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distinct spatial region on the microarray slide surface, and eluting at least a portion of the selected biological material from the dis-
tinct spatial region without eluting substantial amounts of non-selected biological material from regions ot the microarray slide
that are not within the distinct spatial region.
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SELECTIVE PROCESSING OF BIOLOGICAL MATERIAL ON A

MICROARRAY SUBSTRATE

FIELD OF THE INVENTION

The present invention relates to the processing of biological materials on a
microarray shde surface. Accordingly, the present invention involves the fields of

molecular biology and cherﬁistry.

BACKGROUND

A microarray is'a high-throughput technology that consists of an arrayed series of
thousands of microscopic spots of biological material called features. A DNA microarray,
for cxample, compriscs fcaturcs that contain DNA fragments of a specific DNA scquence.

This can includc a short scction of a genc or other DNA clement that 1s uscd as a probe
that can hybridize to a cDNA or cRNA sample (sometimes called the target) under the
proper conditions. Probe-target hybridization can be detected and quantified using
fluorescence-based detection of fluorophore-labeled targets to determine relative
abundance of nucleic acid sequences. In standard microarrays, probes are covalently

coupled to a solid surface such as glass or silicon.

SUMMARY OF THE INVENTION

The present invention provides methods and systems for selectively eluting

biological material from a distinct and/or discrete spatial location or multiple distinct
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and/or discrete spatial locations on a microarray slide. In one aspect, for example, a

method for recovering biological material coupled to a microarray shde can include
selecting a biological material to be recovered from the microarray slide, finding the
biological material within a distinct or discrete spatial region on the microarray shde
surface, and eluting at least a portion of the selected biological material from the distinct
spatial region without eluting substantial amounts of non-selected biological material from
regions of the microarray shide that are not within the distinct or discrete spatial region. In
one specific aspect, eluting further includes applying an elution buffer to the distinct or
discrete spatial region. In another specific aspect, the elution bufier 1s a denaturing buftter
that functions to release the portion of biological material from the microarray shde
surface. In yet another specific aspect, at least a portion of the distinct spatial region 1s
heated to facilitate release of at least a portion of the selected biological material from the
microarray surface. Numerous types of biological material are contemplated for use mn the
present invention, including, without limitation, DNA, cDNA, RNA, peptides, and
combinations thereof.

In another aspect of the present mvention, a method for recovermg nucleic acid
material from a microarray 1s provided. Such a method can include selecting a nucleic acid
material that has been hybridized onto a microarray slide surface 1n a distinct or discrete
spatial region, applymg a denaturing buffer to the distinct spatial region to at least partially
denature the selected nucleic acid material, and flushing the microarray surface with an
mert recovery buffer to recover the denatured portion of the selected nucleic acid material.

In a more specific aspect, the method can further include collecting the denatured portion

of the selected nucleic acid material from the mert recovery bufter. In another more
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specific aspect, the method can further include applying heat to the distinct spatial region

to facilitate the denaturing of at least a portion of the selected nucleic acid material.

The present mvention additionally provides systems for selectively eluting
biological material from a distinct spatial location on a microarray slide. In one aspect, for
example, a system for recovermg nucleic acid material from a microarray can include a
microarray scanner configured to scan a microarray surface and identify a location of a
nucleic acid material to be recovered, a dispensing mstrument configured to receive mput
from the microarray scanner and dispense an e¢lution buffer on a discrete dispensing area of
the microarray surface at the location indicated by the microarray scanner, and a recovery
mstrument configured to recover the elution buffer from the microarray surface.

It 18 also possible to receive mformation mput from another source, such as a different
array, to determine which regions to clute from. In a more specific aspect the system can
further include a heating device configured to heat the discrete dispensing area. In another
more specific aspect the heating device 1s a laser.

