wo 2011/067234 A2 I 0K 00 DR A0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
9 June 2011 (09.06.2011)

2P0

(10) International Publication Number

WO 2011/067234 A2

(51) International Patent Classification:

BOI1L 3/00 (2006.01) B01J 19/00 (2006.01)

(21) International Application Number:

PCT/EP2010/068482

(22) International Filing Date:

30 November 2010 (30.11.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/265,914 2 December 2009 (02.12.2009) Us

Applicant (for DE only): ROCHE DIAGNOSTICS
GMBH [DE/DE]; Sandhofer Stralie 116, 68305
Mannheim (DE).

1

(71) Applicant (for all designated States except DE, US): F.
HOFFMANN-LA ROCHE AG [CH/CH]; Grenzacher

Strasse 124, CH-4070 Basel (CH).

Inventors: NUWAYSIR, Emile; 2001 Jefferson Street,
Madison, Wisconsin 53711 (US). LUCKEY, John A.;
S7545 W. Grandview Ave., Merrimac, Wisconsin 53561
(US).

Agents: BURGER, Alexander et al.; Roche Diagnostics
GmbH, Patent Department (LPP.....6164), P.O.Box 11 52,
82372 Penzberg (DE).

(72

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: MULTIPLEXED MICROARRAY AND METHOD OF FABRICATING THEREOF

106
ﬁ

600

/— 100

600

777

600 600 600 600
150 150 150 150
FIG. 6

150

150 150 150 102

(57) Abstract: A multiplexed array and method for fabricating a multiplexed array are disclosed. The multiplexed array includes a
hydrophobic barrier formed on a substrate. The hydrophobic barrier includes a plurality of wells in which microarrays are located.

A liquid cover slip is positioned to seal each of the wells.
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MULTIPLEXED MICROARRAY AND METHOD OF FABRICATING
THEREOF

TECHNICAL FIELD

The present disclosure relates, generally, to microarrays and, more particularly, to
multiplexed microarrays for performing multiple assays and other tests or

experiments.

BACKGROUND

Deoxyribonucleic acid (DNA) microarray technology is used in many research
arcas such as gene expression and discovery, mutation detection, allelic and
evolutionary sequence comparison, genome mapping, and the like. Microarrays
allow researchers to perform a large number of concurrent experiments using, for
example, multiple probes and a single test sample. In such microarrays, the
microarray area is surrounded by a barrier such that the test sample may be placed
in contact with the microarray but restricted from flowing out of the defined
microarray arca. In some microarrays, the top of the barrier is open to the
environment, which can result in adverse evaporation of the test sample,

contamination, and/or cross-mixing.

Multiplexed arrays are formed from multiple microarrays positioned on a single
substrate. In a multiplexed array, a barrier may be used to surround each individual
microarray such that a plurality of samples may be used with a single multiplexed
array. The barrier retains the sample within the desired sub-array while restricting
the sample from flowing or otherwise contacting adjacent or nearby sub-arrays of
the multiplexed array. Again, some barriers of multiplexed arrays are open to the
surrounding environment resulting in the potential undesirable evaporation of the

test sample during the hybridization.

SUMMARY

According to one aspect, a multiplexed array includes a substrate, a hydrophobic
barrier, and a liquid cover slip. The substrate may be embodied as a glass
substrate, a silicon substrate, or other suitable material. The hydrophobic barrier
may be formed on the substrate. Additionally, the hydrophobic barrier may define
a plurality of wells. Each well of the plurality of wells may include an opening for
access to the interior of the well. A microarray may be positioned in each well and

attached to the substrate. The liquid cover slip may be positioned in contact with
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the hydrophobic barrier and over the opening of each well to pneumatically seal the

plurality of wells.

In some embodiments, the hydrophobic barrier may be formed from trityl-T
amidite. Additionally, in some embodiments, the hydrophobic barrier may define
at least twenty-four wells, at least ninety-six wells, or more wells. The microarray
may be embodied as a deoxyribonucleic acid (DNA) microarray. in some

embodiments.

Additionally, in some embodiments, the liquid cover slip may be embodied as a
mineral oil cover slip. Additionally, the liquid cover slip may be embodied as a
plurality of liquid cover slips in some embodiments. In such embodiments, each
one of the plurality of liquid cover slips may be positioned over at least one
opening of the plurality of wells. Additionally or alternatively, the liquid cover slip
may be embodied as a quantity of liquid positioned in a container. In such
embodiments, a portion of the hydrophobic barrier is positioned in the liquid.
Further, in some embodiments, the multiplexed array may include a container in

which liquid cover slip is positioned in the container.

