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METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

BACKGROUND

Historically, many biological questions were addressed by gene expression
analysis of many cells. One of the shortcomings of this strategy is that gene expression
heterogeneity, which is present even among genetically identical cells that are grown in
the same culture or are found at the same developmental point, is obscured. As a result,
the gene expression profile of individual cells and the cell-to-cell variability will be lost,
as they become part of the average, and single cell level analyses are required to provide
information about these aspects.

A general strategy in existing single-cell transcriptome analysis methods is to
amplify the limited number of RNA molecules from a cell and quantify the transcript
abundance by hybridization or sequencing. A key challenge is that all RNA species in
the target cells need to be amplified specifically and uniformly to a large quantity with
little loss. There remains a great need for robust methods that are inherently scalable
and automatable, and that, most importantly, can provide accurate quantitative
information of all RNA species regardless of the length and presence or absence of 3’
poly-A tails.

Another layer of information in single cell expression analysis is the three
dimensional map of transcriptional activities in single cells. In the past, after being
isolated, tissue samples were trypsinized and the resulting cell suspensions were used to
examine individual cells, but during this procedure, the spatial relationship among cells
from the original tissue sample was lost. Mapping the specific individual cells back to
the three-dimensional organ or tissue is challenging, but this is the future direction
which single cell gene expression profiling will develop. It is fundamental for

understanding cellular functions that shape development and disease.

BRIEF SUMMARY

Presented herein are methods and compositions for obtaining sequence

information from one or more individual cells. The methods are useful for obtaining
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sequence information for a single nucleotide sequence, and for multiplex generation of
sequence information from an individual cell. In some embodiments presented herein,
the methods comprise first amplifying one or more nucleic acid molecules in situ within
a cell, and subsequently hybridizing a barcode probe to the amplified nucleic acid
molecules. The identity of the amplified nucleic acid molecules is then determined by
decoding of the barcode probes. In other embodiments presented herein, the methods
comprise first hybridizing one or more different barcode probes to one or more nucleic
acid molecule in situ within a cell, and subsequently amplifying the barcode probe,
thereby generating an amplified barcode probe. The identity of the nucleic acid
molecules is then determined by decoding of the amplified barcode probes.

Accordingly, presented herein is a method of obtaining sequence information
from an individual cell comprising: amplifying a nucleic acid molecule i situ within a
cell, thereby generating an amplified nucleic acid molecule; annealing ir situ a barcode
probe comprising at least a first decoder sequence and a second decoder sequence to the
amplified nucleic acid molecule; hybridizing a first labeled decoder probe to the first
decoder sequence; detecting a signal indicative of the hybridizing; hybridizing a second
labeled decoder probe to the second decoder sequence; and detecting a signal indicative
of the hybridizing, thereby generating sequence information regarding the amplified
nucleic acid molecule.

Also presented herein is a method of obtaining sequence information regarding a
plurality of nucleic acid molecules from an individual cell comprising: amplifying a
plurality of nucleic acid molecules in sifu within a cell, thereby generating a set of
amplified nucleic acid molecules; for each of a plurality of amplified nucleic acid
molecules in the set, annealing in situ a barcode probe comprising at least a first
decoder sequence and a second decoder sequence to the amplified nucleic acid
molecule; and hybridizing a first labeled decoder probe to the first decoder sequence;
detecting a plurality of signals indicative of the hybridizing; hybridizing a second
labeled decoder probe to the second decoder sequence; and detecting a plurality of
signals indicative of the hybridizing, thereby generating sequence information regarding

the plurality of amplified nucleic acid molecules.
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Also presented herein is a method of obtaining sequence information from an
individual cell comprising: annealing a barcode probe specific for a disease-causing
mutation to a nucleic acid molecule in situ within a cell, the barcode probe comprising
at least a first decoder sequence and a second decoder sequence; amplifying the barcode
probe in situ, thereby generating an amplified barcode probe; hybridizing a first labeled
decoder probe to the first decoder sequence; detecting a signal indicative of the
hybridizing; hybridizing a second labeled decoder probe to the second decoder
sequence; and detecting a signal indicative of the hybridizing, thereby generating
sequence information regarding the amplified nucleic acid molecule.

Also presented herein is a method of obtaining sequence information from a
plurality of individual cells in parallel. The cells can be a pool of cell populations from
blood or any liquid biospecimen. The cells can also be many cells from a tissue section
in which the original spatial relationships of the cells are retained.

In some aspects of the above embodiments, the first labeled decoder probe is
removed prior to hybridizing the second labeled decoder probe. In some aspects, the
second labeled decoder probe is hybridized prior to the first labeled decoder probe.

In certain aspects, detecting can comprise sequencing at least the first decoder
sequence in situ. Detecting can also further comprise sequencing at least the second
decoder sequence in situ.

In certain aspects, amplifying comprises rolling circle amplification. In certain
aspects, the barcode probe can comprise a rolling circle amplification probe, such as a
padlock probe. In certain aspects, the barcode probe comprises an oligonucleotide
ligation assay probe.

In certain aspects, the amplified nucleic acid molecule or molecules are
immobilized within the one or more cells.

In certain aspects, the amplified nucleic acid molecule is amplified from an
RNA template, for example by cDNA synthesis using the RNA as a template. In
certain aspects, the amplified nucleic acid molecule comprises DNA.

In certain aspects, the nucleic acid molecule comprises a discase-causing

mutation, allele or common variant. In certain such aspects, the methods can comprise
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hybridizing a barcode probe which is correlated with the disease-causing mutation,
allele or common variant. In some aspects, the method can comprise ligation of a
mutation-specific padlock probe only when the discase-causing mutation, allele or
common variant is present in the nucleic acid molecule. The disease-causing mutation,
allele or common variant can be, for example, a base substitution, an insertion mutation,
a deletion mutation, a gene amplification, a gene deletion, a gene fusion event, a gene
inversion invent and the like.

In some aspects, detecting can further comprise evaluating a signal to determine
the presence, quantity, frequency, and/or spatial distribution of a disease-causing
mutation, allele or common variant within a tissue.

The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 describes one embodiment of padlock capture and hybridization
decoding of rolonies. (A) Molecular barcodes are attached to rolonies in a gene specific
manner using padlock probes. (B) After padlock capture, each rolony will have a unique
barcode in thousands of copies. These barcodes can be accurately decoded by
hybridization similar to the decoding of Illumina bead array, using a combinatorial
chemistry approach (Gunderson et al. Genome Res. 14(5):870-877 (2004)). (C)
Schematic of padlock probes. In the example shown, each probe has two gene-specific
(and/or allele-specific) capturing arms H1/H2. The region in the middle contains six
slots for hybridization barcodes. In an alternative embodiment, the padlock probe can
be replaced with two independent probes, for example, two oligo ligation probes - one
contains the barcode sequences and upstream target-specific sequence and one contains

downstream target-specific sequences (and with or without barcode sequences).
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DETAILED DESCRIPTION

Existing whole transcriptome amplification methods involve lengthy processing
with a large number of experimental steps which do not allow for automation and
implementation at a production scale. Thus, there remains a great need for a robust
method that is inherently scalable and automatable, and that, importantly, can provide
accurate quantitative information of all RNA species regardless of the length and
presence or absence of 3’ poly-A tails.

Spatial information 1is also desirable when interpreting transcriptional
heterogeneity of individual cells in a structured tissue. However, RNA sequencing is
typically performed on isolated cells, such that spatial information is lost. One existing
approach to link transcriptome information from isolated cells to their context is to first
acquire the spatial information as well as other “phenotypes” of individual cells within
the intact tissue using fluorescent microscopy, and then extract specific cells (or cellular
content) for subsequent transcriptional profiling. Thus, there is a need for methods
which provide high-resolution mapping of a large number of transcripts in situ.

Accordingly, presented herein are methods and compositions for obtaining
sequence information from an individual cell. The methods are useful for obtaining
sequence information at the level of individual nucleic acid molecules. The methods
are especially advantageous for multiplex generation of sequence information from an
individual cell. As such, sequence information can be obtained for several individual
nucleic acid molecules in an individual cell. In some embodiments presented herein,
the methods comprise first amplifying one or more nucleic acid molecules in situ within
a cell, and subsequently hybridizing a barcode probe to the amplified nucleic acid
molecules. The identity of the amplified nucleic acid molecules is then determined by
decoding of the barcode probes. In other embodiments presented herein, the methods
comprise first hybridizing one or more different barcode probes to one or more nucleic
acid molecule in situ within a cell, and subsequently amplifying the barcode probe,
thereby generating an amplified barcode probe. The identity of the nucleic acid

molecules is then determined by decoding of the amplified barcode probes.
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The methods and compositions set forth herein will be exemplified for detection
of nucleic acids in a single cell. However, the methods can be extended to the
simultaneous detection of nucleic acids in several individual cells. Parallel detection
can be carried out such that several individual cells are resolved with regard to nucleic
acid sequences that are present. In some embodiments the spatial location of nucleic
acids can be simultancously determined for several individual cells in a tissue or other
cell-containing sample. It will be understood that particular embodiments of the
methods set forth herein have broader use and need not be used to resolve individual
cells. Rather the methods can be used to detect nucleic acids in a collection of several
cells where the cells are not individually resolved with respect to which of the cells do

or do not contain a particular sequence present in the collection of cells.

Barcode Probes for Detection of Amplified Nucleic Acid Molecules

The methods and compositions presented herein relate to obtaining sequence
information from an individual cell. In some embodiments of the methods provided
herein, the methods comprise first amplifying one or more nucleic acid molecules in
situ within a cell, and subsequently hybridizing a barcode probe to the amplified nucleic
acid molecules. The identity of the amplified nucleic acid molecules is then determined
by decoding of the barcode probes.

Thus, in certain embodiments, the methods can comprise amplifying a nucleic
acid molecule in situ within a cell, thereby generating an amplified nucleic acid
molecule. As used herein, the term in situ refers to analysis methods which are
performed within a cell or tissue. In some embodiments, an ir situ analysis method is
performed in a viable cell which is capable of performing one or more cellular functions
typically associated with a living cell, such as respiration, cellular transport,
transcription, translation and the like. In some embodiments, an in situ analysis method
is performed in a cell that is not viable, but retains the structure and organization of a
viable cell. For example, a cell which has been permeabilized and/or fixed is not
considered viable, even though subcellular organelles and molecules such as proteins

and nucleic acids remain intact and substantially in the same cellular location compared
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to a viable cell. Thus, analysis methods such as amplification, annealing, hybridizing,
decoding and the like which are performed in situ are performed within the structure of
a viable or non-viable cell or tissue. In some embodiments, the individual cell has been
isolated from its original tissue, for example, using laser capture microdissection or any
other suitable isolation technique as known in the art. In other embodiments, the
individual cell remains within the context of its original surrounding tissue. For
example, the individual cell can be part of a tissue slice from frozen or paraffin-
embedded tissue. Thus, in some embodiments, the methods presented herein can be

performed on a plurality of individual cells simultaneously.

Barcode Probes

The methods provided herein further comprise annealing in situ a barcode probe
to the amplified nucleic acid molecule. As used herein, the term barcode probe refers to
a nucleic acid molecule which can hybridize specifically to a nucleic acid of interest,
and which comprises a barcode sequence. As used herein, the terms barcode, barcode
sequence and like terms refer to a unique identifier sequence on a probe molecule. The
unique identifier sequence can be, for example, a nucleic acid sequence which
associates the barcode probe with the nucleic acid of interest to which it hybridizes.

The barcode probes presented herein can be any probe which specifically
hybridizes to a nucleic acid species of interest and which comprises at least a first and a
second decoder sequence. In some embodiments presented herein, the barcode probes
are used as a template for further amplification, thus generating a clonal object that
comprises many repeating copies of the barcode, as described in greater detail in the
disclosure of WO 2011/123246, the entire content of which is incorporated herein by
reference in its entirety. As used herein, the terms “clonal object” refers to a particle
having a nucleic acid sequence in one or more copies. An exemplary clonal object is a
nucleic acid that has been amplified from a target nucleic acid molecule and in some
aspects has a single tandemly repeated sequence of the target nucleic acid molecule.
Such tandemly repeated sequences may also be separated with non-target nucleic acids,

such as primer binding sites, endonuclease recognition sites, nucleotides linked to
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affinity ligands or the like. In particular embodiments a clonal object can be a DNA
ball, for example, formed by rolling circle amplification. Methods of generating a
clonal object are well known to one of skill in the art and exemplary methods are also
described herein. As used herein, a “clonal object” can be synthesized using an
amplification technique and thus is a type of amplicon. Accordingly, an amplicon is the
nucleic acid product of an amplification reaction.

A method for generating an array of amplified nucleic acid sequences can
include the step of attaching at least one second universal primer having a second
common priming site to a plurality of sample nucleic acid molecules, thereby attaching
a first universal primer and a second universal primer to a sample nucleic acid molecule
of the plurality of sample nucleic acid molecules. In a particular embodiment, the first
universal primer and the second universal primer can be attached to respective ends of
each nucleic acid in the plurality of sample nucleic acid molecules by ligation.

In embodiments that include ligation of a first double stranded nucleic acid end
to a second double stranded nucleic acid end, the ends to be ligated can be blunt or can
have complementary single stranded overhangs. The use of complementary overhangs
generally provides an added measure of specificity over blunt end methods because
conditions can be used in which non-complementary sequences will not ligate. Further
specificity can be attained by partially filling in one overhang end to make it
complementary to another end. This fill in method can be used to disfavor unwanted
ligation between nucleic acids in a sample that were generated with the same restriction
enzyme.

An amplicon typically contains multiple, tandem copies of the circularized
nucleic acid molecule of the corresponding sample nucleic acid. That is, each amplicon
contains multiple, tandem copies of a single sample nucleic acid molecule, which was
circularized. The number of copies can be varied by appropriate modification of the
amplification reaction including, for example, varying the number of amplification
cycles run, using polymerases of varying processivity in the amplification reaction
and/or varying the length of time that the amplification reaction is run, as well as

modification of other conditions known in the art to influence amplification yield.
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Generally, the number of copies of a nucleic acid in an amplicon is at least 100, 200,
500, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 and 10,000 copies, and can
be varied depending on the particular application. As disclosed herein, one particular
form of an amplicon is as a nucleic acid “ball” having desired dimensions. The number
of copies of the nucleic acid molecule can therefore provide a desired size of a nucleic
acid “ball” or a sufficient number of copies for efficient subsequent analysis of the
amplicon, for example, sequencing.

2% <

The terms “target nucleic acid,” “target nucleic acid molecule,” “target nucleic
acid species” and any grammatical equivalent thereof, refer to nucleic acid molecules
that are desired to be detected, sequenced or otherwise analyzed. Any of a variety of
desired target nucleic acid molecules can be utilized, including but not limited to exons,
or nucleic acid molecules complementary thereto, cDNA molecules, or nucleic acid
molecules complementary thereto; untranslated regions (UTRs) or nucleic acids
complementary thereto; promoter and/or enhancer regions, or nucleic acid molecules
complementary thereto; evolutionary conserved regions (ECRs), or nucleic acid
molecules complementary thereto; transcribed genomic regions, or nucleic acid
molecules complementary thereto. Any of a variety of methods can be used to obtain
targeted nucleic acid molecules, as disclosed herein. Such methods include, but are not
limited to, obtaining a targeted nucleic acid molecule using hybridization-extension
capture enrichment; using targeted restriction sites, for example, using an
oligonucleotide engineered with a hairpin having a Type IIS restriction enzyme site
such as a Fokl restriction enzyme site and a locus-specific region; using locus-specific
hyperbranched rolling circle amplification; using random-locus-specific primer
amplification; using multiplex emulsion PCR; using multiplex bridge PCR; using
padlock probe amplification; and using mini-libraries from targeted libraries, as
disclosed herein.

2% ¢

As used herein, the terms “target nucleic acid sequence,” “sample nucleic acid
sequence” and like terms refer to nucleic acid sequences obtained from samples that are

desired to be analyzed.
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A nucleic acid sample that is amplified, sequenced or otherwise manipulated in
a method disclosed herein can be, for example, DNA or RNA. Exemplary DNA species
include, but are not limited to, genomic DNA (gDNA), mitochondrial DNA, chloroplast
DNA, episomal DNA, viral DNA and copy DNA (cDNA). One non-limiting example
of a subset of genomic DNA is one particular chromosome or one region of a particular
chromosome. Exemplary RNA species include, without limitation, coding RNA such
as messenger RNA (mRNA), and non-coding RNA (ncRNA) such as transfer RNA
(tRNA), microRNA (miRNA), small nuclear RNA (snRNA) and ribosomal RNA
(rRNA). Further species of DNA or RNA include fragments or portions of the species
listed above or amplified products derived from these species, fragments thercof or
portions thereof. The methods described herein are applicable to the above species
encompassing all or part of the complement present in a cell. For example, using
methods described herein the sequence of a substantially complete genome can be
determined or the sequence of a substantially complete targeted nucleic acid sequences
such as mRNA or cDNA complement of a cell can be determined.

Useful methods for clonal amplification from single molecules include, for
example, rolling circle amplification (RCA) (Lizardi et al., Nat. Genet. 19:225-232
(1998), which is incorporated herein by reference) and oligonucleotide ligation assay
(OLA) (See generally U.S. Pat. Nos. 7,582,420, 5,185,243, 5,679,524 and 5,573,907,
EP 0 320 308 B1; EP 0 336 731 B1; EP 0 439 182 B1; WO 90/01069; WO 89/12696;
and WO 89/09835, all of which are incorporated by reference) technologies. The
enhanced signal-to-noise ratio provided by clonal amplification provides a great
advantage over existing detection methodologies.

In a particularly useful embodiment, amplicons are generated by rolling circle
amplification (RCA), which can be used to generate amplicons having multiple copies
of a nucleic acid sequence and which can be used to create nucleic acid “balls,” as
disclosed herein. It will be understood that these “balls” need not be perfectly spherical
and can include other globular or packed conformations. In a particular embodiment,
RCA is primed using the at least one universal primer attached to the sample nucleic

acid molecule.
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Barcode probes used in the methods presented herein can include padlock
probes. Padlock probes are specialized ligation probes and are known in the art, as
exemplified generally by Nilsson et al, 1994, Science 265:2085, hereby incorporated by
reference. These probes have a first ligation domain that is identical to a first ligation
probe, in that it hybridizes to a first target sequence domain, and a second ligation
domain, identical to the second ligation probe, that hybridizes to an adjacent target
sequence domain. Again, as for OLA, the detection position can be either at the 3' end
of the first ligation domain or at the 5' end of the second ligation domain. However, the
two ligation domains are connected by a linker, frequently nucleic acid. The
configuration of the system is such that upon ligation of the first and second ligation
domains of the padlock probe, the probe forms a circular probe, and forms a complex
with the target sequence wherein the target sequence is "inserted" into the loop of the
circle.

Specific padlock probes are useful for the methods provided herein and include,
for example, padlock probes for genomic analyses, as exemplified by Gore, A. et al.
Nature 471, 63-67 (2011); Porreca, G.J. et al. Nat Methods 4, 931-936 (2007); and Li,
JB. et al. Genome Res 19, 1606-1615 (2009), the content of each of which is
incorporated by reference in its entirety.

Other padlock probes useful for the methods provided herein include, for
example, padlock probes for transcriptomic analyses, as exemplified by Zhang, K. et al.
Nat Methods 6, 613-618 (2009); Noggle, S. et al. Nature 478, 70-75 (2011); and Li, J.B.
et al. Science 324, 1210-1213 (2009), the content of each of which is incorporated by
reference in its entirety.

Other examples of padlock probes useful for the methods provided herein
include, for example, padlock probes for methylomic analyses, as exemplified by Deng,
J. et al. Nat Biotechnol 27, 353-360 (2009); Hansen, K.D. et al. Nat Genet 43, 768-775
(2011); Diep, D. et al. Nature Methods (2012), the content of each of which is
incorporated by reference in its entirety.

As disclosed herein, the amplicons can be compacted prior to hybridizing or

binding to a bead described herein. Methods of compacting amplicons are known in the
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art (for example, as described by Bloomfield, Curr. Opin. Struct. Biol. 6(3): 334-41
(1996), and Drmanac et al., US 2007/0099208 A1, cach of which is incorporated herein

by reference) and disclosed herein. For example, an alcohol or polyamine such as
spermine or spermidine can be used. A compacted nucleic acid will have a structure
that is more densely packed than the structure of the nucleic acid in the absence of a
compacting agent or compacting condition and the structure will typically resemble a
ball or globule. The generation of such compacted nucleic acid balls is useful for
fabricating one clonal object bound to one bead, as discussed herein in more detail.
Various methods can be used to generate balls of a desired size, for example, using
various compacting techniques and/or varying the number of copies in an amplicon.
Generally, the compacted amplicons have an average diameter or width ranging from
about 0.1 um to about 5 um, for example, about 0.1 um, about 0.2 um, about 0.5 um,

about 1 um, 2 um, about 3 um, about 4 um and about 5 um.

Decoder Sequences and Decoder Probes

The methods and compositions presented herein make use of unique barcode
probes having decoder sequences to identify multiple nucleic acid targets in a multiplex
fashion. The instant innovations overcome limitations of existing rolony identification
methodologies by surprisingly and successfully applying decoding strategies that entail
sequential hybridizations of labeled decoder probes to decoder sequences found in
immobilized nucleic acids within an individual cell. Such decoding strategies using
decoder sequences have until now been used for decoding of randomly assembled
arrays of beads. Thus, the decoding strategies presented herein are flexible and scalable
and can be used to detect and decode thousands of unique amplified nucleic acid
species.

In some embodiments, a barcode probe can comprise at least a first decoder
sequence and a second decoder sequence. In some embodiments, a barcode probe can
comprise 2, 3,4, 5, 6,7, 8,9, 10 or more than 10 decoder sequences. As used herein,
the terms decoder sequence, stage, slot and like terms refer to a unique sequence which

is part of a plurality of unique sequences are designed to each specifically hybridize to a
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labeled decoder probe. During decoding, labeled decoder probe oligonucleotides are
sequentially hybridized to the decoder sequences to specifically determine the identity
of each barcode sequence. Sequential hybridization of decoder probes to decoder
sequences is described by Gunderson et al. (Genome Res. (2004) 14:870-877), the
content of which is incorporated by reference in its entirety. Additional description of
decoding algorithms and the use of sequential hybridization useful in the methods
presented herein can be found in U.S. Patent 7,060,431; U.S. Patent 7,033,754; U.S.
Patent 7,226,734; and U.S. Patent 7,455,971, the disclosures of each of which are
hereby incorporated by reference in their entireties. The principles of sequential
hybridization to decode bead arrays are surprisingly robust and effective when applied
to amplified nucleic acids in situ according to the methods provided herein.

As an example, one or more target nucleic acid species can be amplified, either
specifically or non-specifically, to generate an amplified molecule containing many
repeats of the amplified nucleic acid in tandem. In the embodiment shown in Fig. 1,
cDNA is generated in situ, using either random hexamers or oligo dT primers or both.
Then the cDNA molecules are amplified using rolling circle amplification (RCA) to
generate a “DNA ball” or “rolony”. The amplified nucleic acids can then be hybridized
with one or more unique padlock probes with unique molecular barcodes. When a
padlock probe specifically hybridizes to a sequence of interest, the probe is ligated to
form, for example, a circularized barcoded padlock probe. The amplified nucleic acid
molecules and/or the hybridized padlock probes are immobilized within the cell using
the crosslinking methods described herein, and decoding of the barcode probe takes
place by multiple rounds of sequential hybridization. In the example shown in Fig. 1,
decoding takes place via a set of barcode probes having decoder sequences that can be
decoded by eight rounds of sequential hybridization with fluorescently labeled oligos
and imaging of fluorescent images.

The decoding strategies presented herein provide several key advantages over
existing sequence identification methods. For example, one advantage is the simplicity
and robustness of the decoding process, which involves hybridization and washing of

oligo pools at room temperature. As such, heating and cooling steps are not necessary,
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thus minimizing damage to the cellular structure and reducing the potential drift of the
specimen throughout the imaging process. As an additional advantage, the signals that
are generated are more even and have higher intensity inside a structured tissue than
methods that rely on other detection techniques. Further, in many embodiments, only
two fluors are needed for decoding, which provides convenient spectral distinction
using simple detection devices and leaves enough spectrum for labeling cellular
structure using other fluors. Of course more than two colors can be used to expand the
number of sequences that are decoded, using modifications of the method set forth in
further detail elsewhere herein and in the references that are incorporated by reference
above as describing sequential hybridization of decoder probes to decoder sequences.

The at least first and second decoding sequences can be any suitable length to
ensure specific hybridization. Thus, for example, in some embodiments, each decoding
sequence can be 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or greater
than 20 nucleotides in length.

In some embodiments, the methods provided herein allow for detection of a
single target nucleotide species of interest. In other embodiments, the methods allow
for multiplex detection of a plurality of nucleotide species of interest. The use of
barcode probes with unique identifier sequences as described above allows for
simultaneous detection of 2, 3, 4, 5, 6, 7, §, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000,
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10,000 or more
than 10,000 unique nucleic acid target molecules within a single cell. Thus, in contrast
to existing in situ detection methods, which are limited by the requirement for unique
labels (such as fluorescent labels) for each probe type, the methods presented herein
have the advantage of virtually limitless numbers of individually detected molecules in

parallel and in situ.

Immobilization of nucleic acids in situ

In embodiments presented herein, amplified nucleic acid molecules, barcode

probes and other nucleic acid molecules are immobilized within the structure of the cell
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by crosslinking the nucleic acid to structural proteins in the cell. Any suitable method
for immobilizing nucleic acid molecules within a cell may be used in the methods and

compositions presented herein.

Detection of Disease-Causing Mutations and/or Common Variants with Specific

Padlock Probes

The methods and compositions provided herein make it possible to specifically
detect one or more discase-causing mutations, alleles or common variants irn situ within
an individual cell or plurality of cells. Thus in some embodiments, the methods make
use of one or more specific barcode probes which are correlated with a disease-causing
mutation or mutations, alleles or common variants. In some aspects, the method can
comprise ligation of a mutation-specific barcode probe, such as a padlock probe, only
when the disease-causing mutation, allele or common variant is present in the nucleic
acid molecule.

Any mutation, allele or common variant type can be a target for a mutation-
specific barcode probe. The disease-causing mutation, allele or common variant can be,
for example, a base substitution, an insertion mutation, a deletion mutation, a gene
amplification, a gene deletion, a gene fusion event or gene inversion event or any other
mutation which is associated with one or more phenotypes of interest. In some
embodiments, the mutation, allele or common variant is associated with an increased
predisposition for one or more diseases or other phenotypes. In some embodiments, the
mutation, allele or common variant is associated with a decreased predisposition for one
or more diseases or other phenotypes. For example, some mutations, alleles or common
variants are associated with a cancer phenotype, such as decreased growth inhibition,
evasion of immune detection, de-differentiation, and the like. Somatic mutations that
can be detected using the method provided herein include for example, mutations to
BRAF, EGFR, Her2/ERBB2, and other somatic mutations as exemplified by Greenman
et al., Nature (2007) 446:153-158, hereby incorporated by reference in its entirety.
Examples of specific barcodes for detection of somatic mutations are provided in the

Example section below.
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Detection of mutation-specific barcode probes can further comprise evaluating a
signal to determine for example, the presence, quantity, frequency, and/or spatial
distribution of a disecase-causing mutation, allele or common variant within a tissue.

Probes as described herein can also be designed to target specific genomic
regions, such as, for example, the specific microsatellite repeat on the X chromosome.
In addition, probes can be used as internal controls, either as a positive or negative
control, or as a standard for normalization of one or more other signals during detection.

Probes as described herein are also useful for detection of methylation patterns
in situ. In such embodiments, nucleic acids within the cell or cells of interest may be
subjected to bisulfite conversion as is known in the art. Following bisulfite conversion,
one or more methylation-specific barcode probes may be specifically hybridize to a
methylation pattern of interest and then amplified for decoding and detection as

described above.

Cell Handling for /n Situ Detection and Decoding

The methods and compositions make use of hybridization, amplification,
washing and detection within individual cells. These methods are performed in situ on
isolated cells or in tissue sections that have been prepared according to methodologies
known in the art. Methods for permeablization and fixation of cells and tissue samples
are well-known in the art, as exemplified by Cremer et al., The Nucleus: Volume 1:
Nuclei and Subnuclear Components, R. Hancock (ed.) 2008; and Larsson et al., Nat.
Methods (2010) 7:395-397 and associated supplemental materials, the content of each
of which is incorporated herein by reference in its entirety. Any suitable
permeabilization and/or fixation technologies can be used for making cells and the
target nucleic acid molecules therein available for the amplification and detection

methods provided herein.

Detection of Signals

The signals generated by fluorescent imaging of one or more probes during

decoding, sequencing and other detection methods carried out in sifu and can be
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detected using any suitable imaging and detection technologies which allow for
detection of individual amplicons in situ. Suitable imaging technologies are known in
the art, as exemplified by Larsson et al., Nat. Methods (2010) 7:395-397 and associated
supplemental materials, the entire content of which is incorporated by reference herein
in its entirety.

An example demonstrating in situ imaging and 3D reconstruction of in situ

detection is set forth in Figure 1 and Example 1.

Sequencing to Identify Barcode Probe

In some embodiments, the barcode sequence in the barcode probe may be
detected and/or decoded in situ by sequencing methodologies, such as direct
sequencing, including sequencing by synthesis, sequencing by hybridization, and the
like.

One example is sequencing-by-synthesis (SBS). In SBS, extension of a nucleic
acid primer along a nucleic acid template (¢.g. a target nucleic acid or amplicon thereof)
is monitored to determine the sequence of nucleotides in the template. The underlying
chemical process can be polymerization (e.g. as catalyzed by a polymerase enzyme). In
a particular polymerase-based SBS embodiment, fluorescently labeled nucleotides are
added to a primer (thereby extending the primer) in a template dependent fashion such
that detection of the order and type of nucleotides added to the primer can be used to
determine the sequence of the template. A plurality of different templates at different
sites within an individual cell as set forth herein can be subjected to an SBS technique
under conditions where events occurring for different templates can be distinguished
due to their location within the individual cell.

Flow cells provide a convenient format for housing an individual cell (or a
spatially arrayed collection of individually resolvable cells) having amplified nucleic
acid molecules produced by the methods of the present disclosure. One or more
individual cells in such a format can be subjected to an SBS or other detection
technique that involves repeated delivery of reagents in cycles. For example, to initiate

a first SBS cycle, one or more labeled nucleotides, DNA polymerase, etc., can be
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flowed into/through a flow cell that houses one or more individual cells having
amplified nucleic acid templates. Those sites of an individual cell where primer
extension causes a labeled nucleotide to be incorporated can be detected. Optionally,
the nucleotides can further include a reversible termination property that terminates
further primer extension once a nucleotide has been added to a primer. For example, a
nucleotide analog having a reversible terminator moiety can be added to a primer such
that subsequent extension cannot occur until a deblocking agent is delivered to remove
the moiety. Thus, for embodiments that use reversible termination, a deblocking reagent
can be delivered to the flow cell (before or after detection occurs). Washes can be
carried out between the various delivery steps. The cycle can then be repeated n times
to extend the primer by n nucleotides, thereby detecting a sequence of length n.
Exemplary SBS procedures, fluidic systems and detection platforms that can be readily
adapted for use with amplicons produced in situ by the methods of the present
disclosure are described, for example, in Bentley et al., Nature 456:53-59 (2008), WO
04/018497, US 7,057,026, WO 91/06678; WO 07/123744, US 7,329,492; US
7,211,414; US 7,315,019; US 7,405,281, and US 2008/0108082, each of which is
incorporated herein by reference.

Other sequencing procedures that use cyclic reactions can be used, such as
pyrosequencing. Pyrosequencing detects the release of inorganic pyrophosphate (PPi1) as
particular nucleotides are incorporated into a nascent nucleic acid strand (Ronaghi, et
al., Analytical Biochemistry 242(1), 84-9 (1996); Ronaghi, Genome Res. 11(1), 3-11
(2001); Ronaghi et al. Science 281(5375), 363 (1998); US 6,210,891; US 6,258,568 and
US. 6,274,320, each of which is incorporated herein by reference). In pyrosequencing,
released PPi can be detected by being immediately converted to adenosine triphosphate
(ATP) by ATP sulfurylase, and the level of ATP generated can be detected via
luciferase-produced photons. Thus, the sequencing reaction can be monitored via a
luminescence detection system. Excitation radiation sources used for fluorescence
based detection systems are not necessary for pyrosequencing procedures. Useful
fluidic systems, detectors and procedures that can be adapted for application of

pyrosequencing to amplicons produced in situ according to the present disclosure are
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described, for example, in WIPO Pat. App. Ser. No. PCT/US11/57111, US
2005/0191698 A1, US 7,595,883, and US 7,244,559, each of which is incorporated
herein by reference.

Some embodiments can utilize methods involving the real-time monitoring of
DNA polymerase activity. For example, nucleotide incorporations can be detected
through fluorescence resonance energy transfer (FRET) interactions between a
fluorophore-bearing polymerase and y-phosphate-labeled nucleotides, or with zeromode
waveguides (ZMWs). Techniques and reagents for FRET-based sequencing are
described, for example, in Levene et al. Science 299, 682-686 (2003); Lundquist et al.
Opt. Lett. 33, 1026-1028 (2008); Korlach et al. Proc. Natl. Acad. Sci. USA 105, 1176—
1181 (2008), the disclosures of which are incorporated herein by reference.

Some SBS embodiments include detection of a proton released upon
incorporation of a nucleotide into an extension product. For example, sequencing based
on detection of released protons can use an electrical detector and associated techniques
that are commercially available from lon Torrent (Guilford, CT, a Life Technologies
subsidiary) or sequencing methods and systems described in US 2009/0026082 A1; US
2009/0127589 Al; US 2010/0137143 Al; or US 2010/0282617 Al, each of which is
incorporated herein by reference. Methods set forth herein for amplifying target nucleic
acids using kinetic exclusion can be readily applied to substrates used for detecting
protons. More specifically, methods set forth herein can be used to produce clonal
populations of amplicons iz situ that are used to detect protons.

Exemplary methods for array-based expression and genotyping analysis that can
be applied to in situ detection according to the present disclosure are described in US
Pat. Nos.7,582,420; 6,890,741, 6,913,884 or 6,355,431 or US Pat. Pub. Nos.
2005/0053980 A1; 2009/0186349 A1l or US 2005/0181440 Al, each of which is
incorporated herein by reference.

An advantage of the methods set forth herein is that they provide for rapid and
efficient detection of a plurality of target nucleic acid in parallel. Accordingly the
present disclosure provides integrated systems capable of preparing and detecting

nucleic acids in situ using techniques known in the art such as those exemplified above.
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Thus, an integrated system of the present disclosure can include fluidic components
capable of delivering amplification reagents to one or more individual cells, the system
comprising components such as pumps, valves, reservoirs, fluidic lines and the like. A
particularly useful fluidic component is a flow cell. A flow cell can be configured
and/or used in an integrated system for in situ detection of target nucleic acids.
Exemplary flow cells are described, for example, in US 2010/0111768 A1l and US Ser.
No. 13/273,666, each of which is incorporated herein by reference. As exemplified for
flow cells, one or more of the fluidic components of an integrated system can be used
for an amplification method and for a detection method. Taking a nucleic acid
sequencing embodiment as an example, one or more of the fluidic components of an
integrated system can be used for an amplification method set forth herein and for the
delivery of sequencing reagents in a sequencing method such as those exemplified
above. Alternatively, an integrated system can include separate fluidic systems to carry
out amplification methods and to carry out detection methods. Examples of integrated
sequencing systems that are capable of creating amplified nucleic acids and also
determining the sequence of the nucleic acids include, without limitation, the MiSeq
platform (Illumina, Inc., San Diego, CA) and devices described in US Ser. No.
13/273,666, which is incorporated herein by reference.

A system capable of carrying out a method set forth herein need not be
integrated with a detection device. Rather, a stand-alone system or a system integrated
with other devices is also possible. Fluidic components similar to those exemplified
above in the context of an integrated system can be used in such embodiments.

A system capable of carrying out a method set forth herein, whether integrated
with detection capabilities or not, can include a system controller that is capable of
executing a set of instructions to perform one or more steps of a method, technique or
process set forth herein. For example, the instructions can direct the performance of
steps for creating a set of amplicons in situ. Optionally, the instructions can further
direct the performance of steps for detecting nucleic acids using methods set forth
previously herein. A useful system controller may include any processor-based or

microprocessor-based system, including systems using microcontrollers, reduced
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instruction set computers (RISC), application specific integrated circuits (ASICs), field
programmable gate array (FPGAs), logic circuits, and any other circuit or processor
capable of executing functions described herein. A set of instructions for a system
controller may be in the form of a software program. As used herein, the terms
“software” and “firmware” are interchangeable, and include any computer program
stored in memory for execution by a computer, including RAM memory, ROM
memory, EPROM memory, EEPROM memory, and non-volatile RAM (NVRAM)
memory. The software may be in various forms such as system software or application
software. Further, the software may be in the form of a collection of separate programs,
or a program module within a larger program or a portion of a program module. The
software also may include modular programming in the form of object-oriented

programming.

EXAMPLE 1

Design and optimization of a set of padlock probes and hybridization oligos for targeted

detection and quantification of a subset of genes.

This example presents an innovative method based on padlock circularization
and hybridization-based decoding (Fig. 1). This method is built upon ultra-high degree
multiplexed capture (>300,000 per reaction) using padlock probes for useful for
genomic, transcriptomic and methylomic analyses, as well as technology for accurate
decoding of randomly assembled bead arrays.

In some embodiments, rolonies for an entire transcriptome can be generated
using either random hexamers or oligo-dT primers (Fig. 1A). In some embodiments,
rolonies for a specific subset of genes of interest can then be tagged with gene-specific
barcodes using a library of padlock probes (Fig. 1B).

Padlock probes are designed in a similar manner as the full transcriptome probe
sets previously developed for digital RNA allelotyping according to the incorporated
materials disclosed in Zhang, K. et al. Nat Methods 6, 613-618 (2009) and Noggle, S. et
al. Nature 478, 70-75 (2011). A neural network, trained for predicting probe efficiency

using experimental data accumulated on over 400,000 probes, is integrated into a probe
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design algorithm called ppDesigner. The entire probe design, synthesis and production
process has been highly optimized.

