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arrays can be used for reagent storage and transfer, library
display, reagent synthesis, assembly of multiple identical
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APPARATUS AND METHODS FOR
PARALLEL PROCESSING OF
MICRO-VOLUME LIQUID REACTIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/582,652 filed Oct. 20, 2009, which is
a divisional under 35 U.S.C. §120 of U.S. patent application
Ser.No. 11/054,184, filed Feb. 9, 2005, and issued as U.S. Pat.
No. 7,604,983 on Oct. 20, 2009, which is a continuation of
U.S. patent application Ser. No. 09/935,455, filed Aug. 22,
2001, now abandoned, which is a continuation-in-part of U.S.
patent application Ser. No. 09/789,899, filed Feb. 20, 2001,
now abandoned, which claims the benefit of U.S. Provisional
Application Ser. No. 60/229,357, filed Feb. 18, 2000. Each of
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This invention is related to devices and processes for
carrying out multiple simultaneous micro-reactions in liquid
samples.

BACKGROUND

[0003] Reactions that are conducted in solution such as, for
example, chemical, biological, biochemical and molecular
biological reactions, are frequently carried out within a cham-
ber or other container. Such chambers, or reaction vessels, are
commonly made of glass or plastic and include, for example,
test tubes, microcentrifuge tubes, capillary tubes and micro-
titer plates. Reaction chambers currently in use are not ame-
nable for use with volumes below one microliter, due to
problems such as large head volumes in the reaction chamber
leading to evaporative losses of the reaction solution, and
difficulty in adding and removing reaction mixtures from the
reaction chamber.

[0004] Many types of biochemical reactions, for example,
nucleic acid amplification, require temperature cycling.
Many reaction chamber materials are poor thermal conduc-
tors, thus there are time lags associated with changing the
temperature of the reaction vessel and equilibration of a tem-
perature change throughout the sample volume. Such lags in
temperature change and temperature equilibration lead to
longer cycle times, non-uniform reaction conditions within a
single reaction, and lack of reproducibility among multiple
reactions, both simultaneous and sequential.

[0005] It is often necessary to carry out a series of experi-
ments on a set of identical samples. Usually this set of
samples must be serially duplicated, either manually or by
means of robotic liquid delivery systems. These processes can
be slow, as they depend on the total number of samples to be
duplicated and, if applicable, the speed of the robot.

[0006] Efforts to address the aforementioned problems
have included the use of robotics and the use of capillary
thermal cyclers, e.g., the Light Cycler® (Idaho Technolo-
gies). See Wittwer et al. (1997a) BioTechniques 22:130-138,
and Wittwer et al. (1997b) BioTechniques 22:176-181. How-
ever, such methods and apparatuses still require sample vol-
umes of several microliters, involve difficult liquid handling
procedures such as loading and emptying capillaries, and can
involve detection problems associated with capillary geom-
etry and spacing.
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[0007] Microarrays comprising an ordered array of biologi-
cal molecules (e.g., peptides, oligonucleotides) on a solid
surface are known. See, for example, U.S. Pat. Nos. 5,445,
934; 5,510,270, 5,605,662, 5,632,957, 5,744,101, 5,807,522;
5,929,208 and PCT publication WO 99/19510. While these
are useful for analyzing multiple molecules under identical,
conditions (e.g., hybridizing a plurality of different oligo-
nucleotide sequences with a single probe or probe mixture),
such a “chip” cannot be used for analysis of multiple samples
under multiple experimental conditions. Furthermore, such
arrays are limited to analysis of molecules which can either be
synthesized on the array substrate or covalently attached to
the substrate in an ordered array. In addition, molecules teth-
ered to an array react with slower kinetics than do molecules
in solution, and are sterically hindered in their interactions
resulting in altered reaction kinetics. Additionally, for arrays
of proteins and peptides, surface interactions affect the natu-
ral conformation of proteins under investigation (MacBeath
and Schreiber, Science, vol 289, pp. 1760-1763).

[0008] WO 99/34920 discloses a system and method for
analyzing a plurality of liquid samples, the system compris-
ing a platen having two substantially parallel planar surfaces
and a plurality of through-holes dimensioned so as to main-
tain a liquid sample in each through-hole by means of surface
tension. WO 00/56456 discloses a method for holding
samples for analysis and an apparatus thereof includes a
testing plate with a pair of opposing surfaces and a plurality of
holes. WO 99/47922 discloses vascularized perfused micro-
tissue/micro-organ arrays. U.S. Pat. No. 5,290,705 discloses
a specimen support for optical observation or analysis, the
support comprising a disc-like member composed of a rigid
material and having at least one unobstructed hole extending
therethrough.

[0009] Polynucleotides may be sheared through transfer
methods such as pipetting. One method for reducing poly-
nucleotide shear is to use pipet tips with the tip ends cut off for
polynucleotide transfer. Other methods for reducing poly-
nucleotide shear have been described in U.S. Pat. Nos. 6,147,
198; 4,861,448; 5,599,664, 5,888,723; and 5,840,862.
[0010] Thereis a continued need for apparatuses and meth-
ods suitable for microvolume liquid reactions. There is also a
need for improved methods of transferring polynucleotides.
[0011] All references cited herein are hereby incorporated
by reference in their entirety.

SUMMARY

[0012] Disclosed herein are apparatuses for containing
multiple micro-volume samples and conducting multiple
simultaneous micro-volume chemical and biochemical reac-
tions in an array format, methods utilizing the apparatuses,
and kits containing the apparatuses.

[0013] The embodiments of the invention include, but are
not limited to, the following.

[0014] An apparatus for containing multiple micro-volume
liquid samples comprising a substrate, wherein the substrate
defines a plurality of sample chambers, wherein each sample
chamber: (a) extends through the substrate, (b) comprises one
or more walls and an opening at each end, and (c) holds a
sample such that the sample is in the form of a thin film such
that a liquid sample present in one sample chamber does not
intermix with a liquid sample present in another sample
chamber; and wherein the sample chamber has a height to
width ratio of less than 1:1, wherein the height of the sample
chamber is measured from one face of the substrate to the
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other. The apparatus may comprise at least one component of
a reaction to be carried out in the apparatus. In one embodi-
ment the component is a reagent used in a nucleotide sequenc-
ing reaction. In another embodiment the component is one
used in a hybridization reaction. In another embodiment, the
apparatus is substantially free from contaminating amplifi-
able polynucleotides.

[0015] In another aspect of the invention, an apparatus for
containing multiple micro-volume liquid samples compris-
ing a substrate is provided, wherein the substrate defines a
plurality of sample chambers, wherein each sample chamber:
(a) extends through the substrate, (b) comprises one or more
walls and an opening at each end, and (c¢) holds a sample such
that the sample is retained in the apparatus through surface
tension and such that a liquid sample present in one sample
chamber does not intermix with a liquid sample present in
another sample chamber; wherein the apparatus is substan-
tially free of contaminating amplifiable polynucleotides; and
wherein the apparatus comprises at least one reagent used in
a polynucleotide amplification reaction to be carried out in
the apparatus. In one embodiment, the apparatus comprises at
least two reagents used in a polynucleotide amplification
reaction to be carried out in the apparatus. In a preferred
embodiment, the sample chamber has a height to width ratio
of about 1:1, wherein the height of the sample chamber is
measured from one face of the substrate to the other. The
polynucleotide amplification reaction may be, for example, a
polymerase chain reaction, a ligase chain reaction, or a rolling
circle amplification reaction.

[0016] For apparatuses disclosed herein, the reaction com-
ponent(s) may optionally be affixed to the solid substrate. In
some embodiments the reaction component is affixed to the
solid substrate by drying.

[0017] In apreferred embodiment, the substrate comprises
hydrophobic regions; the hydrophobic regions are located on
the substrate such that a liquid sample present in one sample
chamber does not intermix with a liquid sample present in
another sample chamber.

[0018] Inanembodiment ofthe apparatus, the hydrophobic
regions are located on the upper and lower faces of the sub-
strate such that the openings of at least one sample chamber
from at least one adjacent sample chamber by a hydrophobic
region. The hydrophobic regions may also be located on the
walls of the sample chambers. In some embodiments the
hydrophobic region forms an annular ring along the wall of
the sample chamber. In some embodiments the apparatus
comprises two or more hydrophobic regions, each forming an
annular ring along the wall of the sample chamber, and the
hydrophobic regions define one or more annular non-hydro-
phobics rings therebetween.

[0019] In another embodiment of the apparatus the sub-
strate can comprise an upper face and a lower face. A further
refinement of this embodiment is wherein the through axes of
the sample chambers are perpendicular to both faces of the
substrate. The sample chamber may also have the shape of,
for example, a right circular cylinder or a right polygonal
prism.

[0020] Other embodiments of the invention are methods
that are carried out in a microhole apparatus. These methods
include the following:

[0021] A method for simultaneously conducting a plurality
of' micro-volume reactions, the method comprising: (a) intro-
ducing a plurality of liquid samples into the sample chambers
of a microhole apparatus, wherein the samples contain nec-
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essary reaction components; and (b) placing the apparatus
into an environment favorable to the reaction; wherein the
microhole apparatus comprises a substrate, wherein the sub-
strate defines a plurality of sample chambers, wherein each
sample chamber: (i) extends through the substrate; (ii) com-
prises one or more walls and an opening at each end; and
holds a sample such that the sample is in the form of a thin film
such that a liquid sample present in one sample chamber does
not intermix with a liquid sample present in another sample
chamber; and wherein the sample chamber has a height to
width ratio of less than 1:1, wherein the height of the sample
chamber is measured from one face of the substrate to the
other.

[0022] The environment can be one to prevent evaporation,
such as a hydrophobic medium or a humidified chamber. In
some embodiments the apparatus is substantially free of con-
taminating amplifiable polynucleotides. In some embodi-
ments the reactions can be ligation reactions, primer exten-
sion reactions, nucleotide sequencing reactions, restriction
endonuclease digestions, oligonucleotide synthesis reac-
tions, hybridization reactions, and biological interactions.
The biological interactions can be avidin-biotin interactions,
streptavidin-biotin interactions, antigen-antibody interac-
tions, hapten-antibody interactions and ligand-receptor inter-
actions. In some embodiments the reaction component is
affixed to the substrate. In some embodiments the results of
the reactions are monitored. Monitoring can be by a number
of' methods, including optical monitoring, mass spectrometry
and electrophoresis. Monitoring can be of the progress of the
reactions during the course of the reactions. In some of the
methods of the invention one or more of the reactions are
supplemented with one or more reagents during the course of
the reaction.

[0023] Inanother method of the invention utilizing a micro-
hole apparatus is one for adding a component to a microvol-
ume reaction. The method comprises the steps of: A method
for adding a component to a micro-volume reaction, wherein
the method comprises the steps of: (a) providing a first appa-
ratus comprising a first sample chamber containing a reaction
mixture; (b) providing a second apparatus comprising a sec-
ond sample chamber containing the component; and (c)
bringing the apparatuses into proximity such that liquid con-
tact is established between the first sample chamber and the
second sample chamber; wherein each apparatus comprises a
substrate, wherein the substrate defines a plurality of sample
chambers, wherein each sample chamber: (i) extends through
the substrate; (ii) comprises one or more walls and an opening
ateach end; and (iii) holds a sample such that the sample is in
the form of a thin film such that a liquid sample present in one
sample chamber does not intermix with a liquid sample
present in another sample chamber; and wherein the sample
chamber has a height to width ratio of less than 1:1, wherein
the height of the sample chamber is measured from one face
of the substrate to the other. In another embodiment of the
method multiple components are added to a reaction, by
providing additional apparatuses, wherein each of the com-
ponents is present in a sample chamber of an apparatus.
Another embodiment comprises simultancously adding a
component to a plurality of micro volume reactions wherein,
in the method described above, the apparatuses are brought
into proximity such that liquid contact is established between
corresponding sample chambers of the apparatuses. In a pre-
ferred embodiment the component is a nucleic acid.
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[0024] A method for adding a nucleic acid to a micro-
volume reaction is provided, wherein the method comprises
the steps of: (a) providing a first apparatus comprising a first
sample chamber containing a reaction mixture; (b) providing
a second apparatus comprising a second sample chamber
containing the nucleic acid; and (c) bringing the apparatuses
into proximity such that liquid contact is established between
the first sample chamber and the second sample chamber;
wherein each apparatus comprises a substrate, wherein the
substrate defines a plurality of sample chambers, wherein
each sample chamber: (i) extends through the substrate; (ii)
comprises one or more walls and an opening at each end; and
(iii) holds a sample such that the sample is retained in the
apparatus through surface tension and such that a liquid
sample present in one sample chamber does not intermix with
a liquid sample present in another sample chamber.