The present mvention additionally provides methods for selectively labeling
biological material coupled to a microarray slide. In one aspect, such a method can
include selecting a biological material to be labeled, locating the biological material within
a distinct spatial region on the microarray shide surface, and labeling at least a portion of
the selected biological material from the distinct spatial region without labeling substantial
amounts of non-selected biological material from regions of the microarray shde that are
not within the distinct spatial region. Although a variety of selective labeling techniques
can be utilized, m one aspect labeling can further mclude applying a buftfer to the distinct
spatial region exclusive of regions of the microarray shde substantially outside of the

distinct spatial region, and adding a label to the buffer at the distinct spatial region, such
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that at least a portion of the biological material within the buffer incorporates the label. It

1S also possible to dispense a reactive compound that can deprotect nucleic acids located at
the spatial regions, or positions, of interest. These deprotected sequences can selectively
react with subsequent treatments. In some aspects, this can be done using the equipment
typically used to synthesize the array. In another aspect of the invention, light can be used
to promote labeling and recovery of the material present at the selected location. For
example, directed light can be used to deprotect reactive groups which can then react with
a fluorescent or other visible tag, or a hapten such as biotin. In some aspects, this can be
done usmg the equipment used to synthesize the array. Furthermore, the selected
biological material can include any biological material capable of being labeled, including,
without Iimitation, DNA, cDNA, RNA, peptides, and combimations thereof.

The present invention also provides methods for amplifying biological material
coupled to a microarray shde. In one aspect such a method can mclude selecting a
biological material to be amplified, locating the biological material within a distinct spatial
region on the microarray slide surface, and amplifying at least a portion of the selected
biological material from the distinct spatial region without amplifying substantial amounts
of non-selected biological material from regions of the microarray slide that are not within
the distinct spatial region. In one specific aspect, amplifymg can further mclude applying
an amplification buffer to the distinct spatial region exclusive of regions of the microarray
slide substantially outside of the distinct spatial region, and amplifying at least a portion of
the selected biological material within the amplification buffer. In another aspect of the
mvention, light can be used to promote amphfication of the material present at the selected

locations. For example, light can be used to deprotect the 3' ends of nucleic acids m the
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selected regions and promote selected amplification. In some situations, this can be done

using the equipment used to synthesize the array.

Any amplification technique capable of amplitying a biological material on the
surface of a microarray shide should be considered to be within the present scope. Non-
Iimiting examples can mclude 1sothermal cycling and thermal cycling.

There has thus been outhined, rather broadly, the more important features of the
mvention so that the detailed description thereof that follows may be better understood,
and so that the present contribution to the art may be better appreciated. Other features of
the present mvention will become clearer from the following detailed description of the
ivention, taken with the accompanying drawings and claims, or may be learned by the

practice of the mvention.

DETAILED DESCRIPTION

Before the present mvention 18 disclosed and described, 1t 1s to be understood that
this mvention 18 not limited to the particular structures, process steps, or materials
disclosed herein, but 1s extended to equivalents thereotf as would be recognized by those
ordmarily skilled m the relevant arts. It should also be understood that terminology
employed herem 1s used for the purpose of describing particular embodiments only and 1S
not intended to be limiting.

It must be noted that, as used m this specification and the appended claims, the

44 2% ¢
a?

singular forms an,” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a buffer” mcludes one or more of
such buffers, and reference to “the chemical” includes reference to one or more ot such

chemicals.

Definitions
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In describing and claiming the present invention, the following termimology will be

used 1n accordance with the definitions set forth below.

As used herem, the term “clution” refers to the act of removing a biological
material from a substrate or a solution. In some aspects, such removal may be effected
through the use of a hiquid or fluid, such as a butfer.

As used herein, the term “distinct spatial location” refers to a distinct spatial
location on a microarray shde from which biological material can be retrieved. In one
aspect, the distinct spatial location can be a probe collection having a distinct border
surroundmg the probe collection. Such a border can include a space on the shde surface
that 1s free of attached probe. In another aspect, the distinct spatial location can be a
probe collection that 1s located within a larger area of deposited probe on the surface of
the microarray shide, and 1n such a case, there may not be an area surrounding the distinct
spatial location that 1s free of probe.

As used herem, the term “substantially” refers to the complete or nearly complete
extent or degree of an action, characteristic, property, state, structure, item, or result. For
example, an object that 1s “substantially” enclosed would mean that the object is either
completely enclosed or nearly completely enclosed. The exact allowable degree of
deviation from absolute completeness may 1n some cases depend on the specific context.
However, generally speaking the nearness of completion will be so as to have the same
overall result as i1f absolute and total completion were obtamed. The use of “substantially”
1s equally applicable when used 1 a negative connotation to refer to the complete or near
complete lack of an action, characteristic, property, state, structure, item, or result. For
example, a composition that 1s “substantially free of” particles would either completely

lack particles, or so nearly completely lack particles that the effect would be the same as 1f
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it completely lacked particles. In other words, a composition that 1s “substantially free of”

an mgredient or element may still actually contain such item as long as there 18 no
measurable effect thereof.