Long oligonucleotides (up to 300nt in length) acquired from Agilent
Technologies contain amplification adaptors to allow production of essentially an
unlimited amount of functional padlock probes from a set of seed oligos. The design of
the barcoding region incorporates the error-checking scheme described in the
incorporated materials of Gunderson et al. (Genome Res. (2004) 14:870-877). For up to
~1700 target genes, cight rounds of hybridization decoding are performed. In each
round, a rolony can have three states: two fluorescent (FAM and Cy3) “ON” states and
one nonfluorescent OFF state. In this three-state, eight-stage decoding scheme, the valid
barcode for each gene is required to have exactly two OFF stages and six ON stages for
error checking. Each padlock probe only needs six slots for hybridization
(corresponding to the six ON stages). For the hybridization sequences used in these six
slots, a set of 16 (8 stages x 2 ON states) 20-mers is selected that are orthogonal to the
human genome and have uniform annealing parameters. This eight-stage barcoding

scheme is sufficient to decode up to 1792 transcripts with a low error rate (<10™).

EXAMPLE 2
Design and optimization of a set of padlock probes for targeted detection and

guantification of BRAF V600E. EGFR T790M and EGFR L858R mutations

In this example, allele-specific (padlock) probes are generated for disease
causing mutations. Specifically, point mutations are detected in genomic DNA and the
decoding scheme is utilized to measure the frequency and spatial distribution of these
mutations within tissue sections at single cell resolution. For each of the specifically
targeted mutations described below, a padlock probe is designed for specific
hybridization to either the wild-type or mutant version of the gene. Then, the padlock
probe serves as a template for RCA as described in greater detail herein. The resulting
amplicon is detected and decoded using a barcode sequence integrated into the padlock

probe.
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In an alternative embodiment, the first padlock probe does not comprise a
barcode sequence, and a second set of padlock probes is hybridized to the amplicons,
and decoder sequences found in the second set of padlock probes are decoded through

sequential hybridization as described above.
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Probe for detection of BRAF V600E mutation

Wild-type probe (10101):
CGATGGAGTIGGGTICCCATCAGTTATGTATCGCGCTCGATTGGCAGTAGAACTTGCGCGGATACACGGTCGAGGTCCGACTCGGRATACGTCGTTGACTGCGTAGGT
GRTTTTGGTCTAGCTACAGY

Mutant Probe (20202):
CGATGGAGTGGGTCCCATCAGTTACGTATCGGTAGTCGCRACGCATCTACTTCGTCGCGTCAGACCATCGAGGTCCGACCTACCATTCGCGTGCGATTCCATAGGT
GRITTIGGICTAGCTACAGA

Probe for detection of EGFR T790M mutation

Wild-type probe: 01011
CATGCCCTTCGGCTGCCTCCTRTCTTGCGTGCGATACGGAGTACGRATTGTCCGCGCTCTACGATTCGAGGTCCGACTCGGAATACGTCGTTGACTGCGCCACCRT
GCAGCTCATCAL

Mutant Probe: 02022
CATGCCCTTCGGCTGCCTCCTCAACGGTATTCGGTCGTCATCCCCGTTTGATCGTTCGACCGAGATCGAGGTCCGACCTACCATTCGCGTGCGATTCCACCACCRT
GCAGCTCATCAT
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Probe for detection of EGFR L858R mutation

GTCAAGATCACAGATTTTGGGC [T/6G

CTGCTGGETGCOGAAGAGRA

GA

TA

5 Wild-type probe: 00112
CTGCTGGGTGCGEARGAGRRAGAATATAGRACTTGCGCGGATACACGGOGAATTGTCCACGCTCTACGATTCGAGGTCOGACCTACCATTCGCGTGCGATTCCAGT
CEAGRTCACAGRTTTTGGCCT
Mutant Probe: 02201
CTGCTCOGTGOGGAAGAGRAAGAATACAACGGTATTCGGTCGTCATCCTCTACTTCATCACGTCAGACCATCGAGGTCOGACTCGGAATACGTCGTTGACTGCGGT

10 CAAGRTCACAGATTTIGGGCS
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EXAMPLE 3

Design and optimization of a set of padlock probes for targeted detection and
quantification of Her2/ERBB2 amplification and/or deletion
In this example, allele-specific (padlock) probes are generated for

Her2/ERBB2 mutations. Specifically, gene amplification and/or deletion is detected in
genomic DNA and the decoding scheme is utilized to measure the frequency and spatial
distribution of gene amplifications and/or deletions within tissue sections at single cell
resolution.

Design, hybridization and detection are performed as described above in

Example 2. A specifically designed padlock probe is described below.
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Probe for detection of Her2/ERBB2

Wild-type probe: 20022
AGACRATGGAGACCCGCTGAACACGTATCGGTAGTCGCAACGCACCGTTTIGATCGTTCGACCGAGATCGAGGTCCGACCTACCATTCGCGTGCGATTCCAARGCTCT

TTCAGGACRACTATGCGCTG
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EXAMPLE 4

Design and optimization of a set of padlock probes for targeted detection and
gquantification of microsatellite repeat
In this example, allele-specific (padlock) probes are generated for detection of

chrX microsatellite repeats. Specifically, the specific microsatellite repeats are detected

in genomic DNA and the decoding scheme is utilized to evaluate microsatellite repeats

within tissue sections at single cell resolution.

Design, hybridization and detection are performed as described above in

Example 2. A specifically designed padlock probe is described below.
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Probe for detection of DXZ4 (chrX microsatellite repeat)
CCTGCTCTCTCTGICTCAAC GTGCTGCOCAGGACTTCTTGC

probe: 11010

ATGTATCGCGCTCGATTGGCAGTAGAACTTGCGCGGATACACGG
GTGCTGCCCAGGACTTCTTGCCATGTATCGCGCTCGATTEGCAGGTCTTGCGTGCGATACGEAGTATCGAGETCCGACCGRATTGTCCGCGCTCTACGATCCTGCT
CTCTCTGICTCAAC
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Throughout this application wvarious publications, patents and/or patent
applications have been referenced. The disclosure of these publications in their
entireties is hereby incorporated by reference in this application.

The term comprising is intended herein to be open-ended, including not only the
recited elements, but further encompassing any additional elements.

A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made. Accordingly, other embodiments

are within the scope of the following claims.
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What is claimed is:
1. A method of obtaining sequence information from an individual cell
comprising:
(a) amplifying a nucleic acid molecule ir situ within a cell, thereby
generating an amplified nucleic acid molecule;
(b) annealing in situ a barcode probe comprising at least a first
decoder sequence and a second decoder sequence to said amplified nucleic acid
molecule;
(©) hybridizing a first labeled decoder probe to said first decoder
sequence;
(d) detecting a signal indicative of said hybridizing;
() hybridizing a second labeled decoder probe to said second
decoder sequence; and
6] detecting a signal indicative of said hybridizing, thereby
generating sequence information regarding said amplified nucleic acid molecule.
2. The method of claim 1, wherein said first labeled decoder probe is
removed prior to hybridizing said second labeled decoder probe.

3. The method of claim 1, wherein detecting comprises sequencing at least
said first decoder sequence in situ.

4. The method of claim 3, further comprising sequencing at least said

second decoder sequence in situ.

5. The method of claim 1, wherein said amplifying comprises rolling circle
amplification.
6. The method of claim 1, wherein said barcode probe comprises a rolling

circle amplification probe.

7. The method of claim 6, wherein said rolling circle amplification probe
comprises a padlock probe.

8. The method of claim 1, wherein said barcode probe comprises an

oligonucleotide ligation assay probe.
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9. The method of claim 1, wherein said amplified nucleic acid molecule or
molecules are immobilized within said cell.

10.  The method of claim 1, wherein said amplified nucleic acid molecule is
amplified from an RNA template.

11. The method of claim 10, further comprising cDNA synthesis using said

RNA as a template.

12. The method of claim 1, wherein said amplified nucleic acid molecule
comprises DNA.

13.  The method of claim 1, wherein said nucleic acid molecule comprises a

disease-causing mutation.

14.  The method of claim 12, comprising hybridizing a barcode probe which
is correlated with said disease-causing mutation or common variant.

15.  The method of claim 14, comprising ligation of a mutation-specific
padlock probe only when said disease-causing mutation or common variant is present in
said nucleic acid molecule.

16.  The method of claim 14, wherein said disease-causing mutation
comprises a base substitution.

17.  The method of claim 14, wherein said disease-causing mutation
comprises an insertion mutation.

18.  The method of claim 14, wherein said disease-causing mutation
comprises a deletion mutation.

19. A method of obtaining sequence information regarding a plurality of
nucleic acid molecules from an individual cell comprising:

(a) amplifying a plurality of nucleic acid molecules in situ within a
cell, thereby generating a set of amplified nucleic acid molecules;

(b) for each of a plurality of amplified nucleic acid molecules in said
set, annealing in situ a barcode probe comprising at least a first decoder
sequence and a second decoder sequence to said amplified nucleic acid

molecule; and
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(©) hybridizing a first labeled decoder probe to said first decoder
sequence;

(d) detecting a plurality of signals indicative of said hybridizing;

() hybridizing a second labeled decoder probe to said second
decoder sequence; and

() detecting a plurality of signals indicative of said hybridizing,
thereby generating sequence information regarding said plurality of amplified
nucleic acid molecules.

20. A method of obtaining sequence information from one or more

individual cells comprising:

(a) annealing in situ a barcode probe comprising at least a first
decoder sequence and a second decoder sequence to a target nucleic acid
molecule;

(b) hybridizing a first labeled decoder probe to said first decoder
sequence;

() detecting a signal indicative of said hybridizing;

(d) hybridizing a second labeled decoder probe to said second
decoder sequence; and

() detecting a signal indicative of said hybridizing, thereby

generating sequence information regarding said target nucleic acid molecule.
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ABSTRACT OF THE DISCLOSURE

Presented are methods and compositions for obtaining sequence information
from one or more individual cells. The methods are useful for obtaining sequence
5 information for a single nucleotide sequence, and for multiplex generation of sequence

information from one or more individual cells.
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If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Property Office (KIPQO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-{(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c}, access may be provided to information concemning the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(®) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name llumina, Inc.
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PTO/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | IP-0645-US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Mailing Address Information For Applicant:

Address 1 5200 lllumina Way
Address 2
City San Diego State/Province CA
Country il us Paostal Code 92122
Phone Number Fax Number
Email Address ip@illumina.com
Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assighee is an Organization check here.

Organization Name :
lllumina, Inc.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 5200 lllumina Way

Address 2

City San Diego State/Province CA
Country i us Postal Code 92122
Phone Number Fax Number

Email Address ip@illumina.com

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
: Add
selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signhature requirements and
certifications.

Signature |/brentcmoore/ Date (YYYY-MM-DD)| 2016-06-17
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PTO/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | IP-0645-US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

First Name | BrentC. Last Name | Moore Registration Number | 55461

Additicnal Signature may he generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C ¢ o p eration Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
First Named Inventor/Applicant Name: Jian-Bing Fan

Filer: Brent C. Moore/Chelsea Pearsall

Attorney Docket Number: IP-0645-PRV-A

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

0043




Description Fee Code Quantity Amount SU{JJ-STS::; in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600
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Electronic Acknowledgement Receipt

EFSID: 22659274
Application Number: 14742027
International Application Number:
Confirmation Number: 6532
Title of Invention: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
First Named Inventor/Applicant Name: Jian-Bing Fan
Customer Number: 29389
Filer: Brent C. Moore/Chelsea Pearsall
Filer Authorized By: Brent C. Moore
Attorney Docket Number: IP-0645-PRV-A
Receipt Date: 17-JUN-2015
Filing Date:
Time Stamp: 15:31:53
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $1600
RAM confirmation Number 3699
Deposit Account 502690
Authorized User PEARSALL, CHELSEA

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
2015-06-17_US_Applicati IP 229456
-06-17_US_Application_|
! -0645-US.pdf yes 34
d6345d240f75b0c977aa21d07a307 1adaad|
dédes
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 30
Claims 31 33
Abstract 34 34
Warnings:
Information:
1894656
2 Application Data Sheet IP-0645-US_ADS_signed.pdf no 7
b6ba519103fbf92ebd47489725861e42394]
151f
Warnings:
Information:
) o ) 1007232
Drawings-only black and white line 2012-06-17_Figures_IP-0645-
3 - no 1
drawings US.pdf
1f700e095¢4179474d ccf1cb8b0a7e2cd780)
4995
Warnings:
Information:
35159
4 Fee Worksheet (SB06) fee-info.pdf no 2
47648cc0acf3e1938da711af56748¢131783
Warnings:
Information:
Total Files Size (in bytes); 3166503
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode - SCORE
SCO‘RE Placeholder Sheet for IFW Content

Application Number: 14742027 Document Date: 06/17/2015

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

e Drawings — Other than Black and White Line Drawings

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in
PALM., and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE. ‘

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: September 30.2013
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/742,027 06/17/2015 Jian-Bing Fan 1P-0645-US
CONFIRMATION NO. 6532
29389 FORMALITIES LETTER
ILLUMINA, INC.
LEGAL DEPARTMENT IO
000000075991730

5200 ILLUMINA WAY
SAN DIEGO, CA 92122

Date Mailed: 06/29/2015

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT
APPLICATIONS CONTAINING NUCLEOTIDE SEQUENCE
AND/OR AMINO ACID SEQUENCE DISCLOSURES

Filing Date Granted

Applicant is given TWO MONTHS FROM THE DATE OF THIS NOTICE within which to comply with the sequence
rules, 37 CFR §§ 1.821-1.825. Failure to comply with these requirements will result in ABANDONMENT of the
application under 37 CFR § 1.821(g). Extension of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR § 1.136.

+ This application does not contain, as a separate part of the disclosure on paper copy, a "Sequence Listing" as
required by 37 CFR 1.821(c) Applicant must provide an initial paper or compact disc copy of the "Sequence
Listing", as well as an amendment specifically directing its entry into the application and a statement
that the content of the sequence listing information recorded in computer readable form is identical to the
written (on paper or compact disc) sequence listing and, where applicable, includes no new matter, as
required by 37 CFR 1.821(e), 1.821(f), 1.821(g), 1.825(b), or 1.825(d). If the effective filing date is on or
after September 8, 2000, see the final rulemaking notice published in the Federal Register at 65 FR 54604
(September 8, 2000) and 1238 OG 145 (September 19, 2000).

+ A copy of the "Sequence Listing" in computer readable form has not been submitted as required by 37
CFR 1.821(e). If the effective filing date is on or after September 8, 2000, see the final rulemaking notice
published in the Federal Register at 65 FR 54604 (September 8, 2000) and 1238 OG 145 (September 19,
2000). Applicant must provide an initial computer readable form (CRF) copy of the "Sequence Listing" and a
statement that the content of the sequence listing information recorded in computer readable form is identical
to the written (on paper or compact disc) sequence listing and, where applicable, includes no new matter,
as required by 37 CFR 1.821(e), 1.821(f), 1.821(g), 1.825(b), or 1.825(d). If applicant desires the sequence
listing in the instant application to be identical with that of another application on file in the U.S. Patent and
Trademark Office, such request in accordance with 37 CFR 1.821(e) may be submitted in lieu of a new CRF.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

For questions regarding compliance to these requirements, please contact:
« For Rules interpretation, call (571) 272-2510
« For CRF submission help, call (571) 272-2510
« For PatentIn software program support technical assistance, call (866)217-9197.

page 1 of 3
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« Send e-mail correspondence for Patentln software program help to ebc@uspto.gov
« Patent software is available at http://www.uspto.gov/patents/resources/tools/checker/patentinrel.jsp .

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 140 surcharge.

+ $( 0) previous unapplied payment amount.

+$ 140 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Jian-Bing Fan
Kun Zhang

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
page 2 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/742,027
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/742,027 06/17/2015 1634 1600 IP-0645-US 20 3
CONFIRMATION NO. 6532
29389 FILING RECEIPT

LEGAL DEPARTMENT O

5200 ILLUMINA WAY
SAN DIEGO, CA 92122

Date Mailed: 06/29/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jian-Bing Fan, San Diego, CA;
Kun Zhang, San Diego, CA;
Applicant(s)
ILLUMINA, INC., San Diego, CA;
Assignment For Published Patent Application
ILLUMINA, INC., San Diego, CA

Power of Attorney: The patent practitioners associated with Customer Number 29389

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/014,538 06/19/2014

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/26/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/742,027

Projected Publication Date: To Be Determined - pending completion of Sequence Disclosures

Non-Publication Request: No
page 1 of 3
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Early Publication Request: No
Title

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Atty. Docket No: IP-0645-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: FAN, JIAN-BING et al.

Title: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
Appl No.: 14/742,027

Filing Date: June 17, 2015

Examiner: Not Yet Assigned

Art Unit: 1634

AMENDMENT IN RESPONSE TO NOTICE UNDER 37 CFR §§1.821-825

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Mail Stop SEQUENCE

Sir:
In response to the Notice to Comply mailed June 29, 2015, please amend the

application as follows:
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Atty. Docket No: IP-0645-US

In the Specification:
Please amend the specification as shown:
Please insert the following on page 1, after the title:
SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on July 23, 2015, is named IP-0645-US_SL .txt and is 6,791 bytes in size.
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Atty. Docket No: IP-0645-US

REMARKS

The foregoing amendments are made to insert the required SEQ ID NO identifiers
associated with each listed sequence, as well as to incorporate by reference the Sequence

Listing filed concurrently herewith.

Applicants believe that the present application is now in condition for allowance.

Favorable reconsideration of the application as amended is respectfully requested.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

Respectfully submitted,

Date: August 14, 2015 By: __ /brentcmoore/
ILLUMINA, INC. BRENT C. MOORE
5200 lllumina Way Attorney for Applicant
San Diego, CA 92122 Registration No. 55,461
Telephone: 858-202-4500

Facsimile:

Should additional fees be necessary in connection with the filing of this paper, or if a petition for extension of time is
required for timely acceptance of same, the Commissioner is hereby authorized to charge Deposit Account No.
for any such fees; and applicants hereby petition for any needed extension of time.
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IN THE UNITED STATES PATENT AND TRADEMARE QFFICE

Atty. Docket Ne: IP-0845-US8

STATEMENT TO SUPPORT FILING AND SUBMISSION IN
ACCCEDANCE WITH 37 k,EP 551.821-1.825

Cao ssicner for Patents
P.0. Box 1458

Alaxandria, VA 22313-1450
Mail Stop SEQUENCE

>

In connection with the Sequenca Listing submitted

concurrently herewith, the undersigned hereby states that:

=
L

iled submission is in

accordancs with 37 C.F.R. 581.821 (e); and

doss not include new matier.

Respectfully subm

July 23, 2015 /tara rix/
Date Tara Riz

HARBOR CORNSULTING IP SERVICES, INC.
1039 Islington Street, Suite 13
smouth, NMHE (03801
800-318-3021
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Electronic Acknowledgement Receipt

EFSID: 23216282
Application Number: 14742027
International Application Number:
Confirmation Number: 6532

Title of Invention:

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

First Named Inventor/Applicant Name:

Jian-Bing Fan

Customer Number:

29389

Filer:

Brent C. Moore/Chelsea Pearsall

Filer Authorized By:

Brent C. Moore

Attorney Docket Number: IP-0645-US
Receipt Date: 14-AUG-2015
Filing Date: 17-JUN-2015
Time Stamp: 16:59:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
- - 65935
Applicant Response to Pre-Exam P 0645.
1 . . US_Response_Notice_Comply_| no 1
Formalities Notice "
Sequence_Listing.pdf e07469bee33f3adb9d438ebdca231b18842
62944
Warnings:

Information:
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IP-0645- 195488
2 US_Preliminary_Amendment. yes 5
pdf 49727b2125495b52fdebf6ed 71297 cccla
6d70
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Specification 2 4
Applicant Arguments/Remarks Made in an Amendment 5 5
Warnings:
Information:
68669
3 Miscellaneous Incoming Letter IP-0645-US_Statement1.pdf no 1
f55b7035823a93720deacf6c6a362c142a79|
b30c
Warnings:
Information:
6791
4 Sequence Listing (Text File) IP-0645-US_SL.txt no 0
Warnings:
Information:
Total Files Size (in bytes); 336883

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Jian-Bing Fan Examiner Not Yet Assigned

Serial No.: 14/742,027 Group Art Unit: 1634

Filed: June 29, 2015 Docket No.: IP-0645-US

Confirmation No.: 6532

Title: METHODS AND COMPOSITIONS FOR SINGLE CELL
GENOMICS

RESPONSE TO NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT
APPLICATIONS CONTAINING NUCLEOTIDE AND/OR AMINO ACID SEQUENCE
DISCLOSURES

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

In response to the Notice to Comply mailed June 29, 2015, Applicant submits herewith
the following:

_ X Preliminary Amendment (5 sheets);

__ X Statement to Support Filing and Submission in Accordance with 37 C.F.R.
§§1.821-1.825 (1 sheet);

_ X A sequence listing in paper and computer readable format (.txt file) format for

electronic filing.

No fees are believed to be due. Please charge any fees or credit overpayment to Deposit
Account No. 50-2690.
Respectfully submitted,

Date: August 14, 2015 /brentcmoore/

Brent C. Moore
Reg. No. 55461
Illumina, Inc.
5200 Illumina Way
San Diego, CA 92122
Phone: 858-202-4500
Fax: 858-736-8428
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DocCode — SEQ.TXT

SCORE Placeholder Sheet for IFW Content

Application Number: 14742027 Document Date: 08/14/2015

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Sequence Listing

At the time of document entry (noted above):

e USPTO employees may access SCORE content via eDAN using the Supplemental Content
tab, or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: August 26, 2013
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 08/21/2015

VVAN11 SALE #00000012  Mailroom Dt: 08/14/2015 502690 14742027
01 FC : 1051 140.00 DA
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Sequence Listing was accepted.

If you need help call the Patent Electronic Business Center at
217-9197 (toll free).

Reviewer: Anjum, Durreshwar (CGI Federal)

Timestamp: [year=2015; month=8; day=18; hr=7; min=59; sec=53;
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Validated By CRFValidator v 1.0.4

Application No: 14742027 Version No:
Input Set:
Output Set:
Started: 2015-08-14 16:59:21.526
Finished: 2015-08-14 16:59:22.655
Elapsed: 0 hr(s) 0 min(s) 1 sec(s)
Total Warnings: 19
Total Errors: 0
No. of SeqIDs Defined: 24
Actual SeqID Count: 24
Error code Error Description
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
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<110>

<120>

<130>

<140>
<141>

<150>

<151>

<160>

<170>

<210>

<211>

<212>

<213>

<220>

<223>

<400>

SEQUENCE LISTING

FAN, JIAN-BING
ZHANG, KUN

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

IP-0645-U53
Us 14/742,027
2015-06-17

62/014, 538

2014-06-19

24

PatentIn version 3.5

1

23

DNA

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

1

aactgatggg acccactcca teg

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

<220>
<223>

<400>

2
25
DNA

Artificial Sequence

Description of Artificial Sedquence:

oligonucleotide

2

wctgtagecta gaccaaaatc accta

<210>
<211>
<212>

<213>

<400>

ccagacaact

3

92
DNA

Homo sapiens

3

aaatcaccta tttttactgt gaggtcttca tg

<210>

4

Synthetic

23

Synthetic

25

gttcaaactyg atgggaccca ctccatcgag atttcwectgt agctagacca 60

92

0070



<211>
<212>

126
DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
probe
<400> 4
cgatggagtyg ggtcccatca gttatgtatc gcgctcecgatt ggcagtagaa cttgcgcecgga 60
tacacggtcg aggtccgact cggaatacgt cgttgactge gtaggtgatt ttggtetage 120
tacagt 126
<210> 5
<211> 126
<212> DNA
<213> Artificial Sedquence
<220>
<223> Description of Artificial Sedquence: Synthetic
probe
<400> 5
cgatggagtg ggtcccatca gttacgtate ggtagtcgca acgcatctac ttegtegegt 60
cagaccatcg aggtccgacce taccattcege gtgcecgattce ataggtgatt ttggtcectage 120
tacaga 126
<210> 6
<211> 19
<212> DNA
<213>» Artificial Sequence
<220>
<223> Description of Artificial Segquence: Synthetic
oligonucleotide
<400> 6
ccaccgtgca gctcatcay 19
<210> 7
<211> 21
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide
<400> 7
catgccectte ggctgectce t 21
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<210>
<211>
<212>
<213>

<400>

8
92
DNA

Homo sapiens

8

tgeccgectge tgggcatcectg cctecacctee accgtgecage tcatcaygceca getcatgceccee

tteggetgee tcecctggacta tgtccgggaa ca

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

<220>
<223>

<400>

9
118
DNA

Artificial Sedquence

Description of Artificial Sequence: Synthetic

probe

9

catgcecctte ggectgectee tgtettgegt gegatacgga gtacgaattg tceccecgegetcet

acgattcgag gtccgactcecg gaatacgtcecg ttgactgcecge caccgtgcag ctcatcac

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

<220>
<223>

<400>

10
118
DNA

Artificial Sequence

Description of Artificial Sequence: Synthetic

probe

10

catgcecctte ggectgectece tcaacggtat tcecggtegtca tcececcegtttg atcecgttegac

cgagatcgag dtccgaccta ccattcegegt gegattceccac caccgtgcag ctcatcat

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

<220>
<223>

<400>

11
23
DNA

Artificial Sedquence

Description of Artificial Sequence: Synthetic

oligonucleotide

11

gtcaagatca cagattttgg gck

<210>

12

0072

60

92

60

118

60

118
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<211>
<212>

<213>

<220>
<223>

<400>

26
DNA

Artificial Sedquence

Description of Artificial Sequence: Synthetic

oligonucleotide

12

ctgctgggtyg cggaagagaa agaata

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

<400>

13
92
DNA

Homo sapiens

13

gtactggtga aaacaccgca gcatgtcaag atcacagatt ttgggckgge caaactgetyg

ggtgcggaag agaaagaata ccatgcagaa gg

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

<220>
<223>

<400>

14
127
DNA

Artificial Sequence

Description of Artificial Sequence: Synthetic

probe

14

ctgctgggtyg cggaagagaa agaatataga acttgcecgcgg atacacggceg aattgtccge

gectctacgat tcgaggtceceg acctaccatt cgegtgegat tceccagtcaag atcacagatt

ttgggcet

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

<220>
<223>

<400>

15
127
DNA

Artificial Sedquence

Description of Artificial Sequence: Synthetic

probe

15

ctgctgggtg cggaagagaa agaatacaac ggtattcggt cgtcatcctce tacttegteg

cgtcagacca tcgaggtccg actcggaata cgtcecgttgac tgeggtcaag atcacagatt

ttgggcyg

0073

26

60

92

60

120

127

120

127



<210>
<211>
<212>

<213>

<220>
<223>

<400>

16
26
DNA

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

16

agctetttga ggacaactat gcgcetg

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

<220>
<223>

<400>

17
22
DNA

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

17

agacaatgga gacccgctga ac

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

<400>

tgtgcegagge

cccecgcectgaac

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

<220>
<223>

<400>

agacaatgga gacccgctga acacgtatcg gtagtcgcaa cgcacegttt gatcgttcga

ccgagatcga ggtccgacct accattegeg tgegattcca agetctttga ggacaactat

18
100
DNA

Homo sapiens

18

19
126
DNA

Artificial Sequence

Description of Artificial Sequence:

probe

19

gcgcetyg

<210>
<211>
<212>

20
20
DNA

Synthetic

Synthetic

acccagcectet ttgaggacaa ctatgceccecectg gececgtgectag acaatggaga

aataccaccce ctgtcacagg ggcctcccca

Synthetic

0074
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100
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<400>

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

20

cctgetetet ctgtcectcaac

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

<220>
<223>

<400>

21
22
DNA

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

21

gtgctgceca ggacttettg cc

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

<400>

ctactggggce

tgcccaggac

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

<220>
<223>

<400>

22
119
DNA

Homo sapiens

22

23
44
DNA

Artificial Sedquence

Description of Artificial Sequence:

oligonucleotide

23

Synthetic

Synthetic

ccacttcecete tecetgetecte tetgtectcaa cgtgattgac tttettgtge

ttecttgeoccca cgtgegectt caaaacgdgta agagctgcaa ctgaacgtg

Synthetic

atgtatcgeg ctcecgattgge agtagaactt gecgeggatac acgg

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

<220>
<223>

<400>

24
120
DNA

Artificial Sequence

Description of Artificial Sedquence:

probe

24

Synthetic

0075

20

22

60

119

44



gtgctgccca ggacttcecttyg ccatgtatcg cgctcecgattg gcaggtcttg cgtgcgatac

ggagtatcga ggtccgaceg aattgtcecge getctacgat cectgetcectet ctgtetcaac
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US
CONFIRMATION NO. 6532
29389 INFORMAL NOTICE
ILLUMINA, INC.
LEGAL DEPARTMENT IR AV AR
000000077022947

5200 ILLUMINA WAY
SAN DIEGO, CA 92122
Date Mailed: 08/25/2015

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):

Jian-Bing Fan
Kun Zhang
Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
/kgebremichael/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/742,027 06/17/2015 1634 1740 IP-0645-US 20 3
CONFIRMATION NO. 6532
29389 UPDATED FILING RECEIPT

LEGAL DEPARTMENT 0

5200 ILLUMINA WAY
SAN DIEGO, CA 92122

Date Mailed: 08/25/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jian-Bing Fan, San Diego, CA;
Kun Zhang, San Diego, CA;
Applicant(s)
ILLUMINA, INC., San Diego, CA;
Assignment For Published Patent Application
ILLUMINA, INC., San Diego, CA

Power of Attorney: The patent practitioners associated with Customer Number 29389

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/014,538 06/19/2014

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/26/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/742,027

Projected Publication Date: 12/24/2015

Non-Publication Request: No
page 1 of 3
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Early Publication Request: No
Title

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/742,027
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/742,027 06/17/2015 Jian-Bing Fan 1P-0645-US
CONFIRMATION NO. 6532
29389 PUBLICATION NOTICE
ILLUMINA, INC.
LEGAL DEPARTMENT IR O AR
000000079561653

5200 ILLUMINA WAY
SAN DIEGO, CA 92122

Title:METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Publication No.US-2015-0368704-A1
Publication Date:12/24/2015

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532
29389 7590 05/22/2017
EXAMINER
ILLUMINA, INC. | |
LEGAL DEPARTMENT LU, FRANK WEIMIN
5200 ILLUMINA WAY
SAN DIEGO, CA 92122 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
05/22/2017 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ip@illumina.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/742,027 FAN ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
FRANK LU 1634 f(‘;g‘s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fled on _____
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) Claim(s) ____is/are rejected.
8)[] Claim(s) _____is/are objected to.
9 Claim(s) 1-20 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l oth
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 5/2017
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Application/Control Number: 14/742,027 Page 2
Art Unit: 1634

Election/Restrictions

1. This application contains claims directed to the following patentably distinct species:
(D) said barcode probe comprises a rolling circle amplification probe (claims 6 and 7)
(2) said barcode probe comprises an oligonucleotide ligation assay probe (claim 8)

The species are independent or distinct because these species are directed to different
barcode probes which have different properties. In addition, these species are not obvious
variants of each other based on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single
grouping of patentably indistinct species, for prosecution on the merits to which the claims shall
be restricted if no generic claim is finally held to be allowable. Currently, generic claims are
claims 1-5 and 9-20.

There is a search and/or examination burden for the patentably distinct species as set
forth above because the searches for species (1) and (2) are not overlap.

Applicant is advised that the reply to this requirement to be complete must include
(i) an election of a species to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected species or
grouping of patentably indistinct species, including any claims subsequently added. An
argument that a claim is allowable or that all claims are generic is considered nonresponsive
unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the
election must be made with traverse. If the reply does not distinctly and specifically point out

supposed errors in the election of species requirement, the election shall be treated as an election
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Art Unit: 1634

without traverse. Traversal must be presented at the time of election in order to be considered
timely. Failure to timely traverse the requirement will result in the loss of right to petition under
37 CFR 1.144. If claims are added after the election, applicant must indicate which of these
claims are readable on the elected species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of patentably
indistinct species from which election is required, are not patentably distinct, applicant should
submit evidence or identify such evidence now of record showing them to be obvious variants or
clearly admit on the record that this is the case. In either instance, if the examiner finds one of
the species unpatentable over the prior art, the evidence or admission may be used in a rejection
under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an
allowable generic claim as provided by 37 CFR 1.141.

2. This application further contains claims directed to the following patentably distinct
species:
(3) hybridizing a barcode probe which is correlated with said disease-causing mutation

(claims 14-18)

4) hybridizing a barcode probe which is correlated with said common variant (claims 14 and

15)

The species are independent or distinct because these species are directed to methods for
hybridizing different barcode probes which have different properties. In addition, these species

are not obvious variants of each other based on the current record.
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Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single
grouping of patentably indistinct species, for prosecution on the merits to which the claims shall
be restricted if no generic claim is finally held to be allowable. Currently, generic claims are
claims 1-13, 19, and 20.

There is a search and/or examination burden for the patentably distinct species as set
forth above because the searches for species (3) and (4) are not overlap.

Applicant is advised that the reply to this requirement to be complete must include
(i) an election of a species to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected species or
grouping of patentably indistinct species, including any claims subsequently added. An
argument that a claim is allowable or that all claims are generic is considered nonresponsive
unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the
election must be made with traverse. If the reply does not distinctly and specifically point out
supposed errors in the election of species requirement, the election shall be treated as an election
without traverse. Traversal must be presented at the time of election in order to be considered
timely. Failure to timely traverse the requirement will result in the loss of right to petition under
37 CFR 1.144. If claims are added after the election, applicant must indicate which of these
claims are readable on the elected species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of patentably
indistinct species from which election is required, are not patentably distinct, applicant should

submit evidence or identify such evidence now of record showing them to be obvious variants or
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clearly admit on the record that this is the case. In either instance, if the examiner finds one of
the species unpatentable over the prior art, the evidence or admission may be used in a rejection
under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an

allowable generic claim as provided by 37 CFR 1.141.

3. This application further contains claims directed to the following patentably distinct
species:

(5) said disease-causing mutation comprises a base substitution (claim 16)

(6) said disease-causing mutation comprises an insertion mutation (claim 17)

(7 said disease-causing mutation comprises a deletion substitution (claim 18)

The species are independent or distinct because these species are directed to different
disease-causing mutations which have different properties. In addition, these species are not
obvious variants of each other based on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single
grouping of patentably indistinct species, for prosecution on the merits to which the claims shall
be restricted if no generic claim is finally held to be allowable. Currently, generic claims are
claims 1-15, 19, and 20.

There is a search and/or examination burden for the patentably distinct species as set
forth above because the searches for species (5) to (7) are not overlap.

Applicant is advised that the reply to this requirement to be complete must include

(i) an election of a species to be examined even though the requirement may be traversed (37
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CFR 1.143) and (ii) identification of the claims encompassing the elected species or
grouping of patentably indistinct species, including any claims subsequently added. An
argument that a claim is allowable or that all claims are generic is considered nonresponsive
unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the
election must be made with traverse. If the reply does not distinctly and specifically point out
supposed errors in the election of species requirement, the election shall be treated as an election
without traverse. Traversal must be presented at the time of election in order to be considered
timely. Failure to timely traverse the requirement will result in the loss of right to petition under
37 CFR 1.144. If claims are added after the election, applicant must indicate which of these
claims are readable on the elected species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of patentably
indistinct species from which election is required, are not patentably distinct, applicant should
submit evidence or identify such evidence now of record showing them to be obvious variants or
clearly admit on the record that this is the case. In either instance, if the examiner finds one of
the species unpatentable over the prior art, the evidence or admission may be used in a rejection
under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an
allowable generic claim as provided by 37 CFR 1.141.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the

inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the
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currently named inventors is no longer an inventor of at least one claim remaining in the
application. A request to correct inventorship under 37 CFR 1.48(a) must be accompanied by an
application data sheet in accordance with 37 CFR 1.76 that identifies each inventor by his or her
legal name and by the processing fee required under 37 CFR 1.17(i).

4. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,
1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Primary Examiner, Art Unit 1634
May 16, 2017
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Application No. Applicant(s)
14/742,027 FAN ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
FRANK LU 1634 f(‘;g‘s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 9/21/2017.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-20 is/are pending in the application.
5a) Of the above claim(s) 8,17 and 18 is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X Claim(s) 1-7.9-16,19 and 20 is/are rejected.

8)[] Claim(s) _____is/are objected to.

9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[X] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 6/17/2015is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) I:l oth
Paper No(s)/Mail Date ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 11/2017
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DETAILED ACTION
Election/Restrictions

1. Applicant’s election of species (1) (said barcode probe comprises a rolling circle
amplification probe, see claims 6 and 7), species (3) (hybridizing a barcode probe which is
correlated with said disease-causing mutation, see claims 14-18), and species (5) (said disease-
causing mutation comprises a base substitution, see claim 16) in the reply filed on September 21,
2017 is acknowledged. Because applicant did not distinctly and specifically point out the
supposed errors in the restriction requirement, the election has been treated as an election

without traverse (MPEP § 818.01(a)). Claims 1-7, 9-16, 19, and 20 will be examined.

Specification
2. The disclosure is objected to because of the following informality: case 13/273,666 has
been patented. Applicant is required to update this information in the page 20, first paragraph of
the specification.

Appropriate correction is required.

Claim Objections
3. Claim 5 is objected to because of the following informality: “said amplifying” should be
“said amplifying a nucleic acid molecule in situ within a cell”.
4. Claim 9 is objected to because of the following informality: the word “molecules” should
be deleted in view of claim 1.

Appropriate correction is required.
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Claim Rejections - 35 USC § 112

5. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

6. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

7. Claims 1-7, 9-16, 19, and 20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-
AIA), second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant
regards as the invention.

8. Claim 1 is rejected as vague and indefinite. Although the claim is directed to a method of
obtaining sequence information from an individual cell, there is no method step for obtaining
sequence information from an individual cell and the goal of the claim cannot be reached.
Furthermore, it is unclear where a signal indicative of said hybridizing in step (d) or (f) comes
from. Please clarify.

0. Claim 2 is rejected as vague and indefinite because it is unclear that said first labeled
decoder probe is removed from where prior to hybridizing said second labeled decoder probe to

what. Please clarify.
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10.  Claim 3 is rejected as vague and indefinite because it is unclear that “detecting” means
step (d) or step (f) or both steps (d) and (f). Please clarify.

11. Claim 14 is rejected as vague and indefinite because it is unclear what is the relationship
between a barcode probe comprising at least a first decoder sequence and a second decoder
sequence in claim 1 and a barcode probe which is correlated with said disease-causing mutation
or common variant. Please clarify.

12. Claim 15 is rejected as vague and indefinite because it is unclear that a mutation-
specific padlock probe is ligated to what. Please clarify.

13. Claim 19 recites the limitation “said amplified nucleic acid molecule” in the claim.
There is insufficient antecedent basis for this limitation in the claim because there is no phrase
“an amplified nucleic acid molecule” before “said amplified nucleic acid molecule”.
Furthermore, it is unclear where a plurality of signals indicative of said hybridizing in step (d) or
(f) comes from. Please clarify.