According to another aspect, a multiplexed array apparatus may include a
hydrophobic barrier formed on a substrate, a well-forming cover positioned over
the hydrophobic barrier, and a liquid sample. The hydrophobic barrier and
substrate may cooperate to define a plurality of wells. Each well may include an
opening defined in an upper surface of the hydrophobic barrier and a microarray

positioned therein.

The well-forming cover may be positioned a distance above the hydrophobic
barrier and may define a plurality of openings to the corresponding plurality of
wells. The well-forming cover in cooperation with the hydrophobic barrier may
position and laterally confine a liquid sample in each of the plurality of wells when
the sample is deposited therein. Additionally, the well-forming cover and the
hydrophobic barrier may cooperate to confine and position a means for sealing the
plurality of wells, which may be positioned over the well-forming cover. Such
means of sealing the wells may be embodied as a liquid cover slip in some
embodiments. However, in other embodiments the means for sealing the wells
may be embodied as a physical cover such as a sealing foil/film or air-tight cover.
For example, a scaling film may be attached to the upper surface of the well-

forming cover after the liquid sample has been deposited into the well(s).
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Alternatively, a physical cover may be applied for the purpose of maintaining a
humidity equilibrium that limits or otherwise prevents evaporation of the liquid
sample during hybridization. In such embodiments, the physical cover may be
embodied as a cover of various design and formed from various materials capable

of forming a pneumatic seal with the well-forming cover.

In some embodiments, the hydrophobic barrier may be formed from trityl-T
amidite. Additionally, in some embodiments, the hydrophobic barrier may define
at least twenty-four wells, at least ninety-six wells, or more wells. The microarray
may be embodied as a deoxyribonucleic acid (DNA) microarray. in some

embodiments.

Additionally, in some embodiments, the liquid cover slip may be embodied as a
mineral oil cover slip. Additionally, the liquid cover slip may be embodied as a
plurality of liquid cover slips in some embodiments. In such embodiments, each
one of the plurality of liquid cover slips may be positioned over at least one
opening of the plurality of wells. Additionally or alternatively, the liquid cover slip
may be embodied as a quantity of liquid positioned in a container. In such
embodiments, a portion of the hydrophobic barrier is positioned in the liquid.
Further, in some embodiments, the multiplexed array may include a container in

which liquid cover slip is positioned in the container.

According to a further aspect, a method for fabricating a multiplexed array may
include synthesizing a plurality of probes on a common substrate to form a
plurality of microarrays. The method may also include forming a hydrophobic
barrier on the common substrate. The hydrophobic barrier may be formed so as to
surround each microarray to form a plurality of wells. The method may also
include laterally confining the liquid sample via use of a liquid cover slip and/or a
well-forming device. For example, in some embodiments, positioning the liquid
cover slip may include inserting at least a portion of the hydrophobic barrier into a
bath of mineral oil. Alternatively, the method may use an evaporative barrier (e.g.,
sealing film or physical cover) in place of the liquid cover slip to limit or otherwise

prevent evaporation of the sample during hybridization.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view of one embodiment of a multiplexed array;
FIG. 2 is another elevational view of the multiplexed array of FIG. 1;

FIG. 3 is a top plan view of the multiplexed array of FIG. 1;
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FIG. 4 is a top plan view of one embodiment of a 96-plex array from a
plurality of the multiplexed arrays of FIG. 1

FIG.5  isa cross-sectional elevational view of the multiplexed array of FIG. 1;

FIG. 6 is a cross-sectional elevational view of another embodiment of a
multiplexed array;

FIG.7 is a cross-sectional elevational view of another embodiment of a
multiplexed array;

FIG.8 s a cross-sectional side view of another embodiment of a multiplexed
array; and

FIG.9  amethod of fabricating the multiplexed array of FIGS. 1, 6, 7, and/or 8.

DETAILED DESCRIPTION

While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific exemplary embodiments thereof have
been shown by way of example in the drawings and will herein be described in
detail. It should be understood, however, that there is no intent to limit the
concepts of the present disclosure to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the appended

claims.

