
WO 2005/121864 PCT/US2005/020250 OPTICAL LENS SYSTEM AND METHOD FOR
MICROFLUIDIC  DEVICES  CROSS-REFERENCES TO RELATED APPLICATIONS 5
[0001] This application claims priority to U.S. Provisional No.
60/578,106, filed June 7,  2004, which is incorporated by reference
herein for all purposes. BACKGROUND OF THE INVENTION [0002] The
present invention relates generally to microfluidic techniques. In
particular, the  10 invention provides a method and system for
imaging one or more entities in a chamber of a  microfluidic device
(e.g., suspended in a volume of fluid). More particularly, the
present  method and system for imaging uses indications from a
fluorescence signal associated with  the one or more entities in the
microfluidic device. Merely by way of example, the  



techniques for microfluidic methods and systems are applied using
fluorescent, 15 chemiluminescent, and bioluminescent readers coupled to the
microfluidic device, but it  would be recognized that the invention has a
much broader range of applicability.  [0003] Concerted efforts to develop
and manufacture microfluidic systems to perform  various chemical and
biochemical analyses and syntheses have occurred. Such systems have  been
developed for preparative and analytical applications. A goal to make such
micro-sized 20 devices arises from significant benefits achieved from
miniaturization of conventional macro  scale analyses and syntheses, which
are often cumbersome and less efficient. A substantial  reduction in time,
lower costs, and more efficient space allocation are achieved as benefits
using these microfluidic systems. Additional benefits may include a
reduction in human  operator involvement with automated systems using these
microfluidic devices. Automated 25 systems also decrease operator errors and
other operator type limitations. Microfluidic  



devices have been proposed for use in a variety of applications, including,
for instance,  capillary electrophoresis, gas chromatography and cell
separations. [0004] Microfluidic devices adapted to conduct nucleic acid
amplification processes are  potentially useful in a wide variety of
applications. For example, such devices could be used  30 to determine the
presence or absence of a particular target nucleic acid in a sample, as an
analytical tool. Examples of utilizing microfluidic device as an analytical
tool include:  1 WO 2005/121864 PCT/ U 52005/020250   identification
processes (e.g., paternity and forensic applications);  detecting and
characterizing specific nucleic acids associated with particular diseases
or genetic disorders; 5  detecting gene expression profiles/sequences
associated with particular drug behavior  



(e.g. for pharmacogenetics, i.e. choosing drugs which are
compatible/especially  efficacious for/not hazardous with specific genetic
profiles); and  conducting genotyping analyses and gene expression analyses
(e.g., differential gene  expression studies). 10 [0005] Alternatively, the
devices can be used in a preparative fashion to amplify nucleic  acids,
producing an amplified product at sufficient levels needed for further
analysis.  Examples of these analysis processes include sequencing of the
amplified product, cell- typing, DNA fingerprinting, and the like. Amplified
products can also be used in various  genetic engineering applications.
These genetic engineering applications include (but are not 15 limited to)
the production of a desired protein product, accomplished by insertion of
the  amplified product into a vector that is then used to transform cells
into the desired protein  product. 



[00061 Despite these potential applications, imaging systems (also referred
to as readers)  adapted to collect and process imaging data, for example,
fluorescence data, from such 20 microfluidic devices have various
shortcomings. Some conventional readers operate in a  scanning mode, in
which a laser beam is raster scanned over the microfluidic device. In other
such systems, the device or both the laser and the device are translated.
These scanners  collect fluorescence data from the reaction chambers present
in the microfluidic device in a  sequential manner associated with the
raster scanning of the laser source/device. Other 25 conventional scanners
operate in a stitching mode, sequentially imaging small areas, for  example,
areas less than 1 mm2 in size, and stitching these small images together to
form an  image of the microfluidic device under test. [00071 Both scanning
and stitching systems have shortcomings. For example, both types of  systems
operate at a relatively low system frequency, which is proportional to the
area 



30 imaged as a function of time. Conventional systems operate at frequencies
on the order of 1- 20 cm2 per minute. For some interesting assays, such as
protein calorimetry and nucleic acid  2 WO 2005/121864 PCT/US2005/020250
required to image the fluorescent processes occurring in the reaction
vessels of the  microfluidic device. Conventional scanning and stitching
systems are not able to meet these  performance goals. In addition to
slowing system throughput, these scanning and stitching 5 system can limit
the potential for utilizing certain assays , e.g., performance of real-time
PCR. [0008] Therefore, there is a need in the art for improved methods and
systems for imaging  one or more entities suspended in a volume of fluid in
a chamber of a microfluidic device.  10 SUMMARY OF THE INVENTION 



[0009] According to the present invention, techniques for microfluidic
systems are  provided. In particular, the invention provides a method and
system for imaging one or more  entities suspended in a volume of fluid in a
chamber of a microfluidic device. More  particularly, the present method and
system for imaging uses indications from a fluorescence 15 signal associated
with the one or more entities in the microfluidic device. Merely by way of
example, the techniques for microfluidic methods and systems are applied
using fluorescent,  chemiluminescent, and bioluminescent readers coupled to
the microfluidic device, but it  would be recognized that the invention has
a much broader range of applicability. [0010] In a specific embodiment, the
present invention provides an apparatus for imaging  20 one or more selected
fluorescence indications from a microfluidic device. The apparatus  includes
an imaging path coupled to least one chamber in at least one microfluidic
device.  The imaging path provides for transmission of one or more
fluorescent emission signals  



derived from one or more samples in the at least one chamber of the at least
one microfluidic  device. The chamber has a chamber size, the chamber size
being characterized by an actual 25 spatial dimension normal to the imaging
path. The apparatus also includes an optical lens  system coupled to the
imaging path. The optical lens system is adapted to transmit the one or
more fluorescent signals associated with the chamber. [0011] In another
specific embodiment, a method of imaging one or more selected  fluorescence
indications from at least one chamber of a microfluidic device is provided.
The  30 method includes transmitting one or more fluorescent emission
signals derived from one or more samples in the at least one chamber of at
least one microfluidic device along an imaging  path coupled to the at least
one chamber. The at least one chamber has a chamber size, the 3 WO
2005/121864 PCT/US2005/020250  



