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SYSTEM AND METHOD FOR HIGH
THROUGHPUT CELL ANALYSIS AND
SORTING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of'U.S. Provisional Application No. 61/325,521, filed Apr. 19,
2010, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present disclosure generally relates to fluid han-
dling and, more particularly, to a system and method for high
throughput cell analysis and sorting.

BACKGROUND OF THE INVENTION

[0003] High speed cell sorting has been an important
research technology for many years. Examples of the many
applications include isolation of rare populations of immune
system cells for AIDS research, isolation of genetically atypi-
cal cells for cancer research, isolation of specific chromo-
somes for genetic studies, and isolation of various species of
microorganisms for environmental studies.

[0004] Recently, two areas of interest are moving cell sort-
ing towards clinical, patient care applications. First, is the
move away from chemical pharmaceutical development to
biopharmaceuticals. The majority of new cancer therapies are
developed using biotechnology. These include a class of anti-
body-based cancer therapeutics. Cell sorters can play a vital
role in the identification, development, purification and ulti-
mately the production of these products. Related to this is a
move toward the use of cell replacement therapy for patient
care. Much of the interest in stem cells revolves around a new
area of medicine often referred to as regenerative therapy or
regenerative medicine. These therapies may often require that
large numbers of relatively rare cells be isolated from patient
tissue. For example, adult stem cells may be isolated from
bone marrow and ultimately used as part of a re-infusion back
into the patient from whom they were removed.

[0005] High speed cell sorters have typically utilized an
electrostatic droplet technology similar to that used in early
ink jet printers. This method is very efficient, allowing as
many as 90,000 cells to be sorted per second from a single
stream. This method is not, however, particularly biosafe.
Aerosols generated in the droplet formation process can carry
biohazardous material. Even though “biosafe” droplet cell
sorters mounted in a biosafety cabinet are commercially
available, even this type of system does not lend itself to the
sterility and operator protection required for routine sorting
of patient samples in a clinical environment. Microfluidics
technologies offer great promise for providing cell sorting
capability within a closed environment. Many microfluidic
systems have been demonstrated that can successfully sort
cells. They have the advantage of being completely self-
contained, easy to sterilize, and can be manufactured in suf-
ficient quantities to be a disposable part. These technologies
have not been widely adopted largely due to cost consider-
ations related to the maximum throughput achievable on such
a device. The fastest of these devices operate at rates of
1000-2000 cells per second, nearly ten times slower than a
droplet cell sorting system. One of the speed limitations of
microfluidic devices is the ability to sort desirable cells from
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the remaining cells quickly. All of the cells move together in
a stream of fluid, and the desired cells must be routed into a
collection vessel while the remaining cells are routed into a
waste vessel. The present disclosure relates to a high speed
means for achieving such sorting, and can be implemented in
a microfluidic device incorporated into a microwell plate.

SUMMARY OF THE INVENTION

[0006] A sorting methodology in which bulk analysis of
samples that have a low probability of containing a rare par-
ticle is performed first. Only those samples in which the bulk
analysis has detected one or more rare particles are subjected
to a flow cytometry process to isolate the rare particle(s). In
one embodiment, a microwell plate provides for high
throughput sorting in an enclosed environment. The microw-
ell plate comprises a plurality of wells and a microfluidic
layer adapted for flow cytometry wherein particles from a
given well are interrogated and sorted into other wells. The
microfluidic layer advantageously includes fluid switches to
permit bi-directional flow cytometry.

[0007] In a first embodiment of the invention, a microwell
plate comprises a plurality of wells and a microfiuidic layer
adapted for flow cytometry, wherein particles from a given
well are interrogated and sorted into other wells.

[0008] Inasecond embodiment of the invention, a method
sorting particles comprises the steps of: (a) providing a
microwell plate having a plurality of wells; (b) assigning to a
subset of the wells batches of particles to be interrogated,
wherein the probability of a given batch containing a desired
target particle is substantially less than 1; (¢) performing bulk
interrogation of the batches within the subset of wells to
identify batches that contain at least one target particle; and
(d) performing flow cytometry to sort the desired target par-
ticles from the batches identified in step (c).

