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capturing the poly-A tail of mRNA. Alternatively, the mRNA can be mixed with hydrogel such
as polyacrylamide gel and allowed gelation on a coverslips surface which the pore size formed

would trap the mRNA molecules on the surface.

Design of primary probes

[00371] Figure 6 illustrates an exemplary embodiment of gene specific primary probes
design and sequential barcoding hybridization on mRNA immobilized on a surface. In
particular, Figure 6a shows that primary probes are not directly labeled with fluorophore. The
primary probe contains (i) a gene specific targeting region of the mRNA which is 20nt to 35nt,
(ii) one or multiple secondary readout probe binding sites, (iii) PCR primer pairs, and optionally
(iv) a restriction enzyme cutting sites and (v) spacers nucleotides. Each target mRNA requires at
least 20 or more primary probes. These primary probes are synthesized from a complex oligo
pool which later is amplified by the unique PCR primers to obtain a complete set of probes. The
primary probes can be attached to target sequence either on the surface or in solution (Figure 6b).
Different primary binding sequences are associated with different readout sequences, which can
be selectively turned on during hybridization rounds.

[00372] In this case, mRNA 1 is barcoded with red color and mRNA 2 is barcoded with
blue color in the first round of hybridization. After imaging, a signal extinguishing step is
performed, followed by the next round of barcoding hybridization. Each mRNA will receive 4
colors in total which gives their unique identity to differentiate between each other. The barcode
capacity scales up as F~, with F is the number of fluorophore and N is the number of barcoding

hybridization (Figure 6c¢).

Arrangement of secondary probe binding sites
[00373] Figure 7 illustrates different arrangements of secondary probe binding sites on

primary probes. Assume 24 primary probes are used for each gene, 4 rounds of barcoding
hybridization with 4 different unique secondary probe binding sequences, there are various
combinations of arranging the secondary probe binding sequences on the primary probe.

Multiple or all unique secondary probe binding sequences can be found in one probe; for
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example, as overhang sequences connected to the primary binding sequence in various

combinations (Figure 7a-7c¢).

Signal Extinguishing Steps

[00374] Figure 8 depicts possible ways to extinguish fluorescent signals. For example
either high concentration of formamide can be introduced to ‘melt’ or strip off the secondary
readout probe (Figure 8a). Alternatively, chemical cleavage can be applied (Figure 8b); for
example, one implementation can be disulfide conjugated dye on secondary readout probes can
be reduced by TCEP or DTT and other reducing agents to cleave off the linker, and thus getting
rid the fluorophore from the primary probe..

Scaling up the number of ‘fluorophore’ by serial hybridization

[00375] Figure 10 depicts a table showing possible barcodes obtained using the pseudo-
color barcode scheme. In this example, 3 different color signals, 4 serial hybridization rounds
and 4 barcoding rounds were used. In this implementation, 16 rounds of imaging will be
implemented with a total of 48 unique secondary readout adapters conjugated to one of the 3
fluorophores.

[00376] One can adjust F, n, and N to achieve the best strategy to generate a desired
barcode capacity. For example, in order to reduce the number of barcoding rounds to 3, 30
unique secondary readout sequences are needed at each round of barcoding, as 30°=27,000. This
scheme can allow lower density of targets detected per channel in each hybridization round,

allowing a larger number of genes to be detected in situ.

Time efficient error correction scheme

[00377] A time efficient error correction scheme can be implemented in the current coding
scheme to tolerate 1 drop of ‘color’ in decoding the whole color codes due to loss of
hybridization. It is possible to design a highly efficient correction schemes that are not perfect
by obtaining the tightest packing density for the n-spheres. A barcode generator (i, (i+j+k) mod
5,j,k) can be used to generate barcodes that can tolerate 1 round of mis-hybridization. For

example, 6 rounds of hybridization with 5 color can cover 15625 genes, one can design the
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barcode scheme to have an extra round of hybridization to still be able to identify the 15625
genes even though any one round of hybridizations is lost in the barcode. More rounds can be
corrected with additional error correction hybridization rounds. For example, barcodes can be
designed such that shortened barcodes are still unique after data for two or more rounds of

hybridizations are lost.

Hybridization experiment

[00378] To show the entire idea works, we targeted 64 genes in mouse NIH3T3 cells
(Figure 10). These 64genes were chosen randomly with a range of FPKM values from bulk
RNA-sequencing data. A set of 24 primary probes for 1 gene were designed as illustrated in
Figure2 which contain 35nt of gene specific targeting region, 3 unique secondary readout
binding sequences, a pair of PCR primers, and a lnucleotide-‘T’ spacer. The primary probes
were synthesized in a complex oligo pool and were amplified by PCR. The barcodes were
generated as 4° = 64, without implementing an error correction scheme. 3 fluorophores were
used: Cy3b, Alexa594, and Alexa 647 and the number of fluorophores were scaled up as
described in Figure 4 with slight variation. Briefly, in each round of barcoding hybridization, 4
unique secondary readout probes were coupled to the 3 fluorophores + one of the fluorophores
hybridized in a later hybridization. In this experiment, the fourth unique secondary readout
probes in each barcoding hybridization were coupled to Alexa 647, Alexa594, and Cy3B so that
only one extra round of imaging is needed to scale up the number of ‘fluorophores’. The length
of readout probes used in this proof-of-concept experiment is 18mers. These secondary readout
probes were conjugated to dye through an amine-NHS reaction. The fluorescent signals in each
hybridization was extinguished by high concentration of formamide (60% formamide).

[00379] This proof-of-principle shows that the secondary probe readout scheme using a
combination of serial and barcoding steps can be scaled up to perform whole transcriptome
profiling. Probes can be designed to target over 20,000 genes in the transcriptome and can be
readout with 4 barcoded rounds of hybridization with 12 based “colors”, performed in similar
fashion as this 64-gene experiment.

[00380] Figure 11 depicts an exemplary embodiment of data analysis. Pearson’s
correlation plot between the copy number determined by this technology vs FPKM values
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determined from bulk RNA-seq. This shows that the measurements by the sequential
hybridization barcoding experiments are highly accurate.

[00381] The barcoding scheme illustrates in Figures 8 and 9 were used for multiplex
detection of 1000 different transcription factors mRNAs with in vitro RNA SPOTs. First,
NIH3T3 cells were grown on a 6-well plate until 60% to 80% confluency. Then the cells were
lysed and purified according to Qiagen Rneasy Mini Kit. Then, 100ng of total RNA in RNA
Binding Buffer consists of 1M LiCl, 40mM pH7.5 Tris-HCI, 2mM EDTA, 0.1% Triton X-100,
and 20units of SUPERase Inhibitor(ThermoFischer) was captured on a LNA functionalized
coverslips for overnight at room temperature. The capturing time and amount of total RNA can
be modified to adjust the dots density on a coverslip in one frame of view. Next, primary
probes(1nM/probe) which consists of a gene specific binding region, 4 barcoded secondary
readouts regions, spacers, and primers pair for a thousand genes were allowed to hybridize to the
mRNA target in 30% hybridization buffer made from 10% Dextran Sulfate, 2x SSC, and 30%
formamide at 37 °C overnight. Each gene is targeted by a minimum of 24 probes. After
washing, RNA SPOTs began with the first round of hybridization by flowing in 10nM readout
probes for each color (3 colors in one round of hybridization) and the hybridization was allowed
to happen for 30minutes at room temperature. After a brief wash, anti-bleaching buffer was
flowed into the flow cell, and the fluorescent signals were imaged. Then, the fluorescent signals
were extinguished by reduction of 50mM TCEP in 2x SSC with 0.1% Triton X-100 at room
temperature for 15mins. The process was repeated until the last round of hybridization.

[00382] In this implementation, 16 rounds of imaging was implemented with a total of 48
unique secondary readout adapters conjugated to one of the 3 fluorophores. The coding space
consists of one round of error correction for up to 1728 different targets. In this experiment, a
thousand different mRNAs were encoded with the scheme described in Figure 10. The target
mRNAs were chosen from a list of transcription factors (master regulators of gene expression)
that are conserved between mouse and humans.

[00383] Figure 12 depicts an exemplary a raw image from a barcoding experiment. The
raw image shows the results from one of the hybridization round in the 1000 transcription factor
genes experiment. The images of each serial hybridizations were first aligned to obtain the 12

‘color’ barcodes. Then the dots were decoded based on the error correction barcode scheme.
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[00384] Figure 13 depicts exemplary results from data analysis, showing decoded 1000
different RNA counts with RNA SPOTs on coverslip and correlate with bulk RNA-Seq
Fragments per Kilobase Million (FPKM) for NTH3T3 cells. 753 genes which have a non-zero
value of FPKM and a non-zero value of SPOTSs are chosen for this correlation. Note that genes
with low FPKM values are well detected by RNA SPOTs.

[00385] Figure 14 depicts exemplary results from data analysis, showing correlation
between RNA counts from different field of views(FOV)s. Each dot is a single gene with its x
value the total number of transcript counted for that gene in FOV 1-5, the y value the counts for
FOV 6-10. A high Pearson’s correlation coefficient of 0.9131 is observed. This shows that a
few FOV is sufficient to accurately quantify transcript abundance.

Imaging-based translational profiling, the RiboCounter

[00386] Intact ribosomes contain 28S rRNA and 18S rRNA. By probing against these
rRNA after the initial RNA SPOTSs experiment to decode the mRNA identity, one can estimate

the number of ribosomes on each mRNA molecule and infers the translational state of the
mRNA molecules. By combining this method and RNA SPOTSs, we develop the imaging-based
polysome profiling to infer the translational state of each detected mRNA molecules by probing
against the 28S and 18S rRNA followed by decoding their identity through RNA SPOTs.

[00387] Experimental Design: Cells were lysed and captured on LNA coverslips. Then,

by using fluorescence probes either with direct 20mer smFISH or using primary probes, followed
by secondary readouts to target the 18S and/or 28S rRNA before RNA SPOTs, one can obtain
the intensity for the ribosomes on each mRNA molecules. The identity of each RNA molecules
were decoded by RNA SPOTs as described above.

[00388] Results: Figure 15 depicts exemplary results from translational profiling analysis
showing the 28S rRNA median intensity extracted from ecach mRNA molecules of the thousand
RNA species. The 28S rRNA intensity for all the 1000 transcription factor genes were all
obtained.

[00389] Figure 16 depicts exemplary results from translational profiling analysis, showing
the distribution of 28S rRNA median intensity of the gene Myh9 on each mRNA transcripts.
The total number of Myh9 transcripts detected are 1169.
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[00390] RNA SPOTs of the transcriptome To implement RNA SPOTs at the
transcriptome level, probes were designed targeting the coding regions of 10,212 mRNAs with
28 to 32 probes each gene for a total of 323,156 probes. Probes were stringently designed to
avoid off-target and cross hybridization (Supplementary information). The primary probes
directly hybridize to the mRNAs captured on a Locked Nucleic Acid(LNA) poly(dT)
functionalized coverslip and contains a set of overhang sequences that specifies the barcode
unique to each transcript (Figure 4A). A 12 “pseudo-color” based scheme was used such that 4
rounds of barcoding are sufficient to cover the transcriptome (124=20,73 6), with an additional
round of error correction to compensate for one drop in any round of barcoding [Shah et al,
2016].

[00391] This design minimizes the barcode length to avoid errors from using long
barcodes. The 12 base “pseudo-colors™ in each round of barcoding is encoded by a set of 12
readout oligos. Three of the readout oligos were hybridized at a time, imaged in the Cy3b, Alexa
594 and Alexa 647 fluorescence channels, and repeated 4 times to iterate through all 12 readout
sequences. After each round of hybridization and imaging, the fluorophores are removed by di-
sulfide cleavage and followed by the next round of hybridization. A total of 60 readout oligos in
20 rounds of hybridization were used to decode the 10,212 genes targeted. Every four rounds of
hybridization were collapsed onto a single image with 12 pseudo-colors. The barcodes were
determined from aligning the 12-color images. A common sequence is present in all primary
probes and targeted by an oligo labeled with Alexa488 to serve as an alignment marker through
all 20 rounds of hybridization. The switching and rehybridization time is fast, with the overall
speed limited by imaging speed. Typically, 100 fields of view containing 106 mRNAs can be
imaged with 20 rounds of hybridization in a 14-hour period through an automated fluidics
system.

[00392] To determine the accuracy of the transcriptome level measurements, we compare
the decoded RNA SPOTs data with RN Aseq data in fibroblasts and mESCs, and found that they
correlated with R=0.86 and R=0.9 respectively. In addition, RNA SPOTs correlated with the
gold standard smFISH quantitation with a correlation of R=0.86 in mESCs (23 genes) [Singer
2014] and R= 0.88 in fibroblasts (7 genes). Between two replicates of RNA SPOTs in
fibroblasts, the results agree with R=0.94, indicating that RNA SPOTSs is a highly robust and
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reproducible measurement method. Lastly, comparing genes that were differentially expressed
in fibroblasts versus mESCs, we observed the same trend as those detected by RNAseq. For
example, pluripotency factors such as Rex1, Esrrb and Sox2 are highly expressed in mESCs but
not expressed in fibroblasts as determined by RNA SPOTs (Figure 19), similar to the differences
observed by RNAseq.
[00393] Several genes were observed to be outliers in the RNA SPOTs to RNAseq
comparison (Figure 19). When we examined the genes in cells directly by single molecule
FISH, we observed that their expression levels matched those determined with RNA SPOTs.
This indicates that either hybridization efficiency on these genes were low or they were over-
detected by RN Aseq.
[00394] An advantage of RNA SPOTs is that specific sets of genes can be profiled
selectively simply by designing probe sets targeting those genes. In this fashion, ribosomal RNA
and highly expressed housekeeping genes can be avoided simply by eliminating those probes
from the gene set. As each dot detected in our assay corresponds to a single mRNA, RNA
SPOTs is more efficient in term of imaging compared to RNAseq, where many sequencing reads
arc needed to determine the abundance of a transcript.
[00395] RNA SPOTSs can be scaled down to single cell in combination with microfluidics
tools to trap and lyse cells [Bose 2015] or with split-pool molecular indexing methods [Cao
2017, Rosenberg 2017]. With targeted RNA SPOTs, we can choose to probe only for the 2000
transcription factors [Fulton 2009] or 1000 landmark informative genes [Donner 2012, Duan
2016] in single cells, instead of profiling the transcriptome, to capture the essential information
in cells and to increase the number of cells sampled.
[00396] RNA SPOTs can enable many additional methods beyond expression profiling to
study RNA variants [Levesque 2013], modifications [Mellis 2017], RNA binding proteins
[Buenrostro 2014] and profile ribosomes occupancy [Ingolia 2009] directly on the captured
RNA. Lastly, noncoding RNAs and other RNAs without polyA tails can be captured in
hydrogels rather than with dT oligos. As cost of sequencing is a major limiting factor in
genomics experiments, SPOTs enable an accurate and low-cost alternative to sequencing with
many further applications beyond RNA to DNA and proteins.

EXAMPLE 2
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Readout Probes and Rehybridization in Mouse Embryonic Stem Cells
Synthesis of DNA Probes-Disulfide-Dye Conjugates

[00397] An exemplary scheme for synthesizing readout probes-dye conjugates connected
by a disulfide bond. Thiol-modified DNA probes were ordered from Integrated DNA
Technologies in their oxidized form. 10nmoles of thiol-modified DNA probes was treated with
10mM TCEP at 37°C for 30 minutes. After reduction step and gel column purified, the DNA
probes were mixed with 50 equivalents of 3-(2-Pyridyldithio) propionic acid N-
hydroxysuccinimide ester (SPDP) linker in 1x PBS solution containing 10mM EDTA. The
mixture was allowed to react at room temperature for at least 2hours. Immediately after the
reaction, the mixture was spin column purified and was re-suspended in 60ul. of 1x PBS
containing 100ug of cadaverine dyes. The reaction was allowed to proceed at room temperature
for at least 4 hours before subjected to ethanol-precipitation purification and HPLC purified.
The concentration of the final product was determined using Nanodrop.

Rehybridization in mouse embryonic stem cells (mESCs).

[00398] Figure 28 illustrates rehybridization reactions in mouse embryonic stem cells
(mESCs). To verify the scheme works in both cells and on coverslips, we perform a proof of
concept experiments in mouse embryonic stem cells (mESCs) targeting introns of pgkl gene.
During first round of hybridization, tertiary readout probes conjugated with A647 were applied
to identify specific target sequences in mRNAs via secondary bridge binding sites. Real
fluorescent spots are shown in red dashed box (28A). As a control, fluorescence presence in
channel 594 was also measured during the first hybridization: no fluorescent spots were observed
(28B). After TCEP treatment and washing steps, channel 647 was reimaged. The observed dim
dots are non-specific binding of dyes which does not interfere with subsequent real fluorescent
spots identification (28C). During a second round of hybridization, unique readout probes
bearing 594 dye were used to hybridize with the secondary bridge binding sites to give real
fluorescent spots (28D). These spots confirmed the positions observed previous when readout
probes with A647 were used (28A).

