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ABSTRACT

Genetic and functional complexity of bulk tumor has become evident through rapid advances in
sequencing technologies. As a unique integrated approach to characterizing tumor heterogeneity, we
demonstrate the multifaceted capabilities of a novel nanofluidic platform to enable single-cell phenotypic
and genetic profiling of ovarian cancer patient-derived tumor cells. This approach has enabled increased
resolution of tumor cell phenotypic and genetic heterogeneity, providing a better understanding of
underlying biological drivers of the disease. A range of CA-125 expression levels is observed within cells
from individuals, demonstrating clonal diversity consistent with other phenotypic data. Further, TP53
mutation analysis demonstrates a sub-population of cells exhibiting high mutation frequency that likely
drives downstream growth kinetics and protein expression. Finally, genomic data is orthogonally used to
address clonal heterogeneity across ovarian tumors when compared to bulk sequencing, illustrating the
potential for single-cell sequencing data integrated with cellular functional and growth data toward future

therapeutic intervention.
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INTRODUCTION

Single cell sequencing analysis is a rapidly emerging field that has only recently been applied to identifying the
diverse cellular landscape that constitutes living tissue and new, innovative technological advances have enabled
progress in this field."” This approach has great potential to reveal previously obscured complexity in a variety of
heterogeneous biological systems, but presents technological challenges that are unique to the single cell vantage
point. One hurdle that needs to be overcome in single cell sequencing is capturing single cells that are 1) of high

enough quality to yield sequenceable material and 2) numerous enough to yield population-representative data.

Historically, laser dissection and FACS have been used to isolate single cells for sequencing.” Laser dissection
provides user-directed specificity in target cell selection, but is highly limited in the number of cells (tens to
hundreds) that can be isolated. FACS also offers marker-based specificity during selection and permits the isolation
of hundreds or thousands of cells, but can be time consuming (often resulting in sample degradation) and requires
labor-intensive downstream processing for sequencing. Droplet-based single cell sequencing methods are the most
recent innovative approaches that facilitate the isolation and sequencing of large numbers (thousands) of single cells
in a highly efficient manner. These methods combine single cell isolation (via Poisson loading of single cells into
fluid droplets) with cell lysis. This approach is somewhat limited in scope as it does not permit real time selection
of target cells and is destructive to cellular material. ® Moreover, Poisson encapsulation is inherently inefficient and
throughput-reducing, resulting in mostly empty droplets. Throughput of single cell approaches has been greatly
improved by the addition of cell barcodes for multiplexing’ and microfluidics to improve capacity and handling
efficiency. Platforms such as Chromium, ddSeq and C1 now combine microfluidic devices and cell barcoding to

enable cDNA generation from hundreds to thousands of single cells at once.

Finally, as single cell sequencing technologies develop, investigators can ask increasingly challenging research
questions that require integration of complex cellular phenotype data with sequencing data. Approaches such as
CITE-seq, where markers for cellular protein expression are combined with Drop-seq based cell isolation and
processing, have begun to address these challenges, allowing sequencing information to be linked to characterized
cells.® However, the types of phenotypic data accessible by this method are currently limited to antibody-labeled

surface protein expression and cannot include complex metrics such as growth kinetic or cellular function.
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To our knowledge, this study demonstrates the first platform to support characterization linking phenotype to
genotype at the single cell level across a culture system, which will enable a more thorough, integrated analysis of
tumor heterogeneity, and could rapidly accelerate the development of precision oncology for many tumor types. For
this study, we focus on high-grade serous ovarian cancer (HGSOC) as a model to demonstrate the key components
of our approach in providing a potentially more sensitive means of characterizing tumor heterogeneity at single cell

resolution.