References in the specification to "one embodiment", "an embodiment"”, "an
example embodiment", etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one skilled in the art
to effect such feature, structure, or characteristic in connection with other

embodiments whether or not explicitly described.

Some embodiments of the disclosure, or portions thercof, may be implemented in
hardware, firmware, software, or any combination thercof. Embodiments of the
disclosure may also be implemented as instructions stored on a tangible, machine-
readable medium, which may be read and executed by one or more processors. A
machine-readable medium may include any mechanism for storing or transmitting

information in a form readable by a machine (e.g., a computing device). For
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example, a machine-readable medium may include read only memory (ROM);
random access memory (RAM); magnetic disk storage media; optical storage

media; flash memory devices; and others.

Referring to FIG. 1, in one embodiment, a multiplexed array 100 includes a
substrate 102, a hydrophobic barrier 104 formed on the substrate 102, and a liquid
cover slip 106 deposited or otherwise positioned on the hydrophobic barrier 104.
The substrate 102 may be formed from any solid material suitable for supporting a
microarray thereon. For example, the substrate 102 may be embodied as a glass
substrate or a silicon substrate in some embodiments. The substrate 102 includes a

lower surface 108 and an upper surface 110.

The hydrophobic barrier 104 is formed on the upper surface 110 of the substrate
102. Although the hydrophobic barrier 104 is illustrated in the drawings as having
a discernible thickness for clarity of the description, it should be appreciated that in
the illustrative embodiment the hydrophobic barrier 104 is formed from a layer of
chemistry and, as such, may have a minimal thickness in practice. The
hydrophobic barrier 104 is attached to the top surface 108 of the substrate 102 and
has a top surface 114, which is contacted by the liquid cover slip 106 when the
liquid cover slip 106 is deposited or otherwise positioned thereon. As shown in
FIGS. 2 and 3, the hydrophobic barrier 104 defines a plurality of wells 150, each of
which includes a bottom wall defined by the upper surface of the substrate 102. A
separate microarray (not shown) may be located in each of the wells 150. The
hydrophobic barrier 104 may be formed from any material (or chemical
modification of the substrate 102) capable of laterally confining a liquid sample in
the wells 150 (i.e., restricting the flow of the sample from one well 150 to a nearby
well 150). In one particular embodiment, the hydrophobic barrier is formed from
trityl-T amidite synthesized onto the substrate 102, but may be formed from other

materials in other embodiments.

As discussed in more detail below in regard to FIG. 8, the hydrophobic barrier 104
may be fabricated during the synthesis of the plurality of microarrays formed on
the substrate 102. That is, the hydrophobic barrier 104 may be formed to surround
cach microarray formed on the substrate 102. The particular dimensions of the
hydrophobic barrier 104 may vary based on the number and size of the individual
microarrays, the volume of test sample to be used, the size of the substrate 102, and

other considerations. It should be appreciated that the relative dimensions of the
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structures of the multiplexed array illustrated in the figures are not to scale and may

vary across embodiments based on the aforementioned considerations.

The hydrophobic barrier 104 may be formed to define any number of wells 150.
For example, as illustrated in FIG. 3, the hydrophobic barrier 104 and the substrate
102 may cooperate to define twenty-four individual wells 150. As discussed
above, each of the wells 150 may include a corresponding microarray such that a
plurality of different experiments using multiple, different samples may be
performed with a single multiplexed array 100. Although the illustrative
multiplexed array 100 includes twenty-four wells 150, it should be appreciated that
the hydrophobic barrier 104 may include more or less wells 150 in other
embodiments. For example, in some embodiments, the multiplexed array 100 may
include at least twelve wells 150, at least thirty-six wells 150, at least ninety-six
wells 150, or more. Additionally, although the wells 150 are illustrated as being
formed in a generally matrix configuration, the wells 150 may be formed in various
configurations relative to each other in other embodiments. Additionally, the
general shape of the wells 150 may vary in other embodiments based on, for

example, the shape and size of the individual microarray located therein.