[0009] In a third embodiment of the invention, a method
sorting particles comprises the steps of: (a) providing a plu-
rality of batches of particles to be interrogated; (b) performing
bulk interrogation of the batches to identify batches that con-
tain at least one target particle; and (c) performing flow
cytometry to sort the desired target particles from the batches
identified in step (b).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1a is a diagram of an end view of a typical
microwell plate.

[0011] FIG. 15 is a diagram of a plan view of a typical
microwell plate.

[0012] FIG. 2 is a diagram of an end view of certain
microwell plates, illustrating the loci of bulk interrogation
and single cell interrogation.

[0013] FIG. 3 is a perspective drawing of a microwell plate
positioned on a plate cytometer with an X-Y stage for auto-
matically repositioning the microwell plate for interrogation
of different wells.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

[0014] For the purposes of promoting an understanding of
the principles of the invention, reference will now be made to
embodiments illustrated in the drawings, and specific lan-
guage will be used to describe them. It will nevertheless be
understood that no limitation of the scope of the invention is
thereby intended. Alterations and modifications in the illus-
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trated device, and further applications of the principles of the
invention as illustrated therein, as would normally occur to
one skilled in the art to which the invention relates, are con-
templated.

[0015] The various embodiments described below provide
a means for greatly increasing the speed and efficiency of
sorting rare cells. They provide a novel cell analysis and
sorting system that can provide very high throughput, espe-
cially for the detection and isolation of rare cell populations
(e.g. <1% of the total cell suspension). This advantage can
help render existing treatments more economical, help make
feasible treatments that are presently impractical, or only
theoretical or experimental, and improve the speed and
reduce the cost of research of both the science and applica-
tions of molecular biology. To name just one example, the
high speed cell sorting provided by the present invention can
be used in the collection and isolation of adult stem cells.

[0016] Those skilled in the art will appreciate that microw-
ell plates are routinely used in life science research for cell
culture and as a container to support high-throughput assays.
Many companies have developed fluorescence-based
immuno-assays, which are often performed using such plates.
In such assays, the sample in a well of the microwell plate is
exposed to a fluorescenated reagent. A fluorescence plate
reader is used to measure the total, average, and/or peak
fluorescence emission from a well of the plate. These assays
have been in use for many years. Substantial technology and
automation has been developed to fill, empty and mix sus-
pensions of cells in microwells. Likewise, substantial tech-
nology and automation has been developed to produce low
cost plates that have high quality, flat, optical surfaces on the
bottom to allow optical measurements to be made in the plate,
and to manage the transport of plates in and out of processing
areas, like cell culture incubators or biosafety cabinets, and to
precisely position specific wells in plates in three dimensions
over optics that can be used for image measurement of cells
adherent to the bottom of the plate, or measurement of emis-
sions from cells in suspension in the fluid in a well. Microwell
plates are the standard tool for handling and processing of
cells, sub-cellular components and their molecular compo-
nents. Such plates are routinely delivered as sterile, dispos-
able components to the laboratory.

[0017] An innovation of this system is the use of microflu-
dics to transport cells (or other particles) from one well of a
microwell (microtiter) plate to another well of a microwell
plate. FIGS. 1a and 15 show the end and top (or bottom) view,
respectively, of microwell plate 10, having 96 wells 12. Plates
10 can have more or less wells 12 (e.g. 384 well plates and 24
well plates, to name just two non-limiting examples).

