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(57) ABSTRACT 

This invention provides nucleic acid affinity matrices that 
bear a large number of different nucleic acid affinity ligands 
allowing the Simultaneous Selection and removal of a large 
number of preselected nucleic acids from the Sample. Meth 
ods of producing Such affinity matrices are also provided. In 
general the methods involve the steps of a) providing a 
nucleic acid amplification template array comprising a Sur 
face to which are attached at least 50 oligonucleotides 
having different nucleic acid Sequences, and wherein each 
different oligonucleotide is localized in a predetermined 
region of Said Surface, the density of Said oligonucleotides is 
greater than about 60 different oligonucleotides per 1 cm, 
and all of Said different oligonucleotides have an identical 
terminal 3' nucleic acid Sequence and an identical terminal 
5' nucleic acid sequence. b) amplifying said multiplicity of 
oligonucleotides to provide a pool of amplified nucleic 
acids; and c) attaching the pool of nucleic acids to a Solid 
Support. 
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NUCLEC ACIDAFFINITY COLUMNS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application derives priority from pro 
visional application U.S. Ser. No. 60/013,231, filed Mar. 11, 
1996, which is incorporated by reference in its entirety for 
all purposes. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to matrices 
for conducting nucleic acid affinity chromatography. More 
Specifically, the present invention relates to methods of 
preparing affinity chromatography matrices that bind a plu 
rality of different preselected nucleic acids. The matrices, for 
example, can bind to Substantially every known nucleic acid 
message in a Sample. 

BACKGROUND OF THE INVENTION 

0.003 Affinity chromatography has become a valuable 
tool for separating biological materials from fluid (typically 
aqueous) media. Examples include biologically active mol 
ecules Such as Small ligands, proteins, nucleic acids, 
enzymes, etc. 

0004. The basic principle of affinity chromatography 
involves immobilization of a binding moiety (e.g., a ligand) 
to an insoluble Support. The immobilized binding moiety 
can then be used to selectively adsorb, e.g., from a fluid 
medium, the target component(s) (e.g. an enzyme) with 
which the binding moiety Specifically interacts thereby 
forming a binding moiety/target complex. Elution of the 
adsorbed component can then be achieved by any one of a 
number of procedures which result in disasSociation of the 
complex. Thus the Specific biologic properties of biological 
macromolecules can be exploited for purification. The pro 
ceSS can be used to isolate Specific Substances Such as 
enzymes, hormones, Specific proteins, inhibitors, antigens, 
antibodies, etc. on the basis of the biologic Specific interac 
tions with immobilized ligands. 
0005 Nucleic acid affinity chromatography is based on 
the tendency of complementary, Single-Stranded nucleic 
acids to form a double-Stranded or duplex Structure through 
complementary base pairing. A nucleic acid (either DNA or 
RNA) can easily be attached to a solid substrate (matrix) 
where it acts as an immobilized ligand that interacts with and 
forms duplexes with complementary nucleic acids present in 
a Solution contacted to the immobilized ligand. Unbound 
components can be washed away from the bound complex 
to either provide a Solution lacking the target molecules 
bound to the affinity column, or to provide the isolated target 
molecules themselves. The nucleic acids captured in a 
hybrid duplex can be separated and released from the affinity 
matrix by denaturation either through heat, adjustment of 
Salt concentration, or the use of a destabilizing agent Such as 
formamide, Tween-20, or sodium dodecyl sulfate (SDS). 
0006 Hybridization (the formation of duplex structure) 
between two nucleic acid Sequences is highly Sequence 
dependent. Sequences have the greatest affinity with each 
other where, for every purine in one sequence (nucleic acid) 
there exists a corresponding pyrimidine in the other nucleic 
acid and Vice versa . This Sequence dependency confers 
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exquisite Specificity on hybridization reactions and permits 
the preparation of affinity columns that are highly Selective 
for particular target nucleic acids. 
0007 Affinity columns (matrices) are typically used 
either to isolate a single nucleic acid typically by providing 
a single Species of affinity ligand. Alternatively, affinity 
columns bearing a single affinity ligand (e.g. oligo dt col 
umns) have been used to isolate a multiplicity of nucleic 
acids where the nucleic acids all share a common Sequence 
(e.g. a polyA). 

SUMMARY OF THE INVENTION 

0008 This invention provides pools (solutions) of 
nucleic acids, and nucleic acid affinity matrices that bear a 
large number of different nucleic acid affinity ligands allow 
ing the Simultaneous Selection and blocking or removal of a 
large number of different preselected nucleic acids from a 
Sample. This invention additionally provides methods and 
devices for the preparation of Such affinity matrices. 
0009. In one embodiment, this invention provides a 
method of making a nucleic acid pool (Solution of nucleic 
acids) comprising a plurality of different nucleic acids. The 
method includes first, providing a nucleic acid amplification 
template array comprising a Surface to which are attached at 
least 20 oligonucleotides having different predetermined 
(known) nucleic acid Sequences; and Second, amplifying the 
multiplicity of oligonucleotides at least about 10 fold to 
provide the nucleic acid pool. The oligoncleotides, or Sub 
sequences thereof, preferably encode "capture probes’ 
which can be incorported into an affinity matrix. In a 
preferred embodiment, each different oligonucleotide is 
localized in a predetermined region of the Surface, the 
density of the oligonucleotides is preferably greater than 
about 60 different oligonucleotides per 1 cm, and the 
different oligonucleotides preferably have an identical ter 
minal 3' nucleic acid Subsequence and an identical terminal 
5' nucleic acid subsequence. The 3' and 5' nucleic acid 
Subsequences can be the same as each other or can differ in 
length and/or nucleotide Sequence. The 3' and 5' Subse 
quences preferably flank “unique” central Subsequences 
encoding the capture probes. 

0010. The method can further involve attaching the pool 
of nucleic acids to a Solid Support to form a nucleic acid 
affinity matrix. 
0011. The template nucleic acids comprising the ampli 
fication template can be Synthesized entirely using light 
directed polymer Synthesis or channel methods. Alterna 
tively the template nucleic acids can be Synthesized using a 
combination of methods. For example, in one embodiment, 
the 3' segments (Subsequences) of the template nucleic acids 
can be Synthesized using Standard phosphotriester (e.g., 
phosphoramidite) chemistry. A middle (unique) portion of 
the template nucleic acids can then be Synthesized using 
light-directed polymer Synthesis or mechanically-directed 
Synthesis methods. Finally, the 5' segments (Subsequences) 
of the template nucleic acids can be Synthesized using 
phosphotriester chemistry. 

0012. The template nucleic acids can be amplified using 
any nucleic acid amplification method (e.g. polymerase 
chain reaction, ligase chain reaction, transcription amplifi 
cation, etc.). In a preferred embodiment, amplification is by 



US 2001/0053526 A1 

PCR. The template nucleic acids can be released into 
Solution prior to the amplification (e.g. by cleavage of a 
linker joining the template nucleic acids to the Substrate) 
thereby allowing the amplification to be performed in Solu 
tion. Alternatively, and in a preferred embodiment, the 
amplification is performed without releasing the template 
nucleic acids from the Substrate. 