In vitro rehybridization with readout probes

[00399] Transcribed polyA-tailed dCAS9-EGFP mRNA were captured on a dT20 Locked

Nucleic Acid (LNA) surface-modified coverslips to show the rehybridization scheme works in
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vitro on the coverslips. Once again, specific binding was observed. When tertiary probes
conjugated with A647 were used: specific signals were observed in channel 647 while there were
few signals observed in channel 594 (Figure 29, top row). After TCEP treatment and wash of
the first set of tertiary probes, a second set of tertiary probes conjugated with 594 dye were
applied during the set round of hybridization reaction. Consequently, specific signals were
observed in channel 594 while there were few signals observed in channel 647 (Figure 29,
bottom row).
[00400] Technically, any heterobifunctional cross-linking reagent that can connect
between the dye and thiol-modified DNA probes will work for this rehybridization scheme.
DNA probes-disulfide-dye conjugates were synthesized using 3-(2-pyridyldithio) propionyl
hydrazide (PDPH) linker and NHS ester dyes which work equally well as former conjugates.
EXAMPLE 3

Brain Slice Analysis
[00401] As an illustration, barcodes generated using the error correction mechanisms
disclosed herein are used for in sifu transcription profiling of single cells reveals spatial
organization of cells in the mouse hippocampus.
[00402] Identifying the spatial organization of tissues at cellular resolution from single
cell gene expression profiles is essential to understanding many biological systems. In
particular, there exist conflicting evidence on whether the hippocampus is organized into
transcriptionally distinct subregions. Here, a generalizable in sitru 3D multiplexed imaging
method was applied to quantify hundreds of genes with single cell resolution via Sequential
barcoded Fluorescence in situ hybridization (seqFISH) (Lubeck et al., 2014). seqFISH was used
to identify unique transcriptional states by quantifying and clustering up to 249 genes in 16,958
cells. By visualizing these clustered cells in situ, we identified distinct layers in the dentate
gyrus corresponding to the granule cell layer, composed of predominantly a single cell class, and
the subgranular zone, which contains cells involved in adult neurogenesis. Furthermore, it was
discovered that distinct subregions within the CAl and CA3 are composed of unique
combinations of cells in different transcriptional states, instead of a single state in each sub-
region as previously proposed. In addition, it was revealed that while the dorsal region of the

CALl is relatively homogenous at the single cell level, the ventral part of the CAl has a high
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degree of cellular heterogeneity. These structures and patterns are observed in sections from
different mice, as well as in seqFISH experiments with different sets of genes. Together, these
results demonstrate the power of seqFISH in transcriptional profiling of complex tissues.

[00403] The mouse brain contains about 10% cells arranged into distinct anatomical
structures. While cells in these complex structures have been traditionally classified by
morphology and electrophysiology, their characterization has been recently aided by gene
expression studies. In particular, the Allen Brain Atlas (ABA) provides a systematic gene
expression database using in situ hybridization (ISH) of the entire mouse brain one gene at a time
(Dong et al., 2009; Fanselow and Dong, 2010; Thompson et al., 2008). This comprehensive
reference provides regional gene expression information, but lacks the ability to correlate the
expression of different genes in the same cell. More recently, single cell RNA sequencing
(RNA-seq) has identified many cell types based on gene expression profiles (Darmanis et al.,
2015; Tasic et al., 2016; Zeisel et al.,, 2015). However, while single cell RNA-seq provides
useful information on multiple genes in individual cells, it has relatively low detection
efficiencies and requires cells to be removed from their native environment resulting in the loss
of spatial information. These different approaches can lead to contradictory descriptions of
cellular organization in the brain and other biological systems.

[00404] In the hippocampus, recent RNA-seq data suggests that CA1 is composed of cells
with a continuum of expression states (Cembrowski et al., 2016, Zeisel et al 2015), while ABA
analysis indicates that sub-regions within the CA1 have distinct expression profiles (Thompson
et al, 2008). To resolve the two conflicting descriptions of hippocampal organization, a method
to profile transcription in situ in the hippocampus with single cell resolution is needed. Here, we
demonstrate a general method that enables the mapping of cells and their transcription profiles
with single molecule resolution in tissue, allowing an unprecedented resolution of cellular
transcription states for molecular neuroscience (Figure 32A).

[00405] A great deal of progress has been made recently in developing highly quantitative
methods to profile the transcriptome of single cells. Building upon single molecule fluorescence
in situ hybridization (smFISH) (Femino et al., 1998; Raj et al., 2006;) , Lubeck et al. devised a
general method to highly multiplex single molecule iz situ mRNA imaging irrespective of

transcript density using super-resolution microscopy (Betzig et al., 2006; Rust et al., 2006;
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Lubeck and Cai, 2012). However, the spectral barcoding methods used in these previous works
is difficult to scale up beyond 20-30 genes because of limited number of fluorophores (Fan et al.,
2001; Lubeck and Cai, 2012).

[00406] To overcome the scalability problem, a temporal barcoding scheme was
developed that uses a limited set of fluorophores and scales exponentially with time (Lubeck et
al., 2014). Specifically, by using sequential rounds of probe hybridizations on the mRNAs in
fixed cells to impart a unique pre-defined temporal sequence of colors, different mRNAs can be
uniquely identified in situ. The multiplex capacity scales as FY, where F is the number of
fluorophores and N is the number of rounds of hybridization. Thus, one can increase the
multiplex capacity by increasing the number of rounds of hybridization with a limited pool of
fluorophores. This approach is called Sequential barcoded Fluorescence in situ Hybridization
(segFISH) (Lubeck et al., 2014). In parallel, irn situ sequencing methods were developed to
directly sequence transcripts in tissue sections, but these methods suffer from low detection
efficiency (<1%) (Ke et al., 2013; Lee et al., 2014). Recently, Chen et al. expanded the error
correction method in the original seqFISH demonstration by using a Hamming distance 2 based
error correcting barcode system, called merFISH. However, this implementation requires larger
transcripts (>6kb) and many more rounds of hybridization than the method described here (Chen
et al., 2015b). Furthermore, seqFISH and its variants have only been applied in cell culture
systems due to the difficulty of smFISH detection in tissue. Here, an improved version of
seqFISH in complex tissues by including signal amplification and a time-efficient error
correction scheme (Figures 32A-D, Figure 40) were demonstrated to resolve the structural

organization of the hippocampus with single cell resolution.

EXAMPLE 4
Brain Slice Analysis with Ervror Correction
[00407] Signal amplification and error correction enable robust detection of mRNAs in
tissues.
[00408] To overcome the autofluorescence and scattering inherent to brain tissues, we

used an amplified version of smFISH, called single molecule Hybridization Chain Reaction
(smHCR) (Figure 32E) (Shah et al., 2016). Single molecule HCR amplified signal 22.1 + 11.5
(mean + s.d., n=1288, Figure 38B) fold compared to smFISH, enabling robust and rapid
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detection of individual mRNA molecules in tissues and facile alignment of spots between
hybridizations (Figure 38A). Single transcripts can be detected and localized in 3D with just 24
probes in tissues, enabling detection of transcripts <lkb in size,with a fidelity comparable to the
smFISH gold standard (Figures 41C-D) but with signals 20-fold brighter (Shah et al., 2016).
Single molecule HCR DNA polymers can also be digested by DNAse and re-hybridized in brain
slices, allowing HCR-seqFISH to be robustly implemented (Figure 33A). We note the smHCR
enables true 3D imaging in tissues, whereas the previous sequential FISH demonstrations
(Lubeck et al., 2014, Chen et al., 2015) were performed only in flat cell cultures.

[00409] Furthermore, we improved upon our existing barcode system by implementing a
time-efficient error correction scheme. The major source of error in seqFISH is the loss of signal
due to mis-hybridization, which increases with the numbers of hybridization. We introduced an
extra round of hybridization to correct loss of signal during any round of hybridization (Figure
32D). By minimizing the number of hybridizations, this error correction scheme is efficient in
practical implementation. For example, using 5 fluorophores and 4 rounds (instead of 3 rounds)
of hybridization to code for 125 genes, we can still uniquely assign barcodes to genes even when
signal from any single round of hybridization is missing. Although merFISH can tolerate 2
errors in the barcodes, it requires 16 rounds of hybridization to code 140 genes (Chen et al. 2015).
As increasing the number of hybridizations can potentially lead to more experimental error and
analysis complexity, our simple error correction method corrects for the most common error,
dropped signal. Also, the fewer rounds of hybridizations decreases the total imaging time, which
is rate-limiting for tissue experiments. HCR-seqFISH with simpler error-correction scheme
allows efficient and accurate quantification of transcription profiles in tissues.

[00410] Using this HCR-seqFISH method, we surveyed the regional and sub-regional
transcriptional heterogeneity within the temporal and parietal cortex and hippocampus of the
mouse brain by imaging similar coronal sections collected from 3 different animals. Two similar
sections from separate mice were profiled with probes for 125 genes, while one additional brain
slice was imaged for 249 genes. In each of the coronal slices, between 60-80 fields of view were
imaged, each 216pm x 216um x 15um, in the cortex and hippocampus (Figure 32A and Figure
41E). For the 125 gene set, 56 of the genes (Figure 32D, Figure 40) were selected because they
showed spatially heterogeneous expression based on the ABA (Lein et al.,, 2007), another 44
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were selected from a list of transcription factors, and 25 marker genes were selected from single
cell RNA-seq datasets (Zeisel et al., 2015). One hundred of these genes were barcoded by 4
rounds of hybridization (Figure 32B). The remaining 25 high abundance genes were measured
individually using 5-color smHCR in 5 serial rounds of hybridizations (Figure 32C). This hybrid
approach of measuring medium expression genes with barcoding seqFISH and high copy number
genes serially in subsequent hybridizations allows a large dynamic range of transcripts to be
profiled in the same cell.

[00411] seqFISH is an accurate and efficient method to multiplex RNA in situ.

[00412] To determine the accuracy of the seqFISH method in quantifying mRNA levels in
single cells in tissue, we compared the copy number of 5 of the 100 target genes measured by
barcoding to the copy number found by colocalized smHCR detection in the same cell (Figure
33B, Figure 42A) in 15um brain sections. We found that the copy number of the RNAs per cell
as measured by barcoding and smHCR agreed with an R-value of 0.85 and a slope of 0.84
(N=3851). As colocalized smHCR matches smFISH transcript quantitation (Shah et al., 2016),
the barcoded seqFISH method can quantify mRNA molecules in single cells with 84% efficiency
compared to the gold standard of smFISH. In comparison, single cell RNA-seq measurements
are 5-20% efficient based on spike-in controls and in situ sequencing is less than 1% efficient
(Darmanis et al., 2015; Klein et al., 2015; Lee et al., 2014; Macosko et al., 2015; Tasic et al.,
2016; Zeisel et al., 2015; Stahl et al., 2016 ). This high efficiency of detection results from a low
transcript drop rate and a high barcode recovery rate due to the error correction round of
hybridization. In our experiment, 78.9% of barcodes (N=2,115,477 barcodes) were found in all 4
hybridization rounds and 21.1% were identified in 3 out of the 4 hybridizations (Figure 33C),
indicating that the probability of detecting a given mRNA molecule is 94% in each round of
hybridization (Figure 42B).

[00413] To quantify the amount of false positive signal due to misalignment of barcodes
and nonspecific binding of probes, the amount of off-target barcodes that were detected was
measured. With four rounds of hybridizations and 5 fluorophores, there were 5*=625 unique
codes. 100 of these barcodes were assigned to measure mRNAs detected at 914.8 + 570.5 counts
per cell (mean =+ s.d., N=3439). In comparison, the 525 remaining off-target barcodes that were

not used were detected at 4.6 + 4.7 (mean =+ s.d., N =3439) counts per cell (Figure 33D). False
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positives, due to chance alignment of nonspecifically bound spots, contributed minimally to the
barcode readouts because of this three order of magnitude difference in detected barcodes (on
target vs. off target). The false positives we observe fall only on barcodes hamming distance one
away from on-target barcodes, yet minimally contribute to undercounting on-target barcodes
(Figure 33E). Furthermore, even the most frequent off-target barcode was observed 65.57 times
less frequently than the most infrequent mRNA coding barcode (Figure 33E, Figure 42). Even
though during each round of hybridization, 24.8 + 0.4% (mean + s.e., N=4 rounds of
hybridization) of the spots were nonspecifically bound probes, barcode miss-assignments did not
occur frequently because non-specifically bound probes do not reappear in the same location
after digestion with DNAse and re-hybridization (Figure 33A). Together the quantifications of
false positive and false negative barcodes demonstrate that this method is highly efficient and
accurate at detecting RNAS in situ in single cells within tissues.

[00414] Cell clusters are based on combinatorial expression profiles.

[00415] We imaged the expression of 125 genes in coronal sections from two mice for a
total of 14,908 cells (Figure 41E). Cortical and hippocampal cells were segmented based on
DAPI and Nissl staining. A tessellation algorithm was developed to accurately segment densely
packed cells in the hippocampus. To avoid capturing mRNA from neighboring cells, we
contracted by 10% the borders of cells determined by the segmentation algorithm.

[00416] To group the single cell data into distinct transcriptional states, we Z-score
normalized the copy number of each transcript in every cell (Figure 34A) and hierarchically
clustered the cells to identify cells with similar expression patterns (Figure 43). Many of these
clusters, based on overall expression patterns, contain clear transcriptional markers of known cell
types previously identified by single cell RNA-seq (Figure 34B) (Zeisel et al., 2015, Tasic et al
2016). Cell clusters 12 and 13 contained clear expression of Gjal which marks out astrocytes
(Zeisel et al., 2015, Tasic et al 2016). Cluster 12 also expresses Mfge8 while cluster 13 did not,
indicating two distinct population of astrocytes (Figure 34B). There are further subclusters
within each of the astrocyte populations with different spatial localization patterns (Figure 43C).
Cluster 11 cells expressed Laptm5, a known microglia marker (Zeisel et al., 2015, Tasic et al
2016). Cluster 3 expressed interneuron genes while cluster 1-2 and 4-5 expressed genes

associated with pyramidal neurons (Zeisel et al., 2015, Tasic et al 2016). Some clusters
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contained many distinct subclusters, such as Amigo2 enriched Mural cells (cluster 9.4) or Omg
expressing oligodendrocytes (cluster 10.4 and 10.5). The major clusters were robust to down-
sampling the number of cells used in clustering (Figure 44), with some of the hippocampal
pyramidal and glia clusters robustly defined even with 400 cells. Similarly, principal component
analysis (PCA) visualization of the data (Figure 43F) recapitulated the major clusters that
corresponded to astrocyte, microglia, cortical pyramidal, hippocampal pyramidal, dentate gyrus
(DG) granule, and interncuron cells.

[00417] Cell clusters show distinct regional localization

[00418] Many neuronal clusters mapped to distinct regions in the brain (Figure 34B).
Several classes of pyramidal cells (cluster 1-2) showed exclusive localization to the hippocampus,
while other classes (4-5) showed predominantly cortical localization. There were also a class of
cells (cluster 7) that were almost exclusively present in the DG. Interestingly, these clusters
segregated based solely on gene expression profiles without adding any spatial information into
the clustering algorithm. These differences in transcriptional states of neurons could be due to
intrinsic differences in the cells or due to different local environment and activity patterns.
[00419] In contrast, astrocyte, microglia and other non-neuronal cell clusters were
generally uniformly present in all areas of the brain (Figure 34B). However, subclusters of
astrocytes did localize to different regions of the brain preferentially (Figure 43C), with
subcluster 12.3 localized preferentially to the cortex, while 12.1 subcluster was uniformly
distributed. Similarly, cluster 9 cells contain subclusters (9.3, 9.5 and 9.6) that localize
exclusively to the DG, while other subcluster (9.1) localize almost exclusively to the cortex. The
regional localization of neurons are especially pronounced with cluster 1 and 2 localized almost
exclusively to the hippocampus, with some of the subclusters localized predominantly to the
CA3. Furthermore, while pyramidal cell clusters 4 and 5 are preferentially cortically localized,
the few hippocampal cells in these clusters form their own subclusters (4.4 and 5.4) (Figure 43C).
In cluster 6 cells, many subclusters with distinct expression profiles are localized almost
exclusively in the CA1, CA3 or the DG (Figures 34C, 43C). In contrast, cluster 7 cells show a
relatively homogenous regionalization pattern, but further subdivide based on combinatorial
expression patterns (Figure 34D). Subclusters of cluster 9 also show significant regionalization

where subclusters 9.1, 9.3, 9.5, and 9.6 show localization to the SGZ (Figure 43C). Overall, cell
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clusters with similar expression profiles exhibited similar spatial localizations across the brain
with a correlation coefficient of 0.67 (Figure 43E), indicating the existence of archetypal
regional expression patterns and potential spatial markers in the brain. These results show that
the tissue-optimized HCR seqFISH approach can directly identify a variety of transcriptional
states and quantify broad spatial patterns of expression.

[00420] Combinatorial expression patterns define fine clusters.

[00421] While certain cell clusters contain strong e¢xpression of marker genes, not all
clusters are defined based on a few genes. How much power do individual genes or groups of
genes have in explaining the observed cell clusters? To understand this, we examined whether
subsets of genes can recapitulate the observed clusters (Figure 34E). We found that any set of 25
genes recovers about half of the correlation structure in the cell-to-cell correlation map (Figures
34E, 45B-C, and 44, N=10 bootstrap replicates). The fact that the selection of any 25 genes can
explain the gross patterns in the data is likely due to the high correlations amongst the expression
patterns of genes, as shown in the gene-to-gene correlation map (Figure 45A). Thus, a small
subset of the measured genes can provides sufficient information to infer the gross
transcriptional states of the cells. Interestingly, this may be the same reason why low-coverage
single cell sequencing methods such as drop-seq and inDrop (Klein et al., 2015; Macosko et al.,
2015) can capture the large distinction of cell types, because many highly expressed genes are
correlated to other genes that collectively define cell types.