In some embodiments, multiple multiplexed arrays 100 may be combined to form a
larger multiplexed array 400 as shown in FIG. 4. In the illustrative embodiment,
four individual multiplexed arrays 100, each having twenty-four wells 150 and
associated microarrays, are used to form a multiplexed array 400 having ninety-six
wells 150 and associated microarrays. In other embodiments, more or less
multiplexed arrays 100, each having more or less wells 150, may be used to form
the larger multiplexed array 400. The larger multiplexed array 400 may be formed
by placing the individual multiplexed arrays 100 in a slide holder 402. The slide
holder 402 may be formed from any suitable material capable of holding the
multiplexed arrays 100. In one particular embodiment, the slide holder 402 is
formed from a n aluminum material but may be formed from other materials in
other embodiments. In one particular embodiment, the slide holder 402 is
embodied as a titration plate holder. It should be appreciated that in such
embodiments the multiplexed array 400 may be used with machines and devices

typically used with titration plates.

As discussed above, a microarray may be formed on the upper substrate 102 within
cach well 150. As discussed below in regard to FIG. 8, the microarray may be

formed prior to, subsequent to, or contemporaneously with the formation of the
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hydrophobic barrier 104. The microarrays included in the multiplexed array 100
may be embodied as any type of microarray used for various testing. For example,
in one particular embodiment, the microarrays are embodied as deoxyribonucleic
acid (DNA) microarrays, which may be used in, for example, gene expression and
discovery, mutation detection, allelic and evolutionary sequence comparison,
genome mapping, and other research experiments and analysis. In such
embodiments, the microarrays are formed from the DNA oligonucleotides attached
to the substrate 102. The DNA oligonucleotide “spots” form probes on the
substrate 102, which are used in a hybridization process to investigate samples of

interest.

As shown in FIG. 5, each of the wells 150 includes an open end 152 defined in the
upper surface 114 of the hydrophobic barrier 104. Without some form of covering
over the open ends 152, any sample deposited in the wells 150 is susceptible to
evaporation during the hybridization period. As such, the liquid cover slip 106 is
deposited or otherwise positioned on the upper surface 114 of the hydrophobic
barrier 104 such that the liquid cover slip 106 covers each of the open ends 152 of
the wells 150. Due to the size of the wells 150, the viscosity of the liquid cover
slip 106, and capillary action, the liquid cover slip 106 may or may not partially or
completely fill the individual wells 150. However, the liquid cover slip 106 covers
the open end 162 of each well 150 to pneumatically seal the wells 150 from the
surrounding open environment. As such, because the wells 150 are pneumatically
sealed by the liquid cover slip 106, evaporation of the sample deposited in each

well during hybridization is substantially reduced or otherwise eliminated.

The liquid cover slip 106 may be formed from any liquid suitable for pneumatically
scaling the wells 150 without adversely affecting or interacting with the
microarrays or samples located in the wells 150. In one particular embodiment, the
liquid cover slip 106 is embodied as a mineral oil cover slip but other liquids may
be used in other embodiments. The liquid cover slip 106 may be deposited and
subsequently removed from the upper surface 114 of the hydrophobic barrier 104
using any suitable procedure and/or tool. For example, the liquid cover slip 106
may be deposited and removed using a pipette or similar tool. It should be
appreciated that the liquid cover slip 106 is not permanent and may be removed
subsequent to hybridization. Additionally, because the liquid cover slip 106 is
embodied as a liquid, the sample contained in the wells 150 may be mixed, or
otherwise interacted with, without removal of the cover slip 106 in some

embodiments. For example, a tool, a jet of air, or other device may be applied to
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the cover slip 106 to interact with the sample and/or microarray deposited in the
individual wells 150. Additionally, it should be appreciated that the application
and removal of the liquid cover slip 106 may be automated in some embodiments
using, for example, a pipette robot. Additionally, in some embodiments, the
application of the samples into the individual wells 150 may be automated in a

similar manner.

In some embodiments, as illustrated in FIG. 6, the liquid cover slip 106 may be
embodied as a plurality of liquid cover slips 600. In such embodiments, each
individual liquid cover slip 600 covers one or more wells 150 to pneumatically seal
the open end 152 of each well 150. Additionally, in such embodiments, the liquid
cover slips 600 may be separately deposited over each well 150. During the test
procedure, the liquid cover slips 600 may or may not interact or otherwise contact
cach other. The multiple liquid cover slips 600 may be used, for example, in

embodiments in which not every well 150 includes an associated microarray.