[0025] A method for introducing a liquid sample into a
sample chamber is provided, wherein the method comprises
the steps of’ (a) contacting an apparatus with a liquid solution;
and (b) removing the apparatus from the solution; wherein the
apparatus comprises a substrate, wherein the substrate
defines a plurality of sample chambers, wherein each sample
chamber: (1) extends through the substrate; (ii) comprises one
or more walls and an opening at each end; and (iii) holds a
sample such that the sample is in the form of a thin film such
that a liquid sample present in one sample chamber does not
intermix with a liquid sample present in another sample
chamber; and wherein the sample chamber has a height to
width ratio of less than 1:1, wherein the height of the sample
chamber is measured from one face of the substrate to the
other.

[0026] In another embodiment of the invention, a method
for introducing a liquid sample comprising a nucleic acid into
a sample chamber is provided, wherein the method comprises
the steps of: (a) contacting an apparatus with a liquid solution
comprising a nucleic acid; and (b) removing the apparatus
from the solution; wherein the apparatus comprises a sub-
strate, wherein the substrate defines a plurality of sample
chambers, wherein each sample chamber: (i) extends through
the substrate; (ii) comprises one or more walls and an opening
at each end; and (iii) holds a sample such that the sample is
retained in the apparatus through surface tension and such
that a liquid sample present in one sample chamber does not
intermix with a liquid sample present in another sample
chamber.

[0027] In another embodiment of the invention, a method
for diluting a solution is provided, wherein the method com-
prises the steps of: (a) providing a first apparatus comprising
afirst sample chamber containing the solution (b) providing a
second apparatus comprising a second sample chamber con-
taining a diluent; and (c) bringing the apparatuses into prox-
imity such that liquid contact is established between the first
sample chamber and the second sample chamber; wherein
each of the apparatuses comprises a substrate, wherein the
substrate defines a plurality of sample chambers, wherein
each sample chamber: (i) extends through the substrate; (ii)
comprises one or more walls and an opening at each end; and
(iii) holds a sample such that the sample is in the form of a thin
film such that a liquid sample present in one sample chamber
does not intermix with a liquid sample present in another
sample chamber; and wherein the sample chamber has a
height to width ratio ofless than 1:1, wherein the height of the
sample chamber is measured from one face of the substrate to
the other.
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[0028] In another embodiment of the invention, a method
for diluting a solution comprising a nucleic acid is provided,
wherein the method comprises the steps of: (a) providing a
first apparatus comprising a first sample chamber containing
the solution which comprises a nucleic acid; (b) providing a
second apparatus comprising a second sample chamber con-
taining a diluent; and (c) bringing the apparatuses into prox-
imity such that liquid contact is established between the first
sample chamber and the second sample chamber; wherein
each of the apparatuses comprises a substrate, wherein the
substrate defines a plurality of sample chambers, wherein
each sample chamber: (i) extends through the substrate; (ii)
comprises one or more walls and an opening at each end; and
(iii) holds a sample such that the sample is retained in the
apparatus through surface tension and such that a liquid
sample present in one sample chamber does not intermix with
a liquid sample present in another sample chamber.

[0029] In preferred embodiments for the methods
described above a plurality of solutions may be simulta-
neously diluted wherein the apparatuses are brought into
proximity such that liquid contact is established between
corresponding sample chambers of the apparatuses. In
another preferred embodiment, steps (b) through (c) are
repeated one or more times using a new second apparatus
containing fresh solvent at each repetition of step (b).

[0030] In another embodiment of the invention, a method
for selective retention of a molecule in a first sample chamber
is provided, wherein the method comprises the steps of: (a)
providing a first apparatus, wherein the first sample chamber
contains a solution comprising the molecule and one or more
additional solute molecules of higher diffusibility; providing
a second apparatus comprising a second sample chamber
containing a solvent; bringing the apparatuses into proximity
such thatliquid contact is established between the first sample
chamber and the second sample chamber; and (d) removing
the apparatuses from proximity; wherein each of the appara-
tuses comprises a substrate, wherein the substrate defines a
plurality of sample chambers, wherein each sample chamber:
(1) extends through the substrate; (ii) comprises one or more
walls and an opening at each end; and (iii) holds a sample
such that the sample is in the form of a thin film such that a
liquid sample present in one sample chamber does not inter-
mix with a liquid sample present in another sample chamber;
and wherein the sample chamber has a height to width ratio of
less than 1:1, wherein the height of the sample chamber is
measured from one face of the substrate to the other.

[0031] A method for selective retention of a nucleic acid in
a first sample chamber is provided, wherein the method com-
prises the steps of: (a) providing a first apparatus, wherein the
first sample chamber contains a solution comprising the
nucleic acid and one or more additional solute molecules of
higher diffusibility; (b) providing a second apparatus com-
prising a second sample chamber containing a solvent; (c)
bringing the apparatuses into proximity such that liquid con-
tact is established between the first sample chamber and the
second sample chamber; and (d) removing the apparatuses
from proximity; wherein each of the apparatuses comprises a
substrate, wherein the substrate defines a plurality of sample
chambers, wherein each sample chamber: (i) extends through
the substrate; (ii) comprises one or more walls and an opening
at each end; and (iii) holds a sample such that the sample is
retained in the apparatus through surface tension and such



US 2012/0077194 Al

that a liquid sample present in one sample chamber does not
intermix with a liquid sample present in another sample
chamber.

[0032] In a preferred embodiment of these methods, the
method is used for desalting a solution. In another preferred
embodiment, steps (b) through (d) are repeated one or more
times using a new second apparatus containing fresh solvent
at each repetition of step (b). In another preferred embodi-
ment, a plurality of solutions may be simultaneously desalted,
wherein the apparatuses are brought into proximity such that
liquid contact is established between corresponding sample
chambers of the apparatuses.

[0033] A method for parallel electrophoretic analysis of a
plurality of micro-volume reactions is provided, wherein the
method comprises: (a) conducting the reactions in a micro-
hole apparatus; (b) placing the apparatus in contact with an
electrophoresis medium; and (c¢) conducting electrophoresis;
wherein the apparatus comprises a substrate, wherein the
substrate defines a plurality of sample chambers, wherein
each sample chamber: (i) extends through the substrate; (ii)
comprises one or more walls and an opening at each end; and
(iii) holds a sample such that the sample is retained in the
apparatus through surface tension and such that a liquid
sample present in one sample chamber does not intermix with
aliquid sample present in another sample chamber. The appa-
ratus can be placed with one face in contact with the electro-
phoresis medium. In another embodiment the electrophoresis
medium is contained within the sample chambers of one or
more additional apparatuses. In other embodiments, in the
additional apparatuses the corresponding sample chambers
are aligned.

[0034] Another method for use in the invention comprises a
method for preparing a plurality of samples for mass spectro-
metric analysis, wherein the samples are placed in an appa-
ratus that comprises a substrate, wherein the substrate defines
a plurality of sample chambers, wherein each sample cham-
ber: (a) extends through the substrate; (b) comprises one or
more walls and an opening at each end; and (¢) holds a sample
such that the sample is retained in the apparatus through
surface tension and such that a liquid sample present in one
sample chamber does not intermix with a liquid sample
present in another sample chamber. The analysis can be con-
ducted by matrix assisted laser desorption ionization time-of-
flight (MALDI-TOF) spectrometry. These methods can be
used to detect a genetic polymorphism, for example, a single
nucleotide polymorphism (SNP). Detection may consist of,
for example, mass differences due to a single base primer
extension.

[0035] A method for mixing a plurality of micro-volume
samples is provided, the method comprising: (a) providing a
first microhole apparatus comprising a substrate, wherein the
substrate defines a plurality of sample chambers, wherein
each sample chamber: (i) extends through the substrate; (ii)
comprises one or more walls and an opening at each end; and
(iii) holds a sample such that the sample is retained in the
apparatus through surface tension and such that a liquid
sample present in one sample chamber does not intermix with
a liquid sample present in another sample chamber; (b) pro-
viding a second microhole apparatus comprising a substrate,
wherein the substrate defines a plurality of sample chambers,
wherein each sample chamber: (i) extends through the sub-
strate; (ii) comprises one or more walls and an opening at each
end; and (iii) holds a sample such that the sample is retained
in the apparatus through surface tension and such that a liquid
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sample present in one sample chamber does not intermix with
a liquid sample present in another sample chamber; and (c)
bringing the apparatuses into proximity such that liquid con-
tact is established between more than one sample chamber
from the first apparatus and a sample chamber in the second
apparatus. In one embodiment, the holes in the first apparatus
may be smaller than the holes in the second, allowing more
than one hole from the first apparatus to simultaneously con-
tact a single hole in the second apparatus.

[0036] A method for simultaneously conducting a plurality
of micro-volume polynucleotide amplification reactions is
provided, the method comprising: (a) introducing a plurality
of liquid samples into the sample chambers of a microhole
apparatus, wherein the samples contain necessary polynucle-
otide amplification reaction components; and (b) placing the
apparatus into an environment favorable to the polynucle-
otide amplification reaction; wherein the microhole apparatus
comprises a substrate, wherein the substrate defines a plural-
ity of sample chambers, wherein each sample chamber: (i)
extends through the substrate; (i) comprises one or more
walls and an opening at each end; and (iii) holds a sample
such that the sample is retained in the apparatus through
surface tension and such that a liquid sample present in one
sample chamber does not intermix with a liquid sample
present in another sample chamber; and wherein the appara-
tus is substantially free of contaminating amplifiable poly-
nucleotides. In one embodiment, the environment is selected
from the group consisting of a hydrophobic medium and a
humidified chamber. In another embodiment, the polynucle-
otide amplification reaction is a polymerase chain reaction. In
other embodiments, the polynucleotide amplification reac-
tion is a ligase chain reaction or a rolling circle amplification
reaction. In some embodiments, the results of the reactions
are monitored. The results may be monitored by, for example,
optical monitoring, mass spectrometry and electrophoresis.
In another embodiment, the progress of the reactions is moni-
tored during the course of the reactions. In yet another
embodiment, one or more of the reactions are supplemented
with one or more reagents during the course of the reaction. In
a preferred embodiment, a reagent is affixed to the substrate.
In another preferred embodiment, the analysis is used to
detect a genetic polymorphism. In yet another preferred
embodiment, the analysis is used to analyze gene expression
levels.

[0037] Still other embodiments of the invention are Kkits
containing the microhole apparatuses described Supra, for
the methods of the invention. These include the following.

[0038] A kit comprising an apparatus for containing mul-
tiple micro-volume liquid samples comprising a substrate,
wherein the substrate defines a plurality of sample chambers,
wherein each sample chamber: (a) extends through the sub-
strate, (b) comprises one or more walls and an opening at each
end, and (¢) holds a sample such that the sample is in the form
of'a thin film such that a liquid sample present in one sample
chamber does not intermix with a liquid sample present in
another sample chamber; and wherein the sample chamber
has a height to width ratio of less than 1:1, wherein the height
of the sample chamber is measured from one face of the
substrate to the other, and further comprising a reaction com-
ponent packaged in a suitable container. The reaction com-
ponent may be a reagent for performing a reaction selected
from the group consisting of, for example, ligation reactions,
primer extension reactions, nucleotide sequencing reactions,
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restriction endonuclease digestions, oligonucleotide synthe-
sis, hybridization reactions and biological interactions.
[0039] A kit comprising an apparatus for containing mul-
tiple micro-volume liquid samples comprising a substrate is
provided, wherein the substrate defines a plurality of sample
chambers, wherein each sample chamber: (a) extends through
the substrate, (b) comprises one or more walls and an opening
at each end, and (c) holds a sample such that the sample is
retained in the apparatus through surface tension and such
that a liquid sample present in one sample chamber does not
intermix with a liquid sample present in another sample
chamber; wherein the apparatus is substantially free of con-
taminating amplifiable polynucleotides, and further compris-
ing a polynucleotide amplification reaction component pack-
aged in a suitable container.

[0040] In one embodiment of the above described kits, the
reaction component may be affixed to the substrate. In
another embodiment, the kit may further comprise a hydro-
phobic substance to be used with the apparatus. The hydro-
phobic substance can be, for example, a hydrophobic fluid
packaged in a suitable container and/or a hydrophobic cover.
The kit may also further comprise a chamber for maintaining
the appropriate environmental conditions for a reaction to be
carried outin the apparatus. The kit may also further comprise
an apparatus for loading the samples into the sample cham-
bers.