The poor survival rate of ovarian cancer, the most lethal female gynecologic malignancy which will be diagnosed in
almost 200,000 women worldwide this year,” remains relatively unchanged over the past four decades."” HGSOC
will account for nearly 80% of deaths from this disease. Though complete clinical response to surgical debulking
and platinum-based chemotherapy is initially observed, three out of four women will experience tumor recurrence
and succumb to platinum-resistant disease within five years of initial presentation.'' Recent progress in precision
oncology suggests the ability to move beyond the currently stagnant universal treatment assumptions for HGSOC
and towards a more personalized approach based on tumor genotyping to reveal optimal therapies. Treatment
options can include traditional cytotoxic chemotherapeutics and targeted agents aimed at providing the greatest
antitumor response while also improving survival and, ideally, maintaining a higher quality of life. One major
limitation to delivering precision oncology in HGSOC, and other cancers, is the current inability to account for the
degree of temporal and spatial heterogeneity present within tumors.'”> For example, patients with chronic
lymphocytic leukemia who have detectable subclonal driver mutations prior to initial treatment had earlier
recurrences and shorter survival times." Similarly, quantitative assessments of intratumor heterogeneity in HGSOC

may be predictive of survival following chemotherapy.'*

Drug treatment itself has also been shown to drive sub-clones into distinct tumor populations, as shown with acute
myeloid leukemia' and multiple myeloma.'® Continuing to analyze HGSOC tumors en masse or even from multiple
slices is unlikely to identify adequately and describe driver mutations and actionable pathways with direct

12, 17-19

consequences on a tumor’s response to treatment. For example, The Cancer Genome Atlas (TCGA) analysis

of HGSOC has identified TP53 mutations as the predominant molecular feature of this disease, albeit with a
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relatively “long tail” of rare but potentially actionable mutations.”” Other analyses of HGSOC tumors have also

14, 21-24

documented a high degree of intratumoral and spatial heterogeneity. Unfortunately, currently available

HGSOC functional assays from patient-derived materials may not appropriately model this clonal complexity.”

This work presents proof-of-concept data that demonstrates the capabilities of a new nanofluidic cell analysis system
to facilitate single cell manipulation, culture, assay and analysis, and test its application across multiple modalities.
We have chosen several representative cell types (including those derived from immunological and cancer lineages)
in addition to cells derived from HGSOC patient tumor biopsies to illustrate the flexibility of this approach. Relying
on light-induced dielectrophoresis technology, we interrogate tumor heterogeneity using single tumor cell sorting
with subsequent analysis of growth kinetics and protein expression, followed by single cell genetic profiling of

HGSOC patient-derived tumor cell lines.

RESULTS

Single Cell Handling Technology Overview

All data were collected using a novel, flexible nanofluidic platform, (Berkeley Lights, Inc. (BLI)), for single cell and
batched multicellular selection and manipulation using light-induced dielectrophoresis. This system (Beacon'™'
prototype platform) is overviewed in Figure 1A. The platform integrates mechanical, fluidic, electrical and optical
modules, enabling single cell manipulation, culture and imaging with a micrometer level of precision. The primary
strength of the system is the disposable nanofluidic device with 1350-3500 individual chambers (pens) depending on
chip design, each capable of holding sub-nanoliter volume. The fluidics subsystem delivers media to the chip for cell
culture or reagent delivery and an actuated needle automates import and export of cells from incubated well plates.
A 3-axis robotic stage enables imaging of the entire chip area at 4x or 10x magnification in both brightfield and
fluorescent modes for orthogonal characterization of morphologic, functional, and biochemical events. White light
combined with a digital micromirror device (DMD) array is used to structure desired patterns for light-actuated

dielectrophoresis or fluorescent illumination.