[00422] At the same time, the finer correlation structure in the data, required to define the
cell clusters accurately, can only be captured with more genes (Figures 34F, 45B-C). Consistent
with this, using a “random-forest” machine learning algorithm (Breiman, 2001) to classify cell
clusters, we found that 75 genes are needed to classify cells with 50% accuracy, indicating that
correct cluster assignment requires more detailed information from many genes (Figure 34E).
Supporting this view, the first 10 principal components (PC) explained 59.5% of the variation in
the data, while the rest of the variation required the remaining 115 PCs (Figures 34F, 43D). The
“random forest” algorithm required 10 PCs to predict the cell cluster assignments with 50%
accuracy (Figure 34F), but accuracy steadily increased with more PCs. These observation

indicated two levels of information in the data: a coarse level, where large distinctions in cell
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clusters are observable by a few genes, and a fine level, where subtle distinctions require many
more genes.

[00423] These results suggest two points experimentally. First, multiplexing at the level
of 20 genes by seqFISH can give broad cell cluster identification that is not available with 2-3
gene smFISH experiments. Although single marker genes are useful for inference, we find that
they frequently are not sufficient for cell classification. For example, all DG specific granule
cells (clusters 7) have Gpc4 and Vpsi3c as their enriched marker genes (Figure 34B); yet, Gpc4
and Vpsl3c are also strongly expressed in other hippocampal cells outside of the DG, as seen in
both our experiments and the ABA. Thus, smFISH against Gpc4 and Vps13c alone would not be
sufficient to uniquely identify the DG granule cells. Furthermore, even the strongly bimodal
markers that are known to define cell types (i.e. Mgfe8, Gjal, etc.) are correlated enough to
overall expression profiles that cells fall into the appropriate cluster even when these genes are
excluded. This point suggests that while marker genes can be essential in assigning a cell to a
known cell type, they are not necessary to identify unique clusters in the dataset provided enough
measurements are made. Second, accurate measurement of combinatorial expression of many
genes cnabled by seqFISH can allow for more specific cell cluster identification. As a
comparison, in single cell RNAseq data, CA1 pyramidal cells are clustered into a single cluster
(Zeisel et. al, 2015; Habib et. al 2016) potentially because of the relatively lower detection
efficiency of the method. In our seqFISH experiments, measuring hundreds of genes
quantitatively, we can resolve several clusters and subclusters with robust regionalization within
the CA1l (Figures 34B, 43C).

[00424] Cells are patterned in the dentate gyrus.

[00425] To further visualize the spatial organization of cells, we mapped cluster
definitions of cells back into the images. In the DG, we observed a striking lamina layering of
cell classes. The two blades of the DG (Figures 35A-B) showed mirror arrangements of cells,
with cluster 9 cells, forming the subgranular zone (SGZ), leading into a granule cell layer (GCL)
dominated by a single cluster of granule cells (cluster 7) (Figure 34B). In the 125 gene data set,
the cells of the GCL were found to be dominated by expression of Gpc4 and Vps13c matching
ISH data from the ABA (Figure 48B). Cluster 7 was found to be further subdivided into 6

subclusters (Figure 40C). These subclusters were found to have varying levels of calbindin D-
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28K (Calbl) expression which is known to increase with granule cell maturation (Figure
34D)(Yang et al., 2015). On the other hand, the cells of the SGZ were found to be significantly
enriched in astrocyte markers such as Mfge8 and Mertk, which has been also been observed
previously (Miller et al, 2013) and in the ABA data. However, these cells do not cluster with
typical astrocytes (cluster 12 and 13) because their combinatorial expression patterns are
different from astrocytes, consistent with their classification as a completely different population
of cells.

[00426] In the fork region of the DG, the layer of cluster 9 cells appeared on the interior
surface of the fork, followed by a layer of granule cells (cluster 7) (Figure 35C). A different
layering pattern is seen at the crest of the DG, where astrocytes, microglia, and some other glial
cells line the exterior of the crest ensheathing the GCL (Figure 35D). In both brains of the 125
gene experiments, the same cell clusters and spatial arrangements are observed. Furthermore,
because the mRNAs are imaged in 3D in the 10-15um brain slices, we can obtain a 3D view of

the expression profiles, shown in the fork regions of the DG (Figure 35F).

[00427] Distinct regions of CAl and CA3 are composed of different combination of cell
clusters.
[00428] While each region of the DG contains similar compositions of cells, distinct

subregions within the CA1 and CA3 contained different combinations of cell classes (Figures 36,
46F). In the CA1, there were 3 distinct regions defined by their individual cellular compositions.
In the dorsal region of CAl1 (CAld), neuron cluster 6 (enriched in Nelll, a protein kinase C
binding protein) was the major cell type in the pyramidal layer, with astrocyte, microglia and
other cells (clusters 10-13) intercalating into the stratum pyramidale (SP) (Figures 36A-C).
Transitioning into the CAl intermediate region (CAli) (Figure 36D), pyramidal cell cluster 4
displaced cell cluster 6 as the dominant cell, with the co-appearance of cluster 1 and 2 pyramidal
cells.

[00429] As the middle of the CAli region was reached, a small amount of cluster 4
pyramidal cells remain, while cluster 1 and 2 pyramidal cells dominate (Figures 36E-F). Cluster
1 and 2 are enriched in Nelll (EGF like protein), Npy2r (neuropeptide Y receptor), Slc4a8
(sodium bicarbonate transporter) and B3gar2 (glucuronosyltransferase). The CAIli region

displayed a characteristic spatial organization where glial cells line the outermost regions, while
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pyramidal cell cluster 1 and 2 longitudinally partitioned the pyramidal layer. This separation of
the inner versus the outer layers of CA1 matches those observed in previously (Dong et al.,
2008). Furthermore, interneurons (cluster 3) were found to preferentially line the inner edge of
the pyramidal layer in the CAli region (Figures 36E-F). This patterning of interneurons,
particularly subcluster 3.1 cells which were enriched in Slc5a7, a choline transporter, was
consistent with the patterning of cholinergic interneurons observed with ChAT-GFP labeling (Yi
et al., 2015). Finally, the largest amount of heterogeneity in the CA1 was seen in the ventral
CAl region (CAlv), where cell clusters 3, 5, and 10 began to mix in with clusters 1 and 2
(Figures 36G-I).

[00430] Similarly, the CA3 was found to have four transcriptionally distinct regions with
different pyramidal cell compositions and abrupt transitions. The ventral most region of CA3
contained a high level of heterogeneity of pyramidal cell clusters (Figures 36J-K), while the
intermediate region of CA3 contain a mixture of cell clusters 1 and 2 (Figures 36L-M). As the
CA3 progressed towards the hilus of the DG, the cell types transitioned first to primarily cluster
4 neurons (enriched in dex, doublecortin, and Col5al, a collagen), and then to almost exclusively
cluster 6 ncurons in the region most proximal to the DG hilus (Figures 360-P). It is interesting
to note that while cluster 6 cells appear in both the CA1 (subcluster 6.8) and CA3 (subclusters
6.1 and 6.4), sub-clusters of 6 show distant regional localization (Figure 43C), suggesting that
the gene expression differences in CA1 and CA3 cells are captured in the seqFISH data.

[00431] The regionalized expression patterns we observed in the hippocampus match
closely to those observed in previous literature (Thompson et al Neuron 2008 and Dong et al
PNAS 2009). For example, CAld, CAli, CAlv boundaries correspond to the boundaries shown
in Fig 2B in Dong et al. In CA3, the subregions observed in our experiment match the CA3
subregion 4-7 in Thompson et al. (Thompson et al., 2008).

[00432] Lastly, we note that the two slices from two different mice in the 125 gene
experiment show not only the same subregional structure (Figures 35-37), but also the same
clusters of cells (Figures 36 and 37) in the different subregions of the hippocampus (Figure 46).
In both brains, the CA1ld consists of relatively homogenous population of cluster 6 cells, which
transition to a mixture of 1 and 2 cells in CAi, and finally to a mixture of 1-6 and 10 cells in the
CAlv (Figure 46F). These results together show that the sub-regions of the hippocampus are a
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robust feature in the organization of CA1l and CA3, consisting of cells classes with distinct

expression profiles. The stereotypical nature of the spatial arrangement of these structures

suggest further experiments with seqFISH and other functional assays to probe the distinct

functions of the different cell clusters in the CA1l and CA3.

[00433] 249 gene multiplex experiments show the same hippocampal subregions

[00434] To further show that the sub-regional structure of the hippocampus is independent

of the target genes, we performed a 249 gene seqFISH experiment on a third coronal section. Of
these 249 genes, only 22 genes overlapped with the 125 gene experiment set. For this set of
genes, 214 were selected from a list of transcription factors and signaling pathway components

and the remaining 35 were selected from cell identity markers from another single cell RNAseq

dataset (Tasic et al, 2016). The 214 genes were barcoded by 5 rounds of hybridization, while the

remaining genes were imaged in 7 rounds of non-barcoding serial hybridization. To quantify the

efficiency of this experiment, 4 genes in the barcoding set (Smarca4, Sin3a, Npas3, and Neurod4)
were re-probed with smHCR. The barcoding efficiency of the 249 gene probe set was found to

be 71% with and R value of 0.80 (Figure 46D). In single cells, we detect on average 2807+1660

(meants.d., N=2050 cells) total barcoded barcodes.

[00435] The same arrangement in the DG was observed in the 249 gene experiment,

despite different genes used, indicating robust identification of the layering in the DG by

seqFISH (Figures 38S-T). In particular, the cells in the SGZ are clustered independently from

cells in the GCL, similar to the layers observed in the 125 gene experiment. In the SGZ cells, we

observed enrichment of Sox11, a key transcription factor in neurogenesis (Miller et al, 2013).

Other transcription factors involved in neurogenesis, NFIA and Tbrl are also enriched in the

SGZ cells as seen in our data and the ABA images (Figure 48A). The observations of this

distinct layer in both the 249 and 125 gene experiment and the combined gene enrichment

pattern (increased Sox11, Sox9, NFIA, and Tbrl in the 249 gene experiment and increased

Mertk and Mfge8 in the 125 gene experiment) suggests that many cells in this layer are involved

in adult neurogenesis in the SGZ.

[00436] In addition, the same regionalized cellular patterns are observed in CAld, CAlij,

and CAlv, where different subregions utilize different cell classes in characteristic ratios (Figure

46F). As seen with the 125 gene experiment, while the CA1ld uses only a few cell classes and is
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relatively homogeneous, while the CAlv region is made up of many different cell classes
resulting in a high level of cellular heterogeneity. Furthermore, the distinction between CA1 and
CA3 cell clusters are more clear in the 249 gene experiment suggesting more resolving power of
spatial patterns (Figures 38 A-K). The 249 gene experiment also suggests that the CA3 may be
composed of 3-4 subregions based on cell cluster composition (Figures 38L-R). The cellular
heterogeneity of the CA3 is again shown to mirror that of the CAl, where the cellular
heterogeneity increases along the dorsal to ventral axis. Cells with distinctive marker gene

expression in the hippocampus are shown in supplementary Figure 38A.

[00437] Single cell data resolves cellular organizations in the sub-regions of the CAl and
CA3.
[00438] Two conflicting views of the cell types in the hippocampus have been proposed

based on the analysis of the Allen Brain Atlas data (Thompson 2008) as well as recent RNA-seq
data (Cembrowski et al., 2016, Zeisel et al 2015). Analysis of the ABA in situ data showed that
distinct subregions of the hippocampus expressed different molecular markers, indicating that the
CAl and CA3 are “regionalized” into distinct sub-structures (Fanselow and Dong, 2010;
Thompson ¢t al., 2008). However, recent bulk RNA-seq experiments on the CA1l found that
gene expression patterns changed gradually along the dorsal to ventral axis, contradicting the
sharp boundaries observed in the ABA analysis (Cembrowski et al., 2016). Further supporting
this “continuous” cell type view of the hippocampus, analysis of the single cell RNA-seq data
(Zeisel et al, 2015) identified a single continuous population of cells in the CA1 region.

[00439] Our data provides a single cell resolution picture of the spatial organization of
cells in the hippocampus and reconciles both the RNA-seq and the ABA data. While our data
mostly supports a regionalized view of the hippocampus, we observe that a single cell class does
not in general define CA1 and CA3 sub-regions. Instead, we observed that different subregions
of CAl and CA3 are composed of distinct combinations of cell clusters (Figures 33-35). For
example, CA1d consists primarily of cluster 6 pyramidal cells (Figures 36 A-C), in addition to the
cluster 1,2, 10, and 12cells, while CA1v consists of a large set of cell classes including cluster 1-
6 and 10 cells, but at different relative abundances (Figures 36-37, Figures 46F-G). Due to this
intermixing of cell classes in each sub-region, a bulk measurement of transcription profiles

would find a lack of regionalization, but single cell analysis with spatial resolution would
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identify these distinct regions based on their unique cell class compositions. Indeed, when we
averaged the single cell expression profile within each sub-region of the CA1, we can reproduce
the continuous correlation profiles found by bulk RNA-seq between CAlv, CAli, and CAld
(Figure 39) (CembrowskKi et al., 2016). The bulk RNA-seq observation that CA1i lacked specific
marker genes can also be explained. This is in fact consistent with our findings that CAli
contained cell classes present in both CA1d and CAlv (Figures 36-38).

[00440] This organization of cell classes is observed in both the 125 gene experiments as
well as in the 249 gene experiment. It is worth noting that the complexity of cell populations
observed in the CA1ld versus the CAlv matches the functional differences in CA1. CAld is
responsible for spatial learning and navigation and contains a higher concentration of place cells
and send projections to dorsal subiculum and cortical retrosplenial area (Cenquizca and Swanson,
2007; Jung et al., 1994; Risold et al, 1997; O’Keefe and Dostrovsky, 1971). We observed that
CAld is composed of a relatively homogeneous population of cells, predominantly of cluster 6
cells. In contrast, the ventral region is involved in a variety of cognitive tasks, such as stress
response, emotional and social behavior (Cenquizca and Swanson, 2007; Jung et al.,, 1994;
Fanselow and Dong, 2010; Kishi et al., 2006; Muller ¢t al., 1996; Petrovich et al., 2001; Pitkdnen
et al., 2000; Saunders et al., 1988; Witter and Amaral, 1991; Yi et al., 2015). Correspondingly,
we observed a large set of cell classes in the CAlv regions. It is intriguing to hypothesize that
the different cell classes identified based on molecular profiles may correspond to neurons with
distinct connectivity and functional patterns. This hypothesis can be investigated in future
experiments combining anterograde tracing as well as electrophysiological recording followed
by seqFISH.

[00441] A list of the 249 genes being analyzed can be found in the following Table 3.

Name of Genes being analyzed

Tall
Dmbx1
Emx2
Uncx
Paxipl
Ctnnbl
Prdml
Rybp
Nfkb2
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Name of Genes being analyzed

Tfdp2
Grhl1
Sp8
Irf2
Zfp287
Esr2
Z1p128
Vavl
Spl
Ppargclb
Sp7
Pinl
Nfya
Vsx1
Kif1
Vsx2
Mybll
Mybl2
Rnf2
Blzfl
Topors
Nr3c2
Nfia
Taf6l
Nr4a3
Hoxd12
Hoxd13
Ttfl
Sox9
Nr2el
Polr2b
Hitf
Sox6
Pbx3
Sox5
Foxal
Cdcsl
Cebpg
Ciita
Rest
Etsl
Maftk
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Name of Genes being analyzed

Tbx15
Scml2
Myb
Clock
Rbpj
Foxcl
Z1p422
Pias3
Runx1
Ppara
Relb
Vdr
Cdcé
Arid3a
Lhx1
Hoxb8
Hoxb9
Hicl
Lhx6
Six4
Hoxb3
Z{p263
Cbfa2t3
Ehf
Nhihl1
Gata6
Gatad4
Gatas
Lpp
Nife2l3
Nfe2l2
Tmf1
Glil
Tbx2
Enl
En2
Hnfla
Tbx4
Zfp423
Elfl
Foxbl
Elf2
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Name of Genes being analyzed

Elf4
Mxd1l
Wtl
Rix4
Bhlhe41
Sox13
Taf4b
Rfx2
Sox17
Ahr
Sall4
Medl14
Smydl1
Sall3
Arid2
Zip64
Pgr
Trpsl
Hoxal
Bach2
Bachl
Notch3
Pknox1
Pknox2
Sin3a
Etv3
Smad9
Smad5
Alx1
Egf
Mnl
Nkx3-1
Rbak
Gabpa
Nikbiz
Zscan21
Trp73
E2f7
Esrrg
Rbpjl
Nfatc4
Nr5al
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Name of Genes being analyzed

Neurod4
Esrrb
Tbx21
Rorc
Mitf
Pax7
Pax6
Pax1
Pax3
Pax2
Pax9
Zkscanl7
Gfil
Mzfl
Runx3
Smarca4
Foxd4
Foxd3
Crebl
Srebfl
Sox11
Gmeb2
Irx4
Pou3f2
Ikzf1
Tcf23
Mtf2
Npas3
Nfatc3
Nfil3
Phox2b
Plagl
E212
Ddx3x
Taf2
Poudfl
Trim33
Tsc2
Lmxla
Nr2f2
Eomes
Wwtrl
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Name of Genes being analyzed

Foxol
Ar
Zfp354a
Elk4
Foxo4
Salll
Mycn
Maml3
Foxp3
Atm
Uaca
Tbrl
Pml
Lhx3
Atr
Zbtb33
Ptchl
Lhx5
Barhl1
Irx5
Tfap2b
Tfap2e
Rxra
Rxrb
Gli2
Gli3
Zic4
Zic5
Zic2
Zic3
Satb1
Onecut2
Foxn4
Mnatl
Foxnl
Dix2
Vezfl
sncg
sst
th
vip
xdh
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Name of Genes being analyzed

slc17a8
slc5a7
slc6a3
slc6a8
smad3
opalin
pdgfra
palvb
reln
slc17a7
lyve
mfge8
mog
myll4
ndnf
ctss
foxjl
gadl
htr3a
igtp
acta2
alldhlll
camk2
chat
cldn5
ngef
tiaml1
slcla2
gjal
fblll

[00442] seqFISH provides a generalized method to multiplex mRNA imaging in tissues

[00443] seqFISH with amplification and error correction provides a highly quantitative
method to profile hundreds of mRNA species directly in single cells within their native
anatomical context. Our method of stripping the probes from the RNA has many advantages.
DNAse digestion of probes allows false positives to be rejected as nonspecifically bound probes
do not colocalize between different rounds of hybridization (Figure 33A). In addition, the same
region of the transcript can be hybridized in every round, allowing seqFISH to efficiently target
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mRNAs shorter than 1kb, enabling targeting of most genes. Lastly, seqFISH allows exponential
scaling of barcode numbers, thus 4-5 rounds of hybridization can code for hundreds of
transcripts with a simple error correction scheme. Theoretically, the entire transcriptome can be
coded for with error correction by using 8-9 rounds of hybridization with seqFISH. These
advantages of HCR seqFISH allows robust multiplexed RNA detection in tissues, shown here in
the mouse brain.