[0041] As will be apparent to one of skill in the art, any
method or technique which requires parallel processing, dis-
play and/or storage of multiple micro-volume samples will be
facilitated by the use of the apparatuses disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a perspective view of one embodiment of
the claimed apparatus, in the form of a microhole array.
[0043] FIG. 2 is a side view (cutaway) through one row of
an exemplary apparatus.

[0044] FIGS. 3A and 3B show side (cutaway) views of a
single exemplary sample chamber.

[0045] FIGS. 4A and 4B show side (cutaway) views of
exemplary sample chambers containing alternating hydro-
phobic and hydrophilic regions.

[0046] FIGS.5A, 5B and 5C show simultaneous loading of
multiple individual samples into discrete sample chambers by
contacting an exemplary apparatus with an arrangement of
liquid samples on a hydrophobic surface.

[0047] FIGS. 6A, 6B and 6C are top views of exemplary
apparatuses that can be used for gel loading.

[0048] FIG. 7 is a top view of one embodiment of the
claimed apparatus, wherein the apparatus is taped with alu-
minum tape.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Modes for Carrying Out the Invention

[0049] General Methods:

[0050] The practice of the invention employs, unless oth-
erwise indicated, conventional techniques in photolithogra-
phy, chemical etching, general machining, microfluidics,
organic chemistry, biochemistry, oligonucleotide synthesis
and modification, nucleic acid hybridization, molecular biol-
ogy, microbiology, genetic analysis, recombinant DNA, and
related fields as are within the skill of the art. These tech-
niques are described in the references cited herein and are
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fully explained in the literature. See, for example, Maniatis,
Fritsch & Sambrook, MOLECULAR CLONING: A LABO-
RATORY MANUAL, Cold Spring Harbor Laboratory Press
(1982); Sambrook, Fritsch & Maniatis, MOLECULAR
CLONING: A LABORATORY MANUAL, Second Edition,
Cold Spring Harbor Laboratory Press (1989); Ausubel, et al.,
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY,
John Wiley & Sons (1987 and annual updates); Gait (ed.),
OLIGONUCLEOTIDE SYNTHESIS: A PRACTICAL
APPROACH, IRL Press (1984); Eckstein (ed.), OLIGO-
NUCLEOTIDES AND ANALOGUES: A PRACTICAL
APPROACH, IRL Press (1991); Birren et al. (eds.)
GENOME ANALYSIS: ALABORATORY MANUAL, Cold
Spring Harbor Laboratory Press, 1999.

[0051] The disclosures of all publications and patents cited
herein are hereby incorporated by reference in their entirety.
[0052] Definitions

[0053] The terms “plate” and “substrate” denote the solid
portion of an apparatus.

[0054] A characteristic of a “thin-film” sample, as dis-
closed herein, is that a sample is contained in a sample hole
and remains therein through the action of surface tension
and/or adhesion to the inner wall of the hole. Preferably, a thin
film is a liquid sample in which the diffusion time is no more
than about four-fold greater, more preferably no more than
about three-fold greater, more preferably no more than about
two-fold greater, more preferably no more than about one-
fold greater in one dimension that in any other dimension.
Preferably, the temperature conductance characteristics of a
thin film sample are no more than about four-fold greater,
more preferably no more than about three-fold greater, more
preferably no more than about two-fold greater, even more
preferably no more than about one-fold greater in one dimen-
sion that in any other dimension. Most preferably, a thin film
will have hydrodynamic and thermal properties equivalent to
a solution contained in a right circular cylinder having a
depth:diameter ratio of about 4:1, or more preferably about
3:1 or less, about 2:1 or less, more preferably about 1:1, even
more preferably less than 1:1. Methods for measuring hydro-
dynamic properties, diffusion time and thermal conductance
characteristics are well-known to those of skill in the art.
[0055] Two or more holes in an apparatus are denoted “cor-
responding holes” if they occupy the same relative position on
two or more different apparatuses such that, if the apparatuses
are aligned face-to-face, the holes communicate with one
another.

[0056] “Polynucleotide”, “oligonucleotide”, and “nucleic
acid”, are used interchangeably herein to refer to polymers of
nucleotides of any length, and include natural, synthetic, and
modified nucleic acids.

[0057] “Substantially free of contaminating amplifiable
polynucleotides™, as used herein, is meant to indicate an
apparatus which is substantially free from contaminating
polynucleotides, such as DNA or RNA, which may interfere
with the analysis. Such an apparatus is suitable for use in
performing assays such as, for example, amplification reac-
tions, e.g. PCR reactions, in which contaminating amplifiable
polynucleotides may coamplify along with the desired ampli-
fication product(s), thus interfering with the analysis.

[0058] Apparatuses

[0059] Disclosed herein are apparatuses and methods for
simultaneous parallel processing, display and/or storage of a
plurality of micro-volume liquid samples, wherein an appa-
ratus comprises a substrate containing a plurality of micro-
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sample chambers. In one embodiment, the sample chambers
are micro-through-holes, such that the apparatus comprises
an array of micro-through-holes in a substrate. The apparatus
can have any shape consonant with the purposes for which it
is used. In one embodiment, the apparatus is rectangular;
however, triangular, circular and ovoid shapes, among others,
are also useful. An array of microholes, as disclosed herein,
can be used, for example, as a micro-volume sample holder
and/or to conduct multiple parallel reactions.

[0060] Microholes canbeplaced in any arrangement within
a substrate that is suitable for the experimental purpose of the
apparatus. In one embodiment, holes are arranged in rows and
columns on a rectangular substrate. The size and/or shape of
an apparatus can vary, and is designed with the particular
experimental use of the apparatus in mind. For example, if the
apparatus is to be used for gel loading or if the products of a
reaction conducted in the apparatus are to be analyzed by gel
electrophoresis (see infra), the size and shape of the apparatus
can be designed to match that of a gel electrophoresis appa-
ratus or sample comb.

[0061] An exemplary embodiment of the apparatus is
described with reference to FIGS. 1 and 2, wherein the appa-
ratus 1 comprises an array of micro-through-holes contained
in a substrate 6, such as a plate, wafer, film or slide, such
substrate in one embodiment being substantially thin and
planar, and having an upper surface 7 and a lower surface 8. In
one embodiment, one or more of the surfaces of the substrate
are rendered hydrophobic so that liquid reaction mixtures
contained in the micro-through-holes will, by force of surface
tension and adhesion, remain fixed therein. In another
embodiment, the substrate is flexible. In yet another embodi-
ment, the substrate is a curved plane. An exemplary use of the
latter embodiments is to bend the substrate into a cylinder and
place a rotating optical scanner inside the cylinder to monitor
the reactions in the microholes.

[0062] Any size and/or shape of the sample chamber, thatis
consistent with the retention of liquid therein through surface
tension and is commensurate with the use of the apparatus,
can be chosen. In one preferred embodiment, the sample
chambers are in the shape of a right polygonal prism, for
example, a right rectangular prism. Although, in a preferred
embodiment, the sample chambers are in the shape of right
circular cylinders with parallel walls, it is clear that the walls
of'a sample chamber could be convex (i.e., bowed inward) or
concave (i.e., bulged outward). Additional sample chamber
configurations will be apparent to those of skill in the art and,
indeed, any shape of sample chamber consistent with the
retention of liquid therein through surface tension is useful. In
one embodiment, the height of the hole is greater than about
four times the width. In other embodiments, the height of the
hole is less than or equal to about four times the width, less
than or equal to about three times the width, less than or equal
to about 2.5 times the width, less than or equal to about two
times the width, equal to about one times the width, less than
one times the width, less than or equal to about 0.5 times the
width. In another preferred embodiment, the height is equal to
or less than the width. In a preferred embodiment, the height
of'the hole is about 1 times the width. In this embodiment, the
sample chamber is a microhole having an aspect ratio with a
width 11 roughly equal to depth 12. See FIG. 3A for the case
of'a cylindrical sample chamber. In additional embodiments,
the width 11 is greater than the depth 12. See FIG. 3B, again
directed to the exemplary case in which the sample chamber
is a cylinder. Thus, in a preferred embodiment, the diffusion
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time across the height is equal to or less than the diffusion
time across the width. For a hole having the shape of a right
circular cylinder, the height:width ratio can also be expressed
as the ratio of depth to diameter.

[0063] The size of the holes is commensurate with the
reaction volume and can be varied by varying the width (or
diameter) of the hole and/or the thickness of the substrate
(which effectively varies the height or depth of the hole).
Thus, the volume of a reaction which can be contained in a
hole is a function of the height of the hole and the width of the
hole. However, a hole can be loaded such that the liquid
extends beyond the physical boundaries of the hole; in some
cases this will be facilitated if the surface of the substrate
surrounding the openings of the holes comprises a hydropho-
bic material; in other cases, it will be accomplished by surface
tension. In this fashion, a volume of liquid which is greater
than the volume of the hole can be accommodated by a
sample chamber. Conversely, a hole can be loaded with a
volume of liquid that is less than the volume of the hole, such
that the liquid sample forms a biconcave film. Thus the shape
of the sample can range from a biconvex disc through a flat
disc to a biconcave disc. Accordingly, sample volumes ofless
than about 10000 nl, preferably less than about 1000 nl,
preferably less than about 500 nl, preferably less than about
100 nl, more preferably less than about 250 nl, more prefer-
ably less than about 100 nl, more preferably, less than about
50 nl can be reliably achieved. In one embodiment, sample
volumes as low as 5 nl are used. Thus, sample volumes
contemplated range from about 1 nl to about 10000 nl.
[0064] Each sample chamber can contain an individual
sample, or a sample chamber can contain multiple samples
separated by hydrophobic regions along the wall of the
sample chamber. Thus, in one embodiment, the entire inner
wall of a sample chamber is hydrophilic and the sample
chamber contains a single sample. In another embodiment,
the inner wall of a sample chamber is hydrophobic. In another
embodiment, hydrophobic regions are located on the walls of
the sample chambers. In a further embodiment, a hydropho-
bic region forms an annular ring along the wall of the sample
chamber. Such a hydrophobic ring can be used, for example,
to divide a sample chamber into two regions. Dual-region
sample chambers can be used, for example, to temporarily
isolate different reaction components prior to mixing by, for
example, physical agitation, insertion and optionally move-
ment of a probe and/or heating (e.g., interior laser heating).
Such a configuration is useful in the practice of methods such
as, for example, hot-start PCR. Additional applications of
such a configuration will be apparent to those of skill in the
art.

[0065] In accord with this embodiment, FIG. 4A shows a
schematic diagram of an example of a microhole sample
chamber containing annular hydrophobic region 21 along its
wall, separating hydrophilic regions 22 and 23. In additional
embodiments, the wall of a sample chamber comprises two or
more hydrophobic regions, each forming an annular ring
along the wall of the sample chamber, thereby defining a
plurality of annular non-hydrophobic rings. One example is
diagrammed in FIG. 4B, which shows a schematic diagram of
an exemplary microhole sample chamber containing annular
hydrophobic regions 25 and 26 along its wall, interspersed
with annular hydrophilic regions 27, 28 and 29.

[0066] Hydrophobic and/or hydrophilic regions along the
wall of a sample chamber need not form a continuous 360°
ring, nor need they be in the shape of an annulus or portion
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thereof. Arcs or spots of hydrophilic and/or hydrophobic
regions can be present, as required by the particular use of the
apparatus. For example, a hydrophobic annular ring, separat-
ing two aqueous samples, can be interrupted by a small
hydrophilic arc, the presence of which facilitates eventual
mixing of the samples. In another example, a small hydro-
philic region can be present on the wall of the sample chamber
such that an aqueous sample can be concentrated and option-
ally dehydrated onto the small hydrophilic region. This can
facilitate mass spectrometric analysis of a sample, by concen-
trating the sample into a small target for the laser that is used
to launch the sample for mass spectrometry.

[0067] Apparatuses comprising holes with hydrophilic and
hydrophobic regions located on the walls of the sample cham-
ber may be constructed, for example, by laminating plates
comprising different materials together with, for example,
epoxy. For example, a titanium plate with chemically etched
holes can be laminated on both sides to plastic plates also
etched with corresponding holes, yielding an apparatus with
microholes having an annular hydrophilic ring surrounded by
annular rings of hydrophobic regions.