14. Claim 20 is rejected as vague and indefinite. Although the claim is directed to a method
of obtaining sequence information from one or more individual cells, there is no method step for
obtaining sequence information from one or more individual cells and the goal of the claim
cannot be reached, Furthermore, it is unclear where a signal indicative of said hybridizing in

step (d) or (f) comes from. Please clarity.

Claim Rejections - 35 USC § 102

(a)(2) the claimed invention was described in a patent issued under section 151, or in an application for
patent published or deemed published under section 122(b), in which the patent or application, as the
case may be, names another inventor and was effectively filed before the effective filing date of the
claimed invention.
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15. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

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

A person shall be entitled to a patent unless —

(a)(2) the claimed invention was described in a patent issued under section 151, or in an application for
patent published or deemed published under section 122(b), in which the patent or application, as the
case may be, names another inventor and was effectively filed before the effective filing date of the
claimed invention.

16. Claim 20 is rejected under 35 U.S.C. 102(a)(2) as being anticipated by Czaplinski (US
2015/0105298 A1, priority date: October 10, 2013).

Regarding claim 20, Czaplinski teaches a method of obtaining sequence information from
one or more individual cells comprising: (a) annealing in sifu a barcode probe (eg., a primary
nucleic acid element) comprising at least a first decoder sequence (eg., one of recognition
elements) and a second decoder sequence (eg., another of recognition elements) to a target
nucleic acid molecule (eg., mRNA target in the cells); (b) hybridizing a first labeled decoder
probe (ie., one of the second nucleic acid elements wherein one of detection elements is
considered as a label) to said first decoder sequence; (c) detecting a signal (eg., a fluorescent
signal) indicative of said hybridizing (eg., by hybridizing one of detection probes labeled with a
cyanine dye); (d) hybridizing a second labeled decoder probe to said second decoder sequence
(ie., another of the second nucleic acid elements wherein another of detection elements is
considered as a label); and (e) detecting a signal (eg., a fluorescent signal) indicative of said
hybridizing (eg., by hybridizing another of detection probes labeled with a cyanine dye), thereby
generating sequence information regarding said target nucleic acid molecule (ie., obtaining the
sequence information based on the hybridization) (see paragraphs [0007] to [0011], [0013], and
paragraphs [0084] to [0094] from Example 1, Fig. 1A and 1B, and claims 1-25).

Therefore, Czaplinski teaches all limitations recited in claim 20.
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Claim Rejections - 35 USC § 103
17. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.
102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.

18. Claims 1 and 9-12 are rejected under 35 U.S.C. 103 as being unpatentable over
Czaplinski as applied to claim 20 above, and further in view of Nuovo (Genoms Res., 4, S151-
S167, 1995).

The teachings of Czaplinski have been summarized previously, supra.

Czaplinski does not disclose amplifying a nucleic acid molecule in sifu within a cell,
thereby generating an amplified nucleic acid molecule as recited in claim 1 wherein said
amplified nucleic acid molecule are immobilized within said cell as recited in claim 9, said
amplified nucleic acid molecule is amplified from an RNA template as recited in claim 10,

further comprising cDNA synthesis using said RNA as a template as recited in claim 11, and said
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amplified nucleic acid molecule comprises DNA as recited in claim 12. However, Czaplinski
teaches that a nucleic acid molecule is an mRNA target (see Fig. 1A).

Nuovo teaches to perform in situ hybridization after in sifru PCR or in situ reverse
transcriptase (RT) (see S151 to S166).

Therefore, it would have been prima facie obvious to one having ordinary skill in the art
at the time the invention was made to have performed the methods recited in claims 1 and 9-12
by amplifying a nucleic acid molecule (ie., an mRNA target) in sifu within a cell and generating
an amplified nucleic acid molecule wherein said amplified nucleic acid molecule are
immobilized within said cell, said amplified nucleic acid molecule is amplified from an RNA
template, cDNA synthesis is performed using said RNA as a template, and said amplified nucleic
acid molecule comprises DNA in view of the prior arts of Czaplinski and Nuovo. One having
ordinary skill in the art would have been motivated to do so because Nuovo has successfully
performed in situ hybridization after in situ PCR or in situ reverse transcriptase (RT) (see S151
to S166) and the simple substitution of one kind of target nucleic acid (ie., the target nucleic acid
taught by Czaplinski) from another kind of target nucleic acid (ie., the target nucleic acid such as
an amplified nucleic acid from in sifu PCR or in sifu reverse transcriptase (RT) taught by Nuovo)
during the process of perform the method recited in claim 1, in the absence of convincing
evidence to the contrary, would have been prima facie obvious to one having ordinary skill in the
art at the time the invention was made since the target nucleic acid taught by Czaplinski and the
target nucleic acid such as an amplified nucleic acid from in situ PCR or in situ reverse

transcriptase (RT) taught by Nuovo are used for the same purpose (eg., in situ hybridization).
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Furthermore, the motivation to make the substitution cited above arises from the
expectation that the prior art elements will perform their expected functions to achieve their
expected results when combined for their common known purpose. Support for making the
obviousness rejection comes from the M.P.E.P. at 2144.06, 2144.07 and 2144.09.

Also note that there is no invention involved in combining old elements is such a manner
that these elements perform in combination the same function as set forth in the prior art without

giving unobvious or unexpected results. In re Rose 220 F.2d. 459, 105 USPQ 237 (CCPA 1955).

19. Claim 5 is rejected under 35 U.S.C. 103 as being unpatentable over Czaplinski in view of
Nuovo as applied to claims 1, 9-12, and 20 above, and further in view of Kapur ez al.,(US
2008/0113358 A1, published on May 15, 2008).

The teachings of Czaplinski and Nuovo have been summarized previously, supra.

Czaplinski and Nuovo do not disclose that said amplifying comprises rolling
circle amplification as recited in claim 5.

Kapur et al., teach that DNA is amplified using in sifu rolling circle amplification (see
paragraph [0177]).

Therefore, it would have been prima facie obvious to one having ordinary skill in the art
at the time the invention was made to have performed the method recited in claim 5 wherein said
amplifying comprises rolling circle amplification in view of the prior arts of Czaplinski, Nuovo,
and Kapur et al.. One having ordinary skill in the art would have been motivated to do so
because Kapur ef al., have successfully shown that DNA is amplified using in situ rolling circle

amplification (see paragraph [0177]) and the simple substitution of one kind of in situ
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amplification method (ie., the in situ amplification method taught by Nuovo) from another kind
of in situ amplification method (ie., the in sifu amplification method such as in situ rolling circle
amplification method taught by Kapur ef al.,) during the process of perform the method recited
in claim 1, in the absence of convincing evidence to the contrary, would have been prima facie
obvious to one having ordinary skill in the art at the time the invention was made since the in situ
amplification method taught by Nuovo and the in situ amplification method such as in situ
rolling circle amplification method taught by Kapur et al., are used for the same purpose (eg.,
amplification of nucleic acids).

Furthermore, the motivation to make the substitution cited above arises from the
expectation that the prior art elements will perform their expected functions to achieve their
expected results when combined for their common known purpose. Support for making the
obviousness rejection comes from the M.P.E.P. at 2144.06, 2144.07 and 2144.09.

Also note that there is no invention involved in combining old elements is such a manner
that these elements perform in combination the same function as set forth in the prior art without

giving unobvious or unexpected results. In re Rose 220 F.2d. 459, 105 USPQ 237 (CCPA 1955).

20. Claim 13 is rejected under 35 U.S.C. 103 as being unpatentable over Czaplinski in view
of Nuovo as applied to claims 1, 9-12, and 20 above, and further in view of Ebina et
al.,(Oncogene, 20, 2579-2586, 2001).
The teachings of Czaplinski and Nuovo have been summarized previously, supra.
Czaplinski and Nuovo do not disclose that said nucleic acid molecule comprises

a disease-causing mutation as recited in claim 13.
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Since Ebina et al., teach to detect mutant mRNA in the individual tumor cells using in
situ reverse transcription (RT) PCR and specific primers (see abstract), Ebina ef al., disclose that
said nucleic acid molecule comprises a disease-causing mutation as recited in claim 13.

Therefore, it would have been prima facie obvious to one having ordinary skill in the art
at the time the invention was made to have performed the method recited in claim 13 wherein
said nucleic acid molecule comprises a disease-causing mutation in view of the prior arts of
Czaplinski, Nuovo, and Ebina et al.. One having ordinary skill in the art would have been
motivated to do so because Ebina ef al., have successfully detected mutant mRNA in the
individual tumor cells using in situ reverse transcription (RT) PCR and specific primers (see
abstract) and the simple substitution of one kind of cell sample (ie., the cell sample taught by
Czaplinski) from another kind of cell sample (ie., the cell sample taught by Ebina et al.,) during
the process of perform the method recited in claim 1, in the absence of convincing evidence to
the contrary, would have been prima facie obvious to one having ordinary skill in the art at the
time the invention was made since the cell sample taught by Czaplinski and the cell sample
taught by Ebina et al., are used for the same purpose (eg., in situ reverse transcription (RT)
PCR).

Furthermore, the motivation to make the substitution cited above arises from the
expectation that the prior art elements will perform their expected functions to achieve their
expected results when combined for their common known purpose. Support for making the

obviousness rejection comes from the M.P.E.P. at 2144.06, 2144.07 and 2144.09.
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Also note that there is no invention involved in combining old elements is such a manner
that these elements perform in combination the same function as set forth in the prior art without

giving unobvious or unexpected results. In re Rose 220 F.2d. 459, 105 USPQ 237 (CCPA 1955).

21. Claim 19 is rejected under 35 U.S.C. 103 as being unpatentable over Czaplinski in view
of Nuovo as applied to claims 1, 9-12, and 20 above, and further in view of Blumenfeld (US
Patent No. 6,074,868, published on June 13, 2000).

The teachings of Czaplinski and Nuovo have been summarized previously, supra.

Czaplinski and Nuovo do not disclose amplifying a plurality of nucleic acid molecules in
situ within a cell, thereby generating a set of amplified nucleic acid molecules as recited in claim
19.

Blumenfeld teaches multiplex in siru PCR for different target nucleic acid sequences with
different primer pairs (see column 18).

Therefore, it would have been prima facie obvious to one having ordinary skill in the art
at the time the invention was made to have performed the method recited in claim 19 by
amplifying a plurality of nucleic acid molecules in situ within a cell and generating a set of
amplified nucleic acid molecules in view of the prior arts of Czaplinski, Nuovo and Blumenfeld.
One having ordinary skill in the art would have been motivated to do so because Blumenfeld
have successfully multiplexed in siru PCR for different target nucleic acid sequences with
different primer pairs (see column 18). One having ordinary skill in the art at the time the
invention was made would have a reasonable expectation of success to amplify a plurality of

nucleic acid molecules in sifu within a cell using multiplex in situ PCR in view of the prior arts
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of Czaplinski, Nuovo and Blumenfeld in order generate a set of amplified nucleic acid

molecules.

Conclusion
22. No claim is allowed.
23. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,
1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
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like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
/Frank W Lu/

Primary Examiner, Art Unit 1634
November 25, 2017

0111



Application/Control No. Applicant(s)/Patent Under
14/742,027 EﬁﬁxE$XEFion
Notice of References Cited . .
Examiner Art Unit
FRANK LU 1634 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumfj?o“;g_‘;';‘m'igf_”g‘:; code | MMy Name CPC Classification US Classification
* A | US-2015/0105298 A1 04-2015 Czaplinski; Kevin Cc12Q1/682 506/16
* B | US-2008/0113358 A1 05-2008 Kapur; Ravi GO01N33/689 435/6.12
* c | US-6,074,868 A 06-2000 Blumenfeld; Martin BO1L7/52 435/286.1
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
K | US-
L | USs-
M | US-
FOREIGN PATENT DOCUMENTS
* Countr??o%?—?\l?m’\tizrzig Code MME??\((—:‘YY Country Name CPC Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U Nuovo, in situ PCR: protocols and applications. Genome Bes., 4, S151-8167, 1995.
v Ebina et al., In situ detection of unexpected patterns of mutant p53 gene expression in non-small cell lung cancers. Oncogene,
20, 2579-2586, 2001.
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

0112

Part of Paper No. 11/2017




EAST Search History

The similar searches were performed in STN.

EAST Search History

EAST Search History (Prior Art)

EASTSearchHistory.14742027_AccessibleVersion.htm[11/25/2017 5:12:45 pPM]0113

Ref {iHits {{Search Query DBs Default iiPlurals jiTime
# Operator Stamp
L1 {15 {sandwich near hybridization same first US-PGPUB; #OR OFF 2017/11/25
near3 probe same second near3 probe USPAT; 17:10
same capture near3 probe USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L2 #15 {1 AND ((C12Q11/6834 OR C12Q2521/337 ORjUS-PGPUB;{OR OFF 2017/11/25
C12Q2537/125 OR C12Q1/682 OR USPAT; 17:11
C12Q11/6867 OR C12Q2563/131 OR USOCR,;
C12Q2565/519 OR C12Q1/6882 OR FPRS;
C12Q1/686 OR C12Q2523/313 OR EPO; JPG;
C12Q2525/143 OR C12Q2525/186 OR DERWENT;
C12Q2525/197 OR C12Q2531/149 OR IBM_TDB
C12Q2565/625 OR C12Q1/6816 OR
C12Q1/6827 OR C12Q11/6825 CR
C12Q1/6853 OR C12Q2521/501 OR
C12Q2525/155 OR C12Q2525/161 OR
C12Q2533/107 OR C12Q2545/114 OR
C12Q2561/125 OR C12Q2563/125 OR
C12Q1/6837 OR C12Q11/706 OR
GO01N21/7703 OR GO1N2201/0833 OR
GO1N33/54313 OR Y105436/815 OR
Y10S977/924 OR Y105436/813 OR
Y105435/805 OR C07K16/18 OR
C07K16/2869 OR C07K2317/34).CPC.)
L3 7 sandwich near hybridization same padlock #US-PGPUB;{OR OFF 2017/11/25
USPAT; 17:11
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L4 47 3 AND ((C12Q2521/501 OR C12Q2525/207 {US-PGPUB;{OR OFF 2017/11/25
OR C12Q2531/125 OR C12Q1/682 CR USPAT; 17:11
C12Q1/6865 OR C12Q11/6844 OR USOCR,;
C12Q2525/143 OR C12Q2525/313 OR FPRS;
C12Q1/6806).CPC.) EPO; JPG;
DERWENT;
IBM_TDB
S1H0 sandwich near hybridization same first US-PGPUB; {OR OFF 2017/11/25
near3 probe same second near3 probe USPAT; 11:07
same third near3 probe USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
S3 0 sandwich near hybridization same situ near JjUS-PGPUB;{OR OFF 2017/11/25
(amplification or PCR) USPAT; 13:25
USOCR,;
FPRS;




EAST Search History

EPO; JPO;
DERWENT;
[BM_TDB

barcode near probe same situ near
(amplification or PCR) same decoder near
probe

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:27

barcode near probe same decoder near
probe

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:27

sandwich near hybridization same first
near3 probe same second near3 probe
same padlock

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:30

sandwich near hybridization same first
near3 probe same second near3 probe
same situ near (amplification or PCR)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:37

696

hybridization same first near3 probe same
second near3 probe same third near3
probe

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:44

S10

158

hybridization near10 first near3 probe
near10 second near3 probe near10 third
near3 probe

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
[BM_TDB

OR

OFF

2017/11/25
13:45

11/25/2017 5:12:39 PM

EASTSearchHistory.14742027_AccessibleVersion.htm[11/25/2017 5:12:45 pM]0114




Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14742027 FAN ET AL.
Examiner Art Unit
FRANK LU 1634

CPC- SEARCHED

Symbol Date Examiner

See attached file 11/25/2017 /FL/

CPC COMBINATION SETS - SEARCHED

Symbol Date Examiner

See attached file 11/25/2017 /FL/

US CLASSIFICATION SEARCHED

Class Subclass Date Examiner
435 6.1,6.11,6.12,91.1,91.2,91.51, 183 11/25/2017 /FL/
436 94, 501 11/25/2017 /FL/
536 23.1,24.3, 24.33, 25.3, 25.32 11/25/2017 /FL/

* See search history printout included with this form or the SEARCH NOTES box below to determine
the scope of the search.

SEARCH NOTES

Search Notes Date Examiner

STN and EAST (see attached file) and Inventor Searches 11/25/2017 /FL/

INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol

/FRANK LU/
Primary Examiner.Art Unit 1634

U.S. Patent and Trademark Office Part of Paper No. : 20171013

0115



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Jian-Bing Fan et al. Examiner: Frank Wei Min Lu
Serial No.: 14/742,027 Group Art Unit: 1634
Filed: June 17, 2015 Docket No.: IP-0645-US

Confirmation No.: 6532
Title: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

AMENDMENT AND RESPONSE UNDER 37 CFR § 1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Responsive to the Non-Final Office Action mailed December 1, 2017 please amend the
above-identified patent application as follows and consider the following remarks.
Amendments to the specification begin on page 2.

Amendments to the claims begin on page 3.

Remarks begin on page 6.
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AMENDMENT AND RESPONSE UNDER 37 CFR § 1.111 Page 2
Serial Number: 14/742,027 Dkt: TP-0645-US
Filing Date: June 17, 2015

AMENDMENTS TO THE SPECIFICATION

Please amend the paragraph beginning on page 19, line 27 — page 20, line 18, as indicated

below:

An advantage of the methods set forth herein is that they provide for rapid and efficient
detection of a plurality of target nucleic acid in parallel. Accordingly the present disclosure
provides integrated systems capable of preparing and detecting nucleic acids in situ using
techniques known in the art such as those exemplified above. Thus, an integrated system of the
present disclosure can include fluidic components capable of delivering amplification reagents to
one or more individual cells, the system comprising components such as pumps, valves,
reservoirs, fluidic lines and the like. A particularly useful fluidic component is a flow cell. A
flow cell can be configured and/or used in an integrated system for in situ detection of target
nucleic acids. Exemplary flow cells are described, for example, in US 2010/0111768 A1l and US
Ser. No. 13/273,666_(now U.S. Patent 8.951.,781), each of which is incorporated herein by

reference. As exemplified for flow cells, one or more of the fluidic components of an integrated
system can be used for an amplification method and for a detection method. Taking a nucleic
acid sequencing embodiment as an example, one or more of the fluidic components of an
integrated system can be used for an amplification method set forth herein and for the delivery of
sequencing reagents in a sequencing method such as those exemplified above. Alternatively, an
integrated system can include separate fluidic systems to carry out amplification methods and to
carry out detection methods. Examples of integrated sequencing systems that are capable of
creating amplified nucleic acids and also determining the sequence of the nucleic acids include,
without limitation, the MiSeq platform (Illumina, Inc., San Diego, CA) and devices described in

US Ser. No. 13/273,666_(now U.S. Patent 8.951,781), which is incorporated herein by reference.
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Serial Number: 14/742,027 Dkt: TP-0645-US
Filing Date: June 17, 2015

IN THE CLAIMS
Please amend the claims as follows:
1. (Canceled)
2. (Currently Amended) The method of claim 19, wherein said first labeled decoder

probe hybridized to the first decoder sequence is removed from said first decoder sequence prior

to hybridizing said second labeled decoder probe to the second decoder sequence.

3. (Canceled)

4, (Canceled)

5. (Currently Amended) The method of claim 19, wherein said amplifying a nucleic
acid molecule in situ within a cell comprises rolling circle amplification.

6. (Canceled)

7. (Canceled)

8. (Withdrawn) The method of claim 1, wherein said barcode probe comprises an
oligonucleotide ligation assay probe.

9. (Currently Amended) The method of claim 19, wherein said amplified nucleic acid
molecule er-meleetlesare is immobilized within said cell.

10. (Currently Amended) The method of claim 19, wherein said amplified nucleic acid
molecule is amplified from an RNA template.

11. (Original) The method of claim 10, further comprising cDNA synthesis using said
RNA as a template.

12. (Currently Amended) The method of claim 19, wherein said amplified nucleic acid
molecule comprises DNA.

13. (Currently Amended) The method of claim 19, wherein said nucleic acid molecule
comprises a disease-causing mutation.

14. (Canceled)

15. (Canceled)

16. (Original) The method of claim 14, wherein said disease-causing mutation
comprises a base substitution.

17. (Withdrawn) The method of claim 14, wherein said disease-causing mutation

comprises an insertion mutation.
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18. (Withdrawn) The method of claim 14, wherein said disease-causing mutation
comprises a deletion mutation.
19. (Currently Amended) A method of obtaining sequence information regarding at

least one target nucleic acid sequence in a plurality of nucleic acid molecules from an individual

cell comprising:
(a) amplifying a plurality of nucleic acid molecules in situ within a cell, thereby
generating a set of amplified nucleic acid molecules;

(b) for each amplified nucleic acid sequence of a-plurality- said set of amplified

nucleic acid molecules #—satd—set, annealing in situ a padlock probe comprising two

sequence-specific capturing arms on the 5° and 3’ end of the probe, wherein the capturing

arms are ligatable when each are annealed to the target nucleic acid sequence, and wherein

the padlock probe further comprises barcode—probe-compristng at least a first decoder

sequence and a second decoder sequence that do not anneal to said amplified nucleic acid

molecule; and

(©) hybridizing a first fluorescently labeled decoder probe to said first decoder
sequence;

(d) detecting a plurality of signals indicative of said hybridizing;

(e) hybridizing a second fluorescently labeled decoder probe to said second
decoder sequence; and

() detecting a plurality of signals indicative of said hybridizing, and

determining the sequence of the target nucleic acid sequence associated with the padlock

probe comprising the first and second decoder sequence. thereby generating sequence

information regarding the target nucleic acid sequence in said plurality of amplified nucleic

acid molecules.

20. (Canceled)
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Serial Number: 14/742,027 Dkt: TP-0645-US
Filing Date: June 17, 2015

REMARKS
Claims 2, 5,9, 10, 12, 13 and 19 have been amended. Claims 1, 3, 4, 6,7, 14, 15 and 20
have been canceled. No new matter is believed to be entered. Claims 8, 17 and 18 were
previously withdrawn. Applicant reserves the right to pursue any or all canceled subject matter
in the future.
Following entry of the amendment claims 2, 5,9, 10, 11, 12, 13, 16 and 19 will be
pending.

Claim Objections

Claim 5 is objected to because of the following informality: “said amplifying” should be
“said amplifying a nucleic acid molecule in sifu within a cell”. Applicants note that claim 5 has
been amended to include the requested change.

Claim 9 is objected to because of the following informality: the word “molecules” should
be deleted in view of claim 1. Applicants note that claim 9 has been amended to include the
requested change.

Applicants respectfully request withdrawal of the claim objections.

Rejections Under 35 U.S.C. § 112
Claims 1-7, 9-16, 19 and 20 stand rejected under 35 U.S.C. § 112(b) or 35 U.S.C. § 112

(pre-AlA), second paragraph, as allegedly being indefinite for failing to particularly point out
and distinctly claim the subject matter which the inventor or a joint inventor, or for pre-AIA the
applicant regards as the invention. Applicants note that this rejection is moot with regard to
canceled claims 1, 3, 4, 6,7, 14, 15 and 20. Applicants respectfully request reconsideration of
this rejection in view of the canceled claims and in light of the amendments to the pending
claims.

Applicants note that the claims have been amended to address the present rejection and
eliminate the lack of clarity. Claim 19 now recites a “target nucleic acid sequence” (see support
at paragraph [0030] of Pub. No.: US 2015/0368704) and “padlock probe comprising two
sequence-specific capturing arms” that anneal to the target nucleic acid sequence (see support at

FIG. 1 and paragraph [0017]). As noted at paragraph [0034], padlock probes are specialized
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ligation probes having two ligation domains that form a complex with the target sequence.
Ligation is dependent on the presence of the target sequence hybridizing to the “capturing arms”
of the padlock probes. Once ligated the probe may be amplified and the decoder sequences are
“decoded” by sequential hybridization with fluorescently labeled decoder probes.

For at least these reasons, the pending claims clearly identify the claimed subject matter.

As aresult, the rejection may properly be withdrawn.

Rejections Under 35 U.S.C. § 102
Claim 20 stands rejected under 35 U.S.C. § 102(a)(2) as allegedly being anticipated by

US 2015/0105298 to Czaplinski (“Czaplinski”). Applicants note that this rejection is moot with

regard to canceled claims 20 and respectfully request withdrawal of this rejection.

Rejections Under 35 U.S.C. § 103
Claims 1 and 9-12 stand rejected under 35 U.S.C. § 103 as allegedly being unpatentable
over Czaplinski, and further in view of Nuovo, Genome Res., 4, S151-S167, 1995 (“Nuovo™).

Claim 5 stands rejected under 35 U.S.C. § 103 as allegedly being unpatentable over
Czaplinski in view of Nuovo, and further in view of US 2008/0113358 to Kapur et al. (“Kapur).

Claim 13 stands rejected under 35 U.S.C. § 103 as allegedly being unpatentable over
Czaplinski in view of Nuovo, and further in view of Ebina et al., Oncogene, 20, 2579-2586, 2001
(“Ebina”).

Claim 19 stands rejected under 35 U.S.C. § 103 as allegedly being unpatentable over
Czaplinski in view of Nuovo, and further in view of US 6,074,868 to Blumenfeld
(“Blumenfeld”).

Applicants note that the present claims have been amended to recite:

“annealing in situ a padlock probe comprising two sequence-specific
capturing arms on the 5’ and 3’ end of the probe, wherein the capturing arms
are ligatable when each are annealed to the target nucleic acid sequence, and
wherein the padlock probe further comprises at least a first decoder
sequence and a second decoder sequence.”

The present claims have been amended to further recite:
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“detecting a plurality of signals indicative of said hybridizing, and
determining the sequence of the target nucleic acid sequence associated with
the padlock probe comprising the first and second decoder sequence, thereby
generating sequence information regarding the target nucleic acid sequence in
said plurality of amplified nucleic acid molecules.

Applicants submit that none of the cited references, individually or in combination, teach
or suggest all the elements of the pending claims. The claimed invention relates to identifying
specific sequences in a target nucleic acid by 1) hybridizing one or more unique padlock probes
to the target sequence and 2) detecting the circularized barcoded padlock probe via successive
hybridization probes that “decode” unique sequences associated with the padlock probe. As
shown in FIG. 1, decoding takes place via a set of barcode probes having decoder sequences that
can be decoded by two or more rounds of sequential hybridization with fluorescently labeled
oligos. The instant invention successfully applies decoding strategies that entail sequential
hybridizations of labeled decoder probes to decoder sequences and makes use of unique barcode
probes having decoder sequences to identify multiple nucleic acid targets in a multiplex fashion.

In sum, the claimed subject matter represents a strategy that yielded surprising results
over conventional methods for detecting specific nucleic acid sequences. None of the cited
references teach, at the very least, combining padlock probe technology with decode-by-
hybridization technology to arrive at the claimed invention. As a result, the pending claims are
non-obvious over the cited references. Accordingly, Applicants respectfully request withdrawal

of the pending rejections.

Conclusion
The Applicants believe that the present application is now in condition for allowance and
respectfully request favorable reconsideration of the application. Should anything remain in
order to place the present application in condition for allowance, the Examiner is kindly invited

to contact the undersigned at the telephone number listed below.

This response is timely filed with an extension of time for three months. Pursuant to 37
C.F.R. 1.136, Applicant hereby petitions that the period for response to the action dated
December 1, 2017, be extended for three months, to and including June 1, 2018.
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The Applicants hereby authorize the Commissioner to charge any additional fees which
may be required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any
overpayment, to Deposit Account No. 50-2690. If any additional extension of time is needed for
timely acceptance of papers submitted herewith, the Applicants hereby petition for such an
extension under 37 C.F.R. § 1.136 and authorizes payment of any such extensions fees be

charged to Deposit Account No. 50-2690.

Respectfully submitted,

Date: June 1, 2018 /Michael Reed/
Michael Reed
Reg. No. 45647

Illumina, Inc.

5200 INlumina Way
San Diego, CA 92122
Phone: 858-202-4500
Fax: 858-736-8428
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/742,027 06/17/2015 | [ To be Mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

AMENDMENT

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PC';;%U?N SIZE FEE for small entity) for each additional 50 sheets or
( 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
,_ 06/01/2018 | \rrcr PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
g I?ggl) (37 CFR 192 Minus | ** 20 -0 x $100 = 0
A E B winus | 3 - 0 x 5460 - 0
<§E I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1_160))( Minus - X 8 -
Independent . ;
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD'L FEE
LIE

CORALIA BETANCOURT

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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FYOIASNY (05-12)

Approved for use through 01/21/2014. OMB 0651-0032

U.S. Patent and Tradermark Office; LS. DEPARTMENT OF COMMERCGE

Under the Paperwark Reduction Act of 1998, no persons are required (o responid 1o a collestion of information uniess it displays a valid OMB controf number.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tile of | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

invention

As the beiow named inventor, | hereby dectare that

“hi claration ¢ st
This de:“j 1 | The attached application, or
is directed to: '

147742027

QL@] United States application or PCT intemational application number

June 17, 20145

filed on

The above-identified application was made or authorized to be mads by me.

{ believe that | am the original Invertor or an orginal joint invenior of a claimed invention in the application.

I hereby acknowledgs that any willful false statement made in this declaration is punishable under 18 U.S.0. 100
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Patitionar/applicant is cautioned to avoid submitting personal information in documents filed in @ patent application that may
contribule to identity theft, Personal information such as sooial secusity numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTG-2038 submitted for payment purposes) is never reguired by the USFTO
to support & petiion or an application. I this type of personal information is included in documents submitied fo the USPTO,
petitionersfapplicants should consider redacting such personal information from the documents before submitting them 1o the
USPTO. Petiioner/applicant is advised that ihe record of a patent application is available {0 the public after publication of the
application {unfess a nen-publication request in cormpliance with 37 CFR 1.213{a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may aiso be available to the public # the application is
refarenced in a publishad application or an issued patent {see 37 OFR 1,14). Checks and cradit card authorization forms
PT0O-2038 submilted for payment purposes are not retained in the apglication file and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

6/s 108

Hian-Bing Fan Date {Optional) |

inventor: ¥
.f'-‘

7
Signature: // / ;Lq(/: -

?

kY

hY
Note: An application data sheet {PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this farm or must have

been pravicusly filed. Use an additional PTOMIANT form for each additional inventor,

This collection of information is required by 35 LLS.C, 116 and 37 OFR 1.83. The information is required to oplain or retain a benefit by the pubiic witich is fo fite {and
by the USPTO fo pracess) an application. Confidentisiily is governed by 35 LL8.0, 122 and 37 OFR 1.11 and 1.14. This oollection is astimated to take 1 minuie 1o
compiste, including gathering, preparing, and subrnitting the complated application form 1o the USPTO. Time wif vary depending upor the individual cass. Any
sormiments an the amount of fime you requirs to compiete this form andfor suggestions for redusing this burden, should be sent to the Chisf Informeation Officar, LIS,
Palent and Trademark Cffice, U.S. Depanment of Commerce, P.O. Box 1450, Alexandda, VA 223712-1450. DO MOT SEND FEES OR COMPLETED FORMS TO
THIG ADDRESS. SEMD TO: Commissioner for Patenis, P.0O. Box 1450, Alexandria, VA 22313-1450.

if you reed assistance in compleling the form, call 1-300-FT0-2199 and selsct oplicn 2.
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PTCO/AIANT (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond 1o & collection of information uniess it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AR N
APPLICATION DATA SHEET (37 CFR 1.786)

Tile of | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

invention

As the below named inventor, | hereby declare that:

This declaration [ """ ]
is directed to: b

_____ 14/742 027
June 17, 2015

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any williul false staternent made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonrnent of not more than five (B} vears, or both.

WARNING:

Petitionar/applicant is cautioned 1o avoid submitting personal information in documents filed in a patent application that may
contribute o identity thefl. Personal information such as sccial security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PT0-2038 submitied for payment purposes) is never required by the USPTO
to support a pstition or an application. i this type of personal information is included in docurments submitted 1o the USPTO,
petitionars/applicants should consider redacting such personal information from the documents before submitting them fo the
USPTO. Petitionarfapplicant is advised that the record of a patent application is available 1o the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandonad application may also be available to the public if the application is
raferanced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT(-2038 submitted for payment purposes are not refained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

tnventor: Kun Zhaﬂg Date {Optionat)

-
e oL
ey *

_t'/ /;.4_/.." —
Signature: gl Pty

g

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/NT form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is required to obtain or retgin a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 1 minute fo
compilete, including gathering, preparing. and submitting the completed application form o the USPTO. Time will vary depending upon the individual case. Any
commenis on the amount of time you require 1o complele this form andior suggestions for reducing this burden, should be sent o the Chief Information Officer, U.S.
Paient and Trademark QOffice, 1.8, Depariment of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NQT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, YA 22313-1450.

i you need assistance in completing the form, call 1-800-PT0-87589 and select option 2
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Electronic Patent Application Fee Transmittal

Application Number:

14742027

Filing Date:

17-Jun-2015

Title of Invention:

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

First Named Inventor/Applicant Name:

Jian-Bing Fan

Filer: Michael Patrick Reed/Michelle Walsh
Attorney Docket Number: IP-0645-US
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

160
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Electronic Acknowledgement Receipt

EFSID: 33227425
Application Number: 14742027
International Application Number:
Confirmation Number: 6532
Title of Invention: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
First Named Inventor/Applicant Name: Jian-Bing Fan
Customer Number: 29389
Filer: Michael Patrick Reed/Michelle Walsh
Filer Authorized By: Michael Patrick Reed
Attorney Docket Number: IP-0645-US
Receipt Date: 19-JUL-2018
Filing Date: 17-JUN-2015
Time Stamp: 14:38:37

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $160
RAM confirmation Number 072018INTEFSW00000896502690
Deposit Account 502690
Authorized User Michelle Walsh

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.21 {Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
262189
IP-0645-
1 Oath or Declaration filed . no 2
US_EXECUtEd_DEC|aratlons'pdf dbfb81631d61524e66599275390570fc278]
9f900
Warnings:
Information:
30112
2 Fee Worksheet (SB06) fee-info.pdf no 2
25944395b9a22452a007d07405954 bea244|
1460
Warnings:
Information:
Total Files Size (in bytes): 292301

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTGAIARLE (07-12)

Approved for se through 11/30/2014, OMB 0651-0035

U8, Patent and Trademark Off 1.5 DEPART .‘\AE IT OF COMMERCE

s are reguired o respond to g collsction of information t displays a valid OMB contrel number,

Under the Paperwork Raduction Act of 1898, no par

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

Phereby revoke all previous powers of aftomey ghven n the application identified in the atiached statement
under 37 CFR 3.73(¢).
{ hereby appoint:

Practitioners associaied with Customer Number: 2 9 3 8 @

OR

E Fractitioner(s) named below (if mors than ton patent praclilioners are 1o be namsd, then a customer number must be used):

Mame Registration Name Fagistration
Kumber Number

As altorpey(s) or agani{s) to represent the undersigned before the United States Patent and Trademark Off ce {USPTO) in connaction with
any and alf patent applications assignsd gnly to the undersigned accurding to the USPTD assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c}

Mazse change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to!

D The address associsied with Cusiomer Number:

Firm or
individuai Name

City Gtate Zip

Assignes Mame and Address: {liuming, inc.
8200 illumina Way
San Diego, CA 92122

A copy of this form, together with a statement under 17 CFR 173c) (Form PTO/AIAISE or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{z) may be completed by one of
The practitioners appointad in this form, and must identify the application in which this Power of Attomey is to be filed,

The em‘.,\,,g,g’"

Signature { @‘/ / :: Late gf'_‘)ff?g £4 ;”: o472,

Name Charles Dadswe\ Telephore 868-207-4500

SIGNATURE of Assignee of Record
I’:atu;‘e and title is supplied below is authorized to act on behalf of ihe assignee

Title Sr. Vice President & General Counsel

This collzction of information s reg

red by 37 CFR 1,31, .32 and 1,33, The information is required to oblain o refain 8 benefit by the public which is to fife {and
Ly the USPTO to process) an appl o Confidentisfity s governed by 38 U.8.C. 122 snd 37 OFR 1.11 and 1.74. This collection is astimated to take 3 minutas
o complete, including gathering, preparing, and submitling the completed appl an form o the \J\F"'C; Time will vary depending unon the individuat casa. Any
comments on the amount of firme you require o complete this form andior suggestions for reducing this burden, should b nt o Chiat Information Officer,
1.8, Patent and Trademark Office, U5, Department of Cammerce, PO, Box 1450, Alexandria, VA 223131430, DO ROT SEND FEES OR COMPLETED

FORME TG THIS ADDRESS. SEND T4: Commissionsr for Patents, P.0. Box 1450, Alexandria, VA 223131450,

if you need assisiance in complating tha farm, call 1-800-PT0-919% and seled option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
llumina, Inc.

Application No./Patent No.: 14/742,027 Filed/Issue Date:
Titled: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

[llumina, Inc. a Corporation

Applicant/Patent Owner:

June 17, 2015

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. |:] The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

The Regents of The University of California

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Jian-Bing Fan To: lllumina, Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 046373 , Frame 0386 , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__ , orforwhich a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__ , orforwhich a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Michael Reed/ August 7, 2018
Signature Date

Michael Reed 45647

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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N;smﬂ‘ Smh{mg Nicolaoy Telephone 858.634.6815

- ftellaciugl nger{y Mamar oF
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PTOAMAGE (08-12)

Approved for use through 0173172013, OMB 0681-0031

1.8, Patent and Trademark Oifice; U.S. DEPARTMENT OF COMMERCE
ins of information unless it dispiays o valid OMB control numbae,

STATEMENT UNDER 37 OFH 3.73{¢c)
ApplicantPatent Owner: I @ Regents of The Univarsity of Califomia

Application No./Patent No.: 14/742,027 Filedissus Date: June 17, 2015

Titleg: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

tluming, Ing. g Corporation

{Name of Assignes) {Typs of Assignes, e.g., corporation, paninarship, university, govemment agency, olc.}

staies that, for the patent appiication/patent identified above, it is ichoose oang of options 1, 2, 3 or 4 below):
1. B The assignee of the entire right, title, and interest.

2. {:} An assignee of lsss than the entire right, title, and interest {check applicabls box):

E___j The extent {by percentags) of its ownarship interest is : %, Additional Statement(s} by the owners
holding tha balance of the interest must be submiltad 1o account for 100% of the ownership interest.

{:_] There are unspecified percentages of ownership. The other parties, including Inventors, who together own the entire
right, title and inferest are:

Additional Statement{s} by the owner(s) holding the balance of the interest must be submitied to account for the entire
right, title, and interest,

3 The assignse of an undivided interest in the entirely {a complete assignment from one of the joint inventors was made).
The other pariies, Including Inventors, who logather own the entles right, title, and inlerest ars:

lumina, Inc.