0013 In a preferred embodiment, the amplification tem 
plates include primer binding regions (e.g. 3' and 5' Subse 
quences flanking the region encoding the capture probe). 
Preferred amplification templates include identical 3' and 5' 
primers. The primer binding regions of the amplification 
template oligonucleotides, and hence the corresponding 
complementary PCR primers, preferably range in length 
from about 4 to about 30 nucleotides. The primer binding 
regions can be identical to each other or can differ in 
nucleotide Sequence and/or in length. 
0.014. In a particularly preferred embodiment, the region 
of the amplification templates encoding the capture probes 
(the non-identical portion of the amplification template(s)) 
ranges in length from about 6 to about 50 nucleotides. Where 
it is desired to remove the primer binding regions, they can 
include a recognition site of a nuclease to facilitate cleavage. 
In a particularly preferred embodiment, the thermal melting 
points of the template nucleic acid Sequences encoding the 
capture probes with their complementary Sequences varies 
by less than about 20° C. 
0.015. In another embodiment, this invention provides for 
nucleic acid amplification template arrays for practice of the 
above-described method. In a preferred embodiment, the 
template arrays comprise a predetermined multiplicity of at 
least 20 oligonucleotides having different nucleic acid 
Sequences. Each different oligonucleotide is preferably 
localized in a predetermined region of Said Surface. The 
density of the oligonucleotides is preferably greater than 
about 60 different oligonucleotides per 1 cm, and the 
different oligonucleotides have identical terminal 3' nucleic 
acid Subsequences (e.g., primer binding region) and identi 
cal terminal 5' nucleic acid Subsequences (e.g., primer 
binding region). The 3' and 5' Subsequences can be identical 
to each other or differ in length and/or nucleotide Sequence. 
The Subsequences (primer binding regions) of the oligo 
nucleotides, and hence the corresponding complementary 
PCR primers, preferably range in length from about 4 to 
about 30 nucleotides. 

0016. The region of the template nucleic acids compris 
ing the amplification template array encoding the capture 
probe (the “unique' non-terminal Subsequence) preferably 
ranges in length from about 6 to about 50 nucleotides. Where 
it is desired to remove the primer binding regions, the 3' 
and/or 5' Subsequences can include a recognition site of a 
nuclease to facilitate cleavage. In a particularly preferred 
embodiment, the thermal melting points of the template 
nucleic acid Sequences encoding the capture probes with 
their complementary Sequences varies by less than about 20 
C. 

0.017. In another embodiment this invention provides an 
affinity matrix that removes Substantially all known nucleic 
acid messages in a Sample and methods of making Such an 
affinity matrix. In a preferred embodiment, the affinity 
matrix comprises a multiplicity of at least 20 different 
predetermined oligonucleotides where, for each nucleic acid 
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message, there exists in the affinity matrix an oligonucle 
otide complementary to the nucleic acid message or a 
Subsequence thereof. The matrix, however, does not include 
every possible oligonucleotide having the Same length as the 
predetermined oligonucleotides. The oligonucleotides can 
be selected Such that the affinity matrix includes fewer than 
80% of the total number of possible nucleotides, preferably 
fewer than 60% of the total number of possible nucleotides, 
more preferably fewer than 40% to the total number of 
possible oligonucleotides, and most preferably less than 
about 30% or even 20% or even 10% or even 5% of the total 
possible number of oligonucleotides having the same length 
as the predetermined oligonucleotides. Oligonucleotides 
comprising preferred nucleic acid matrices range in length 
from about 6 to about 50 nucleotides. 

0018. Oligonucleotides for inclusion in such affinity 
matrices can be Selected as described herein by the Steps of 
i) determining an allowable T interval, ii) determining a 
mismatch T threshold; iii) identifying all nucleic acid 
Sequences complementary to a known message whose T to 
said message is within the allowable T interval; iv) deter 
mining the likelihood of each of the nucleic acid Sequences 
complementary to the known message also occurring in an 
unknown message; v) Sorting the Sequences in order of 
likelihood with the least likely Sequence first to produce a 
Sorted Sequence list; vi) Selecting the first nucleic acid 
Sequence in the list whose T to all other known messages 
in the sample is below the mismatch T, vii) repeating Step 
Vi) until a desired number of nucleic acids that specifically 
hybridize, under Stringent conditions, to the known message 
are obtained; and viii) repeating Steps iii) through vii) until 
at least one nucleic acid Sequence that hybridizes Specifi 
cally under Stringent conditions to each known nucleic acid 
message is selected. Step (vi) can further comprise Selecting 
the probe that additionally has a T to all already Selected 
nucleic acids below the mismatch T. 
0019. In one embodiment the allowable T interval 
ranges from about 30° C. to about 80 C. In another 
preferred embodiment, the mismatch T is at least 5 C. 
lower than the allowable T interval. The likelihood can be 
determined by calculating the probability of occurrence of 
each of the nucleic acid sequences of step (iii) in a calculated 
nucleic acid probability distribution. The oligonucleotides 
can be produced by amplification from a nucleic acid 
amplification template array as described above and further 
herein. Further details on the Selection of oligonucleotides in 
the matrix are provided herein. 
0020. In still yet another embodiment, this invention 
provides a nucleic acid affinity matrix that binds to N 
previously unknown nucleic acid messages and methods of 
making Such nucleic acid matrices. The method involves the 
steps of first providing a multiplicity of at least N different 
predetermined oligonucleotides each oligonucleotide 
complementary to an unknown nucleic acid message pre 
dicted to be present in a nucleic acid Sample or complemen 
tary to a Subsequence of the unknown nucleic acid message; 
and Second, attaching the nucleic acids to a Solid Support. 
The oligonucleotides can be selected by: i) providing a list 
of all possible oligonucleotides of length K; ii) deleting from 
the list all of the oligonucleotides that hybridize to known 
nucleic acid messages; iii) calculating a probability of 
occurrence in a nucleic acid distribution of each of the 
probes remaining in the list; iv) Sorting the list from highest 
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probability to lowest probability; v) selecting the highest 
probability oligonucleotide for inclusion in the affinity 
matrix; and Vi) repeating steps (iii) through (v) until N 
oligonucleotides are selected. The Selection of step (vi)can 
further comprise recalculating the probability on the condi 
tion that probability distribution contains no nucleic acids 
complementary to those oligonucleotides already Selected. 
Selection step (V) can further include Selecting an allowable 
T interval and Selecting the highest probability oligonucle 
otide whose T lies within the allowable T interval. The 
oligonucleotides can be amplified from the nucleic acid 
amplification template arrays described above. In a particu 
larly preferred embodiment, the oligonucleotides are 
attached to a Solid Support (e.g. glass beads) by a covalent 
linkage to a biotin which is joined to a Streptavidin which is 
covalently joined to the Solid Support. 
0021 Finally, in still yet another embodiment, this inven 
tion provides a method to enrich a nucleic acid Sample for 
previously unknown expressed RNA sequences. The method 
includes the steps of: i) providing an affinity matrix having 
at least one oligonucleotide complementary to each known 
expressed RNA present in a sample; ii) hybridizing RNA 
from an undifferentiated control cell and differentiated or 
activated test cell respectively to the affinity matrix thereby 
removing known expressed RNAS from the control cell and 
the differentiated or activated test cell; iii) reverse transcrib 
ing the RNA from each of the control cell and the differen 
tiated or activated test cell to produce a cDNA, wherein the 
reverse transcription adds a polymerase chain reaction 
primer binding region to the cDNAs from the differentiated 
or activated test cell; iv) combining the cDNAs from the 
differentiated or activated test cell with the cDNA from the 
control cell Such that there is more cDNA from the control 
cell than cDNA from the differentiated or activated test cell; 
V) amplifying the mixture of cDNAS using primers comple 
mentary to the primer binding regions Such that the ampli 
fication results in an enrichment of nucleic acid Sequences 
transcribed in the differentiated or activated test cell at a 
Significantly higher level than in the control cell. In a 
preferred embodiment, ratio of cDNA from the control cell 
to cDNA from the test cell, in step (iv) is at least about a 5:1, 
more preferably at least about 10:1, most preferably at least 
about 20:1. 