The method also includes transmitting the one or more fluorescent emission
signals  associated with the chamber through an optical lens system coupled
to the imaging path. The  optical lens system is adapted to reduce a size of
the actual spatial dimension to a determined  5 level. [0012) In yet another
specific embodiment of the present invention, a system for imaging  one or
more indications from one or more chambers of a microfluidic device is
provided.  The system includes an optical path, the optical path being
capable of transmitting one or  more images of a portion of a spatial region
of a microfluidic device from the portion of the 10 spatial region of the
microfluidic device. In an embodiment, the portion of the spatial region  of
the microfluidic device is characterized by a first dimension. The system
also includes a  first lens system coupled to a first portion of the optical
path. The first lens system is  characterized by a first optical
characteristic. The system further includes a second lens  



system coupled to a second portion of the optical path. The second lens
system is 15 characterized by a second optical characteristic. The system
additionally includes a detector  device coupled to a third portion of the
optical path. The detector device is operable to  capture the one or more
images of the portion of the spatial region. Moreover, the detector is
adapted to capture the one or more images. The one or more images have a
determined size  at the detector device of about the first dimension or
less. 20 [0013] In an alternative embodiment, a method for imaging one or
more indications from  one or more chambers of a microfluidic device. The
method includes transmitting one or  more images of a portion of a spatial
region of a microfluidic device from the portion of the  spatial region of
the microfluidic device along an optical path. The portion of the spatial
region of the microfluidic device is characterized by a first dimension. The
method also 25 includes coupling a first lens system to a first portion of
the optical path. The first lens  



system is characterized by a first optical characteristic. The method
additionally includes  coupling a second lens system to a second portion of
the optical path. The second lens  system is characterized by a second
optical characteristic. Moreover, the method includes  capturing the one or
more images of the portion of the spatial region using a detector device. 30
The detector device is coupled to a third portion of the optical path and
the one or more  images have a determined size at the detector device of
about the first dimension or less.  4 WO 2005/121864 PCT/US2005/020250
provided the method includes capturing an image of a spatial region
associated with at least a  determined number of chambers of a microfluidic
device using an image detection spatial  region during a time frame of less
than one minute. In a specific embodiment, the capturing 5 of the image of
the spatial region is substantially free from a stitching and/or scanning  



process. 100151 In yet another alternative embodiment, an apparatus for
imaging one or more  selected fluorescence indications from a microfluidic
device is provided. The apparatus  includes an imaging path coupled to least
one chamber in at least one microfluidic device. 10 The imaging path
provides for transmission of one or more fluorescent emission signals
derived from one or more samples in the at least one chamber of the at least
one microfluidic  device. The apparatus also includes an optical filter
device coupled to a first spatial portion  of the imaging path provided for
transmission of the one or more emission signals. The  optical filter device
is adapted to transmit a selected spectral bandwidth from the one or more 15
fluorescent emission signals and is adapted to process one or more chromatic
aberrations  associated with the one or more fluorescent emission signals to
a determined level.  [00161 In a particular embodiment, a method of
analyzing processes in elastomeric  



microfluidic devices is provided. The method includes capturing an image of
at least 96  chambers in a time period of less than one minute. In an
embodiment, each of the chambers 20 in the at least 96 chambers is in
fluidic isolation from any of the other chambers in the at least  96
chambers. The method also includes processing the image. [00171 In another
particular embodiment, an apparatus for imaging an microfluidic device
comprising a plurality of processing sites is provided. The plurality of
processing sites  contain at least one sample selected from M samples and at
least one reagent selected from N 25 reagents. The apparatus includes an
illumination system coupled to the microfluidic device  and adapted to
illuminate the microfluidic device with electromagnetic radiation. The
apparatus also includes an imaging system coupled to the microfluidic device
and adapted to  receive electromagnetic radiation emitted from the plurality
of processing sites. The  apparatus additionally includes a detector coupled
to the imaging system. 



30 [00181 In yet another particular embodiment, an optical imaging system is
provided. The  optical imaging system includes a computer and an optical
illumination system adapted to  illuminate an elastomeric microfluidic array
device including at least 1,536 reaction chambers 5 WO 2005/121864
PCT/US2005/020250  formed from a plurality of layers. At least one layer of
the plurality of layers has at least one  recess formed therein. The recess
has at least one deflectable membrane integral to the layer  with the
recess. The optical imaging system also includes an optical detection
system. 5 [0019] In yet another alternative particular embodiment, a method
of imaging one or more  selected fluorescence indications from a plurality
of chambers in a microfluidic device is  provided. The method includes
transmitting one or more fluorescent emission signals along  an imaging
path, the one or more fluorescent emission signals derived from one or more



samples in at least one of the plurality of chambers in the microfluidic
device. The method 10 also includes selectively transmitting a subset of the
one or more fluorescent emission signals  along the imaging path utilizing
an optical filter device adapted to pass fluorescent emission  signals
within a predetermined spectral bandwidth and adapted to process one or more
chromatic aberrations associated with the one or more fluorescent emission
signals to a  determined level. 15 [0020] Ina specific embodiment, the
method further includes reading a portion of the  subset of the one or more
fluorescent emission signals at a detector, capturing the one or  more
fluorescent emission signals derived from the one or more samples in at
least one of the  plurality of chambers in the microfluidic device,
irradiating at least 96 chambers in the at  least one microfluidic device,
wherein each of the chambers in a group of more than 48 20 chambers is in
fluidic isolation from any of the other chambers in the group of more than
48  



chambers, and maintaining the at least one microfluidic device at a
predetermined  temperature at a determined time, wherein the predetermined
temperature at the  predetermined time is a portion of a multi-step
thermocycling profile. In another specific embodiment, processing the one or
more chromatic aberrations associated with the one or 25 more fluorescent
emission signals includes reducing the one or more chromatic aberrations to
a predetermined level. The predetermined level is characterized by a
predetermined shift in a  focal point associated with a first ray
characterized by a first color and a second ray  characterized by a second
color. In yet another specific embodiment, the optical filter device
includes a plurality of zero-power doublets and a plurality of spectral
filters. 30 [0021] In an embodiment according to the present invention, the
use of an optical imaging  system to collect information related to an
microfluidic device is provided. In a specific  embodiment, the use of the
imaging system includes a microfluidic device comprising greater 