FITE mitted 1o account for the antire

Additionat Statemsnt{s} by the ownar(s} holding the balance of the interes!
righs, tide, and interest,

4, E.:] The recipient, via a courl proceeding of the like {6.g., bankruptoy, probate), of an undivided interest in the entirety {a
complete transfer of ownership interest was made). The certified document{s} showing the iransfer is allached.

The interest kdentified In option 1, 2 or 3 above {not option 4} is evidenced by either {thoose png of options A or B below):

A, {_:] An assignment from the invenior{s} of the paieni application/patent identified above. The assignment was recorded in
the Uniled States Palent and Trademark Oifice at Reael , Frame . or for which a copy
thereof is aitached.

8. I:} A chain of title from the inventor(s), of the patent application/patent identifiad abova, o the current assignes as follows:

1. From: Kun Zhang To: The Regents of the University of California
The documant was recorded in the United States Patent and Trademark Office at
Reel 046373 , Frameg 0698 , or for which a copy thereo! is altached.

2. From: To:

The document was racorded in the United States Patent and Trademark Office at
Hesl , Frame , 07 for which a copy thereof is altached.

[Page 1 of 2]
This cotlection of information is required by 37 CFR 3.73{8). Tha infasmation is raquirad to oblain o7 refain a banelit by the public which is to file (and by the USPTO
process) an application. Confidentiality is governad by 35 U.S.C. 122 and 37 CFR .11 and §.14. This callection is sstimated to take 12 minuies 10 complate, including
gathering, preparing, and submitting the completed application form o the USRTO. Tima will vary depending upon the individual case. Any comments on the amount
of tima yau require 1o complate this form and/or suggestions for mducing this busden, should be sent to the Chied injormation Officer, U.S. Patent and Trademark
Cifice, U.5. Depaniment of Commerce, P.0. Box 1450, Alexandra, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TG Commizsionsr for Palents, P.O. Box 1450, Alsxandrls, VA 22313-1450.

If you need assistance in complesing the form, call 1-800-PT0-919% and select option 2.
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PTO/AIASS (08-12)

Approved {or use through $3/31/2013. OMB 0851-0031

L8, Patent andg Trademark Olfice; U.5. DEPARTMENT OF COMMERCE

Linday the Paperwark Redustion Act of 1895, ne garsans are required 1o ressond to & coflection of information unlsss i displays o valid OMB conirol numbar,

STATEMENT UNDER 37 CFR 3.73(c}

3. From: To:
The document was recorded in the United States Patent and Trademank Offics at
ZETH ; Frame , ot for which a copy thereof is allached.
4, From: To:
The document was recarded in the United States Patent and Trademark Offics at
Fesl , Frame , ar for which a copy thereof is altached,
8. From: To:
The documant was recorded in the Uniled States Patent and Trademark Office at
Resl , Frame , of for which a copy therso! is allached.
8. From: To:
The documant was recorded In the United States Patent and Trademark Otffice at
Rest . Frame , of for which a copy thereol is atlached.

[_-_'j Additional documents in the chain of title are listed on a supplemenial sheel(s).

[ﬂ As required by 37 CFR 3.73{c}{ 1)), the documentary svidence of the chain of tille from the original owner 1o the
assignee was, or concurranily is being, submitted for recordation pursuant to 37 CFR 311,

[NCTE: A separate copy {i.e., a trug copy of the original assignment documenti{s]] must be submitted to Assignment
Division In accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose titls Is supplied beiew) is authorized to act on behalf of the assignes,

e July 27, 2018
Signafure Date

$hihang Nicolaou intelleciual Property Manager
Printed or Typad Name Title or Registration Number
[Page 2 of 2}
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Electronic Acknowledgement Receipt

EFS ID: 33502714
Application Number: 14742027
International Application Number:
Confirmation Number: 6532

Title of Invention:

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

First Named Inventor/Applicant Name:

Jian-Bing Fan

Customer Number:

29389

Filer:

Michael Patrick Reed/Michelle Walsh

Filer Authorized By:

Michael Patrick Reed

Attorney Docket Number: IP-0645-US
Receipt Date: 22-AUG-2018
Filing Date: 17-JUN-2015
Time Stamp: 13:11:30

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
194128
1_IP-0645-
Req to correct/update/change appl US_Request_Correct_Applicant
1 - - - ) no 2
name until pay issue fee _signed_as-filed_2018-08-22.
b7680d3d8c0303d7fb141e58051030e133
pdf 70729%

Warnings:
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Information:

643780
2_IP-0645-
2 Application Data Sheet US_SupplementalADS_signed_| no
as-filed_2018-08-22.pdf 525628fdcef25fb1c33e06a6a302637939cf
21
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
110639
3_IP-0645-US_POA-
3 Power of Attorney ILMN_signed_as- no
filed 2018_08_22_pdf 46f3605d7add3a1892611c19%acO%bad2ccd
- 8c8eb
Warnings:
Information:
119296
. . . 4 _|P-0645-US_373-Statement-
Assignee showing of ownership per 37 -
4 CFR3.73 ILMN_signed_as- no
’ filed_2018-08-22.pdf 05ee09d8eb08da00bd3997849ed 68520
072b61
Warnings:
Information:
721412
5_IP-0645-US_POA-
5 Power of Attorney UC_signed_as- no
filed_2018-08-22.pdf 8d1€0520291059ff5b7ad990caeccee 108
Warnings:
Information:
288484
. . . 6_IP-0645-US_373-Statement-
Assignee showing of ownership per 37 -
6 CFR3.73 UC_signed_as- no
’ filed_2018-08-22.pdf 11e05291fbc0d5f493c8a22ae93181d4 3adf1
- 97a
Warnings:
Information:
Total Files Size (in bytes): 2077739
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: R46C.REQ
Document Description: Request under 37 CFR 1.46(c) to correct, update or change the applicant.

PTO/AIA/41 (04-15)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

( REQUEST TO CORRECT OR UPDATE Application Number 14/742,027 \
THE NAME OF THE APPLICANT UNDER | Fiing Date June 17, 2015
37 CFR 146((;)(1)’ OR CHANGE THE First Named Inventor Jian-Bing FAN
APPLICANT UNDER 37 CFR 1.46(c)(2) |- 1634
(FOR USE ONLY IN APPLICATIONS FILED ON OR AFTER Exam.'r.‘er Name Frank Wei Min LIN
SEPTEMBER 16, 2012) ;I:;:E,t:;ner Docket | P-0645—US

To: Commissioner for Patents
P.0O. Box 1450
Alexandria, VA 22313-1450

Applicant hereby requests that the name of the applicant be corrected or updated under 37 CFR 1.46(c)(1), or that the applicant be changed
under 37 CFR 1.46(c)(2), in the above-identified application. Requests under 37 CFR 1.46(c)(1) or (c)(2) cannot be submitted after payment of
the issue fee or if the application has been patented.

Please check the applicable box({es) below.

D 1. This request is to correct or update the name of the applicant (under 37 CFR 1.46(c)(1)) and includes:

I:l An application data sheet (ADS) in accordance with 37 CFR 1.76(c) with the corrected or updated information shown with markings
(e.g., underlining for insertions, strikethrough for deletions). A Corrected Web-based ADS may be used.

Note: Requests under 37 CFR 1.46(c)(1) may be filed to correct typographical errors in the name of the § 1.46 applicant, or for
updating the name of the § 1.46 applicant (i.e., where there is no change in the applicant itself but just in the applicant’s name). See
the Manual of Patent Examining Procedure (MPEP) section 605.01.

Iil 2. This request is to change the applicant (under 37 CFR 1.46(c)(2)) and includes:

IE An application data sheet (ADS) in accordance with 37 CFR 1.76(c) that identifies the changes with proper markings (underlining for
insertions and strikethrough for deletions). A Corrected Web-based ADS may be used.

Ii' A Statement Under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent). See MPEP 325.

lam the

|:| applicant* Ii' attorney or agent of record I:' attorney or agent acting under 37 CFR 1.34
Registration number 45647 Registration number

signature /Michael Reed/

Typed or printed name Michael Reed
Date August?, 2018

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. *Juristic entities
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after September 16, 2012 that is presented
on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see below**.

IEl ** Total of 1 forms are submitted.

_This collection of information is required by 37 (ﬁ 1.36. ?he information is required to obtain or retain a benefit by the public which is to me (and by the US-PTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (6 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual
Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(0)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to
the public if the record was filed in an application which became abandoned or in which the proceedings
were terminated and which application is referenced by either a published application, an application
open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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PTO/AIAMA (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persens are required o respond to a collection of information uniess it contains a valid OMB controf number,

SUPPLEMENTAL
Application Data Sheet 37 CFR 1.78

Attorney Docket Number | IP-0845-US
Application Number 14/742,027

Title of Invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing Systen (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

; Portions or ali of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant {0
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed slectronically.)

inventor information:

Invenfor 1

Lagal Name
Prefix| Given Mame Middie Nams Family Nams Suffix
Jian-Bing Fan

Residence Information {Select One) (&) US Residency (O NonUS Residency () Active US Military Service
City | San Diego State/Province | CA Couniry of Residencd | US

Mailing Address of Inventor:

Address 1 5247 Peariman Way

Address 2

City San Diago State/FProvince CA

Postal Code 92130 | Country| us

Invenior 2

Legal Mame

Prefix{ Given Names Middie Name Family Name Suffix
Kun Zhang

Residence Information (Select One) (® US Residency () Non US Residency () Active US Military Service

City | San Diego State/Province | CA | Country of Residencd | US

Mailing Address of Invenion:

Address 1 11733 Boulton Avenue

Address 2

City San Diego State/Province CA
Postal Code [ 92128 Country | us

All Inventors Must Bs Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add buiton.

Correspondence Information:

Enter either Customer Number or complsate the Correspondence information section below.
For further information ses 37 OFR 1.33{a}.

EFS Web 2.2.11 0148



PTO/RIAMA (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond 1o a collection of information unless it containg a valid OMB control number.

. SUPPLEMENTAL Attorney Docket Number | 1P-0845-US
Application Data Sheet 37 CFR 1.76 e
Application Number 14/742,027

Title of invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 29389

Email Address “o@itomireonr lluminadocket@iliumina foundationip.com

Application Information:

Title of the Invention METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Attorney Docket Number| 1P-0645-US Small Entity Status Claimed [ |

Application Type Nonprovisional

Subject Matter Utility

Total Bumber of Drawing Sheets {if any) 1 Suggested Figure for Publication {if any) | 1

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C 111{c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be

ar

provided in the appropriate section{s} below {i.e., “Domaestic Benefit/National Stage information” and “Foreign Friority Information”).

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previcusly filed application, subject to conditions and requirements of 37 CFR 1.57(3).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:

[1 Request Early Publication {(Fee required at time of Request 37 CFR 1.218)

Requeﬁi Mot to Publish. hersby request that the attached application not be published under

[ 35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filad in another country, or under a muliilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all praclitioners having a power of atlorney in the application. Providing
this information in the Application Data Sheet does not constilule a power of attorney in the application {see 37 CFR 1.32).

Either anter Customer Number or complete the Represeniative Name section below. If both sections are completed the cusiomer
Number will be used for the Represantative information during procassing.

Piease Select One: Customer Number (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)

Customer Number 29389

EFS Web 2.2.11 0149




PTO/RIAMA (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond 1o a collection of information unless it containg a valid OMB control number.

SUPPLEMENTAL
Application Data Sheet 37 CFR 1.76

Attorney Docket Number | IP-0645-US

Application Number 14/742,027

Title of invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119{e), 120, 127, or 365(c) or indicate Nafional Stage

antry from a PCT application. Providing this information in the application data sheet constitutes the specific reference raguired
by 35 US..119{e} 0r 120, and 37 CFR1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Claims benefit of provisional 82/014538 2014-06-18

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add bution.

Foreign Priority Information:

This saction allows for the applicant {o claim priority to a foreign application. Providing this information in the application data shest
constitutes the claim for priority as required by 35 U.S.C. 118(b) and 37 CFR 1.55(d). When priority is claimed {o a foreign application
that is eligible for retrieval under the priority document exchange program (P‘DX)i the information will be usad by the Office to
autornatically attempt retrieval pursuant to 37 CFR 1.55(h)}{1} and (2}. Under the PDX program, applicant bears the ultimats
responsibiiity for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the fime period specified in 37 CFR 1.55{g){(1}.

Application Number ti:e:)e.amrg,'i Filing Date {YYYY-MM-DD) Access Code' {if applicable)}

Additional Foreign Priority Data may be generalted within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1} claims priorily to or the benefit of an application filed before March 16, 2013 and {2) also

contains, or contained at any time, a claim {o a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

186, 2013, will be sxamined under the first inventor to file provisions of the AlA.

EFS Web 2.2.11 0150



PTO/RIAMA (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond 1o a collection of information unless it containg a valid OMB control number.

. SUPPLEMENTAL Attorney Docket Number | 1P-0845-US
Application Data Sheet 37 CFR 1.76 e
Application Number 14/742,027

Title of invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Authorization to Permit Access:

Authorization to Permif Access 1o the Instant Application by the Parlicipating Offices

if checked, the undersigned hereby granis the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (PO}, the Korean inlelleciual Property Office (KIPQ), the World Intellectual Property Office (WIPQO),
and any other intellectual property offices in which a foreign application clairning priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{c} and (h). This box should not be checked if the applicant
does not wish the EPC, JPO, KIPC, WIPC, or other intellectual properiy office in which a foreign application claiming priority
1o the instant patent application is filed io have access to the instant palent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1} the instant patent application-as-filed; 2} any foreign application o which the instant patent application

claims priority under 35 U.8.C. 118{a)-{d} if a copy of the foreign application that salisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed frorn which benefitis
sought in the instant patent application.

in accordance with 37 CFR 1.14{c), access may be provided fo information concerming the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
1o have an assignmenti recorded by the Offics.

Agpplicant 1

i the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information {o be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person fo whormn the inventor is under an obligation o assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. If the applicant is an
applicant under 37 CFR 1.46 (assignes, person o whom the invenior is obligaled to assign, or person who otherwise shows sufficiasnt
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant shouid be
identified in this section,

Assignee (O Legal Representative under 35 U.S.C. 117 (3 Joint Inventor

(") Person to whom the inventor is obligated to assign. {3 Person who shows sufficient proprietary interest

if applicant is the legal represeniative, indicate the authority i file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. B

Organization Name

flumina, Inc.

EFS Web 2.2.11 0151



PTO/RIAMA (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond 1o a collection of information unless it containg a valid OMB control number.

. SUPPLEMENTAL Attorney Docket Number | 1P-0845-US
Application Data Sheet 37 CFR 1.76 e
Application Number 14/742,027

Title of invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Mailing Address Information For Applicant:

Address 1 5200 Hlumina Way

Address 2

Oty San Diego State/Province CA
Country | US Postal Code 92122
Phone Number Fax Number

Email Address ip@Eillumina-core lluminadocket@illumina.foundationip.com

Additional Applicant Data may be generated within this form by sslscting the Add bution.

Applicant 2

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45}, this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and addrass of the assignes, person o whom the invenior is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.486. if the applicant is an
applicant under 37 CFR 1.46 (assighee, person fo whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) fogether with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this saction.

® Assignee () Legal Representative under 35 U.8.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. (O Person who shows sufficient proprietary interest

if applicant is the legal representative, indicate the authorily to file the patent application, the inventor is:

Name of the Deceased or Legally Incapaciiated Invenior

if the Applicant is an Organization check here.

Organization Name

The Regenis of the Universily of California

Mailing Address Information For Applicant:

Address 1 1111 Franklin Street

Address 2 Twelfth Floor

City Qakland State/Province CA
Country | US Postal Code 04607-5200
Phone Number Fant Number

Email Address

Additional Applicant Data may be gensrated within this form by sslecting the Add bution.
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Application Data Sheet 37 CFR 1.76 e
Application Number 14/742,027

Title of invention | METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR 1o
have an assignment recorded by the Office.

Assignee 1

Complsts this section if assignee information, including non-applicant assignee information, Is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, compilete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. B

Organization Name .
flumina, Inc.

Mailing Address Information For Assignee including Mon-Applicant Assignee:

Address 1 8200 llumina Way

Address 2

Oty San Diego Siate/Province CA
Countryi us Postat Code 92122
Phone Number Fax Number

Email Address p@iimina-com illuminadocket@iliumina. foundationip.com

Additional Assignee or Non-Applicant Assignee Data may be generaled within this form by
selecting the Add bution.

Assignee 2

Complete this section if assignes information, including non-applicant assignes information, is dasired o be includad on tha patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignes is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization chack hers. X

Organization Name The Regents of the University of California
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SUPPLEMENTAL

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | IP-0645-US

Application Number 14/742,027

Titie of Invention

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

Mailing Address Information For Assignse including Non-Applicant Assignes:

Address 1 1111 Frankdin Street

Address 2 Twelfth Floor

City Oakland State/Province cA
Country us Postal Code 94607-5200
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.
Signature | \iichael Reed! Date (YYYY-MM-DD)| 55180822
First Name | Michasl Last Name | Reed Registration Number | 45847

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.78. The information is required {o obtain or retain a benefit by the public which
is o file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This
collection is estimaied to {ake 23 minuies to complete, including gathering, preparing, and submitting the completed application data
sheet form fo the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire fo
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant {o the reguirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2{b}{2); (2} furnishing of the information soliciied is voluntary; and (3) the principal purpose for which the information is
used by the U.8. Patent and Trademark Office is to process and/or examing your submission relaled to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process andfor examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject 1o the following routing uses:

administrative iribunal, including disclosures to opposing counsel in the course of setilement nagotiations.

3.

©

The information on this form will be treated confidentially to the exient allowed under the Freedom of information Act (5 U.8.C. 552)
and the Privacy Act (5 U.8.C. 552a). Records from this system of records may be disclosed 1o the Depariment of Justice to determing
whether the Freedom of Information Act requires disclosure of these records.

A racord from this system of records may be disclosed, as a routine use, in the course of presenting evidence 1o a court, magistrate, or

Arecord in this system of records may be disclosed, as a routine use, o a Member of Congress submitting a request involving an
individual, to whom the record pertaing, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

Arecord in this system of records may be disclosed, as a routine use, 1o a coniracior of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuani to 5 U.8.C. 552a(m).

A record refated to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine uss, to the international Bureau of the World Intellectual Property Organization, pursuant to the Patent C ¢ o p eration Treaty.

Arecord in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security
review (35 U.8.C. 181) and for review pursuant to the Atomic Energy Act {42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designes,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management praclices and programs, under authority of 44 U.8.C. 2804 and 2908. Such disdlosure shall be made in accordance with the
(GSA regulations governing inspaction of records for this purpose, and any other relevant {i.e., G8A or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals,

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.8.C. 151, Further, 2 record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which bacame abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, Stale, or local faw enforcement agency, if the
USPTO becomes aware of a viclation or potential violation of law or regutation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US
CONFIRMATION NO. 6532
29389 POA ACCEPTANCE LETTER
ILLUMINA, INC.

LEGAL DEPARTMENT

T
5200 ILLUMINA WAY

SAN DIEGO, CA 92122

Date Mailed: 08/24/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/22/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

[tlulu/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/742,027 06/17/2015 1634 1900 IP-0645-US 20 3
CONFIRMATION NO. 6532
29389 CORRECTED FILING RECEIPT

LEGAL DEPARTMENT O

5200 ILLUMINA WAY
SAN DIEGO, CA 92122

Date Mailed: 08/24/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Jian-Bing Fan, San Diego, CA;

Kun Zhang, San Diego, CA;
Applicant(s)

ILLUMINA, INC., San Diego, CA;

The Regents of the University of California, Oakland, CA;
Assignment For Published Patent Application

ILLUMINA, INC., San Diego, CA

The Regents of the University of California, Oakland, CA

Power of Attorney: The patent practitioners associated with Customer Number 29389

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/014,538 06/19/2014

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

page 1 of 3

0157



If Required, Foreign Filing License Granted: 06/26/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/742,027

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
Title

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532
20389 7590 08/27/2018 | EXAMINER |
ILLUMINA, INC.
LEGAL DEPARTMENT LU, FRANK WEI MIN
5200 ILLUMINA WAY
SAN DIEGO, CA 92122 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
08/27/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

illuminadocket@illumina.foundationip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

14/742 027 Fanetal.
Office Action .S‘ummary Examiner Art Unit AlA Status
FRANK W LU 1634 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 6/1/2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)lv] This action is FINAL. 2b) (J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 2,5,8-13 and 16-19 is/are pending in the application.
5a) Of the above claim(s) 8 and 17-18 is/are withdrawn from consideration.

6) [ Claim(s) ____ is/are allowed.

7) Claim(s) 2,5,9-13,16 and 19 is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) [ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11} The drawing(s) filed on See Continuation Sheet is/are: a)lv] accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)(J Some** ¢)(J None of the:
1.J Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)

1) [7] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
4) [J Other: _

2) [} Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 8/2018
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Continuation Sheet (PTOL-326) Application No. 14/742,027

Continuation of Application Papers 11): 6/17/2015
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Application/Control Number: 14/742,027 Page 2
Art Unit: 1634

DETAILED ACTION
Response to Amendment
1. Applicant’s response to the office action filed on June 1, 2018 has been entered. The
claims pending in this application are claims 2, 5, 8-13, and 16-19 wherein claims 8, 17 and 18
have been withdrawn due to the restriction requirement mailed on May 22, 2017. Rejection
and/or objection not reiterated from the previous office action are hereby withdrawn in view of

applicant’s amendment filed on June 1, 2018. Claims 2, 5, 9-13, 16, and 19 will be examined.

Claim Objections
2. Claim 2 is objected to because of the following informality: “said first labeled
decoder probe” should be “said first fluorescently labeled decoder probe”.
3. Claim 5 is objected to because of the following informality: “said amplifying a nucleic
acid molecule in situ within a cell” should be “said amplifying a plurality of nucleic acid
molecules in situ within a cell”.
4. Claim 9 or 10 or 12 or 13 is objected to because of the following informality: the word
“molecule” should be “molecules”.
5. Claim 19 is objected to because of the following informalities: (1) “said amplified nucleic
acid molecule” in step (b) should be “said amplified nucleic acid molecules”; and (2) “the first
and second decoder sequence” in step (f) should be “the first decoder sequence and the second
decoder sequence”.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

6. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

0163



Application/Control Number: 14/742,027 Page 3
Art Unit: 1634

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

7. Scope of Enablement

Claims 2, 5, 9-13, 16, and 19 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-
ATA), first paragraph, because the specification, while being enabling for amplifying a plurality
of nucleic acid molecules in situ within a cell, does not reasonably provide enablement for
obtaining sequence information regarding at least one target nucleic acid sequence in a plurality
of nucleic acid molecules from an individual cell using the methods recited in claims 2, 5, 9-13,
16, and 19. The specification does not enable any person skilled in the art to which it pertains, or
with which it is most nearly connected, to use the invention commensurate in scope with these
claims.

Factors to be considered in determining whether a disclosure meets the enablement
requirement of 35 USC 112, first paragraph, have been described by the court in In re Wands, 8
USPQ2d 1400 (CA FC 1988). Wands states at page 1404,

“Factors to be considered in determining whether a disclosure would require undue
experimentation have been summarized by the board in Ex parte Forman. They include (1) the
quantity of experimentation necessary, (2) the amount of direction or guidance presented, (3) the
presence or absence of working examples, (4) the nature of the invention, (5) the state of the
prior art, (6) the relative skill of those in the art, (7) the predictability or unpredictability of the
art, and (8) the breadth of the claims.”

The nature of the invention
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Application/Control Number: 14/742,027 Page 4
Art Unit: 1634

The claims are drawn to a method of obtaining sequence information regarding at least
one target nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell.
The invention is a class of invention which the CAFC has characterized as “the unpredictable
arts such as chemistry and biology. ” Mycogen Plant Sci., Inc. v. Monsanto Co., 243 F.3d 1316,

1330 (Fed. Cir. 2001).

The Breadth of The Claims

Claims 2, 5, 9-13, 16, and 19 encompass a method of obtaining sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from
an individual cell comprising: (a) amplifying a plurality of nucleic acid molecules in situ within a
cell, thereby generating a set of amplified nucleic acid molecules; (b) for each amplified nucleic
acid sequence of said set of amplified nucleic acid molecules, annealing in situ a padlock probe
comprising two sequence-specific capturing arms on the 5’ and 3 end of the probe, wherein the
capturing arms are ligatable when each are annealed to the target nucleic acid sequence, and
wherein the padlock probe further comprises barcode probe comprising at least a first decoder
sequence and a second decoder sequence that do not anneal to said amplified nucleic acid
molecules; and (c) hybridizing a first fluorescently labeled decoder probe to said first decoder
sequence; (d) detecting a plurality of signals indicative of said hybridizing; (e) hybridizing a
second fluorescently labeled decoder probe to said second decoder sequence; and (f) detecting a
plurality of signals indicative of said hybridizing, and determining the sequence of the target
nucleic acid sequence associated with the padlock probe comprising the first and second decoder
sequence, thereby generating sequence information regarding the target nucleic acid sequence in

said plurality of amplified nucleic acid molecule.
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Working Examples

The specification provides no working example for obtaining sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from

an individual cell using the methods recited in claims 2, 5, 9-13, 16, and 19.

The Amount of Direction or Guidance Provided and The State of The Prior Art

The specification does not provide a guidance to show that sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from
an individual cell can be obtained using the methods recited in claims 2, 5, 9-13, 16, and 19.
Furthermore, there is no experimental condition and/or experimental data in the specification to
support the claimed invention. During the process of the prior art search, the examiner has not
found any prior art which is related to obtaining sequence information regarding at least one
target nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell using

the methods recited in claims 2, 5, 9-13, 16, and 19.

Level of Skill in The Art, The Unpredictability of The Art, and The Quantity of Experimentation

Necessary

While the relative skill in the art is very high (the Ph.D. degree with laboratory
experience), there is no predictability whether sequence information regarding at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell can be

obtained using the methods recited in claims 2, 5, 9-13, 16, and 19.
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Although step ¢) of claim 19 requires that hybridizing a first fluorescently labeled
decoder probe to said first decoder sequence, since claim 19 does not indicate how a plurality of
signals is generated from what, it is unclear how to detecting a plurality of signals indicative of
said hybridizing. Furthermore, although steps (d) and (f) of claim 19 require detecting a plurality
of signals indicative of said hybridizing, since claim 19 does not indicate how to differentiate the
signal generated from a first fluorescently labeled decoder probe and the signal generated from a
second fluorescently labeled decoder probe and how to differentiate each amplified nucleic acid
sequence of said set of amplified nucleic acid molecules based on hybridizing a first
fluorescently labeled decoder probe to said first decoder sequence and hybridizing a second
fluorescently labeled decoder probe to said second decoder sequence, it is unclear how to obtain
sequence information regarding at least one target nucleic acid sequence in a plurality of nucleic
acid molecules from an individual cell using the methods recited in claims 2, 5, 9-13, 16, and 19.

In view of above discussions, the skilled artisan will have no way to predict the
experimental results. Accordingly, it is concluded that undue experimentation is required to
make the invention as it is claimed. The undue experimentation at least includes to test whether
sequence information regarding at least one target nucleic acid sequence in a plurality of nucleic
acid molecules from an individual cell can be obtained using the methods recited in claims 2, 5,
9-13, 16, and 19.

Conclusion

In the instant case, as discussed above, the level of unpredictability in the art is high, the
specification provides one with no guidance that leads one to claimed methods. One of skill in
the art cannot readily anticipate the effect of a change within the subject matter to which the

claimed invention pertains. Thus given the broad claims in an art whose nature is identified as
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unpredictable, the unpredictability of that art, the large quantity of research required to define
these unpredictable variables, the lack of guidance provided in the specification, the absence of
any working example related to claimed invention and the no teaching in the prior art balanced
only against the high skill level in the art, it is the position of the examiner that it would require
undue experimentation for one of skill in the art to perform the method of the claim as broadly

written.

8. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

8. Claims 2, 5, 9-13, 16, and 19 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-
AIA), second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AlA the applicant
regards as the invention.

9. Claim 10 is rejected as vague and indefinite because it is unclear what is the relationship
between an RNA template in claim 10 and a plurality of nucleic acid molecules. Please clarify.
11.  Claim 16 recites the limitation “claim 14” in the claim. There is insufficient antecedent
basis for this limitation in the claim because claim 14 has been delete. Please clarify.

12. Claim 19 is rejected as vague and indefinite. Although the preamble of the claim is
directed to a method of obtaining sequence information regarding at least one target nucleic acid
sequence in a plurality of nucleic acid molecules from an individual cell while the last step (step

(f)) of the claim requires generating sequence information regarding the target nucleic acid
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sequence in said plurality of amplified nucleic acid molecules, the preamble of the claim and the
last step of the claim do not correspond each other. Please clarify.

13. Claim 19 is rejected as vague and indefinite in view of step (b) because it is unclear that
in situ a padlock probe is annealed to what and whether the target nucleic acid sequence comes
from said set of amplified nucleic acid molecules. Please clarify.

14. Claim 19 is rejected as vague and indefinite in view of steps (d) and (f) because it is
unclear where a plurality of signals indicative of said hybridizing comes from. Please clarify.
15.  Claim 19 recites the limitation “the target nucleic acid sequence in said plurality of
amplified nucleic acid molecules” in step (f) of the claim. There is insufficient antecedent basis
for this limitation in the claim because steps (a) to (e) do not require that the target nucleic acid
sequence is in said plurality of amplified nucleic acid molecules and there is no phrase “a

plurality of amplified nucleic acid molecules” in steps (a) to (e). Please clarify.

Conclusion
16. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

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

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
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however, will the statutory period for reply expire later than SIX MONTHS from the date of this
final action.

17. No claim is allowed.

18. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,
1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FRANK W LU/

Primary Examiner, Art Unit 1634
August 20, 2018
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at EBC@uspto.gov or call 1-866-217-9197.

0173



PHOAIA/B0 {07-17)

Approved o isethrough 01/31/2018. i C651-0035

o o S Patentand Trademark Office; U, DEPARTMENT OF COMMERCE
Liricloi the Papeswork ieiudtion kot of 95, ié-pesson it rigilied 1.4 "," “u‘aaa ction of iformition wnléss it display avaﬁdOMSeorrtmlwmher

| POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO ]

7 hem,by revoke :aii;prwiaus gowers :af'-atmmey;gwm m’f‘he &ppiicatianz @de'nt:iﬁaﬁ in the attached
1 statement under 37 CFR 3731{¢).

| | hereby appoint:
. Practitioners associated with Custormer Number: | 158995
OR _
- Practiticrer(sy Aavac-beliw (f teare thantén pakenr practitiohely 47e t behamed, then o customer number st be used):
' Resgasmtzon L Registration
Hare Number | vNamé Mumber

‘afty arid Al pa eﬁt appltvatlorxs asstgnak;i g_ﬂmo*she uadetstg_neﬁ ae;cardmgm the USPTG} assignment recar{fs or assagnment docurnants
“attirchied ¢ this form inackordance with 37:C0R. Er%ich

Please change the carrasponéenw address for the application identified in the attached statement
under 37.CFR 3.73(c) to:

The address sssotiated with Gustomer Numbert: 1580905
OR

l I Firm oF indidual name
Atdress
city Srate. Zp
- Countty
| Telephons | Emat
o : w
Agsignee name ahd addrdss: m.ma,m
5260 itthia Way
Bainr, Dlago; CA.S2122

| & copyof Ws'f»ﬁrm,tdgemerw&h a sthteprent undeor 37 CFR 3.73(0) IForm PTOJAIAJSG o etpivalent} Is required to be
fited in each application in which this form is uied, The staterant under 37 CFR 3. 73{c} may be completed by one of the
| practitioners appointed in this form; and st lden‘tiﬁv the application in which this Power of Attorney is 1o be filed,

atﬁw is authofized to act onbehalf of the assignee.

e Ahsn 3¢, 20IT

" 'Teiapﬁ&rse'aﬁf&gﬂ."z,mo

d Litigation

1. 32 and 1.33. The infoemation is required to nhtam or relaih 3 benefit by the: publie, whichds to-update
nation; procestiez, Cunﬁdmtﬁamy i guvemed bv BEUSLE 127 8 A7 CRR LAY and 114, This
: : gathigFing, prepaitii; andl submifing the coniplted apphication foemds 1he USPIO, Thne will vary
Ihuidial case, Anry corients on thieamou of i requirato.gompleti this fotnv andfo suggesiions for rerucimyg this burden, should
i thee ChileF lofo atih: Officér, L5, Patent and Trabieesark Office; .8, Departmient of Coriniarce, PO; Box 1450, Alexangriz, VA 22313:1450, DO NOT
;Smn FEESOR EORPLETED PORRNS TO 1HIS ADDRESS. $8D-¥F6: Coemilésioner for Patents, i . Box 3450, Alexandrdy; VA ZE3134450,

lfynu nepd assistoncs in completing the: form, colf 1-800-PTC-5399 and select option .

0174



PTO/AIA/96 (08-12)
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required to respond to a coltection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: ILLUMINA, INC.

Application No./Patent No.: 14/742,027 Filed/Issue Date: June 17, 2015

Titeg: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

ILLUMINA, INC. 4 corporation

(Name of Assignee) (Type of Assignes, e.g., corparation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

I_I The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 046373 , Frame 0698 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, io0 the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From; To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
pracess) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, shauld be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

I:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s}) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Joseph R. Baker, Jr./ December 5, 2018

Signature Date

Joseph R. Baker, Jr. 40900

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
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WWW.USPtO.gov
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US
CONFIRMATION NO. 6532
29389 MISCELLANEOUS NOTICE
ILLUMINA, INC.

LEGAL DEPARTMENT

A
5200 ILLUMINA WAY

SAN DIEGO, CA 92122

Date Mailed: 12/13/2018

A communication which cannot be delivered in electronic form has been mailed to the applicant.
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Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

[ appLicaTionNumBer | FILING DATE | FiRsTNAMED APPLICANT | ATTY.DOCKET NO/TITLE |
14/742,027 06/17/2015 Jian-Bing Fan [P-0645-US

CONFIRMATION NO. 6532

29389 IR R

ILLUMINA, INC. *0C000000104416255*
LEGAL DEPARTMENT

5200 ILLUMINA WAY

SAN DIEGO, CA 92122

JOSEPH R. BAKER, APC
GAVRILOVICH, DODD & LINDSEY LLP - ILLUMINA INC.
4370 LA JOLLA VILLAGE DRIVE, SUITE 303
SAN DIEGO, CA 92122
Date Mailed:12/13/2018

DENIAL OF REQUEST FOR POWER OF ATTORNEY

The request for Power of Attorney filed 12/10/2018 is acknowledged. However, the request cannot be
granted at this time for the reason stated below.

The Power of Attorney you provided did not comply with the new Power of Attorney rules that became
effective on June 25, 2004. See 37 CFR 1.32.

U The revocation is not signed by the applicant, the assignee of the entire interest, or one particular
principal attorney having the authority to revoke.

O The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73(c) has not been
received.

Q The perscn signing for the assignee has omitted their empowerment to sign on behalf of the assignee.

O The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided
by 37 CFR 3.71.

O The sighature(s) of ---------=---- a co-inventor in this application, has been omitted. The Power of Attorney
will be entered upon receipt of confirmatian signed hy said co-inventor(s).

O The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent and
Trademark Office.

d Only one Customer Number can be designated for the Power of Attorney in an application. The
Customer Number that was captured is the first Customer Number provided on the Power of Attorney
document.

Qa request under 37 CFR 1.48 to add an inventor was granted in this application, however, no power of
attorney consistent with the power of attorney granted by the originally named inventive entity has been
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplO.gOV

received. Thus, the addition of the inventor has resulted in the loss of power of attorney in the
application. See 37 CFR 1.32(e).

O The power of attorney has not been accepted because the party who is giving power of attorney has not
been identified. Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the
patent owner. A patent owner who was not the applicant must appoint any power of attorney in
compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4).

Q The power of attorney from the inventors has not been accepted because it is a copy from a prior
national application for which benefit is claimed and the continuing application names an inventor who
was not named as an inventor in the prior application.

O The power of attorney from the inventors has not been accepted because the power of attorney must be
signed by the applicant for patent. See 37 CFR 1.32(b)(4).

a Any request to correct or update the name of the applicant must include an application data sheet (ADS)
in compliance with 37 CFR 1.76 specifying the correct or updated name of the applicant in the applicant
information section. Any request to change the applicant after an original applicant has been specified
under 37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant
in the applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c).

Any inquiries regarding this notice should be directed to the Application Assistance Unit at 571-272-4200.

Depove (1o

Application Assistance Unit
571-272-4200
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Attorney Docket No. 00140-005001 / IP-0645-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of ) MAIL STOP RCE
)
Jian-Bing Fan ef al. ) Group Art Unit: 1634
o ) .
Application No.: 14/742,027 ) Examiner: LU, FRANK WEI MIN
Filed: June 17, 2015 ; Confirmation No.: 6532
For: METHODS AND COMPOSITIONS ; I hereb(;e?eilf;licfé;tililft]tzliiesc tcr(?rliiecsllaao?c?eslitce is being deposited
FOR SINGLE CELL GENOMICS with the United States Patent & Trademark Office on
) December 27, 2018 via EFS-Web.
) By /Joseph R. Baker, Jr./
) Joseph R. Baker, Jr.
)
RESPONSE

Commuissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir;
This Response is being submitted to the Final Office Action dated August 27, 2018.

Applicant has submitted herewith a Request for Continued Examination under 37 C.F.R.

§1.114. Please enter the following amendments and remarks:

Amendments to the specification begin on page 2.

Amendments to the Claims are reflected in the listing of claims which begins on

page 3 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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IN THE SPECIFICATION:

Immediately below the title on page 1, please insert the following new paragraph:
- STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with Government support under grant number MH098977 awarded

by the National Institutes of Health. The Government has certain rights in the invention.--
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IN THE CLAIMS:

Please enter the attached listing of claims into the application. This listing of claims replaces

all prior listing of claims in the application.

LISTING OF CLAIMS

1. (Canceled)

2. (Currently Amended)  The method of claim 19, wherein said first fluorescently
labeled decoder probe hybridized to the first decoder sequence is removed from said first
decoder sequence prior to hybridizing said second fluorescently labeled decoder probe to the

second decoder sequence.

3-4.  (Canceled)

5. (Currently Amended)  The method of claim 19, wherein said amplifying a plurality

of nucleic acid molecules in sifu within a cell comprises rolling circle amplification.

6-8.  (Canceled)

9. (Currently Amended) The method of claim 19, wherein said amplified nucleic

acid molecules #s are immobilized within said cell.

10. (Currently Amended) The method of claim 19, wherein said amplified nucleic
acid molecules is are amplified from cellular RNA anRNA-template.

11. (Currently Amended)  The method of claim 10, further comprising cDNA synthesis
using said cellular RN A as-a-template.