0022 Definitions 
0023. As used herein, an “oligonucleotide' refers to a 
Single Stranded nucleic acid having a length greater than 2 
nucleotides, more preferably greater than about 5 nucle 
otides, and most preferably greater than about 10, 15, 20, or 
50 oligonucleotides. The oligonucleotides of this invention 
can range in length up to about 1000 nucleotides, but 
preferred lengths range up to a maximum of about 500, more 
preferably up to about 250 nucleotides, and most preferably 
up to about 150 nucleotides (bases). An oligonucleotide can 
include natural (i.e., a, G, C, Tor U) or modified bases (i.e., 
7-deazaguanosine, inosine, etc.). In addition, the bases in an 
oligonucleotide can be joined by a linkage other than a 
phosphodiester bond, So long as it does not interfere with 
hybridization of the oligonucleotide. Thus, oligonucleotides 
can be peptide nucleic acids in which one or more of the 
constituent bases are joined by peptide bonds rather than 
phosphodiester linkages. 
0024. The term nucleic acid “affinity matrix”, as used 
herein, refers to a Solid Support or gel to which is attached 
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a multiplicity of different oligonucleotides. It is recognized 
that a nucleic acid template array, itself can act as an affinity 
matrix. However, in a preferred embodiment, where greater 
loading (binding) capacity is preferred, the affinity matrix is 
fabricated using nucleic acids amplified from the template 
array. Preferred matrix materials do not interfere with Sub 
Sequent hybridization of attached oligonucleotides. Suitable 
matrix materials include, but are not limited to paper, 
glasses, ceramics, metals, metalloids, polacryloylmor 
pholide, various plastics and plastic copolymerS Such as 
Nylon"M, TeflonTM, polyethylene, polypropylene, poly(4- 
methylbutene), polystyrene, polystyrene, polystyrene/latex, 
polymethacrylate, poly(ethylene terephthalate), rayon, 
nylon, poly(Vinyl butyrate), polyvinylidene difluoride 
(PVDF), silicones, polyformaldehyde, cellulose, cellulose 
acetate, nitrocellulose, and controlled-pore glass (Controlled 
Pore Glass, Inc., Fairfield, N.J.), aerogels (see, e.g., Ruben 
et al., J. Materials Science 27,43414349 (1992); Rao et al., 
J. Material. Science 28, 3021 (1993); Backet al., J. Phys. D. 
Appl. Phys. 22,730-734 (1989); Kim & Jang, J. Am. Ceram. 
Soc. 74, 1987-92 (1991) and the like, and other materials 
generally known to be Suitable for use in affinity columns 
(e.g. HPLC columns). 
0025 The term “target nucleic acid” refers to a nucleic 
acid (often derived from a biological Sample), to which the 
oligonucleotide probe is designed to specifically hybridize. 
It is the target nucleic acid(s) that the affinity matrices of this 
invention are designed to capture (bind). The target nucleic 
acid(s) have sequences that are complementary to the 
nucleic acid Sequence of the oligonucleotide affinity ligand 
in the affinity matrix. The term target nucleic acid may refer 
to the Specific Subsequence of a larger nucleic acid to which 
oligonucleotide is complementary or to the Overall Sequence 
(e.g., gene, cDNA or mRNA) that it is desired to capture. 
The difference in usage will be apparent from context. 
0026. The term “subsequence” refers to a partial 
Sequence of a longer nucleic acid. 
0027. The term “affinity ligand” as used herein refers to 
a molecule present in the affinity matrix that specifically 
binds to, and thereby captures, a target molecule. Oligo 
nucleotides are preferred affinity ligands in the affinity 
matrices of this invention. 

0028. The terms “nucleic acid template” or “template”, as 
used herein, refer to a nucleic acid that acts as a template for 
a nucleic acid amplification method. Nucleic acid templates 
of the present invention Serve as templates for the amplifi 
cation of nucleic acid pools comprising capture probes that 
are used either in Solution or bound to a Solid Support to 
provide nucleic acid affinity matrices. Preferred nucleic acid 
templates additionally include primer binding regions to 
facilitate amplification. A particularly preferred nucleic acid 
template comprises a unique sequence (Subsequence) that 
encodes the nucleic acid capture probe, flanked on the 5' and 
3' ends by Subsequences that act as primer binding regions. 

0029. The term “nucleic acid pool” as used herein, refers 
to a heterogenous collection of nucleic acids. For example, 
a nucleic acid pool can comprises at least 100, 1000, or 
10,000 different nucleic acids. The nucleic acids within a 
pool often lack an imposed relationship. For example, a pool 
can be formed from nucleic acids lacking Substantial 
Sequence identity with each other (e.g., less than 50% or 
75% sequence identity) to each other. Sequence identity is 
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determined between optimally aligned Sequences by Stan 
dard algorithms such as GAP, BESTFIT, FASTA, and 
TFASTA5 (Wisconsin Genetics Software Package Release 
7.0, Genetics Computer Group, 575 Science Dr., Madison, 
Wis.). Nucleic acids within the pool typically range in size 
from 5-100 bases, preferably, 10-50 bases. Typically the 
nucleic acid pools are prepared by amplification of a heter 
ogenous collection of template nucleic acids (e.g., as found 
in a template array). 
0030 The term “blocking reagent”, when used herein in 
reference to a nucleic acid pool, refers to a pool or Solution 
of one or more nucleic acids that Specifically bind to 
preSelected target Sequences. The duplexes thus formed are 
typically incapable of further hybridization. 
0031. The term “template array' or “amplification tem 
plate array' refers to a collection of oligonucleotides that 
acts as a templates for Simultaneous amplification of a 
collection of nucleic acids. Preferred template arrays are 
used in the fabrication of affinity ligands for incorporation 
into an affinity matrix. 
0.032 The terms “nucleic acid” or “nucleic acid mol 
ecule” refer to a deoxyribonucleotide or ribonucleotide 
polymer in either Single-or double-Stranded form, and unless 
otherwise limited, would encompass known analogs of 
natural nucleotides that can function in a similar manner as 
naturally occurring nucleotides. 
0033. The phrase “nucleic acid message”, as used herein 
refers to a nucleic acid or Subsequence thereof that is 
transcribed when a gene is activated. Thus, nucleic acid 
messages typically include mRNAS and Subsequences 
thereof. However, nucleic acid messages are used herein to 
refer to nucleic acids indicative of the presence, absence, or 
amount of Such transcribed Sequences. Thus, nucleic acid 
messages also include nucleic acids derived from Such 
transcripts including, but not limited to cDNA, cRNA, 
amplification products, and So forth. 
0034. The phrase “hybridizing specifically to”, refers to 
the binding, duplexing, or hybridizing of a molecule only to 
a particular nucleotide Sequence under Stringent conditions 
when that sequence is present in a complex mixture (e.g., 
total cellular) DNA or RNA. The term “stringent conditions” 
refers to conditions under which a probe will hybridize to its 
target Subsequence, but to no other Sequences. Stringent 
conditions are Sequence-dependent and will be different in 
different circumstances. Longer Sequences hybridize Spe 
cifically at higher temperatures. Generally, Stringent condi 
tions are selected to be about 5 C. lower than the thermal 
melting point (T) for the specific sequence (or about 5 C. 
lower than the Sequence with the highest melting point for 
a group of sequences) at a defined ionic strength and pH. The 
T is the temperature (under defined ionic strength, pH, and 
nucleic acid concentration) at which half the duplex mol 
ecules (i.e. half the base pairs) are dissociated, or the point 
where the denaturation rate equals the renaturation rate 
under given conditions. Typically, Stringent conditions will 
be those in which the Salt concentration is less than about 
0.01 to 1.0 M Naion concentration (or other salts) at pH 7.0 
to 8.3 and the temperature is at least about 30° C. for short 
probes (e.g., 16 to 50 nucleotides). Stringent conditions may 
also be achieved with the addition of destabilizing agents 
Such as formamide. 

0035. The term “capture probe’, as used herein, refers to 
a nucleic acid that is complementary to a target nucleic acid. 
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The capture probe, when incorporated into an affinity matrix 
acts as an affinity ligand that can Specifically hybridize to 
and thereby capture its respective target nucleic acid. It is 
recognized that capture probes can also exist in Solution (e.g. 
in nucleic acid pools) where they may act as blocking probes 
or where they can be Subsequently bound to a Solid Support 
to produce an affinity matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 illustrates a preferred method of making the 
affinity matrix of this invention. Briefly, a nucleic acid 
template array bearing a plurality of amplification templates 
for affinity ligands where each template comprises an affinity 
ligand (probe) sequence flanked by PCR primer binding 
Sites (primers a and B) is Synthesized (e.g. Synthesis using 
light-directed coupling or mechanically-directed coupling). 
The affinity templates are amplified via polymerase chain 
reaction (PCR) using a biotinylated primer. The resulting 
biotinylated amplification product is then purified via HPLC 
(e.g. Using a mono Q column, Pharmacia, Piscataway, N.J., 
USA) and then combined with streptavidin coated beads. 
The resulting affinity matrix is then packed into a column. 