The silicon base of the nanofluidic chip is composed of approximately 1 million light-actuated switches that activate

a dielectrophoretic force and repel particles resulting in light “cages” that trap and move desired particles, including
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cells and beads, at 5-20 um/s. This light-induced force enables OptoElectroPositioning (OEP) where cells and beads
can be positioned into the sub-nanoliter volume chambers on demand. Patterned chip surface chemistry and overall
hydrophilicity can be modified such that the surface either promotes or prevents adhesion. The experimental
platform is unique amongst other single cell technologies as it only uses OEP force for cell selection and employs
fluidics for cell transport resulting in little-to-no damage to cell viability, which is critical to enable multiple
downstream applications, including genomic analysis as well as on- and off-chip functional characterization of

selected cells.
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Figure 1. Overview of automated nanofluidic cell sorting, analysis platform and workflows. (A) Cell samples in a
96 well plate are placed in an environmentally-controlled well plate incubator within the BLI Beacon™ prototype
platform. A needle on an automated Z stage dips into the well containing cells and a syringe pump connected to the
OptoSelect™ chip and tubing aspirates a sample from the plate. An integrated fluorescent microscope creates light
patterns using a digital micromirror device (DMD) array while a background light-emitting diode (LED) light
source illuminates the field of view for a camera to image live processes. Assay reagents are loaded via the 96 well
plate with accompanying well plate incubator and a larger media bottle is used to facilitate perfusion-based cell
culture over multiple days. (Left inset) Composite image of the central 9 fields of view on the nanofluidic chip
showing representation of annotation and isolation of single cells using BLI’s OEP technology. Using machine
vision and automated path planning, single OVCAR3 cells are selected and isolated into individual 50-um wide
pens. After flushing unpenned OVCAR3 cells from the chip, Jurkat cells are imported into the chip and a single
Jurkat cell (white arrow) is placed into each pen containing a single OVCAR3 cell (orange arrow). (Right inset) A
single Jurkat cell is unpenned using OEP prior to export into a 96-well plate for storage or additional molecular
and functional analysis. Images of single cells after unpenning are taken before the syringe pump pushes media
through the chip to flush the cell into the well plate (B) Overview of the workflows employed for analysis of primary
patient-derived tumor tissue.
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Cell import, penning and export

Using this platform, we are able to load, position, culture and export cells in a defined and trackable manner. Target
cells are specifically placed into numbered pens, where their growth is characterized and the cells are phenotyped,
prior to export from the platform into a tracked position of a well plate for further processing and sequencing. As an
overview, cells are imported from an incubated well plate onto the nanofluidic chip and guided into pens using light-
induced OEP force. Cells can be placed into pens (as single or defined groups of cells) in a highly parallel fashion.
One key advantage of the nanofluidic chip design that enables simultaneous and independent interrogation of many
different cells is the sequestration of pens from each other. Following cell import, the main channel is flushed to
eliminate any unwanted cells in the fluidic path; cells in the pens are fluidically isolated from the channel but remain

accessible to soluble factors from the bulk media by diffusion.

An example of a complex penning strategy is shown in Fig. 1A, in which a single OVCAR3 cell is positioned in a
pen, followed by a single Jurkat cell (Fig. 1A left inset). In this case, 31 images were acquired to cover the entire
chip area and a sampling of 9 stitched images centrally located on this chip design is shown. A machine vision
algorithm is used to identify cells based on their size and morphology, and desired cells were shepherded by OEP
into target pens on the chip (Fig. 1A left inset - time lapse). Cells can be distinguished based on circularity, diameter
or fluorescent intensity (in DAPI, FITC, Texas Red or Cy5). Following culture and characterization, these same
cells can be exported off of the nanofluidic chip for sequencing or further processing. The export process is the
reverse of the cell placement process (shown for a Jurkat cell in Fig 1A right inset), where cells from individual or
groups of pens are exported using OEP and then gently flushed into individual, tracked wells of an external 96- or
384-well plate in separate 2 uL volumes. A frame-by-frame history of cells, unpenned and ready for export, is

automatically archived for additional analysis.