[0018] The presently disclosed embodiments utilize a cus-
tom, disposable microwell plate 10 that has a layer containing
microfluidic devices integrated or bonded to the base of the
plate. Such a design is illustrated in FIG. 2. Contained in the
microfiuidic layer 20 are channels 24 that can provide a path
between wells 12 and fluid switches 26 that can route the flow
of fluid, as well as the valves and other microfluidic elements
required so that the cells suspended in the fluid in each of a set
of'the wells can be transported to other wells in a microfluidic
cytometry process. The method of fluid transport can be by
active pressure (positive or negative) placed on the source or
destination well, or osmotic pumping, or any other suitable
method. Any of the commonly used methods of motivating
fluid flow through microfluidic channels may be used. It will
be appreciated that the particular method of inducing flow is
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immaterial to the invention. The microfluidic layer 20 is pref-
erably transparent and of sufficient optical quality to allow
both bulk fluorescence measurement of the cells in suspen-
sion in a microwell (as shown schematically at 28) and a flow
cytometry measurement of cells travelling through a channel
24 (as shown schematically at 29).

[0019] The microwell plate 10 can be used to achieve
exceptionally high throughput, especially in the sorting of
rare cells, through a combination of bulk fluorescence mea-
surement and flow cytometry. Rare cells can be specifically
labeled with a fluorescent reagent (or other detection method)
such that a bulk measurement of an individual well will indi-
cate whether at least one rare cell is present in a given well.
For example, a single well could reasonably contain up to
300,000 cells in a 250 pl sample. When sorting for cells that
are rarer than about 1 in 300,000, the bulk fluorescence mea-
surement can be used to eliminate batches of cells approxi-
mately 300,000 at a time. When a batch of 300,000 or so cells
is determined to have at least one of the rare cells within it, the
contents of that well can then be sorted using the flow cytom-
etry layer 20.

[0020] In the flow cytometry process of certain embodi-
ments, cells from the sample wells pass through the focus of
an epi-illumination optic where they interact with one or more
laser beams of specific wavelengths in a manner typical for
flow cytometry. Specifically in this case, flow is not a coaxial
sheath flow, but a flow of cells through the channel. It is
desirable, but not required, to produce a single-file stream of
cells using elements of the microfluidic channel to focus the
flow of the cells. Other techniques, such as acoustic forces,
could be used as well. Measurements such as narrow angle
light scatter, wide angle light scatter, electronic cell volume,
and total fluorescence emission at specific wavelengths can
be measured in a manner that is typical for flow cytometry. A
fluid switch or valve can be used to switch the flow, and
therefore the interrogated cell, into channels leading to one or
more specific microwells. For example, the interrogated cell
may be switched into a channel leading to a microwell for
storing the desired rare cells, while the remainder of the flow
can be routed to one or more channels leading to microwells
for storing waste (or non-selected cells). Alternatively, the
waste flow can be made to exit the plate 10. In this way the
cells are sorted into specific microwells where they can be
stored for further use or experimentation. The single cell
measurement and sorting enables very high purity sorting of
cells, even if they have very low incidence in the original cell
suspension.

[0021] Besides the active switching technique described,
other techniques can be used to motivate the cells into a
specific destination well. These include electromagnetic
separation where magnetic particles are bound to cells, elec-
tromagnetic actuation of a switching or microfluidic valve
element, steering by acoustic forces, or steering by optical
forces, just to name a few non-limiting examples. Any of a
number of technologies known in the art can be used to steer
the cell to the desired destination well.

[0022] It will be appreciated that any suitable methods of
bulk interrogation and single cell flow cytometry may be
used. For example, the laser illumination and emission detec-
tion from the single cell can, in many applications, be
replaced by other methods of optical interrogation, magnetic
interrogation, etc. As long as the technique provides
adequately high specificity and sufficiently high signal to
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noise, the specific means for bulk and single cell interrogation
are immaterial to the invention.

[0023] An advantage of the presently disclosed embodi-
ments is that by coupling the bulk identification of wells
containing rare cells with the microfluidic cell sorting, a very
high effective cell sorting rate can be achieved while using a
relatively slow fluid switching element.