6 WO 2005/121864 PCT/US2005/020250  microfluidic device that has an
elastorneric microfluidic device. In an alternative  embodiment, the use of
the imaging system includes a microfluidic device comprising greater  than
95 chambers. In another alternative embodiment, the use of the imaging
system includes 5 a microfluidic device comprising greater than 383
chambers. In yet another alternative  embodiment, the use of the imaging
system includes a microfluidic device comprising greater  than 511 chambers.
In an additional embodiment, the use of the imaging system includes a
microfluidic device comprising greater than or equal to 2,304 chambers. In
another additional embodiment, the use of the imaging system includes a
microfluidic device 10 comprising greater than or equal to 9,216 chambers.
In yet another additional embodiment,  the use of the imaging system
includes a microfluidic device comprising greater than or equal  



to 100,000 chambers. 100221 According to another embodiment of the present
invention, the use of an optical  imaging system to collect information
related to an microfluidic device is provided. The use  15 of the optical
system includes an elastomeric microfluidic device adapted to perform
protein crystallization processes in a particular embodiment. In another
embodiment, the use of  imaging system includes an elastomeric microfluidic
device that is adapted to perform  fluorescence processes. In yet another
embodiment, the use of the imaging system includes  an elastomeric
microfluidic device that is adapted to perform reactions at a selected 20
temperature or range of temperatures over time. In another specific
embodiment, the optical  imaging system is used to collect information
related to PCR reactions. In yet another  specific embodiment, the use of
the imaging system includes a microfluidic device  comprising closed
reaction chambers in microfluidic isolation. In other embodiments, the use  



of the imaging system includes a thermal controller that is coupled to the
microfluidic device. 25 100231 In an alternative embodiment, the use of an
optical imaging system to image a  microfluidic device is provided. In this
alternative embodiment, the optical imaging system  has a plurality of
doublets adapted to reduce a value of chromatic aberration to a
predetermined level. In an embodiment, the optical imaging system is
characterized by an  NA greater than 0.23. In another embodiment, the
optical imaging system has an NA greater 30 than or equal to 0.36. In yet
another embodiment, the optical imaging system has an NA  greater than 0.2.
In a specific embodiment, the optical imaging system comprises a first
spectral filter coupled to a first doublet and a second spectral filter
coupled to a second  doublet. Moreover, in an additional embodiment, the
first doublet reduces a value of 7 WO 2005/121864 PCT/US2005/020250  



predetermined level and the second doublet reduces a value of chromatic
aberration at a  second wavelength passed by the second spectral filter to a
second predetermined level. In  some embodiments, the first doublet and the
second doublet are zero-power doublets. In 5 other embodiments, the first
spectral filter, the first doublet, the second spectral filter, and the
second doublet are arranged as a filter wheel. [0024] In another embodiment
of the present invention, the use of a fluorescence imaging  system to
acquire a plurality of images, including one or more fluorescent emission
signals,  from an microfluidic device is provided. The use of the
fluorescence imaging system 10 includes a microfluidic device that has
greater than 63 reaction chambers in fluidic isolation  from other reaction
chambers. In an embodiment, the use of the fluorescence imaging system
includes a microfluidic device that has an elastomeric microfluidic device.
In another  embodiment, the use of the fluorescence imaging system includes
a plurality of reaction  



chambers that are characterized by a volume of less than 10 nl. In yet
another embodiment, 15 the use of the fluorescence imaging system includes
an elastomeric microfluidic device that is  characterized by an array
density greater than or equal to 100 reaction chambers per cm2. In  an
alternative embodiment, the fluorescence imaging system includes an optical
filter device,  the optical filter device being adapted to pass a selected
spectral bandwidth from the one or  more fluorescent emission signals and
being adapted to process one or more chromatic 20 aberrations associated
with the one or more fluorescent emission signals to a determined  level.
[0025] In an embodiment of the present invention, an optical system for
interrogating  samples in a microfluidic system is provided. In the optical
system provided by this  embodiment, the detector consists of an array (e.g.
a CCD) equal to or larger in dimensions 25 than the microfluidic system
which is imaged onto it. In another embodiment, the detector is  



optically coupled to the microfluidic device using at least one lens. In yet
another  embodiment, the detector is not in conformal contact with the
microfluidic device. In a  specific embodiment, the detector is in conformal
contact with the microfluidic device. In  another specific embodiment,
chromatic aberration correction systems as discussed 30 throughout the
specification are utilized in the optical train. [0026] In another
embodiment, an optical system for interrogating a microfluidic device is
provided. The optical system has a magnification M ? NAG/NAdet, where NA, is
the 8 WO 2005/121864 PCT/U52005/020250  losses due to reflection occurring
at the detector face pass a threshold value. In a specific  embodiment, the
detector is a CCD and NAdet = 0.36. In another embodiment, the detector is
a CCD and 0.23 5 NAdet 5 0-5 



5 [0027] In an additional embodiment, an optical system for interrogating
samples in a  microfluidic system is provided. The detector comprises an
array (e.g. a CCD) equal to M  times the dimensions of the area of the
microfluidic device containing reaction chambers. In  an embodiment, the
area of the microfluidic device includes the sample chambers to be
interrogated. In this embodiment, M = NAJ/NAdet +/- 10%, where NA, is the
maximum NA 10 acceptable as determined by depth-of-focus considerations
related to the acceptable crosstalk  between reaction chambers, their XY
spacing and size, and their extent along the Z axis, and  NAdet is such that
<_ 40% of incident light is lost at the detector surface due to reflections,
vignetting, and the like. In a specific embodiment, the NAdet is such that
<_ 30% of incident  light is lost at the detector surface due to
reflections, vignetting, and the like. In another 15 specific embodiment,
the NAdet is such that <_ 20% of incident light is lost at the detector
surface due to reflections, vignetting, and the like. In yet another
specific embodiment, the  