[00444] Ultimately, the multiplexing capability of seqFISH is limited by the amount of
optical space within a cell, and not by the coding capacity of the method (supplementary text).
We showed previously that super-resolution microscopy can significantly increase the optical
space available in the cell for transcription profile imaging, but super-resolution microscopy
experiments proved difficult to image in samples thicker than 1pm, and were experimentally
cumbersome and time consuming to image (Lubeck and Cai, 2012). A recent development in
expansion microscopy as well as correlation methods (Coskun et al., 2016) however offers
promise for multiplexing to levels of high transcript density (Chen et al., 2015a; Treweek et al.,
2015, Chen et al., 2016). In addition, by labeling subcellular components (i.e., dendrites and
axons) with antibodies, the local transcriptome in compartments of the cell can be measured.
[00445] It was observed that, because expression patterns amongst genes are highly
correlated, the distinction between large classes of cells can be determined from 10-20 genes,
while a finer classification of cell clusters depends on the quantitative measurement of the
combinatorial expression patterns of many genes (Figures 34E and F). This correlation amongst
genes can be used to “stitch” our seqFISH data with single cell RNAseq data, similar to the
approach explored with single cell RNAseq and ISH in Satija et al (Satija et al., 2015) . By
correlating seqFISH data to single cell RNA-seq expression data, cells types identified based on
RNA-seq can be “mapped” back into our seqFISH data.

[00446] As shown here, seqFISH with hundreds of genes in tissues can become a general
and widely used tool to answer a wide range of fundamental questions in biology and medicine.
For neuroscience, by combining the insights into the spatial organization of transcription
provided by seqFISH with connectomics and electrophysiological measurements, we can obtain

a comprehensive understanding of the molecular basis of the neuroanatomy of the brain.

EXAMPLE 5
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Supplementary Experimental Procedure for Brain Slide Analysis

[00447] Probe Design. Genes were selected from the Allen Brain Atlas database. We
identified genes that are heterogeneously expressed in coronal sections containing the
hippocampus at Bregma coordinates -2.68 mm anterior. Using the ABA region definitions, we
break down the voxels representing the ABA data in those brain sections into 160 distinct
regions and average the expression values within each region. We selected 100 genes that had
high variances across these distinct regions and that also had low-medium expression levels.
These genes included transcription factors and signaling pathways components as well as ion
channels and other functional genes. Lastly, we chose 25 genes from single cell RNA-seq data
that were enriched in certain cell types. Briefly, the design criteria used were 1) constant regions
of all spliced isoforms were identified, 2) Masked regions of UCSC genome were removed from
possible probe design, 3) 35mer sequences were tiled 4nt apart, 4) sets of non-overlapping
probes with tightest GC range around 55% were found, 5) probes were blasted for off-target hits.
Any probe with an expected total off-target copy number of more than 5000 was dropped. Once
all possible probes for every target gene was acquired, the probe set oligo-pool was optimized
using the following criteria: 1) Expected # of off-target hits for entire probe pool was calculated,
2) probes were sequentially dropped from genes until any off-target gene was hit by no more
than 6 probes from entire pool, 3) HCR adapters were added to designed probes and 10nt in
either direction of the adapter junction was blasted and screened for off-target hits, 4) probe
pools were searched for regions of 18mer complementary, 5) the probe sets for a given transcript
was refined down to 24 probes by dropping probes in order of the expected number of off-target
hits, 6) Cutting sites and hybridization specific primers were added to probes.

[00448] Probe Generation. All oligoarray pools were purchased as 92k synthesis from
Customarray Inc. Probes were amplified from array-synthesized oligo pool), with the following
modifications: (i) a 35nt RNA-targeting sequence for in situ hybridization, (ii) a 35nt HCR
initiator sequence designed to initiate one color of 5 possible HCR polymers, (iii) two
hybridization specific flanking primer sequences to allow PCR amplification of the probe set and
(iv) EcoRI (5°-GAATTC—3’) and Kpnl (5’-GGTACC-3") sites for cutting out flanking primers

to reduce probe size. Ethanol precipitation was used to purify the final digested probes.
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[00449] Brain extraction and sample mounting. C57BL/6 with Ai6 Cre-reporter
(uncrossed) (Jackson Labs, SN: 007906) female mice aged 50-80 days were anesthetized with
isoflurane according to institute protocols (protocol #1701-14). No randomization of mice was
used and blinding was not necessary as the study was exploratory. Mice were perfused for 8
minutes with perfusion buffer (10U/ml heparin, 0.5% NaNO, (w/v) in 0.1M PBS at 4°C). Mice
were then perfused with fresh 4% PFA\0.1M PBS buffer at 4C for 8 minutes. The mouse brain
was dissected out of the skull and immediately placed in a 4% PFA buffer for 2 hours at room
temperature under gentle mixing. The brain was then immersed in 4C 30% RNAse-free Sucrose
(Amresco 0335-2.5KG)\1x PBS until the brain sank. After the brain sank, the brain was frozen
in an dry ice\isopropanol bath in OCT media and stored at -80C. Fifteen micron sections were
cut using a cryotome and immediately placed on an aminosilane modified coverslip.

[00450] Sample permeabilization, hybridization, and Imaging. Brain sections
mounted to coverslips were permeabilized in 4C 70% EtOH for 12-18 hours. Brains were
further permeabilized by the addition of rnase-free 8% SDS (Ambion AM9822) for 10 minutes.
Samples were rinsed to remove SDS, desiccated and a hybridization chamber (Grace Bio-Labs
621505) was adhered around the brain section. Samples were hybridized overnight at 37C with
Split Color PGK1 Probes in Hybridization Buffer (2X SSC (Invitrogen 15557-036), 10%
Formaldehyde (v/v) (Ambion AM9344), 10% Dextran Sulfate (Sigma D8906), 2mM Vanadyl
Ribonucleoside Complex (VRC; NEB S1402S) in Ultrapure water (Invitrogen 10977-015)).
Samples were washed in 30% Wash Buffer (WBT: 2X SSC, 30% Formaldehyde (v/v)] 10%
Dextran Sulfate, 0.1% Triton-X 100 (Sigma X-100), 2mM VRC in Ultrapure water) for 30
minutes. While washing aliquoted HCR hairpins (Molecular Instruments Inc) were heated to 95C
for 1.5 minutes and allowed to cool to RT for 30 minutes. HCR hairpins were diluted to a
concentration of 120nM per hairpin in amplification buffer (2X SSC, 10% Dextran Sulfate) and
added to washed tissue for 45 minutes. Following amplification, samples were washed in the
same 30% WBT for at least 10 minutes to remove excess hairpins. Samples were stained with
DAPI and submerged in pyranose oxidase antibleaching buffer. Sample port covers were closed
with a glass coverslip or a transparent polycarbonate sheet to exclude oxygen.

[00451] Samples were imaged using a standard epifluorescence microscope (Nikon Ti

Eclipse with custom built laser assembly) for the 125-gene experiment. Exposures times were
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200 ms for cy7 and alexa 488 channels and 100 ms for alexa 647, alexa 594, and cy3b channels.
For the 249-gene experiment, a Yokogawa CSU-W1 spinning disk confocal unit attached to an
Olympus IX-81 base was used for imaging. The exposure times were 500 ms for each channel.
At this stage, intact and accessible mRNA should always appear in two channels. If the RNA
was deemed to be intact, DAPI data was collected in this hybridization. Samples were digested
with DNAse I (Roche 04716728001) for 4 hours at room temperature on the scope. Following
DNAse I the sample was washed several times with 30% WBT and hybridized overnight with 70%
Formamide HB and the experiment probes at 1 nM concentration per probe sequence at room
temperature. Samples were again washed and amplified as before. Barcode digits were
developed by repeating this cycle with the appropriate probes for each hybridization.
Fluorescent Nissl stain (ThermoFisher N-21480) was collected at the end of the experiment
along with images of multispectral beads to aid chromatic aberration corrections.

[00452] Image Processing. To remove the effects of chromatic aberration, the
multispectral beads were first used to create geometric transforms to align all fluorescence
channels. Next, the background illumination profile of every fluorescence channel was mapped
using a morphological image opening with a large structuring element. These illumination
profile maps were used to flatten the illumination in post-processing resulting in relatively
uniform background intensity and preservation of the intensity profile of fluorescent points. The
background signal was then subtracted using the imagej rolling ball background subtraction
algorithm with a radius of 3 pixels. Finally, the calculated geometric transforms were applied to
each channel respectively. The 150 pixel border region around the image was ignored in all
analysis to avoid errors from edge effects of illumination.

[00453] Image Registration. The processed images were then registered by first taking a
maximum intensity projection along the z direction in cach channel. All of the maximum
projections of the channels of a single hybridization were then collapsed resulting in 4 composite
images containing all the points in a particular round of hybridization. Each of these composite
images of hybridization 1-3 were then cross-correlated individually with the composite image of
hybridization 4 and the position of the maxima of the cross-correlation was used as the

translation factor to align hybridizations 1-3 to hybridization 4.
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[00454] Cell Segmentation. For cells in the cortex, the cells were segmented manually
using the DAPI images taken in the first round of hybridization and the fluorescent nissl stain
taken at the end of the experiment. Furthermore, the density of the point cloud surrounding a cell
was taken into account when forming cell boundaries, especially in cells that did not stain with
the nissl stain. For the hippocampus, the cells were segmented by first manually selecting the
centroid in 3D of each DAPI signal of every cell. Transcripts were first assigned based on
nearest centroids. These point clouds were then used to refine the centroid estimate and create a
3D voronoi tessellation with a 10% boundary-shrinking factor to eliminate ambiguous mRNA
assignments from neighboring cells.

[00455] Barcode calling. The potential mRNA signals were then found by LOG filtering
the registered images and finding points of local maxima above a specified threshold value.
Once all potential points in all channels of all hybridizations were obtained, dots were matched
to potential barcode partners in all other channels of all other hybridizations using a 1 pixel
search radius to find symmetric nearest neighbors. Point combinations that constructed only a
single barcode were immediately matched to the on-target barcode set. For points that matched
to construct multiple barcodes, first the point sets were filtered by calculating the residual spatial
distance of each potential barcode point set and only the point sets giving the minimum residuals
were used to match to a barcode. If multiple barcodes were still possible, the point was matched
to its closest on-target barcode with a hamming distance of 1. If multiple on target barcodes
were still possible, then the point was dropped from the analysis as an ambiguous barcode. This
procedure was repeated using each hybridization as a seed for barcode finding and only barcodes
that were called similarly in at least 3 out of 4 rounds were used in the analysis. The number of
each barcode was then counted in each of the assigned cell volumes and transcript numbers were
assigned based on the number of on-target barcodes present in the cell volume. All image
processing and image analysis code can be obtained upon request.

[00456] Clustering. To cluster the dataset with 14,908 cells and 125 genes profiled, we
first z-score normalized the data based on gene expression. Once the single cell gene expression
data is converted into z-scores, we compute a matrix of cell-to-cell correlations using Pearson
correlation coefficients. Then hierarchical clustering with Ward linkage is performed on the cell-

to-cell correlation data with cells in the center field of view. The cluster definitions are then
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propagated to the remaining cells using a random forest machine learning algorithm. To analyze
the robustness of individual clusters, a random forest model was trained using varying subsets of
the data and used to predict the cluster assignment of the remaining cells. A bootstrap analysis
by dropping different sets of cells was performed in increments (Figure 42). To determine the
effect of dropping out genes on the accuracy of the clustering analysis, we used a random forest
decision tree to learn the cluster definition based on the 125 gene data. Then we ask the decision
tree to re-compute the cluster assignment on cell-to-cell correlation matrices with fewer and
fewer genes (Figure 34F, green line). Bootstrap resampling was also performed with this
analysis (Figure 34F, bluelines). The PCA and tSNE analysis were performed using the same
cell-to-cell z-scored Pearson correlation matrix. The cell-to-cell correlation in Figure 34E was
calculated with increasing number of principal components dropped (have their eigenvalues set
to zero). The cluster assignment accuracy is again computed through the random forest decision
tree.

[00457] Optical Space for Barcodes in Cells. The theoretical upper limit for the number
of barcodes that can be identified accurately within a cells primarily depends on the volume of
the cell. As mRNA spots are diffraction limited, if a microscope is configured to have sub-
diffraction limited pixel size, the ability to identify smFISH signal without any super-resolution
would require no two mRNA signals to be immediately adjacent to each other in x, y or z
dimension. These minimum required voxels are called “coding voxels.” The absolute upper
limit of the number of transcripts that can be coded unambiguously without any super-resolution

methods is solely a function of the number of coding voxels present in a cell. Assuming a

Vv
(3A)2z

diffraction limit of A um and a resolution of z um in the z direction, there exists coding

voxels per cell, where V is the volume of the cell in microns. In the seqFISH method, we use 5
or more channels to hold mRNA spots which would increase the total number of coding voxels

by a multiplicative factor equal to the number of channels used for barcoding. Therefore,

_ FV
~ (3M)2z

where #B is the maximum number of unambiguous barcodes a cell can hold, and F is the number

#B

of channels used. As mammalian cells range from about 500 — 4000 microns in volume, these

cells can accommodate roughly between 6100 — 49,000 barcodes assuming S fluorescence
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channels are being used, the diffraction limit is 0.3 um, and the z resolution is 0.5 um. In
principle, this calculation would provide the total number of perfectly discernible spots a cell can
accommodate. In our actual experimental data, we have some amount of dropped barcodes due
to ambiguity in barcode assignment due to spot overlaps. This is one of the main factors that
reduces the efficiency of seqFISH as compared to single transcript detection (i.e., smFISH or
smHCR). Expansion microscopy could further increase the number of coding voxels in a cell by

the expansion factor leading to fewer drops and imaging of denser transcripts.
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EQUIVALENTS

[00523] Having described some illustrative embodiments of the invention, it should be
apparent to those skilled in the art that the foregoing is merely illustrative and not limiting,
having been presented by way of example only. Numerous modifications and other illustrative
embodiments are within the scope of one of ordinary skill in the art and are contemplated as
falling within the scope of the invention. In particular, although many of the examples presented
herein involve specific combinations of method acts or system elements, it should be understood
that those acts and those elements may be combined in other ways to accomplish the same
objectives. Acts, clements, and features discussed only in connection with one embodiment are
not intended to be excluded from a similar role in other embodiments. Further, for the one or
more means-plus-function limitations recited in the following claims, the means are not intended
to be limited to the means disclosed herein for performing the recited function, but are intended
to cover in scope any means, known now or later developed, for performing the recited function.

[00524] Use of ordinal terms such as “first”, “second”, “third”, etc., in the claims to

modify a claim element does not by itself connote any priority, precedence, or order of one claim
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element over another or the temporal order in which acts of a method are performed, but are used
merely as labels to distinguish one claim element having a certain name from another element
having a same name (but for use of the ordinal term) to distinguish the claim elements.
Similarly, use of a), b), efc., or i), ii), etc. does not by itself connote any priority, precedence, or
order of steps in the claims. Similarly, the use of these terms in the specification does not by
itself connote any required priority, precedence, or order.

[00525] The foregoing written specification is considered to be sufficient to enable one
skilled in the art to practice the invention. The present invention is not to be limited in scope by
examples provided, since the examples are intended as a single illustration of one aspect of the
invention and other functionally equivalent embodiments are within the scope of the invention.
Various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing description and fall within the
scope of the appended claims. The advantages and objects of the invention are not necessarily

encompassed by each embodiment of the invention.
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WE CLAIM:

1. A method of barcoding molecular targets, comprising:
identifying N molecular targets in a biological sample, wherein the N molecular targets
are immobilized;
associating a unique barcode to each molecular target via n sequential barcoding rounds
(where n > 2), wherein each barcoding round comprises m serial hybridizations of probes
collectively bound to the N molecular targets (where m > 2), wherein each serial hybridization
comprises:
contacting one or more groups of probes to a subset of the N molecular targets,
the total number of groups of probes corresponding to the number of molecular targets in
the subset, wherein probes in each group comprise one or more binding sequences
specifically targeting a molecular target in the subset, wherein each probe is capable of
generating at least one detectable visual signal representing binding of the probe to a
molecular target in the subset, and wherein probes in the one or more groups generate one
or more different detectable visual signals corresponding to the number of molecular
targets in the subset;
detecting the detectable visual signals that reflect the binding between the one or
more groups of probes and the subset of the N molecular targets; and
removing the visual signals, when applicable, prior to the next serial
hybridization;
wherein the unique barcode to each molecular target consists of » components, each
component is assigned from S unique symbols, where § is an integer that equal to or greater than
YN; and

optionally removing probes between two barcoding rounds.