As used herein, the term “about” 18 used to provide flexibility to a numerical range
endpoint by providing that a given value may be “a little above” or “a little below” the
endpoint.

As used herem, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list 1s mdividually identified as a
separate and unique member. Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list solely based on their
presentation in a common group without indications to the contrary.

Concentrations, amounts, and other numerical data may be expressed or presented
herein 1n a range format. It 1s to be understood that such a range format 1s used merely for
convenience and brevity and thus should be interpreted flexibly to mclude not only the
numerical values explicitly recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed within that range as 1f cach
numerical value and sub-range 1s explicitly recited. As an illustration, a numerical range of
“about 1 to about 5 should be mterpreted to include not only the explicitly recited values
of about 1 to about 5, but also include individual values and sub-ranges within the
indicated range. Thus, mncluded n this numerical range are individual values such as 2, 3,
and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4,

and 5, individually. This same principle applies to ranges reciting only one numerical
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value as a mmmum or a maxmmum. Furthermore, such an mterpretation should apply

regardless of the breadth of the range or the characteristics being described.

Invention

The present mvention provides methods and systems for selectively eluting
biological material from a distinct spatial location on a microarray slide. As has been
described, 1n one aspect a microarray slide contains a number of specific binding or
hybridization sites for assaymg biological materials. In the case of a DNA microarray, for
example, nucleotides having a specific sequence are clustered together at specific features,
typically referred to as a probe set. A complementary nucleotide sequence can then
hybridize to and thus be localized at the probe feature corresponding to the target
nucleotide sequence. Accordingly, the presence of a specific nucleotide sequence m a
sample can be verified due to nucleotide binding at the probe corresponding to that
sequence.

Microarrays have been frequently utilized due to their high diagnostic utility.
However, previous uses have often been Iimited to cataloguing biological materials or
analyzing changes n expression levels. It has proven difficult to 1solate specific sequences
from the array due to the high numbers of target sequences bound to the microarray.
Retrieval of a target sequence from the microarray has generally entailed denaturing all of
the bound sequences from the microarray, and amplifying the target sequence of interest.

The present mvention provides techniques for 1solating a target sequence or a
collection of target sequences from a microarray slide. Such a target sequence(s), or in
other words, a biological material, 1s selected to be recovered from the microarray shde.
The biological material can be selected as a result of the diagnostic utility of the microarray

slide. For example, desired biological material can be identified based on 1its binding
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location on the microarray shide. As such, a microarray shde surface can be designed to

spatially arrange probes 1n locations that facilitate identification and selective retrieval of
biological material that binds thereto. Additionally, probes can be arranged on the
microarray shide surface such that related biological material 1s spatially grouped together
to facilitate concomitant identification and selective retrieval of the grouped biological
material.

It should be noted that a collection of probes can be defined 1n a variety of ways,
all of which should be mcluded within the scope of the present mmvention. In one aspect,
for example, a collection of probes could include a mixture of numerous probes that are
deposited onto a microarray slide at a distinct spatial location or spot. As such, the probes
may be homogenously mixed together throughout the distinct spatial location. Retrieval of
biological material hybridizing to this collection of probes would mclude a mixture of
biological material matching the mixture of probes deposited at that distinct location. In
another aspect, a collection of probes can be deposited onto a microarray slide such that a
distinct spatial location may include numerous single or multiple probe spots. In other
words, the distinct spatial location may be made up of numerous smaller probe spots,
where each probe spot contains a subset of the total collection of probes, but where the
total collection of probes 1s represented across the collection of probe spots. In one
specific aspect, each probe spot can contain a single probe sequence. In another specific
aspect, cach probe spot can contain a subset of probe sequences from the total collection.
Biological material can be retrieved across the entire distinct spatial location, or in some
cases, from a subset of the probe spots within the probe collection. It 1s also contemplated

that the distinct spatial location can be made up of a collection of probe spots containing
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smgle probe sequences, and a collection of probes spots contaming more than one probe

sequence.