DETAILED DESCRIPTION 

0037 I. Amplified Nucleic Acid Pools and Affinity Matri 
CCS. 

0038. This invention provides a method of preparing 
pools of nucleic acids and, by attaching the pool(s) of 
nucleic acids to a Solid Support, a method of preparing 
nucleic acid affinity matrices. Both the pool of nucleic acids 
and the affinity matrices comprise a number of different 
preSelected nucleic acids that act as affinity ligands. Unlike 
affinity columns found in the prior art, the nucleic acid pools 
and affinity matrices of this invention bear a large number of 
different preselected nucleic acid affinity ligands. The 
nucleic acid pools and affinity matrices of this invention can 
thus be used to Simultaneously bind to and capture a large 
number of different nucleic acids and thereby provide a 
Sample with either reduced representation of those nucleic 
acids or conversely, where the Selected nucleic acids are 
retrieved, a Sample enriched for the Selected collection of 
nucleic acids. Both the amplified pools of nucleic acids and 
the affinity matrices of this invention have a large number of 
uses which are discussed below. 

0.039 A) Amplified Nucleic Acid Pools. 
0040. The nucleic acid pools of this invention are par 
ticularly useful when used as a blocking reagents (blocking 
probes). A blocking reagent is a reagent that reduces or 
prevents the hybridization of one or more nucleic acids to 
particular components of a Sample. For example, where it is 
desired to detect a particular (target) nucleic acid that is 
expressed at low levels in a nucleic acid Sample, Selective 
elimination of other nucleic acids that are present at high 
levels in the Sample can improve detection and isolation of 
the target Sequence. In this case, a nucleic acid pool con 
taining nucleic acids complementary to the nucleic acids it 
is desired to block in the sample can be hybridized to the 
Sample. The nucleic acid pool (blocking reagent) will 
hybridize to complementary Sequences in the Sample, form 
Stable hybrid duplexes, and thereby prevent interaction (e.g., 
nonspecific binding) of the blocked nucleic acids with the 
capture Sequence. Thus, for example, where gene products, 
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Such as actin or GADPH, are typically overexpressed in a 
nucleic acid Sample, the nucleic acid pool will be prepared 
containing nucleic acids complementary to those (e.g., actin 
and GADPH) RNAS. When the blocking reagent is com 
bined (hybridized) to the sample, the GADPH and actin 
RNAS will hybridize with the blocking reagent and their 
participation in other reactions will be reduced or elimi 
nated. 

0041. In another embodiment, the nucleic acid pools can 
be used to provide control nucleic acid mixtures for use as 
test Standards for evaluation and quality control of various 
nucleic acid detection and/or isolation methods. Nucleic 
acid pools can be prepared containing nucleic acids that 
differ from each other in only one, two, three, or more 
particular nucleotides. The nucleic acid pool can then be 
used as a Standard Sample for evaluating the ability of a 
method (e.g. a particular HPLC column) to isolate and/or 
distinguish between the various nucleic acid components of 
the pool. In this way the ability of a device or method to 
detect, isolate, and/or discriminate particular nucleic acids 
from a pool of closely related nucleic acids can be evaluated. 
0042 B) Affinity Matrices. 
0043. The affinity matrices of this invention are also 
useful in a wide variety of contexts. For example, where it 
is desired to analyze mRNA expression levels of particular 
genes in a complex nucleic acid Sample (e.g., total mRNA) 
(see, e.g., PCT/US97/01603, filed Jan. 22, 1997, incorpo 
rated by reference in its entirety for all purposes) it is often 
desirable to eliminate nucleic acids produced by genes that 
are constitutively overexpressed and thereby tend to mask 
gene products expressed at characteristically lower levels. 
Thus, in one embodiment, the affinity matrix can be used to 
remove a number of preselected gene products (e.g., actin, 
GAPDH, etc.). This is accomplished by providing an affinity 
matrix bearing nucleic acid affinity ligands complementary 
to the gene products (e.g., mRNAS or nucleic acids derived 
therefrom) or to subsequences thereof. Hybridization of the 
nucleic acid Sample to the affinity matrix will result in 
duplex formation between the affinity ligands and their 
target nucleic acids. Upon elution of the Sample from the 
affinity matrix, the matrix will retain the duplexes nucleic 
acids leaving a Sample depleted of the overexpressed target 
nucleic acids. 

0044) The affinity matrix can also be used to identify 
unknown mRNAS or cDNAs in a sample. Where the affinity 
matrix contains nucleic acids complementary to every 
known gene (e.g., in a cDNA library, DNA reverse tran 
scribed from an mRNA, mRNA used directly or amplified, 
or polymerized from a DNA template) in a sample, capture 
of the known nucleic acids by the affinity matrix leaves a 
Sample enriched for those nucleic acid Sequences that are 
unknown. In effect, the affinity matrix is used to perform a 
Subtractive hybridization to isolate unknown nucleic acid 
Sequences. The remaining “unknown Sequences can then 
be purified and Sequenced according to Standard methods. 
004.5 The affinity matrix can also be used to capture 
(isolate) and thereby purify unknown nucleic acid 
Sequences. For example, an affinity matrix can be prepared 
that contains nucleic acid (affinity ligands) that are comple 
mentary to Sequences not previously identified, or not pre 
viously known to be expressed in a particular nucleic acid 
sample. The sample is then hybridized to the affinity matrix 
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and those Sequences that are retained on the affinity matrix 
are “unknown nucleic acids. The retained nucleic acids can 
be eluted from the matrix (e.g. at increased temperature, 
increased destabilizing agent concentration, or decreased 
salt) and the nucleic acids can then be sequenced according 
to Standard methods. 

0046 Similarly, the affinity matrix can be used to effi 
ciently capture (isolate) a number of known nucleic acid 
Sequences. Again, the matrix is prepared bearing nucleic 
acids complementary to those nucleic acids it is desired to 
isolate. The Sample is contacted to the matrix under condi 
tions where the complementary nucleic acid Sequences 
hybridize to the affinity ligands in the matrix. The non 
hybridized material is washed off the matrix leaving the 
desired Sequences bound. The hybrid duplexes are then 
denatured providing a pool of the isolated nucleic acids. The 
different nucleic acids in the pool can be Subsequently 
Separated according to standard methods (e.g. gel electro 
phoresis). 

0047 AS indicated above the affinity matrices can be 
used to Selectively remove nucleic acids from Virtually any 
Sample containing nucleic acids (e.g., in a cDNA library, 
DNA reverse transcribed from an mRNA, mRNA used 
directly or amplified, or polymerized from a DNA template, 
and So forth). The nucleic acids adhering to the column can 
be removed by washing with a low salt concentration buffer, 
a buffer containing a destabilizing agent Such as formamide, 
or by elevating the column temperature. 

0048. In one particularly preferred embodiment, the 
affinity matrix can be used in a method to enrich a Sample 
for unknown RNA sequences (e.g. expressed sequence tags 
(ESTs)). The method involves first providing an affinity 
matrix bearing a library of oligonucleotide probes Specific to 
known RNA (e.g., EST) sequences. Then, RNA from undif 
ferentiated and/or unactivated cells and RNA from differ 
entiated or activated or pathological (e.g., transformed) or 
otherwise having a different metabolic State are separately 
hybridized against the affinity matrices to provide two pools 
of RNAS lacking the known RNA sequences. 