2. The method of claim 1, wherein the detecting the detectable visual signals comprises:
capturing, for each serial hybridization round, an image of the detectable visual signals
that reflect the binding between the one or more groups of probes and the subset of the N

molecular targets.
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3. The method of claim 1 or claim 2, further comprising:
generating, for each barcoding round, a composite image by superimposing m images
corresponding to the m serial hybridizations, wherein the m images are aligned based on one or

more alignment references whose positions remain constant relative to the biological sample.

4. The method of any one of claims 1-3, further comprising:

applying Gaussian analysis to super-localize the detectable visual signals in an image.

5. The method of any one of claims 1-4, further comprising;:
decoding the detectable visual signals in each composite image based on the unique

barcodes for the N molecular targets and the S unique symbols.

6. The method of any one of claims 1-5, further comprising:

detecting reference visual signals associated with the one or more alignment reference.

7. The method of any one of claims 1-6, wherein the one or more alignment references comprise
one or more selected from the group consisting of an oligonucleotide sequence immobilized on
the coverslips and detected by a complementary oligo, a common sequence embedded in all
probes, a microscopic object, a metal bead, a gold bead, a polystyrene bead, a PCR handle

sequence on a primary binding probe, and combinations thereof.

8. The method of any one of claims 1-7,wherein the » sequential barcoding rounds includes x
round for error correction, where x is an integer equal or greater than 1; and wherein assigning

unique barcodes for each of N molecular targets requires S unique symbols, where S is an integer

equal or greater than " 3/N.

9. The method of any one of claims 1-8, wherein the biological sample comprises a tissue

sample, a cell sample, a cell extract sample, a nucleic acid sample, an RNA transcript sample, a
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protein sample, an mRNA sample, DNA molecules, protein molecules, RNA and DNA isoform

molecules, single nucleotide polymorphism molecules, or combinations thereof.

10. The method of any one of claims 1-9, further comprising:
determining a secondary molecular target that are associated with the N molecular targets
by contacting the biological sample with molecules specifically binding to the secondary

molecular target.

11. The method of any one of claims 1-10, wherein the secondary molecular target comprises
one selected from the group consisting of a RNA binding protein molecule, ribosome, a DNA
binding protein molecule, a transcription factor, a chromatin binding protein, a protein binding

molecule, a scaffold protein, and combinations thereof.

12. The method of any one of claims 1-11, wherein probes in the one or more groups of probes
further comprise:

one or more binding sequences cach specifically targeting one or more sites within a
molecular target in the biological sample; and

n unique readout sequences associated with the one or more binding sequences, wherein,
in each barcoding round, only one unique readout sequence is associated with a detectable visual

signal for a particular molecular target.

13. The method of any one of claims 1-12, wherein the one or more binding sequences target

multiple different sites within the same molecular target.

14. The method of any one of claims 1-13, wherein the one or more binding sequences target

multiple different sites within different molecular targets.

15. The method of any one of claims 1-14, wherein each probe comprises one or more of the »

unique readout sequences.
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16. The method of any one of claims 1-15, wherein at least one of the n unique readout
sequences is located in an overhang sequence directly connected to the binding sequence of a

probe.

17. The method of any one of claims 1-16, wherein at least one of the » unique readout
sequences is indirectly connected to the binding sequence of a probe via one or more

intermediate molecules.

18. The method of any one of claims 1-17, wherein the one or more intermediate molecules
comprise an RNA bridge probe, a DNA bridge probe, a protein bridge probe, a probe for
hybridization chain reaction (HCR), a hairpin nucleic acid probe, an HCR initiator, an HCR

polymer, or combinations thereof.

19. The method of claim any one of claims 1-18, wherein the one or more binding sequences
specifically target one or more non-nucleic acid sites in the molecular target, and wherein the #
unique readout sequences comprising nucleic acid sequences that are directly or indirectly

connected to the binding sequences of the probes.

20. The method of any one of claims 1-19, wherein the detectable visual signal is connected to

the binding sequence of a probe or an intermediate molecule via a cleavable linker.

21. The method of any one of claims 1-20, wherein the one or more binding sequences comprises
a peptide sequence binding to a specific antigen within a particular molecular target, an aptmer,

or click chemistry group.

22. The method of any one of claims 1-21, wherein the S unique symbols comprise colors,

numbers, letters, shapes, or combinations thereof.

23. The method of any one of claims 1-22, wherein, for each serial hybridization, the one or

more groups of probes to a non-overlapping subset of the N molecular targets.
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24. A method of hybridization analysis of binding between labeled probes and molecular targets
in a biological sample, comprising:
generating multiple composite images of labeled probes bound to a plurality of molecular
targets in the biological sample, wherein each composite image is generated from a plurality of
images of labeled probes collectively bound to the plurality of molecular targets, wherein the
plurality of molecular targets are immobilized within the biological sample, and wherein each
image of the plurality of images reveals:
labeled probes bound to a subset of molecular targets within the plurality of
molecular targets, wherein the labeled probes comprise one or more groups of probes, the
total number of groups of probes corresponding to the number of molecular targets in the
subset, wherein probes in each group comprise one or more binding sequences
specifically targeting a molecular target in the subset, and wherein each labeled probe is
capable of generating a visual signal representing binding of the probe to a molecular
target; and
one or more reference targets whose positions remain constant in the biological

sample for aligning the plurality of images.

25. The method of claim 24, wherein the biological sample comprises a tissue sample, a cell
sample, a cell extract sample, a nucleic acid sample, an RNA transcript sample, a protein sample,
an mRNA sample, DNA molecules, protein molecules, RNA and DNA isoform molecules,

single nucleotide polymorphism molecules, or combinations thereof.

26. The method of claim 24 or claim 25, wherein, in each image, the labelled probes bind to a

non-overlapping subset of molecular targets within the plurality of molecular targets.

27. The method of any one of claims 24-26, further comprising:
contacting the one or more groups of probes with the subset of molecular targets of the

plurality of molecular targets;
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detecting visual signals that reflect the binding between the one or more groups of probes
and molecular targets in the subset; and

removing the visual signals, when applicable, prior to a next round of hybridization of
labeled probes binding to a new subset of molecular targets within the plurality of molecular

targets.

28. The method of any one of claims 24-27, further comprising:

detecting reference visual signals associated with the one or more alignment references.

29. The method of any one of claims 24-28, further comprising:
aligning the plurality of images based on the positions of the one or more alignment

references.

30. A sequential hybridization method, comprising:

identifying a plurality of target genes; and

associating, via sequential hybridization of binding probes to the plurality of target genes,
a first plurality of unique codes with the plurality of target genes, wherein each target gene in the
plurality of target genes is represented by a unique code in the first plurality of unique codes,
wherein the sequential hybridization comprises » rounds of hybridization (where n» > 2), and
wherein each round of hybridization in » rounds of hybridization comprises:

contacting the plurality of target genes with a plurality of binding probes, wherein

each probe in the plurality of binding probes comprises:

a binding sequence that specifically binds a target sequence in a gene in
the plurality of target genes, wherein target gencs from the plurality of target
genes are spatially transfixed from each other, and wherein each probe is capable
of emitting a detectable visual signal upon binding of the probe to a target
sequence;
detecting visual signals that reflect the binding between the plurality of binding

probes and the plurality of target genes; and
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removing the visual signals, when applicable, prior to the next round of

hybridization;

wherein probes used in the » rounds of hybridization are capable of emitting at least F'
types of detectable visual signals (where F > 2 and F” is greater than the number of target genes
in the plurality of target genes),

wherein a unique code in the first plurality of unique codes for a target gene consists of n
components,

wherein each component is determined by visual signals that reflect the binding between
binding probes and the target gene during one of the n rounds of hybridization,

wherein the n rounds of hybridization include m error correction round (m > 1),

wherein a second plurality of unique codes for the plurality of target genes is generated
after the m error correction round is removed from the # rounds of hybridization, and

wherein each unique code in the second plurality of unique codes consists of (n —m)

components and uniquely represents a target gene in the plurality of target genes.

31. A hybridization method, comprising:
identifying a plurality of target genes;
performing sequential hybridization of binding probes to the plurality of target genes,
wherein the sequential hybridization comprises n rounds of hybridization (where n > 2), and
wherein each round of hybridization in » rounds of hybridization comprises:
contacting the plurality of target genes with a plurality of binding probes, wherein
each probe in the plurality of binding probes comprises:

a binding sequence that specifically binds a target sequence in a gene in
the plurality of target genes, wherein target genes from the plurality of target
genes are spatially transfixed from each other, and wherein each probe is capable
of emitting a detectable visual signal upon binding of the probe to a target
sequence;
detecting visual signals that reflect the binding between the plurality of binding

probes and the plurality of target genes, wherein each target gene in the plurality of target

genes is represented by visual signals that are unique for the target gene, and wherein
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probes used in the 7 rounds of hybridization are capable of emitting at least F' types of
detectable visual signals (where F' > 2, and F" is greater than the number of target genes
in the plurality of target genes); and
removing the visual signals, when applicable, prior to the next round of
hybridization; and
performing serial hybridizations against one or more serial target genes, wherein the
expression level of each serial target gene is above a predetermined threshold value, wherein
each serial hybridization comprises:
contacting the one or more serial target genes with a plurality of binding probes,
wherein each probe in the plurality of binding probes comprises:

a binding sequence that specifically binds a target sequence in a serial
target gene in the one or more serial target genes, wherein one or more serial
target genes are spatially transfixed from each other,

wherein each probe is capable of emitting a detectable visual signal upon
binding of the probe to the target sequence, and wherein probes binding to target
sequences in the same serial target gene emit the same detectable visual signals;
and
detecting visual signals that reflect the binding between the plurality of binding

probes and the one or more serial target gene.

32. The sequential hybridization method of claim 30 or claim 31, wherein each component of a
n-component unique code in the first plurality of unique codes is assigned a numerical value that
corresponds to one of the at least F types of detectable visual signals; and wherein at least one
component of the n-component unique code is determined based on the numerical values of all

or some of the other n-1 components.

33. The sequential hybridization method of any one of claims 30-32, wherein the n-component
unique code is determined as:

{1,325 --- @*j1t a2*j2 ...t ap*jp + C)mod F, ..., ju},
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wherein j; is a numerical value that corresponds the detectable visual signals used in the
first round of hybridization, j, is a numerical value that corresponds the detectable visual signals
used in the second round of hybridization, and j, is a numerical value that corresponds the
detectable visual signals used in the »nth round of hybridization; and

wherein j1, j2,... jn, 21, @2, ...8; and n are none zero integers and C is an integer.
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3060
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INTERNATIONAL SEARCH REPORT

international application No.
PCT/US17/44994

A.  CLASSIFICATION OF SUBJECT MATTER
(';C - C12Q 1/68; GO1N 21/64 (2017.01)

GO1N 33/5308; GO6F 19/24, 19/26; C12Q 1/6813, 1/6841, 1/6804

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the ficlds searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Retevant to claim No.

WO 2014/182528 A2 (CALIFORNIA INSTITUTE OF TECHNOLOGY) 13 November 2014;
paragraphs abstract, title, paragraphs [0007], [0012], [0031], [0039-40], [0065], [0067],
[0069-7 1], [0087], [0093], [00121], [00161-164], [00168]. [00175], [00183-184]; Figures 1-3;

Claim 20

Y WO 2016/018960 A1 (PRESIDENT AND FELLOWS OF HARVARD COLLEGE) 4 February
2016; page 5, lines 5-9, page 13, lines 8-12, page 25, lines 5-7 and 17-22; page 81, lines 16-19

A US 2016/0019334 A1 (CALIFORNIA INSTITUTE OF TECHNOLOGY) 21 January 2016; entire
document

A US 2010/0323348 A1 (Hamady, ML et al.) 23 December 2010; entire document

P, X

(Moffitt, JR, et al.) High-throughput single-cell gene-expression profiling with multiptexed
error-robust fluorescence in situ hybridization, PNAS 27 September 2016, volume 113, no. 39,
pages 11046-11051 doi: 10.1073/pnas. 16128261 13; entire document

1,2, 3/1, 3/2, 24, 25,
26/24, 26/25, 31

30, 32/30, 32/31

30, 32/30, 32/31

1,2,3/1,3/2, 24, 25,
26/24, 26/25, 30, 31,
32/30, 32/31

1,2,3/1,3/2, 24,25,
26/24, 26/25, 30, 31,
32/30, 32/31

1,2,3/1,3/2, 24, 25,
26/24, 26/25, 30, 31,
32/30, 32/31

D Further documents are listed in the continuation of Box C.

D See patent family annex.

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying tﬁe invention

“X™ document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

29 September 2017 (29.09.2017)

Date of mailing of the international search report

200CT 2017

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US17/44994

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-23, 27-29, 33
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internationa| Searching Authority found multiple inventions in this international application, as follows:

1. l:' As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. l:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Docket No.: NATE-037/C02US 321329-2721
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor: Joseph M. BEECHEM Confirmation No.: 1004
Application No.: 17/476,712 Group Art Unit: 1634
Filed: September 16, 2021 Examiner: F. W.Lu

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Via EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §§ 1.56, 1.97, AND 1.98

In accordance with the duty of disclosure set forth in 37 C.F R. §1.56, Applicant hereby
submits the following information in conformance with 37 C.F.R. §§1.97 and 1.98. Itis
respectfully requested that the information be expressly considered during the prosecution of this
application, and the references be made of record therein and appear among the "References
Cited" on any patent to issue therefrom.

[X]Pursuant to 37 C.FR. §1.98, a copy of each non-US patent document cited on the
attached Form used in lieu of PTO/SB/08 is enclosed.

[1 No copies of the foreign patent, foreign patent application, or non-patent literature
publications listed on the attached Form used in lieu of PTO/SB/08 are being
provided pursuant to 37 C.F.R. §1.98(d) because the publications were previously
cited by or submitted to the Office in prior Application Serial No(s).  to
which the above-identified application claims priority under 35 U.S.C. §120.

[1 No copies of any U.S. patents or U.S. patent application publications listed on the
attached Form used in lieu of PTO/SB/08 are being provided pursuant to 37
CFR §1.98.

266025899 v1
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[X]Publication(s) listed on the attached Form used in lieu of PTO/SB/08 were cited

[l

[l

[l

[l

[l

[1

in a foreign search or examination report corresponding to European application
serial no. 19707566.6 and mailed on March 10, 2022.

Enclosed is a copy of a non-English publication(s) Pursuant to §609 of the
M.P.EP., Applicant submits the attached foreign search or examination report,
which cites such non-English language publication(s).

Enclosed is a copy of a non-English publication(s) English language
publication (copy enclosed) claims priority from this non-English
publication.

Enclosed is an explanation of non-English publication(s) for which an
English translation is not available.

Enclosed is an English translation of non-English publication(s) cited on
the attached Form used in lieu of PTO/SB/08.

Enclosed is an English language Abstract of non-English publication(s)
cited on the attached Form used in lieu of PTO/SB/08.

Enclosed is a copy of pending patent Application No.

[X] Inaccordance with 37 C.F.R. §1.97(c), this Information Disclosure Statement is filed
after the period specified in 37 C.F R. § 1.97(b), but before the mailing of any of the following:

a final action under 37 C.F R. §1.113; a notice of allowance under 37 CF R. §1.311; or an action
that otherwise closes prosecution in this application.

In accordance with 37 C.F.R. §1.97(c) also enclosed is:

[1
[1

[1
[X]

266025899 v1

Fee under 37 CF.R. §1.17(p) in the amount of $260.00;
Fee under 37 CF.R. §1.17(p) in the amount of $130.00;
Fee under 37 C.F.R. §1.17(p) in the amount of $65.00; or
Statement as specified in 37 C.F.R. §1.97(e):

[X]  Each item of information contained in the Information Disclosure
Statement cited herein 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 date of the Information Disclosure
Statement; or

[] No item of information contained in the Information Disclosure Statement
submitted herewith was cited in any communication from a foreign patent
office in a counterpart foreign application, and, to the knowledge of the
undersigned, having made a reasonable inquiry, no item of information
contained in the Information Disclosure Statement was known to any
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individual designated in 37 C.F.R. §1.56(c) more than three months prior
to the filing date of the Information Disclosure Statement.

[X] Inaccordance with 37 C.F.R. § 1.704(d), Applicant notes that to our knowledge
each item of information contained in the information disclosure statement:

[X]  was first cited in any communication from a patent office in a counterpart
foreign or international application or from the Office, and this communication
was not received by any individual designated in § 1.56(c) more than thirty days
prior to the filing of the information disclosure statement.

[ is a communication that was issued by a patent office in a counterpart
foreign or international application or from the Office, and this communication
was not received by any individual designated in § 1.56(c) more than thirty days
prior to the filing of the information disclosure statement.