Fig. 1B illustrates the utility of this platform in context of a complete tumor heterogeneity study, intended to link
cellular phenotype with genotype. The workflow begins with patient biopsy collection, disaggregation of tissue,

followed by cell sorting, monitored in situ cell growth, protein expression analysis and genomic analysis.
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Rare cell detection and automated cell annotation

This approach can be easily adapted to facilitate universal or discriminate selection of cells based on morphology
and fluorescence across a broad range of inputs, minimizing dependence on sample input criteria and can be
especially useful where cells of the desired phenotype are rare relative to the total number of cells in a complex
sample. Specifically, we have developed penning strategies that permit inputting cell suspensions as dense as 2x10’
cells/mL, which translates to 50,000 cells loaded into the chip at once. By performing sequential importing, penning,
and flushing cycles, we can robustly sample hundreds of thousands of cells. Further improvements to the instrument
have enabled automation that increases this sampling capacity. The ability to locate and track cells precisely is
critical for dynamic experimentation examining both cell growth and functional biology, and iterative processing
could further enable applications such as identifying small numbers of circulating tumor cells in patient blood
samples. As a case study, we demonstrated the ability to select as few as 1 bead in 100,000 cells for penning by
fluorescence (Fig. 2). We spiked known numbers of green fluorescent microspheres into a background of unstained
Jurkat cells, loaded onto a nanofluidic chip and imaged by both brightfield and fluorescence (Fig. 2A). Using
segmentation and intensity threshold image processing algorithms embedded in the system software, we were able
to identify the number and X,Y-coordinates of cells and beads in each field of view (Fig. 2B) and used this
information to calculate bead concentration. Correlation analysis revealed a %’=0.99 between the measured spiking

ratio and the observed bead concentration (Fig. 2C).
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Figure 2. Rare cell detection demonstration (A) Identification of rare cells is performed with fluorescent imaging.
Fluorescent green beads are spiked into a suspension of Jurkat cells at various frequencies and are identified by
fluorescent imaging (inset). (B) XY coordinates of each cell captured by the machine vision algorithm and the rare
fluorescent bead (red) can be identified in the non-fluorescent cell background (blue) (C) Using the known
nanofluidic chip volume and number of cells or beads identified by imaging, we are able to plot the designed
frequency vs the recovered frequency in each experiment. The range of designed frequency was a bead to cells ratio
of 1:100 (10™") down to 1:100,000 (10°7).


https://doi.org/10.1101/457010

bioRxiv preprint doi: https://doi.org/10.1101/457010; this version posted October 31, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

0

Anti-CD8
PE-CF594 Count
o N B O

Anti-CD8
PE-CF594 Count

o

0 5 10 15 20 25 0 20000 40000 60000

MitoTracker
Green Count
2 8.8

MitoTracker
Green Count

0 5 10 15 20 25 20000 40000

Fluorescence Merged Hoechst (DAPI)

Hoechst Count
Hoechst Count

0 5 10 15 20 25 20000 40000 60000

80

Brightfield Count
N (4.

o o IO

Brightfield Count

o

0 5 10 15 20 25 0 20600 40(’)00 60(‘)00

MitoTracker Green (FITCll Anti-CD8, PE-CF594 (TH
Diameter (um) Average Intensity (A.U.)
60 r r r ; 100000 T
D E 2
2
‘@
3 " .
= - -
- -
g - -
° . . =
g z 10000 .
3 Z 10000+ J ]
o § .
w
Q
a
- - L] - -
o
(=]
Q
& 1000 T
1 2 3 1000 10000 100000
Hoechst Integrated Intensity (A.U.) MitoTracker Green Average Intensity (A.U.)

Figure 3. Automated annotation of co-localized cancer and PBMCs. (A) Brightfield and fluorescent images of 4
representative pens that each contain a single cancer cell and PBMC as positioned via OEP. Each image is labeled
with the channel(s) used for visualization as well as the fluorophore depicted (if applicable). The exposure time was
50 ms for brightfield, 60 ms for DAPI, 400 ms for FITC, and 750 ms for Texas Red. (B-C) Histograms showing the
area-based diameters and average intensities of all cells on the chip as measured under brightfield and each
fluorescent channel. These parameters were obtained via segmentation- and threshold-based image processing
algorithms embedded in the system software. (D) A histogram showing the integrated intensity of all cells on the
chip as measured under DAPI (corresponding to the Hoechst stain). (E) A scatter plot depicting the average
intensity of all cells on the chip as measured under FITC and Texas Red (corresponding to the MitoTracker Green
and Anti-CD8, PE-CF594 stains, respectively). Several distinct clusters or populations of cells are identified.