0049. The RNAs from the differentiated (or activated, 
etc.) cells are reverse transcribed to produce cDNAS bearing 
cleavable PCR priming regions. (See, e.g.,Van Gelder, et al., 
Proc. Natl. Acad. Sci. USA, 87: 1663-1667 (1990) and 
Eberwine et al. Proc. Natl. Acad. Sci. USA, 89: 3010-3014). 
Similarly, the RNAS from the undifferentiated cells are 
reverse transcribed to make cDNAs without PCR priming 
sites. The two resulting pools of cDNAS are then combined 
with the cDNAS from the undifferentiated cells in great 
excess (e.g. at least 10 fold excess). At this high concentra 
tion, during PCR the cDNAS from the undifferentiated cells 
will hybridize with complementary Sequences from the 
differentiated cells and form stable duplexes thereby pre 
venting amplification of the corresponding Sequences. Con 
versely, those nucleic acids unique to the differentiated cells 
are differentially amplified. Thus, the PCR effectively per 
forms a Subtractive hybridization resulting in a nucleic acid 
sample enriched for unknown ESTs that are characteristic of 
the activated or differentiated State. 

0050 II. Preparation of the Affinity Matrix. 
0051 Methods of preparation of the affinity matrices of 
this invention are illustrated in FIG. 1. The methods gen 
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erally involve first identifying the nucleic acids (capture 
probes) it is desired to include in the affinity matrix. Once 
the capture probes have been identified, corresponding 
nucleic acid templates can be designed from which the 
capture probes can be amplified. The nucleic acid templates 
are all attached to a Solid Support thereby forming a “tem 
plate array” (see FIG. 1, “DNA chip”). In a preferred 
embodiment, each template nucleic acid is located in a 
particular preselected region on the Solid Support. Thus, for 
example, the DNA chip of FIG. 1 shows an array of 
“rectangles' where each rectangle contains a different tem 
plate nucleic acid. 
0.052 The template nucleic acids are amplified en mass 
(e.g., via PCR) to produce a population of different nucleic 
acids (see FIG. 1). The number of molecules of each species 
of nucleic acid in the population will be Substantially greater 
than the number of template molecules used to amplify that 
Species. The amplified nucleic acids are then attached to a 
Solid Support (e.g. glass or plastic beads) to form an affinity 
matrix. The affinity matrix can be arranged or packaged into 
a variety of forms. In one preferred affinity matrix the matrix 
material is glass beads having attached capture probes and 
the beads are packed into a column to thereby produce an 
affinity column (see FIG. 1). 
0053. The method of preparation of affinity matrices can 
be generally Summarized in the following Steps: 

0054) 1) Nucleic acids (capture probes) to be 
included in the affinity matrix are identified; 

0055 2) A template array is provided that bears a 
plurality of different nucleic acids where each dif 
ferent nucleic acid is capable of acting as an ampli 
fication template to amplify one of the capture 
probes, 

0056 3) The nucleic acid templates in the template 
array are amplified to provide a population of capture 
probes where the number of molecules of each 
capture probe is Substantially greater than the num 
ber of corresponding template molecules from which 
the capture probe Species was amplified; and 

0057 4) The capture probes are then attached to a 
Solid Support (matrix material) to thereby produce an 
affinity matrix. 

0.058 Each of these steps is discussed in detail below. 
0059) 1) Identification/Selection of Nucleic Acids to 
Include in the Affinity Matrix. 
0060 AS indicated above, the first step in the claimed 
method of preparing either a free Solution containing a 
multiplicity of preselected oligonucleotides or an affinity 
matrix of this invention involves determining which oligo 
nucleotides to include in the Solution or matrix. Once the 
desired oligonucleotides are identified, an amplification tem 
plate for each oligonucleotide is designed and the collection 
of amplification templates form an amplification template 
array. 

0061. One of skill in the art will appreciate that ampli 
fication templates can have either the same nucleotide 
Sequence as the desired amplified oligonucleotides or can be 
complementary to those oligonucleotides. The Sense of the 
dominant amplified Strand can be controlled by using 
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unequal amounts of primer So that the primer for the 
undesired Strand is effectively rate limiting during the ampli 
fication Step. Methods of determining appropriate template 
Sense and primer ratioS are well known to those of Skill in 
the art (see, e.g., PCR Protocols: a Guide to Methods and 
Applications, Innis et al., eds. Academic PreSS, Inc. N.Y. 
1990). For convenience, when discussing template construc 
tion, template Sequences capable of amplifying the desired 
oligonucleotides (capture probes) are discussed as though 
they have the same Sequence as the amplified product, 
recognizing that the actual corresponding template Sequence 
can be the same or complementary to the ultimate amplified 
product. 

0062. In addition to the template sequence encoding the 
capture probe, the template nucleic acid can include addi 
tional (ancillary) sequences to facilitate amplification and 
purification of the capture probe. Thus, the design of nucleic 
acid templates can involve both the Selection of the capture 
probe component of the template and the design and inclu 
Sion of ancillary Sequences. Each of these components is 
described Separately below. 
0063 a) Identification/Selection of Capture Probe Com 
ponent of Amplification Template. 

0.064 
0065 One of skill in the art will appreciate that virtually 
any oligonucleotide can be included in the affinity matrix. In 
a preferred embodiment, however, oligonucleotides are 
Selected that are complementary to a Sequence or Subse 
quence of the nucleic acid(s) it is desired to bind to the 
affinity matrix. In addition, capture oligonucleotide 
Sequences are Selected to minimize Self complementarity 
which may result in hairpin formation, or other Secondary 
structure that may interfere with hybridization. In addition, 
the oligonucleotides can incorporate various base Substitu 
tions to reduce Secondary structure (e.g.inosine, 7-deaza 
guanosine, etc.). 
0066. In one embodiment, the oligonucleotide affinity 
ligands are Selected to bind and thus remove nucleic acids 
(e.g. mRNAS) that are characteristically overexpressed and 
thus tend to mask the expression of other nucleic acids that 
are typically expressed at lower levels. Such overexpressed 
nucleic acids include, but are not limited to, the common 
“housekeeping genes Such as actin, GAPDH, and other 
well known constitutively expressed genes. 

0067. In another embodiment, the affinity matrix oligo 
nucleotides are Selected to hybridize to one or more target 
nucleic acids it is desired to purify from a Sample of 
biological molecules. Thus, for example, where it is desired 
to isolate a particular Set of nucleic acids from a biological 
Sample, the affinity matrix is provided containing oligo 
nucleotides complementary to Sequences or Subsequences of 
the nucleic acids it is desired to isolate. 

0068 ii) Selecting Oligonucleotide Probes to Bind All 
Known Sequences. 

0069. In still yet another embodiment, the affinity matrix 
nucleic acids can be selected to bind to, and thus remove, 
substantially every known mRNA, cDNA, expressed 
Sequence tag (EST), or other known nucleic acid in a 
Sample, and thus provide a nucleic acid Sample enriched for 
unknown Sequences. In a preferred embodiment, oligonucle 

i) Arbitrary Preselected Oligonucleotides. 
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otide "probes' designed for Such a Selection are chosen to 
have a relatively uniform melting point (T). The probes are 
also preferably selected to have a low probability of hybrid 
izing to an unknown message and thus have a T above a 
characteristic threshold which is the melting point of the 
most similar non-Selected nucleic acids expected to be in the 
Sample. 

0070 A probe selection process embodying the above 
identified criteria can be formalized in the following Steps: 

0071) 1) An allowable T interval for the probes is 
Selected. 

0072) 2) AT threshold is selected. 
0073 3) For each known nucleic acid sequence that 
is to be captured by the affinity matrix the following 
Steps are performed: 

0074) a) All oligonucleotide probes of a prese 
lected length complementary to the Sequence and 
whose T falls within the allowable T interval 
are determined. 

0075) b) The likelihood of each oligonucleotide 
probe being a present in an unknown message is 
calculated; 

0076 c) The oligonucleotide probes are then 
Sorted by likelihood with the least likely probe 
listed first; and finally 

0077 d) The first probe in the list whose T, to all 
other known messages in the Sample is below the 
mismatch T is Selected for inclusion in the affin 
ity matrix. 

0078. As indicated above, the allowable T interval is 
arbitrary and chosen largely for convenience. Of course, one 
of skill will appreciate that a narrower T will produce fewer 
Suitable probes, while a broader T will make optimization 
of amplification and hybridization conditions more difficult. 
Similarly, a suitable mismatch T is also arbitrary. Of 
course, the mismatch T, must be lower than the T interval 
otherwise the probes comprising the affinity matrix will be 
unable to specifically discriminate between target nucleic 
acids and non-target nucleic acids having Similar, but not 
identical, Sequences. 