Additionally, in some embodiments, the multiplexed array 100 may further include
a physical barrier cover 700 as illustrated in FIG. 7. The physical barrier cover 700
is placed over the hydrophobic barrier 104 but is separated therefrom by a small
distance 702 (i.e., the physical barrier cover 700 does not contact the hydrophobic
barrier 104). The physical barrier cover 700 may be attached or otherwise secured
to the substrate 102 at an outer perimeter 704 of the substrate 102. The physical
barrier cover 700 may be attached via use of a suitable adhesive or other
mechanisms such as a rubber gasket (not shown) positioned between the physical

barrier cover 700 and the substrate 102 to form a pneumatic seal.

The physical barrier cover 700 is a well-forming device and includes a plurality of
apertures 706 defined therethrough. The apertures 706 are located such that each
aperture 706 is positioned over a corresponding microarray formed on the substrate
102. As such, the apertures 706 provide a visible cue during use of the locations at
which the liquid sample should be pipetted or otherwise deposited. Additionally,
the apertures 706 may further confine the liquid samples from spreading laterally.
In this way, the liquid sample is confined by a combination of the hydrophobic
barrier 106 and the physical barrier cover 700. It should be appreciated that
because the physical barrier cover 700 does not contact the hydrophobic barrier
106, the case of aligning the physical barrier cover 700 is improved because precise
alignment may not be required unlike those embodiments wherein the cover 700

directly contacts the barrier 106. The lack of contact between the physical barrier



10

15

20

25

30

35

WO 2011/067234 PCT/EP2010/068482

-9.-

cover 700 and the hydrophobic barrier 106 also may allow the microarray 100, or
parts thereof, to be reusable (e.g., in embodiments wherein a rubber gasket is used
to seal the physical barrier cover 700 and the substrate 102.). Additionally, in some
embodiments, a liquid cover slip 106 or other sealing mechanism may be applied
over the top surface of the physical barrier cover 700 to form a pneumatic seal that
reduces or otherwise prevents evaporation of the liquid sample during

hybridization.

Referring now to FIG. 8, in some embodiments, the liquid cover slip 106 may be
embodied as a liquid cover slip 802, which is located in a container 8§00. In such
embodiments, the substrate 102 and hydrophobic barrier 104 are inverted and
inserted into the liquid cover slip 802. That is, the hydrophobic barrier 104 is
positioned completely or partially in the liquid cover slip 802. To do so, a handle
or other attached device (not shown) may be secured to the substrate 102 to
facilitate positioning of the substrate 102 and the hydrophobic barrier 104 in the
liquid cover slip 802. Similar to the liquid cover slip 106, the liquid cover slip 802
may be formed from any liquid suitable capable of pneumatically sealing the wells
150 without adversely affecting or interacting with the microarrays or samples
located in the wells 150. In one particular embodiment, the liquid cover slip 802 is
embodied as a mineral oil cover slip but other liquids may be used in other

embodiments.

The container 800 may be embodied as any type of container formed from any
material suitable for containing the liquid cover slip 802. In some embodiments,
the container 800 may include a heating source (not shown) configured to heat the
liquid cover slip 802 contained therein. For example, in one embodiment, the
liquid cover slip 802 is maintained at a temperature between about 40 degrees
Celsius to about 60 degrees Celsius during hybridization. In one particular
embodiment, the liquid cover slip 802 is heated and maintained at a temperature of
about 42 degrees Celsius. Alternatively, rather than maintaining the temperature of
the liquid cover slip 802 at a substantially constant temperature, the temperature of
the liquid cover slip 802 may be cycled through varying degrees during

hybridization in some embodiments.

Referring now to FIG. 9, a method 900 for fabricating a multiplexed array 100
begins with block 902 in which the multiplexed array 100 is synthesized. For
example, in block 904, the individual microarray targets or features are formed on

the substrate 102. Subsequently or contemporancously with the formation of the
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microarray targets in block 904, the hydrophobic barrier is formed or fabricated in
block 906. The individual microarrays and the hydrophobic barrier 104 may be
formed using any suitable procedure. For example, in some embodiments, the
microarrays are synthesized by the synthesis of a short DNA-based linker sequence
over the upper surface 110 of the substrate 102 .