In accordance with 37 C.F.R. § 1.97(g), this Information Disclosure Statement shall not

be construed as to mean that a search has been made.

In accordance with 37 C.F.R. § 1.97(h), the filing of this Information Disclosure
Statement shall not be construed to be an admission that the information cited in the statement is,

or is considered to be material to patentability as defined by 37 C.F.R § 1.56(b).

266025899 v1
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Remarks

It is respectfully requested that the Examiner consider the above-noted information and

return an initialed copy of the attached Form used in lieu of PTO/SB/08 to the undersigned.

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.

The Director is hereby authorized to charge any additional fees which may be required
with respect to this communication, or credit any overpayment, to Deposit Account No. 50-1283,

under Order No. NATE-037/CO2US 321329-2721.

Dated: March 14, 2022 Respectfully submitted,
COOLEY LLP

COOLEY LLP By: /Robert E. Powers/

ATTN: IP Docketing Department Robert E. Powers

1299 Pennsylvania Avenue NW, Suite 700 Reg. No. 77,802

Washington, DC 20004 Matthew Pavao

Reg. No. 50,572
Tel: (617) 937-2300

Fax: (617) 937-2400

266025899 v1

457



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 |
141429 7590 03/16/2022
Cooley LLP/NanoString Technologies, Inc LU, FRANK WEI MIN
1299 Pennsylvania Avenue NW
. | ART UNIT PAPER NUMBER |
Suite 700
Washington, DC 20004 1634
DATE MAILED: 03/16/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004

321329-2721
TITLE OF INVENTION: CHEMICAL COMPOSITIONS AND USES THEREOF

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/16/2022

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. 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.
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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)

141429 7590 03/16/2022 Certificate of Mailing or Transmission

Cooley LLP/NanoString Technologies, Inc I hereby certify that this Fee(s) Transmiltal is being deposited with the United
. ’ States Postal Service with sufficient postage for first class mail in an envelope
1299 Pennsylvania Avenue NW addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 700 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Washington, DC 20004 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004

321329-2721
TITLE OF INVENTION: CHEMICAL COMPOSITIONS AND USES THEREOF

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/16/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LU, FRANK WEI MIN 1634 435-006110
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/AIA/122 or 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/
AIA/47 or PTO/SB/47; Rev 03-02 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
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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. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321320 2791
| EXAMINER |
141429 7590 03/16/2022
Cooley LLP/NanoString Technologies, Inc LU, FRANK WEI MIN
1299 Pennsylvania Avenue NW
: | ART UNIT PAPER NUMBER |
Suite 700
Washington, DC 20004 1634

DATE MAILED: 03/16/2022

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.
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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 awagggyf a violation or potential violation of law or regulation.



Application No. Applicant(s)
) o 17/476,712 BEECHEM 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.[J This communication is responsive to
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. 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 1-13 . As aresult 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) JJAll b) (J Some* ¢) (J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. 3 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.

including changes required by the attached Examiner's Amendment/ Comment or in the Office action of
Paper No./Mail Date 1/6/2022 .

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..] 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.} Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 3/9/2022.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (3 Other .

of Biological Material .
4.V Interview Summary (PTO-413),

Paper No./Mail Date. 3/9/2022.
/FRANK W LU/ March 9, 2022
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 3/2022
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Application/Control Number: 17/476,712 Page 2
Art Unit: 1634

DETAILED ACTION
Reasons for Allowance
1. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
Authorization for this examiner’s amendment was given in a telephone interview with

Dr. Robert Powers (Reg. No.77,802) on March 9, 2022.

2. The application has been amended as follows:
1. (Currently Amended) A method comprising:
a) collecting a plurality of oligonucleotides from a first location of a tissue sample

under conditions that release the plurality of oligonucleotides from the first location of the tissue

sample;
b) collecting a plurality of oligonucleotides from [an at least] a second location of the

tissue sample under conditions that release the plurality of oligonucleotides from the second

location of the tissue sample;

c¢) synthesizing a first plurality of DNA products [using] by performing a synthesis

reaction that uses the plurality of oligonucleotides collected in step (a) as templates and

incorporates [for the synthesis reaction, wherein the DNA products in the first plurality of DNA
products comprise] at least one nucleic acid sequence that identifies the first location of the

tissue sample into each of the first plurality of DNA products;

d) synthesizing a second plurality of DNA products [using] by performing a synthesis

reaction that uses the plurality of oligonucleotides collected in step (b) as templates and
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Art Unit: 1634

incorporates [for the synthesis reaction, wherein the DNA products in the second plurality of
DNA products comprise] at least one nucleic acid sequence that identifies the [at least] second

location of the tissue sample into each of the second plurality of DNA products; and

e) identifying the first plurality of DNA products and the second plurality of DNA

products synthesized in step (c) and step (d) by sequencing the first plurality of DNA products

and the second plurality of DNA products, thereby spatially detecting the plurality of

oligonucleotides collected from the first location of the tissue sample and the plurality of
oligonucleotides collected from the [at least] second location of the tissue sample.

4. (Currently Amended) The method of claim 3, wherein [the primers of] the plurality of
primers [are] is immobilized on the microscope slide at their 5 ends.

5. (Currently Amended) The method of claim 4, wherein [synthesizing in] each of step (c)
and step (d) comprises performing a solid-phase amplification reaction, wherein the solid-phase
amplification reaction is carried out [in association with] on the microscope slide using the
plurality of primers immobilized on the microscope slide.

6. (Currently Amended) The method of claim 1, wherein the sequencing step is_performed

using a next generation sequencing reaction.
7. (Currently Amended) The method of claim 1, [wherein the sequencing] further comprises

amplifying a library using the [extension products] first plurality of DNA products and the

second plurality of DNA products as templates.

8. (Currently Amended) The method of claim 1, wherein the [DNA products in the first

plurality of DNA products further] at least one nucleic acid sequence that identifies the first

location of the tissue sample comprise at least one unique molecular identifier.
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Art Unit: 1634

9. (Currently Amended) The method of claim 1, wherein the [DNA products in the second

plurality of DNA products further] at least one nucleic acid sequence that identifies the second

location of the tissue sample comprise at least one unique molecular identifier.

10. (Currently Amended) The method of claim 1, wherein [the DNA products in] the first
plurality of DNA products further comprises at least one amplification primer binding site.
11. (Currently Amended) The method of claim 1, wherein [the DNA products in] the second
plurality of DNA products further comprises at least one amplification primer binding site.
3. The following is an examiner’s statement of reasons for allowance:

Claims 1-13 are allowable in light of the examiner’s amendment. The rejections under 35
U.S.C 112 (b) have been withdrawn in view of the examiner’s amendment. The closest prior art
in the record is Beechem et al., (US 2020/0040385 A1, priority date: July 17, 2015). This prior
art does not teach a combination of steps a) to e) of claim 1. This prior art either alone or in
combination with the other arts in the record does/do not teach or reasonably suggest a method
which comprises all limitations recited in claim 1.

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”.
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.
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Art Unit: 1634

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
March 9, 2022
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Application No. Applicant(s)

17/476,712 BEECHEM etal.
. s . i A AlA (First Inventor P
Examiner-Initiated Interview Summary 'E’F‘;'Em\r/ N AT o Fo) Statue age
1634 | Yes 1of1

FRANK W LU Primary Examiner Telephonic
Dr. Robert Powers (Reg. No.77,802) Attorney of Record

Date of Interview: 09 March 2022

Issues Discussed:

Proposed Amendment(s)

Dr. Powers sent a proposed amendment to the examiner. After discussed the proposed amendment with
Dr. Powers, the examiner made some changes in the proposed amendment and agreed to allow the
case in view of the examiner' amendment. Dr. Powers agreed with the examiner's amendment.

/FRANK W LU/ March 9, 2022
Primary Examiner, Art Unit 1634

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:lIt is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 3/2022
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes  |17,476 712 BEECHEM et al,
L
FRANK W LU 1634
CPC - Searched*
Symbol Date Examiner
Update 03/09/2022 /FL/
CPC Combination Sets - Searched*
Symbol Date Examiner
Update 03/09/2022 /FL/
US Classification - Searched*
Class Subclass Date Examiner
Update 03/09/2022 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 03/09/2022 /FL/
Interference Search

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

CPC 1/686, 6804, 6818, 6841, 6848, 6851, 6855, 6858,

c12Q 6869, 6876: 2600/16 03/09/2022 fFL
/FRANK W LU/ March 9, 2022

Primary Examiner, Art Unit 1634

U.S. Patent and Trademark Office

Page 1 of 1
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/476,712 BEECHEM et al.
H “‘ “““ Examiner Art Unit
FRANK W LU 1634
CPC
Symbol Type Version
c12Q 1 6876 F 2013-01-01
c12Q 1 6818 | 2013-01-01
c12Q 1 6858 | 2013-01-01
c12Q 1 6848 | 2013-01-01
c12Q 1 6869 | 2013-01-01
c12Q 1 686 | 2013-01-01
c12Q 1 6851 | 2013-01-01
c12Q 1 6855 | 2013-01-01
c12Q 1 6841 | 2013-01-01
c12Q 1 6804 | 2013-01-01
c12Q 2600 16 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
c12Q [ 1 1 2013-01-01
c12Q | 1 2 2013-01-01
c12Q I 1 3 2013:01-01
c12Q I 1 4 2013-01-01
c12Q I 1 5 201301-01
c12Q | 2 1 2013-01-01
c12Q | 2 2 2013-01-01
c12Q | 2 3 2013-01-01
c12Q | 2 4 2013-01-01
c12Q | 3 1 2013-01-01
c12Q | 3 2 2013-01-01
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 13

/FRANK W LU/

09 March 2022

Primary Examiner, Art Unit 1634
(Primary Examiner)

(Date)

O.G. Print Claim(s)
1

O.G. Print Figure
1

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 3/2022



Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification

17/476,712 BEECHEM et al.
H “‘ “““ . o
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) 13
/FRANK W LU/ 09 March 2022 . . 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

Part of Paper No.: 3/2022
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |76 712 BEECHEM et al.

H “‘ “““ Examiner Art Unit
FRANK W LU 1634

Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. ([J R.1.47
CLAIMS

Final |Original]Final |Original|Final [Original|Final [Original|Final [Original|Final

OriginalJFinal |Original|Final |Original

NONE

Total Claims Allowed:
(Assistant Examiner)

(Date) 13
/FRANK W LU/ 09 March 2022 . . 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

Part of Paper No.: 3/2022
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Used in Lieu of PTO/SB/08A/B
(Based on PTO 11-07 version)

SHEET 1 OF 1
Complete if Known
Substitute for form 1449/PTO Application Number 171476,712
Filing Date 09-16-2021
INFORMATION DISCLOSURE First Named Inventor Joseph M. BEECHEM
STATEMENT BY APPLICANT Art Unit 1634
Examiner Name F.W. Lu
(Use as many sheets as necessary) Attorney Docket Number | NATE-037/C02US 321329-2721
U.S. PATENT DOCUMENTS
. . D t Numb L Pages, Columns, Lines, Wh
Do | s | vmberkina Coue' | RO | N e | Reevant Pasages o Reevnt
own) Figures Appear
1. 2021/0403998 12-30-2021 Beechem et al.
NON PATENT LITERATURE DOCUMENTS
Examiner’s Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title ofthe item (book,
Initials No.! magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country T?
' where published.

2. Large Molecules Cross Membranes via Vesicles, printed on 1/10/2022, 1 page;
https:/Axw.macmillanhighered.com/BrainHoney/Resource/6716/digital_first_content/trunk/test/hillis2e/
hillis2e_ch05_5.html#:~:text=Macromolecules%20such%20as%20proteins%2C%20polysaccharides,
these%20macromolecules%20in%20specific%20locations.

JFRANK W LU/ 03/08/2022

Examiner Signature: Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at wyiv usgio qay or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. 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.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours 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, 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 (1-800-786-9199) and select option 2.

265797257 V1 ALI BEFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.W.L/
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STN Searches

(FILE 'HOME' ENTERED AT 23:46:34 ON 09 MAR 2022)

FILE "MEDLINE, CAPLUS, BIOSIS, SCISEARCH, EMBASE' ENTERED AT 23:47:21 ON

09 MAR 2022
L1 7724456 S
L2 3377949 s
L3 25886421 S
L4 38944 s
L5 44721 s
L6 2223168 s
L7 25745665 S
L8 0s
L9 2'S
L10 2
L11 6 S
L12 6
L13 6 S
L14 32 s
L15 24

COLLECT OR COLLECTING OR COLLECTION OR SEPARATE OR SEPARATING
AMPLIFYING OR AMPLIFY OR AMPLIFICATION OR SYNTHESIZE OR SYNTH
IDENTIFY OR IDENTIFYING OR IDENTIFICATION OR DETERMINE OR DET
FIRST POSITION OR FIRST LOCATION OR FIRST SITE

SECOND POSITION OR SECOND LOCATION OR SECOND SITE

SEQUENCING

(TISSUE OR SAMPLE)

L1 AND L2 AND L3 AND L4 AND L5 AND L6 AND L7

L1 AND L2 AND L3 AND L4 AND L5 AND L6

DUP REM L9 (0 DUPLICATES REMOVED)

L1 AND L2 AND L3 AND L4 AND L5

DUP REM L11 (0 DUPLICATES REMOVED)

L1 AND L2 AND L3 AND L4 AND L5
L2 AND L3 AND L4 AND L5

DUP REM L14 (8 DUPLICATES REMOVED)
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EAST Search History

EAST Search History (Prior Art)

Ref Hits§ Search Query ~ DBs  Default Plurals Time

T T N T Operator _Stamp

L1 447 (|dent|fy or identifying or identification or - US-PGPUB; §OR §OFF 12022/03/09

L _determine or determining or - USPAT; 123:41 ?
- determination) same first near (position :USOCR; FPRS; : i

-or location or site) same second near EPO; JPO;

(position or location or site) same : DERWENT;
. sequencing -IBM_TDB
L2 46 (collect or collecting or collection or ‘US-PGPUB;  OR ‘ON 12022/03/09
- separate or separating or separation) {USPAT; :23:45 f
-same (amplifying or amplify or ‘USOCR; FPRS; 5
- amplification or synthesize or -EPQ; JPO; '

- synthesizing or extension or extense or DERWENT;
_extensing) same(identify or identifying or : IBM_TDB

. identification or determine or determmmg

- or determination) same first near

(position or location or site) same second

-near (position or location or site) same

. sequencing

L3 35 (collect or collecting or collection or ‘US-PGPUB;  OR ‘ON 2022/03/09
- separate or separating or separation) : USPAT; 123:45 i
-same (amplifying or amplify or :USOCR; FPRS; 5
. amplification or synthesize or ‘EPO; JPO; ”

_synthesizing or extension or extense or - DERWENT;
_extensing) same(identify or identifying or : IBM_TDB
 identification or determine or determmmg

. or determination) same first near

- (position or location or site) same second

_near (position or location or site) same

. sequencing same (tissue or sample)

14 33 3AND((C12Q1/6869 OR C12Q1/6806  US-PGPUB; = OR ‘ON 2022/03/09
'OR C12Q1/6874 OR C12Q2563/179 OR USPAT; 123:46
1 C12Q2531/113 OR C12Q1/6841 OR 'USOCR; FPRS; :
C12Q1/6816 OR C12Q1/6883 OR .EPO; JPO; '
-C12Q2600/16 OR C12Q1/6804 OR . DERWENT;
1 C12Q1/6809 OR C12Q1/6876 OR -IBM_TDB

' C12Q2563/107 OR C12Q1/6848 OR

- C12Q1/686 OR C12Q1/6855 OR

- C12Q2525/101 OR C12Q2525/191 OR
' C12Q2533/101 OR C12Q2537/143 OR
- C12Q2563/143 OR C12Q2563/149 OR
- C12Q2563/159 OR C12Q1/6827 OR

1 C12Q2523/319 OR C12Q2565/514 OR
. C12Q1/6818 OR C12Q1/6851 OR

- C12Q1/6858 OR C12Q1/6886 OR

. C12Q1/6825 OR C12Q1/6881 OR
C12Q2600/156 OR C12Q1/6811 OR
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- C12Q2525/155 OR C12Q2600/154 OR

. C12Q2600/158 OR C12Q2521/531 OR

' C12Q2523/125 OR C12Q2525/131 OR

- C12Q2525/161 OR C12Q2525/301 OR

- C12Q2535/122 OR C12Q2537/162 OR

- C12Q2563/131 OR C12Q2565/1015 OR
C12Q2565/201 OR C12Q2600/112 OR

- C12Q1/6832 OR C12Q1/6853 OR

. C12Q2521/301 OR C12Q2525/15 OR
C12Q2565/629 OR C12Q2600/118 OR

- C12Q1/6844 OR C12Q2537/16 OR

- C12Q2600/166 OR B01L2300/0654 OR

- B01L2400/0409 OR B01L2200/0647 OR

' BO1L3/502715 OR B01L2200/0668 OR
-B01L2200/0689 OR B01L2300/0636 OR
-B01L2300/0681 OR B01L2300/0803 OR

' B01L2300/0867 OR B01L2300/123 OR
-B01L2300/1827 OR B01L2300/185 OR
-B01L3/502 OR C12N15/1055 OR
-C12N15/1093 OR C12N15/1037 OR
'C12N15/1065 OR C12N15/1041 OR