0079 The allowable T interval (i.e. the T of the 
Selected probes their complementary Sequences) typically 
spans a maximum range of about 30° C., preferably a 
maximum range of about 20 C., more preferably a maxi 
mum range of about 10 C. and most preferably a maximum 
range of about 5 C. Allowable T intervals range from 
about 30° C. to about 80 C., more preferably from about 
35° C. to about 70° C., more preferably from about 40° C. 
to about 60° C., and most preferably about 45 C. to about 
55 C. As indicated above, the mismatch T is lower than 
the low side of the allowable T interval, typically at least 
about 5 C. lower, preferably at least about 10 C. lower, 
more preferably at least about 15 C. lower and most 
preferably at least about 20° C. lower than the allowable T. 
interval. 

0080 AS indicated below (in section (2)) above, the 
oligonucleotides can have a preselected length ranging from 

Dec. 20, 2001 

2 up to about 1000 nucleotides, more preferably from about 
6 to about 150 nucleotides, most preferably from about 6 to 
about 50 nucleotides. 

0081 Methods of calculating thermal melting points 
(T) of two nucleic acids (e.g. an oligonucleotide and its 
complement) are well known to those of skill in the art. 
Detailed calculations are provided for example in Chapter 2 
of Laboratory Techniques in Biochemistry and Molecular 
Biology, Vol. 24: Hybridization With Nucleic Acid Probes, P. 
Tijssen, ed. Elsevier, N.Y., (1993)). (See, also Sambrook, et 
al., Molecular Cloning a Laboratory Manual, 2nd Ed., Vols. 
1-3, Cold Spring Harbor Laboratory (1989)), Methods in 
Enzymology, Vol. 152: Guide to Molecular Cloning Tech 
niques, Berger and Kimmel, eds., San Diego: Academic 
Press, Inc. (1987), or Current Protocols in Molecular Biol 
ogy, Ausubel, et al. eds., Greene Publishing and Wiley 
Interscience, New York (1987)). 
0082 In general, the likelihood of an oligonucleotide 
probe being present in an unknown message is determined 
by calculating a nucleic acid probability distribution for the 
particular genome(s) or nucleic acid collection(s) of interest. 
The probability (likelihood) of occurrence of the oligonucle 
otide probe in that distribution is then determined. 
0083. For example, a simple distribution representing the 
human genome is the frequency of occurrence of each of the 
bases, a, C, G and T in the human genome. Since the human 
genome is not yet fully Sequenced, the complete frequency 
distribution can be estimated by extrapolation from a Sample 
distribution. Thus, for example, the base composition of the 
human genome can be estimated by Selecting all of the 
human genome Sequences listed in GenBank. The total 
number of each nucleotide a, G, C, and T given as NA, N, 
N, and N, respectively can then be easily totaled. The 
probability of each nucleic acid (p(X) where X is a, G, C, or 
T) can then be determined as: 

Ny 
X) = - PX) N. N. N. N. 

0084. The likelihood of an oligonucleotide 0 of length Y 
where the oligonucleotide is represented as 

0085 where X is the nucleotide at position 1, X is the 
nucleotide at position 2, and So forth, occurring in the given 
distribution is then calculated as 

0086. In a nucleic acid population where the frequency of 
occurrence of a, G, C and T is 0.3, 0.3, 0.2 and 0.2, 
respectively, the probability (p(0)) of an oligonucleotide 
having the Sequence 

AAGATT 

0087) is 

(0.3)(0.3)(0.3)(0.3)(0.2)(0.2)=0.000324 

0088 Such a distribution of course reflects only base 
composition and lackS Sequence information. A probability 
distribution incorporating Sequence information can be gen 
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erated by calculating the marginal probability distribution 
for a particular base given a certain combination of preced 
ing bases. 
0089. Thus, for example, the probability distribution of 
each dinucleotide can be calculated as follows: 

NAA p(AAXA) = 
NAA + NGA + NCA + NTA 

0090 where p(AAXA) is the probability of occurrence 
of the dinucleotide AA given a preceding a, and NAA, NA, 
NA and NA are the numbers of occurrence of the dinucle 
otides AA, GA, CA and TA, respectively. Similarly, the 
probability of occurrence of the dinucleotide AT given a 
preceding C is calculated as: 

NAT p(ATXC) = 
NAC + NC + NCC - NTC 

0.091 where N, N, N and N are the numbers of 
occurrence of the dinucleotides AC, GC, CC and TC, 
respectively. Other dinucleotide probabilities can be deter 
mined in the same manner. 

0092. The likelihood of an oligonucleotide occurring in 
the distribution is then calculated as the product of the 
marginal probability (frequency of occurrence) of its respec 
tive dinucleotides given the preceding base. Thus, for 
example the likelihood of oligonucleotide O occurring in the 
distribution where O is ACGTTACC is 

p(CCXC)p(C) 

0093. One of skill will readily appreciate that similar 
distributions can be calculated for trinucleotides, tetranucle 
otides and So forth to any arbitrary length. Each higher order 
distribution incorporates progressively more Sequence infor 
mation. The likelihood of a particular oligonucleotide exist 
ing in Such a distribution can be calculated as illustrated. 
0094. The selection of the particular oligonucleotide fre 
quency distribution used to calculate probe likelihoods is 
essentially arbitrary. AS indicated above, to a certain extent, 
higher order distributions capture more Sequence informa 
tion. The ability of a particular order probability distribution 
to accurately reflect likelihood of occurrence of an oligo 
nucleotide in a nucleic acid Sample, can be determined by 
comparing predicted likelihood values for various oligo 
nucleotides with the actual frequency of occurrence of those 
oligonucleotides in a Sample nucleic acid data Set. The closer 
the predicted likelihood approximates the actual likelihood, 
the better is the probability distribution. 
0.095 Such a comparison can be made, for example, by 
dividing a collection of Sequences (e.g. the GenBank listing 
of human cDNAs) in half and using the first half to calculate 
a nucleic acid frequency distribution and predict the likeli 
hood of occurrence of particular oligonucleotides in the 
second half of the collection. The predicted values can then 
be compared with the actual frequency of occurrence of the 
oligonucleotides in the Second half of the Sequence Set and 
the accuracy of the prediction determined. 
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0.096 iii) Selecting Oligonucleotide Probes to Bind 
Unknown Sequences. 
0097. The method described above provides a means of 
Selecting probes expected to bind to Substantially all known 
Sequences in a given nucleic acid Sample. Conversely, it is 
possible to Select oligonucleotide probes expected to bind to 
Nunknown nucleic acids in a Sample, where N is the number 
of oligonucleotide probes to be Selected. The Selection 
method basically involves creating a list of all possible 
probes of a given length, deleting from the list probes that 
hybridize to known messages, and then Selecting the N 
number of probes that have the greatest likelihood of occur 
ring in an unknown message. The method can be formalized 
as follows: 

0.098 1) A list (L, ) of possible oligonucleotide 1. p 9. 
probes (preferably all probes) of length K is calcu 
lated; 

0099] 2) Oligonucleotide probes from list L that 
hybridize to known messages (or messages of inter 
est) are deleted from the list. 

0100 3) The probability of occurrence of each of the 
oligonucleotide probes of list L in a nucleic acid 
probability distribution is calculated; 

0101 4) The following steps are repeated until N 
probes are identified: 
0102) a) The list (L) is sorted from the highest 
probability to the lowest. 

0103 b) The highest probability probe is added to 
list of Selected probes, L. 

0104 Step (4) can additionally include recalculating the 
probabilities on the condition that the probability distribu 
tion contains no nucleic acids complementary to those 
oligonucleotides already Selected. 
0105 The list of all possible probes of length K can be 
calculated in a simple combinatorial manner. Thus there are 
4 probes of length 1 (a, C, G, T), 16 probes of length 2 (AA, 
AC, AG, AT, CA, CC ..., TA, TC, TG, TT) and so forth. 
The distribution of message Sequences can be calculated as 
described above as can the likelihood of occurrence of each 
probe in L. occurring in the distribution. AS indicated above 
k most preferably ranges from about 6 to about 50 nucle 
otides. 