[0024] For example, if a desired cell type exists in about 1
in 1,000,000 cells, 32 wells of a 96 well plate could be filled
with samples of about 300,000 cells each. Statistically, 6-9 of
these wells would be expected to have at least one of these
cells within it. The bulk detection technique therefore rapidly
excludes 72-81% of the cells from the next step, single cell
sorting. The bulk measurement can be used to identify wells
that lack rare target cells, so that the samples in those wells
need not be individually sorted using the microfluidic chan-
nels.

[0025] A typical layout for such a system is shown in FIG.
3. A microwell plate 10 is positioned on a long working
distance epi-illumination optical system 30. The microwell
plate 10 rests on a precision X-Y stage 32 that has sufficient
resolution to place wells in position over the optic for bulk cell
measurement or to align the optic’s focus to a microfluidic
channel for single cell measurement. A suitable optic is the
Reflection Collection Optic typically used on the Reflec-
tion™ Cell Sorter available from iCyt Mission Technology,
Inc., of Champaign, Ill. This optic consists of an off-axis
elliptical mirror that has a large field of view (greater than 4
mm diameter), a long working distance (greater than 25 mm),
and a high numerical aperture (0.84). This optic is well suited
for this application, but it will be appreciated that other optics
can also be used. Higher measurement and sorting throughput
can be obtained by providing parallel detection and sorting
components. A standard 96 well plate consists of an array of
8x12 wells. Therefore an 8 channel or 12 channel parallel
system is a logical implementation.

[0026] To appreciate the high throughput of cell sorting
provided by the presently disclosed embodiments, consider
an example in which a sample of 10 million cells contains 10
desired target cells. After labeling for bulk interrogation and
assignment to 32 wells of a 96 well plate, an 8 channel
measurement system is used. At 5 seconds per bulk interro-
gation, it takes only 20 seconds to screen all 32 sample wells
(5 s per bank, times four banks) It will be appreciated that 5
seconds per bulk interrogation is a very conservative estimate
and is limited by the mechanics of moving the plate. The
actual measurement time needed is much less than 1 second.
Five seconds is used in this example to be conservative about
a device that can easily be realized with the robotics com-
monly found in most labs today.

[0027] If the microfiuidic flow cytometry process can sort
at 1 KHz (a very modest rate), then the 300,000 or so cells in
each well can be processed in 5 minutes (300,000 cells+1000
cells/s). Statistical analysis reveals that is likely that the 10
target cells are contained in 8 or fewer wells. Assuming the
samples in these wells are transferred to a bank of 8 wells for
simultaneous single cell sorting, it will take on the order of 6
minutes to isolate 10 rare cells from 10,000,000. This cell
sorting time is about what a traditional droplet cell sorter,
operating at 30,000 cells per second, would require (10,000,
000 cells/30,000 cells/s=333 s) for the same task. Even
should the 10 target cells be distributed into 9 or 10 wells,
requiring two runs of single cell sorting, the 10 cells can be
isolated from a sample of 10,000,000 in on the order of 11
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minutes. Since these times are dominated by the flow cytom-
etry, increasing the microfluidic process to 2 KHz—a very
feasible rate—cuts them nearly in half.

[0028] So the presently described sorting provides compa-
rable speed to sorting at a rate 030,000 cells per second with
a traditional droplet cell sorter (which will actually be gener-
ating droplets at 90 KHz or less), and avoids the problems of
the traditional droplet sorting, such as droplet coincidence
(which causes either a loss of efficiency, i.e. losing the target
cell, or a loss of purity, i.e. sorting an unwanted cell with the
target cell) and actually finding the 10 sorted drops with the
desired cells. To achieve the 30,000 cells per second rate it is
necessary to place the fluid containing the cells under sub-
stantial pressure and jet them through the nozzle. This can be
damaging to cells. Also if the desire is to sort large cells, or
fragile cells, then the nozzle diameter must be increased on a
traditional cell sorter. Increasing the nozzle diameter
decreases the achievable droplet generation frequency. This
will further reduce sorting efficiency as droplets are bigger
and cell coincidence in them rises. In traditional droplet sort-
ing, locating the sorted cells in the container used to capture
the deflected droplets, travelling at velocities on the order of
10-30 m/s, is a significant problem. The presently described
sorting not only handles the cells much more gently, it places
the cells in a small volume of fluid in a microwell plate, to be
stored and later retrieved using nano or micro pipettes (or
further analyzed in place).