12. (Currently Amended) The method of claim 19, wherein said amplified nucleic acid

molecules comprise[[s]] DNA.
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13. (Currently Amended)  The method of claim 19, wherein said nucleic acid

molecules comprise[[s]]| a disease-causing mutation.

14-15. (Canceled)

16. (Currently Amended) The method of claim 13 34, wherein said disease-causing

mutation comprises a base substitution.

17. (Withdrawn)  The method of claim 14, wherein said disease-causing mutation

comprises an insertion mutation.

18. (Withdrawn)  The method of claim 14, wherein said disease-causing mutation

comprises a deletion mutation.

19. (Currently Amended) A method of ebtatring providing sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules
from an individual cell comprising:

(@ amplifying a plurality of nucleic acid molecules in sifu within a cell, thereby

generating a set of amplified nucleic acid molecules, wherein the set of amplified nucleic acid

molecules comprises at least one target nucleic acid sequence;

(b) for each amplified nucleic acid sequence of said set of amplified nucleic acid

molecules, annealing i sifu a padlock probe that is designed to anneal to at least one target

nucleic acid sequence. wherein the padlock probe comprises eomprising two sequence-

specific capturing arms on the 5° and 3’ end of the probe, wherein the capturing arms are
ligatable when each are annealed to the target nucleic acid sequence, and wherein the padlock
probe further comprises at least a first decoder sequence and a second decoder sequence that

do not anneal to said amplified nucleic acid molecules. and wherein the padlock probe can

identified based upon decoding the at least first decoder sequence and the second decoder

sequence using sequential hvbridization with fluorescently labeled decoder probes; and

© hybridizing a first fluorescently labeled decoder probe to said first decoder

sequence;
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(d detecting a plurality of fluorescent signals indicative of said hybridizing of the

first fluorescently labeled decoder probe to said first decoder sequence;

(e hybridizing a second fluorescently labeled decoder probe to said second
decoder sequence; and

® detecting a plurality of fluorescent signals indicative of said hybridizing of the
second fluorescently labeled decoder probe to said second decoder sequence, and

() determining the identity of the padlock probe based upon decoding the

plurality of fluorescent signals generated from hybridization of the first fluorescently labeled

decoder probe with the first decoder sequence of the padlock probe. and the plurality of

fluorescent signals generated from hybridization of second fluorescently labeled decoder

probe to the second decoder sequence of the padlock probe. wherein identification of the

padlock probe provides sequence information regarding at least one target nucleic acid

sequence in a plurality of nucleic acid molecules from an individual cell determiningthe

20. (Canceled)

21. (New) The method of claim 19, wherein the method in step (b) provides for the use
of a plurality of padlock probes that are each designed to anneal to different target nucleic
acid sequences, thereby providing for multiplex sequence information for a plurality of target

nucleic acid sequences in a plurality of nucleic acid molecules from an individual cell.
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REMARKS

The Amendments and Remarks provided herein are in response to the Final Office
Action mailed August 27, 2018. Applicant has filed herewith a Request for Continued
Examination under 37 C.F.R. §1.114. Claims 2, 5, 8-13, and 16-19 are currently pending in
the instant application. Claims 8, 17 and 18 stand withdrawn as being directed to a non-
elected invention. The following claims have been amended:

Claims 2, 5, 9, 10, 12, 13 and 19 have been amended to correct various informalities
identified by the Examiner.

Claim 8 has been canceled with no disclaimer and without prejudice. Applicant
reserves the right to re-prosecute the subject matter of this claim in the current application or
in any application depending therefrom.

Claim 10 has been amended for clarity to replace the term “RNA template” with
“cellular RNA.” Support for the amendment to claim 10 can be found throughout the
application as-filed, including at pp. 9-10.

Claim 16 has been amended to depend from claim 13 instead of former claim 14.

Claim 19 has been amended for clarity to have a better nexus between various
elements presented in the preamble and between claim steps; and to provide functional
limitations to better indicate the function of the recited structural elements and their
correlation to other presented structural elements. Claim 19 has been further amended to
move elements of step (f) into new step (g) and to provide for the identification of the
padlock probe based upon decoding the plurality of fluorescent signals generated
hybridization of the decoder probes to decoder sequences of the padlock probe and that
identification of the padlock probe provides sequence information regarding at least one
target nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell.
Support for the amendments to claim 19 can be found throughout the application as-filed,
including at p. 5, 11. 21-29; p. 12, 1. 15top. 14, 1. 10; p. 14, 11. 4-7; p. 22, 11. 8-16 pp. 24-25;
and Fig. 1A-C.

Claim 21 is newly added to the application. Support for the addition of this claim can
be found throughout the application as-filed, including at p. 5, 1. 16-29 and p.14, 1. 15-26.

It is Applicant’s belief that no new matter has been entered into the application.
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L OBJECTIONS TO THE CLAIMS

Claim 2 stands objected to for the following informality:

‘said first labeled decoder probe’ should be ‘said first fluorescently labeled
decoder probe.’

Applicant notes that claim 2 has been amended to include the requested change.

Claim 5 stands objected to for the following informality:

‘said amplifying a nucleic acid molecule in situ within a cell” should be ‘said
amplifying a plurality of nucleic acid molecules in sifu within a cell.’

Applicant notes that claim 5 has been amended to include the requested change.

Claim 9, 10, 12 or 13 stand objected to for the following informality:
the word ‘molecule’ should be ‘molecules.”

Applicant notes that claims 9, 10, 12 and 13 have been amended to include the requested
change.

Claim 19 stands objected to for the following informalities:

(1) “said amplified nucleic acid molecule’ in step (b) should be ‘said amplified
nucleic acid molecules’; and (2) ‘the first and second decoder sequence’ in step
(f) should be ‘the first decoder sequence and the second decoder sequence.’

Applicant notes that claim 19 has been amended to include the requested change.
In view of the foregoing, Applicant respectfully requests the objections to the claims

be withdrawn.

1L, REJECTION UNDER 35 U.S.C. §112. 91
Claims 2, 5, 9-13, 16, and 19 stand rejected under 35 U.S.C. §112, 91, because the

specification, while being enabling for amplifying a plurality of nucleic acid molecules in situ
within a cell, allegedly does not reasonably provide enablement for obtaining sequence
information regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell using the methods recited in claims 2, 5, 9-13, 16 and 19.
Applicant respectfully traverses the rejection.

It is respectfully submitted that the Examiner enablement analysis is flawed as there is
no indication that: (1) the Examiner has actually ‘considered’ any of the teachings and
Examples provided in the specification for the claimed invention, and (2) the Examiner has

actually ‘considered” any of the teachings provided by the publications incorporated by
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reference in the specification as to the state of the prior art and predictability thereof.
Instead, it seems that the Examiner’s analysis is entirely based upon the Examiner’s ‘own’
interpretation of claim elements, which are inconsistent with the teachings from the
Specification; and has alleged, by making dismissive conclusory statements, that there are no
Examples and guidance in the Specification, and in the State of Art to enable the claimed
Invention. As such, Applicant submits that if the Examiner had interpreted the claim
elements consistent with the Specification; and had considered the guidance and Examples
provided in Specification, and the references incorporated therein, it would be clear, based
upon a consideration of the /n re Wands factors, a person having ordinary skill in the relevant
art could make and use the claimed invention without having to perform experimentation that
would be undue.

Factors to be considered in determining whether a disclosure meets the enablement
requirement of 35 USC 112, first paragraph, have been described by the court in /n re Wands,
8 USPQ2d 1400 (CA FC 1988). Wands states at page 1404,

“Factors to be considered in determining whether a disclosure would require
undue experimentation have been summarized by the board in Ex parte
Forman. They include (1) the quantity of experimentation necessary, (2) the
amount of direction or guidance presented, (3) the presence or absence of
working examples, (4) the nature of the invention, (5) the state of the prior art,
(6) the relative skill of those in the art, (7) the predictability or unpredictability
of the art, and (8) the breadth of the claims.”

The Nature of the Claimed Invention

The claimed invention is directed to methods for obtaining sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules
from an individual cell by use of padlock probe(s) which comprise two sequence-specific
capturing arms on the 5” and 3” end of the padlock probe, and decoder sequences that allow
for padlock probe identification by use of sequential hybridization with fluorescently labeled
decoder probes. Identification of the padlock probes necessarily provides for sequence
information of the target nucleic acid sequences, as the sequences of the padlock probes are

known.

The Breadth of the Claimed Invention

The Claims are of limited breadth, by encompassing a method of obtaining sequence

information regarding at least one target nucleic acid sequence in a plurality of nucleic acid
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molecules from an individual cell comprising: comprising the steps of amplifying a plurality
of nucleic acid molecules in situ within a cell, thereby generating a set of amplified nucleic
acid molecules; annealing in situ a padlock probe comprising two sequence-specific
capturing arms on the 5” and 3” end of the probe for each amplified nucleic acid sequence of
said set of amplified nucleic acid molecules, wherein the capturing arms are ligatable when
each are annealed to the target nucleic acid sequence, wherein the padlock probe further
comprises at least a first decoder sequence and a second decoder sequence that do not anneal
to said amplified nucleic acid molecules, and wherein the padlock probe and the its sequence
thereof can identified based upon decoding the at least first decoder sequence and the second
decoder sequence using sequential hybridization with fluorescently labeled decoder probes;
hybridizing a first fluorescently labeled decoder probe to said first decoder sequence;
detecting a plurality of signals indicative of said hybridizing; hybridizing a second
fluorescently labeled decoder probe to said second decoder sequence; detecting a plurality of
signals indicative of said hybridizing, and determining the identity of the padlock probe and
therefore the sequence of the target nucleic acid sequence based upon decoding the plurality
of signals generated from hybridization of the first fluorescently labeled decoder probe and
the second fluorescently labeled decoder probe to the first decoder sequence and second
decoder sequence of the padlock probe. The dependent claims are of lesser breadth, by

providing for further limitations to the above steps and elements.

The State of the Prior Art

The Specification incorporates by reference many publications and patents directed to
technologies, like rolling circle amplification, Padlock probes, sequential hybridization with
decoder probes to decode sequences, and imaging technology (See Applicant’s Specification
at pp. 10-16).

Thus, while the claimed methods are novel and nonobvious, as indicated by the
Examiner on page 5 of the instant Office Action, it is clear that the State of the Art was

advanced in the technologies and technical field in which the claimed Invention pertains.

Level of Skill in the Art

The relative skill in the art is very high (Ph.D. with laboratory experience), as is

acknowledged by Examiner on page 5 of the instant Office Action.
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Predictability in the Art

In view of high level of skill in the art, and the advanced state of the technologies and
technical field in which the claimed invention pertains, there is a much higher level of
certainty in how to make and use the Invention in the scientific field in which the claimed

Invention pertains.

The presence or absence of working examples

Despite the Examiner’s allegations to the contrary, the Specification expressly
provides working Examples that provide guidance in making and using the claimed
Invention. In particular, the Specification teaches in Example 1, the designing and
optimization of a set of padlock probes for binding to target sequences and their identification
by sequential hybridization with fluorescently labeled probes (see Applicant’s application at
p. 21,1. 14 top. 22, 1. 16). The Specification further teaches in Example 2, the designing and
optimization of a set of padlock probes for the targeted detection and quantification of BRAF
V600E, EGFR T790M, and EGFR L858R mutations (see Applicant’s application at p. 22, 11.
18 to p. 29). The Specification further diagrams a process for the obtaining sequence
information regarding at least one target nucleic acid sequence in plurality of nucleic acid
molecules from an individual cell using padlock probes (see Applicant’s application at FIG. 1
A-B; see also at p. 4, 11. 16-22), that comprise 6 sequential decoding sequences and two
sequence specific binding regions at the 5° and 3’ ends of the padlock probe (see Applicant’s

application at FIG. 1 C; see also at p. 4, 11. 21-24).

Amount of Direction or Guidance Provided by the Specification.

The Specification provides extensive guidance and direction on how to make and use
the claimed invention, including the foregoing Examples and diagrams indicated above. For
example, the specification expressly provides guidance and direction to a person of skill in
the relevant art how the claimed invention can be used to obtain sequence information of
target sequence in situ (e.g., see Applicant’s application atp. 5,1. 2 to p. 7, 1. 7); target
nucleic acid sequences, amplification of nucleic acid molecules, generation of clonal objects,
ligation of probes, and generation of amplicons (e.g., see Applicant’s application at p. 7, 1. 12

to p. 10, 1. 30); design and use of Padlock probes (e.g., see Applicant’s application atp. 11, 1.
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12 to p. 12, 1. 13); design and use of decoder sequences for Padlock probes, identifying
specific Padlock probes by decoding with sequential hybridization and fluorescently labeled
probes, and generation of a rolony probes (e.g., see Applicant’s application at p. 12, 1. 15 to p.
14, 1. 26); and the detection of signals and imaging (e.g., see Applicant’s application at p. 16,
1. 28 to p. 17, 1. 7). The Specification further provides guidance how the foregoing technical
features can be used in a process to obtain sequence information of target nucleic acids using
Padlock probes and decoding by sequential hybridization (e.g., see Applicant’s application at
p. 13, 11. 12 to 26; see also FIG. 1A-C).

The quantity of experimentation necessary

In view of the extensive guidance and direction provided by Applicant’s application,
the advanced state of the technology in the art, and high level of skill in the art, any
experimentation needed to practice the claimed invention would not be extensive, and would

be reasonable in view of the technology.

Conclusion

In view of all of the foregoing /n re Wands factors, it becomes clear that a person of
skill in the relevant art could practice the claimed invention without having to perform
experimentation that would be undue. More specifically, in view the nature of the invention
and limited breadth of the claims; the advanced state of the technology in the state of the art;
the high level of skill in the art; certainty imparted by the extensive teachings in the state of
the art; the presence of working examples in Applicant’s specification; the extensive
guidance provided by Applicant’s Specification; and the limited and reasonable
experimentation necessary; it becomes clear that a person having ordinary skill in the art
could practice the claimed Invention without having to perform experimentation that would
be undue. As such, Applicant submits that claimed invention is enabled, and respectfully
requests the rejection of claims 2, 5, 9-13, 16, and 19 under 35 U.S.C. §112, 91, be

withdrawn.
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III. REJECTIONS UNDER 35 U.S.C. §112, 92
Claims 2, 5, 9-13, 16 and 19 stand rejected under 35 U.S.C. §112, 92, as allegedly

being indefinite for failing to particularly point out and distinctly claim the subject matter in
which Applicant regards as the invention. Applicant respectfully traverses the rejection.

More specifically, the Examiner has alleged that claim 10 is vague and indefinite
because the relationship between an RNA template in claim 10 and a plurality of nucleic acid
molecules is unclear. Applicant respectfully disagrees, but in attempts to provide greater
clarity, Applicant has amended claim 10 to provide that the RNA template is cellular RNA.

The Examiner has also alleged that claim 16 is unclear as it depends from canceled
claim 14. Applicant notes that claim 16, as currently presented, depends from currently
pending claim 13, instead of former claim 14.

The Examiner has further alleged that claim 19 is vague and indefinite for the

following:

Although the preamble of the claim is directed to a method of obtaining
sequence information regarding at least one target nucleic acid sequence in a
plurality of nucleic acid molecules from an individual cell while the last step
(step (f)) of the claim requires generating sequence information regarding the
target nucleic acid sequence in said plurality of amplified nucleic acid
molecules, the preamble of the claim and the last step of the claim do not
correspond each other.

Applicant respectfully disagrees. Despite the Examiner’s allegations to the contrary,
there is no requirement under 35 U.S.C. §112 that a claim preamble have the exact same
wording as the last step of claimed method. Further, a person having ordinary skill in the art
would clearly recognize that the preamble and last step of the claim 19 clearly relate to each
other when the claim elements are given the broadest reasonable interpretation consistent
with the specification. In the interest of providing greater clarity, however, the last step of
claim 19 has been revised and has

The Examiner also alleged that claim 19 is vague and indefinite in view of step (b)
because it is unclear that iz situ a padlock probe is annealed to what and whether the target
nucleic acid sequence comes from said set of amplified nucleic acid molecules.

Applicant respectfully disagrees. For one, the pending claims are interpreted so that
they are consistent with the specification. In view of the teachings of the specification, a
person of skill in the relevant art would clearly recognize a Padlock probe is a nucleic acid

probe that has two sequence-specific capturing arms on the 5 and 3” end of the probe (see
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H1 and H2 of Figure 1C) which are designed to be complementary to a target nucleic acid
sequence (see Figure 1B; and pp. 24-25), so that the Padlock probe will anneal to said target
nucleic sequence if said target nucleic acid sequence is present in a plurality of amplified
nucleic acid molecules in sifu within a cell. Applicant further refers the Examiner to the
Specification which provides a more in-depth explanation of the foregoing (e.g., see
Applicant’s Specification at page 9, 1l. 8-10; at page 11, 11. 1 to 13; at page 13, 11. 12-26). To
provide greater clarity, however, Applicant has indicated in step (a) of claim 19 that the set of
amplified nucleic acid molecules comprise at least one target nucleic acid sequence that can
be annealed to by a padlock probe.

The Examiner has further alleged claim 19 is vague and indefinite in view of steps (d)
and (f) because it is unclear where a plurality of signals indicative of said hybridizing comes
from.

In the interest of providing greater clarity, Applicant has amended claim 19 at steps
(d) and (f) to indicate that the plurality of signals is a plurality of fluorescent signals
indicative of said hybridizing of the fluorescently labeled decoder probes to said decoder
sequences.

Finally, the Examiner has alleged that claim 19 is vague and indefinite for the
recitation of the limitation of “the target nucleic acid sequence in said plurality of amplified

nucleic acid molecules™ in step (f) based upon the following:

There is insufficient antecedent basis for this limitation in the claim because
steps (a) to (¢) do not require that the target nucleic acid sequence is in said
plurality of amplified nucleic acid molecules and there is no phrase “a plurality
of amplified nucleic acid molecules” in steps (a) to ().

In the interests of providing greater clarity, Applicant has removed the phrase “a
plurality of amplified nucleic molecules™ in step (f), now step (g), and further indicated in
step (a), that the set of amplified nucleic acid molecules comprises at least one target nucleic
acid sequence.

In view of all of the foregoing, it is respectfully submitted that the scope and subject
matter of the claims is clear and definite. Applicant respectfully requests the rejection of

claims 2, 5, 9-13, 16 and 19 under 35 U.S.C. §112, 42 be withdrawn.

The Director is authorized to charge any required fee or credit any overpayment to

Deposit Account Number 50-4586, please reference the attorney docket number above.

0194



Attorney’s Docket No. 00140-005001 / 1P-0645-US
Application No. 14/742,027
Page 14 of 14

The Examiner is invited to contact the undersigned at the below-listed telephone
number, if it is believed that prosecution of this application may be assisted thereby.
Respectfully submitted,

GAVRILOVICH, DODD & LINDSEY LLP

Date: _ December 27. 2018 By:_/Joseph R. Baker. Jr./
Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (Fax)
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Respectfully submitted,

GAVRILOVICH, DODD & LINDSEY LLP

Date December 27, 2018 By: /Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, CA 92122

858 458-3607 Main

858 458-9986 Facsimile
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Attorney Docket No.: 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of
Jian-Bing Fan et al. Group Art Unit: 1634
Application No.: 14/742,027 Examiner: Frank Wei Min Lu
Filing Date: June 17, 2015 Confirmation No.: 6532

Title: METHODS AND COMPOSITIONS
FOR SINGLE CELL GENOMICS

L N N N N

PETITION FOR EXTENSION OF TIME

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
The following extension of time is requested to: Respond to the Final Office Action
mailed August 27, 2018 for

One Month to December 27, 2018 X $ 200 [ $100
The shortened statutory period has been reset by an Advisory Action dated

] An Extension fee in the amount of is enclosed.

] Charge $ to Deposit Account No.
X Charge _$200 __to credit card.

The Director is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§1.16, 1.17 and 1.21 that may be required by this paper, and to credit any overpayment, to
Deposit Account No. 50-4586.

Respectfully submitted,
GAVRILOVICH, DODD & LINDSEY LLP
Date: December 27, 2018 By.__/Joseph R. Baker, Jr./

Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (fax)

| hereby certify that this correspondence is being deposited with the United States Patent & Trademark Office on December 27, 2018
via EFS-Web.
/Joseph R. Baker, Jr./
Typed Name: Joseph R. Baker, Jr.
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Doc code: RCEX PTO/SB/30EFS (07-14)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application |}, 715 407 Filing | b415.06-17 Docket Number | 1,144 005001 At | Le3a
Number Date (if applicable) Unit

First Named Jian-Bing Fan et al. Examiner Frank Wei Min Lu

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, to any intemational application that does not comply with the requirements of 35 U.S.C. 371, or to any design application. The
Instruction Sheet for this form is located at WWW.USPTO.GOV.

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previcusly filed on

[ ] Other

[X] Enclosed

[X] Amendment/Reply
|:| Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[ ] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[ ] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No |504536

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.15
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (07-14)

Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

Joseph R. Baker, Jr./

Date (YYYY-MM-DD) E01 8-12-27 I

Name

loseph R. Baker, Jr.

Registration Number

FOQOO

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,

P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 353 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS - Web2.1.15
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(37 CFR 1.16(a), (b), or (c))
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D EXAMINATION FEE
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TOTAL CLAIMS . .
(37 GFR 1.16(i)) minus 20 = x 380 -
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:;LIE?QON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT GLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
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1.16(j))
TOTAL ADD'L FEE 0
(Column 1} (Column 2} (Column 3}
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * ; *x = =
= (39CaFR 1.16(i)) Minus = x $0 =
2 [ Independent . - - _
E ('?7 CeFFI):%e1r.116ﬁ1?) Minus = x $0 =
E () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
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*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Application No. Applicant(s)

14/742 027 Fanetal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
FRANK W LU 1634 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 12/27/2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)[] This action is FINAL. 2b) v This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 2,5,9-13,16-19 and 21 is/are pending in the application.
5a) Of the above claim(s) 17-18 is/are withdrawn from consideration.

6) [ Claim(s) ____ is/are allowed.

7) Claim(s) 2,5,9-13,16,19 and 21 is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) [ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers

10)(J The specification is objected to by the Examiner.

11} The drawing(s) filed on 6/17/2015 is/are: a)l¥} accepted or b)(J objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)(J Some** ¢)(J None of the:
1.J Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)

1) [7] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
4) [J Other: _

2) [} Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 6/2019
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Application/Control Number: 14/742,027 Page 2
Art Unit: 1634

DETAILED ACTION
CONTINUED EXAMINATION UNDER 37 CFR 1.114 AFTER FINAL REJECTION
1. A request for continued examination under 37 CFR 1.114, including the fee set forth in
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e)
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to
37 CFR 1.114. Applicant’s submission of RCE and the amendment filed on December 27, 2018
have been entered. The claims pending in this application are claims 2, 5, 9-13, 16-19, and 21
wherein claims 17 and 18 have been withdrawn due to the restriction requirement mailed on May
22,2017. Rejection and/or objection not reiterated from the previous office action are hereby
withdrawn in view of applicant's amendment filed on December 27, 2018. Claims 2, 5, 9-13, 16,

19, and 21 will be examined.

Claim Objections
2. Claim 19 is objected to because of the following informalities: (1) “at least one target
nucleic acid sequence” in steps (a) and (b) should be “the at least one target nucleic acid
sequence”; (2) “can identified” in step (b) should be “can be identified”; (3) “second
fluorescently labeled decoder probe” in step (g) should be “the second fluorescently labeled
decoder probe”; and (4) “at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell” in step (g) should be “the at least one target nucleic acid

sequence in the plurality of nucleic acid molecules from the individual cell”.
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Art Unit: 1634

3. Claim 21 is objected to because of the following informality: “in a plurality of nucleic
acid molecules from an individual cell” should be “in the plurality of nucleic acid molecules
from the individual cell”.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

4. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

5. Scope of Enablement

Claims 2, 5, 9-13, 16, 19, and 21 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112
(pre-AlA), first paragraph, because the specification, while being enabling for amplifying a
plurality of nucleic acid molecules in situ within a cell, does not reasonably provide enablement
for providing sequence information regarding at least one target nucleic acid sequence in a
plurality of nucleic acid molecules from an individual cell using the methods recited in claims 2,
5,9-13, 16, 19, and 21. The specification does not enable any person skilled in the art to which
it pertains, or with which it is most nearly connected, to use the invention commensurate in scope

with these claims.
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Factors to be considered in determining whether a disclosure meets the enablement
requirement of 35 USC 112, first paragraph, have been described by the court in In re Wands, 8
USPQ2d 1400 (CA FC 1988). Wands states at page 1404,

“Factors to be considered in determining whether a disclosure would require undue
experimentation have been summarized by the board in Ex parte Forman. They include (1) the
quantity of experimentation necessary, (2) the amount of direction or guidance presented, (3) the
presence or absence of working examples, (4) the nature of the invention, (5) the state of the
prior art, (6) the relative skill of those in the art, (7) the predictability or unpredictability of the
art, and (8) the breadth of the claims.”

The nature of the invention

The claims are drawn to a method of providing sequence information regarding at least
one target nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell.
The invention is a class of invention which the CAFC has characterized as “the unpredictable
arts such as chemistry and biology. ” Mycogen Plant Sci., Inc. v. Monsanto Co., 243 F.3d 1316,

1330 (Fed. Cir. 2001).

The Breadth of The Claims

Claims 2, 5, 9-13, 16, 19, and 21 encompass a method of providing sequence
information regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell comprising: (a) amplifying a plurality of nucleic acid
molecules in situ within a cell, thereby generating a set of amplified nucleic acid molecules,
wherein the set of amplified nucleic acid molecules comprises at least one target nucleic acid
sequence; (b) for each amplified nucleic acid sequence of said set of amplified nucleic
acid molecules, annealing in situ a padlock probe that is designed to anneal to at least one
target nucleic acid sequence, wherein the padlock probe comprises comprising two sequence-

specific capturing arms on the 5° and 3’ end of the probe, wherein the capturing arms are
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ligatable when each are annealed to the target nucleic acid sequence, wherein the padlock probe
further comprises at least a first decoder sequence and a second decoder sequence that do not
anneal to said amplified nucleic acid molecules, and wherein the padlock probe can identified
based upon decoding the at least first decoder sequence and the second decoder sequence using
sequential hybridization with fluorescently labeled decoder probes: (c) hybridizing a first
fluorescently labeled decoder probe to said first decoder sequence; (d) detecting a plurality of
fluorescent signals indicative of said hybridizing of the first fluorescently labeled decoder probe
to said first decoder sequence; (e) hybridizing a second fluorescently labeled decoder probe to
said second decoder sequence; and (f) detecting a plurality of fluorescent signals indicative of
said hybridizing of the second fluorescently labeled decoder probe to said second decoder
sequence, (f) determining the identity of the padlock probe based upon decoding the plurality of
fluorescent signals generated from hybridization of the first fluorescently labeled decoder probe
with the first decoder sequence of the padlock probe, and the plurality of fluorescent signals
generated from hybridization of second fluorescently labeled decoder probe to the second
decoder sequence of the padlock probe, wherein identification of the padlock probe provides
sequence information regarding at least one target nucleic acid sequence in a plurality of nucleic

acid molecules from an individual cell.

Working Examples

The specification provides no working example for providing sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from

an individual cell using the methods recited in claims 2, 5, 9-13, 16, 19, and 21.
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The Amount of Direction or Guidance Provided and The State of The Prior Art

The specification does not provide a guidance to show that sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from
an individual cell can be provided using the methods recited in claims 2, 5, 9-13, 16, 19, and 21.
Furthermore, there is no experimental condition and/or experimental data in the specification to
support the claimed invention. During the process of the prior art search, the examiner has not
found any prior art which is related to provide sequence information regarding at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell using the

methods recited in claims 2, 5, 9-13, 16, 19, and 21.

Level of Skill in The Art, The Unpredictability of The Art, and The Quantity of Experimentation

Necessary

While the relative skill in the art is very high (the Ph.D. degree with laboratory
experience), there is no predictability whether sequence information regarding at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell can be
provided using the methods recited in claims 2, 5, 9-13, 16, 19, and 21.

First, although the specification shows that “[ T]he methods and compositions presented
herein make use of unique barcode probes having decoder sequences to identify multiple nucleic
acid targets in a multiplex fashion. The instant innovations overcome limitations of existing
rolony identification methodologies by surprisingly and successfully applying decoding
strategies that entail sequential hybridizations of labeled decoder probes to decoder sequences
found in immobilized nucleic acids within an individual cell. Such decoding strategies using

decoder sequences have until now been used for decoding of randomly assembled arrays of
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beads. Thus, the decoding strategies presented herein are flexible and scalable and can be used
to detect and decode thousands of unique amplified nucleic acid species” and “[A]s an example,
one or more target nucleic acid species can be amplified, either specifically or non-specifically,
to generate an amplified molecule containing many repeats of the amplified nucleic acid in
tandem. In the embodiment shown in FIG. 1, cDNA is generated in situ, using either random
hexamers or oligo dT primers or both. Then the cDNA molecules are amplified using rolling
circle amplification (RCA) to generate a ‘DNA ball” or ‘rolony’. The amplified nucleic acids
can then be hybridized with one or more unique padlock probes with unique molecular barcodes.
When a padlock probe specifically hybridizes to a sequence of interest, the probe is ligated to
form, for example, a circularized barcoded padlock probe. The amplified nucleic acid molecules
and/or the hybridized padlock probes are immobilized within the cell using the crosslinking
methods described herein, and decoding of the barcode probe takes place by multiple rounds of
sequential hybridization. In the example shown in FIG. 1, decoding takes place via a set of
barcode probes having decoder sequences that can be decoded by eight rounds of sequential
hybridization with fluorescently labeled oligos and imaging of fluorescent images” (see pages 12
and 13), since claim 19 does not indicate how the at least first decoder sequence and the second
decoder sequence can be decoded using sequential hybridization with fluorescently labeled
decoder probes, it is unclear how the padlock probe can identified based upon decoding the at
least first decoder sequence and the second decoder sequence. Furthermore, since claim 19 does
not indicate how to differentiate fluorescent signals produced from the first fluorescently labeled
decoder probe which is free in a solution and fluorescent signals produced from the first
fluorescently labeled decoder probe which hybridizes to the first decoder sequence, how to

differentiate fluorescent signals produced from the second fluorescently labeled decoder probe
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which is free in a solution and fluorescent signals produced from the second fluorescently
labeled decoder probe which hybridizes to the second decoder sequence, and how to differentiate
the fluorescent signals generated from the first fluorescently labeled decoder probe which
hybridizes to the first decoder sequence and the fluorescent signals generated from the second
fluorescently labeled decoder probe which hybridizes to the second decoder sequence, it is
unclear how detecting a plurality of fluorescent signals can be an indicative of said hybridizing
of the first fluorescently labeled decoder probe to said first decoder sequence and how detecting
a plurality of fluorescent signals can be an indicative of said hybridizing of the second
fluorescently labeled decoder probe to said second decoder sequence so that the identity of the
padlock probe cannot be determined based upon decoding the plurality of fluorescent signals
generated from hybridization of the first fluorescently labeled decoder probe with the first
decoder sequence of the padlock probe, and the plurality of fluorescent signals generated from
hybridization of the second fluorescently labeled decoder probe to the second decoder sequence
of the padlock probe and identification of the padlock probe cannot be provided sequence
information regarding the at least one target nucleic acid sequence in the plurality of nucleic acid
molecules from the individual cell recited in claims 2, 5, 9-13, 16, 19, and 21.

Second, since claim 21 does not require to perform step (b) in the presence of the a
plurality of padlock probes that are each designed to anneal to different target nucleic acid
sequences, does not require that the set of amplified nucleic acid molecules contain the different
target nucleic acid sequences, and does not indicate the relationship between different target
nucleic acid sequences and a plurality of target nucleic acid sequences in the plurality of nucleic

acid molecules from the individual cell, it is unclear how multiplex sequence information for the
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plurality of target nucleic acid sequences in the plurality of nucleic acid molecules from the
individual cell can be provided.

In view of above discussions, the skilled artisan will have no way to predict the
experimental results. Accordingly, it is concluded that undue experimentation is required to
make the invention as it is claimed. The undue experimentation at least includes to test whether
sequence information regarding at least one target nucleic acid sequence in a plurality of nucleic
acid molecules from an individual cell can be provided using the methods recited in claims 2, 5,
9-13, 16, 19, and 21.

Conclusion

In the instant case, as discussed above, the level of unpredictability in the art is high, the
specification provides one with no guidance that leads one to claimed methods. One of skill in
the art cannot readily anticipate the effect of a change within the subject matter to which the
claimed invention pertains. Thus given the broad claims in an art whose nature is identified as
unpredictable, the unpredictability of that art, the large quantity of research required to define
these unpredictable variables, the lack of guidance provided in the specification, the absence of
any working example related to claimed invention and the no teaching in the prior art balanced
only against the high skill level in the art, it is the position of the examiner that it would require
undue experimentation for one of skill in the art to perform the method of the claim as broadly
written.

6. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.
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7. Claims 2, 5, 9-13, 16, 19, and 21 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112
(pre-AlIA), second paragraph, as being indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor or a joint inventor, or for pre-AIA the
applicant regards as the invention.

8. Claim 19 is rejected as vague and indefinite in step (b) because it is unclear that, in which
situation, the at least first decoder sequence and the second decoder can be considered to be
decoded. Please clarify.

9. Claim 21 is rejected as vague and indefinite because it is unclear what is the relationship
between different target nucleic acid sequences and a plurality of target nucleic acid sequences in

the plurality of nucleic acid molecules from the individual cell. Please clarify.

Response to Arguments
10.  Applicant’s arguments with respect to claims 2, 5, 9-13, 16, and 19 have been considered
but are moot because the arguments do not apply to any of the references being used in the

current rejection.

Conclusion
11. No claim is allowed.
12. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,

1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FRANK W LU/

Primary Examiner, Art Unit 1634
June 10, 2019
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Attorney Docket No. 00140-005001 / IP-0645-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of ) MAIL STOP AMENDMENT
)
Jian-Bing Fan et al. ) Group Art Unit: 1634
Application No.: 14/742,027 ; Examiner: LU, FRANK WEI MIN
Filed: June 17, 2015 ; Confirmation No.: 6532
For: METHODS AND COMPOSITIONS ; | herekg/e:;]:it?g/t?hgi Er:;cggrﬁ:;sggﬁgzgce is being
FOR SINGLE CELL GENOMICS deposited with the United States Patent & Trademark
) Office on September 23, 2019 via EFS-Web.
) By /Joseph R. Baker, Jr./
; Joseph R. Baker, Jr.
RESPONSE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
This Response is being submitted in regards to the Non-Final Office Action

dated June 20, 2019. Please enter the following amendments and remarks:

Amendments to the Claims are reflected in the listing of claims which begins

on page 2 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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IN THE CLAIMS:

Please enter the attached listing of claims into the application. This listing of claims

replaces all prior listing of claims in the application.

LISTING OF CLAIMS

1-4. (Canceled).

5. (Previously Presented) The method of claim 19, wherein said amplifying a
plurality of nucleic acid molecules in situ within a cell comprises rolling circle
amplification.

6-8. (Canceled)

9. (Previously Presented) The method of claim 19, wherein said amplified

nucleic acid molecules are immobilized within said cell.

10.  (Previously Presented) The method of claim 19, wherein said amplified

nucleic acid molecules are amplified from cellular RNA.

11.  (Previously Presented)  The method of claim 10, further comprising cDNA

synthesis using said cellular RNA.

12.  (Previously Presented) The method of claim 19, wherein said amplified

nucleic acid molecules comprise DNA.

13.  (Previously Presented)  The method of claim 19, wherein said nucleic acid

molecules comprise a disease-causing mutation.

14-15. (Canceled)

16.  (Previously Presented)  The method of claim 13, wherein said disease-

causing mutation comprises a base substitution.
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17.  (Withdrawn) The method of claim 14, wherein said disease-causing

mutation comprises an insertion mutation.

18. (Withdrawn)  The method of claim 14, wherein said disease-causing

mutation comprises a deletion mutation.

19.  (Currently Amended) A method of providing sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell comprising:

(a) amplifying a plurality of nucleic acid molecules in situ within a cell,
thereby generating a set of amplified nucleic acid molecules, wherein the set of
amplified nucleic acid molecules comprise[[s]] the at least one target nucleic acid
sequence;

(b) for each ampilified nucleic acid sequence of said set of amplified
nucleic acid molecules, annealing in situ a padlock probe that is designed to anneal
to the at least one target nucleic acid sequence, wherein the padlock probe
comprises two sequence-specific capturing arms on the 5’ and 3’ end of the probe,
wherein the capturing arms are ligatable when each are annealed to the target
nucleic acid sequence, wherein the padlock probe further comprises at least a first
decoder sequence and a second decoder sequence that do not anneal to said
amplified nucleic acid molecules, and wherein the padlock probe can be identified

based upon generating a code from decoding the at least first decoder sequence

and the second decoder sequence by using sequential hybridization with

fluorescently labeled decoder probes, and identifying the padlock probe by matching

said code with a reference code that is assigned for each padlock probe, wherein

each padlock probe that hybridizes to a different target nucleic acid sequence has a

different reference code;

() hybridizing a first fluorescently labeled decoder probe to said first

decoder sequence, wherein the first fluorescently labeled decoder probe that is not

hybridized to said first decoder sequence is removed by washing;
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(d) detecting a plurality of fluorescent signals indicative of said hybridizing
of the first fluorescently labeled decoder probe to said first decoder sequence;
(e) de-hybridizing and removing the first fluorescently labeled decoder

probe;
([[eNH) hybridizing a second fluorescently labeled decoder probe to said

second decoder sequence, wherein the second fluorescently labeled decoder probe

that is not hybridized to said second decoder sequence is removed by washing, and

wherein the second fluorescently labeled decoder probe is labeled with a fluor that

absorbs light at a different wavelength than the fluor of the first fluorescently labeled

decoder probe;

([[fllg) detecting a plurality of fluorescent signals indicative of said hybridizing
of the second fluorescently labeled decoder probe to said second decoder
sequence, and

([[a1lh) determining the identity of the padlock probe based upon decoding
the plurality of fluorescent signals generated from hybridization of the first
fluorescently labeled decoder probe with the first decoder sequence of the padlock
probe, and the plurality of fluorescent signals generated from hybridization of the
second fluorescently labeled decoder probe to the second decoder sequence of the
padlock probe, wherein identification of the padlock probe provides sequence
information regarding the at least one target nucleic acid sequence in [[a]] the

plurality of nucleic acid molecules from an individual cell.