0106 The probability distribution and likelihood is cal 
culated as described above. The recalculation conditioned 
on the fact that no selected probe (L) is a complementary 
to an unknown is accomplished again, as described above. 
0107 The limitations on thermal melting point can also 
be imposed on Selected probes. Thus, only probes having a 
T, above a critical threshold and/or probes having a T. 
within a specific allowable interval can be selected for 
inclusion in the affinity matrix. 
0.108 Either of the above-described probe selection 
methods can include the additional condition that the T of 
and by one of the selected probes to the other selected probes 
must be below the mismatch T This will prevent cross 
hybridization between probes comprising the affinity matrix. 
0109 While the methods described above use nucleic 
acid samples (e.g. sequences selected from a genetic data 
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base Such as GenBank) to predict the nucleic acid frequency 
distribution of a “population” (e.g. the entire genome of a 
particular species), one of skill will appreciate that where a 
particular genome is fully Sequenced there is no need to 
calculate the likelihood of occurrence of particular probes. 
Those nucleic acid Sequences that it is desired to capture 
with the affinity matrix can be expressly included. 
0110 B) Ancillary Sequences to Facilitate Amplification/ 
Purification, 

0111 AS indicated above, the template nucleic acids 
forming the template array are used as templates for a 
nucleic acid amplification Step (step 3 of the method 
described above). In addition to the nucleic acid sequence 
(or Subsequence) encoding the affinity ligands (capture 
probes) that are to be included in the affinity matrix, the 
nucleic acid template(s) can additionally include ancillary 
Sequences that facilitate amplification and/or purification. 
0112 For example, polymerase based amplification Sys 
tems typically require a double-Stranded priming region for 
binding and initiation of the polymerase. The double 
Stranded priming region is typically provided by including, 
in the amplification reaction mixture, primers that are 
complementary to a portion of the template that is to be 
amplified. The primers bind to the template (at primer 
binding regions which are complementary to the primers) 
forming a double Stranded region in to which the polymerase 
binds and initiates transcription. 

0113) While primers can be selected that specifically 
hybridize to each of the template nucleic acids Such an 
approach may require a large number of different primerS. 
Thus, in a preferred embodiment, the template nucleic acids 
additionally include terminal Subsequences (primer binding 
Sequences) that are common to all of the template nucleic 
acids. All of the constituent nucleic acids can then be 
amplified with a Single Set of primers and one Set of reaction 
conditions. 

0114. Thus, particularly preferred template nucleic acids 
comprise, in order, a common first priming domain, a 
“unique” domain that encodes the affinity ligand (capture 
probe), and a Second common priming domain (illustrated in 
FIG. 1, as Primer a binding region, specific affinity ligand, 
and Primer B* binding region, respectively). The first and 
Second priming domains can be identical thereby allowing 
the use of a single primer, or alternatively, the priming 
domains may have different Sequences and thus require two 
primers for amplification. Priming domains can range in 
length from about 4 to about 50 nucleic acids, preferably 
from about 4 to about 40 nucleic acids, more preferably from 
about 4 to about 30 nucleic acids, and most preferably from 
about 4 to about 20 nucleic acids. Particularly preferred 
priming domains can range from about 6 to about 15 or 
about 20 nucleic acids in length. Priming domains are 
preferably Selected So that the priming domain does not also 
form a Subsequence in any of the unique regions of the 
templates. 

0115 Where it is desired to remove the amplification 
priming domain from the amplification product, the primer 
domain can additionally incorporate a nucleic acid Sequence 
that is recognized by a restriction endonuclease. Thus, for 
example, a Six nucleotide priming Sequence can include a 
four base recognition site which when cleaved by a four base 
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cutter leaves a two base tail. Longer nucleotide priming 
Sequences can provide longer recognition sites (e.g. 5, 6, 7, 
... 10). One of skill will readily appreciate that offset sites 
can be used allowing a clean cut end. Recognition sites and 
restriction endonucleases are well known to those of skill in 
the art and Selection of particular recognition domains and 
their corresponding restriction enzyme are well known to 
those of skill in the art. (See, e.g. Gibco BRL, Grand Island, 
N.Y., USA, or New England Biolabs, Beverly, Massachu 
setts, USA for a list of restriction nucleases and their 
recognition sites.) 
0116. On occasion, it will be desirable to purify one or 
more of the nucleic acids amplified from the nucleic acid 
template array. Such purification can be facilitated by incor 
porating specific (predetermined) nucleic acid “recognition” 
Sequences into the nucleic acid template(s) of the nucleic 
acid Sequences it is desired to purify. These nucleic acids can 
then be isolated from the pool of amplified nucleic acids by 
use of a nucleic acid affinity column with capture probes 
complementary to the recognition Sequences. Thus, for 
example, a the template(s) can include a poly a tail which 
will facilitate purification of the amplification product using 
an oligo dt column. Other recognition Sequences are, of 
course, Suitable as well. Generally a recognition Sequence 
will be selected such that it exists only in the amplified 
nucleic acids it is desired to purify. 
0117 2) Preparation of a Template Array 
0118 While the nucleic acid templates can be provided 
free in Solution, in a preferred embodiment the templates are 
themselves bound to a Solid Support forming an amplifica 
tion template array. In a particularly preferred embodiment, 
the amplification template arrays of this invention are high 
density oligonucleotide arrays comprising at least about 50, 
generally at least about 100, more generally at least about 
500, most generally at least about 1000, preferably at least 
about 5,000, more preferably at least about 10,000, most 
preferably at least about 50,000, 100,000, 500,000 or even 
at least about 1,000,000 different nucleic acid probes. Such 
high density arrays comprise a probe density of generally 
greater than about 60, more generally greater than about 
100, most generally greater than about 600, often greater 
than about 1000, more often greater than about 5,000, most 
often greater than about 10,000, preferably greater than 
about 40,000 more preferably greater than about 100,000, 
and most preferably greater than about 400,000 different 
oligonucleotide probes per cm. The capture probes incor 
porated into the affinity matrix, and hence the component of 
the nucleic acid template(s) encoding the affinity ligand 
(capture probe) itself can range in length from about 2 
nucleotides acids up to about 1000 nucleotides acids, gen 
erally from about 5 to about 500 nucleotides acids, more 
generally from about 10 to about 150 nucleotides acids, most 
generally from about 10 to about 100 nucleotides acids, 
preferably from about 10 to about 75 nucleotides acids, more 
preferably from about 10 to about 50 nucleotides, and most 
preferably from about 15 to about 40 nucleotides in length. 
Where the template nucleic acids include ancillary 
Sequences, as discussed above, the template Sequence 
lengths will be increased accordingly. 
0119) Although a planar array surface is preferred, the 
array may be fabricated on a Surface of Virtually any shape 
or even a multiplicity of Surfaces. Methods of making Such 
amplification template arrays are discussed below. 
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0120 A) Combinatorial Chemistry 
0121 AS indicated above, the nucleic acids acting as 
“capture” probes in the affinity matrices of this invention are 
preferably amplified from a multiplicity of amplification 
templates, more preferably from a group of templates that 
comprising a high density array of oligonucleotides. Meth 
ods of forming high density arrays of oligonucleotides, 
peptides and other polymer Sequences with a minimal num 
ber of Synthetic Steps are known. The oligonucleotide ana 
logue array can be Synthesized on a Solid Substrate by a 
variety of methods, including, but not limited to, light 
directed chemical coupling, and mechanically directed cou 
pling. See Pirrung et al., U.S. Pat. No. 5,143,854 (see also 
PCT Application No. WO 90/15070) and Fodor et al., PCT 
Publication Nos. WO 92/10092 and WO 93/09668 which 
disclose methods of forming vast arrays of peptides, oligo 
nucleotides and other molecules using, for example, light 
directed Synthesis techniques, which are incorporated herein 
by reference. See also, Fodor et al., Science, 251, 767-77 
(1991) which is incorporated herein by reference. These 
procedures for Synthesis of polymer arrays are now referred 
to as VLSIPSTM procedures. Using the VLSIPSTM approach, 
one heterogenous array of polymerS is converted, through 
Simultaneous coupling at a number of reaction Sites, into a 
different heterogenous array. See, U.S. application Ser. NoS. 
07/796,243 and 07/980,523 which are incorporated herein 
by reference. 
0122) The development of VLSIPSTM technology as 
described in the above-noted U.S. Pat. No. 5,143,854 and 
PCT patent publication Nos. WO 90/15070 and 92/10092, is 
considered pioneering technology in the fields of combina 
torial Synthesis and Screening of combinatorial libraries. 
More recently, patent application Ser. No. 08/082,937, filed 
Jun. 25, 1993 (and incorporated herein by reference) 
describes methods for making arrays of oligonucleotide 
probes that can be used to check or determine a partial or 
complete Sequence of a target nucleic acid and to detect the 
presence of a nucleic acid containing a Specific oligonucle 
otide Sequence. 

