following in situ hybridization to target sequences. At the same time, encoding

oligonucleotides containing tag sequence sets X and Y are ligated 204 to the target

side of the targeting construct and oligonucleotides containing Y ligate to the

other. The oligonucleotides contain universal primer sites P1 and P2. Following

ligation, the constructs are eluted and, optionally, sequencing adapters can be

attached 206, e.g., via PCR

[00055] In one preferred aspect, the final construct created from the assay method

is a substrate for next-generation sequencing, and highly parallel next-generation

sequencing methods are used to confirm the sequence of constructs. Such

sequencing methods can be carried out, for example, using a one pass sequencing

method or using paired-end sequencing. Next generation sequencing methods

include, but are not limited to, hybridization-based methods, such as disclosed in

Drmanac, U.S. Pat. Nos. 6,864,052; 6,309,824; and 6,401,267; and Drmanac et al,

U.S. patent publication 2005/0191656, and sequencing by synthesis methods, e.g.,

Nyren et al, U.S. Pat. No. 6,210,891; Ronaghi, U.S. Pat. No. 6,828,100; Ronaghi et

al (1998), Science, 281: 363-365; Balasubramanian, U.S. Pat. No. 6,833,246;

Quake, U.S. Pat. No. 6,911,345; Li et al, Proc. Natl. Acad. Sci., 100: 414-419

(2003); Smith et al, PCT publication WO 2006/074351; use of reversible extension
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terminators, e.g., Turner, U.S. Pat. No. 6,833,246 and Turner, U.S. Pat. No.

6,833,246 and ligation based methods, e.g., Shendure et al (2005), Science, 309:

1728-1739, Macevicz, U.S. Pat. No. 6,306,597; which references are incorporated

by reference. Soddart et al., PNAS U S A. 2009 Apr 20; Xiao et al., Nat Methods.

2009 Mar;6(3):199-201. Epub 2009 Feb 8.

[00056] To maximize the efficiency of encoding, a combinatorial approach using

pairs of oligonucleotides can be used. For example, with only two sets of 100

codes, a substrate can theoretically encode up to 10,000 locations. The number of

assay oligonucleotides required is dramatically reduced, the cost decreased, and

the robustness of the approach increased by decoupling the coding sequences from

the genome-specific sequences. Alternative assay formats can also be used (e.g.

ligation or primer extension followed by ligation).

[00057] By ligating the codes on separately, only 2n target-specific assay

oligonucleotides are needed for n targets. For example, assaying 100 different

targets at 10,000 spatial locations would require 2 x 100 targeting oligonucleotides

and 2 x 100 encoding oligonucleotides, using a combinatorial approach outlined in

Fig. 2. The total count of assay oligonucleotides would be only 400 (200 target-

specific and 200 encoding), not counting universal primers. In contrast, if the

positional codes) would be needed, or in the above example, 20,000

oligonucleotides, not counting universal primer sequences.

[00058] Due to the matrix system of the invention, a large amount of information

can be obtained even using five or more positions interrogated for five or more
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biological molecules. By varying one or the other of these, large amounts of

information can be obtained, both in terms of locations and/or specific biological

In specific aspects, multiple locations are interrogated for two or more biological

molecules. As an example, for each datapoint ~1,000 reads may be sampled, for a

total of ~10E9 reads for 10E6 datapoints.

Peptide Detection Systems

The assay system of the invention can be used to analyze biological

molecules using peptide agents that are associated with the substrate surface in a

spatial pattern. Such peptides may comprise an active region of an enzyme, a

binding domain of an immunoglobulin, defined domains of proteins, whole

proteins, synthetic peptides, peptides with introduced mutations, etc.

The assay system of the invention allows the identification and spatial

location of various forms of peptides, including isoforms and peptides that have

undergone posttranslational modification. Importantly, certain aspects of the

invention allow the identification of active versus non-active forms of such

peptides in a sample. This allows the identification of the presence or absence of

specific peptide isoforms, and also acts as a proxy for identification of peptide

activity in a sample.

In certain aspects of the invention, the binding agents associated with the

substrate surfaces of the assay system include substrates for enzymes or

thereof. In certain aspects, the binding agents associated with the substrate
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surfaces are phosphorylation substrates used to detect proteins involved with one

or more signal transduction pathways, e.g., a kinase or a phosphatase. In another

specific aspect of the invention, the binding agents are specific protease substrates

that associate only with individual or classes of proteases. In other aspects, the

binding agents on the substrate surface are different processed forms, isoforms

and/or domains of an enzyme.