In other embodiments, the microarrays and hydrophobic barrier 106 may be formed
by coupling a substantially uniform layer of NPPOC (2-(2 nitro phenyl) propoxy
carbonyl) protected phosphoramidite across the upper surface 110 of the substrate
102. The individual microarrays may then be synthesized in the desired
arrangement. Barrier regions wherein hydrophobic barriers are desired are
selectively photo-deprotected, and conventional trityl (Dimethoxytrityl) protected
groups or other phosphoramidites bearing hydrophobic groups are coupled to the
barrier regions on the substrate 102. The barrier regions are coupled with trityl-
protected phosphoramidite under conditions wherein a deblock step is not
performed. The result of such formation is a grid of microarrays wherein each
microarray is separated from adjacent microarrays by a barrier of hydrophobic

group-bearing phosphoramidites.

In some embodiments, a well-forming layer or cover is applied over the
microarrays in block 908. For example, in some embodiments, the physical barrier
cover 700 may be placed over the microarrays and attached to the substrate 102.
As discussed above, the physical barrier cover 700 may be attached to the
substrate 102 via use of a suitable adhesive, rubber gasket, or other mechanisms.
Additionally, the apertures 706 of the physical barrier cover provide a visible cue
of the locations at which the liquid sample should be pipetted. Further, the
apertures 706 may cooperate with the hydrophobic barrier 106 to confine the liquid

samples from spreading laterally as discussed above.

In block 910, the liquid sample is applied to the microarrays. To do so, the sample
of interest is deposited into each well 150. As discussed above, because of the use
of they hydrophobic barrier 106, different samples may be deposited in different
wells such that experiments using various samples may be performed concurrently.
The hydrophobic barrier 106 confines the samples to each individual well 150 and
reduces the likelihood of cross-contamination of samples. In embodiments in
which the physical barrier cover 700 is used, the liquid sample is deposited via the

apertures 706. Additionally, as discussed above, the physical barrier cover 700 and
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the hydrophobic barrier 106 cooperate to confine the liquid sample to each
individual well 150.

Subsequently, in block 912, the liquid cover slip 106 is applied to the upper surface
114 of the hydrophobic barrier 104. As discussed above, the application of the
liquid cover slip 106 may be performed manually or via use of automated means
such as a pipette robot. Additionally, in some embodiments such as those
illustrated in FIG. 1-7, the liquid cover slip 106 may deposited or otherwise
positioned on the upper surface 114 of the hydrophobic barrier 106. However, in
the embodiment of FIG. &, the liquid cover slip 106 is applied by inserting a
portion of the hydrophobic barrier (and substrate 102 in some embodiments) into a
bath of the liquid cover slip 106, 802 located in the container 800. In embodiments
wherein the liquid cover slip 106 is embodied as a plurality of liquid cover slips
600 (see FIG. 6), each one of the individual cover slips 600 may be deposited in
block 912. To do so, each individual liquid cover slip 600 may be separately
deposited so as to cover one or more wells 150. As discussed above, the liquid
cover slip 106, 600, 802 is applied to the hydrophobic barrier so as to
pneumatically seal the open end 152 of each well 150 to reduce or otherwise

eliminate the evaporation of the sample located therein.

In some embodiments, other sealing devices or mechanisms may be used in place
of or in addition to the liquid cover slip 600. For example, in some embodiments, a
sealing foil/film or an air-tight cover may be applied over the hydrophobic barrier
106 (or over the physical barrier cover 700 in those embodiments in which the
cover 700 is used) to pneumatically seal the open end 152 of each well 150 to

reduce or otherwise eliminate the evaporation of the sample located therein.

Subsequently, in block 914, the hybridization process is performed using the
multiplexed array 100. The hybridization is a process in which the multiplexed
array 100 is allowed to incubate at a set temperature for a determined amount of
time. Additionally, in some embodiments such as the embodiment illustrated in
FIG. 8, the liquid cover slip 106 may be heated during the hybridization process of
block 914. In such embodiments, as discussed above, the liquid cover slip 106,
802 may be maintained at a temperature between about 40 degrees Celsius to about
60 degrees Celsius during hybridization. Alternatively, rather than maintaining the
temperature of the liquid cover slip 106, 802 at a substantially constant
temperature, the temperature of the liquid cover slip 106, 802 may be cycled

through varying degrees during hybridization in some embodiments.
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It should be appreciated that use of the multiplexed array 100 may be automated in
some embodiments. For example, as discussed above, the application of the
samples into the wells 150 may be performed using a pipette robot. Similarly, the
application and removal of the liquid cover slip 106, 600, 802 may be performed
using a pipette robot. As such, it should be appreciated that the speed at which the

experiments are completed may be increased via use of such automated procedures.