In order to track functional characteristics of individual cell populations over time, the experimental platform has
integrated four fluorescent imaging channels and automated cell annotation pipelines to monitor stained cells
throughout the course of an experiment. Fluorescent signals can be used to inform penning of cells or as a means to
track phenotype. This capability is demonstrated in Fig 3A, in which we co-penned two different cell types, A2780

human ovarian cancer cells and peripheral blood mononuclear cells (PBMCs). We stained both cell types with

DAPI, MitoTracker Green, and Anti-CDS8, PE-CF594. Use of Anti-CD8 allowed discrimination of PBMC
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subpopulations, such as T cells, based on CD8 surface expression. Penned cells were imaged across the entire chip
to extract size and fluorescent intensity measurements using the system software and demonstrate the existence of

several distinct clusters of cells based on marker expression (Figs. 3B, C, D, E).

Characterization of cell growth

In addition to penning target cells and characterizing cellular phenotypes, cells can be cultured on-chip over the
course of several days, which enables the isolation and expansion of cells of interest from polyclonal populations.
Here, murine OKT3 cells were penned using OEP and cultured for 4 days. Images were acquired every 120 min for
48 h and machine vision algorithms were used to generate cell counts at each time point that were plotted to

characterize growth patterns in MatLab (MathWorks, Inc.).
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Figure 4. Growth of OKT3 suspension cells cultured on chip. (A) Growth curves for 5 selected pens over 48 h (B)
Time lapse of clone with fastest growth rate (top) and example of identified apoptotic pen (bottom). (C) Histogram
of cell count at t=48 h. Total number of pens that had two or more cells is 620; 370 single cells failed to divide.
Mean growth after 48 h: 8.8 cells. (D) Map of multiple OKT3 clones which are independently loaded on the
nanofluidic chip and tracked — each sample is represented by a different colored circle and the size of the circle
represents the number of cells present for each clone after 48 h. (E) Map of inset from panel (D).
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The mean observed doubling time was 16 h over 48 h of growth with no detectable loss of cell viability — this is
comparable to the observed 11-14 h doubling time of this cell line off-chip under standard culturing conditions. A
range of growth rates are observed when individual single-cell derived clonal growth curves are plotted over time
from the OKT3 cell line (Fig. 4A). Individual pens and cell growth characteristics are shown in Figures 4B and 4C.
These data strongly suggested that manipulation by OEP does not impact the viability of cells, and that nutrient

transport from the channels to the pens can support expected levels of cell growth over time.

The cell penning and tracking strategies described here can also be used to enable investigations with multiple cell
populations - many different cell types (or clones) can be penned, grown and characterized on the same chip. Fig.
4D and E show the penning and functional tracking of multiple cellular clones on the same chip, where 4D shows an
overview of clone location for the entire chip and 4E shows an example region of interest from this chip, where
there is a large growth difference among clones. These data demonstrate both the ability to identify the diversity of
cells on the chip, as well as monitor their growth heuristics in real-time, which are automatically tracked by the

platform's integrated computer system.

Phenotypic analysis of ovarian cancer cells

A REMARK diagram summarizing the patient-derived cell lines used in this study is shown in Fig. 5.