The selected biological material 1s then located 1n a feature, or in other words, 1n a
distinct location on a microarray shide. At least a portion of the selected biological
material 1s then eluted from the distinct spatial region without eluting substantial amounts
of non-selected biological material from regions of the microarray slide that are not within
the distinct spatial region. Such selective elution can occur m numerous ways. For
example, an clution buffer can be applied to the microarray. In one aspect, the elution
buffer can be a denaturing buffer that facilitates the denaturing of the selected biological
material from the microarray. In such a case it may be beneficial to Iimit the application of
the denaturing bufter to the distinct spatial location to avoid the denaturing of non selected
biological material.

In another aspect, the elution buffer may be configured as a buffer that does not
substantially promote denaturation of the biological material. In such cases a secondary
denaturing mechanism would be applied to denature the selected biological material. For
example, m one aspect an elution buffer can be applied to the distinct spatial location, and
the selected biological material can be denatured via the apphcation of a heat source to the
distinct spatial location. Thus the heat generated from the heat source can be utilized to
denature the biological material, which 1s then released from the microarray to be
suspended 1n the elution buffer. In another aspect, an elution buffer can be apphied across
a larger arca of the microarray, and the heat source can be applied to the distinct spatial
location to denature the selected biological material. Because the elution buffer 1s not
substantially facilitating the denaturing of biological material, primarily selected biological

material should be released from the surface of the microarray shde into the elution buffer
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due to the localized action of the denaturing heat source. Higher heat can be utilized in

this technique due to the larger volume of elution buffer available, as compared to
situations where the bufter 1s only applied to the distinct spatial location. It should also be
noted that the heat source can be applied to the distinct spatial location m the presence of a
denaturing bufter to further facilitate denaturing of the selected biological material. In yet
another aspect, elution can be facilitated by light. For example, if the oligonucleotides that
comprise the prehybridized microarray are attached to the surface usig a photo labile
chemical bond, directed hight can specifically cleave the oligonucleotides and the
hybridized material at selected locations. In some situations, this can be done using the
equipment used to synthesize the array.

Following the denaturing of the selected biological material, the microarray can be
flushed with an mert recovery buffer to recover the eluted biological material. The
selected biological material can then be utilized while m the recovery bufter, or such
material can be further 1solated from the recovery butfer using standard technmiques. By
repeating the application of the elution buftfer, denaturing, and biological material recovery
steps, separate recovery of different target materials can be accomplished from a single
microarray shde.

In one specific aspect of the present invention, the selected biological material can
be recovered by the use of a charged surface. In the case of recovering nucleic acids, for
example, the surtace would have a positive charge. The charged surface can be of any
gcometric configuration that facilitates the recovery of the biological material. Non-
Imiting examples can mclude flat surfaces, needles, hemispheres, etc. In one aspect, a
denaturing buffer can be disposed on a distinct spatial area of interest, and a positively

charged surface can be mtroduced mto the denaturing buffer to attract negatively charged
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biological material thereto. The charged surface can then be placed into a recovery

solution, and a negative charge can be apphied to the charged surface to release the
biological material. One benefit of such a technique mcludes the ability to wash the
charges surface prior to releasmg the biological material to remove the denaturing buffer.

The recovered eluted biological material fragments can subsequently be used for
further processes such as sequencing, hybridization, PCR, etc. In one aspect, the
recovered materials could be used as mput samples for sequencing. For example, the
microarray can be used to 1solate one or more subsets of nucleic acid fragments from the
mput pools, and the recovered subsets can then be used for sequencing. In some aspects,
the post hybridized array may be scanned, and target nucleic acid fragments selected and
individually or simultaneously collected for sequencing or other use. Location on the array
can be used as part of the method of 1dentifying target fragments for recovery. Target
fragments for collection can be pre-identified 1n this process, or may be identified during
the process. The ability to 1dentify and collect target fragments according to the process
of the present invention greatly improves the efficiency of subsequent sequencing
processes.

In another aspect, the biological material can be used for in situ hybridization. In a
more specific aspect, one in situ hybridization technique can include utilizing the biological
material as a probe or as multiple probes for FISH (Fluorescent in Situ Hybridization)
analysis of chromosomal regions 1dentified by aCGH (array Comparitive Genomic
Hybridization). aCGH 1s an array based technology used to examine genomic copy
number alterations. One potential problem with aCGH 1s mput sample heterogenetity,
particularly with tumor tissue, which 1s often undergoing repeated genomic alterations and

often mixed with non-transformed tissue. If the genomic copy number 1s variable in the
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cell population used to prepare the sample, the resulting data will represent an average of