- C12N15/1062 OR C12N15/10 OR

- C12N15/1006 OR C12N15/1034 OR

' C12N15/63 OR C12N15/65 OR

- C12N15/66 OR G16B30/00 OR

- G16B20/00 OR G16B20/20 OR

- G16B30/10 OR G16B20/10 OR

- G16B25/00 OR G16B40/00 OR

- G16B20/30 OR G16B25/10 OR

- G16B40/20 OR B01J19/0046 OR 3
' B01J2219/00536 OR B01J2219/00596 OR °
- B01J2219/00689 OR B0132219/00702 OR
-B01J2219/00722 OR B01J2219/00421 OR :
- B01J2219/00608 OR B0132219/00648 OR
. C07K16/00 OR C07K2317/10 OR '
- CO07K2317/14 OR C07K2317/54 OR

. CO7K2317/55 OR C07K2317/56 OR

' C07K2317/622 OR GO1N35/1002 OR

- GO1N1/312 OR GO1N33/6854 OR

- GO1N15/1436 OR GO1N15/147 OR

- GOIN15/1484 OR GO1N2015/144 OR ,
- GO1N2021/6439 OR GO1N2021/6441 OR
' GO1N2021/6463 OR GO1N21/6402 OR
- GO1N21/6428 OR GO1N21/6456 OR

' GO1N21/6458 OR GO1N21/6486 OR

- GO1N2201/0612 OR GO1N30/02 OR

- GO1N33/5047 OR GO1N33/505 OR

- GO1N33/5308 OR GO1N33/6845 OR 3
- C12P19/34 OR C12P19/28 OR B82Y5/00
- OR CO07H21/04 OR C40B30/04 OR :
- C40B40/06 OR C40B40/08).CPC.)
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL

P.0O.BOX 1450 U.S. POSTAGE PAID
B, POSTEDIGITAL

ALEXANDRIA VA 22313-1451 NNNNN

Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW

Suite 700

Washington, DC 20004

Courtesy Reminder for
Application Serial No: 17/476,712

Attorney Docket No: NATE-037C02US
321329-2721

Customer Number: 141429

Date of Electronic Notification: 03/16/2022
This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
zIPPatentDocketingMailboxUS@cooley.com

To view your correspondence online or update your email addresses, please
visit us anytime at https:/ppair-my.uspto.gov/pair/PrivatePair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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Doc code: RCEX PTO/SB/30EFS (01-22)

Doc description: Request for Continued Examination (RCE) Approved for use through 05/31/2024. 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 | L7 176745 Filing | bgo1 0016 Docket Number | o\ 1r g37c00us 321320271 AT | heaa
Number Date (if applicable) Unit

First Named Joseph M. BEECHEM Examiner F W 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, or to any design applicaticn. 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 crder
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 previously filed on

[ ] Other

[X] Enclosed

[ ] Amendment/Reply
Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

|X| Other [Certification and Request for Prioritized Examination Under 37 CFR 1.102{e)

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 F50_1283

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.16
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (01-22)

Approved for use through 05/31/2024. 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

Robert E. Powers/

Date (YYYY-MM-DD) EO22—03—29 I

Name

Robert E. Powers

Registration Number

FT,BOZ

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.

EFS - Web 2.1.16
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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 - Web 2.1.16
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Doc Code: TRACK1.REQ
Document Description: TrackOne Request

PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named Nonprovisional Application

Inventor: Joseph M. BEECHEM Number (if known): 17/476,712
Title Of CHEMICAL COMPOSITIONS AND USES THEREOF

Invention:

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1.

The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met because
that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, and
examination fee are filed with the request or have been already been paid. | understand that any
required excess claims fees or application size fee must be paid for the application.

| understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that any
request for an extension of time will cause an outstanding Track | request to be dismissed.

The applicable box is checked below:

’_‘ Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

(a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—-OR--—
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

m Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

A request for continued examination has been filed with, or prior to, this form.
If the application is a utility application, this certification and request is being filed via EFS-Web.

i. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris

a national stage entry under 35 U.S.C. 371.

. This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.
No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

/Robert E. Powers/ March 29, 2022

Signature Date

Name Practitioner
(Print/Typed) Robert E. Powers Registration Number 77,802

Note:

This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

Submit multiple forms if more than one signature is required.”

|:| *Total of 1 forms are submitted.

266748401 v1
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Docket No.: NATE-037/C02US 321329-2721
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor: Joseph M. BEECHEM Confirmation No.: 1004
Application No.: 17/476,712 Group Art Unit: 1634
Filed: September 16, 2021 Examiner: F. W.Lu

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Via EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §§ 1.56, 1.97, AND 1.98

In accordance with the duty of disclosure set forth in 37 C.F R. §1.56, Applicant hereby
submits the following information in conformance with 37 C.F.R. §§1.97 and 1.98. Itis
respectfully requested that the information be expressly considered during the prosecution of this
application, and the references be made of record therein and appear among the "References
Cited" on any patent to issue therefrom.

[1 Pursuantto 37 C.FR. §1.98, a copy of each non-US patent document cited on the
attached Form used in lieu of PTO/SB/08 is enclosed.

[1 No copies of the foreign patent, foreign patent application, or non-patent literature
publications listed on the attached Form used in lieu of PTO/SB/08 are being
provided pursuant to 37 C.F.R. §1.98(d) because the publications were previously
cited by or submitted to the Office in prior Application Serial No(s).  to
which the above-identified application claims priority under 35 U.S.C. §120.

[X]No copies of any U.S. patents or U.S. patent application publications listed on the
attached Form used in lieu of PTO/SB/08 are being provided pursuant to 37
CFR §1.98.

266748393 v1
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Application No.: 17/476,712 Docket No.: NATE-037/C02US 321329-2721

[] Publication(s) listed on the attached Form used in lieu of PTO/SB/08 were cited
in a foreign search or examination report corresponding to application serial no.
and mailed on .

[1 Enclosed is a copy of a non-English publication(s) Pursuant to §609 of the
M.P.EP., Applicant submits the attached foreign search or examination report,
which cites such non-English language publication(s).

[1 Enclosed is a copy of a non-English publication(s) English language
publication (copy enclosed) claims priority from this non-English
publication.

[1 Enclosed is an explanation of non-English publication(s) for which an
English translation is not available.

[1 Enclosed is an English translation of non-English publication(s) cited on
the attached Form used in lieu of PTO/SB/08.

[1 Enclosed is an English language Abstract of non-English publication(s)
cited on the attached Form used in lieu of PTO/SB/08.

[l Enclosed is a copy of pending patent Application No.
[X] Applicant would like to draw the Examiner’s attention to the following co-
pending U.S. application:
U.S. Application No. 17/705,580, filed March 28, 2022

[X] Inaccordance with 37 C.F.R. §1.97(b), no additional fee for submission of this
Information Disclosure Statement is required, as it is filed within any one of the following time
periods:

[] within three months from the filing date of this national application other than a
CPA under 37 C.F.R. § 1.53(d);

[1 within three months from the date of entry of the national stage as set forth in 37
C.F.R. §1.491 in this international application;

[1 before the mailing date of a first Office action on the merits; or

[X]before the mailing of a first Office action after the filing of a request for continued
examination under 37 CF.R. § 1.114.
In accordance with 37 C.F.R. § 1.97(g), this Information Disclosure Statement shall not

be construed as to mean that a search has been made.

In accordance with 37 C.F.R. § 1.97(h), the filing of this Information Disclosure
Statement shall not be construed to be an admission that the information cited in the statement is,

or is considered to be material to patentability as defined by 37 C.F.R § 1.56(b).
2

266748393 v1
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Application No.: 17/476,712

Docket No.: NATE-037/C02US 321329-2721

Remarks

It is respectfully requested that the Examiner consider the above-noted information and

return an initialed copy of the attached Form used in lieu of PTO/SB/08 to the undersigned.

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.

Applicant believes no fee is due with this response. However, if a fee is due, please

charge our Deposit Account No. 50-1283, under Order No. NATE-037/C02US 321329-2721

from which the undersigned is authorized to draw.

Dated: March 29, 2022

USPTO CUSTOMER NO. 58249

COOLEY LLP

ATTN: IP Docketing Department

1299 Pennsylvania Avenue NW, Suite 700
Washington, DC 20004

Tel: (617) 937-2300
Fax: (617) 937-2400

266748393 v1

By:
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Respectfully submitted,
COOLEY LLP

/Robert E. Powers/
Robert E. Powers
Reg. No. 77,802
Matthew Pavao
Reg. No. 50,572



Used in Lieu of PTO/SB/08A/B
(Based on PTO 11-07 version)

SHEET 1 OF 1
Complete if Known
Substitute for form 1449/PTO Application Number 171476,712
Filing Date 09-16-2021
INFORMATION DISCLOSURE Firs(Named Inventor___| Joseph M. BEECHEM
STATEMENT BY APPLICANT An Ui 1634
Examiner Name F.W.Lu
(Use as many sheets as necessary) Attorney Docket Number | NATE-037/C02US 321329-2721
U.S. PATENT DOCUMENTS
. . D t Numb s P , Col , Lines, Wh
Do | s | vmberkina Coue' | RO | N e | Reevant Pasages o Reevnt
own) Figures Appear
1. 9,376,677 06-28-2016 Mir
2. 9,644,204 05-09-2017 Hindson et al.
3. 9,975,122 05-22-2018 Masquelier et al.
4, 10,053,723 08-21-2018 Hindson et al.
5. 10,071,377 09-11-2018 Bharadwaj et al.
Examiner Signature: Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at wyiv usgio qay or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. 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.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours 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, 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 (1-800-786-9199) and select option 2.

266747857 v1
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Electronic Patent Application Fee Transmittal

Application Number:

17476712

Filing Date:

16-Sep-2021

Title of Invention:

CHEMICAL COMPOSITIONS AND USES THEREOF

First Named Inventor/Applicant Name:

Joseph M. BEECHEM

Filer:

Robert E. Powers/Francesca Vandermaelen

Attorney Docket Number:

NATE-037C02US 321329-2721

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4200 4200
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
RCE- 1ST REQUEST 1801 1 1360 1360
Total in USD ($) 5560
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Electronic Acknowledgement Receipt

EFS ID: 45343135
Application Number: 17476712
International Application Number:
Confirmation Number: 1004
Title of Invention: CHEMICAL COMPOSITIONS AND USES THEREOF
First Named Inventor/Applicant Name: Joseph M. BEECHEM
Customer Number: 141429
Filer: Robert E. Powers/Francesca Vandermaelen
Filer Authorized By: Robert E. Powers
Attorney Docket Number: NATE-037C02US 321329-2721
Receipt Date: 29-MAR-2022
Filing Date: 16-SEP-2021
Time Stamp: 16:14:19
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $5560
RAM confirmation Number E202235G14320179
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.)
1667090
1 Request for ContRIEEEd Examination NATE-037_C02US_RCE.pdf no 3
( ) 928d37bad56b35bf451f28ebeaf73c1843¢1
456f
Warnings:
Information:
123222
2 Track One Request NATE-037_C02US_Request.pdf no 1
28984fec85dfc5813eee4cb661848a0eb79¢|
Warnings:
Information:
112052
3 Transmittal Letter NATE—037_Ct(32|USJfIDS_Transml no 3
a p 6a847788d2919bd7b2c06d949ff6a276bes
Warnings:
Information:
214194
4 Information DFlscIos(uSrgoSét)atement (IDS) NATE-037_C02US_SBO8 pdf o 1
orm bc6153ee50b0774cf27727057320eaeb9d0)
c8dfa
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
40605
5 Fee Worksheet (SB06) fee-info.pdf no 2
fb857b058807690a6241946cce00fa341d2|
5599
Warnings:
Information:
Total Files Size (in bytes): 2157163
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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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United States Patent and Trademark Office

Office of the Chief Finaneial Qfficer

Document Code WREER
User (047345
Sale Accounting Date:04/12/2022

Sale ltem Reference Number Effective Date
17476712 03/29/2022
Document Number Fee Code Fee Code Description Amount Paid Payment Method
120224B922251824 1830 PROCESSING FEE, EXCEPT $140.00 Deposit Account

PROV. APPLS.
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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. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 7590 0411312022 | AMINR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW LU, FRANK WELMIN
Suite 700
Washington DC 20004 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
04/13/2022 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):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
17/476,712 BEECHEM et al.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET Yes
BAYLOR

1. THE REQUEST FILED 29 March 2022 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A UJ for an original nonprovisional application (Track I).
B. for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendmen mend th lication ntain more than f
independent claims. more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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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.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
141429 7590 05/02/2022
Cooley LLP/NanoString Technologies, Inc LU, FRANK WEI MIN
1299 Pennsylvania Avenue NW
. | ART UNIT PAPER NUMBER |
Suite 700
Washington, DC 20004 1634
DATE MAILED: 05/02/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004

321329-2721
TITLE OF INVENTION: CHEMICAL COMPOSITIONS AND USES THEREOF

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/02/2022

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. 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)

141429 7590 05/02/2022 Certificate of Mailing or Transmission

Cooley LLP/NanoString Technologies, Inc I hereby certify that this Fee(s) Transmiltal is being deposited with the United
. ’ States Postal Service with sufficient postage for first class mail in an envelope
1299 Pennsylvania Avenue NW addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 700 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Washington, DC 20004 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004

321329-2721
TITLE OF INVENTION: CHEMICAL COMPOSITIONS AND USES THEREOF

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/02/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LU, FRANK WEI MIN 1634 435-006110
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/AIA/122 or 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/
AIA/47 or PTO/SB/47; Rev 03-02 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

495



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. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321320 2791
| EXAMINER |
141429 7590 05/02/2022
Cooley LLP/NanoString Technologies, Inc LU, FRANK WEI MIN
1299 Pennsylvania Avenue NW
: | ART UNIT PAPER NUMBER |
Suite 700
Washington, DC 20004 1634

DATE MAILED: 05/02/2022

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 awagggpf a violation or potential violation of law or regulation.



Application No. Applicant(s)
) o 17/476,712 BEECHEM 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.} This communication is responsive to RCE filed on 3/29/2022.

[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 1-13 . As aresult 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 b) (J Some* ¢) [J None of the:
1. [J 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.v] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

including changes required by the attached Examiner's Amendment/ Comment or in the Office action of
Paper No./Mail Date 1/6/2022 .

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.] 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. J Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. ¥i Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 3/14/2022 and 3/29/2022.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [J Other .

of Biological Material
4.7 Interview Summary (PTO-413),
Paper No./Mail Date.
/FRANK W LU/ April 26, 2022
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 4/2022
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Application/Control Number: 17/476,712 Page 2
Art Unit: 1634

DETAILED ACTION
Reasons for Allowance
1. The following is an examiner’s statement of reasons for allowance:

Claims 1-13 are allowable in light of the examiner’s amendment in the office action
mailed on March 16, 2022. The rejections under 35 U.S.C 112 (b) have been withdrawn in view
of the examiner’s amendment in the office action mailed on March 16, 2022. The closest prior
art in the record is Beechem ez al., (US 2020/0040385 Al, priority date: July 17, 2015). This
prior art does not teach a combination of steps a) to e) of claim 1. This prior art either alone or in
combination with the other arts in the record does/do not teach or reasonably suggest a method
which comprises all limitations recited in claim 1.

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”.

2. 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.
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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
April 26, 2022
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL

P.0O.BOX 1450 U.S. POSTAGE PAID
B, POSTEDIGITAL

ALEXANDRIA VA 22313-1451 NNNNN

Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW

Suite 700

Washington, DC 20004

Courtesy Reminder for
Application Serial No: 17/476,712

Attorney Docket No: NATE-037C02US
321329-2721

Customer Number: 141429

Date of Electronic Notification: 05/02/2022
This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
zIPPatentDocketingMailboxUS@cooley.com

To view your correspondence online or update your email addresses, please
visit us anytime at https:/ppair-my.uspto.gov/pair/PrivatePair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the 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, VA 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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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.

COOLEY LLP/NanoString Technologies, Inc.

12 99 Pennsylvama Avenue, NW Certificate of Mailing or Transmission

Suite 700 I hereby certify that this Fee(s) Transmittal is being deposited with the United
: States Postal Service with sufficient postage for first class mail in an envelope

Washmgt on, DC 20004 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037/C02US 321329-2721 1004
TITLE OF INVENTION: CHEMICAL COMPOSITIONS AND USES THEREOF
APPLN: TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional [ UNDISCOUNTED $1,200.00 $0.00 $0.00 $1,200.00 08/02/2022
EXAMINER ART UNIT CLASS-SUBCLASS
F.W.Lu 1634 435-006110

1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address" (37 CFR 1.363) . 1. COOLEY LLP
(1) The names of up to 3 registered patent attorneys

or agents OR, alternatively,

Change of correspondence address (or Change of 2. IvorR. Elrifi
Cortespondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member ’ ’
D “Fee Address” indication (or “Fee Address” Indication a regIStequ attorney or agent) and the names of
form PTO/SB/47: Rev 03-09 or more recent) up to 2 registered patent attorneys or agents. If 3. Matthew Pavao

no name is listed, no name will be printed.

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)

NanoString Technologies, Inc. Seattle, Washington
Please check the appropriate assignee category or categories (will not be printed on the patent): D Individual Corporation or other private group entity D Government

4a. Fees Submitted: Issue Fee D Publication Fee (if required) D Advance Order - # of Copies
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via EFS-Web l:' 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. 50-1283

5. Change of Entity Status (from status indicated above)
Applicant certifying micro entity status. See 37 CFR 1.29. 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.
D Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity
status, as applicable.

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.

D Applicant changing to regular undiscounted fee status.