NAdet is such that <_ 10% of incident light is lost at the detector surface
due to reflections,  vignetting, and the like. In an alternative embodiment,
M is >_ 1. In another alternative  embodiment, M = 1. 20 [00281 Numerous
benefits are achieved using the present invention over conventional
techniques. Some embodiments provide optical imaging systems to generate and
detect  fluorescence from a microfluidic device. Additionally, embodiments
of the present invention  provide optical systems that reduce chromatic
aberration through the use of zero-power  achromatic doublets coupled to
spectral filters. 25 [00291 The capability of performing a number of
applications on a single platform are  provided by embodiments of the
present invention. For example genomics applications  including gene
expression and genotyping are performed using embodiments of the present
invention. Moreover, Digital Isolation and Detection (DID) applications are
made possible.  



As an example, applications related to cancer detection as well as single
cell macro molecule 30 detection and quantification are provided.
Furthermore, proteomics applications including  protein-ligand binding and
an immunoassay processes are provided through embodiments of  the present
invention. 9 WO 2005/121864 PCT/US2005/020250  benefits and/or advantages
may be achieved to overcome certain limitations associated with  other
techniques. The following has been determined based upon calculations:
[00311 Some scanning systems have a desired resolution of 10 um. In these
systems, there  5 are a total of 3000x3000 (= approximately 1067) "spots"
for which fluorescence is desirably  quantified. For example, to accomplish
this in 10 seconds, the residence time at each spot is  - 1 microsecond.
Accordingly, a linescan (3000 points) would be complete in 3 ms. To get  



equivalent signal-to-noise to that achieved using embodiments of the present
invention, the  light intensity should be _l06 times as bright in the spot
as would be achieved by an imaging 10 system according to the present
invention acquiring a signal over a period of 1 second. To  raster a spot
across 3 cm in 3 ms, 1000 times per second, is often mechanically
challenging.  In addition, collection of the emission signal with high
efficiency is desired. This generally  requires either a large field optic
or a high NA flying head (e.g., moving at >=10 m/s). In this  case, the data
collected at the lower right hand corner of a device will be 10 seconds
older 15 than the data collected in the upper left hand corner- of the
device, which is undesirable in  some applications. [0032J Some stitching
systems acquire multiple images and stitch them together to form a
composite image. In one system, in order to stitch together an image from
multiple 3 mm x 3  min images, 100 images are utilized. The total time used
to acquire these individual images 



20 would be 100 ms. Assuming that approximately half the time is spent
moving and half the  time is spent acquiring an image, the image time will
be -50 ms. This system would  generally require a light intensity -20 times
as intense as utilized in embodiments of the  present invention acquiring a
signal over a period of 1 second, and/or a higher-NA objective.  In
addition, these systems generally need a fast stage - capable of moving 3 mm
and coming 25 to a complete stop in 50 ins. Additionally, these systems
generally require careful calibration  of both motion and light intensity to
eliminate image artifacts from stitching. The data  collected at the lower
right hand comer of the device will be 10 seconds older than the data
collected in the upper left hand comer, which is undesirable in some
applications. [00331 Some embodiments of the present invention provide
imaging systems in which the  30 area of the microfluidic device is imaged
all at once. In an embodiment in which 10 seconds  per image is available,
several seconds of integration time are available. Synchronization  



problems are reduced or eliminated as data is collected from all the pixels
at the same time. 10 WO 2005/121864 PCTIUS2005/020250  device (-31 mm x 31mm
area) at once and utilize lens systems with high NAs and a large  field of
view. As described throughout the present specification, embodiments of the
present  invention provide methods and systems that are less complex and
more powerful than 5 conventional systems. Depending upon the embodiment,
one or more of these limitations  may be overcome by the present methods and
systems according to embodiments of the  present invention. Further details
of the present invention may be found throughout the  present specification
and more particularly below. Depending upon the embodiment, one or  more of
these benefits may exist. These and other benefits have been described
throughout 10 the present specification and more particularly below. 



[0034] Various additional objects, features and advantages of the present
invention can be  more fully appreciated with reference to the detailed
description and accompanying drawings  that follow. 15 BRIEF DESCRIPTION OF
THE DRAWINGS [0035] Figure IA is a simplified schematic diagram illustrating
an optical imaging system  according to an embodiment of the present
invention; [00361 Figure I B depicts an overview of an exemplary imaging
system according to an  alternative embodiment of the present invention; 20
[0037] Figure 1C is a simplified schematic diagram illustrating a thermal
control device  according to a embodiment of the present invention; [0038]
Figures 2A-2C are simplified schematic diagrams illustrating a lens assembly
according to an embodiment of the present invention; 



[0039] Figure 3 is a photograph of fluorescent emission centered at a first
wavelength 25 produced by a reaction occurring in a number of reaction
chambers present in a microfluidic  device according to an embodiment of the
present invention; [00401 Figure 4 is a photograph of fluorescent emission
centered at a second wavelength  produced by a reaction occurring in a
number of reaction chambers present in a microfluidic  device according to
an embodiment of the present invention; 11 WO 2005/121864 PCT/US2005/020250
embodiment of the present invention; [0042] Figure 8 is an illumination
diagram illustrating relative uniformity as a function of  position produced
using an embodiment of the present invention; 5 [0043] Figures 9-11 are
ensquared energy diagrams for several embodiments according to  



the present invention; [0044] Figure 12 is a diagram illustrating field
curvature and distortion for an optical  system provided according to an
embodiment of the present invention; [0045] Figure 13 is a diagram
illustrating double wavelength versus focus produced by  10 systems
according to an embodiment of the present invention; [0046] Figures 14-16
are spot diagrams for selected wavelengths produced using an  embodiment of
the present invention; [0047] Figures 17-19 are spot diagrams for selected
wavelengths produced using an  embodiment of the present invention; 15
[0048] Figures 20-22 are spot diagrams for selected wavelengths produced
using an  embodiment of the present invention; [0049] Figures 20-22 are spot
diagrams for selected wavelengths produced using an  



embodiment of the present invention; and [0050] Figures 26-28 are ensquared
energy diagrams for several embodiments according to  20 the present
invention. DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS  [0051] According to
the present invention, techniques for microfluidic systems are  provided. In
particular, the invention provides a method and system for imaging one or
more 25 entities suspended in a volume of fluid in a chamber of a
microfluidic device. More  particularly, the present method and system for
imaging uses indications from a fluorescence  signal associated with the one
or more entities in the microfluidic device. Merely by way of  example, the
techniques for microfluidic methods and systems are applied using
fluorescent,  chemiluminescent, and bioluminescent readers coupled to the
microfluidic device, but it 30 would be recognized that the invention has a
much broader range of applicability.  