this population, and would thus reduce the sensitivity from any individual cell of mterest.
FISH allows examination and specific chromosomal loci quantification in individual cells.
The number of target DNA molecules in chromosomal FISH can often be very
small, two per cell in normal conditions. Therefore, a significant fluorescent signal must be
generated from each probe molecule 1n order to be seen 1n standard laboratory fluorescent
microscopes. To compensate, nucleic acid probes (often BACs) used n FISH are typically
very long (more than 100 kb) such that thousands of fluorescent dye molecules are
incorporated into each probe. These BAC probes can be sheared mto small DNA
fragments, but the result 1s typically over 100 kb of the chromosomal region of mterest
that 18 targeted by fluorescently labeled probe. This 1s a potential problem using fragments
recovered from a genome wide CGH array where the probes are located relatively sparsely
along the chromosome and the labeled targets are relatively short. One example may be a
300,000 probe human CGH array hybridized with labeled targets an average of 300 base
long. If one wanted to recover material to target a 100 kb region m FISH, one would
recover material from just 10 probes on the microarray (300k probes/3 billion bases = 1
probe/ 10k bases) and just 3% of the chromosomal region of interest would be targeted (1
probe/10k bases x 300 bases ave / probe = 3%). Theretfore, the potential signal would be
Just 3% of what one could obtain using a BAC probes, which target up to 100% of the
region of mterest. Therefore, 1t 18 preferable to use high density arrays and longer labeled
targets m the microarray experiment. For example, 1f a 2.1 mullion probe array 1s
hybridized using 600 bp fragments, 42% of the chromosomal region of interest would be
targeted 1n the FISH expermment (2100k probes/3 billion bases = 1 probe/1430 bases x 600

bases ave / probe = 42%)).
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As has been described, the present invention provides methods to recover

fragments from mdividual probes on a high density array. In other aspects, however, 1t
may be desirable to create a microarray consisting of "collections” of immobilized probes,
cach probe m a given collection being a different sequence, and each collection of probes
corresponding to a single genomic location. For example, the 3000 megabase human
genome could be tested by array CGH by creating a microarray of 3000 probe collections.
These collections would be spatially separated on the array such that 1t would be possible
to denature and recover the hybridized material from every probe within a single or a small
oroup of collections without affecting any of the neighboring collections. Denaturation and
recovery could be accomplished by using a micro pipette tip that repeatedly dispensed and
aspirated a tmy droplet of denaturation buffer on a given probe location. In this example,
cach collection would represent probes dertved from sequences within a contiguous one
mega base region. A collection could be made of 1000 probes spaced approximately
evenly throughout the one mega base region. This process would give a one mega base
resolution, m other words, allow sampling of all genomic fragments within any one mega
base window for subsequent biochemical processes such as FISH.

It should also be noted that the probes immobilized 1 a “collection” can
correspond to a variety of genomic locations. For example, probes to target sequences on
biological material having similar function, or relatedness to a particular disease or
condition, could be localized into a collection m order to facilitate the simultaneous
recovery of functionally related biological material.

In one aspect, this technology can be particularly advantageous for FISH 1if the
cluted labeled sample can be used directly as a FISH probe without the need for

amplification. As the total quantity of cluted material 1s likely to be very small, the
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mstrument should recover the eluted material in a very small volume, such as one

microliter, in order to maximize the concentration in the hybridization reaction. Therefore,
the tissue sample used 1n the FISH hybridization would need to be very small (a few
millimeters or less 1in diameter) and the chamber volume would need to be just a few
microliters. This technology 1s particularly well suited to microfluidic devices. Such
example equipment can include, without limitation, BioMicro's 16 chamber MAUI Mixer.
In another aspect, the biological material can be amplitied or otherwise chemically
modified subsequent to recovery from the microarray shide but prior to use.

It 1s additionally contemplated that all types of biological materials that can be
located on a microarray slide surface can be 1solated by the technmques of the present
mvention. Nonlimiting examples of such biological materials mmclude DNA, cDNA, RNA,
peptides, lipids, carbohydrates, etc., and combmations thereof. One of ordmary skill in the
art would understand that the configurations of the microarray, the solutions and buffers,
heat sources and temperatures, etc., may vary depending on the type of biological material.
As such, these variations should be considered to be within the present scope.