20-21. (Canceled)
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REMARKS

The Amendments and Remarks provided herein are in response to the Non-
Final Office Action mailed June 20, 2019. Claims 2, 5, 9-13, 16-19 and 21 are
currently pending in the instant application. Claims 17 and 18 stand withdrawn as
being directed to a non-elected invention. The following claims have been amended:

Claim 19 has been amended to correct various informalities identified by the
Examiner and to incorporate elements from claim 2. Claim 19 has been further
amended to provide various washing steps and to specify how/when the at least first
decoder sequence and the second decoder sequence is decoded. Support for the
amendments to claim 19 can be found throughout the application as-filed, including
atp.121.26 to p. 14 1. 25; and p. 16, Il. 16-19.

Claims 2 and 21 have been canceled with no disclaimer and without
prejudice. Applicant reserves the right to re-prosecute the subject matter of these
claims in the current application, or in any application depending therefrom.

Applicant has provided Exhibit A (Gunderson et al., Genome Res. 14(5):870-
877 (2004); see accompanying Information Disclosure Statement), a publication
incorporated by reference in Applicant’s application. Exhibit A has been provided to
evidence “the state of the prior art” Wands factor.

It is Applicant’s belief that no new matter has been entered into the

application.

L. OBJECTIONS TO THE CLAIMS

Claim 19 stands objected to for the following informalities:

(1) “at least one target nucleic acid sequence” in steps (a) and (b)
should be “the at least one target nucleic acid sequence”; (2) “can
identified” in step (b) should be “can be identified”; (3) “second
fluorescently labeled decoder probe” in step (g) should be “the second
fluorescently labeled decoder probe”; and (4) “at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an
individual cell” in step (g) should be “the at least one target nucleic acid
sequence in the plurality of nucleic acid molecules from the individual
cell”.

Applicant notes that claim 19 has been amended to include the requested
change.
Claim 21 stands objected to for the following informalities:
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“in a plurality of nucleic acid molecules from an individual cell” should
be “in the plurality of nucleic acid molecules from the individual cell”.

Claim 21 has been canceled. The objection is moot.
In view of the foregoing, Applicant respectfully requests the objections to the

claims be withdrawn.

Il REJECTION UNDER 35 U.S.C. §112, 11
Claims 2, 5, 9-13, 16, 129 and 21 stand rejected under 35 U.S.C. §112, |1,

because the specification, while being enabling for amplifying a plurality of nucleic

acid molecules in situ within a cell, allegedly does not reasonably provide
enablement for obtaining sequence information regarding at least one target nucleic
acid sequence in a plurality of nucleic acid molecules from an individual cell using
the methods recited in claims 2, 5, 9-13, 16, 19 and 21. Applicant respectfully
traverses the rejection.

Claims 2 and 21 have been canceled, the rejection is moot to these claims.
Factors to be considered in determining whether a disclosure meets the
enablement requirement of 35 USC 112, first paragraph, have been described by the

courtin In re Wands, 8 USPQ2d 1400 (CA FC 1988). Wands states at page 1404,

“Factors to be considered in determining whether a disclosure would
require undue experimentation have been summarized by the board in
Ex parte Forman. They include (1) the quantity of experimentation
necessary, (2) the amount of direction or guidance presented, (3) the
presence or absence of working examples, (4) the nature of the
invention, (5) the state of the prior art, (6) the relative skill of those in the
art, (7) the predictability or unpredictability of the art, and (8) the breadth
of the claims.”

The Nature of the Claimed Invention

The claimed invention is directed to methods for obtaining sequence
information regarding at least one target nucleic acid sequence in a plurality of
nucleic acid molecules from an individual cell by use of padlock probe(s) which
comprise two sequence-specific capturing arms on the 5" and 3’ end of the padlock
probe, and decoder sequences that allow for padlock probe identification by use of
sequential hybridization with fluorescently labeled decoder probes. Identification of
the padlock probes necessarily provides for sequence information of the target

nucleic acid sequences, as the sequences of the padlock probes are known.
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The Breadth of the Claimed Invention
The Claims are of limited breadth, by encompassing a method of obtaining

sequence information regarding at least one target nucleic acid sequence in a
plurality of nucleic acid molecules from an individual cell comprising: comprising the
steps of amplifying a plurality of nucleic acid molecules in situ within a cell, thereby
generating a set of amplified nucleic acid molecules; annealing in situ a padlock
probe comprising two sequence-specific capturing arms on the 5’ and 3’ end of the
probe for each amplified nucleic acid sequence of said set of amplified nucleic acid
molecules, wherein the capturing arms are ligatable when each are annealed to the
target nucleic acid sequence, wherein the padlock probe further comprises at least a
first decoder sequence and a second decoder sequence that do not anneal to said
amplified nucleic acid molecules, and wherein the padlock probe can be identified
based upon generating a code from decoding the at least first decoder sequence
and the second decoder sequence by using sequential hybridization with
fluorescently labeled decoder probes, and identifying the padlock probe by matching
said code with a reference code that is assigned for each padlock probe, wherein
each padlock probe that hybridizes to a different target nucleic acid sequence has a
different reference code; hybridizing a first fluorescently labeled decoder probe to
said first decoder sequence, wherein the first fluorescently labeled decoder probe
that is not hybridized to said first decoder sequence is removed by washing;
detecting a plurality of fluorescent signals indicative of said hybridizing of the first
fluorescently labeled decoder probe to said first decoder sequence; de-hybridizing
removing the first fluorescently labeled decoder probe; hybridizing a second
fluorescently labeled decoder probe to said second decoder sequence, wherein the
second fluorescently labeled decoder probe that is not hybridized to said second
decoder sequence is removed by washing, and wherein the second fluorescently
labeled decoder probe is labeled with a fluor that absorbs light at a different
wavelength than the fluor of the first fluorescently labeled decoder probe; detecting a
plurality of fluorescent signals indicative of said hybridizing of the second

fluorescently labeled decoder probe to said second decoder sequence, and
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determining the identity of the padlock probe based upon decoding the plurality of
fluorescent signals generated from hybridization of the first fluorescently labeled
decoder probe with the first decoder sequence of the padlock probe, and the plurality
of fluorescent signals generated from hybridization of the second fluorescently
labeled decoder probe to the second decoder sequence of the padlock probe,
wherein identification of the padlock probe provides sequence information regarding
the at least one target nucleic acid sequence in the plurality of nucleic acid
molecules from an individual cell. The dependent claims are of lesser breadth, by

providing for further limitations to the above steps and elements.

The State of the Prior Art

The Specification incorporates by reference many publications and patents

directed to technologies, like rolling circle amplification, Padlock probes, sequential
hybridization with decoder probes to decode sequences, and imaging technology
(See Applicant’'s Specification at pp. 10-16). Moreover, Applicant’s Application
clearly indicates that the barcodes of the padlock probes can be accurately decoded
by sequential hybridization similar to the decoding of lllumina bead array, using a
combinatorial chemistry approach by making specific reference to Gunderson et al.,
Genome Res. 14(5):870-877 (2004)) (see Applicant’s application at the legend for
Figure 1 on p.4, Il. 16-24 and Figure 1; see also p. 12 1. 26 to p. 14 I. 25 which
provides more in depth discussion of decoding the padlock probe using sequential
hybridization. In the interests of completeness, Applicant has provided a copy of
Gunderson et al., Genome Res. 14(5):870-877 (2004)), a publication incorporated by
reference in Applicant’s application, as Exhibit A.

Thus, while the claimed methods are novel and nonobvious, as indicated by
the Examiner on page 5 of the instant Office Action, it is clear that the State of the
Art was advanced in the technologies and technical field in which the claimed
Invention pertains, including decoding strategies for barcodes (i.e., padlock probes)
by using sequential hybridization with fluorescently labeled probes that bind to
decoder sequences. A patent need not teach, and preferably omits, what is well
known in the art. In re Buchner, 929 F.2d 660, 661, 18 USPQ2d 1331, 1332 (Fed.
Cir. 1991); Hybritech, Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384, 231
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USPQ 81, 94 (Fed. Cir. 1986), cert. denied, 480 U.S. 947 (1987); and Lindemann
Maschinenfabrik GMBH v. American Hoist & Derrick Co., 730 F.2d 1452, 1463, 221
USPQ 481, 489 (Fed. Cir. 1984).

Level of Skill in the Art
The relative skill in the art is very high (Ph.D. with laboratory experience), as

is acknowledged by Examiner on page 5 of the instant Office Action.

Predictability in the Art
In view of high level of skill in the art, and the advanced state of the

technologies and technical field in which the claimed invention pertains, there is a
much higher level of certainty in how to make and use the Invention in the scientific

field in which the claimed Invention pertains.

The presence or absence of working examples

Despite the Examiner’s allegations to the contrary, the Specification expressly
provides working Examples that provide guidance in making and using the claimed
Invention. In particular, the Specification teaches in Example 1, the designing and
optimization of a set of padlock probes for binding to target sequences and their
identification by sequential hybridization with fluorescently labeled probes (see
Applicant’s application at p. 21, 1. 14 to p. 22, |. 16; ). The Specification further
teaches in Example 2, the designing and optimization of a set of padlock probes for
the targeted detection and quantification of BRAF V600E, EGFR T790M, and EGFR
L858R mutations (see Applicant's application at p. 22, ll. 18 to p. 29). The
Specification further diagrams a process for the obtaining sequence information
regarding at least one target nucleic acid sequence in plurality of nucleic acid
molecules from an individual cell using padlock probes (see Applicant’s application
at Figure 1; see also at p. 4, ll. 16-22), that comprise 6 sequential decoding
sequences and two sequence specific binding regions at the 5 and 3’ ends of the

padlock probe (see Applicant's application at Figure 1; see also at p. 4, Il. 21-24).
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Amount of Direction or Guidance Provided by the Specification.

The Specification provides extensive guidance and direction on how to make
and use the claimed invention, including the foregoing Examples and diagrams
indicated above. For example, the specification expressly provides guidance and
direction to a person of skill in the relevant art how the claimed invention can be
used to obtain sequence information of target sequence in situ (e.g., see Applicant's
application atp. 5, . 2to p. 7, |. 7); target nucleic acid sequences, amplification of
nucleic acid molecules, generation of clonal objects, ligation of probes, and
generation of amplicons (e.g., see Applicant's application atp. 7, 1. 12 to p. 10, I. 30);
design and use of Padlock probes (e.g., see Applicant's application atp. 11,1. 12 to
p. 12, I. 13); design and use of decoder sequences for Padlock probes, identifying
specific Padlock probes by decoding with sequential hybridization and fluorescently
labeled probes, and generation of a rolony probes (e.g., see Applicant’'s application
atp. 12,1. 15to p. 14, I. 26); and the detection of signals and imaging (e.g., see
Applicant’s application at p. 16, 1. 28 to p. 17, |. 7). The Specification further provides
guidance how the foregoing technical features can be used in a process to obtain
sequence information of target nucleic acids using Padlock probes and decoding by
sequential hybridization with fluorescently labeled probes (e.g., see Applicant’s
application at p. 13, Il. 12 to 26; see also Figure 1).

In regards to the allegations expressed by the Examiner on p. 7 to p.8 of the
instant Office Action, Applicant has attempted to address these concerns by
providing the attached Exhibit A to evidence the advanced state of the prior art in
regards to decoding strategies using sequential hybridization; and claim 19, as
currently presented, provides for the removal of unbound probes by washing. Thus,
many of the concerns being put forth by the Examiner are not applicable to the

invention being claimed.

The quantity of experimentation necessary

In view of the extensive guidance and direction provided by Applicant’s
application, the advanced state of the technology in the art, and high level of skill in
the art, any experimentation needed to practice the claimed invention would not be

extensive, and would be reasonable in view of the technology.
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Conclusion

In view of all of the foregoing /n re Wands factors, it becomes clear that a
person of skill in the relevant art could practice the claimed invention without having
to perform experimentation that would be undue. More specifically, in view the
nature of the invention and limited breadth of the claims; the advanced state of the
technology in the state of the art; the high level of skill in the art; certainty imparted
by the extensive teachings in the state of the art; the presence of working examples
in Applicant’s specification; the extensive guidance provided by Applicant’s
Specification; and the limited and reasonable experimentation necessary; it
becomes clear that a person having ordinary skill in the art could practice the
claimed Invention without having to perform experimentation that would be undue.

As such, Applicant submits that claimed invention is enabled, and respectfully
requests the rejection of claims 2, 5, 9-13, 16, 19 and 21 under 35 U.S.C. §112, |[1,

be withdrawn.

118 REJECTIONS UNDER 35 U.S.C. §112, 12
Claims 2, 5, 9-13, 16 and 19 stand rejected under 35 U.S.C. §112, 2, as

allegedly being indefinite for failing to particularly point out and distinctly claim the

subject matter in which Applicant regards as the invention. Applicant respectfully
traverses the rejection.
Claims 2 and 21 have been canceled, the rejection is moot to these claims.

In regards to claim 19, the Examiner has alleged the following:

Claim 19 is rejected as vague and indefinite in step (b) because it is
unclear that, in which situation, the at least first decoder sequence and
the second decoder can be considered to be decoded. Please clarify.

(see Instant Office Action at page 10).
Claim 19, as currently presented, provides the following as to how/when the at

least first decoder sequence and the second decoder are decoded:

“‘wherein the padlock probe can be identified based upon generating a
code from decoding the at least first decoder sequence and the second
decoder sequence by using sequential hybridization with fluorescently
labeled decoder probes, and identifying the padlock probe by matching
said code with a reference code that is assigned for each padlock

0231



Attorney’s Docket No. 00140-005001 / 1P-0645-US
Application No. 14/742,027
Page 12 of 12

probe, wherein each padlock probe that hybridizes to a different target
nucleic acid sequence has a different reference code”

In view thereof, it is respectfully submitted that a person having ordinary skill in the
relevant art would clearly recognize when the at least first decoder sequence and the
second decoder can be considered to be decoded.

As such, it is respectfully submitted that the scope and subject matter of claim
19 is clear and definite. Applicant respectfully requests the rejection of claims 2, 5,
9-13, 16, 19 and 21 under 35 U.S.C. §112, ]2 be withdrawn.

The Director is authorized to charge any required fee or credit any
overpayment to Deposit Account Number 50-4586, please reference the attorney
docket number above.

The Examiner is invited to contact the undersigned at the below-listed
telephone number, if it is believed that prosecution of this application may be
assisted thereby.

Respectfully submitted,
GAVRILOVICH, DoDD & LINDSEY LLP

Date: __September 23, 2019 By:_/Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (Fax)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
98762
1 Transmittal Letter Transmittal.pdf no 2
a68a9fSadbaabbe7cSedaf51b742aecdbed
3591f
Warnings:
Information:
114162
2 Extension of Time EOT.pdf no 1
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Warnings:
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89771
3 Transmittal Letter IDS-TL.pdf no 1
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1035063
Information Disclosure Statement (IDS)
4 IDS.pdf no 4
Form (SB08) P
b627456e8df34341aeedeealabac7/d13a7e)]
5cb38
Warnings:
Information:

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

Non Patent Literature

Exhibit-A.pdf

290461
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26bc7

no
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Information:
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6 Response.pdf yes 12
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Multipart Description/PDF files in .zip description

Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 4
Applicant Arguments/Remarks Made in an Amendment 5 12
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Information:
32168
7 Fee Worksheet (SB06) fee-info.pdf no 2
11d1539faBcb437e6c56cc1dSedad3a8d71
d896e
Warnings:
Information:
Total Files Size (in bytes): 1859066

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Patent
Attorney Docket No. 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of
Jian-Bing Fan et al.
Application No.: 14/742,027
Filed: June 17,2015

For: METHODS AND COMPOSITIONS
FOR SINGLE CELL GENOMICS

— — e e e e e e N N S S e S

MAIL STOP AMENDMENT
Group Art Unit: 1634
Examiner: FRANK WEI MIN LU

Confirmation No.: 6532

Certificate of Electronic Deposit

| hereby certify that this correspondence is being
deposited with the United States Patent & Trademark
Office on September 23, 2019 via EFS-Web.

By: JJoseph R. Baker, Jr./
Joseph R. Baker, Jr.

AMENDMENT/REPLY TRANSMITTAL LETTER

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Enclosed is a Response for the above-identified patent application.

X A Petition for Extension of Time is enclosed.

O 0OX 0O

Small entity status is hereby claimed.

Terminal Disclaimer(s) and the [ ] $ 70 []$ 140 fee per Disclaimer due
under 37 C.F.R. § 1.20(d) are enclosed.

Also enclosed is/are: IDS and 1 NPL reference

Applicant(s) requests continued examination under 37 C.F.R. § 1.114 and enclose

the [1$650 []$ 1,300 fee due under 37 C.F.R. § 1.17(e).
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Amendment/Reply Transmittal Letter
Application No. 14/742,027
Attorney's Docket No. 00140-005001

Page 2
X No additional claim fee is required.
] An additional claim fee is required, and is calculated as shown below:
AMENDED CLAIMS
Highest No.
of Claims

No. of Previously Extra

Claims Paid For Claims Rate Additional Fee
Total Claims 10 20 0 x $ 52 (1202) $ 0
Independent Claims 1 3 0 x $ 220 (1201) 0
1 If Amendment adds multiple dependent claims, add $ 390 (1203) $ 0
Total Claim Amendment Fee $ 0
[] Small Entity Status claimed - subtract 50% of Total Claim Amendment Fee 0
TOTAL ADDITIONAL CLAIM FEE DUE FOR THIS AMENDMENT $ 0

] Charge $ to Deposit Account No. 50-4586 for the fees due.

] A check in the amount of is enclosed for the fee due.

X Charge___$440 to credit card for the fee due for the Extension of Time and IDS.

Respectfully submitted,

GAVRILOVICH, DODD & LINDSEY LLP

Date September 23, 2019 By: /Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, CA 92122

858 458-3607 Main

858 458-9986 Facsimile
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Attorney Docket No.: 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of
Jian-Bing Fan et al. Group Art Unit: 1634
Application No.: 14/742,027 Examiner: Frank Wei Min Lu
Filing Date: June 17, 2015 Confirmation No.: 6532

Title: METHODS AND COMPOSITIONS
FOR SINGLE CELL GENOMICS

L N N N N

PETITION FOR EXTENSION OF TIME
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:

The following extension of time is requested to: Respond to the Non-Final Office
Action mailed June 20, 2019 for

One Month to October 20, 2019 X $ 200 [ $100
The shortened statutory period has been reset by an Advisory Action dated

] An Extension fee in the amount of is enclosed.

] Charge $ to Deposit Account No.
X Charge _$200 __to credit card.

The Director is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§1.16, 1.17 and 1.21 that may be required by this paper, and to credit any overpayment, to
Deposit Account No. 50-4586.

Respectfully submitted,
GAVRILOVICH, DODD & LINDSEY LLP
Date: September 23, 2019 By.__/Joseph R. Baker, Jr./

Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (fax)

| hereby certify that this correspondence is being deposited with the United States Patent & Trademark Office on September 23,
2019 via EFS-Web.
/Joseph R. Baker, Jr./
Typed Name: Joseph R. Baker, Jr.
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Patent
Attorney Docket No. 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of ) MAIL STOP IDS
)
Jian-Bing Fan et al. ) Group Art Unit: 1634
Application No.: 14/742,027 ; Examiner: FRANK WEI MIN LU
Filed: June 17,2015 ; Confirmation No.: 6532
For: METHODS AND COMPOSITIONS ) Certificate of Electronic Deposit
FOR SINGLE CELL GENOMICS ) _ _ S
| hereby certify that this correspondence is being
) deposited with the United States Patent & Trademark
) Office on September 23, 2019 via EFS-Web.
; By: JJoseph R. Baker, Jr./

Joseph R. Baker, Jr.

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL LETTER
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Enclosed is an Information Disclosure Statement for the above-identified patent application.
This Information Disclosure Statement is being filed after a first office action but before a
final office action. This IDS is accompanied by the fee required under 37 CFR 1.17 (p).
X Also enclosed is/are: Form SB08a, Non-patent Literature — 1

Small entity status is hereby claimed.

A check in the amount of is enclosed for the fee due.

Charge__$240 to credit card for the fee due.

X X O O

The Director is authorized to charge any required fee or credit any
overpayment to Deposit Account Number 50-4586, please reference the
attorney docket number above.

Respectfully submitted,

GAVRILOVICH, DODD & LINDSEY LLP

Date September 23, 2019 By: /Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303
San Diego, CA 92122
858 458-3607 Main
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Doc code: IDS PTO/SBI08a (03-15)
o . . . Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 14742027
Filing Date P015-06-17

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor |lian-Bing Fan et al.
Art Unit 1634

Examiner Name Frank Wei Min Lu

Aftorney Docket Number 00140-005001

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E).(allm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication where Relevant

: i i 5
Initial* No | Number3 Code?| Code#| Date Applicant of cited Passages or Relevant T

Document Figures Appear

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite . : ; '
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No : ; :
publisher, city and/or country where published.

EFS Web 2.1.17
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Application Number 14742027
Filing Date 2015-06-17

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor |.Jian-Bing Fan et al.
Art Unit 1634

Examiner Name Frank Wei Min Lu

Aftorney Docket Number 00140-005001

1 [GUNDERSON et al., "Decoding Randomly Ordered DNA Arrays,” Genome Research, Vol. 14, pp. 870-877, 2004.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible.  Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17
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Application Number 14742027

Filing Date 2015-06-17

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor |.Jian-Bing Fan et al.

.. Art Unit 1634
( Not for submission under 37 CFR 1.9%)

Examiner Name Frank Wei Min Lu

Aftorney Docket Number 00140-005001

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Joseph R. Baker, Jr./ Date (YYYY-MM-DD) 2019-09-23

Name/Print Joseph R. Baker, Jr. Registration Number 40900

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17

0244




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgIggmtEfEFFCEEEEg_IE\gIglATION RECORD A 42,007 081192018 3o be Maed
ENTITY: LARGE [(JswmaLL (O micro

APPLICATION AS FILED - PARTI

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BasIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(] sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . .
(37 CFR 1.16(1)) minus 20 = x 380 -
INDEPENDENT CLAIMS . *
(37 GFR 1.16(h)) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:;LIE?QON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT GLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 09/23/2019 ;{E#"EAF'{N'NG gg'g\ﬁgﬁjsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; wx - =
H 10 Minus | ** 20 -0 x 100 -
Z | Independent « : wx —
g (370F%1.16(h)) 1 Minus 3 =0 x $460 -
< [ Application Size Fee (37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * ; *x - -
= | srorr sy Minus = x $0 =
O | Independent . - wn -
E (37 CFF:% 1.16(h) Minus = x $0 =
E () Application Size Fee (37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For” IN THIS SPAGE is less than 20, enter "20". /MOLIKI | MAY/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent} is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532
29389 7590 12/11/2019 | EXAMINER |
ILLUMINA, INC.
LEGAL DEPARTMENT LU, FRANK WEI MIN
5200 ILLUMINA WAY
SAN DIEGO, CA 92122 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
12/11/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

illuminadocket@illumina.foundationip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

14/742 027 Fanetal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
FRANK W LU 1634 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 9/23/2019.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)l¥] This action is FINAL. 2b) [J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 5,9-13 and 16-19 is/are pending in the application.
5a) Of the above claim(s) 17-18 is/are withdrawn from consideration.

6) (0 Claim(s) ____is/are allowed.

7) Claim(s) 5,9-13,16 and 19 is/are rejected.

8) [J Claim(s) ____is/are objected to.

9) [ Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(] The specification is objected to by the Examiner.
11)[ The drawing(s) filed on 6/17/2015 is/are: a)M accepted or b)) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some** ¢)(J None of the:
1.[J Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)
1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) )
. 4) ] Other:
Paper No(s)/Mail Date 9/23/2019,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 12/2019

0248



Application/Control Number: 14/742,027 Page 2
Art Unit: 1634

DETAILED ACTION
Response to Amendment
1. Applicant’s response to the office action filed on September 23, 2019 has been entered.
The claims pending in this application are claims 5, 9-13, and 16-19 wherein claims 17 and 18
have been withdrawn due to the restriction requirement mailed on May 22, 2017. Rejection
and/or objection not reiterated from the previous office action are hereby withdrawn in view of
applicant’s amendment filed on September 23, 2019. Claims 5, 9-13, 16, and 19 will be

examined.

Claim Rejections - 35 USC § 112

2. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

3. Scope of Enablement

Claims 5, 9-13, 16, and 19 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-
ATA), first paragraph, because the specification, while being enabling for amplifying a plurality
of nucleic acid molecules in situ within a cell, does not reasonably provide enablement for
providing sequence information regarding at least one target nucleic acid sequence in a plurality

of nucleic acid molecules from an individual cell using the methods recited in claims 5, 9-13, 16,
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and 19. The specification does not enable any person skilled in the art to which it pertains, or
with which it is most nearly connected, to use the invention commensurate in scope with these
claims.

Factors to be considered in determining whether a disclosure meets the enablement
requirement of 35 USC 112, first paragraph, have been described by the court in In re Wands, 8
USPQ2d 1400 (CA FC 1988). Wands states at page 1404,

“Factors to be considered in determining whether a disclosure would require undue
experimentation have been summarized by the board in Ex parte Forman. They include (1) the
quantity of experimentation necessary, (2) the amount of direction or guidance presented, (3) the
presence or absence of working examples, (4) the nature of the invention, (5) the state of the
prior art, (6) the relative skill of those in the art, (7) the predictability or unpredictability of the
art, and (8) the breadth of the claims.”

The nature of the invention

The claims are drawn to a method of providing sequence information regarding at least
one target nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell.
The invention is a class of invention which the CAFC has characterized as “the unpredictable
arts such as chemistry and biology. ” Mycogen Plant Sci., Inc. v. Monsanto Co., 243 F.3d 1316,

1330 (Fed. Cir. 2001).

The Breadth of The Claims

Claims 5, 9-13, 16, and encompass a method of providing sequence information
regarding more than one target nucleic acid sequences in a plurality of nucleic acid molecules
from an individual cell comprising: (a) amplifying a plurality of nucleic acid molecules in situ
within a cell, thereby generating a set of amplified nucleic acid molecules, wherein the set of
amplified nucleic acid molecules comprises the at least one target nucleic acid sequence; (b) for

each amplified nucleic acid sequence of said set of amplified nucleic acid molecules, annealing
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in situ a padlock probe that is designed to anneal to at least one target nucleic acid sequence,
wherein the padlock probe comprises comprising two sequence-specific capturing arms on the 5’
and 3’ end of the probe, wherein the capturing arms are ligatable when each are annealed to the
target nucleic acid sequence, wherein the padlock probe further comprises at least a first decoder
sequence and a second decoder sequence that do not anneal to said amplified nucleic acid
molecules, and wherein the padlock probe can identified based upon generating a code from
decoding the at least first decoder sequence and the second decoder sequence using sequential
hybridization with fluorescently labeled decoder probes, and identifying the padlock probe by
matching said code with a reference code that is assigned for each padlock probe, wherein each
padlock probe that hybridizes to a different target nucleic acid sequence has a different reference
code; (c) hybridizing a first fluorescently labeled decoder probe to said first decoder sequence,
wherein the first fluorescently labeled decoder probe that is not hybridized to said first decoder
sequence 1s removed by washing; (d) detecting a plurality of fluorescent signals indicative of
said hybridizing of the first fluorescently labeled decoder probe to said first decoder sequence;
(e) de-hybridizing and removing the first fluorescently labeled decoder probe; (f) hybridizing a
second fluorescently labeled decoder probe to said second decoder sequence, wherein the second
fluorescently labeled decoder probe that is not hybridized to said second decoder sequence is
removed by washing, and wherein the second fluorescently labeled decoder probe is labeled with
a fluor that absorbs light at a different wavelength than the fluor of the first fluorescently labeled
decoder probe; (g) detecting a plurality of fluorescent signals indicative of said hybridizing of
the second fluorescently labeled decoder probe to said second decoder sequence, (h) determining
the identity of the padlock probe based upon decoding the plurality of fluorescent signals

generated from hybridization of the first fluorescently labeled decoder probe with the first
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decoder sequence of the padlock probe, and the plurality of fluorescent signals generated from
hybridization of the second fluorescently labeled decoder probe to the second decoder sequence
of the padlock probe, wherein identification of the padlock probe provides sequence information
regarding the at least one target nucleic acid sequence in a plurality of nucleic acid molecules

from the individual cell.

Working Examples

The specification provides no working example for providing sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from

an individual cell using the methods recited in claims 5, 9-13, 16, and 19.

The Amount of Direction or Guidance Provided and The State of The Prior Art

The specification does not provide a guidance to show that sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from
an individual cell can be provided using the methods recited in claims 5, 9-13, 16, and 19.
Furthermore, there is no experimental condition and/or experimental data in the specification to
support the claimed invention. During the process of the prior art search, the examiner has not
found any prior art which is related to provide sequence information regarding at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell using the

methods recited in claims 5, 9-13, 16, and 19.

Level of Skill in The Art, The Unpredictability of The Art, and The Quantity of Experimentation

Necessary
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While the relative skill in the art is very high (the Ph.D. degree with laboratory
experience), there is no predictability whether sequence information regarding at least one target
nucleic acid sequence in a plurality of nucleic acid molecules from an individual cell can be
provided using the methods recited in claims 5, 9-13, 16, and 19.

First, although the specification shows that “[ T]he methods and compositions presented
herein make use of unique barcode probes having decoder sequences to identify multiple nucleic
acid targets in a multiplex fashion. The instant innovations overcome limitations of existing
rolony identification methodologies by surprisingly and successfully applying decoding
strategies that entail sequential hybridizations of labeled decoder probes to decoder sequences
found in immobilized nucleic acids within an individual cell. Such decoding strategies using
decoder sequences have until now been used for decoding of randomly assembled arrays of
beads. Thus, the decoding strategies presented herein are flexible and scalable and can be used
to detect and decode thousands of unique amplified nucleic acid species” and “[A]s an example,
one or more target nucleic acid species can be amplified, either specifically or non-specifically,
to generate an amplified molecule containing many repeats of the amplified nucleic acid in
tandem. In the embodiment shown in FIG. 1, cDNA is generated in situ, using either random
hexamers or oligo dT primers or both. Then the cDNA molecules are amplified using rolling
circle amplification (RCA) to generate a ‘DNA ball” or ‘rolony’. The amplified nucleic acids
can then be hybridized with one or more unique padlock probes with unique molecular barcodes.
When a padlock probe specifically hybridizes to a sequence of interest, the probe is ligated to
form, for example, a circularized barcoded padlock probe. The amplified nucleic acid molecules
and/or the hybridized padlock probes are immobilized within the cell using the crosslinking

methods described herein, and decoding of the barcode probe takes place by multiple rounds of
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sequential hybridization. In the example shown in FIG. 1, decoding takes place via a set of
barcode probes having decoder sequences that can be decoded by eight rounds of sequential
hybridization with fluorescently labeled oligos and imaging of fluorescent images” (see pages 12
and 13), since claim 19 does not indicate how the at least first decoder sequence and the second
decoder sequence can be decoded using sequential hybridization with fluorescently labeled
decoder probes and how to generate a code from decoding the at least first decoder sequence and
the second decoder sequence, and that a code is what kind of code, it is unclear how the padlock
probe can identified based upon generating a code from decoding the at least first decoder
sequence and the second decoder sequence. Furthermore, since claim 19 does not indicate how to
generate a reference code that is assigned for each padlock probe, it is unclear how the padlock
probe can be identified by matching said code with a reference code that is assigned for each
padlock probe. In addition, since claim 19 does not indicate where each padlock probe that
hybridizes to a different target nucleic acid sequence has a different reference code comes from
and where a different target nucleic acid sequence hybridized to each padlock probe comes from,
does not require to perform step (b) in the presence of the a plurality of padlock probes that are
each designed to anneal to different target nucleic acid sequences, does not require that the set of
amplified nucleic acid molecules contain the different target nucleic acid sequences, and does not
indicate the relationship between a different target nucleic acid sequence and a plurality of target
nucleic acid sequences in the plurality of nucleic acid molecules from the individual cell, it is
unclear how identification of the padlock probe such as one padlock probe can provide sequence
information regarding the at least one target nucleic acid sequence such as more than one target

nucleic acid sequences in the plurality of nucleic acid molecules from an individual cell.
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In view of above discussions, the skilled artisan will have no way to predict the
experimental results. Accordingly, it is concluded that undue experimentation is required to
make the invention as it is claimed. The undue experimentation at least includes to test whether
sequence information regarding at least one target nucleic acid sequence such as more than one
target nucleic acid sequences in a plurality of nucleic acid molecules from an individual cell can
be provided using the methods recited in claims 5, 9-13, 16, and 19.

Conclusion

In the instant case, as discussed above, the level of unpredictability in the art is high, the
specification provides one with no guidance that leads one to claimed methods. One of skill in
the art cannot readily anticipate the effect of a change within the subject matter to which the
claimed invention pertains. Thus given the broad claims in an art whose nature is identified as
unpredictable, the unpredictability of that art, the large quantity of research required to define
these unpredictable variables, the lack of guidance provided in the specification, the absence of
any working example related to claimed invention and the no teaching in the prior art balanced
only against the high skill level in the art, it is the position of the examiner that it would require
undue experimentation for one of skill in the art to perform the method of the claim as broadly
written.

4. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

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

5. Claims 5, 9-13, 16, and 19 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-

AIA), second paragraph, as being indefinite for failing to particularly point out and distinctly
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claim the subject matter which the inventor or a joint inventor, or for pre-AlA the applicant
regards as the invention.

6. Claim 19 is rejected as vague and indefinite in view of step (b). Since step (b) does not
have a phrase “a plurality of padlock probes”, it is unclear where each padlock probe that
hybridizes to a different target nucleic acid sequence has a different reference code comes from.
Please clarify.

7. Claim 19 is rejected as vague and indefinite in view of steps (d), (€), and (g) because it is
unclear where a plurality of fluorescent signals indicative of said hybridizing of the first
fluorescently labeled decoder probe to said first decoder sequence is located, where a plurality of
fluorescent signals indicative of said hybridizing of the second fluorescently labeled decoder
probe to said second decoder sequence is located, and the first fluorescently labeled decoder

probe located on where is de-hybridized and removed. Please clarify.

Response to Arguments
8. Applicant’s arguments with respect to claims 2, 5, 9-13, 16, 19, and 21 have been

considered but are moot because the arguments do not apply to the current rejection.

Conclusion
9. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).
A shortened statutory period for reply to this final action is set to expire THREE

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

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the date of this
final action.

10. No claim is allowed.

11. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,
1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
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like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
/FRANK W LU/

Primary Examiner, Art Unit 1634
December 6, 2019
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Attorney Docket No. 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of MAIL STOP AF

Jian-Bing Fan et al. Group Art Unit: 1634

Application No.: 14/742,027 Examiner: Frank Wei Min Lu

Filing Date: June 17, 2015 Confirmation No.: 6532

Title: METHODS AND COMPOSITIONS FOR
SINGLE CELL GENOMICS
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NOTICE OF APPEAL

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

All finally rejected claims in the decision of the Primary Examiner dated December
11, 2019, are hereby appealed to the Patent Trial and Appeal Board.

] The appeal fee was previously paid on . Therefore, no
appeal fee is now required.

Enclosed is the appeal fee of: [X] $ 800 []$ 400
Charge to Deposit Account No. 50-4586 for the fee due.
Charge $ 800.00 to credit card.

A Petition for Extension of Time is enclosed.

OOXOKX

Small entity status is hereby claimed.

The Director is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§ 1.16, 1.17 and 1.21 that may be required by this paper, and to credit any overpayment,
to Deposit Account No. 50-4586

Date: March 11, 2020 Respectfully submitted,

4370 La Jolla Village Drive, Suite 303 GAVRILOVICH, DODD & LINDSEY LLP

San Diego, CA 92122

(760) 479-0474 By: /Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40900

| hereby certify that this correspondence is being deposited with the United States Patent & Trademark Office on
March 11, 2020 via EFS-Web.
/Joseph R. Baker, Jr./
Typed Name: Joseph R. Baker, Jr.
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Attorney’s Docket No. 00140-005001 / TP-0645-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of ) MAIL STOP APPEAL BRIEF -
) PATENTS
Jian-Bing Fan et al. )
) Group Art Unit: 1634
Application No.: 14/742,027 )
) Examiner: LU, FRANK WEI MIN
Filed: June 17,2015 )
) Confirmation No.: 6532
For: METHODS AND COMPOSITIONS
FOR SINGLE CELL GENOMICS g Certificate of Electronic Deposit
) I hereby certify that this correspondence is being
) deposited with the United States Patent & Trademark
) Office on March 31, 2020 via EFS-Web.
By: /Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
APPEAL BRIEF

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

This Appeal is from the decision of the Examiner dated December 11, 2019, finally
rejecting claims 5, 9-13, 16 and 10. A Notice of Appeal was filed March 11, 2020. Accordingly,

this Appeal Brief is appropriately and timely submitted.
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L. REAL PARTIES IN INTEREST

The real parties in interest are I[llumina Inc. and the Regents of the University of

California, assignees of record for the present application.

11, RELATED APPEALS AND INTERFERENCES

Appellants are unaware of any related appeals, interferences, or judicial proceedings that
may be related to, directly affect, or be directly affected by or have a bearing on the Board’s

decision in this pending appeal.

III. STATUS OF CLAIMS

Claims 5, 9-13 and 16-19 are pending in this application.

Claims 17 and 18 are withdrawn as being directed to a non-elected invention.

Claims 5, 9-13 and 16-19 are under examination.

Independent claim 19 is the subject matter of this appeal.

Claims 5, 9-13 and 16-19 stand finally rejected under 35 U.S.C. §112(a) as allegedly
lacking enablement.

Claims 5, 9-13 and 16-19 stand finally rejected under 35 U.S.C. §112(b) as allegedly
being indefinite.

The rejections of claims 5, 9-13 and 16-19 under 35 U.S.C. §112(a) and under 35 U.S.C.
§112(b) are being appealed.

IV. STATUS OF AMENDMENTS

The claims were last amended in the Response to Non-Final Office that was filed on
September 23, 2019. This Response was entered into the record in the Final Office Action
mailed December 11, 2019. Accordingly, the claims pending are the claims filed on September
23, 2019 which were entered into the record on December 11, 2019. These claims are set forth

herewith in the Appendix of Claims.

V. SUMMARY OF CLAIMED SUBJECT MATTER
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In accordance with 37 CFR § 41.37(v), Appellants provides a brief summary of each
independent claim involved in the appeal, where each summary refers to the specification by
page and line number and to the drawings by reference number. Appellants note that this
"Summary of Claimed Subject Matter" is provided only to assist the Board in identifying some
portions of the specification related to the particular claims. In the interest of brevity, each claim
summary does not necessarily include all references to all relevant portions of the specification
and drawings. Accordingly, omission of any reference to the specification or to the drawings
should not be construed in any way as an intent to relinquish claim scope, or as an implication or
statement regarding the conformance with 35 U.S.C. §112. Appellants respectfully submit that
the claims should not be construed as being limited to the embodiments described or referenced
in any claim summary, and further submit that other embodiments, as well as the Doctrine of

Equivalents, may apply in determining claim scope.