Reagent Delivery

[00062] The reagent delivery system of the invention can be any system that

allows the delivery of reagents to discrete portions of the array in order to keep the

integrity of the defined spatial patterns of the encoding scheme. Such discrete

delivery can be achieved in a number of different ways.

In one exemplary aspect, the reagent delivery system can be a flow-based

system. The flow-based systems for reagent delivery in the present invention can

include one or more pumps, valves, fluid reservoirs, channels, and/or reagent

storage cells. Such a reagent delivery system is configured to move fluid in

contact with a discrete section of the substrate surface. Movement of the reagents

can be driven through a fluid by a pump disposed, for example, downstream of the

fluid reagents. The pump can drive each fluid reagent to (and past) the reaction

compartment. Alternatively, the reagents may be driven through the fluid by

gravity.

US AppIn Nos. 20070166725 and 20050239192 disclose certain general-

purpose fluidics tools that can be used with the assay systems of the invention.
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These allow the precise manipulation of gases, liquids and solids to accomplish

very complex analytical manipulations with relatively simple hardware.

In a more specific example, one or more flow-cells can be attached to the

substrate from above. The flow-cell can include inlet and outlet tubes connected

thereto and optionally an external pump can be used to deliver the sample or

reagents to the flow-cell and across the substrate. The flow cell is configured to

deliver reagents only to certain portions of the array, restricting the amount and

type of reagent delivered to any specific section of the array.

[00066] In another aspect, a microfluidic system can be integrated into the

substrate or externally attached on top of the substrate. Microfluidic passages for

holding and carrying fluid can be formed on and/or above the planar substrate by a

fluidics layer abutted to the substrate. Fluid reagents can be selected according to

selective opening and closing of valves disposed between reagent reservoirs.

[00067] Pumps generally include any mechanism for moving fluid and/or reagents

disposed in fluid. In some examples, the pump can be configured to move fluid

and/or reagents through passages with small volumes (i.e., microfluidic structures).

The pump can operate mechanically by exerting a positive or negative pressure on

fluid and/or on a structure carrying fluid, electrically by appropriate application of

an electric fields), or both, among others. Exemplary mechanical pumps may

include syringe pumps, peristaltic pumps, rotary pumps, pressurized gas, pipettors,

etc. The mechanical pumps may be micromachined, molded, etc. Exemplary

electrical pumps can include electrodes and may operate by electrophoresis,
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forms thereof), and/or the like.

Valves generally include any mechanism for regulating the passage of

fluid through a channel. The valves can include, for example, deformable members

that can be selectively deformed to partially or completely close a channel, a

movable projection that can be selectively extended into the channel to partially or

completely block the channel, an electrocapillary structure, and/or the like.

[000691 In yet another aspect, an open gasket can be attached to the top of the

substrate and the sample and reagents can be injected into the gasket. Suitable

gasket materials include, but are not limited to, neoprene, nitrile, and silicone

rubber. Alternatively, a watertight reaction chamber formed by a gasket

sandwiched between the substrate and a chemically inert, water resistant material

such as, but not limited to, black-anodized aluminum, thermoplastics (e.g.,

polystyrene, polycarbonate, etc), glass, etc.

[00070] In a specific aspect of the present invention, the delivery system can

comprise a microcircuit arrangement including an imager, such as a CCD or

IGFET-based (e.g., CMOS-based) imager and an ultrasonic sprayer for reagent

delivery such as described in US AppIn No. 20090197326, which is incorporated

herein by reference.

In yet another aspect of the invention, the reagent delivery system controls

the delivery of reagents to specific patterns on a substrate surface using

semiconductor techniques such as masking and spraying. Specific areas of a

substrate surface can be protected from exposure to reagents through use of a mask
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to protect specific areas from exposure. The reagents may be introduced to the

substrate using conventional techniques such as spraying or fluid flow. The use of

the masked substrate delivery results in a patterned delivery scheme on the

substrate surface.