12 WO 2005/121864 PCT/US2005/020250  chambers in a microfluidic device. In
general, these "reaction chambers" include processing  sites, processing
chambers, and/or reaction sites, any combination of these, and the like.
These chambers may be closed, partially closed, open, partially open,
sealed, or combinations 5 thereof, including any temporary or transient
conditions involving any of these states, and the  like. In some
embodiments, the chambers are sealed, capable of being sealed, closeable,
isolated, capable of being isolated, and combinations thereof, and any
combination or single  condition of any temporary or transient conditions
involving any of these states, and the like.  Therefore, use of the tern
reaction chamber is not intended to limit the present invention, but 10 to
include these other structures. Additionally, the term chamber is not
intended to limit the  present invention, but should be used in its ordinary
meaning, unless specific features  



associated with the chamber have been recited. Of course, there can be other
variations,  modifications, and alternatives. [0053] Moreover, through the
present application, references are made to fluorescent 15 indications from
a microfluidic device. Included within the scope of the present invention
are  not only fluorescent indications, but luminescent indications,
including chemiluminescent,  electroluminescent, electrochemiluminescent,
and phospholuminescent, bioluminescent, and  other luminescent processes, or
any other processing involving any other type of indications  that may be
detected using a detection device. As will be evident to one of skill in the
art, 20 methods and systems operable in the detection and analysis of these
fluorescent and  luminescent indications are transferable from one
indication to another. Additionally,  although some embodiments of the
present invention utilize spectral filters as optical  elements, this is not
required by the present invention. Some fluorescent and luminescent  



applications do not utilize spectral filters in the optical excitation path,
the optical emission 25 path, or both. As described herein, other
embodiments utilize spectral filters. One of skill in  the art will
appreciate the differences associated with particular applications. [0054]
In some embodiments, a variety of devices and methods for conducting
microfluidic  analyses are utilized herein, including devices that can be
utilized to conduct thermal cycling  reactions such as nucleic acid
amplification reactions. The devices differ from conventional 30
microfluidic devices in that they include elastomeric components; in some
instances, much or  all of the device is composed of elastomeric material.
For example, amplification reactions  can be linear amplifications,
(amplifications with a single primer), as well as exponential
amplifications (i.e., amplifications conducted with a forward and reverse
primer set). 13 WO 2005/121864 PCT/US2005/020250  



utilize blind channel type devices in performing nucleic acid amplification
reactions. In these  devices, the reagents that are typically deposited
within the reaction sites are those reagents  necessary to perform the
desired type of amplification reaction. Usually this means that some 5 or
all of the following are deposited: primers, polymerase, nucleotides, metal
ions, buffer, and  cofactors, for example. The sample introduced into the
reaction site in such cases is the  nucleic acid template. Alternatively,
however, the template can be deposited and the  amplification reagents
flowed into the reaction sites. As discussed in more detail throughout  the
present specification, when a matrix device is utilized to conduct an
amplification 10 reaction, samples containing nucleic acid template are
flowed through the vertical flow  channels and the amplification reagents
through the horizontal flow channels or vice versa.  [0056] PCR is perhaps
the best known amplification technique. The devices utilized in  embodiments
of the present invention are not limited to conducting PCR amplifications.  



Other types of amplification reactions that can be conducted include, but
are not limited to, 15 (i) ligase chain reaction (LCR) (see Wu and Wallace,
Genonaics 4:560 (1989) and Landegren  et al., Science 241:1077 (1988)); (ii)
transcription amplification (see Kwoh et at, Proc. Natl.  Acad. Sci. USA
86:1173 (1989)); (iii) self-sustained sequence replication (see Guatelli et
at,  Proc. Nat. Acad. Sci. USA, 87:1874 (1990)); and (iv) nucleic acid based
sequence amplification (NASBA) (see, Sooknanan, R. and Malek, L.,
BioTechnolog)y 13: 563-65  20 (1995)). Each of the foregoing references are
incorporated herein by reference in their  entirety for all purposes. [0057]
Moreover, certain devices are designed to conduct thermal cycling reactions
(e.g.,  PCR) with devices that include one or more elastomeric valves to
regulate solution flow  through the device. Thus, methods for conducting
amplification reactions with devices of  25 this design are also provided. 



[0058] Amplification products (amplicons) can be detected and distinguished
(whether  isolated in a reaction chamber or at any subsequent time) using
routine methods for detecting  nucleic acids. Amplicons comprising
double-stranded DNA can be detected using  intercalation dyes such as
SYBRTM, Pico Green (Molecular Probes, Inc., Eugene, OR), 30 ethidium bromide
and the like (see Zhu et al., 1994, Anal. Chem. 66:1941-48) and/or gel
electrophoresis. More often, sequence-specific detection methods are used
(i.e., amplicons  are detected based on their nucleotide sequence). Examples
of detection methods include  14 WO 2005/121864 PCT/US2005/020250  labeled
molecular beacons or other "fluorescence resonance energy transfer" (FRET)
-based  detection systems. FRET - based detection is a preferred method for
detection according to  some embodiments of the present invention, In FRET-
based assays a change in fluorescence 