Independent Claim 1

A method of providing sequence information regarding at least one target nucleic acid
sequence in a plurality of nucleic acid molecules from an individual cell comprising: (see
Appellants’ application at p. 2, 1. 20-21)

(a) amplifying a plurality of nucleic acid molecules in sifu within a cell, thereby
generating a set of amplified nucleic acid molecules (see Appellants’ application at p. 2, 1I. 22-
23), wherein the set of amplified nucleic acid molecules comprise the at least one target nucleic
acid sequence (see Appellants’ application at p. 13, 11. 12-14; see also p. 9, 11. 8-27);

(b) for each amplified nucleic acid sequence of said set of amplified nucleic acid
molecules, annealing in situ a padlock probe that is designed to anneal to the at least one target
nucleic acid sequence (see Appellants’ application at p. 2, 1I. 2-5; see also p. 13, 11. 17-18; see
also p. 7, 11. 12-18), wherein the padlock probe comprises two sequence-specific capturing arms
on the 5” and 3’ end of the probe (see Appellants’ application at p. 4, 11. 16-27; see also p.11, 11.
1-13; and Figure 1), wherein the capturing arms are ligatable when each are annealed to the
target nucleic acid sequence (/d.), wherein the padlock probe further comprises at least a first
decoder sequence and a second decoder sequence that do not anneal to said amplified nucleic

acid molecules (see Appellants’ application at p. 11, 11. 1-2; see also p. 12, 11. 26 to p. 13, 1. 12),
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and wherein the padlock probe can be identified based upon generating a code from decoding the
at least first decoder sequence and the second decoder sequence by using sequential
hybridization with fluorescently labeled decoder probes(see Appellants’ application at p. 13, 11.
23-26; and Figure 1), and identifying the padlock probe by matching said code with a reference
code that is assigned for each padlock probe (see Appellants’ application at p. 6, 11. 14-19; see
alsop. 7,11. 12-18; see also p. 12, 11. 18-25; see also p. 12, 1. 28 to p. 13, 1. 5; and Figure 1),
wherein each padlock probe that hybridizes to a different target nucleic acid sequence has a
different reference code (/d.),

(©) hybridizing a first fluorescently labeled decoder probe to said first decoder
sequence, wherein the first fluorescently labeled decoder probe that is not hybridized to said first
decoder sequence is removed by washing (see Appellants’ application at p. 2, 1. 20-26; see also
p. 13, 11. 27-30);

(d) detecting a plurality of fluorescent signals indicative of said hybridizing of the
first fluorescently labeled decoder probe to said first decoder sequence (see Appellants’
application at p. 2, 1. 26-27; see also p. 14, 1l. 2-10);

(e) de-hybridizing and removing the first fluorescently labeled decoder probe (see
Appellants’ application at p. 13 1. 1-5);

() hybridizing a second fluorescently labeled decoder probe to said second decoder
sequence, wherein the second fluorescently labeled decoder probe that is not hybridized to said
second decoder sequence is removed by washing (see Appellants’ application at p. 2, 11. 27-28;
see also p. 13, 1. 27-30), and wherein the second fluorescently labeled decoder probe is labeled
with a fluor that absorbs light at a different wavelength than the fluor of the first fluorescently
labeled decoder probe (see Appellants’ application at p. 14, 11. 2-10);

(2) detecting a plurality of fluorescent signals indicative of said hybridizing of the
second fluorescently labeled decoder probe to said second decoder sequence (see Appellants’
application at p. 2, 1. 28-29), and

(h) determining the identity of the padlock probe based upon decoding the plurality of
fluorescent signals generated from hybridization of the first fluorescently labeled decoder probe
with the first decoder sequence of the padlock probe (see Appellants’ application at p. 12, 1. 26 to

p. 13, 1. 11), and the plurality of fluorescent signals generated from hybridization of the second
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fluorescently labeled decoder probe to the second decoder sequence of the padlock probe see
Appellants’ application at p. 12, 1. 26 to p. 13, 1. 11), wherein identification of the padlock probe
provides sequence information regarding the at least one target nucleic acid sequence in the
plurality of nucleic acid molecules from an individual cell (see Appellants’ application at p. 2, 11.

9-10 and 11. 20-30).

VI.  GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL
The rejection of claims 5, 9-13 and 16-19 under 35 U.S.C. §112(a) as lacking

enablement.

The rejection of claims 5, 9-13 and 16-19 under 35 U.S.C. §112(b) as being indefinite.

VII. ARGUMENT

A. WHILE THE EXAMINER HAS LISTED THE IN RE WANDS FACTORS, THE
EXAMINER HAS NOT PERFORMED A PROPER FACTUAL ANALYSIS UNDER
IN RE WANDS. THE EXAMINER HAS FAILED TO ESTABLISH THAT THE
CLAIMED INVENTION IS NOT ENABLED BY A MATTER OF LAW.,
Appellants’ claims stand finally rejected under 35 U.S.C. §112, 41 for a lack of
enablement. Appellants respectfully traverse and appeal the rejection.
Enablement requires that “the specification teach those in the art how to make and use the
invention without undue experimentation.” /n re Wands, 858 F.2d 731, 737 (Fed. Cir. 1988). A
claim is not enabled when, “at the effective filing date of the patent, one of ordinary skill in the

art could not practice their full scope without undue experimentation.” Wyeth & Cordis Corp. v.

Abbott Labs., 720 F.3d 1380, 1384 (Fed. Cir. 2013). Whether a claim satisfies the enablement

requirement is a question of law that we review de novo. Tr. of Boston Univ., 896 F.3d at 1361.

Factors to be considered in determining whether a disclosure meets the enablement
requirement of 35 USC 112, §1, have been described by the court in /n re Wands, 8 USPQ2d
1400 (CA FC 1988). Wandss states at page 1404:

“Factors to be considered in determining whether a disclosure would require undue
experimentation have been summarized by the board in Ex parte Forman. They

include (1) the quantity of experimentation necessary, (2) the amount of direction
or guidance presented, (3) the presence or absence of working examples, (4) the
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nature of the invention, (5) the state of the prior art, (6) the relative skill of those in
the art, (7) the predictability or unpredictability of the art, and (8) the breadth of
the claims.”

When rejecting a claim under the enablement requirement of section 112, the examiner
bears the "initial burden of setting forth a reasonable explanation as to why [he/she] believes that
the scope of protection provided by [the] claim is not adequately enabled by the description of
the invention provided in the specification." In re Wright, 999 F 2d 1557, 1562, 27 USPQ2d
1510, 1513 (Fed. Cir. 1993). (emphasis provided). To object to a specification on the grounds
that the disclosure is not enabling with respect to the scope of a claim sought to be patented, the
examiner must provide evidence or technical reasoning substantiating those doubts. /d. Without
a reason to doubt the truth of the statements made in the patent application, the application must
be considered enabling. /n re Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510, 1513 (Fed. Cir.
1993); In re Marzocchi, 439 F.2d 220, 223, 169 USPQ 367, 369 (CCPA 1971).

The Examiner found that Appellants’ specification enables a method step of ‘amplifying
a plurality of nucleic acid molecules in situ within a cell.” (see Final Office Action dated
December 11, 2019, at page 2, last paragraph). The Examiner, however, alleges that
Appellants’ specification did not provide reasonable enablement for providing sequence
information regarding the at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell using the claimed methods. (/d.)

The Examiner has acknowledged that the relative skill in the art is very high (Ph.D.
degree with laboratory experience) (/d. at p. 6, 1). The Examiner, however, has indicated that
the claims are directed to an unpredictable scientific art (/d. at p. 3, 3).

The Examiner has found a lack of working examples in the Appellants’ application (/d. at
p. 5, 92).

The Examiner has found the specification provides no guidance on how sequence
information regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell can be provided using the methods recited in Appellants’
claims (/d. at p. 5, §3).

The Examiner can find no prior art related to the claimed methods (/d.).
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The Examiner in the Final Office Action did not address Exhibit A provided by
Appellants to evidence the state of the prior art in the Response dated September 23, 2019 (/d. at
p. 9, I3 ‘Response to Arguments’). Exhibit A is the Gunderson et al. reference cited and
incorporated by reference in its entirety by Appellants’ specification at page 13, 11. 3-5.

Despite the Examiner indicating that there is no guidance provided by Appellants’
specification for using the methods recited in Appellants’ claims to provide sequence
information of at least one target nucleic acid sequence in a plurality of nucleic acid molecules
from an individual cell, the Examiner under the heading: ‘Level of Skill in The Art, The
Unpredictability of the Art, and The Quantity of Experimentation’ has pointed to guidance
provided in Appellants’ specification at p. 12 (Il. 16-25) and p. 13 (ll. 12-26) and Figure 1
directed to decoding strategies by use of unique barcoding probes to identify multiple nucleic
acid targets that entail sequential hybridization of labeled decoder probes to decoder sequences
found in immobilized nucleic acids within an individual cells (/d. at pp. 6-7).

“[TThe PTO bears an initial burden of setting forth a reasonable explanation as to why it
believes that the scope of protection provided by that claim is not adequately enabled by the
description of the invention provided in the specification . . . includ[ing] . . . providing sufficient
reasons for doubting any assertions in the specification.” In re Wright, 999 F.2d at. at 1561-62.

The Examiner is doubting assertions made in the claims, not in the specification. More
specifically, the Examiner has expressed doubts about elements presented in claim 19 as to

enabling claim 19:

“since claim 19 does not indicate how the at least first decoder sequence and the
second decoder sequence can be decoded using sequential hybridization with
fluorescently labeled decoder probes and how to generate a code from decoding
the at least first decoder sequence and the second decoder sequence, and that a
code is what kind of code, it is unclear how the padlock probe can be identified
based upon generating a code from decoding the at least first decoder sequence and
the second decoding sequence. Furthermore, since claim 19 does not indicate how
to generate a reference code that is assigned for each padlock probe, it is unclear
how the padlock probe can be identified by matching said code with a reference
code that is assigned for each padlock probe. In addition, since claim 19 does not
indicate where each padlock probe that hybridizes to a different target nucleic acid
sequence has a different reference code comes from and where a different target
nucleic acid sequence hybridized to each padlock probe comes from, does not
require to perform step (b) in the presence of the a plurality of padlock probes that
are each designed to anneal to different target nucleic acid sequences, does not
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require that the set of amplified nucleic acid molecules to contain the different
target nucleic acid sequences, and does not indicate the relationship between a
different target nucleic acid sequence and a plurality of target nucleic acid
sequences in the plurality of nucleic acid molecules from the individual cell, it is
unclear how identification of the padlock probe such as one padlock probe can
provide sequence information regarding the at least one target nucleic acid
sequence such as more than one target nucleic acid sequences in the plurality of
nucleic acid molecules from an individual cell.

In view of the above discussions, the skilled artisan will have no way to predict the
experimental results. Accordingly, it is concluded that undue experimentation is
required to make the invention as it is claimed.

(see Final Office Action dated December 11, 2019 at pp. 7-8) (emphasis provided).

The Examiner has performed an enablement analysis based upon elements presented in
the claims themselves, without making any reference to teachings provided by the specification,
as required by an analysis under /n re Wands. 35 U.S.C. §112(a), however, provides the

following:

The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and exact
terms as to enable any person skilled in the art to which it pertains, or with which it
is most nearly connected, to make and use the same, and shall set forth the best
mode contemplated by the inventor or joint inventor of carrying out the invention.

(emphasis provided).

It is respectfully submitted to the Board that the Examiner’s factual findings are directed
to what the claims themselves enable, not what the specification teaches and enables to those in
of skill in the relevant art on how to make and use the claimed invention without undue
experimentation. The Examiner has not challenged or raised any doubts as to any statement or
assertion made in the specification of Appellants’ application.

Moreover, for the reasons to follow, it is respectfully submitted that the Appellants’
specification provides sufficient teachings so that the person of skill in the relevant art (a highly
skilled Ph.D. scientist with laboratory experience) could make and use the claimed invention
without any undue experimentation. Applicant provides the following analysis under /1 re

Wands:

The Nature of the Claimed Invention
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The claimed invention is directed to methods for obtaining sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid molecules from
an individual cell by use of padlock probe(s) which comprise two sequence-specific capturing
arms on the 5’ and 3’ end of the padlock probe, and decoder sequences that allow for padlock
probe identification by use of sequential hybridization with fluorescently labeled decoder probes.
As the skilled artisan would recognize, Padlock probes, like PCR primers, are synthetically made
oligonucleotides that are synthesized by using automated DNA synthesizers having defined (user
defined or machine defined) sequences. Accordingly, identification of the padlock probes
necessarily provides for sequence information of the target nucleic acid sequences, as the

sequences of the padlock probes are known.

The Breadth of the Claimed Invention

The Claims are of limited breadth, by encompassing a method of obtaining sequence
information regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell comprising the steps of amplifying a plurality of nucleic acid
molecules in sifu within a cell, thereby generating a set of amplified nucleic acid molecules;
annealing in sifu a padlock probe comprising two sequence-specific capturing arms on the 5” and
3’ end of the probe for each amplified nucleic acid sequence of said set of amplified nucleic acid
molecules, wherein the capturing arms are ligatable when each are annealed to the target nucleic
acid sequence, wherein the padlock probe further comprises at least a first decoder sequence and
a second decoder sequence that do not anneal to said amplified nucleic acid molecules, and
wherein the padlock probe can be identified based upon generating a code from decoding the at
least first decoder sequence and the second decoder sequence by using sequential hybridization
with fluorescently labeled decoder probes, and identifying the padlock probe by matching said
code with a reference code that is assigned for each padlock probe, wherein each padlock probe
that hybridizes to a different target nucleic acid sequence has a different reference code;
hybridizing a first fluorescently labeled decoder probe to said first decoder sequence, wherein the
first fluorescently labeled decoder probe that is not hybridized to said first decoder sequence is
removed by washing; detecting a plurality of fluorescent signals indicative of said hybridizing of

the first fluorescently labeled decoder probe to said first decoder sequence; de-hybridizing
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removing the first fluorescently labeled decoder probe; hybridizing a second fluorescently
labeled decoder probe to said second decoder sequence, wherein the second fluorescently labeled
decoder probe that is not hybridized to said second decoder sequence is removed by washing,
and wherein the second fluorescently labeled decoder probe is labeled with a fluor that absorbs
light at a different wavelength than the fluor of the first fluorescently labeled decoder probe;
detecting a plurality of fluorescent signals indicative of said hybridizing of the second
fluorescently labeled decoder probe to said second decoder sequence, and

determining the identity of the padlock probe based upon decoding the plurality of fluorescent
signals generated from hybridization of the first fluorescently labeled decoder probe with the
first decoder sequence of the padlock probe, and the plurality of fluorescent signals generated
from hybridization of the second fluorescently labeled decoder probe to the second decoder
sequence of the padlock probe, wherein identification of the padlock probe provides sequence
information regarding the at least one target nucleic acid sequence in the plurality of nucleic acid

molecules from an individual cell.

The State of the Prior Art

The Specification incorporates by reference many publications and patents directed to
technologies, like rolling circle amplification, Padlock probes, sequential hybridization with
decoder probes to decode sequences, and imaging technology (See Appellants’ Specification at
pp. 10-16). Moreover, Appellants’ Specification clearly indicates that the barcodes of the
padlock probes can be accurately decoded by sequential hybridization similar to the decoding of
Illumina bead array, using a combinatorial chemistry approach by making specific reference to
Gunderson et al., Genome Res. 14(5):870-877 (2004)) (see Appellants’ application at the legend
for Figure 1 on p.4, 1. 16-24 and Figure 1; see also p. 121. 26 to p. 14 1. 25 which provides more
in depth discussion of decoding the padlock probe using sequential hybridization). Exhibit A, of
record, is a copy of Gunderson et al., Genome Res. 14(5):870-877 (2004)). Gunderson ef al. has
been incorporated by reference in its entirety in Appellants’ application. Gunderson et al.
teaches how to decode a randomly ordered array by use of sequential hybridization. In other
words, Gunderson ef al. teaches how to generate sequence information regarding at least one

target nucleic acid sequence in a plurality of nucleic acid molecules by using sequential
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hybridization in a randomly assembled array. Gunderson et a/. did not use individual cells but a
randomly assembled array. Appellants’ specification teaches that the process described in
Gunderson et al. can be applied to the instant invention (see Figure 3 of Gunderson et al.).
Namely, the use of labeled decoder probe oligonucleotides that are sequentially hybridized to the
decoder sequences on barcode probes (padlock probes) to determine the identity of each barcode
sequence (see Appellants’ specification at p. 13. 1. 1 to 5; see also Figure 1B-C). Gunderson et
al. was published in 2004, ten years prior to the filing of Appellants’ priority application of June
19, 2014.

Thus, while the claimed methods are novel and nonobvious, as indicated by the
Examiner on page 5 of the instant Office Action, it is clear that the State of the Art was advanced
in the technologies and technical field in which the claimed Invention pertains, including
decoding strategies for barcodes (i.e., padlock probes) by using sequential hybridization with
fluorescently labeled probes that bind to decoder sequences. A patent need not teach, and
preferably omits, what is well known in the art. /n re Buchner, 929 F.2d 660, 661, 18 USPQ2d
1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367,
1384, 231 USPQ 81, 94 (Fed. Cir. 1986), cert. denied, 480 U.S. 947 (1987); and Lindemann
Maschinenfabrik GMBH v. American Hoist & Derrick Co., 730 F.2d 1452, 1463, 221 USPQ
481, 489 (Fed. Cir. 1984).

Level of Skill in the Art

The relative skill in the art is very high (Ph.D. with laboratory experience), as is
acknowledged by Examiner on page 5 of the instant Office Action.

Predictability in the Art

In view of high level of skill in the art, and the advanced state of the technologies and
technical field in which the claimed invention pertains, there is a much higher level of certainty
in how to make and use the Invention in the scientific field in which the claimed Invention

pertains.

The Presence or Absence of Working I.xamples
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A barcode probe with a decoder sequence was specifically designed to detect the BRAF
V600E mutation; and a barcode probe with a decoder sequence was specifically designed to

detect the EGFR T790M mutation (see Appellants’ application at page 23).

Amount of Direction or Guidance Provided by the Specification.

The Specification provides extensive guidance and direction on how to make and use the
claimed invention. For example, the specification expressly provides guidance and direction to a
person of skill in the relevant art how the claimed invention can be used to obtain sequence
information of target sequence in situ (e.g., see Appellants’ application atp. 5,1. 2top. 7,1. 7);
target nucleic acid sequences, amplification of nucleic acid molecules, generation of clonal
objects, ligation of probes, and generation of amplicons (e.g., see Appellants’ application at p. 7,
1. 12 to p. 10, 1. 30); design and use of Padlock probes (e.g., see Appellants’ application at p. 11,
1. 12to p. 12, 1. 13); design and use of decoder sequences for Padlock probes, identifying specific
Padlock probes by decoding with sequential hybridization and fluorescently labeled probes, and
generation of a rolony probes (e.g., see Appellants’ application at p. 12, 1. 15 to p. 14, 1. 26); and
the detection of signals and imaging (e.g., see Appellants’ application at p. 16,1. 28 to p. 17, 1.
7). The Specification further provides guidance how the foregoing technical features can be used
in a process to obtain sequence information of target nucleic acids using Padlock probes and
decoding by sequential hybridization with fluorescently labeled probes (e.g., see Appellants’
application at p. 13, 1. 12 to 26; see also Figure 1).

The Specification teaches in Example 1, the designing and optimization of a set of
padlock probes for binding to target sequences and their identification by sequential
hybridization with fluorescently labeled probes (see Appellants’ application at p. 21, 1. 14 to p.
22,1.16; ). The Specification further teaches in Example 2, the designing and optimization of a
set of padlock probes for the targeted detection and quantification of BRAF V600E, EGFR
T790M, and EGFR L858R mutations (see Appellants’ application at p. 22, 11. 18 to p. 29). The
Specification further diagrams a process for the obtaining sequence information regarding at
least one target nucleic acid sequence in plurality of nucleic acid molecules from an individual
cell using padlock probes (see Appellants’ application at Figure 1; see also at p. 4, 1. 16-22), that

comprise 6 sequential decoding sequences and two sequence specific binding regions at the 5’
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and 3’ ends of the padlock probe (see Appellants’ application at Figure 1; see also at p. 4, 11. 21-
24).

As shown in Figure 1B-C of Appellants’ application, the padlock probe is bound and
ligated to a specific sequence found in cellular DNA (see Appellants’ application at Figure 1B,
first step). Then a first labelled decoder probe is bound to a first decoder sequence on the
padlock probe (see Appellants’ application at Figure 1B, second step), removed, and repeated
with multiple cycles of decoder sequences (see Appellants’ application at Figure 1B, last step).
The Board will note from Figure 1B that the decoder probes bind sequentially to the decoding
sequence of the padlock probe and the probes are shown as being removed for each cycle (i.e.,
there is only one bound probe shown bound in the last step of Figure 1B). Figure 1C provides
an illustration on how the decoder sequence comprising 6 spots for decoder probes are
sequentially arranged on a padlock probe. The method steps illustrated in Figure 1 to generate
sequence information by decoding padlock probes with labeled decoder probes are reflected in

Appellants’ claim 19 at steps (¢) to (h).

The guantity of experimentation necessary

In view of the extensive guidance and direction provided by Appellants’ application, the
advanced state of the technology in the art, and high level of skill in the art, any experimentation
needed to practice the claimed invention would not be extensive, and would be reasonable in

view of the state in the art.

Conclusion

In view of all of the foregoing /n re Wands factors, it becomes clear that a highly skilled
Ph.D. level artisan in the relevant art could practice the claimed invention without having to
perform experimentation that would be undue. More specifically, in view the nature of the
invention and limited breadth of the claims; the advanced state of the technology in the state of
the art; the high level of skill in the art; certainty imparted by the extensive teachings in the state
of the art; the presence of working examples in Appellants’ specification; the extensive guidance

provided by Appellants’ Specification; and the limited and reasonable experimentation
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necessary; it becomes clear that a person having ordinary skill in the art could practice the
claimed Invention without having to perform experimentation that would be undue.

Moreover, the Examiner has not provided any evidence or any technical reasoning to
challenge any of the statements or assertions made in the specification of Appellants’
application. Without a reason to doubt the truth of the statements made in the patent application,
the application must be considered enabling. /n re Wright , 999 F 2d 1557, 1562, 27 USPQ2d
1510, 1513 (Fed. Cir. 1993); In re Marzocchi , 439 F.2d 220, 223, 169 USPQ 367, 369 (CCPA
1971).

As such, Appellants submit to the Board that the claimed invention is enabled by
Appellants’ specification, and respectfully requests the Board to reverse the Examiner’s

rejection.

B. THE SCOPE AND SUBJECT MATTER OF APPELLANT’S CLAIM 19 IS
CLEAR AND DEFINITE.

Appellants’ claim 19 stands finally rejected under 35 U.S.C. §112, 42 for being
indefinite. Appellants respectfully traverse and appeal the rejection.
The Examiner has alleged that claim 19 is vague and indefinite on page 9 of the Final

Office Action for the following:

Claim 19 is rejected as vague and indefinite in view of step (b). Since step (b)
does not have a phrase “a plurality of padlock probes”, it is unclear where each
padlock probe that hybridizes to a different target nucleic acid sequence has a
different reference code comes from. Please clarify.

(see Final Office Action dated December 11, 2019 at page 9).

It is respectfully submitted to the Board that the claims in question are method or process
claims, not compositions of matter claims.

In regards to having to provide the phrase “a plurality of padlock probes” in claim 19 is
not necessary and confusing. Step (a) provides for amplifying a plurality of nucleic acid
molecules, and step (b) provides for annealing a padlock probe to each amplified nucleic acid
sequence. By inherency or by basic logical inference, step (b) must provide for a plurality of
padlock probes. As such, the phrase that the Examiner is alleging as missing, is in fact,

inherently provided for by the elements recited in claim 19.
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Accordingly, the ground for the rejection of claim 19 for not presenting “a plurality of
padlock probes” is moot.
The Examiner has further alleged that claim 19 is vague and indefinite on page 9 of the

Final Office Action for the following:

Claim 19 is rejected as vague and indefinite in view of steps (d), (¢), and (g)
because it is unclear where a plurality of fluorescent signals indicative of said
hybridizing of the first fluorescently labeled decoder probe to said first decoder
sequence is located, where a plurality of fluorescent signals indicative of said
hybridizing of the second fluorescently labeled decoder probe to said second
decoder sequence is located, and the first fluorescently labeled decoder probe
located on where is de-hybridized and removed. Please clarify.

(see Final Office Action dated December 11, 2019 at page 9).

It is respectfully submitted that the claim elements are read in light of the teachings
provided by Appellants’ disclosure. Appellants’ disclosure at Figure 1B and 1C clearly indicate
that the decoder probes bind to sequential sequence regions on the padlock probe, and are
removed after each cycle (de-hybridized and washed off) (see step 1B second and third panels).
Furthermore, step (b) of claim 19, clearly recites that the first and second decoder sequences are

located on the padlock probe:

...wherein the padlock probe further comprises at least a first decoder sequence
and a second decoder sequence that do not anneal to said amplified nucleic acid
molecules, and wherein the padlock probe can be identified based upon
generating a code from decoding the at least first decoder sequence and the
second decoder sequence by using sequential hybridization with fluorescently
labeled decoder probes., ...

(see Appellant’s claim 19).

Accordingly, there is no ambiguity as to the location of the first and second decoder
sequence, and the generation of fluorescent signals thereof.

For at least the following reasons, Appellants submit to the Board that the scope and
meaning of the subject matter of claim 19 is clear and definite. Appellants respectfully request

the rejection of claim 19 under 35 U.S.C. §112(b) be reversed.

0288



Attorney’s Docket No. 00140-005001 / IP-0645-US
Application No. 14/742.027
Page 16 of 21

VIII. CONCLUSION

In view of the foregoing remarks, Appellants respectfully solicit the Board to: (1) reverse
the Examiner’s rejections of claims 5, 9-13 and 16-19 under 35 U.S.C. §112(a); and (2) reverse
the Examiner’s rejections of claims 5, 9-13 and 16-19 under 35 U.S.C. §112(b).

Please charge any required fee shortage due in connection with the filing of this paper,
including extension of time fees, to Deposit Account No. 50-4586 and please credit any excess

fees to such deposit account.

Respectfully submitted,
GAVRILOVICH, DODD & LINDSEY LLP
Date: _ March 31, 2020 By:_/Joseph R. Baker, Jr./

Joseph R. Baker, Jr.
Registration No. 40,900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (Fax)
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IX. APPENDIX OF CLAIMS

1-4.  (Canceled).

5. (Previously Presented) =~ The method of claim 19, wherein said amplifying a plurality

of nucleic acid molecules in situ within a cell comprises rolling circle amplification.

6-8.  (Canceled)

0. (Previously Presented) ~ The method of claim 19, wherein said amplified nucleic acid

molecules are immobilized within said cell.

10.  (Previously Presented) =~ The method of claim 19, wherein said amplified nucleic acid

molecules are amplified from cellular RNA.

11.  (Previously Presented) = The method of claim 10, further comprising cDNA synthesis

using said cellular RNA.

12.  (Previously Presented) The method of claim 19, wherein said amplified nucleic acid

molecules comprise DNA.

13.  (Previously Presented) = The method of claim 19, wherein said nucleic acid molecules

comprise a disease-causing mutation.
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14-15. (Canceled)

16. (Previously Presented)  The method of claim 13, wherein said disease-causing

mutation comprises a base substitution.

17. (Withdrawn)  The method of claim 14, wherein said disease-causing mutation

comprises an insertion mutation.

18.  (Withdrawn)  The method of claim 14, wherein said disease-causing mutation

comprises a deletion mutation.

19. (Previously Presented) A method of providing sequence information regarding at
least one target nucleic acid sequence in a plurality of nucleic acid molecules from an individual
cell comprising:

(a) amplifying a plurality of nucleic acid molecules in sifu within a cell, thereby
generating a set of amplified nucleic acid molecules, wherein the set of amplified nucleic acid
molecules comprise the at least one target nucleic acid sequence;

(b) for each amplified nucleic acid sequence of said set of amplified nucleic acid
molecules, annealing in situ a padlock probe that is designed to anneal to the at least one target
nucleic acid sequence, wherein the padlock probe comprises two sequence-specific capturing
arms on the 5’ and 3’ end of the probe, wherein the capturing arms are ligatable when each are

annealed to the target nucleic acid sequence, wherein the padlock probe further comprises at
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least a first decoder sequence and a second decoder sequence that do not anneal to said amplified
nucleic acid molecules, and wherein the padlock probe can be identified based upon generating a
code from decoding the at least first decoder sequence and the second decoder sequence by using
sequential hybridization with fluorescently labeled decoder probes, and identifying the padlock
probe by matching said code with a reference code that is assigned for each padlock probe,
wherein each padlock probe that hybridizes to a different target nucleic acid sequence has a
different reference code;

(©) hybridizing a first fluorescently labeled decoder probe to said first decoder
sequence, wherein the first fluorescently labeled decoder probe that is not hybridized to said first
decoder sequence is removed by washing;

(d) detecting a plurality of fluorescent signals indicative of said hybridizing of the
first fluorescently labeled decoder probe to said first decoder sequence;

(e) de-hybridizing and removing the first fluorescently labeled decoder probe;

() hybridizing a second fluorescently labeled decoder probe to said second decoder
sequence, wherein the second fluorescently labeled decoder probe that is not hybridized to said
second decoder sequence is removed by washing, and wherein the second fluorescently labeled
decoder probe is labeled with a fluor that absorbs light at a different wavelength than the fluor of
the first fluorescently labeled decoder probe;

(2) detecting a plurality of fluorescent signals indicative of said hybridizing of the
second fluorescently labeled decoder probe to said second decoder sequence, and

(h) determining the identity of the padlock probe based upon decoding the plurality of
fluorescent signals generated from hybridization of the first fluorescently labeled decoder probe

with the first decoder sequence of the padlock probe, and the plurality of fluorescent signals
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generated from hybridization of the second fluorescently labeled decoder probe to the second
decoder sequence of the padlock probe, wherein identification of the padlock probe provides
sequence information regarding the at least one target nucleic acid sequence in the plurality of

nucleic acid molecules from an individual cell.

20-21. (Canceled)
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X. EVIDENCE APPENDIX

Exhibit A, a publication by Gunderson et al., Decoding Randomly Ordered DNA Arrays.
Genome Res. 2004 May;14(5):870-7, was incorporated by reference in its entirety in Appellants’
application at p. 13, 11. 3-5. Exhibit A was provided with the Response to Non-Final Office
Action filed September 23, 2019. Exhibit A was further provided in an accompanying
Information Disclosure Statement that was filed with the Response. Exhibit A was entered into

the record by the Final Office Action mailed December 11, 2019.
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Exhibit A

Methods-

Decoding Randomly Ordered DNA Arrays

Kevin L. Gunderson,’> Semyon Kruglyak,'> Michael S. Graige,' Francisco Garcia,’
Bahram G. Kermani,' Chanfeng Zhao,' Diping Che,' Todd Dickinson,’

Eliza Wickham,' Jim Bierle,” Dennis Doucet,” Monika Milewski,” Robert Yang,'
Chris Siegmund,’ Juergen Haas, Lixin Zhou," Arnold Oliphant,' Jian-Bing Fan,’

Steven Barnard,! and Mark S. Chee'#

"iiumina, Inc., San Diego, California 92121, USA; 2Genomics Institute of the Novartis Research Foundation,

San Diego, California 92121, USA

We have developed a simple and efficient algorithm to identify each member of a large collection of DNA-linked
objects through the use of hybridization, and have applied it to the manufacture of randomly assembled arrays of
beads in wells. Once the algorithm has been used to determine the identity of each bead, the microarray can be used
in a wide variety of applications, including single nucleotide polymorphism genotyping and gene expression
profiling. The algorithm requires only a few labels and several sequential hybridizations to identify thousands of
different DNA sequences with great accuracy. We have decoded tens of thousands of arrays, each with 1520
sequences represented at ~30-fold redundancy by up to ~50,000 beads, with a median error rate of <i x 10~ per
bead. The approach makes use of error checking codes and provides, for the first time, a direct functional quality
control of every element of each array that is manufactured. The algorithm can be applied to any spatially fixed
collection of objects or molecules that are associated with specific DNA sequences.

Microarray technology, devised for the analysis of complex bio-
logical systems, uses the ability of a DNA strand to hybridize
specifically to its complement to extract 1000s of measurements
at a time from a single sample (Watson and Crick 1953; Southern
et al. 1992; Pease et al. 1994; Schena et al. 1995; Chee et al. 1996;
Lockhart et al. 1996; Lockhart and Winzeler 2000). Although
relatively new, this ftechnoelogy has enabled a variety of impor-
tant applications, for example, genome-wide quantitative analy-
sis of gene expression and large-scale single nucleotide polymor-
phism (SNP) discovery and genotyping (Chee et al. 1996; Lock-
hart et al. 1996; Wang et al. 1998; Fan et al. 2003; Hardenbol et
al. 2003; Kennedy et al. 2Z003; Yvert et al. 2003). Microarrays are
also beginning to play a role in the reinvention of cancer classi-
fication and drug discovery (Johnson et al. 2002; van’t Veer et al.
2002},

Conventional microarrays are manufactured by spotting or
synthesizing probes at known locations on a two-dimensional
substrate (Fodor et al. 1991; Schena et al. 1995; Holloway et al.
2002). The significance of our novel approach is that it enables
the production of randomly assembled arrays in which the loca-
tion of a probe is initially unknown {Michael et al. 1998). Ran-
dom bead loading combined with decoding avoids the need for
physical addressing of each element and thus achieves unprec-
edented levels of miniaturization and very high packing densities
by using relatively simple bulk processes (Figs. 1, 2). For example,
a typical spotted array with 100-um center-to-center spacing has
~400-fold lower packing density, and a photolithographically
synthesized array (Fodor et al. 1991) with 11-um center-to-center
spacing has about fourfold lower density than that of the arrays
described here. The random assembly of 300-nm-diameter beads
in 500-nm wells has been reported, a density ~40,000 times

3These authors contributed equally to this work.

*Corresponding author.

E-MAIL mchee@iliumina.com; FAX (858) 202-4680.

Article and publication are at http://www.genome.org/cgi/doi/10.1101/
gr.2255804. Article published online before print in April 2004.

higher than that of a typical spotted microarray (Michael et al.
1998).

Although randomly assembled arrays were recognized from
the oufset as a potenfially revolutionary approach to microarray
technology, the initial attempts to determine the location and
identity of beads could only distinguish a few codes, limiting the
usefulness of the approach (Michael et al. 1998). These initial
attempts at decoding relied on dye impregnation of beads, but
this approach suffered from variability in quantitation, lack of
stability, and other problems. A number of other schemes that
aim to encode particles directly with combinatorial codes gener-
ated by mixtures or spatial arrangements of optical signaling
molecules have similar issues (Fulton et al. 1997; Han et al. 2001;
Lockhart and Trulson 2001; Nicewarner-Pena et al. 2001; Brae-
ckmans et al. 2002; Chan et al. 2002). We sidestepped the need
for complex dye chemistries and painstaking labeling processes
by devising a novel, highly efficient decoding algorithm that uses
the specificity and reversibility of DNA hybridization.

RESULTS
Design of DNA-Based Decoding

Our algorithm uses sequential hybridizations of dye-labeled oli-
gonucleotides, or decoders, complementary to bead sequences to
create a combinatorial decoding scheme for arrays. It is distinct
from sequencing by hybridization (SBH), which has been used
successfully to characterize sequences de novo by hybridization
to all r-mers or a well-chosen subset, fypically in the range of 4-
to 10-mers (Drmanac et al. 1996, 1998; Gunderson et al. 1998;
Brenner et al. 2000). Our approach uses longer sequernces, each
designed to hybridize to a defined target with high specificity. It
is capable of decoding, with high accuracy, many 1000s of bead
fypes. Each bead type is defined by a unique DNA sequence that
is recognized by a complementary decoder.

To illustrate, we show an example of decoding eight differ-
ent bead types. We use two fluorescent labels, or states {green and
red) in combination with three sequential hybridizations, or

870 Genome Research 14:870-877 ©2004 by Cold Spring Harbor Laboratory Press ISSN 1088-9051/04; www .genome.org

WWW.Zenome.org
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Figure T Assembly of a random array. (4) Creation of a bead pool and assembly into ~3-um-diameter wells efched in optical fiber bundles. Once a
bead pool is made, it is relatively straightforward to assemble and decode large numbers of arrays. Each array contains ~50,000 beads distributed among
1520 bead types, so that each bead type is represented at ~30-fold redundancy. Scanning electron micrographs are shown of an unassembled and an
assembled array containing one bead per well. (B) Because individual arrays are only --1.4 mm in diameter, they can easily be arranged into a 96-array

matrix, designied for parailel analysis of samples in standard microtiter plates.

stages. The sequential hybridization process is illustrated for a
single bead (bead type 2 of eight) in Figure 2A. In each of the
three stages, the bead is “colored” by hybridization to a fluores-
cently labeled decoder oligonucleotide (Fig. 2A,B). In practice, all
beads in the array are labeled simultaneously at each stage, by
exposure to a pooled set of decoders, so that the process is in-
trinsically parallel and efficient.

The combinatorial assignment of green and red within each
pool of eight decoders is shown in Figure 2C. There are three
decoder pools in total, one for each stage. The stage 1 pool has
the first four decoders colored green and the last four colored red.
The decoders in subsequent stages are labeled so that after three
stages each bead type is assigned a unique three-bit color code.
Note that the sequences of the decoders are unchanged from
stage to stage; only the fluorescent labels are varied. The bead
circled in Figure 2B has the color signature (GRG), or 010 code in
binary representation, in which G = 0 and R = 1. Its sequence can
be identified as sequence 2 by referring to the color-lookup table in
Figure 2C. Although assignment of codes to sequences is unam-
biguous after three stages, additional stages can be added for error
checking purposes {last column of Fig. 2C) to be described below.

In this simple fashion, the eight bead types are decoded with
three stages and two color labels. The approach scales exponen-
tially. If there are N bead types and k distinguishable labels, or
states, then the number of stages required is § = [log, N Thus, a
large number of sequences can be decoded by using only a few
labels across a few stages. For instance, four states (colors) com-
bined with eight decoding stages enables up to 65,536 (4%) dif-
ferent bead types to be decoded.

There are a number of ways of creating different states. Dis-
tinct fluorescent labels can be used as described in Figure 2, or the
intensity levels of fluorescent labels can be varied to create gray-
scale states. We use a process that decodes 1520 different bead
types by using three states: two fluorescent “ON” states (FAM and
(Y3 fluorescent labels) and one nonfluorescent “OFF” state. The
logarithmic relationship between the number of bead types and
the number of decode stages shows that the 1520 bead fypes can
be decoded in only [log, 15201 = 7 stages. In practice, we use an
additional stage to enable error checking. Without error check-
ing, a single mistake in resolving a color label in any of the
decode stages will lead to misclassification of a bead. This could
result from, for example, a weak fluorescent signal or a speck of
dust on the array.