[0068] In one embodiment, the apparatus is a plate with
holes passing through in a direction perpendicular to at least
one face of the plate. In another embodiment, the faces are
parallel to each other, and the radial axis (i.e., the through
axis) of each hole is parallel to the walls of the chamber and
perpendicular to the faces of the plate. In a more preferred
embodiment, the holes have the shape of right circular cylin-
ders. See, for example, FIG. 1. In another preferred embodi-
ment, they have the shape of a right polygonal prism. The
holes can be arranged in any configuration that is suitable to
an experiment, e.g., an array of one or more rows and one or
more columns, the array being a square array of holes, a
triangular array of holes or another configuration of holes.
The surface of the plate can be prepared or treated so that it
repels water or other aqueous solutions, thus ensuring that
small volumes of sample which are deposited in the holes will
remain in the holes without the possibility of leakage or cross
contact with samples in other holes.

[0069] The spacing between the holes can be varied to
accommodate the density and pattern of holes on the sub-
strate, so long as mixing between adjacent sample chambers
does not occur. The substrate can have from about 1 to about
10,000 microholes per apparatus. In preferred embodiments
there are at least about 600 microholes per apparatus, more
preferably at least about 800 microholes per apparatus, and
even more preferably at least about 1000 microholes per
apparatus.

[0070] Evaporation may be minimized by providing an
evaporation covering sheet on the planar surfaces of the sub-
strate which covers the through-holes and retains vapors
within the reaction chamber. Such a sheet may be comprised
of any material which does not interfere with the reaction
contained in the chamber. Such a sheet may be hydrophobic
in nature and may by flexible, such as silicone rubber, or may
be substantially rigid such as a polymeric or glass cover slide,
and may comprise an adhesive substance. The cover is pref-
erably optically clear.

[0071] The top and bottom surfaces of the substrate may
contain raised features which form closed curves circum-
scribing the openings to some or all of the sample chambers
contained therein. Such features can be used in conjunction
with an evaporation retention sheet to improve the reliability
of said sheet to prevent loss of vapor. Preferably such raised
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features are very narrow such that under a moderate force a
very high pressure is maintained at the interface of said fea-
ture(s) and the adjacent evaporation sheet. Additionally, a
single raised feature may circumscribe more than one reac-
tion chamber and thus allow communication between all
reaction chambers contained therein.

[0072] Ina preferred embodiment, the apparatus is substan-
tially free of amplifiable contaminating polynucleotides, par-
ticularly for reactions in which contaminating amplifiable
polynucleotides may interfere with the reaction, e.g. PCR.
Preferably, the apparatus has less than 1000 amplifiable con-
taminating polynucleotides per reaction chamber, more pref-
erably less than 10 amplifiable contaminating polynucle-
otides per reaction-chamber, even more preferably less than 1
amplifiable contaminating polynucleotides per reaction
chamber. Contaminating amplifiable polynucleotides may be
eliminated from the apparatus by, for example, .gamma.-
irradiation. The presence of contaminating amplifiable poly-
nucleotides may be detected by, for example by performing a
control PCR reaction with no polynucleotide sample; a con-
trol reaction which yields polynucleotides indicates the pres-
ence of contaminating amplifiable polynucleotides.

[0073] Substrates

[0074] Numerous materials and methods are available for
designing an apparatus for multiple micro-volume liquid
samples. Materials that can be used for the substrate include,
but are not limited to, titanium sheet preferably treated to
render the surface hydrophobic, glass plates with chemically
etched holes and silanated surfaces, plastics, teflon, synthet-
ics, metals and ceramics. Techniques of electrodeposition
manufacturing, and printed-circuit board manufacturing pro-
cesses can also be used in the fabrication of the apparatus. In
one embodiment, the substrate has a hydrophobic surface and
each sample chamber has hydrophilic interior walls. In
another embodiment the hydrophilic region of the interior of
at least one of the sample chambers extends to the surface of
the substrate and extends beyond the orifice defined by the
sample chamber such that the area occupied by the extended
portion is substantially contained on the substrate surface and
such that the hydrophilic region of one sample chamber does
not contact the hydrophilic region of any other sample cham-
ber. Such a hydrophilic region may aid in loading aqueous
reactions into the reaction chamber.

[0075] Titanium is bio-inert, hydrophilic, and can be
chemically etched to provide a dense array of holes in any
pattern desired. It is also very durable and hence reusable.
Photo-etched titanium substrates are also useful for fabrica-
tion and are available, for example, from Tech-Etch, Ply-
mouth, Mass.

[0076] Glass plates rendered hydrophobic by a surface
treatment, for example, by silanation are also suitable; since
glass is hydrophilic and silanation renders its surface hydro-
phobic. Silicon microfabrication is a suitable method for fab-
rication of apparatuses comprising extremely well defined,
high density arrays of sample chambers.

[0077] Advances in the field of printed-circuit (PC) board
manufacturing can be applied to the fabrication of the appa-
ratus. Current printed circuit board technology provides both
miniaturization and cost efficiency.

[0078] An additional process which can be used in the
fabrication of an apparatus as disclosed herein is photolitho-
graphic electrodeposition. This technique involves slowly
depositing metal ions (electroplating) onto a substrate in a
photolithographically defined pattern. This technology reli-
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ably produces through-holes of 1 pm diameter, and can pro-
duce over 3 million holes per square inch. In one embodi-
ment, this technology is used for fabrication of an apparatus
comprising very high density microhole arrays. Photolitho-
graphically fabricated substrates are available, for example,
from Metrigraphics, Wilmington, Mass.

[0079] Other techniques for fabrication known in the art
may be used for constructing the apparatuses of the invention,
for example, laser micromachining and microfabrication
techniques.

[0080] Sample Delivery and Recovery

[0081] Delivery of samples and reagents to a microhole can
be achieved manually, or through the use of commercially
available pipetting robots, such as those available from the
Hamilton Company, Reno, Nev. and the Packard Instrument
Co., Meriden, Conn. Currently-available pipetting robots can
reliably deposit sample volumes as small as 50 nl, and a
robotic positional repeatability of 50 pm is common. Higher
accuracy and repeatability can be achieved through special
design, such as by the coupling of piezoelectric and mechani-
cal translation devices (e.g., Physik Instrumente, Costa Mesa,
Calif. For dispensing reagent volumes in the sub-nanoliter
range, piezo-electric pipettors and ink-jet pipettors, for
example, can be used.

[0082] Thus, reactions can be prepared in the microholes of
the apparatus by any means commonly used for dispensing
small liquid volumes into small vessels including, but not
limited to: (1) dispensing very small volumes of reagent
directly into each hole, either manually or by means of a
robotically controlled syringe, (2) immersing the entire appa-
ratus, or a predetermined fraction thereof, directly into a
reaction solution, thereby acquiring a volume of reaction
solution in each hole that has been immersed, and (3) dis-
pensing, pouring over or flowing over the surface of the
substrate a volume of the reaction mixture. In another
embodiment, reaction components are affixed within a
sample chamber, for example, by placing a solution within
the sample chamber and drying it, such that a solute is affixed
to the wall of a sample chamber. Reaction mixtures and/or
additional reagents are then added to the chamber, re-solubi-
lizing the affixed reaction component. In preferred embodi-
ments, more than one, more than two, more than three
reagents may be affixed to the wall of a sample chamber. For
PCR reactions, for example, primers, probes, and/or buffer
components can be preaftixed to the sample chambers, allow-
ing for faster preparation times.

[0083] After initial addition of reagent, subsequent reagent
additions can be conducted. Means for adding additional
reagent to a microhole include, but are not limited to, the
previously-described methods, as well as: (1) direct dispens-
ing, either manually or by means of, for example, a roboti-
cally controlled syringe, (2) direct dispensing into the reac-
tion solution by a non-contact means such as a piezo-electric
dispensing apparatus, (3) deposition of a vaporized solution
of reagent, and (4) contact between two or more of the appa-
ratuses, such that material in a hole from one apparatus is
transferred wholly or in part to a hole in another apparatus. In
one embodiment, transfer occurs between corresponding
holes in two or more apparatuses.

[0084] An additional exemplary method for sample deliv-
ery to sample chambers in an apparatus is shown schemati-
cally in FIG. 5. In this embodiment, samples 31 are arranged
on a hydrophobic surface 32 in a pattern that matches the
pattern ofholes 33 in an apparatus 34. FIG. 5A. The apparatus
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34 is then brought into proximity with the hydrophobic sur-
face 32, such that the samples 31 contact the holes 33 in the
apparatus 34. FIG. 5B. The apparatus is then withdrawn from
proximity with the surface, the holes 33 now containing
samples 31 (FIG. 5C).

[0085] The process of liquid transfer from one apparatus to
another can also be used to make several copies of a single
setup plate simultaneously. For example, if a group of micro-
hole array plates are stacked, one on top of another, and liquid
samples are introduced into the top or bottom plate, the
samples will wick through the entire stack, thereby generat-
ing a series of plates having identical sample configurations.

[0086] Furthermore, contents of a sample chamber, or of an
entire apparatus, can undergo dilution, particle size selection,
selective retention of a molecule in a sample chamber, desalt-
ing, reagent addition, or another chemical modification by
bringing the apparatus, or a portion thereof, in liquid contact
with one or more additional apparatuses, the additional appa-
ratus(es) prepared in such a way that contact between appa-
ratuses will, by chemical diffusion from one sample chamber
on one apparatus to the another sample chamber on an adja-
cent apparatus, achieve the required sample modification. See
infra.

[0087] Afterreaction assembly in an apparatus is complete,
the apparatus can subsequently undergo chemical processing
and/or incubation in a thermally-controlled environment. A
concern when dealing with minute aqueous samples, such as
are present in the sample chambers of the apparatus, is evapo-
ration. One way in which this problem can be mitigated is by
conducting incubation in a high-humidity environment. For
example, various types of water vaporizers are readily avail-
able and can be easily integrated into a laboratory device to
provide a humidified chamber. Other methods of reducing
evaporation include, but are not limited to, placing the appa-
ratus in a humidified chamber, maintaining the atmosphere of
an open apparatus at saturated vapor pressure, and periodic
addition of water to the reactions by means of a piezo-electric
or other dispenser in a manner which counteracts the evapo-
ration rate.

[0088] Alternatively, the apparatus can be immersed in a
hydrophobic medium such as, for example, a bath of an inert
liquid that is essentially non-miscible with water and which
essentially does not react with the substrate nor essentially
perturb the reaction(s) contained in the sample chamber(s). In
many applications an example of a suitable hydrophobic
medium is oil, for example, mineral oil or silicone oil.

[0089] Reactions contained in the sample chambers of an
apparatus can be thermally cycled in such a way as to carry
out, for example, amplification reactions such as a poly-
merase chain reaction (PCR) or DNA sequencing reactions
such as, for example, chain-termination sequencing and cycle
sequencing. In such thermal cycling reactions, evaporation of
the sample can be minimized by submerging the sample in a
hydrophobic medium such as, for example, a bath of hydro-
phobic medium or other suitable fluid which is maintained at
a temperature appropriate for the chemical reaction, by coat-
ing the apparatus with a layer of hydrophobic fluid, or by
overlaying the samples with a hydrophobic fluid. For
example, addition of samples to sample chambers can be
followed by direct addition of a film of 0il or other hydropho-
bic fluid to each sample using a pair of robotic pipets; one
filled with a sample and the other filled with the hydrophobic
fluid.
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[0090] If, for example, an oil bath is used for temperature
control, temperature cycling can be achieved by thermally
cycling the bath, or by robotically moving an apparatus from
one bath to another bath held at a different temperature.
Alternatively, thermal cycling of reactions contained in an
array of microholes can be carried out in a humidified envi-
ronment, maintained by sealing the array between one or two
evaporation barriers (e.g., silicone sheets or Parafilm®), and
placing this sandwiched array on a thermoelectric heating
block, or between two thermoelectric heating blocks. In using
an evaporation barrier such as a silicone sheet, the presence of
narrow raised features circumscribing each sample chamber
or a set of sample chambers to aid in preventing the loss of
vapor by providing a very tight seal around each hole.
[0091] Means for dispensing water to counter evaporation
can also be used to dispense other reagents or chemicals of
interest, mixed in a solution such that evaporation is coun-
tered. In this way, chemical assays can be carried out in real
time and the evolution of the assay can be directed via feed-
back from the assay in progress. To provide but one example,
optical data obtained by placing the apparatus on an optical
detector, such as a CCD or fiber optics cable, can be input to
a computer which automatically adjusts reagent dispensers
and guides them to dispense a precise amount of reagent into
each sample chamber.