There is a plurality of advantages of the present disclosure arising from the various
features of the apparatuses, circuits, and methods described herein. It will be noted
that alternative embodiments of the apparatuses, circuits, and methods of the
present disclosure may not include all of the features described yet still benefit
from at least some of the advantages of such features. Those of ordinary skill in
the art may readily devise their own implementations of the apparatuses, circuits,
and methods that incorporate one or more of the features of the present disclosure
and fall within the spirit and scope of the present invention as defined by the

appended claims.
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PATENT CLAIMS

A multiplexed array comprising:

a substrate;

a hydrophobic barrier formed on the substrate, the hydrophobic barrier
defining a plurality of wells, each of the plurality of wells including an
opening for access to an interior of the well;

a microarray positioned in each of the plurality of wells and attached to the
substrate;

a liquid sample deposited in at least one of the plurality of wells; and

a liquid cover slip positioned in contact with the hydrophobic barrier and over

the opening of each well to removably seal the plurality of wells.

The multiplexed array of claim 1, wherein the hydrophobic barrier is formed

from trityl-T amidite.

The multiplexed array of claim 1 or 2, wherein the hydrophobic barrier

defines at least twenty-four wells.

The multiplexed array of claim 1 or 2, wherein the hydrophobic barrier

defines at least ninety-six wells.

The multiplexed array of claims 1-4, wherein the microarray comprises a

deoxyribonucleic acid (DNA) microarray.

The multiplexed array of claims 1-5, wherein the liquid cover slip comprises

a mineral oil cover slip.

The multiplexed array of claims 1-6, wherein the liquid cover slip comprises
a plurality of liquid cover slips, each one of the plurality of liquid cover slips

being positioned over at least one opening of the plurality of wells.

The multiplexed array of claims 1-7, wherein the liquid cover slip comprises
a quantity of liquid positioned in a container and a portion of the hydrophobic

barrier is positioned in the liquid.
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The multiplexed array of claims 1-8, further comprising:

a container, wherein the liquid cover slip is positioned in the container.

The multiplexed array of claims 1-9, wherein the substrate comprises a glass

substrate.

The multiplexed array of claims 1-9, wherein the substrate comprises a

silicon substrate.

A multiplexed array comprising:

a hydrophobic barrier formed on a substrate, the hydrophobic barrier and
substrate cooperating to define a plurality of wells, each well including (i) an
opening defined in an upper surface of the hydrophobic barrier and (ii) a
microarray positioned therein;

a well-forming cover positioned over the hydrophobic barrier, the
hydrophobic barrier and the well-forming cover cooperating to laterally
contain liquid samples in each one of the plurality of wells when the liquid
samples are deposited therein; and

means for removably sealing each well of the plurality of wells.

The multiplexed array of claim 12, wherein the means for removably sealing

cach well comprises a liquid cover slip.

The multiplexed array of claims 12-13, wherein the hydrophobic barrier is
formed from trityl-T amidite.

The multiplexed array of claims 12-14, wherein the hydrophobic barrier and

substrate define at least twenty-four wells.

The multiplexed array of claims 12-14, wherein the hydrophobic barrier and

substrate define at least ninety-six wells.

The multiplexed array of claims 12-16, wherein each well of the plurality of

wells includes a deoxyribonucleic acid (DNA) microarray positioned therein.

The multiplexed array of claim 14-17, wherein the liquid cover slip

comprises a mineral oil cover slip.
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The multiplexed array of claims 14-18, wherein the liquid cover slip
comprises a plurality of liquid cover slips, each one of the plurality of liquid
cover slips being positioned over at least one opening of the plurality of

wells.

A method for fabricating a multiplexed array, the method comprising:
synthesizing a plurality of probes on a common substrate to form a plurality
of microarrays;

forming a hydrophobic barrier on the common substrate, the hydrophobic
barrier surrounding each microarray to form a plurality of wells, and
positioning a liquid cover slip on the hydrophobic barrier such that the liquid

cover slip covers each of the plurality of wells.

The method of claim 20, wherein positioning the liquid cover slip comprises
inserting at least a portion of the hydrophobic barrier into a bath of mineral

oil.
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