0296

Error Checking

The error-checking concepts that we have developed, and that
underlie the robustness of our hybridization-based approach, are
based on algorithms from digital information theory (Shannon
1948a,b; Hamming 1986). Although they are well known in
other fields, they have not, to our knowledge, previously been
applied to microarray manufacture or, indeed, more generally to
DNA hybridization. With functional testing of every element of
every array, we achieve a level of quality confrol that is unprec-
edented in microarray manufacture. As a result, we overcome
some of the challenges in quality control that can plague the
manufacture of ordered microarrays, which can also suffer from
random sources of error (Hubbell and Pevzner 1999; Battaglia et
al. 2000; Taylor et al. 2001; Sengupta and Tompa 2002; Shear-
stone et al. 2002; Hessner et al. 2003).

The simplest form of error checking we have used has a
parify bit and is illustrated in Figure 2C. The assigned four-bit
codes all have an even parity bit sum and are termed valid codes.
An error in a single decode stage is a one-bit error that creates an
odd parity, or invalid code. Although the parity-based approach
is effective, we have optimized error checking by designing a
more advanced scheme that assigns codes in a way that takes into
account inherent biases in error rates and enables estimation of
the misclassification rate.

In our implementation of three-state decoding, the most
COMIMON erxors are transitions from an ON state, one or two, to
the OFF state, zero. Less common are transitions from OFF to ON.
Transitions from one ON state to the other ON state are ex-
trernely rare. This can be explained by the fact that such transi-
tions require two simultaneous classification errors: a mistaken
ON in one color channel and a mistaken OFF call in the other
color channel. We used these biases in error rates by designing
the decode stages sc that every valid code has a fixed number of
OFF states. For example, if there are 1520 bead types and we use
three-state eight-stage decoding, then each valid code would be
designed to be OFF in exactly two stages and ON in exactly six
stages (the actual scheme used is a slight variant on this design;
see Methods). An example of a valid code would be 23110210

With this scherpe, it is theoretically impossible to misclas-
sify a code through any number of occurrences of the most com-
mon error type: a transition from an ON state to an OFF state.
The following events can lead to misclassification: a transition
from: one ON state to the other, or multiple stage errors with at
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Figure 2 Decoding process. {4) The sequential hybridization process is illustrated for a single bead,
of bead type 2. In stage 1, a complementary decoder hybridizes to the oligonucleotide probe that is
attached to the bead (for details of the procedure, see Methods). The decoder is labeled with a
fluorophiore {green in stage 1, red in stage 2, and green in stage 3). The fluorescent signal is read by
imaging the entire array. The array is then dehybridized, and the process is repeated for two more
stages. (B) A scanning electron micrograph of an array of beads, artificially colored to represent three
sequential hybridization stages. The images, taken collectively, reveal a combinatorial code for each
bead. Note that the bead circled in yeliow has the color signature GRG or code 010. (C) Colors, or
states, are assigned to individual decoder sequences in each stage to produce a unigue combination
across stages. This signature, or code, identifies each bead type. As indicated in the parity code column,
an extra decoding stage (data not shown) can be performed to provide an error checking parity bit.
After three stages of decoding, all the beads are uniquely identified by their color.

in use. Monitoring the number of beads
decoding to this category allows an esti-
mation of the true misclassification rate,
as described in the Methods section.
With little extra cost to the overall pro-
cess, this error checking scheme moni-
tors the rate of single state errors, mini-
mizes the number of misclassified beads,
and permits the number of misclassified
beads, one of the key determinants of
array quality, to be estimated.

Decoding of Randomly
Assembled Arrays
By using this approach, arrays of 1520
different bead types (~50,000 total
beads) were decoded 96 at a time in the
Sentrix array matrix format. Representa-
tive examples from the decoding are
shown in Figure 3, and summary statis-
tics are presented in Table 2. Figure 3A
shows a set of hybridization images from
all eight stages of the decoding process.
High signal to noise allows the code
of the circled bead to be read by eye.
The code is 11012202, with FAM = 1,
Cy3 =2, and OFF = 0. Furthermore, we
can identify this as a valid used code ac-
cording to the error checking scheme.
Figure 3B shows an example of decoding
data for a population of beads from a
single array imaged in the FAM channel
for one out of the eight decode stages.
The clear separation between the two
modes in the histogram indicates that
most beads can be classified unambigu-
ously as OFF or ON. Information of this
type is the input for histogram-based or
stage-by-stage decoding, which is used
for quality control of individual stages.
Actual decoding is carried out by using a
core-by-core classification algorithm,
which makes use of the fluorescence in-
tensity profile of each bead, measured in
FAM and Cy3 channels, across all eight
decode stages (Fig. 3C) to classify a bead
as ON or OFF. In the example of Figure
3C, the code is 02212130.

By using the core-by-core algo-
rithm, we have decoded many 10s of

least one ON-to-OFF transition and at least one OFF-to-ON tran- 1000s of arrays with a median random error rate of <1 X 107*
sitiont. Both events are extremely rare. The space of all possible per bead (Table 2). The rate was estimated by using the error
color codes is divided into three categories: used valid, unused checking scheme summuarized in Table 1. To get a more direct
valid, and invalid (Table 1). The unused valid codes represent measure of random error rates, we decoded a matrix of 96 arrays
codes that could be assigned to bead types but are not currently twice and considered beads that were decoded to used codes in
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Figure 3 (4) Decoding images from eight sequential stages (numbered). Each image is a false-color composite of the FAM and Cy3 grayscale images
from each stage. A small region (<0.2%) of a single array is shown. The circled bead is one of up to ~4.8 million in a single 96-array matrix. It has the
code 11012202. A total of 1728 images, each -5 Mb in size and containing ~1.7 million pixels, are collected in order to decode an array matrix. (B)
Histogram of bead intensities for a single stage. The low intensity peak includes beads in the OFF state and empty wells. The higher intensity peak
includes beads in the ON state. (C) The eight-stage intensity profile of a typical individual bead (code = 02212110) in the FAM and Cy3 channels (~100

counts of intensity are from camera DC offset).

both decoding events (average of 44,912 = 1098 beads/array).
The misclassification rate was then estirnated by dividing the
number of discrepant calls by the total number of calls. This is an
upper bound on the rate, as the errors are distributed among the
two decoding events. The mean misclassification rate obfained in
this way was 3.8 X 10~ ° with a 95% confidence interval of zero
to 1.8 X 107% The results are consistent with the estimates ob-
tained in Table 2. This analysis does not account for any system-
atic misclassification errors, but functional tests (e.g., genotyping
comparison studies with other technologies) have not identified
any systematic misclassification {data not shown).

Error Rate Impact

The error rate of <1 X 1074 per bead has a negligible impact on
assay accuracy because of the ~30-fold average redundancy and
fivefold minimum redundancy of each bead type (Fig. 4). The
measured decoding error rate translates to a median of fewer than
five misclassified beads per array. Therefore, the chances of more
than one random error affecting a given bead type are very low
(~5 X 107°). Given the fact that outlier removal is used in our
downstream processes, we estimate that a 100-fold higher aver-
age random error rate would have tc occur in order to affect our
assays (the calculation assumes that the assay is affected if any
one bead type on the array has >10% of beads mis-decoded). If we
did not use an extra stage for error checking and the number of
possible codes was equal to the number of used codes, then any
single stage exror would lead to misclassification of a bead. Based
on the average number of invalid codes generated by our process,
we estimate that the average misclassification rate would increase
86-fold. The average array would still perform well, but some
fraction of arrays would have unacceptably high misclassifica-
tion rates.
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A fundamental difference between randomly assembled ar-
rays and conventional ordered arrays is that the number of beads
(or probes) of each type is intrinsically a random variable with a
Poisson sampling distribution for the former (Fig. 4) and is fixed
and defined for the latter. Fach randomly assembled array is ef-
fectively unique, having different numbers and arrangements of
beads from array to amray yet decoded by a single universal pro-
cess. This notion is accepted for “liquid arrays” (Fulton et al.
1997), but is fairly radical in the field of spatially fixed microar-
rays. Nevertheless, the advantage of having multiple beads of
each type is that the analytical assay precision is increased by
both outlier removal and averaging of replicates (using subsam-
pling of 1 to 20 beads (N} per bead type indicate that the ex-
tracted data conform to the theoretical rule of the error of the
mean decreasing as VN: P. Ng, pers. comm.). At the same time, the
random distribution of beads minimizes the chance of any local
problem affecting the overall result, increasing robustness of the
system. The only added requirement of using “unique” arrays is
that the analytical data extraction step must use a uniquely de-
fined template for each particular array. This was easy to imple-
ment as part of our data extraction software.

DISCUSSION

Our work provides a high-performance alternative to conven-
tional microarrays. It also expands the reach of microarray as-
says. For example, we have used a highly miniaturized amray for-
mat to construct a 96-array matrix for processing many microar-
ray experiments cost-effectively, for ~1500 assays at a time. This
provides much needed statistical power that is difficult and pro-
hibitively expensive to obtain by using conventional microar-
rays, and has the potential to speed the transition of microarray-
based assays to large-scale clinical application.
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‘We have used decoded arrays to create new assays for large-
scale genotyping (Fan et al. 2003) and gene expression {Yeakley
ef al. 2002; Fan et al. 2004) using a universal array format. We
have also developed gene-specific probe sets for gene expression,
and demonstrated limits of detection, precision, and dynamic
range that are similar or superior to those obtained with conven-
tional microarrays (M. Chee, K. Kuhn, S. Baker, and T. McDanie},
pers. comi.). Therefore, the technology is versatile and capable of
conducting all the types of assays that are currently read out on
conventional microarrays. For example, a wide variety of altermna-
tive genotyping assays could in principle be implemented on our
platform (Gerry et al. 1999; Pastinen et al. 2000; Hardenbol et al.
2003). As a resulf, this work provides the foundation for a host of
important existing applications in genomics, as well as new appli-
cations that are under development. Our technology is particularly
effective at making large numbers of arrays of a given type, and is
complementary to microarray technologies that are useful for
screening large amounts of sequence with relatively few arrays
(Chee et al. 1996; Patil et al. 2001; Nuwaysir et al. 2002).

Iroportantly, our techinology has been proven in highly de-
manding and competitive large-scale genomics applications, in
particular SNP genotyping (Fan et al. 2003). For example, the
majority of the genotyping being carried out for the Interna-
tional HapMap Project, which aims to create a detailed map of
common genetic variation across the human genome, is being
carried out by using randomly assembled arrays manufactured by
our decoding process, in conjunction with a new highly multi-
plexed genotyping assay that we also developed (Fan et al. 2003).
The genotypes we have generated for the HapMap project are
publicly available {(www.hapmap.org). We routinely achieve a
combination of call rates of >99.9% together with accuracy of
99.7% to 99.9%, with a capacity to process over a million geno-
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types per day that is scalable to much higher levels (Fan et al.
2003).

Random arrays have been particularly useful for the accu-
rate, high-throughput, and cost-effective analysis of large num-
bers of samples for ~1500 assays at a time, a need that was not
met by conventional arrays. However, if random arrays are to
realize their full potential, the capacity of the decoding scheme
must be increased to allow the analysis of 10s or 100s of 1000s of
assays per sample. Our approach to decoding is flexible and scal-
able. We have used a single decode sequence per bead, which
works well for decoding 1000s of bead types. The decoding of
100,000s of bead types by the current process would require the
synthesis of 100,000s of fluorescently labeled decoder oligos—an
expensive and time consuming task. This bottleneck can be over-
come by using multiple decoding sequences on each bead type
such that if pairs of sequences are used, up to 10° (1006 x 1000)
unique combinatoric sequences can be formed from just 2000
primary decoder sequences. By using this combinatoric ap-
proach, the decoder pools would only contain a complexity of
1000 to 2000 different sequences rather than 10° sequences.

Finally, the decoding algorithm is general and can, in prin-
ciple, be applied to any spatially fixed collection of objects or
molecules that are associated with specific DNA sequences. In
genomics, the classification and characterization of large collec-
fions of sequences is often a key step in the analysis of complex
biological systems. For example, a library of DNA clones is tradi-
tionally searchied for a single gene of interest by hybridization to
a Jabeled DNA probe (Sambrook 1989). The approach described
here would allow a search for 1000s of genes at a time, while
distinguishing closely related members of gene families and per-
haps alternative splice forms. Similarly, electrophoretic separa-
tions of complex mixtures of nucleic acids are often probed to
characterize a gene or its mRNA (Southern 1975; Alwine et al.
1979; Liang and Pardee 1992); this can also be parallelized. Fi-
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Figure 4 Bead representation histogram from a representative de-
coded array overlaid with a scaled Poisson density function. The loading
of each array is a sampling of beads from a near infinite bead pool. Almost
N ~ 50,000 beads are sampled, and the probability, p, that a sampled
bead belongs to a particular type is approximately one divided by the
number of bead types. Because N is large, p is small, and the initial bead
pool is near infinite, the number of beads from each bead type is well
modeled by a Poisson distribution with mean N,. With 1520 bead types,
we average >30 replicate beads per bead type, and the probability that
any bead type has fewer than five replicate beads is extremely low
(~5.5 x 1079).
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nally, fluorescence in situ hybridization (FISH), a powertul class
of methods with many applications, could be applied to 1000s of
genes simultaneocusly. To illustrate, FISH with combinatorially
labeled oligonucleotide probes has been used to measure tran-
scription from 10 genes in a single cell (Levsky et al. 2002). The
decoding strategy we describe could potentially allow transcrip-
tion to be rueasured for all genes in a single cell.

In conclusion, we have developed a new and scalable way to
make a novel type of microarray. The highly miniaturized arrays
have performed well in a variety of applications. The decoding
approach used to make them is both accurate and robust and
can, in principle, be used to identify not only DNA sequences on
beads but also other collections of DNA sequences.

METHODS

Preparation of Oligonudeotide-Linked Beads
and Bead Pools

A set of 1536 universal capture oligonucleotide sequences was
synthesized. Fach sequence was individually immobilized on
activated beads, as follows, to create 1536 bead types. Silica
beads ~3 pm in diameter (Bangs Laboratories, Inc.) were amino
functionalized by incubation in 2.5% 3-amino-propyl-tri-
methoxysilane (Aldrich) in ethanol for 1 h at RT and then acti-
vated by reaction with 29% 2,4,6-trichlore-1, 3, 5-triazine (Aldrich)
in acetonitrile for 2 h at room temperature. Synthetic oligo-
nucleotides labeled at the 5’ terminus with a primary amine were
covalently attached to the activated beads by overnight reaction
at 50°C in a solution of 3 M NaCl and 100 mM sodium carbonate
(pH 11). All reagents were of highest purity grade. Exopirical mea-
surements indicated that, on average, each bead carried on the
order of 10° oligonucleotides. Following quality assessment, 16
of the bead types were discarded due to low signal-to-noise ratios.
The remaining bead types were combined to create a pool con-
taining 1520 functional bead types, each representing a unique
capture sequence. The sequences were designed to serve as non-
interacting decodable address sequences in addition to their
function as probes that capture assay products from solution.
They were selected to be 22 to 24 bases long with minimal cross-
complementarity, similar GC content and Tm, no runs of a single
base longer than five, and low similarity to human genomic se-
quences.

Preparation of Oligonucleotides and Pools Used
in the Decode Process

Three sets of 1520 oligonucleotides complementary to the bead
sequences were synthesized (Ilumina Oligator synthesis). One
set was unlabeled {corresponding to the OFF state), another with
FAM, and a third with Cy3. The dye labels were incorporated
during oligonucleotide synthesis by using 5’ phosphoramidites
(Trilink Biotechnologies). After synthesis and deprotection, each
oligonucleotide type was individually purified by using 96-well
reverse-phase cartridge purification to vield labeled products
>75% in purity. These sets of oligonucleotides were used to create
eight unique decode pools, according to the strategy described
below. Each pool contained 1520 decode sequences, each at a
concentration of 10 nM.

Design of Decoder Pools

The strategy for the design of decoder pools to enable error
checking, described in the main text, included the condition that
all valid codes have exactly fwo OFF states, which allows for a
maximum of 1792 codes. Te enable the decoding of more bead
types, we pooled the decoders so that valid codes have ejther
exactly two OFF states or exactly five OFF states. The transition
events that lead to misclassification are the same as described
above, except that errors of the type (ON to OFF) or (OFF to ON)
occurring in three different stages could also lead to a misclassi-
fication event. Three errors from ON to OFF could occur if a bead
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falls out of the array in the middle of decoding. To eliminate this
source of error, all codes ending in three or more OFF states were
removed from the set of valid codes. Finally, we eliminated any
codes that do not have at least one ON state in each of the color
channels that we use. The fact that each bead must show specific
signal in two color channels during the decode process provides
an additional quality check. The total number of valid color
codes in this scheme is 2012.

Assembly of Array Matrices

Array matrices were manufactured in the following way: 96 op-
tical fiber bundles were set in a rigid frame, in an 8 X 12 matrix
that matches the layout of a standard 96-well microtiter plate.
Each ~1.4-mm-diameter hexagonally packed bundle contains
49,777 individual glass optical fibers fused together into a mono-
lithic unit. The bundles were polished at both ends fo a tolerance
of ~1 pruo planarity across the entire rnatrix. One end served as the
imaging surface and was used for the collection of fluorescence
intensity data. The opposite end was etched in weak acid to cre-
ate a well -3 pm in diameter at the end of each optical fiber. The
fiber bundles were loaded by pipetting ~0.4 pL (0.12 mg) beads in
ethanol onto the end of each bundle, allowing the ethanol to
evaporate, and removing excess beads. The assembled arrays
were quite stable. Following eight stages of decoding and an over-
night analytical hybridization (high salt at 48°C to 55°C}, bead
retention was ftypically >97%.

Decoding

Following bead assembly, arrays were hybridized to pools of 1520
decoders, each at 10 nM in decode buffer (600 mM NaCl, 60 mM
potassium phosphate, 0.06% Tween-20, and 40% formamide at
pH 7.6}, for 12 min at room temperature. Following hybridiza-
tion, three 1-min washes in wash buffer (167 mM Na(Cl, 16.7 mM
potassium phosphate, 0.017% Tween-20 at pH 7.6) were used to
remove unbound oligonucleotides. The arrays were then imaged
at 1.0-pm resolution by using a 12-bit, 2000 X 3000-pixel CCD
camera {Quantix 36E, Roper Scientific) and a standard achro-
matic 0.3 NA microscope imaging objective {field of view [FOV]
=2 mm) in a custom-engineered high-throughput imaging sys-
tern (Barker et al. 2003). The imaging system usesan X, Y, Z stage
assembly and positioning and autofocus software to collect im-
ages from all 96 arrays of a Sentrix array matrix automaticaily.
Fluorescence excitation was performed by using a 300-W xenon
arc lamp (ILC technology) and appropriate emission/dichroic/
excitation filter sets. The FAM and Cy3 color channels were im-
aged separately. The light intensity at the sample was ~20 to 35
mW. This imaging design minimizes spectral cross-talk between
dyes because excitation and emission are done on peak. After
imaging, the arrays were dehybridized by dipping into 0.1 N
NaOH for 1 min and weze then neutralized in decode buffer. The
process of hybridizationr, washing, image collection, and dehy-
bridization was carried out until eight hybridization stages were
completed. The arrays were washed in water and ethanol, dried
in nitrogen, and sealed with desiccant in a foil package.

Image Processing and Data Extraction

A core corresponds to an etched well in the optical fiber bundle
and has a high probability of containing a bead. We developed
algorithms and custom image processing software to discover the
locations of cores in decode images and extract intensity data
from them (Galinsky 2003a,b). The software identified, aligned,
and indexed the cores in a process fermed registration. The shiff,
rotation, and scale of each image were determined relative to a
ternplate image as part of this process. After registration, the core
indices and locations were matched across the set of decode im-
ages. Intensity information for each core was then obtained by
averaging a three-by-three-pixel region centered on the core. The
diameter of each core is approximately three microns, and each
pixel is a one micron square. Many 1000s of decoding images are
collected in a day in the production facility. Thus, an automated
image analysis pipeline was created to facilitate high-throughput
processing.
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Decoding Algorithms

We describe two algorithms used o assign decode signatures to
beads. The first is called stage-by-stage decoding. In this ap-
proach, an intensity histogram is computed for each color chan-
nel of each decode stage. The histogram is bimodal because each
stage and color channel will have beads that are in the ON state
and beads that are in the OFF state. An intensity value that sepa-
rates the ON state from the OFF state is chosen, and all cores are
assigned a zero or one, depending on whether their intensity
value is less than or greater than the separation threshold. The
values assigned for each stage and color channel are combined
into the decode signature. This algorithm is highly effective
when the OFF state population is well separated from the ON
state population. Further, the method is insensitive to shifts
caused by stage-to-stage variability in intensity.

Pseudocode for Stage-by-Stage Decoding
For each stage do
For each color channel do

. Input the N core intensity values.

. Compute intensity histogram using 100 bins.

. Locate the bin with the maximum height peak within the first 25
bins, and the bin with the maxinnin height peak within the last 75
bins.

4. Find the bin with the minimum height peak between the two

maxima.

5. Determine C, the median intensity of the minimum height peak.

6. Label all cores with intensity lower than C with zero, and all cores

with intensity greater than C as one.

o by

Tabulate the zero and one stage and color information into the decode
signatures.

The second algorithm is called core-by-core decoding. For
each bead and color channel, we consider the eight intensity
values across decode stages. The values are sorted, and the great-
est relative intensity increase is determined. This is the separation
between the ON and OFF states for the core. The same procedure
is repeated for all beads in both color channels. The results are
combined to give the decode signatures.

Pseudocode for Core~by~Core Decoding
For each core do
For each color channel do

1. Input the m intensity values for the core and color channel across
stages.
. Let i, ... 1, be the sorted intensity values.
CLet]y=(h,, — LI, k=1...m — 1 betherelative intensity jump
from stage k to stage k + 1.
4. If the greatest relative jump occurs betweer stage K and K + 1, then
assign zero to the core in stages 1 ... K, and assigrn one to the core
in stages K+ 1 ... m.

b

Tabulate the zero and one core and color information into the decode
sigriatures.

The two methods give virtually identical resulfs. In practice,
we use the core-by-core method to decode the arrays, and obtain
quality control information from the histograms. As part of the
decoding process, quantitative metrics for array quality are out-
put automatically and can be stored in a database. All processing
and quality metric generation takes ~20 min on a standard pex-
sonal computer for a matrix of 96 arrays.

Estimation of Misclassification Rate

There are 1792 eight-stage color codes that have exactly two OFF
states. A subset of these codes, (e.g.,, 1520) can be randomly se-
lected and used in the design of decoder pools. The remaining

72 codes are unused. If a bead is misclassified (identified as the
wrong bead type), the error cannot be observed because the num-
ber of beads of each type is random. However, because the used
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and unused color codes have the same form and are partitioned
randomly, the number of beads that decode to unused color
codes can be used to estimate the random misclassification rate.
The estimate is given bY {Bunused/(Bused + Bzmused)j X [(Cused - 1)/
Couseal, Where B; is the nurober of beads decoding to category i
and Cjis the total number of color codes in category i. in other
words, the estimate is the relative number of beads decoding to
unused codes scaled by the ratio of the number of codes in the
used and unused categories. In the current example, C,,; = 1520
and Cueqs = 272, but the computation is analogous for any
other decode space design.
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"The Claims Appendix is non-compliant in that the copy of the claims on
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Page 2 of 5
IX. APPENDIX OF CLAIMS
1-4. (Canceled).
. (Previously Presented) The method of claim 19, wherein said amplifying a
plurality of nucleic acid molecules in situ within a cell comprises rolling circle
amplification.
6-8. (Canceled)
9. (Previously Presented) The method of claim 19, wherein said amplified

nucleic acid molecules are immobilized within said cell.

10.  (Previously Presented) The method of claim 19, wherein said amplified

nucleic acid molecules are amplified from cellular RNA.

11.  (Previously Presented) = The method of claim 10, further comprising cDNA

synthesis using said cellular RNA.

12.  (Previously Presented) The method of claim 19, wherein said amplified nucleic

acid molecules comprise DNA.

13.  (Previously Presented) @ The method of claim 19, wherein said nucleic acid

molecules comprise a disease-causing mutation.

14-15. (Canceled)

16.  (Previously Presented) = The method of claim 13, wherein said disease-causing

mutation comprises a base substitution.

0310



Attorney’s Docket No. 00140-005001 / IP-0645-US
Application No. 14/742.027
Page 3 of 5

17.  (Withdrawn) The method of claim 14, wherein said disease-causing mutation

comprises an insertion mutation.

18. (Withdrawn)  The method of claim 14, wherein said disease-causing mutation

comprises a deletion mutation.

19.  (Previously Presented) A method of providing sequence information
regarding at least one target nucleic acid sequence in a plurality of nucleic acid
molecules from an individual cell comprising:

(a) amplifying a plurality of nucleic acid molecules in situ within a cell, thereby
generating a set of amplified nucleic acid molecules, wherein the set of amplified nucleic
acid molecules comprise the at least one target nucleic acid sequence;

(b)  for each amplified nucleic acid sequence of said set of amplified nucleic
acid molecules, annealing in situ a padlock probe that is designed to anneal to the at
least one target nucleic acid sequence, wherein the padlock probe comprises two
sequence-specific capturing arms on the 5’ and 3’ end of the probe, wherein the
capturing arms are ligatable when each are annealed to the target nucleic acid
sequence, wherein the padlock probe further comprises at least a first decoder
sequence and a second decoder sequence that do not anneal to said amplified nucleic
acid molecules, and wherein the padlock probe can be identified based upon generating
a code from decoding the at least first decoder sequence and the second decoder
sequence by using sequential hybridization with fluorescently labeled decoder probes,
and identifying the padlock probe by matching said code with a reference code that is
assigned for each padlock probe, wherein each padlock probe that hybridizes to a
different target nucleic acid sequence has a different reference code;

(c) hybridizing a first fluorescently labeled decoder probe to said first decoder
sequence, wherein the first fluorescently labeled decoder probe that is not hybridized to
said first decoder sequence is removed by washing;

(d) detecting a plurality of fluorescent signals indicative of said hybridizing of

the first fluorescently labeled decoder probe to said first decoder sequence;
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(e) de-hybridizing and removing the first fluorescently labeled decoder probe;

(f) hybridizing a second fluorescently labeled decoder probe to said second
decoder sequence, wherein the second fluorescently labeled decoder probe that is not
hybridized to said second decoder sequence is removed by washing, and wherein the
second fluorescently labeled decoder probe is labeled with a fluor that absorbs light at a
different wavelength than the fluor of the first fluorescently labeled decoder probe;

(9) detecting a plurality of fluorescent signals indicative of said hybridizing of
the second fluorescently labeled decoder probe to said second decoder sequence, and

(h) determining the identity of the padlock probe based upon decoding the
plurality of fluorescent signals generated from hybridization of the first fluorescently
labeled decoder probe with the first decoder sequence of the padlock probe, and the
plurality of fluorescent signals generated from hybridization of the second fluorescently
labeled decoder probe to the second decoder sequence of the padlock probe, wherein
identification of the padlock probe provides sequence information regarding the at least
one target nucleic acid sequence in the plurality of nucleic acid molecules from an

individual cell.

20-21. (Canceled)
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The Director is authorized to charge any required fee or credit any overpayment
to Deposit Account Number 50-4586, please reference the attorney docket number
above.

The Board is invited to contact the undersigned at the below-listed telephone

number, If it is believed that prosecution of this application may be assisted thereby.
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GAVRILOVICH, DODD & LINDSEY LLP

Date: __April 21, 2020 By:_/Joseph R. Baker, Jr./
Joseph R. Baker, Jr.
Registration No. 40,900

4370 La Jolla Village Drive, Suite 303
San Diego, California 92122

(858) 458-3607 (Main)

(858) 458-9986 (Fax)
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X No additional claim fee is required.

] An additional claim fee is required, and is calculated as shown below:

Amendment/Reply Transmittal Letter

Application No.

14/742.027

Attorney's Docket No. 00140-005001
Page 2

AMENDED CLAIMS

Highest No.
of Claims

No. of Previously Extra

Claims Paid For Claims Rate Additional Fee
Total Claims 10 20 0 x $ 100 (1202) $ 0
Independent Claims 1 3 0 x $ 460 (1201) 0
1 If Amendment adds multiple dependent claims, add $ 820 (1203) $ 0
Total Claim Amendment Fee $ 0
[] Small Entity Status claimed - subtract 50% of Total Claim Amendment Fee 0
TOTAL ADDITIONAL CLAIM FEE DUE FOR THIS AMENDMENT $ 0

X No fee is believed to be due, however, should any fee be necessary for consideration
of the accompanying paper, please charge to Deposit Account No. 50-4586 for the

fees due.

] A check in the amount of

[l Charge

Date April 21, 2020

Respectfully submitted,

is enclosed for the fee due.

to credit card for the fee due.

GAVRILOVICH, DODD & LINDSEY LLP

By: /Joseph R. Baker, Jr./

Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303

San Diego, CA 92122
858 458-3607 Main
858 458-9986 Facsimile

0317




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
29389 7590 06/24/2020
IMumina, Inc. LU, FRANK WEI MIN
Illumina Docketing
5200 Tllumina Way | ART UNIT PAPER NUMBER |
San Diego, CA 92122 1634
DATE MAILED: 06/24/2020
APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/24/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

29389 7590 06/24/2020 Certificate of Mailing or Transmission

Mlumina. Inc. I hereby certify that this Fee(s) Transmittal is being deposited with the United
. i . States Postal Service with sufficient postage for first class mail in an envelope
Illumina Docketing addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
5200 Tllumina Way the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
San DiegO CA 92122 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/24/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LU, FRANK WEI MIN 1634 435-006100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532
| EXAMINER |
29389 7590 06/24/2020
IMumina, Inc. LU, FRANK WEI MIN
Illumina Docketing
5200 Tllumina Way | ART UNIT PAPER NUMBER |
San Diego, CA 92122 1634

DATE MAILED: 06/24/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes awaggef a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 14/742,027 Fan et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
FRANK W LU 1634 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to appeal brief filed on 3/31/2020 and supplemental appeal brief filed on 4/21/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 5,9-13,16 and 19 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.[J Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.
/FRANK W LU/ June 16, 2020
Primary Examiner, Art Unit 1634

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 6/2020
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Application/Control Number: 14/742,027 Page 2
Art Unit: 1634

DETAILED ACTION
Reasons for Allowance
1. The application has been amended as follows:

Cancel claims 16 and 17 since they are dependent on canceled claim 14.
2. The following is an examiner’s statement of reasons for allowance:

Claims 5, 9-13, 16, and 19 are allowed based on the decision made by an appeal
conference held on June 15, 2020. The rejections under 35 U.S.C. 112(a) and (b) have been
withdrawn.

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

3. Papers related to this application may be submitted to Group 1600 by facsimile
transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28, 1993)
(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Dave Nguyen, can be reached on (571)272-0731.

0323



Application/Control Number: 14/742,027 Page 3
Art Unit: 1634

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FRANK W LU/

Primary Examiner, Art Unit 1634
June 16, 2020
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |44 027 Fan et al.
“ “‘ “““ Examiner Art Unit
FRANK W LU 1634

CPC

Symbol Type Version

c12Q 6874 20130101

c12Q 6841 2013:0:1:01

CPC Combination Sets

Symbol Type Set Ranking Version

c12Q | 1 1 2013-01-01

c12Q | 1 2 2013-01-01

c12Q | 1 3 2013-01-01

c12Q | 2 1 2043-01-01

c12Q | 2 2 2013:01:04

c12Q | 2 3 2013-01-01
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 8
/FRANK W LU/ 16 June 2020 . . A
Primary Examiner, Art Unit 1634 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Page 1 of 3
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

14/742,027 Fan et al.
Examiner Art Unit
FRANK W LU 1634

INTERNATIONAL CLASSIFICATION

CLAIMED

C12P

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

435

91.2

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 8
/FRANK W LU/ 16 June 2020 . . -
Primary Examiner, Art Unit 1634 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Page 2 of 3
0326

Part of Paper No.: 6/2020



/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14/742,027 Fan et al.
Examiner Art Unit
FRANK W LU 1634

(O Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. [ R.1.47
CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original

1 19

2 5

3 9

4 10

5 11

6 12

7 13

8 16
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 8
/FRANK W LU/ 16 June 2020 . . A
Primary Examiner, Art Unit 1634 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Page 3 of 3
0327

Part of Paper No.: 6/2020



Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 147742.027 Fan et al.
TTHIRATARIRRN [

FRANK W LU 1634
CPC - Searched*
Symbol Date Examiner
Update 06/16/2020 /FL/
CPC Combination Sets - Searched*
Symbol Date Examiner
Update 06/16/2020 /FL/
US Classification - Searched*
Class Subclass Date Examiner
Update 06/16/2020 JFL/

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Update (an appeal conference held on 6/15/2020 with SPE 1634 and 06/16/2020 [FL/
SPE 1637)
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

CPC 1/6874, 6841, 2531/125, 2561/125 06/16/2020 FL/
c12Q
/FRANK LU/ June 16, 2020

Primary Examiner, Art Unit 1634

U.S. Patent and Trademark Office

Page 1 of 1
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Part of Paper No.: 6/2020




Patent
Attorney Docket No. 00140-005001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Joseph R. Baker, Jr.

In re Patent Application of ) MAIL STOP ISSUE FEE
)
Jian-Bing Fan et al. ) Group Art Unit: 1634
Application No.: 14/742,027 ; Examiner: FRANK WEI MIN LU
Filed: June 17,2015 ; Confirmation No.: 6532
For: METHODS AND COMPOSITIONS ) Certificate of Electronic Deposit
FOR SINGLE CELL GENOMICS ) _ _ S
| hereby certify that this correspondence is being
) deposited with the United States Patent & Trademark
) Office on September 21, 2020 via EFS-Web.
; By: JJoseph R. Baker, Jr./
)

TRANSMITTAL LETTER

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Enclosed is a Response for the above-identified patent application.

] A Petition for Extension of Time is enclosed.

Terminal Disclaimer(s) and the [ ] $ 160 fee per Disclaimer due under
37 C.F.R. § 1.20(d) are enclosed.

Also enclosed is/are: Form PTOL-85B

Small entity status is hereby claimed.

O 0OX O

Applicant(s) requests continued examination under 37 C.F.R. § 1.114 and enclose
the [1$650 []$ 1,300 fee due under 37 C.F.R. § 1.17(¢).

0329



X No additional claim fee is required.

] An additional claim fee is required, and is calculated as shown below:

Amendment/Reply Transmittal Letter

Application No.

14/742.027

Attorney's Docket No. 00140-005001
Page 2

AMENDED CLAIMS

Highest No.
of Claims

No. of Previously Extra

Claims Paid For Claims Rate Additional Fee
Total Claims 8 20 0 x $ 100 (1202) $ 0
Independent Claims 1 3 0 x $ 460 (1201) 0
1 If Amendment adds multiple dependent claims, add $ 820 (1203) $ 0
Total Claim Amendment Fee $ 0
[] Small Entity Status claimed - subtract 50% of Total Claim Amendment Fee 0
TOTAL ADDITIONAL CLAIM FEE DUE FOR THIS AMENDMENT $ 0

] No fee is believed to be due, however, should any fee be necessary for consideration
of the accompanying paper, please charge to Deposit Account No. 50-4586 for the

fees due.

] A check in the amount of

is enclosed for the fee due.

X Charge___$1000__ to credit card for the fee due for the Issue Fee.

Date September 21, 2020

Respectfully submitted,

GAVRILOVICH, DODD & LINDSEY LLP

By: /Joseph R. Baker, Jr./

Joseph R. Baker, Jr.
Registration No. 40900

4370 La Jolla Village Drive, Suite 303

San Diego, CA 92122
858 458-3607 Main
858 458-9986 Facsimile
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

29389 7590 06/24/2020 Certificate of Mailing or Transmission

Nlumina. Inc I hereby certify that this Fee(s) Transmittal is being deposited with the United
. i T States Postal Service with sufficient postage for first class mail in an envelope
Illumina Docketing addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
5200 Tllumina Way the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
San Diego, CA 92122 ]oseph R. Baker, ]I'. (Typed or printed name)
/Joseph R. Baker, Jr./ (Signaturc)
September 21, 2020 (via EFS-Web) (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

14/742,027 06/17/2015 Jian-Bing Fan IP-0645-US 6532

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/24/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LU, FRANK WEI MIN 1634 435-006100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

1 Gavrilovich, Dodd & Lindsey LLP

or agents OR, alternatively,

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
[umina, Inc. San Diego, California
The Regents of the University of Caliofrnia Oakland, California

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual X1 Corporation or other private group entity (] Government

4a. Fees submitted: Klissue Fee [JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(A EBlectronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)
@ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-4586

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /Ioseph R. Baker, Jr./ Date September 21, 2020
Typed or printed name Ioseph R. Baker, Jr. Registration No. 40900
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 14742027

Filing Date: 17-Jun-2015

Title of Invention: METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS
First Named Inventor/Applicant Name: Jian-Bing Fan

Filer: Joseph Raymond Baker

Attorney Docket Number: IP-0645-US

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1000
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Electronic Acknowledgement Receipt

EFS ID: 40612158
Application Number: 14742027
International Application Number:
Confirmation Number: 6532

Title of Invention:

METHODS AND COMPOSITIONS FOR SINGLE CELL GENOMICS

First Named Inventor/Applicant Name:

Jian-Bing Fan

Customer Number:

29389

Filer:

Joseph Raymond Baker

Filer Authorized By:

Attorney Docket Number: IP-0645-US
Receipt Date: 21-SEP-2020
Filing Date: 17-JUN-2015
Time Stamp: 12:24:18

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1000

RAM confirmation Number E20209KC25074699

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
99018
1 Transmittal Letter Transmittal.pdf no 2
bfc68cc1939d9fef0cd7038ecffo6b7518034
eSc
Warnings:
Information:
97235
2 Issue Fee Payment (PTO-85B) Form-PTOL85b.pdf no 1
0d4eb102445658335e4d3431813bc7e756
00a2a2
Warnings:
Information:
30095
3 Fee Worksheet (SB06) fee-info.pdf no 2
319f7db884c7037d71178b6f285e997aback)
Warnings:
Information:
Total Files Size (in bytes): 226348

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/742,027 11/10/2020 10829814 1P-0645-US 6532
29389 7590 10/21/2020

Illumina, Inc
5200 Nlumina Way
San Diego, CA 92122

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 508 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Jian-Bing Fan, San Diego, CA;

ILLUMINA, INC., San Diego, CA;

Kun Zhang, San Diego, CA;

The Regents of the University of California, Oakland, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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