Cell lines derived from Ovarian Cancer patients
N=5
PT217, PT261, PT290, PT317, PT498

Phenotypic analysis Single cell DNA analysis
N=4 N=1
PT217, PT261, PT290, PT498
PT317
51 single cells
Growth dynamics 22 multi-cell samples for
CA-125 expression comparison

Figure 5. REMARK diagram summarizing patient derived cell lines used in growth, protein expression, DNA and
RNA sequencing experiments.
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Growth characteristics

In order to facilitate phenotypic comparison, multiple independent cell populations can be cultured on a single
nanofluidic chip, as shown in Fig. 6, where four ovarian cancer patient-derived tumor cell lines (PT217, PT290,
PT317, and PT261) and immortalized OVCAR3 cells were grown in parallel (Fig. 6A shows the penning map for
these cells, in addition to a brightfield image of cells after loading in one sample region). Cells were penned using
OEP, cultured on-chip for six days with image acquisition every two hours, and counted using the platform’s
automated cell tracking and counting features (Fig. 6B). From experimental iterations (n=9), we determined that a
minimum of 6-10 cancer cells generally need to be penned together on day 1 for survival and growth, possibly due
to the presence of cell-secreted factors in the local pen microenvironment. Interestingly, it appears that the cells
begin to aggregate at days 2 and 3, eventually forming a multicellular spheroid that could be used for downstream

diagnostic and/or prognostic experimentation (Fig. 6C and inset).

Notably, given consistent culture conditions across the chip, each independent cell population has a unique set of
growth kinetics. Tumor cells derived from PT217, who had stage IV cancer and succumbed to her disease 9 months
after initial surgery, demonstrated the most aggressive growth rate, while those derived from PT290, who is
currently the longest survivor in this cohort and presented with stage III disease, showed the slowest growth kinetics
(patients were ranked by growth rate in decreasing order as follows: PT217, PT261, PT317 and PT290). By
adjusting pen geometry, media conditioning, or starting cell number, the microenvironment can be optimized to
provide robust growth conditions for the target cells. In particular, these data highlight several unique features of our
approach which are the ability to simultaneously: 1) culture and characterize single or groups of patient-derived
cells, 2) culture multiple cell types or mixtures, and 3) track and compare growth kinetics of individual cells within

these populations.

Single cell protein expression assays

The BLI platform also performs real-time monitoring of protein expression from independent cell populations over
time with single cell resolution. In the context of ovarian cancer, the measurement of Cancer Antigen 125 (CA-125)
levels is approved by the FDA as a proxy for monitoring ovarian cancer response to treatment and correlates with

tumor burden.”® As such, it was of interest to investigate the ability to detect and measure CA-125 secretion at the

12
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single cell or subclone population level. Cell surface CA-125 expression was clearly detected and compared by
fluorescent labeling from the four primary cell cultures and the immortalized cell line which had been multiplexed
and cultured for 6 days on a single chip (Fig. 6D). A range of CA-125 expression levels was observed between
patients and even among individual cells derived from a single patient, demonstrating the ability to monitor unique
cell expression signatures over time. Co-localization analysis of multiple markers over time can be performed to
assess biological function, as seen in Fig. 6D, which shows a high degree of overlap between Syto24 (a cell viability

stain) and Anti-CA-125.

One significant advantage of this approach is that fluorescent signals are readily tracked and intensity values can be
extracted on a per cell basis, organized by each unique pen. These differential expression results are encompassed in
the violin plots in Fig. 6E, where the fluorescence of cells from the same population has been plotted, and each cell
is represented individually. Statistical analysis of these data using the Kruskal-Wallis test shows that the CA-125
expression profiles are significantly distinct from one another (p < 0.0001). CA-125 fluorescence data was also
plotted as a heat map to demonstrate the average CA-125 expression over all cells within one pen (Fig. 6F) and

highlighted that expression levels varied by as much as 250 percent in both inter- and intra-cloned cell populations.

While the approach described here targets cellular CA-125 expression rather than CA-125 serum levels, it is
interesting to highlight the concordance of these two metrics in PT217, who was a chemoresistant, stage IV HGSOC
patient. This patient showed a unique CA-125 single-cell expression profile (Fig. 6E), which is distributed
bimodally; these data suggest two distinct cellular subpopulations, including one with a high CA-125 expression
level that is approximately double the other mean CA-125 values. Notably, PT217 also had, by over 3-fold, the
highest CA-125 serum levels of all patients in this study (1578 U/mL versus 49 U/mL for PT261, 478 U/mL for

PT290 and 187 U/mL for PT317).