[00072] In a preferred aspect of the invention, the reagent delivery instrumentation

is based on inkjet printing technology. There are a variety of different ink-jetting

mechanisms (e.g., thermal, piezoelectric) and compatibility has been shown with

aqueous and organic ink formulations. Sets of independently actuated nozzles can

be used to deliver multiple reagents at the same time, and very high resolutions can

be achieved.

Software for use in the Assay System

[00073] In order to target specific sites of interest, an informative image of the

biological section to be analyzed can be used to assist in the reagent delivery

methods and associated encoding scheme. Sample regions can be identified using

image processing (e.g., images of cell types differentiated by

immunohistochemistry or other staining chemistries) integrated with the other

features of the assay system. In some aspects, software is used to automatically

translate this information into a reagent delivery pattern. A mechanism to register

and align very precisely the biological sample in a targeting system is thus a

preferred component of the assay systems of the invention. Mechanisms such as

the use of fiducial markers on slides and other very accurate physical positioning

systems can be adapted to this purpose.
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Additional software components will also be key components that will be

part of a complete assay system. The invention thus preferably comprises a

complete suite of software tailored to the assay system. Optionally,

oligonucleotide design software will be customized for the specific assay to be run,

and may be integrated as a part of the system. Also optionally, algorithms and

software for data analysis may be integrated to assist in determination of results of

the assays. This can be especially useful, as the type of dataset that will be

generated will be novel, particularly as a consequence of scale. The ability to

provide algorithms and software tools that are specifically designed for analysis of

spatially-associated data for significant patterns, including pattern-analysis

software and visualization tools, is a novel feature that will enhance the value of

the data generated by the assay systems.

[00075] In certain aspects, the assay system will comprise processes for making

and carrying out quality control of reagents, e.g., the integrity and sequence

fidelity of oligonucleotide pools. In particular, reagents will need to be formulated

for compatibility with the reagent delivery instrumentation. Factors such as

volatility, stability at key temperatures, and chemical compatibility can be

optimized by those skilled in the art upon reading the present disclosure.

Applications of Assay System

It will be apparent to one skilled in the art upon reading the present

disclosure that there are numerous very important areas of biological research,

diagnostics, and drug development that will benefit from a high throughput means
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to simultaneously measure the presence or absence and spatial location of a

biological molecule in a sample. For example, this technology combining the

ability to analyze semi-quantitatively the expression of many different genes with

the ability to image the spatial organization of expression across many cells in a

tissue is enabling for many different areas of basic research. The following are

exemplary uses and are by no means meant to be limiting in scope.

[00077] In one example, 3-dimensional patterns of expression can be determined

by analyzing a series of tissue sections, in a manner analogous to image

reconstruction in CT scanning. This can be used to measure changes in gene

expression in disease pathology, e.g., in cancerous tissue and/or a tissue upon

injury, inflammation or infection. With the assay systems of the invention, more

detailed information on gene expression and protein localization in complex

tissues can be obtained. This may lead to new insights into the function and

regulation both in normal and diseased states, and is likely to provide new

hypotheses that can be tested. For example, a system of the invention may enable

some of the insights gained from many individual studies and larger programs like

ENCODE (Birney et al., 2007) and modENCODE to be integrated at the tissue

level. The assay systems will also aid in computational efforts to model

interacting networks of gene expression in the field of systems biology.

The assay systems also provide a novel approach that enables the analysis

of somatic variation, e.g., somatic mutations in cancer or variability in response to

infectious organisms. For example, tumors are typically highly heterogeneous,

containing cancer cells as well as genetically normal cells in an abnormal local
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environment. Cancer cells undergo mutation and selection, and in this process it is

not unusual for local clones to develop. Identifying relatively rare somatic

mutations in the context of tumors may enable the study of the role of key

mutations in the selection of clonal variants. Transcriptional patterns associated

with angiogenesis, inflammation, or other cancer related processes in both cancer

and genetically normal cells can be analyzed for insights into cancer biology and

assist in the development of new therapeutic agents for the treatment of cancers.

In another example, different people have varying susceptibility to

infectious organisms, and much of this may be to underlying genetic differences in

individuals and/or populations. Identifying these differences will aid in an

understanding of the underlying disease pathologies and assist in the development

of vaccines or therapeutics to prevent or ameliorate these disease states.