[0029] TItwill be appreciated that, to optimize the efficiency
of the sorting, it is desirable for the probability of a well to
contain a rare cell to be significantly less than 1. In applica-
tions without a parallel detector array, when the probability is
approximately 0.5, the speed of sorting an entire plate is, on
average, nearly doubled, since the single cell interrogation
typically dominates the process time. It is therefore desirable
in some cases to limit the number of cells in the wells based on
the expected rate of occurrence of the desired target cells
among the sample population. For example, if the desired
target cells make up about 0.01% of the sample population,
then the probability of a well containing at least one target cell
is about 0.5 when the number of cells is about 7000. In
general, the probability, P, that a well contains at least one
target cell is given by:

P=1-(1-K)" M

[0030] where K is the fraction of the supply population that
constitute the desired target cells, and n is number of cells per
well. Solving for n, in the case where K=0.01%, therefore, it
will be appreciated that to cause about half of the wells to
contain at least one desired target cell:

0.5=1-(1-0.0001)" ()]
[n(0.5)=In(0.9999)" ©)
[n(0.5)=n In(0.9999) @
#=1n(0.5)=In(0.9999)~-0.6931+-0.0001~6931 (5)
[0031] It will be appreciated that, depending on the ratio of

the time required to perform the bulk searches to the time
required to perform single cell sorting of the wells, the desired
fraction of wells that should contain at least one target cell
may vary. Generally, however, the time for single cell sorting
will dominate, since, to the extent bulk sorting time becomes
ameaningful contribution, it can be eliminated by performing
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single cell sorting for one set of wells and bulk sorting for the
next simultaneously. Typically, therefore, P,~0.5 will tend to
be optimal.

[0032] It will also be appreciated that, in embodiments in
which parallel flow cytometry is employed, the time to per-
form single cell sorting for a given bank of wells is required
whenever at least one of the wells in that bank contains at least
one target cell. Consequently, in this case, n in the equations
represents the number of cells per bank of wells that are
interrogated and sorted in parallel, rather than the number of
cells per individual well. However, as long as flow cytometry
times dominate, when using parallel flow cytometry ele-
ments, it will generally be preferable to optimize sorting by
transferring batches to fill an entire bank of wells under single
cell interrogation, where each batch contains at least one
target cell. To assist in doing so, the microfluidic layer can
also include passages for transferring fluid between wells
intended to serve as source wells.

[0033] Thus, in certain embodiments, bulk interrogation
and single cell sorting occurs simultaneously, but in others
they do not. For example, entire plates, or batches of plates,
can undergo bulk sorting to identify wells for later flow
cytometry. In fact, there is no need for the bulk and single cell
interrogations to be performed by the same device. This might
be particularly useful, for example, in contexts in which only
one or two wells worth of desired cells are needed on each of
several days. In some contexts, plates could be frozen, and the
time between bulk and single cell sorting could be years.
[0034] High throughput sorting can also be achieved with a
cyclical process using such a microwell plate. An automated
cell delivery system could be used to load, for example, a
bank of 8 wells at a time, into every 3rd row of wells (leaving
the other wells for sorting). Bulk interrogation is used to
identify wells containing target cells, and those found to
contain them are sorted. Afterwards, the wells are emptied by
an 8 channel pipette, and then reloaded with another batch of
cells. This could include the waste receptacle wells, but leav-
ing the wells containing the target cells, to accumulate with
target cells from further rounds of sorting.

[0035] One advantage of the presently disclosed microwell
plates is that the cell sorting takes place in a closed environ-
ment. One advantage of this is related to potential biohazard
conditions. Microwell plates are often handled according to
biohazard handling standards such as BSL.2, BSL 4, etc. The
presently disclosed embodiments are easily adaptable to
accommodate these standards. Prior art droplet cell sorters,
by contrast, can create significant aerosol hazard.