[0092] Advantages

[0093] The apparatuses disclosed herein, when used, for
example, in a biochemical reaction format, provide the
advantages of: (1) high density, (2) high throughput, (3) ease
of handling, (4) performance of very low-volume reactions
(5) rapid thermal cycling, and (6) advantageous optical access
of the samples. In embodiments in which the apparatus is
moved from one thermal environment to another, the thin-
film nature of the samples ensures very rapid thermal equili-
bration time. In an alternative embodiment in which an appa-
ratus is held stationary in a thermoelectric (Peltier) device and
the temperature of the device is changed, apparatuses having
a planar symmetry allow two thermoelectric devices to be
used, one on each side of the apparatus. This provides a
sample ramp speed at least twice that obtained when a single
Peltier device is used, as well as finer control of the tempera-
ture profile within the sample.

[0094] Further benefits of the microhole array format of the
apparatus include the ability to transfer liquids from one
sample chamber in a first apparatus to another sample cham-
ber in a second apparatus simply by bringing two apparatuses
in close enough proximity to allow the contents of two sample
chambers to touch. Upon physical contact the two samples
will diffuse together. This technique allows sample mixing,
sample dilution and diffusion-based molecular separations
e.g., de-salting. The contents of a sample chamber in a first
apparatus can be transferred, in whole or in part, to a sample
chamber in a second apparatus.

[0095] For sample mixing, two apparatuses are brought
into contact, as above, such that the liquid contents of one or
more pairs of sample chambers come into liquid contact,
wherein one member of each pair of sample chambers is
present in a first apparatus and the other member is present in
a second apparatus. Mixing of three or more samples, using
three, four, etc. apparatuses is also possible, as-will be evident
to one of skill in the art. This is particularly advantageous
when being used to transfer nucleic acids, such as DNA and
RNA, from one apparatus to another. Nucleic acids are easily
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sheared by methods such as pipeting, and this method allows
for the transfer of nucleic acids without the need for pipetting.
[0096] For sample dilution, a first apparatus containing one
or more samples is contacted with a second apparatus con-
taining diluent, such that liquid contact is achieved between
one or more sample chambers in the first apparatus and one or
more sample chambers in the second apparatus, and the appa-
ratuses are allowed to remain in contact for a specified time.
In this case, all components in the sample are diluted, with the
degree of dilution depending on the time of contact between
the first and second apparatuses. If all samples in a first
apparatus are to be diluted, the first apparatus need not be
contacted with a second apparatus, but can simply be con-
tacted with a pool of diluent.

[0097] Selective retention of a molecule in a sample cham-
ber, dependent on diffusion-based separation of low molecu-
lar weight molecules from molecules of high molecular
weight, is possible using the apparatuses as disclosed herein.
For example, a sample contained in a microhole is desalted by
repeatedly touching the sample, for a short time, to a bath (or
to a microhole of another apparatus) containing a solution of
very low salt concentration. Since very small molecules (such
as salts) diffuse very rapidly (approximately 60 pum per sec-
ond), while larger molecules take much longer to diffuse
(e.g., a2 kilobase nucleic acid has a diffusion rate of approxi-
mately 6 um per second, see, for example, Smith et al. (1996)
Macromolecules 29:1372-1373), an overall reduction in salt
concentration of the sample is achieved.

[0098] In one embodiment, two apparatuses having identi-
cal patterns of sample chambers are contacted so as to bring
corresponding sample chambers into contact. Two (or more)
sample chambers are “corresponding” if they are located in
the same position on different apparatuses (i.e. if each appa-
ratus comprises an array of microholes, corresponding micro-
holes occupy the same location in the array). In additional
embodiments for selective, diffusion-based molecular reten-
tion, desalting, dilution and/or reagent addition, contact
between corresponding sample chambers is not required. For
example, a single sample-chamber in a first apparatus can be
contacted with multiple, difterent sample chambers of a sec-
ond apparatus. In a separate embodiment, subsets of cham-
bers in a first apparatus are contacted with sets of chambers in
a plurality of additional apparatuses.

[0099] Another advantage of the apparatus format of the
invention is the ability to minimize shear when loading a
microhole array with a nucleic acid. Nucleic acids, such as
DNA and RNA, are easily sheared by transfer methods such
as pipetting. The apparatus of the invention may be loaded
with a solution comprising a nucleic acid simply by contact-
ing the apparatus with a liquid solution, for example, contact-
ing the apparatus with a tray containing the solution of inter-
est (e.g., “dip loading™).

[0100] Insomeembodiments, formation of a thin film by a
sample, when it is contained in a sample chamber of the
apparatus, results in a ratio of surface area to volume that
facilitates optical analysis of the sample, either continuously
during the reaction period or at one or several predetermined
time points. Because photons pass through a minimum fluid
volume in the thin film, more efficient detection of light
absorption and emission (e.g., fluorescent, chemilumines-
cent) by a sample is possible. Furthermore, because of these
favorable optical properties, progress of multiple reactions
can be monitored in real time (i.e., during the course of the
reaction). For example, in reactions that generate an optical
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signal, e.g. a colored, fluorescent, or luminescent product,
reaction progress can be monitored in real time for instance
using multiple optical detectors aligned with the sample
chambers, fiber optics, a detector that scans across the appa-
ratus, or a whole-apparatus imager. Compared to analysis of
micro-volume reactions in capillaries, the apparatuses dis-
closed herein allow improved optical analysis that is not
prone to either refractive effects from capillary walls or opti-
cal cross-talk between neighboring capillaries.

[0101] Applications

[0102] Apparatuses as disclosed herein can be used for
holding and arraying any type of liquid micro-volume
sample. They can also be used for performing any type of
biochemical or molecular biological reaction known to one of
skill in the art including, but not limited to, nucleotide
sequencing (e.g., chain-termination sequencing, cycle
sequencing), amplification reactions (e.g., polymerase chain
reactions), transcription, reverse transcription, restriction
enzyme digestion, ligation, primer extension, other enzy-
matic reactions and biological interactions (such as, for
example, avidin-biotin, streptavidin-biotin, antibody-antigen
and ligand-receptor interactions). In general, any type of
enzyme-mediated reaction can be performed in the apparatus.
In addition, multiple micro-volume hybridization reactions
can be conducted in the apparatus. In one embodiment, an
apparatus is used for very high throughput analysis of chemi-
cal samples; for example, in combinatorial chemistry. Several
exemplary applications are disclosed below, including those
in the Examples, and additional applications are known to
those of skill in the art. Use of the apparatuses disclosed
herein will be especially useful in the field of genetic analysis,
for techniques such as polymorphism detection (see infra).
[0103] Amplification Reactions

[0104] Very high throughput of small volume amplification
reactions, such as polymerase chain reactions, ligase chain
reactions, rolling circle amplification, and “Taqman®”
hydrolyzable probe assays is obtained using, for example, an
apparatus containing an array of microholes. The ability to
perform a large number of individual reactions, each in a very
small volume, obviates the need for multiplex PCR (in which
several different genomic loci are amplified in a single reac-
tion) and avoids the technical difficulties inherent in that
strategy. Alternatively, low-number multiplex reactions can
be carried out in a microhole format, compounding the ben-
efits of this technology.

[0105] Inmany applications of PCR, recovery of an ampli-
fication product is desirable. Problems with recovery of
amplification products using methods of the prior art are
related to the elevated temperatures used for most amplifica-
tion reactions, necessitating the use of an oil overlay to pre-
vent evaporation of the reaction mixture. In these cases, the
presence of oil can interfere with recovery of the amplifica-
tion product(s), for example, making it difficult to aspirate a
microvolume sample. Methods which do not require the use
of'oil (e.g., conducting amplification reactions in capillaries)
still present problems with fluid manipulation.

[0106] This problem can be addressed by use of appara-
tuses as disclosed herein. For example, a porous hydrophobic
membrane that is preferably essentially non-reactive (such as
a teflon membrane filter) can be used in conjunction with an
apparatus. In this embodiment, an apparatus containing a
plurality of reactions is immersed in an oil bath for conduct-
ing a high-temperature reaction, removed from the bath, and
touched to the porous hydrophobic membrane. The hydro-
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phobic medium will readily wet the hydrophobic membrane
and flow into it, whereas an aqueous reaction solution will be
repelled. Subsequent removal of the apparatus from the
hydrophobic membrane leads to the formation of discrete
drops of aqueous solution resting thereon. These aqueous
drops can be readily accessed. Alternatively, direct pipetting
of'an aqueous reaction solution from beneath a hydrophobic
substance layer on hydrophobic surface is possible with accu-
rate and reliable robotics.

[0107] Moreover, for certain applications, the presence of a
hydrophobic substance is not a hindrance. For example, when
an apparatus is used for loading reaction products into an
acrylamide gel (see infra), the apparatus (optionally having
been used as a reaction sheet) can be placed onto the top of a
gel and overlayed with upper reservoir buffer. After addition
of buffer, the hydrophobic substance separates from the
buffer layer, thereby separating from the gel samples.
[0108] Molecular Haplotyping

[0109] Knowing the haplotype, or the “phase” of the geno-
types of an individual is far more informative than simply
knowing the genotypes alone. Standard methods of haplotyp-
ing involve a statistical analysis of the genotype distributions,
often relying on assumptions regarding the recombination
rate of the genetic region and the size of the recombined
region. The apparatus and methods described herein may be
advantageously used to experimentally identify the haplo-
type.

[0110] Following the digital-PCR application outlined by
Vogelstein and Kinzler (PNAS, vol. 96, p. 9236-9241), the
microhole apparatuses described herein may be used to pro-
vide high confidence haplotype information by performing
hundreds or thousands of PCR reactions simultaneously on a
DNA template.

[0111] The technique requires individual amplifications of
single molecules of DNA. Such single molecule amplifica-
tion can only be achieved on the average by applying a ter-
minally diluted sample of template DNA to an array of micro-
holes. On average half of the holes will contain exactly zero
copies of the DNA region of interest, somewhat less than half
will have exactly one copy, and fewer still will have two or
more copies. The distribution of number of holes with a given
number of templates should follow a Poisson statistical dis-
tribution. DNA samples may be prepared, for example, by
using the Stratagene DNA Extraction kit (Stratagene, La
Jolla, Calif.) according to manufacturer’s instructions, and
then diluted to a concentration of one-half genome equivalent
per reaction.

[0112] The tests may be performed, for example, by using
fluorescent dual labelled probes and the 5-prime exonuclease
(TagMan) assay. In this assay a probe is added to the PCR
brew which is designed to hybridize to a sequence of interest
within the PCR amplicon. The probe is synthesized with two
fluorescent molecules—an emitter and a quencher. These two
molecules are each attached to individual bases on the probe
and are spaced typically 5-7 bases apart so that the quencher
molecule prohibits the emitter from fluorescing. As a single
unit the dual-labelled probe is non-fluorescing. During the
PCR process a probe molecule will hybridize to the template
molecule which is being polymerized, and as the Taq poly-
merase synthesizes the complement to the template, the
S-prime to 3-prime exonuclease activity of the Taq poly-
merase will degrade and displace the hybridized primer. This
degradation separates the emitter from the quencher molecule
and thus allows the emitter molecule to fluoresce. This emis-
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sion can be read by a standard fluorescent plate reader and the
intensity of the fluorescence is generally quantitatively
related to the number of initial template molecules. Probe
molecules which do not stringently hybridize are not
degraded and will not fluoresce.

[0113] Thus, the final distribution of the sequence(s) of
interest may be obtained by counting the number of single
fluorescent unit intensity microholes versus zero intensity
microholes (where a unit of intensity is derived by comparing
the brightness of each hole; the holes which started out with
two templates should have approximately twice the bright-
ness of most of the remaining fluorescent microholes, which
should have started with only a single template molecule).
[0114] An apparatus (or “chip”) of the invention may be
loaded with the appropriate PCR reactants, for example, by
dip-loading a solution containing the PCR reactants, or by
pipetting (preferably with a large bore pipet) the solution(s)
into the microholes. The apparatus may be preloaded with
one or more reactants. The apparatus is preferably sealed
with, for example, a single sheet of clear adhesive film (such
as parcel packaging tape) folded around one edge and sealed
at the opposite edge with a face-to-face adhesive seal.
[0115] The apparatus is thermal cycled in a thermal cycler
which may be modified by milling or sawing a narrow, deep
groove across its face so that the thin microhole chip may be
inserted into the groove and the chip reliably thermal cycled.
Preferably, a thin heat-conductive silicone pad (Stockwell
Rubber Company, Philadelphia, Pa.) is used to provide ther-
mal contact as well as pressure to the surfaces of the micro-
hole chip. The added pressure prevents evaporation of the
samples.