Authorized Signature /Robert E. Powers/ Date  May 11, 2022

Typed or printed name
Robert E. Powers Registration No. 77,802

PTOL-85 Part B (08-18) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

266370303 v1
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Electronic Patent Application Fee Transmittal

Application Number: 17476712

Filing Date: 16-Sep-2021

Title of Invention: CHEMICAL COMPOSITIONS AND USES THEREOF
First Named Inventor/Applicant Name: Joseph M. BEECHEM

Filer: Robert E. Powers/Francesca Vandermaelen
Attorney Docket Number: NATE-037C02US 321329-2721

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(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 1200 1200
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200
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Electronic Acknowledgement Receipt

EFS ID: 45689524
Application Number: 17476712
International Application Number:
Confirmation Number: 1004
Title of Invention: CHEMICAL COMPOSITIONS AND USES THEREOF
First Named Inventor/Applicant Name: Joseph M. BEECHEM
Customer Number: 141429
Filer: Robert E. Powers/Francesca Vandermaelen
Filer Authorized By: Robert E. Powers
Attorney Docket Number: NATE-037C02US 321329-2721
Receipt Date: 11-MAY-2022
Filing Date: 16-SEP-2021
Time Stamp: 16:28:19
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1200
RAM confirmation Number E20225AG28321271
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.)
143460
1 Issue Fee Payment (PTO-85B) NATE—037_C02dl;S_Issue_Fee. no 1
p 4161c15036a682946c7e72247397370e55f|
90764
Warnings:
Information:
38121
2 Fee Worksheet (SB06) fee-info.pdf no 2
72ac9b2fa5d390a58f678f6df990dc190fade]
Warnings:
Information:
Total Files Size (in bytes): 181581

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 PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWw.usplo.gov

I APPLICATION NO. | FILING DATE I FIRST NAMED INVENTOR IATTORNEY DOCKET NO.| CONFIRMATION NO. |
17/1476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
7590 08/17/2022
Cooley LLP/NanoString Technologies, Inc LU, FRANK WEI MiN
1299 Pennsylvania Avenue NW
Suite 700 | ART UNIT | PAPER NUMBER |
Washington, DC 20004 1634
| NOTIFICATION DATE I DELIVERY MODE J
08/17/2022 ELECTRONIC

Notice of Abandonment

This application is abandoned in view of:
1.0 The applicant's failure to timely file a proper reply to the Office letter mailed on

(a)Q A reply was received on (with a Certificate of Mailing or Transmission date ), which is
after the expiration of the period for reply (including a total extension of month(s)) which expired on

(b)d No reply has been received.

2.0 Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory
period of three months from the mailing date of the Notice of Allowance (PTOL-85).

(@)Qd The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or
Transmission date ), which is after the expiration of the statutory period for payment of the issue
fee (and publication fee) set in the Notice of Allowance (PTOL-85).

(b)Q The submitted fee of $ is insufficient. A balance of $ is due.

The issue fee required by 37 CFR 1.18is $
The publication fee, if required by 37 CFR 1.18(d), is $

(c) |4 The issue fee and publication fee, if applicable, has not been received.
3. & Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the
Notice of Allowability (PTO-37).

(a)Q PsBposed corrected drawings were received on (with a Certificate of Mailing or Transmission
ated ), which is after the expiration of the period for reply.

(b} No corrected drawing have been received.

4. Applicant’s failure to timely file the inventor's oath or declaration no later than the date on which the issue fee
was paid as required by the Notice Requiring Inventor's Oath or Declaration (PTO-2306).
(a)d An inventor's oath or declaration was received on (with a Certificate of Mailing or Transmission date
), which is after the date on which the issue fee was paid.

(b)Q While an oath or declaration (or substitute statement) for one or more inventors was received, an oath or
declaration (or substitute statement) for at least one other inventor has not been received.

(c) 3 No inventor's oath or declaration has been received.
5. [J Drawings received on were disapproved by examiner. See examiner's response dated
6. J Corrected drawings were received on , which is after the expiration of the one-month period for reply
set in examiner's response dated
7.0 No corrected drawings have been received in reply to one-month period set in examiner's response dated

8.0 The reason(s) below:

Petitions to revive under 37 CFR 1.137(a) or request to withdraw the holding of abandonment under 37 CFR 1.181,
ulg be pramptly filed to minimize any negative effects on patent term.

(571)-272-4 or 1(888)-786-0101
Patent Publication Branch

Office of Data Management

FORM PTO-ABNO (Rev. 03/17)
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17476712 Document Date: 08/17/2022

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.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

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

Form Revision Date: March 1, 2019
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions
PTO/SB/64 (12-20)

Approved for use through 12/31/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the PaJ)erwork Reduction Act of 1995, no persons are requ_ired to respond to a collection of informzﬂon unless it disglaxs a valid OMB control number.
PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT Docket Number (Optional)
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a) NATE-037/C02US 321329-2721
Page 1 of 3

First named inventor: Joseph M. BEECHEM

Application No.: 17/476,712 Art Unit: 1634

Filed: September 16, 2021 Examiner: F.W. Lu

Title: | CHEMICAL COMPOSITIONS AND USES THEREOF

Attention: Office of Petitions
Mail Stop Petition
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
FAX (571) 273-8300

NOTE: Ifinformation or assistance is needed in completing this form, please contact the Office of Petitions at (571) 272-3282.

The above-identified application became abandoned for failure to file a timely and proper reply to a notice or action
by the United States Patent and Trademark Office. The date of abandonment is the day after the expiration date of
the period set for reply in the Office notice or action plus any extensions of time actually obtained.

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION.
NOTE: A grantable petition requires the following items:

Q) Petition fee;

2 Reply and/or issue fee;

3) Terminal disclaimer with disclaimer fee — required for all utility and plant applications filed before
June 8, 1995, and for all design applications; and

4 Statement that the entire delay was unintentional.
1. Petition fee
D Small entity fee $ (37 CFR 1.17(m)). Applicant asserts small entity status. See 37 CFR 1.27.

D Micro entity fee $ (37 CFR 1.17(m)). Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

Undiscounted fee $ 2,100.00 (37.CFR.1.17(m)).
2. Reply and/or fee

A The reply and/or fee to the above-noted Office notice or action in the form of
Replacement Drawings for Figures 26, 29, 32 and 33 (identify the type of reply):

|:| has been filed previously on

is enclosed herewith.

B The issue fee and publication fee (if applicable) of $ 1,200.00

has been paid previously on May 11, 2022

I:I is enclosed herewith.

273620750
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions

PTO/SB/64 (12-20)

Approved for use through 12/31/2020. OMB 0651-0031

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

Under the PaJ)erwork Reduction Act of 1995, no persons are requ_ired to respond to a collection of information unless it disglaxs a valid OMB control number.

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT

ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a)
Page 2 of 3

3. Terminal disclaimer with disclaimer fee
Since this utility/plant application was filed on or after June 8, 1995, no terminal disclaimer is required.

|:| A terminal disclaimer (and disclaimer fee (37 CFR 1.20(d)) of $ ) disclaiming the
required period of time is enclosed herewith (see PTO/SB/63).

4. STATEMENT: The entire delay in filing the required reply from the due date for the required reply until the filing
of a grantable petition under 37 CFR 1.137(a) was unintentional.

Petitioner is reminded that a delay resulting from a deliberately chosen course of action on the part of the applicant
does not become an “unintentional” delay within the meaning of 37CFR 1.137 because:

¢ the applicant does not consider the claims to be patentable over the references relied upon in an outstanding Office action;

¢ the applicant does not consider the allowed or patentable claims to be of sufficient breadth or scope to justify the financial
expense of obtaining a patent;

¢ the applicant does not consider any patent to be of sufficient value to justify the financial expense of obtaining the patent; or

e the applicant remains interested in eventually obtaining a patent, but simply seeks to defer patent fees and patent
prosecution expenses.

Petitioner is further reminded that an intentional delay resulting from a deliberate course of action chosen by the
applicant is not affected by:

¢ the correctness of the applicant’s (or applicant’s representative’s) decision to abandon the application or not to seek or persist
in seeking revival of the application;

s the correctness or propriety of a rejection, or other objection, requirement, or decision by the Office; or

¢ the discovery of new information or evidence, or other change in circumstances subsequent to the abandonment or decision
not to seek or persist in seeking revival.

NOTE: Where the petition under 37 CFR 1.137(a) is filed more than two years after the date the application became
abandoned, the United States Patent and Trademark Office requires an additional explanation of the circumstances
surrounding the delay that establishes the entire delay was unintentional. This requirement is in addition to the
requirement to provide a statement that the entire delay was unintentional. See Clarification of the Practice for
Requiring Additional Information in Petitions Filed in Patent Applications and Patents Based on Unintentional Delay,
85 FR 12222 (March 2, 2020). See MPEP 711.03(c)(I1)(C)-(F) for additional guidance on the information required to
establish that the entire delay was unintentional.

Because this petition under 37 CFR 1.137(a) is being filed more than two years after the date the application
became abandoned, additional explanation of the circumstances surrounding the delay that establishes the
entire delay was unintentional is enclosed herewith.

273620750
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions

PTO/SB/64 (12-20)

Approved for use through 12/31/2020. OMB 0651-0031

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

Under the PaJ)erwork Reduction Act of 1995, no persons are requ_ired to respond to a collection of information unless it disglaxs a valid OMB control number.

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT

ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a)
Page 2 of 3

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is available to 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 abandoned application may also be
available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available.

/ Matthew Pavao / August 17, 2022
Signature Date
Matthew Pavao 50,572
Typed or Printed Name Registration Number, if applicable
COOLEY LLP
14th Floor
500 Boylston Street
Boston, MA 02116 (617) 937-2300
Address Telephone Number
Enclosures:

Z| Petition fee under 37 CFR 1.17(m)

Z| Reply and/or fee

:l Terminal Disclaimer Form

:| Additional sheet(s) containing statements establishing unintentional delay

Z| Other:  Petition for Expedited Processing

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]
I hereby certify that this correspondence is being:

Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to: Mail Stop Petition, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

D Transmitted by facsimile on the date shown below to the United States Patents and Trademark Office at (571) 273-8300.

Date Signature

Typed or printed name of person signing certificate

273620750
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Docket No.: NATE-037/C02US 321329-2721
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor: Joseph M. BEECHEM Confirmation No.: 1004
Application No.: 17/476,712 Group Art Unit: 1634
Filed: September 16, 2021 Examiner: F. W. Lu

For: CHEMICAL COMPOSITIONS AND USES THEREOF

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

PETITION FOR EXPEDITED PROCESSING UNDER 37 C.F.R. § 1.182
Applicant requests, under 37 C.F.R. § 1.182, expedited processing of the Petition for

Revival of an Application for Patent Abandoned Unintentionally under 37 CFR 1.137(a)
submitted on August 17, 2022 (“August Petition”) in the above-referenced application.

A copy of the August Petition and the requisite fee under 37 C.F.R. § 1.17(f) are
submitted herewith.

Should any questions or issues arise concerning this Petition, the Commissioner is
encouraged to contact the undersigned at the telephone number provided below. The Director is
hereby authorized to charge any additional fees which may be required with respect to this
communication, or credit any overpayment, to Deposit Account No. 50-1283, under Order No.

NATE-037/C02US 321329-2721.

Dated: August 17,2022 Respectfully submitted,
COOLEY LLP

USPTO CUSTOMER NO. 141429 o
Electronic signature: / Matthew Pavao /

COOLEY LLP Matthew Pavao, Ph.D.
ATTN: IP Docketing Department Reg. No. 50,572

1299 Pennsylvania Avenue NW, Suite 700 Robert E. Powers, Ph.D.
Washington, DC 20004 Reg. No. 77,802

Tel: (617) 937-2300
Fax: (202) 842-7899

273621475 v1
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Electronic Patent Application Fee Transmittal

Application Number:

17476712

Filing Date:

16-Sep-2021

Title of Invention:

CHEMICAL COMPOSITIONS AND USES THEREOF

First Named Inventor/Applicant Name:

Joseph M. BEECHEM

Filer:

Matthew Pavao/Francesca Vandermaelen

Attorney Docket Number:

NATE-037C02US 321329-2721

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
PETITION FEE- 37 CFR 1.17(F) (GROUP 1) 1462 1 420 420
PET. REVIVE ABANDON APP, DELAY PYMT-RESP 1453 1 2100 2100

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2520
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Electronic Acknowledgement Receipt

EFS ID: 46431945
Application Number: 17476712
International Application Number:
Confirmation Number: 1004
Title of Invention: CHEMICAL COMPOSITIONS AND USES THEREOF
First Named Inventor/Applicant Name: Joseph M. BEECHEM
Customer Number: 141429
Filer: Matthew Pavao/Francesca Vandermaelen
Filer Authorized By: Matthew Pavao
Attorney Docket Number: NATE-037C02US 321329-2721
Receipt Date: 17-AUG-2022
Filing Date: 16-SEP-2021
Time Stamp: 16:30:35

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $2520
RAM confirmation Number E20228GG30551701
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.)
150364
1 Petition for review by the Office of NATE-037_C02US_Petition_for no 3
Petltlons _REVIVal'pdf bb8895332952bf11d804d2b5df028385%ef]
207ac
Warnings:
Information:
96705
5 Petition for review by the Office of NATE-037_C02US_Petition_to_ o 1
Petltlons EXpEdlte.pdf 410dcf6f7a40a5777800b8ff6f9d 7ac34197 1b|
Warnings:
Information:
5113965
Drawings-other than black and white NATE-037_C02US_Replacemen
3 line drawi t_Drawings.pdf no 4
ine ranngS - Wi g p 9010dc58a11c71b35d80b0c77012488d51
b58fos
Warnings:
Information:
40480
4 Fee Worksheet (SB06) fee-info.pdf no 2
44e8842e96a54bb909a35c6e8030b7a0a34|
a7ead
Warnings:
Information:
Total Files Size (in bytes): 5401514
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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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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. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 759 091412022 | XAMINGR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW LU, FRANK WEIMIN
Suite 700
Washington, DC 20004 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
09/14/2022 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):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

In re Application of

NanoString Technologies, Inc. :

Application No. 17/476,712 : DECISION ON PETITION
Filed: September 16, 2021 :

For: CHEMICAL COMPOSITIONS AND

USES THEREOF

This is a decision on the petition under the unintentional provisions of 37 CFR 1.137(a), filed
August 17, 2022, to revive the above-identified application and a decision on petition under 37
CFR 1.182 to expedite.

The petitions are GRANTED.

This application became abandoned for failure to timely submit replacement drawings on or
before August 2, 2022, as required by the Notice of Allowance and Fee(s) Due and the Notice of
Allowability mailed May 2, 2022. Accordingly, the date of abandonment of this application is
August 3, 2022. A Notice of Abandonment was mailed August 17, 2022.

The petition satisfies the requirements of 37 CFR 1.137(a) in that petitioner has supplied (1) the
reply in the form of replacement drawings; (2) the petition fee of $2,100; and (3) a proper
statement of unintentional delay.

The application is being referred to the Office of Data Management for processing into a patent.
Telephone inquiries concerning this decision should be directed to at (571) 272-2991. Telephone

inquiries related to processing as a patent should be directed to the Office of Data Management
at (571) 272-4200.

/TERRI S JOHNSON/
Paralegal Specialist, OPET
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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.
17/476,712 10/18/2022 11473142 NATE-037C02US 321329-2721 1004
141429 7590 09/28/2022

Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW

Suite 700

Washington, DC 20004

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 O 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 Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Joseph M. BEECHEM, Eugene, OR;
Dae KIM, Bellevue, WA;

Margaret HOANG, Seattle, WA;
Mark GREGORY, Boise, ID;

Erin PIAZZA, Edmonds, WA;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

NanoString Technologies, Inc., Seattle, WA;

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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DocCode - PATENT.GRANT

SCORE Placeholder Sheet for IFW Content

Application Number: 17476712 Document Date: 10/18/2022

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.

Patent Grant with Color/Grayscale Drawings

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

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

Form Revision Date: March 1, 2019
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Case L22-ov-01375-MFK Document 3 Filed 10/20/22 Page 1 of 1L Pagell i 148

AQO 120 (Rev. 08/103%

Rail Step 8 REPORT ON THE

TO:

Director of the U.S. Patent and Trademark Oifice
P.O. Box 1450
Alexandria, VA 22313-1456

FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.8.C. § 290 and/or 15 U.5.C. § 1116 vou are hereby advised that a court action has been

filed in the U.S. Dustrict Count District of Delaware on the folowing

] Trademarks or ¥ Patews. ([ the patent action involves 33 (.80, § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT

10/20/2022

District of Delaware

PLAINTIFF

NanoStlring Technologies, Inc.

DEFENDANT

10x Genomics, Inc.

PATENT OR
TRADEMARK NO,

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

1 US 11473142 B2 10/18/2022

NanoStiring Technologies, Inc.

In the above—cntitied case, the followi

ng patent(s) trademark(s) have been inciuded:

DATE INCLUDED INCLUDED BY

T Amendment

[ Answer 3 Cross Bill ] Other Pleading

PATENT OR DATE OF PATENT T T (5 D & T OEMARK
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEM!
i
3
4
5

in the above

cuntitied case, the following decision has been rendered or judgement tssued:

DECISIONJUDGEMENT

CLERK

(BY)» DEPUTY CLERK

DATE

Copy I—Upon initiation of action, mail this copy to Birector  Co
Copy 2 pon filing document adding patent(s), mail this copy to

py 3—Upon termination of action, mail this copy to Birector
Birector Copy 4—Case file copy
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