[0036] Another advantage of the closed environment pro-
vided by the presently disclosed embodiments is the potential
reduction of waste and improved thoroughness in harvesting
rare cells. In traditional cytometry applications, desired cells
are lost to waste due to detection or sorting failures. Sorting
on a microwell plate as described herein merely involves
moving cells from one well to another. Fluid in the “waste”
wells could even be re-run through bulk sorting, and, if
desired cells are located, flow cytometry run again to capture
the target cells that were missed the first time. Such bi-direc-
tional sorting and analysis could be used on separate occa-
sions, separated, for example, by a period of incubation (pos-
sibly days). It could also be used, for example, to resort under
different interrogation means, such as different fluorescence
wavelengths, using different lasers, photodetectors, etc.
[0037] Likewise, the use of such microwell plates helps
with processing and maintenance of live cells. The microwell
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plates can be stored under environmentally favorable condi-
tions, such as a cell incubator, removed for cell processing
(measurement and sorting), and returned to the controlled
environment afterwards.

[0038] The microwell plates can also be pre-loaded and
packaged with lyophilized reagents, or reagents stored in any
manner compatible with long term storage. Sample prepara-
tion can be automated, taking place in the source wells. For
example, wells can be pre-loaded with specific combinations
of fluorescenated monoclonal antibodies. When cells are
added to the well and mixed the labeling reaction will take
place. The plate can, therefore, serve as the reagent delivery
and sample preparation platform.

[0039] It will be appreciated that the fluid connections
between the wells are not required to be in a separate layer
below the wells as shown in the embodiment above. The
connections between the various bulk wells could be done in
any manner, including connecting the wells directly in the
layer in which the wells reside. In fact, it is not necessary that
the arrangement of the bulk measurement receptacles (or
wells) in fact be a microwell plate. The presently disclosed
embodiments recognize that a much higher processing rate
and efficiency in cell sorting can be achieved by combining
the benefits of single cell detection in bulk with the advan-
tages of single cell sorting flow cytometry using microfluid-
ics. Breaking up the overall sample into small suspensions
such that the probability of the detection of a rare cell in an
individual aliquot of the suspension is at most a few percent
makes this possible. The embodiments disclosed herein using
microwell plates are attractive because so much robotic and
automated fluid and plate handling technology already exists.

[0040] One advantage of bonding or integrating the fluid
flow and analysis channel layer to the base of the sample well
layer is this places the measurement channels in a position
that they can be used for the high numerical aperture mea-
surement used in flow cytometry. A short working distance to
the fluid channel is desirable to achieve the high numerical
aperture light collection used in the flow cytometry portion of
the measurement. However, those skilled in the art will rec-
ognize that other arrangements may also be used.

[0041] Insome embodiments, the plate may be formed as a
rotatable disk, like a digital versatile disk (DVD), with many
micro wells located in it. The indexing time to move a desired
sample well into position would be similar to what is required
for addressing a specific location on a DVD. In such embodi-
ments, technologies that currently exist for manufacturing
DVDs and for moving read/write heads around the DVD
surface find direct application to the arrangements and meth-
odologies disclosed herein.

[0042] In rare event applications, the challenge often will
be how to sufficiently concentrate the cell suspension for
sorting. In some embodiments, the cells are actually grown in
the plate sample wells in an incubator. The plate may be taken
out of the incubator and the wells scanned for occurrence of
the rare cells. Only the wells where rare cells have occurred
are harvested and the plate is put back into the incubator to
allow the other wells to continue to grow.