5 from a donor (reporter) and/or acceptor (quencher) fluorophore in a
donor/acceptor  fluorophore pair is detected. The donor and acceptor
fluorophore pair are selected such that  the emission spectrum of the donor
overlaps the excitation spectrum of the acceptor. Thus,  when the pair of
fluorophores are brought within sufficiently close proximity to one another,
energy transfer from the donor to the acceptor can occur and can be
detected. A variety of 10 assays are known including, for example and not
limitation, template extension reactions,  quantitative RT-PCR, Molecular
Beacons, and Invader assays, these are described briefly  below. ]0059] FRET
and template extension reactions utilize a primer labeled with one member of
a donor/acceptor pair and a nucleotide labeled with the other member of the
donor/acceptor  15 pair. Prior to incorporation of the labeled nucleotide
into the primer during an template dependent extension reaction, the donor
and acceptor are spaced far enough apart that energy  



transfer cannot occur. However, if the labeled nucleotide is incorporated
into the primer and  the spacing is sufficiently close, then energy transfer
occurs and can be detected. These  methods are particularly useful in
conducting single base pair extension reactions in the 20 detection of
single nucleotide polymorphisms and are described in U.S. Patent No.
5,945,283  and PCT Publication WO 97/22719. The reactions can optionally be
thermocycled to  increase signal using the temperature control methods and
apparatus described throughout the  present specification. [0060] A variety
of so-called "real time amplification" methods or "real time quantitative
25 PCR" methods can also be used to determine the quantity of a target
nucleic acid present in a  sample by measuring the amount of amplification
product formed during or after the  amplification process itself.
Fluorogenic nuclease assays are one specific example of a real  time
quantitation method which can be used successfully with the devices
described herein.  



This method of monitoring the formation of amplification product involves
the continuous 30 measurement of PCR product accumulation using a
dual-labeled fluorogenic oligonucleotide  probe -- an approach frequently
referred to in the literature as the "TaqMan" method. See,  for example,
U.S. Pat. No. 5,723,591. 15 WO 2005/121864 PCT/U52005/020250  complementary
region of the amplified product results in the formation of a detectable
signal.  The probe itself includes two sections: one section at the 5' end
and the other section at the 3'  end. These sections flank the section of
the probe that anneals to the probe binding site and 5 are complementary to
one another. One end section is typically attached to a reporter dye  and
the other end section is usually attached to a quencher dye. In solution,
the two end  sections can hybridize with each other to form a hairpin loop.
In this conformation, the  



reporter and quencher dye are in sufficiently close proximity that
fluorescence from the  reporter dye is effectively quenched by the quencher
dye. Hybridized probe, in contrast, 10 results in a linearized conformation
in which the extent of quenching is decreased. Thus, by  monitoring emission
changes for the two dyes, it is possible to indirectly monitor the
formation of amplification product. Probes of this type and methods of their
use are  described further, for example, by Piatek et al., 1998, Nat.
Biotechnol. 16:359-63; Tyagi, and Kramer, 1996, Nat. Biotechnology
14:303-308; and Tyagi, et al., 1998, Nat. Biotechnol.  15 16:49-53 (1998).
[00621 The Scorpion detection method is described, for example, by Thelwell
et al. 2000,  Nucleic Acids Research, 28:3752-3761 and Solinas et al., 2001,
"Duplex Scorpion primers in  SNP analysis and FRET applications" Nucleic
Acids Research 29:20. Scorpion primers are  fluorogenic PCR primers with a
probe element attached at the 5'-end via a PCR stopper. 



20 They are used in real-time amplicon-specific detection of PCR products in
homogeneous  solution. Two different formats are possible, the `stem-loop'
format and the `duplex' format.  In both cases the probing mechanism is
intramolecular. The basic elements of Scorpions in  all formats are: (i) a
PCR primer; (ii) a PCR stopper to prevent PCR read-through of the  probe
element; (iii) a specific probe sequence; and (iv) a fluorescence detection
system 25 containing at least one fluorophore and quencher. After PCR
extension of the Scorpion  primer, the resultant amplicon contains a
sequence that is complementary to the probe, which  is rendered
single-stranded during the denaturation stage of each PCR cycle. On cooling,
the  probe is free to bind to this complementary sequence, producing an
increase in fluorescence,  as the quencher is no longer in the vicinity of
the fluorophore. The PCR stopper prevents 30 undesirable read-through of the
probe by Taq DNA polymerase. [00631 Invader assays (Third Wave Technologies,
Madison, WI) are used particularly for  



SNP genotyping and utilize an oligonucleotide, designated the signal probe,
that is  complementary to the target nucleic acid (DNA or RNA) or
polymorphism site. A second 16 WO 2005/121864 PCT/U82005/020250 the 3'
nucleotide sequence contains a nucleotide polymorphism. The Invader Oligo
interferes  with the binding of the signal probe to the target nucleic acid
such that the 5' end of the signal  probe forms a "flap" at the nucleotide
containing the polymorphism. This complex is 5 recognized by a structure
specific endonuclease, called the Cleavase enzyme. Cleavase  cleaves the 5'
flap of the nucleotides. The released flap binds with a third probe bearing
FRET labels, thereby forming another duplex structure recognized by the
Cleavase enzyme.  This time the Cleavase enzyme cleaves a fluorophore away
from a quencher and produces a  fluorescent signal. For SNP genotyping, the
signal probe will be designed to hybridize with 



10 either the reference (wild type) allele or the variant (mutant) allele.
Unlike PCR, there is a  linear amplification of signal with no amplification
of the nucleic acid. Further details  sufficient to guide one of ordinary
skill in the art are provided by, for example, Neri, B.P., et  al., Advances
in Nucleic Acid and Protein Analysis 3826:117-125, 2000) and U.S. Patent No.
6,706,471. 15 [0064] A variety of multiplex amplification systems can be
used in conjunction with the  present invention. In one type, several
different targets can be detected simultaneously by  using multiple
differently labeled probes each of which is designed to hybridize only to a
particular target. Since each probe has a different label, binding to each
target to be detected  based on the fluorescence signals. By judicious
choice of the different labels that are utilized, 20 analyses can be
conducted in which the different labels are excited and/or detected at
different wavelengths in a single reaction. See, e.g., Fluorescence
Spectroscopy (Pesce et al.,  