[0116] Following thermal cycling, the chip is scanned
using a scanner or fluorescent microscope to determine the
levels of fluorescence, in order to determine the final distri-
bution of the sequence(s) of interest.

[0117] Very-High Throughput PCR

[0118] High throughput PCR is readily achieved using, for
example, microhole arrays by dispensing template, reagent,
and primer pairs to each microhole. Typically, two of these
steps are combined: for instance the template and reagent
(enzyme, buffer, etc.) are combined in a master mix and the
master mix is loaded simultaneously into all microholes by
dipping an apparatus into a solution of master mix or by
spraying a solution of master mix over an apparatus such that
the solution enters the sample chambers. A significant
increase in throughput is achieved by pre-affixing oligonucle-
otide primers and probes to each chamber, or by pre-synthesis
of all primer pairs in a microhole array. In this case, reactions
can then be assembled simply by immersing a pre-synthe-
sized microhole array plate into a bath of master mix.
[0119] Technologies for pre-synthesis of primers on the
apparatus include: standard phosphoramidite and photo-
phosphoramidite chemistries. Standard phosphoramidite
chemistry is used for most oligonucleotide synthesis opera-
tions when it is necessary to recover the oligonucleotide in
solution for later use. See, for example, U.S. Pat. Nos. 4,415,
732;4,458,066; 4,500,707; 4,973,679; and 5,153,319. Photo-
phosphoramidite chemistry, for synthesizing oligonucle-
otides on a solid substrate for later use on that substrate, has
been disclosed, for example, in U.S. Pat. Nos. 5,445,934;
5,510,270; and 5,744,101; and PCT publication WO
99/19510. Using photo-phosphoramidite chemistry, sub-
strates containing up to 10,000 discrete oligonucleotides can
be obtained. In one embodiment, an output array is controlled
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by an array of micro-mirrors and optical elements and is
highly flexible. Singh-Gasson et al. (1999) Nature Biotech-
nology 17:974-978. Thus, this technique is suitable for form-
ing arrays for use in highly parallel processing and can be
adapted for synthesizing oligonucleotides in, for example, an
array of microholes.

[0120] Cycle Sequencing

[0121] Small volume cycle sequencing reactions can be
performed in a high throughput setting, in a fashion similar to
the PCR application, supra. An additional benefit of the tech-
nology disclosed herein is the ability to perform sequencing
reactions directly on the comb or plate that will be used for
loading the reaction product onto the sequencing apparatus.
For instance, for using standard slab gel electrophoresis
sequencing apparatus, reactions are performed in a 1-dimen-
sional array of holes which has been pre-formed on a gel
loading comb. See, for example, Erfle et al. (1997)—Nucleic
Acids Res. 25(11"):2229-2230. Sequencing reactions are
assembled in the array of holes on the comb and, after
completion of thermal cycling; the reaction product is
directly loaded onto a gel for electrophoresis. FIG. 6 depicts
several embodiments of'this type of array. FIG. 6A shows an
apparatus 40 in which the sample chambers 41 are located
close to one edge 42 ofthe apparatus. FIG. 6B shows a portion
of'an apparatus 50 in which the sample chambers 51 commu-
nicate with the exterior of the apparatus. FIG. 6C shows a
portion of an apparatus 60 in which the sample chambers 61
communicate with the exterior of the apparatus via channels
62. Additional configurations of the apparatus suitable for gel
loading will be apparent to those of skill in the art.

[0122] Endonuclease Reactions

[0123] Standard room temperature or elevated temperature
restriction endonuclease digestions can be performed using
the disclosed apparatuses. An endonuclease reagent master-
mix is loaded into each sample chamber, either by automated
pipetting means or by immersing, for example, a microhole
array into a bath of reagent. Subsequently, individual samples
of, for example, nucleic acid and/or restriction endonuclease,
can be loaded into each well using an automated pipettor or
other means. After the reactions are assembled the apparatus
is incubated at a temperature appropriate for the assay. If the
duration and temperature of the incubation is such that evapo-
ration of the samples may be a problem, the incubation can
take place in a humidified chamber or under a hydrophobic
substance to counter or mitigate the effects of evaporation.
See supra.

[0124] Biological Interactions

[0125] The strong biochemical interaction between biotin
and streptavidin (or avidin) has made these molecules useful
for binding assays. For example, incorporation of a biotin-
labeled nucleotide into a polynucleotide, and subsequent cap-
ture of the polynucleotide with streptavidin, is a common
method for isolating a specific polynucleotide sequence. A
biotin-streptavidin capture is easily performed using the dis-
closed apparatus by simply touching an apparatus, optionally
containing biotin-labeled samples, to a plate or substrate
which has streptavidin bound to its surface. The plate can be
a membrane, microscope slide, cover slip, or another micro-
hole array with streptavidin bound to the inner wall of the
sample chambers.

[0126] Other pairs of interacting molecules can also be
used in a similar fashion. Examples include, but are not lim-
ited to, antigen-antibody, hapten-antibody, sugar-lectin, and
ligand-receptor.
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[0127] Oligonucleotide Synthesis

[0128] In another embodiment for performing chemical
reactions, an apparatus such as a microhole array is used as a
miniature oligonucleotide synthesizer, utilizing standard
phosphoramidite chemistry and electrical addressing. It is a
straightforward extension of microfabrication technologies
as used in integrated circuit production to design a microhole
array in which each hole can be individually charged or
uncharged. See, for example, U.S. Pat. Nos. 5,605,662;
5,632,957; and 5,929,208 for related techniques used in the
construction of a microarray. Using such techniques, a differ-
ent oligonucleotide can be synthesized at each hole in a multi-
step process. At each step, the array is exposed to a nucleotide
monomer, and the sites on the array containing oligomers to
which that monomer is to be added are electrically addressed
so as to direct the monomer to those sites.

[0129] Such a device would have the multiple advantages
of producing oligonucleotides in a predetermined location as
well as producing smaller amounts of oligonucleotide
required for a particular reaction, leading to increased
economy and efficiency.

[0130] Genetic Analysis

[0131] An important result of the efforts to determine
human (and other) genome sequences is the availability of a
vast pool of genetic data (in the form of DNA sequence)
which can be subjected to a multitude of genetic analyses. The
results of the various genetic analyses can be applied to diag-
nostic, pharmacogenomic and therapeutic applications, to
name but a few. One particularly valuable form of genetic
information—that is available through the analysis of DNA
sequence is genetic polymorphism. Polymorphism can be
due to insertion, deletion, translocation, transposition and/or
tandem repetition of particular portions of a sequence, or to
single- or multiple-nucleotide changes at particular positions
within a sequence.

[0132] Many methods known in the art can be used to
determine the presence of a genetic polymorphism. For
example, insertions and deletions, as well as some types of
transposition and translocation, can be detected by restriction
fragment length polymorphisms (RFLPs).

[0133] Another method for determining the presence of a
polymorphism is by analysis of tandem repeat lengths in
minisatellite DNA. This technique involves restriction
enzyme digestion and blot hybridization, and/or STRP analy-
sis, which involves PCR, gel electrophoresis or primer exten-
sion and mass spectrometry. See, for example, Birren et al.
(eds.) “Genome Analysis: A Laboratory Manual” Cold
Spring Harbor Laboratory Press, 1999, esp. Volume 4 Poly-
morphisms resulting from a single nucleotide change
(“SNP”’) may or may not result in a change in the size of a
restriction fragment. A multitude of additional techniques,
known to those of skill in the art, are available for the detec-
tion of SNPs. These include, but are not limited to, denaturing
gradient gel electrophoresis, single-strand conformation
polymorphism analysis, heteroduplex analysis, temperature
gradient gel electrophoresis, cleavase-fragment length poly-
morphism, denaturing HPLC, chemical cleavage of mis-
match, carbodiimide modification, enzymatic cleavage of
mismatch, uracil-N-glycosylase-mediated T scan, direct
nucleotide sequencing, DNA chip resequencing, allele-spe-
cific primer extension, oligonucleotide ligation assay, ran-
domly amplified polymorphic DNA analysis (“RAPD”),
fluorescence energy transfer dye terminator incorporation
assay (“FRET TDI”), dye-labeled oligonucleotide ligation
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assay (“DOL”), Tagman® with allele-specific oligonucle-
otides, randomly amplified polymorphic DNAs, and analysis
by the Invader® (Third Wave Technologies) technique. Addi-
tional methods of polymorphism analysis are known to those
of skill in the art. See, for example, Birren et al., supra.

[0134] In an embodiment of the invention, genetic poly-
morphism analysis can be carried out as described supra, in
the apparatuses disclosed herein, which will thus be useful in
these types of genetic analysis.

[0135] A method for SNP determination is by single base
primer extension. In this technique, a primer is annealed to a
polynucleotide that is to be tested for the presence of a SNP.
The sequence of the primer is chosen such that the 3'-terminal
nucleotide of the primer is adjacent to the site that is to be
tested for the presence of the SNP. This template-primer
complex is used for the preparation of four separate primer
extension reactions, each containing only a single nucleotide.
The reaction(s) in which extension occurs provides the
sequence of the site being tested for the presence of the SNP.
See, for example, U.S. Pat. No. 6,004,744.

[0136] Although extension can be assayed by DNA
sequencing techniques, alternative assays are known in the
art. One alternative assay for extension measures increases in
molecular weight by mass spectroscopy, for example, matrix
assisted laser desorption ionization time-of-flight (MALDI-
TOF) spectrometry. Primers that have been extended by a
single nucleotide, having a higher molecular weight, will be
distinguished from unextended primers when analyzed by
MALDI-TOF or other forms of mass spectrometry.

[0137] The apparatuses disclosed herein are useful in
MALDI-TOF, and other types of mass spectrometric analy-
ses, because transfer of extension products to a mass spec-
trometry preparation platform can be achieved by touching
rather than pipetting. Consequently, multiple samples can be
transferred simultaneously. Rapid sample preparation for
multiple mass spectrophotometric analyses is accomplished
by dehydration concentration of a sample on a hydrophilic
region of an apparatus. The hydrophilic region can be located,
for example, on the wall of a sample chamber.

[0138] The discovery of SNPs is efficiently accomplished
by direct nucleotide sequence determination. The appara-
tuses disclosed herein provide an ideal route to SNP discov-
ery by facilitating high-throughput nucleotide sequence
determination.

[0139]

[0140] Chemical and biochemical reactions can be
assembled by placing apparatuses containing individually
pre-filled sample chambers adjacent to each other in such a
way that corresponding samples in different apparatuses
attain physical contact and the contents of the corresponding
samples mix spontaneously. In one embodiment, the sample
chambers in an apparatus are pre-loaded and allowed to dry so
that the contents of the chambers (e.g., oligonucleotide prim-
ers) are in a state of dehydration. When such a dehydrated
apparatus is brought into contact with an apparatus whose
sample chambers are loaded with an aqueous reaction com-
ponent, the dehydrated component(s) will be re-hydrated.
This method can be practiced with several apparatuses at a
time, allowing complex reactions to be assembled. A further
advantage is that this method minimizes effects of evapora-
tion that occur during reaction assembly, because all sample
chambers are re-hydrated simultaneously when a stack of, for

Sandwiched Reactions
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example, microhole arrays is assembled. Reactions can be
conducted in a plurality of apparatuses arranged in a stacked
or sandwiched configuration.

[0141] Addition of Reagents During Chemical Processing
[0142] Reagents canbe added to reactions in progress in an
apparatus, during incubation, by means of a piezo-electric
dispenser or other common apparatus. In this way, the effects
of evaporation can be countered by the addition of water;
alternatively, chemicals and/or enzymes can be added to a
reaction in progress. Using this method, reactions can be
optimized as they proceed (i.e., in real-time).

[0143] Library Display and Assay

[0144] The apparatus of the invention can be used for cre-
ating and displaying libraries, for example, libraries of cells.
For example, the sample chambers can comprise an adherent
surface, suitable for cell growth, such as plastic, polystyrene
and optionally polylysine. A different cell, cell strain or cell
type can be applied to each sample chamber and the substrate
placed under conditions suitable for cell growth; for example,
the substrate is immersed in culture medium in a CO, incu-
bator at 37° C. After a period of cell growth, the substrate is
removed from the growth conditions and subjected to condi-
tions that result in cell lysis and fixation of cellular macro-
molecules within or adjacent to the sample chambers. The
substrate can then be subjected to, for example, restriction
enzyme digestion, hybridization and/or amplification analy-
sis to determine the presence of a particular target macromol-
ecule in a particular cell, for example.