Importantly, in addition to providing spatially associated information, the

technology of the invention will allow a great increase in the sensitivity of

detecting rare mutations. The reason is that signal to noise can be dramatically

increased because the approach of the invention assays a small location in any

given reaction. In a typical assay for rare mutations in a mixed sample, the sample

is treated in bulk, i.e. nucleic acids are extracted from many cells into a single

pool. Thus, if a mutation is present in 1 cell in 10,000, it must be detected against a

background of normal DNA from ~10,000 cells. In contrast, with the systems of

the invention many cells can be analyzed, but individual cells or small groups of

cells would be identified by the spatial coding system. Therefore, the background

can be reduced by orders of magnitude, greatly increasing sensitivity. Furthermore,
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the spatial organization of mutant cells can be observed. This may be particularly

important in detecting key mutations in tissue sections in cancer. Already,

molecular histological analyses are yielding insights into cancer biology and may

have potential for use in diagnostics (Choe et al., 2003). The technology of the

invention promises to greatly increase the power of such approaches.

EXAMPLES

The following examples are put forth so as to provide those of ordinary

skill in the art with a complete disclosure and description of how to make and use

the present invention, and are not intended to limit the scope of what the inventors

regard as their invention, nor are they intended to represent or imply that the

experiments below are all of or the only experiments performed. It will be

appreciated by persons skilled in the art that numerous variations and/or

modifications may be made to the invention as shown in the specific embodiments

without departing from the spirit or scope of the invention as broadly described.

The present embodiments are, therefore, to be considered in all respects as

illustrative and not restrictive.

Efforts have been made to ensure accuracy with respect to numbers used

(e.g., amounts, temperature, etc.) but some experimental errors and deviations

should be accounted for. Unless indicated otherwise, parts are parts by weight,

molecular weight is weight average molecular weight, temperature is in degrees

centigrade, and pressure is at or near atmospheric.
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EXAMPLE 1: Initial Proof of Concept of Encoding Scheme

As an initial proof of concept, a model system is developed using a

microarray to demonstrate a working single-plex assay. The basic design validates

the concept of the assay, and establishes a working assay prior to addressing issues

related to the analysis of a more complicated biological sample. Conventional

sequencing is used as a readout for this proof of concept.

A microarray is used as a proxy for a tissue section. The target sequences

of the microarray are fully specified, so that the composition of the targets are

known and can be varied systematically. Synthetic oligonucleotide templates are

attached to a glass slide via a 5' amino modification. Each slide has a single

oligonucleotide template sequence, and the assays that are carried out may be

either ligation, or extension followed by ligation as this may be useful in

determining certain polymorphisms.

[00085] Once the in situ part of the assay is complete the reaction products are

eluted analyzed by qPCR to determine presence or absence of a product and

estimate yield, and by conventional sequencing to determine the structure of the

assay products. The single-plex assays that are tested include appropriate positive

and negative controls, and a single nucleotide variant (SNV) to check the ability to

discriminate a single base variant.

EXAMPLE 2: Scalability

The complexity of the assay system is now increased to establish

scalability of the assay for use in high throughput studies. Scalability of both the
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spatial encoding and assay systems is demonstrated by carrying out a 24-plex x 24-

site assay using a microarray model system.

[00087] The amount of target sequence at each assay location is systematically

varied on microarray substrate. For example, in a microarray with 50 micron spot

size (center to center), a 1mm' area contains ~400 spots. The region around each

site is optionally occupied by a region that is devoid of these spots are spaced to

allow individual resolvability of the target sequences immobilized. Alternatively,

the spots may be clustered, with two or more directly adjacent spots surrounded by

or adjacent to a region that is devoid of target sequences.

[00088] In order to demonstrate that spatial encoding is accurate, the sites

comprise different target compositions to show that the assay readout matches the

expected composition of each site. With 24 target sequences, a simple digital

pattern is made with each site having a different set of 12 targets present and 12

targets absent, to make a binary code (0 = absent, 1 = present). The assay readout

is then determined to show that the detected regions match the expected signal

after spatial decoding. In this particular example, the code space is large enough

(274) so that even a few errors would not result in different codes being mixed up.

Moreover, this design allows identification of the errors and allows an estimation

not only accuracy of spatial encoding but also accuracy of calling the presence or

absence of target sequences.