[0043] TItwill be further appreciated that the methodologies
disclosed hereinabove may be run in reverse. For example, it
may be desired to screen material to put back into a patient
and we want to be sure that the material DOES NOT contain
a rare cancer cell. In this case, the “waste product” becomes
the sorted product (i.e. the cancer cells) and the remaining
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material may be safely put back into the patient. Other sorting
situations will also benefit from this “reverse methodology.”
[0044] For the purpose of this document, the term “par-
ticle” refers to anything that may be detected using a flow
cytometry apparatus. The term “source” refers to any source
of particles that are supplied to a flow cytometry apparatus,
and a “source well” is any well that contains and supplies
particles for flow cytometry. The term “flow cytometry”
refers to a process in which particles are physically sorted
from one another according to some predetermined criteria,
and to distinguish from “cytometry,” in which particles are
merely observed in order to quantify different types of par-
ticles within a sample.

[0045] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
the description is meant to be illustrative, and not restrictive in
character. Only the preferred embodiments, and certain alter-
native embodiments deemed useful for further illuminating
the preferred embodiments, have been shown and described.
All changes and modifications that come within the spirit of
the invention are desired to be protected.

What is claimed is:

1. A method sorting particles, comprising the steps of:

(a) providing a microwell plate having a plurality of wells;

(b) assigning to a subset of the wells batches of particles to
be interrogated, wherein the probability of a given batch
containing a desired target particle is substantially less
than 1;

(c) performing bulk interrogation of the batches within the
subset of wells to identify batches that contain at least
one target particle; and

(d) performing flow cytometry to sort the desired target
particles from the batches identified in step (c).

2. The method of claim 1, wherein the flow cytometry of
step (d) is performed entirely within a closed environment
within the microwell plate.

3. The method of claim 1, further comprising the step of:

(e) transferring batches identified by the bulk interrogation
of step (c) into banks of wells positioned for simulta-
neous flow cytometry; and

wherein the flow cytometry of step (d) is performed on
groups of wells in parallel.

4. The method of claim 1, wherein the flow cytometry of
step (d) sorts the particles by moving identified target par-
ticles into first wells and other particles into second wells.

5. The method of claim 4, further comprising the step of:

(e) performing flow cytometry on the contents of the first
wells.

6. The method of claim 4, further comprising the step of:

(e) performing flow cytometry on the contents of waste
wells.
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7. A method sorting particles, comprising the steps of:

(a) providing a plurality of batches of particles to be inter-

rogated;

(b) performing bulk interrogation of the batches to identify

batches that contain at least one target particle; and

(c) performing flow cytometry to sort the desired target

particles from the batches identified in step (b).

8. The method of claim 7, wherein the probability of a
given batch containing a desired target particle is substan-
tially less than 1.

9. The method of claim 7, wherein said plurality of batches
are placed into a respective plurality of sample wells on a
microwell plate.

10. The method of claim 9, wherein the flow cytometry of
step (c) is performed entirely within a closed environment
within the microwell plate.

11. The method of claim 9, further comprising the step of:

(d) transferring batches identified by the bulk interrogation

of step (b) into banks of wells positioned for simulta-
neous flow cytometry; and

wherein the flow cytometry of step (c) is performed on

groups of wells in parallel.

12. The method of claim 9, wherein the flow cytometry of
step (c) sorts the particles by moving identified target par-
ticles into first wells and other particles into second wells.

13. The method of claim 12, further comprising the step of:

(e) performing flow cytometry on the contents of the first

wells.

14. The method of claim 12, further comprising the step of:

(e) performing flow cytometry on the contents of the sec-

ond wells.

15. A microwell plate comprising:

a plurality of wells; and

a microfluidic layer adapted for flow cytometry wherein

particles from a given well are interrogated and sorted
into other wells.

16. The microwell plate of claim 15, wherein the microf-
luidic layer is adapted for bi-directional flow cytometry.

17. The microwell plate of claim 15, wherein the wells are
organized into groups of three wells connected by a fluid
switch that sorts fluid from one well in the group into the other
two wells within the group.

18. The microwell plate of claim 17, wherein the microf-
luidic layer further comprises passages for transferring fluid
between source wells in different groups.

19. The microwell plate of claim 15, wherein the plurality
of'wells are formed in a layer that is separate from the microf-
luidic layer.