[0145] Real-Time Analysis of Reactions

[0146] Optical monitoring of the reactions contained in the
sample chambers of the apparatus can be achieved in several
ways. For example, an array of microholes containing a plu-
rality of completed reactions can be placed in direct contact
with a CCD array or fiber optics bundle, or can be loaded into
an optical reading apparatus. For light-emitting readouts,
such as fluorescence or chemiluminescence, a benefit of the
microhole array is that there may be no plastic or other mate-
rial to obscure or diffuse the emitted light and potentially
generate autofluorescence. For thermal cycling reactions con-
tained in a hydrophobic medium such as a bath of a hydro-
phobic substance, it is possible to monitor the optical activity
of the reaction continuously. The hydrophobic substance
itself can optically couple the reaction to a fiber optic bundle
immersed in the hydrophobic substance which directs emit-
ted light to a CCD array for quantitative detection. Such a
device allows very high parallel processing of real-time
assays such as PCR and Tagman®. Using fiber optic bundles
capable of carrying hundreds of thousands to millions of
individual fibers, it is possible to monitor millions of ampli-
fication reactions simultaneously and in real-time on a single
apparatus such as a microhole plate.

[0147] High Throughput Sequencing

[0148] In addition to providing significant advantages in
cycle sequencing, as described above, the use of the disclosed
apparatuses, such as microhole arrays, for chemical reactions
provides advantages in standard nucleotide sequencing
operations as well. For example, it is possible to design a
microhole sheet that is thin enough to fit between the glass
plates of a standard polyacrylamide slab gel. The sheet has
microholes arranged in a straight line array with each micro-
hole containing a sub-microliter volume of a chain termina-
tion sequencing reaction. See, for example, FIG. 6A. The
sheet is placed into a constant temperature or thermal cycling
apparatus for processing of the sequencing reaction, and is
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then transferred to the top of a polyacrylamide gel or other
electrophoresis medium, with one edge of the sheet contact-
ing the electrophoresis medium. In one embodiment, the
sheet contains partial holes along its perimeter into which
reaction mixtures are dispensed and reactions are conducted,
and from which reaction mixtures are applied directly to a gel
by the method described above. A partial hole is one which is
not completely enclosed by the substrate, such that up to
about 180.degree. of the diameter of the hole is not enclosed
by the substrate, i.e., up to 180.degree. of the hole diameter is
open to the exterior of the substrate. See, for example, FIG.
6B. Alternatively, ahole can communicate with the exterior of
the substrate through a thin channel in the substrate. See, for
example, FIG. 6C.

[0149] For sequencing techniques in which the termination
products corresponding to a particular one of the four nucle-
otides are labeled with a chromophore or fluorophore specific
to that nucleotide, it is possible to combine the four base-
specific reactions for analysis on a single gel lane. In this case,
four arrays, each containing a different one of the four
sequencing reactions in a corresponding hole, are stacked,
and the stack is placed in contact with a sequencing gel such
that the samples enter the gel upon provision of an electric
current. Alternatively, the four plates are stacked so that the
four sequencing reactions mix and the mixture equilibrates
throughout the stack. Then one of the plates is removed from
the stack and placed in contact with the gel.

[0150] Useofanapparatus such as a microhole sheet for gel
loading has many advantages. The very small reaction sizes
available with the sheets results in reduced reagent usage and
consequent cost savings. Additionally, a sheet can be pre-
loaded with hundreds of sequencing reactions, rather than the
current limit of 96 samples per gel, thereby significantly
expanding the capacity and throughput of current gel-based
sequencing techniques and exceeding those of capillary
sequencing instruments.

[0151] Additional Electrophoretic Applications

[0152] In another embodiment of the use of the disclosed
apparatuses for electrophoresis, a microhole array containing
aplurality of samples is placed such that one face of the array
is in contact with an electrophoresis medium. In this way,
several rows of samples can be simultaneously transferred to
the electrophoretic medium to provide a three-dimensional
electrophoretic analysis. Detection of samples during and/or
after electrophoresis is accomplished, for example, by fluo-
rescence. In one embodiment, a molecule which becomes
fluorescent upon DNA binding (such as ethidium bromide,
acridine orange or SYBR green, for example) is present in the
electrophoretic medium. In another embodiment, the sample
being subjected to analysis is labeled with a fluorescent mol-
ecule. In another embodiment, samples are radioactively
labeled and detected with a radiation scanning device. In
addition, they can be detected by silverstaining, Coomassie
blue staining, and by binding of other proteins (e.g., antibod-
ies).

[0153] Inanother embodiment, a stack of one or more gel-
or liquid-filled microhole arrays can be formed to simulate an
array of capillaries. An array containing a plurality of reac-
tions can be placed upon the stack, and the reactions electro-
phoresed out of the array and into the stack. Subsequent to
electrophoresis, the stack can be disassembled and the pres-
ence of a molecule in a particular array can be correlated with
the position (level) of that array in the stack. The thickness of
each array in the stack need not be uniform, although, in one
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embodiment, the stack comprises a plurality of arrays of
uniform thickness. The holes in the stack can be filled with
agarose, acrylamide, or any other medium suitable for elec-
trophoresis. A similar stacking format can be used, for
example, to conduct unit gravity sedimentation through a
liquid.

[0154] Included within the embodiments of the invention
are kits comprising the apparatus for containing multiple
micro-volume liquid samples as described Supra. The kits
may also comprise a component of areaction to be carried-out
in the apparatus; the component may be either a reactant or a
reagent. In some embodiments, the reactant and/or reagent
may be contained within one or more microholes of the appa-
ratus. The kit may also contain in addition to the microhole
apparatus, one or more hydrophobic substances to be used
with the apparatus. The hydrophobic substances may be a
hydrophobic fluid and/or a solid hydrophobic cover (e.g., a
teflon porous membrane and/or evaporation seals (e.g. opti-
cally clear silicone sheets). Additional contents of the kit may
be a chamber for maintaining the appropriate environmental
conditions, e.g., humidity and/or temperature, for the reaction
(s) that are to be carried out using the microhole apparatus,
and an apparatus(s) for loading the samples into the sample
chambers. When the contents of the kit include a fluid sub-
stance, the fluid will be packaged in an appropriate container.
Desirably, the kit will also contain instructions for use of the
microhole apparatus.

[0155] The invention is further illustrated by the following
nonlimiting examples.
EXAMPLES
Example 1

PCR-Mediated Analysis of CAG Repeat Length in
the Human hSK Gene

[0156] A 10 ml aliquot of 2xPCR mastermix is prepared
from commercially available components (e.g. GeneAmp®
PCR Reagent Kit with AmpliTagq® DNA Polymerase; PE
Biosystems, Foster City, Calif.) and custom oligonucleotide
primers.

[0157] The master mix contains each of the following com-
ponents at 1.6-times the desired final concentration:

Deoxynucleotides (dATP, d4CTP, dGTP, TTP (or UTP))

A forward primer:
FrwCAG2: GGA CCC TCG CTG CAG CCT CA

A reverse primer:
RewCAG2: GCA AGT GGT CAT TGA GAT TGA GCT GCC T

[0158] A thermostable DNA polymerase (e.g. AmpliTaq®

DNA Polymerase)

[0159] A buffer

[0160] MgCl,

[0161] Usinga Hamilton 4000 robot, 1.7 pl of mastermix is

dispensed into each of 576 microholes (24 rows and 24 col-
umns) in a solid substrate (the microhole apparatus). The
holes occur in the shape of a right circular cylinder of 1.2 mm
diameter and 1.6 mm height. The microhole apparatus is
suspended such that its lower face is shallowly immersed in
mineral oil at a depth such that no mineral oil is forced into the
microholes. Immediately following dispensing of the master
mix, 1 ul of mineral oil is dispensed on top of each microhole.
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[0162] Alternatively the apparatus is touched or immersed
in a reservoir of master mix so that each microhole is filled
with mastermix (internal volume of 1.7 pl). The apparatus is
then shallowly immersed in mineral oil so that it is submerged
to a depth of <1 mm.

[0163] Template DNA is prepared from blood or other tis-
sue(s) from human patients of interest e.g., using QlAamp 96
DNA Blood BioRobot Kit (QIAGEN Inc., Valencia, Calif.).
Using a Hamilton 4000 robot, 1 ul of DNA is removed from
its position in a 96-well dish and is pipetted through the
mineral oil into each microhole. Each microhole contains a
distinct template DNA sample (derived from an individual
patient) but each patient sample can be assayed multiple times
in different microholes.

[0164] Following dispensing of the template DNA, the
apparatus is immersed in a small volume (1-5 ml) of mineral
oil. The mineral oil is thermally cycled as follows:

[0165] 94° C. for 40 seconds, 4 cycles of (94° C. for 10
seconds, 70° C. for 50 seconds), and 28 cycles of (94° C. for
10 seconds, 68° C. for 50 seconds). After thermocycling, the
substrate is removed from the oil bath and loading dye (which
can contain bromphenol blue, xylene cyanole FF and/or
Ficoll (commercially available from e.g., Bio101, Inc., Carls-
bad, Calif.)) is dispensed into each microhole either using a
Hamilton 4000 robot or by hand using an adjustable distance
multichannel pipettor such as the Matrix Impact EXP. The
material in the microholes is then aspirated and samples are
dispensed into the wells of an 8% polyacrylamide gel and are
electrophoresed to resolve differently sized products.

Example 2
Expression Analysis

[0166] Template mRNA (or total RNA) is prepared from
the tissue(s) of human patients of interest e.g. using an RNe-
asy 96 BioRobot Kit (QIAGEN Inc., Valencia, Calif.). The
RNA is combined with a mix containing reagents for reverse
transcription and PCR amplification (e.g., GeneAmp® Gold
RNA PCR Reagent Kit, PE Biosystems, Foster City, Calif.),
excluding sequence-specific oligonucleotides and probes,
such that the reagents are present at 1.6 times the desired final
concentration. 1.7 pl of template/reagent mix is dispensed
into each of 576 microholes in a microhole apparatus (the
apparatus, as described above). Immediately following dis-
pensing of the template, 1 pl of mineral oil is dispensed on top
of each microhole.

[0167] Alternatively, the apparatus is touched or immersed
in a reservoir of template RNA/reagent mix so that each
microhole is filled with RNA/reagent mix (volume 1.7 pl).
The substrate is then shallowly immersed in mineral oil so
that it is submerged to a depth of <1 mm.

[0168] PCR primer/probe combinations corresponding to
genes of interest are designed using e.g. Primer Express soft-
ware (PE Biosystems, Foster City, Calif.). The fluorogenic
probe for each sequence consists of an oligonucleotide with
both reporter and quencher dye attached. Each probe anneals
specifically between the forward and reverse amplification
primers. When the probe is cleaved by the 5' nuclease activity
ofa DNA polymerase (e.g. AmpliTaq® DNA Polymerase; PE
Biosystems, Foster City, Calit.), the reporter dye is separated
from the quencher dye and a sequence-specific fluorescent
signal is generated. The fluorescence intensity of the dye is
proportional to the amount of starting material present in a
patient sample.
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[0169] Cognate PCR primers and probes corresponding to
each gene of'interest are mixed together at 2.7-fold the desired
final concentration. 1 ul of each of the individual primer/
probe mixes are dispensed into the microholes containing the
RNA template/reagent mix using a Hamilton 4000 robot.
Each microhole contains a distinct primer/probe combination
(corresponding to an individual gene) but each gene can be
assayed multiple times using different microholes.

[0170] Alternatively, primers and probes can be prepared at
2-fold the desired final concentration and can be dispensed
into empty microholes of a separate apparatus. The primer
and probe mixes are introduced into the RNA template/re-
agent mix by touching the two apparatuses together to allow
mixing of the reagents.

[0171] Alternatively the desired amount of primers and
probes can be dispensed into empty microholes, following
which the apparatus is dessicated, allowing the primers/probe
mix to dry onto the wall of each microhole. The entire appa-
ratus is then touched or immersed in a reservoir of template
RNA/reagent mix, so that each microhole is filled with RNA/
reagent mix (volume 1.7 ul) as described above. The RNA/
reagent mix rehydrates the desiccated primer/probe mix.
[0172] Following the introduction of template DNA, the
substrate is immersed in a small volume (1-5 ml) of mineral
oil. The mineral oil is thermally cycled as follows:

[0173] 95°C. for 10 minutes, 20-40 cycles of (95° C. for 15
seconds, 60° C. for 60 seconds). After thermocycling, the
apparatus is removed from the oil bath, covered on both sides
with microscope slide coverslips and scanned on a confocal
microscope. The substrate can be returned to the oil bath for
additional cycling after scanning, if desired. Alternatively a
device can be used to scan the reaction during each cycle of
PCR while cycling is occurring.