Eds.) Marcel Dekker, New York, (1971); White et al., Fluorescence Analysis:
A Practical  Approach, Marcel Dekker, New York, (1970); Berlman, Handbook of
Fluorescence Spectra  of Aromatic Molecules, 2nd ed., Academic Press, New
York, (1971); Griffiths, Colour and 25 Constitution of Organic Molecules,
Academic Press, New York, (1976); Indicators (Bishop,  Ed.). Pergamon Press,
Oxford, 19723; and Haugland, Handbook of Fluorescent Probes and  Research
Chemicals, Molecular Probes, Eugene (1992). [0065] Many diseases linked to
genome modifications, either of the host organism or of  infectious
organisms, are the consequence of a change in a small number of nucleotides,
30 frequently involving a change in a single nucleotide. Such single
nucleotide changes are referred to as single nucleotide polymorphisms or
simply SNPs, and the site at which the SNP  occurs is typically referred to
as a polymorphic site. The devices described herein can be  utilized to
determine the identify of a nucleotide present at such polymorphic sites. As
an 



17 WO 20051121864 PCT1US20051020250  involves the determination of whether a
diploid organism (i.e., an organism with two copies  of each gene) contains
two copies of a reference allele (a reference-type homozygote), one  copy
each of the reference and a variant allele (i.e., a heterozygote), or
contains two copies of 5 the variant allele (i.e., a variant-type
homozygote). When conducting a genotyping analysis,  the methods of the
invention can be utilized to interrogate a single variant site. However, as
described further below in the section on multiplexing, the methods can also
be used to  determine the genotype of an individual in many different DNA
loci, either on the same gene,  different genes or combinations thereof. 10
[00661 Devices to be utilized for conducting genotyping analyses are
designed to utilize  reaction sites of appropriate size to ensure from a
statistical standpoint that a copy of each of  



the two alleles for a diploid subject are present in the reaction site at a
workable DNA  concentrations. Otherwise, an analysis could yield results
suggesting that a heterozygote is a  homozygote simply because a copy of the
second allele is not present at the reaction site. 15 Table I below
indicates the number of copies of the genome present in a 1 nl reaction
volume  at various exemplary DNA concentrations that can be utilized with
the devices described  herein. Table 1: Number of genome copies present in a
1 nanoliter volume at the indicated DNA  concentration. 20 Volume
(nanoliter) DNA ( L) N  0.33 100  0.10 32 



1 0.05 16  0.01 3  1 0.003 1  [0067] As a general matter, due to stochastic
proportioning of the sample, the copy number present before an amplification
reaction is commenced determines the likely error in the  measurement.
Genotyping analyses using certain devices are typically conducted with
samples having a DNA concentration of approximately 0.10 g4tL, although the
current 25 inventors have run successful TagMan reactions at concentrations
in which there is a single  genome per reaction site. 100681 Genotyping
analyses can be conducted using a variety of different approaches. In  these
methods, it is generally sufficient to obtain a "yes" or "no" result, it,
detection need  only be able to answer the question whether a given allele
is present. Thus, analyses can be  



18 WO 2005/121864 PCT/US2005/020250  potentially at a polymorphic site.
However, more typically, primers and nucleotides to detect  the presence of
each allele potentially at the polymorphic site are included. [0069] Single
Base Pair Extension (SBPE) reactions are one technique specifically 5
developed for conducting genotyping analyses. Although a number of SPBE
assays have  been developed, the general approach is quite similar.
Typically, these assays involve  hybridizing a primer that is complementary
to a target nucleic acid such that the 3' end of the  primer is immediately
5' of the variant site or is adjacent thereto. Extension is conducted in
the presence of one or more labeled non-extendible nucleotides that are
complementary to the 10 nucleotide(s) that occupy the variant site and a
polymerase. The non-extendible nucleotide is  a nucleotide analog that
prevents further extension by the polymerase once incorporated into  



the primer. If the added non-extendible nucleotide(s) is(are) complementary
to the nucleotide  at the variant site, then a labeled non-extendible
nucleotide is incorporated onto the 3' end of  the primer to generate a
labeled extension product. Hence, extended primers provide an 15 indication
of which nucleotide is present at the variant site of a target nucleic acid.
Such  methods and related methods are discussed, for example, in U.S. Patent
Nos. 5,846,710;  6,004,744; 5,888,819; 5,856,092; and 5,710,028; and in WO
92/16657. [0070] Genotyping analyses can also be conducted using
quantitative PCR methods. In this  case, differentially labeled probes
complementary to each of the allelic forms are included as  20 reagents,
together with primers, nucleotides and polymerase. However, reactions can be
conducted with only a single probe, although this can create ambiguity as to
whether lack of  signal is due to absence of a particular allele or simply a
failed reaction. For the typical  biallelic case in which two alleles are
possible for a polymorphic site, two differentially  



labeled probes, each perfectly complementary to one of the alleles are
usually included in the 25 reagent mixture, together with amplification
primers, nucleotides and polymerase. Sample  containing the target DNA is
introduced into the reaction site. If the allele to which a probe  is
complementary is present in the target DNA, then amplification occurs,
thereby resulting in  a detectable signal as described in the detection
above. Based upon which of the differential  signal is obtained, the
identity of the nucleotide at the polymorphic site can be determined. If 30
both signals are detected, then both alleles are present. Thermocycling
during the reaction is  performed as described in the temperature control
section supra. 19 WO 2005/121864 PCT/1JS2005/020250  is expressed in a
particular cell. The determination can be qualitative, but generally is
quantitative. In a differential gene expression analysis, the levels of the
gene(s) in one cell  