In an exemplary aspect, a 4 x 4 arrangement of 16 sequences is used for

the array configuration. A white square indicates that the sequence is absent and a

black square that it is present, i.e. 8 of the 16 possible sequences are present in this
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sample. In a different sample, a different pattern of absent and present sequences

can be constructed. In this way, unique patterns are associated with spatial

locations so that the accuracy of spatial encoding can be measured.

[00090] In order to evaluate the ability to detect quantitative differences, dose-

response curves are generated for each of the 24 assays that are carried out at each

site in a 24-site assay. This allows estimation of the limit of detection, dynamic

range, and power to detect a given fold-change across the range.

[00091] In one aspect, a latin square design is used to represent individual targets

at different ratios by varying the number of features for each target. In other

words, with multiple spots in a site, the number of spots allocated to each of the 24

target sequences can be varied and each of the 24 sites can have a different

composition. A 1 x 3 inch microarray is sufficiently large to permit multiple

replicates. This larger set of 24 sequences will require deconvolution, and this is

accomplished using high throughput techniques such as next-generation

sequencing technologies (e.g., Illumina GA (San Diego, CA) or SOLiD (Life

Technologies, Carlsbad, CA). The use of the 24-plex assay demonstrates both the

accuracy of spatial encoding and decoding, and the quantitative response of the

assay system.

EXAMPLE 3: Adaptation of the assay to preserved samples.

Genomic DNA is assayed as a proof of concept for assaying RNA, as it

provides a way to establish a single-copy reference signal. Once a working assay

is developed for FFPE samples, it is adapted to an RNA assay. To this end, assay
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oligonucleotide concentrations are assayed to ensure compatibility with high

multiplexing. Assuming a cell diameter of 10 microns, and delivery of a 10 micron

diameter reagent droplet to an individual cell, the volume of the droplet will be

~500 nl and can contain ~3 x 10E11 molecules at a 1 uM concentration. To assay.

1,000 target sequences in 10,000 cells, ~2,000 targeting oligonucleotides in would

be required in a droplet. Therefore, each droplet could contain ~160 million copies

of each assay oligo, a vast excess over the few thousand target sequences in a cell.

The handling of small absolute numbers of product molecules generated

from very small or compromised samples are enhanced to counter the issue of low

recovery efficiency. For example, it will be necessary to ensure that elution is

efficient and to prevent losses resulting from adsorption of molecules to surfaces.

An approach to addressing the latter issue is to include a carrier material, such as

glycogen or carrier nucleic acids.

Example 4: Adapting the Assay to a Biological Sample.

A control RNA template is immobilized to a solid support in order to

create an artificial system. The assay is performed using T4 DNA ligase, which

can repair nicks in DNA/RNA hybrids. Assays are carried out on matched slides,

or different sections of the same slide, where in one case gDNA is assayed and in

the other RNA. When assaying gDNA the slide is pretreated with RNase, and

when assaying RNA the slide is pretreated with DNase. Results of the assay are

confirmed by extracting RNA and quantitating the relative amounts by RT-qPCR.
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In order make the tissue section RNA assays as informative as possible,

pre-existing information on expression levels in specific tissues to target

transcripts across a range of abundances are used in the assay design. Both high

abundance transcripts, as well as some medium and low abundance transcripts, are

targeted to enable an initial assessment of the quantitative performance

characteristics of the assay

The preceding merely illustrates the principles of the invention. It will be

appreciated that those skilled in the art will be able to devise various arrangements

which, although not explicitly described or shown herein, embody the principles of

the invention and are included within its spirit and scope. Furthermore, all

examples and conditional language recited herein are principally intended to aid

the reader in understanding the principles of the invention and the concepts

contributed by the inventors to furthering the art, and are to be construed as being

without limitation to such specifically recited examples and conditions. Moreover,

all statements herein reciting principles, aspects, and embodiments of the invention

as well as specific examples thereof, are intended to encompass both structural and

functional equivalents thereof. Additionally, it is intended that such equivalents

include both currently known equivalents and equivalents developed in the future,

i.e., any elements developed that perform the same function, regardless of

structure. The scope of the present invention, therefore, is not intended to be

limited to the exemplary embodiments shown and described herein. Rather, the

scope and spirit of present invention is embodied by the appended claims. In the
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claims that follow, unless the term "means" is used, none of the features or

elements recited therein should be construed as means-plus-function limitations

pursuant to 35 U.S.C. §112, 916.
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