The present mmvention additionally provides systems for selectively eluting
biological material from a distinct spatial location on a microarray slide. In one aspect, for
example, a system for recovering nucleic acid material from a microarray can include a
microarray scanner configured to scan a microarray surface and identify a location of a
nucleic acid material to be recovered, a dispensing instrument configured to receive mput
from the microarray scanner and dispense an elution buffer on a discrete dispensing areca of
the microarray surface at the location indicated by the microarray scanner, and a recovery

mstrument configured to recover the elution bufter from the microarray surface. In a more
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specific aspect the system can further mmclude a heating device configured to heat the

discrete dispensing area. In another more specific aspect the heating device 1s a laser.

As an example, the fragment clution process could be performed as follows: a
hybridized and washed microarray could be scanned using a standard microarray scanner.
The resulting output files would be used to guide a dispensing mstrument in precise
placement of a denaturing buffer on the microarray. For example, a microarray spotter
such as the ArrayJet® could be used as a dispensing mstrument. The denaturing buffer
and protocol should efficiently elute the hybridized fragments 1t contacts, should not
evaporate during the process, and should be recoverable without causing denaturation of
fragments from unintended locations on the array. In one aspect, one possible solution 1s
to dispense a buffer contaming urea and glycerol, heat the array to cause denaturation,
cooling the array to stop denaturation, and then flushing the entire array with a non
denaturing recovery buffer and collect the eluted fragments.

Furthermore, the efficiency of denaturation and recovery could be significantly and
continuously reduced with each round of slide washing and drying. In order to stabilize
the hybridized fragments and improve specific recovery efficiency, it may be possible to
develop a stabilizing wash buffer (containing special surfactants) or a microarray surface.

It should also be noted that recovery of fragments from locations on the array not
subject to denaturing buffer could contaminate the eluted fragments. It can be useful to
recover the elution buffer directly from the location on the array that it was dispensed.
This can be accomplished by sucking the elution buffer back off the microarray using
minimmal recovery buffer and imnvolving as few neighboring array locations as possible.

Liquid and denatured fragments can also be recovered by blotting, or by the use of beads.
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This should prevent any fluid from contacting other portions of the array, which should

climinate recovery of unintended fragments.

The center to center spot distance of the features of many microarrays can be much
smaller than the mmimmum possible size of dispensed droplets of denaturing buffer, making
it difficult to recover fragments from a single spot. One possible solution 1s to employ a
tiling array mn which the spots are arranged to mmimize the genomic distance between the
probes m any "elution space”.

In another aspect of the present invention, a method 1s provided for selectively
labeling biological material coupled to a microarray shde. In one aspect, such a method
can mnclude selecting a biological material to be labeled, locating the biological material
within a distinct spatial region on the microarray shde surface, and labeling at least a
portion of the selected biological material from the distinct spatial region without labeling
substantial amounts of non-selected biological material from regions of the microarray
slide that are not within the distinct spatial region. Although a variety of selective labeling
techniques can be utilized, 1in one aspect labeling can further include applymng a buffer to
the distinct spatial region exclusive of regions of the microarray shde substantially outside
of the distinct spatial region, and adding a label to the buffer at the distinct spatial region,
such that at least a portion of the biological material within the buffer incorporates the
label. Furthermore, the selected biological material can mclude any biological material
capable of being labeled, mcluding, without limitation, DNA, cDNA, RNA, peptides, and
combinations thereof.

Such selectivity can include labeling just the biological material present at specific
locations on the array. After the labeling step, the labeled material could be recovered from

precise locations, or the labeled material along with other material could be recovered
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from the entire array. The technique of recovery of the labeled material along with the

unlabeled (or labeled with different label) material can be employed for downstream
processes such as in situ hybridization (ISH) 1f the non labeled (or labeled with different
label) recovered material does not interfere with the ISH assay. An example would be a
CGH array with fluorescently labeled targets. In one aspect, the spatial specific labeling
could use a hapten such as biotin, a distinctive oligo or peptide sequence, or other
molecules that could be distinguished 1n the subsequent ISH test. The advantage of using
distinctive oligo or peptide sequences 18 multiple labeling reactions can be done
simultancously at multiple distinct locations. Following recovery from the array surface,
multiple hint regions from the aCGH analysis could be tested simultaneously in the same
ISH test. In some aspects, the multiple labels can also be used to subsequently affinity
purify the differentially labeled and recovered fragments mto different pools for
downstream applications such as sequencing.