(e.g., a test cell) are compared to the expression levels of the same genes
in another cell 5 (control cell). A wide variety of such comparisons can be
made. Examples include, but are  not limited to, a comparison between
healthy and diseased cells, between cells from an  individual treated with
one drug and cells from another untreated individual, between cells  exposed
to a particular toxicant and cells not exposed, and so on. Genes whose
expression  levels vary between the test and control cells can serve as
markers and/or targets for therapy. 10 For example, if a certain group of
genes is found to be up-regulated in diseased cells rather  than healthy
cells, such genes can serve as markers of the disease and can potentially be
utilized as the basis for diagnostic tests. These genes could also be
targets. A strategy for  treating the disease might include procedures that
result in a reduction of expression of the  up-regulated genes. 15 [0072]
The design of the microfluidic devices utilized in embodiments of the
present  



invention is helpful in facilitating a variety of gene expression analyses.
Because the devices  contain a large number of reaction sites, a large
number of genes and/or samples can be tested  at the same time. Using the
blind flow channel devices, for instance, the expression levels of  hundreds
or thousands of genes can be determined at the same time. The devices also
20 facilitate differential gene expression analyses. With the matrix design,
for example, a  sample obtained from a healthy cell can be tested in one
flow channel, with a sample from a  diseased cell run in an immediately
adjacent channel. This feature enhances the ease of  detection and the
accuracy of the results because the two samples are run on the same device
at the same time and under the same conditions. 25 [0073] A variety of
matrix or array-based devices are also utilized according to embodiments  of
the present invention. Certain of these devices include: (i) a first
plurality of flow  channels formed in an elastomeric substrate, (ii) a
second plurality of flow channels formed  



in the elastomeric substrate that intersect the first plurality of flow
channels to define an array  of reaction sites, (iii) a plurality of
isolation valves disposed within the first and second 30 plurality of flow
channels that can be actuated to isolate solution within each of the
reaction  sites from solution at other reaction sites, and (iv) a plurality
of guard channels overlaying  one or more of the flow channels and/or one or
more of the reaction sites to prevent 20 WO 2005/121864 PCT/US2005/020250
number of different types of reactions, including those involving
temperature regulation (e.g.,  thermocycling of nucleic acid analyses).
[00741 Some of the microfluidic devices utilize a design typically referred
to herein as  5 "blind channel" or "blind fill" and are characterized in
part by having a plurality of blind  channels, which are flow channels
having a dead end or isolated end such that solution can  



only enter and exit the blind channel at one end (i.e., there is not a
separate inlet and outlet for  the blind channel). These devices require
only a single valve for each blind channel to isolate  a region of the blind
channel to form an isolated reaction site. During manufacture of this 10
type of device, one or more reagents for conducting an analysis are
deposited at the reaction  sites, thereby resulting in a significant
reduction in the number of input and outputs.  Additionally, the blind
channels are connected to an interconnected network of channels such  that
all the reaction sites can be filled from a single, or limited number, of
sample inputs.  Because of the reduction in complexity in inputs and outputs
and the use of only a single 15 valve to isolate each reaction site, the
space available for reaction sites is increased. Thus,  the features of
these devices means that each device can include a large number of reaction
sites (e.g., up to tens of thousands) and can achieve high reaction site
densities (e.g., over  1,000 -4,000 reaction sites/cm2). Individually and
collectively, these features also directly  



translate into a significant reduction in the size of these devices compared
to traditional 20 microfluidic devices. [0075] Other microfluidic devices
that are disclosed herein utilize a matrix design. In  general, microfluidic
devices of this type utilize a plurality of intersecting horizontal and
vertical flow channels to define an array of reaction sites at the points of
intersection. Thus,  devices of this design also have an array or reaction
sites; however, there is a larger number 25 of sample inputs and
corresponding outputs to accommodate the larger number of samples  with this
design. A valve system referred to as a switchable flow array architecture
enables  solution be flowed selectively through just the horizontal or flow
channels, thus allowing for  switchable isolation of various flow channels
in the matrix. Hence, whereas the blind  channel devices are designed to
conduct a large number of analyses under different 30 conditions with a
limited number of samples, the matrix devices are constructed to analyze a  



large number of samples under a limited number of conditions. Still other
devices are  hybrids of these two general design types. 21 WO 2005/121864
PCT/US2005/020250  described in PCT publication WO 2004/089810, U.S. patent
application number No. 10/  819088 published as US 20050019792, copending
commonly assigned patent application No. entitled "Analysis using
microfluidic partitioning devices" filed June 2, 2006 5 (attorney docket
number 020174-012400), each of which is incorporated by reference in its
entirety for all purposes. Using massively partitioning devices, a sample
can be partitioned  into a multitude of isolated reaction chambers, and
reactions carried out simultaneously in  each chamber. [0077] The
microfluidic devices that are described herein are further characterized in
part  



10 by utilizing various components such as flow channels, control channels,
valves and/or  pumps fabricated from elastomeric materials. In some
instances, essentially the entire device  is made of elastomeric materials.
Consequently, such devices differ significantly in form and  function from
the majority of conventional microfluidic devices that are formed from
plastics  or silicon-based materials. The number of reaction chambers
provided varies according to 15 embodiments of the present invention. [0078]
The design of the devices enables them to be utilized in combination with a
number  of different heating systems. Thus, the devices are useful in
conducting diverse analyses that  require temperature control. Additionally,
those microfluidic devices adapted for use in  heating applications can
incorporate a further design feature to minimize evaporation of 20 sample
from the reaction sites. Devices of this type in general include a number of
guard  channels and/or reservoirs or chambers formed within the elastomeric
device through which  



water can be flowed to increase the water vapor pressure within the
elastomeric material from  which the device is formed, thereby reducing
evaporation of sample material from the  reaction sites. 25 [0079] In
another embodiment, a temperature cycling device may be used to control the
temperature of the microfluidic devices. Preferably, the microfluidic device
would be  adapted to make thermal contact with the microfluidic device.
Where the microfluidic device  is supported by a substrate material, such as
a glass slide or the bottom of a carrier plate, such  as a plastic carrier,
a window may be formed in a region of the carrier or slide such that the 30
microfluidic device, preferably a device having an elastomeric block, may
directly contact the  heating/cooling block of the temperature cycling
device. In a preferred embodiment, the  heating/cooling block has grooves
therein in communication with a vacuum source for 22 