In many cases, multiple phenotypic measures are needed to assess populations in cell culture, beyond just detection
of a single protein marker. The heat map in Fig. 6F illustrates the integration of both growth and CA-125 expression.
Integration of the two biologic characteristics demonstrates the appreciated fact that CA-125 expression levels do

not correlate with growth rates across all cell lines, with the one exception that PT217 (whose disease was the most
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progressed and who had the highest CA-125 serum levels as discussed above) had a subpopulation of cells with the

highest CA-125 expression levels as well as the highest growth rate.
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Figure 6. Phenotypic analysis of multiple ovarian cancer cell lines in a single chip. (A) Map showing penning
location of 5 different ovarian cancer cell types, where each cell line is represented by a different color and
brightfield image of cells in the selected region immediately after penning. (B) Cell growth of OVCAR3 and 4
patient-derived primary cancer cell lines overlaid on a map of the chip. Circle color indicates cell line, circle size
correlates to cell growth factor in a pen (larger circles=larger growth factor after 6 days). (C) OVCAR3 ovarian
cancer cells cultured on chip for 6 days, with spheroid formation. (D) Representative examples of brightfield and
fluorescence images showing co-localization of Syto24 nuclei stain and CA-125 specific antibody. (E) Violin plots
showing the distribution of single cell CA-125 expression for each cell line. (F) Heat maps showing average cellular
CA-125 expression by pen (left panel) and average CA-125 multiplexed with cell growth by pen (right panel),
demonstrating the ability of this approach to enable multiparameter phenotypic analysis.

Single cell and bulk DNA sequencing from patient samples

As a demonstration of the downstream sequencing capabilities of this approach, we performed somatic variant
screening on single cells derived from resected ovarian tumor tissue from a single patient, PT498, who had stage
IIIC disease involving both ovaries and fallopian tubes. Furthermore, we compared the sequencing results to those
from bulk tissue derived from the paired identical tumor using the BLI platform to isolate single cells as well as

groups of cells for analysis. Single cell DNA was amplified using molecular displacement amplification (MDA), and
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the amplified material was sequenced using the Ion Torrent SSXL instrument to obtain high coverage data from the
AmpliSeq HotSpot V2 panel, which was utilized for sensitive characterization of genomic variants across 50
oncogenic and tumor suppressor genes in each grouping of cells (single, 10, 100, 1000 or bulk, with the 10, 100 and
1000 groupings serving as controls). The batching function of the platform’s OEP technology facilitated the
granularity to choose single cells or batches of cells for export off-chip for downstream molecular methods,
sequencing, and analysis. This demonstrates the ability to select the appropriate sensitivity for the desired assay, as
required by the heterogeneity of the biological question under investigation. To demonstrate this, 70 single- and 22
multi-cell samples were collected and comparative analysis of the detection of variants in those populations from the
same tumor sample was performed. Fig. 7A is a dendrogram of the 73 cellular subsets passing filtering criteria
((n=51) single cell, (4) 10 cell, (8) 100 cell, (8) 1,000 cell and (2) bulk), showing independently sequenced single
cell (or indicated cell grouping) variant profiles demonstrating the ability to identify genetic subclonality of this
patient sample while conserving the remainder of the sample for orthogonal processes either on- or off-chip —
filtering criteria are described in detail in Methods. Using these variant profiles, 5 major subclones/subclades with
significant variance were identified across 9 oncogenes from the tumor of this patient as shown in Fig. 7 and Table
3. These data demonstrate the ability to use single cell genomics in tandem with the Beacon™ prototype platform to
detect low-frequency clonal variation that would otherwise be masked by major variants from the bulk tissue (i.e.,
yellow and green clade), recapitulating that no major DNA damage affecting targeted sequencing has occurred in
cells selected using OEP. When the single cell variant profiles are compared to those derived from the 10-, 100- and

1000-cell sub-batches, the increased sensitivity provided by single cell sequencing is apparent.
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