After the labeling step, various mechanisms can be utilized to release the
immobilized material, such as the probes, from the microarray surface. Non-limiting
mechanisms can include denaturation of hybridized or non-covalently bonded material,
Incorporating a reversible bond between the probe and the substrate (such as a thio bond),
partial cleavage of the desired material (for example, use of a nuclease), or release en mass
of all material bound to the substrate. In one specific aspect, a mechanism to release
materials from specific locations on the array could utilize a photo labile bond that 1s
broken by directed light, as this would allow for precise release of just the material of
interest.

In another aspect of the present mvention, a method 1s provided for selectively

amplifying biological material coupled to a microarray shide. In one aspect such a method
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can include selecting a biological material to be amplified, locating the biological material

within a distinct spatial region on the microarray shide surface, and amplifying at lcast a
portion of the selected biological material from the distinct spatial region without
amplifying substantial amounts of non-selected biological material from regions of the
microarray slide that are not withm the distinct spatial region. In one specific aspect,
amplifying can further mclude applying an amplification bufter to the distinct spatial region
exclusive of regions of the microarray slide substantially outside of the distinct spatial
region, and amplifying at least a portion of the selected biological material within the
amplification buffer. Any amplification technique capable of amplifying a biological
material on the surface of a microarray shide should be considered to be within the present
scope. Non-limiting examples can include 1sothermal cycling and thermal cycling.

There are several potential benefits of such an approach to amplification mcluding
without Iimitation: 1) multiple amplifications can occur simultancously at different
locations on the array; and 2) each amplification can incorporate a different label, thus
allowing all amplification products to be recovered together and each product could
maintain its unique identity.

Furthermore, the following methods can be used to accomplish amplification at
specific locations on a microarray: 1) the hybridized nucleic acids could be used as a
template; and 2) the immobilized probes can be used as primers for a non-location
specific template present in the reaction reagents. In this latter case, the spatial
information can be obtained from a different source such as a different microarray.

The amplification reaction reagents including primers can be precisely apphed to
the desired locations using a means or mechanism such as a pipette or ink jet printer. The

amplification reaction then proceeds using thermal cycling or 1sothermal means or
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methods. Various thermai and isothermal methods are known, and any such method that 1s
suitable for the selective amplification of biological material on a microarray slide should be
considered to be within the present scope.

In one aspect, the amplification can be controlled to be at discrete location by first
blocking amplification at all locations on array, then precisely deblocking regions of interest.
Deblocking can be precisely controlled using directed light.

Of course, 1t 1s to be understood that the above-described arrangements are only
Illustrative of the application of the principles of the present invention. Numerous modifications
and alternative arrangements may be devised by those skilled in the art. Thus, while the present
invention has been described above with particularity and detail in connection with what is
presently deemed to be the most practical and preferred embodiments of the invention, it will be
apparent to those of ordinary skill in the art that numerous modifications, including, but not
limited to, variations in size, materials, shape, form, function and manner of operation, assembly

and use may be made.
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CLAIMS:
1. A method for recovering biological material coupled to a microarray slide,
comprising:

selecting a biological material to be recovered from the microarray slide;

finding the biological material within a distinct spatial region on the microarray
slide surface: and

eluting at least a portion of the selected biological material from the distinct spatial
region without eluting substantial amounts of non-selected biological material from
regions of the microarray slide that are not within the distinct spatial region, wherein
eluting comprises applying a denaturing buffer to the distinct spatial region that functions

to release the portion of the biological material from the microarray slide.

2. The method of claim 1, wherein at least a portion of the distinct spatial region is

heated to facilitate release of at least a portion of the selected biological material from the

microarray surface.

3. The method of claim 1, wherein the selected biological material is a member

selected from the group consisting of DNA, cDNA, RNA, peptides, and combinations

thereof.

4, A system for recovering nucleic acid material from a microarray, comprising:

a microarray scanner configured to scan a microarray surface and identify a

location of a nucleic acid material to be recovered;

a dispensing instrument configured to receive input from the microarray scanner

and dispense a denaturing bufter and an elution buffer on a discrete dispensing area of the
microarray surface at the location indicated by the microarray scanner; and

a recovery instrument configured to recover the elution buffer from the microarray

surface.
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5. The system of claim 4, further comprising a heating device configured to heat the
discrete dispensing area.
6. The system of claim 5, wherein the heating device 1s a laser.
7. The system of claim 5, wherein the recovery instrument is an electrically charged

surface.
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