Example 3

Microhole PCR with Pre-Affixed Oligonucleotide
Primers and In-Situ Fluorescent Detection

[0174] PCR amplification of Lambda phage was performed
in a microhole array with hole diameters of 1.0 mm and a
titanium plate thickness of 1.1 mm. The titanium plate 1 was
wrapped at the ends with aluminum tape 71 (FIG. 7) to ensure
thermal contact of the plate to the heat block of a modified
Perkin-Elmer 480 (PE480) thermal cycler while preventing
physical contact between the heat block and the reactions
contained in the holes. The PE480 thermal cycler was modi-
fied by cutting a channel across the width of the heater block
to allow insertion and thermal cycling of microhole array
plates. The channel was 2.4 mm wide, 18.8 mm deep and cut
across the entire face of the heat block, a distance of 90 mm.
The open ends of the channel were filled with heat conductive
silicone caulk (Ultra Copper, Loctite Corporation, Rocky
Hill, Conn.) and the cured assembly was filled with laboratory
grade mineral oil (Sigma Chemical #M-5904).

[0175] Primers were designed to amplify a 632 by region of
the Lambda DNA, forward primer=tggtatgaccggcatcct,
reverse primer=tcggcgtgtcatatttcact. Initial loading of primer
pairs onto the dried titanium microhole plate was 0.5 ul of 10
umolar dilutions, giving 5 picomoles of forward and reverse
primer in each well. The loaded reaction assembly was placed
onto a 95° C. hot plate, the aluminum tape at the ends of the
titanium plate providing a thermal path for increased evapo-
ration rate while creating a standoff so that the loaded micro-
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holes would not make physical contact to the surface of the
hot plate. After several minutes, the dried plate was removed.

[0176] A reaction mixture of 1 pl picogreen (Molecular
Probes, Eugene, Oreg.), 1 ng Lambda Control DNA (AB
Gene, Surrey, UK), 3 ul TE (pH=7.5), and 5 ul 2x master mix
was prepared. The 2x master mix consisted of 10 pl 10x
buffer concentration, 10 ul MgCl, (for a final concentration of
2.5 mM), 5 units RedTaq (Sigma Chemical #D-2812), 12 ul
dNTPs (1.25 micromolar of each A,C,G,T). 0.5 ul of this
reaction mixture was added to each of the holes in the micro-
hole array, and thermal cycling was performed.

[0177] Thermal cycling parameters for the PE480 were as
follows: 3 minutes at 95° C., 30 cycles of 95° C. for 30 secs,
55° C. for 30 secs, 73° C. for 60 sec, and 10 minutes at 72° C.
After thermal cycling the microhole array was removed from
the thermal cycler and placed on a confocal laser scanner/
imager without removing the oil from the titanium substrate.
The in-house imager/scanner uses a pair of coupled screw-
drive robotic translation stages to scan the microhole array
substrate in the x- and y-directions. An Argon-ion laser is
focused through an objective lens onto the substrate, the
excited emission returns through the objective lens and dich-
roic mirrors direct light of 530 nm(+/-20 nm) wavelength and
570 nm(+/-20 nm) wavelength to two separate photomulti-
plier tubes (PMTs). The signal of the PMTs is collected and
displayed on the attached computer.

[0178] The argon-ion laser excited the picogreen (which
strongly fluoresces in the presence of double stranded DNA,
but fluoresces only weakly in the presence of RNA and single
stranded DNA) at 488 nm. A fluorescent signal from these
reactions which is higher than pre-calibrated background sig-
nals indicates successful rehydration of the primers and
amplification of the Lambda template.

Example 4
Molecular Haplotyping

[0179] Following the digital-PCR application outlined by
Vogelstein and Kinzier (PNAS, vol. 96, p. 9236-9241), the
microhole apparatuses described herein may be used to pro-
vide high confidence haplotype information. In this example
we investigate the coincidence of a rare single base change
which occurs in intron 34 of the ATM gene (IVS34-7 T>C)
with a more common polymorphism which occurs in intron
48 of the same gene, an insertion of the three base sequence
ATT (IVS48-69 insATT) (Thorstenson, Y R et al. American
Journal of Human Genetics, vol. 69:396-412, 2001).

[0180] Samples of human DNA are prepared using the
Stratagene DNA Extraction kit (CAT #200600, Stratagene,
LaJolla, Calif.) according to manufacturer’s instructions. The
purified product is diluted to approximately 1.5 pg/ul to
obtain a concentration of one-half genome equivalent DNA
per 1 ul reaction.

[0181] A 256 hole microhole chip is used for this example.
A 0.5 mm thick titanium plate with hole diameters o 0.75 mm
will hold liquid samples of slightly less than 0.9 ul. 2500 of a
PCR brew are prepared as follows: 67 mM Tris (pH 8.8), 16.6
mM NH4S04, 10 mM 13-mercaptoethanol, ] mM each A, C,
G, T dNTPs, 6% (vol/vol) DMSO, 1 uM each forward and
reverse primer, 11.1M each sequence probe (primers and
probes described below), 12.5 U Platinum Taq (Life Tech-
nologies, Grand Island, N.Y.), and 125 genome equivalents of



US 2012/0077194 Al

template DNA. Using a large bore 1-ml pipette, the reaction
mixture is deposited on top of the horizontally held microhole
array. The chip is re-oriented to be vertical, and the overflow
liquid is carefully re-aspirated from each side of the chip
using a 200-0 pipette. The top and bottom of the chip are
sealed with a single sheet of clear adhesive film (such as
parcel packaging tape) folded around one edge and sealed at
the opposite edge with a face-to-face adhesive seal.

[0182] The assembly is inserted into a Perkin-Elmer 480
Thermal Cycler which has been modified by milling or saw-
ing a narrow, deep groove across its face so that the thin
microhole chip may be inserted into the groove and the chip
reliably thermal cycled. A thin heat-conductive silicone pad
(Stockwell Rubber Company, Philadelphia, Pa.) is used to
provide thermal contact as well as pressure to the surfaces of
the microhole chip. The added pressure prevents evaporation
of'the samples. The apparatus is thermal cycled according to
the following protocol: (1) 94° C. for 60 sec; (2) 60 cycles of
94° C. for 20 sec, 55° C. for 20 sec, 70° C. for 20 sec; and (3)
70° C. for 10 minutes.

[0183] Following completion of the thermal cycling proto-
col the chip is scanned using a two color scanner or fluores-
cent microscope to determine the levels of fluorescence dueto
FAM (6-carboxy-fluorescein) (from exon 35) and TET (tet-
rachloro-6-carboxy-fluorescein) (from exon 49).

[0184] Of the 256 microholes, approximately 142 should
have no fluorescent signal due to lack of DNA template. Of
the remaining microholes, a FAM signal indicates the pres-
ence of the IVS34-7 T>C mutation of intron 34 and a TET
signal indicates the presence of the IVS48-69 insATT muta-
tion of intron 48. The case of a large number of FAM and TET
signals from the same microholes indicates the very high
likelihood that both mutations are present on the same allele.
Ifboth FAM and TET appear in the same microhole in only a
few instances, this more likely indicates the presence in a
single microhole of two different alleles.
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[0185] Primers and Probes

[0186] The following primers are designed to amplify two
specific loci on intron 34 and intron 48, separated by approxi-
mately 29 kb on the human ATM gene. The probes have been
designed to hybridize to the polymorphic region (as opposed
to the wild-type), therefore a FAM signal will be generated if
intron 34 contains the T>C polymorphism and the TET signal
will be generated if intron 48 contains an ATT insertion

Primer Sequence

Intron 34F: caaaagtgttgtcttcatgce

Intron 34R: ctgcaacaaattgacaact-agt

Intron 48F: taagatagtccctgacaagtagtta

Intron 48R: tgacatatgggaataaatactttt
[0187] Probe Sequences for Two Mutant Alleles of the

ATM Gene (Mutations in Upper Case)

Intron
34Probe:
<fam>tttaaaa<tamra>aattaCttctagataatcc-gca

31. Intron
48Probe:
<tet>ttgctgc<tamra>tttcATT-attattattattcat

[0188] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be apparent to
those skilled in the art that various changes and modifications
can be practiced without departing from the spirit of the
invention. Therefore the foregoing descriptions and examples
should notbe construed as limiting the scope of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic forward primer:

<400> SEQUENCE: 1

ggaccctege tgcagectca

<210> SEQ ID NO 2

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

FrwCAG2

20

<223> OTHER INFORMATION: Synthetic reverse primer: RewCAG2

<400> SEQUENCE: 2

gcaagtggtce attgagattg agctgect

<210> SEQ ID NO 3

28
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-continued
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<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic forward primer

<400> SEQUENCE: 3

tggtatgacc ggcatcct 18

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic reverse primer

<400> SEQUENCE: 4

tcggegtgte atatttcact 20

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer: Intron 34F

<400> SEQUENCE: 5

caaaagtgtt gtcttcatgce 20

<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer: Intron 34R

<400> SEQUENCE: 6

ctgcaacaaa ttgacaacta gt 22

<210> SEQ ID NO 7

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer: Intron 48F

<400> SEQUENCE: 7

taagatagtc cctgacaagt agtta 25

<210> SEQ ID NO 8

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer: Intron 48R

<400> SEQUENCE: 8

tgacatatgg gaataaatac tttt 24

<210> SEQ ID NO 9

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: Synthetic probe: Intron 34
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Labelled with FAM and TAMRA

<400> SEQUENCE: 9

tttaaaaaat tacttctaga taatccgea

<210> SEQ ID NO 10

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic probe: Intron 48
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Labelled with TET and TAMRA

<400> SEQUENCE: 10

ttgctgcettt cattattatt attattcat

29

29

What is claimed:

1. A method for simultaneously conducting a plurality of
polynucleotide reactions, the method comprising:

(a) providing a microhole apparatus comprising a substrate

and a plurality of holes extending through the substrate;

(b) introducing a plurality of liquid samples comprising a

nucleic acid into the plurality of holes;

(c) coating the apparatus with a hydrophobic fluid; and

(d) placing the microhole apparatus into an environment

favorable to simultaneously conducting a plurality of
polynucleotide reactions on the plurality of liquid
samples.

2. The method according to claim 1, wherein the poly-
nucleotide reaction is a polynucleotide amplification reac-
tion.

3. The method according to claim 1, wherein step (c) fur-
ther comprises sealing the sample chambers with an evapo-
ration barrier.

4. The method of claim 3, wherein the evaporation barrier
consist of a silicone rubber sheet.

5. The method of claim 3, wherein the evaporation barrier
consists of a polymeric or glass cover slide.

6. The method of claim 5, wherein the cover slide is opti-
cally clear.

7. The method according to claim 6, further comprising
optically monitoring progress of the reactions in the cham-
bers.

8. The method according to claim 7, wherein optically
monitoring further comprises monitoring by fluorescence
spectroscopy.

9. The method according to claim 1, wherein each hole or
set of holes is circumscribed by a narrow raised feature.

10. The method according to claim 1, further comprising
supplementing the reactions with one or more reagents during
the course of the reactions.

11. The method according to claim 1, further comprising
affixing a target nucleic acid to a wall of a hole by surface
tension or desiccation.

12. The method according to claim 1, wherein the plurality
ofliquid samples is obtained from a single sample comprising
the target nucleic acid sequence.

13. The method according to claim 12 wherein the single
sample is a biological sample.

14. The method according to claim 1, wherein the micro-
hole apparatus contains a sequence-specific polynucleotide
amplification reaction component reversibly affixed to a wall
of'a hole.

15. The method according to claim 14, wherein the
sequence-specific polynucleotide amplification reaction
component is dissolved when the liquid sample is introduced
into the hole.

16. The method according to claim 1, wherein the liquid
samples are terminally diluted to the extent that an average
number of the holes contain exactly one copy of the target
nucleic acid.

17. The method according to claim 1, wherein haplotype
information for a target nucleic acid sequence is generated.

18. The method according to claim 17, wherein a sequence-
specific probe is used to detect a genetic polymorphism.
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