0123. In brief, the light-directed combinatorial synthesis 
of oligonucleotide arrays on a glass or other Surface pro 
ceeds using automated phosphoramidite chemistry and chip 
masking techniques. In one specific implementation, a glass 
Surface is derivatized with a silane reagent containing a 
functional group, e.g., a hydroxyl or amine group blocked by 
a photolabile protecting group. Photolysis through a photo 
lithogaphic mask is used Selectively to expose functional 
groups which are then ready to react with incoming 5'-pho 
toprotected nucleoside phosphoramidites. The phosphora 
midites react only with those sites which are illuminated 
(and thus exposed by removal of the photolabile blocking 
group). Thus, the phosphoramidites only add to those areas 
Selectively exposed from the preceding Step. These StepS are 
repeated until the desired array of Sequences have been 
Synthesized on the Solid Surface. Combinatorial Synthesis of 
different oligonucleotide analogues at different locations on 
the array is determined by the pattern of illumination during 
Synthesis and the order of addition of coupling reagents. 

0.124. In the event that an oligonucleotide analogue with 
a polyamide backbone is used in the VLSIPSTM procedure, 
it is generally inappropriate to use phosphoramidite chem 
istry to perform the Synthetic Steps, Since the monomers do 
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not attach to one another via a phosphate linkage. Instead, 
peptide Synthetic methods are Substituted. See, e.g., Pirrung 
et al. U.S. Pat. No. 5,143,854 which is incorporated herein 
by reference. 
0.125 Peptide nucleic acids are commercially available 
from, e.g., BioSearch, Inc. (Bedford, Mass.) which comprise 
a polyamide backbone and the bases found in naturally 
occurring nucleosides. Peptide nucleic acids are capable of 
binding to nucleic acids with high Specificity, and are 
considered "oligonucleotide analogues' for purposes of this 
disclosure. 

0.126 In addition to the foregoing, additional methods 
which can be used to generate an array of oligonucleotides 
on a single Substrate are described in co-pending application 
Ser. No. 07/980,523, filed November 20, 1992, and Ser. No. 
07/796,243, filed Nov. 22, 1991 and in PCT Publication No. 
WO 93/09668, which are incorporated herein by reference. 
In the methods disclosed in these applications, reagents are 
delivered to the substrate by either (1) flowing within a 
channel defined on predefined regions or (2) "spotting on 
predefined regions. However, other approaches, as well as 
combinations of Spotting and flowing, may be employed. In 
each instance, certain activated regions of the Substrate are 
mechanically Separated from other regions when the mono 
mer Solutions are delivered to the various reaction sites. 

0127. A typical “flow channel' method applied to the 
compounds and libraries of the present invention can gen 
erally be described as follows. Diverse polymer Sequences 
are synthesized at Selected regions of a Substrate or Solid 
Support by forming flow channels on a Surface of the 
Substrate through which appropriate reagents flow or in 
which appropriate reagents are placed. For example, assume 
a monomer “a” is to be bound to the Substrate in a first group 
of Selected regions. If necessary, all or part of the Surface of 
the Substrate in all or a part of the Selected regions is 
activated for binding by, for example, flowing appropriate 
reagents through all or Some of the channels, or by Washing 
the entire Substrate with appropriate reagents. After place 
ment of a channel block on the Surface of the Substrate, a 
reagent having the monomer a flows through or is placed in 
all or some of the channel(s). The channels provide fluid 
contact to the first Selected regions, thereby binding the 
monomer a on the Substrate directly or indirectly (via a 
Spacer) in the first Selected regions. 
0128. Thereafter, a monomer B is coupled to second 
Selected regions, Some of which may be included among the 
first Selected regions. The Second Selected regions will be in 
fluid contact with a second flow channel(s) through trans 
lation, rotation, or replacement of the channel block on the 
Surface of the Substrate, through opening or closing a 
Selected valve; or through deposition of a layer of chemical 
or photoresist. If necessary, a step is performed for activating 
at least the Second regions. Thereafter, the monomer B is 
flowed through or placed in the Second flow channel(s), 
binding monomer B at the Second Selected locations. In this 
particular example, the resulting Sequences bound to the 
Substrate at this stage of processing will be, for example, a, 
B, and AB. The process is repeated to form a vast array of 
Sequences of desired length at known locations on the 
Substrate. 

0129. After the substrate is activated, monomer a can be 
flowed through Some of the channels, monomer B can be 
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flowed through other channels, a monomer C can be flowed 
through Still other channels, etc. In this manner, many or all 
of the reaction regions are reacted with a monomer before 
the channel block must be moved or the Substrate must be 
washed and/or reactivated. By making use of many or all of 
the available reaction regions simultaneously, the number of 
Washing and activation Steps can be minimized. 
0130. One of skill in the art will recognize that there are 
alternative methods of forming channels or otherwise pro 
tecting a portion of the Surface of the Substrate. For example, 
according to Some embodiments, a protective coating Such 
as a hydrophilic or hydrophobic coating (depending upon 
the nature of the solvent) is utilized over portions of the 
Substrate to be protected, Sometimes in combination with 
materials that facilitate wetting by the reactant Solution in 
other regions. In this manner, the flowing Solutions are 
further prevented from passing outside of their designated 
flow paths. 
0131 The “spotting methods of preparing compounds 
and libraries of the present invention can be implemented in 
much the same manner as the flow channel methods. For 
example, a monomer a can be delivered to and coupled with 
a first group of reaction regions which have been appropri 
ately activated. Thereafter, a monomer B can be delivered to 
and reacted with a Second group of activated reaction 
regions. Unlike the flow channel embodiments described 
above, reactants are delivered by directly depositing (rather 
than flowing) relatively Small quantities of them in Selected 
regions. In Some Steps, of course, the entire Substrate Surface 
can be sprayed or otherwise coated with a Solution. In 
preferred embodiments, a dispenser moves from region to 
region, depositing only as much monomer as necessary at 
each Stop. Typical dispensers include a micropipette to 
deliver the monomer Solution to the Substrate and a robotic 
System to control the position of the micropipette with 
respect to the Substrate. In other embodiments, the dispenser 
includes a Series of tubes, a manifold, an array of pipettes, 
or the like So that various reagents can be delivered to the 
reaction regions simultaneously. 
0132 B) Combined Synthetic Methods. 
0133). Using the light-directed coupling and mechani 
cally-directed coupling methods described above, one can 
readily Synthesize high density amplification template 
arrayS. However, where all of the template nucleic acids 
include common sequences (e.g. the primer binding regions) 
the high density amplification template arrays can be pro 
duced using combined (hybrid) synthesis methods. Com 
bined methods utilize standard (e.g. DMT protected phos 
phoramidite chemistry) for Synthesis of the common regions 
of the templates and light-directed or mechanically-directed 
methods for the specific binding (affinity ligand) regions of 
the templates. Thus, for example, the first primer binding 
regions can be Synthesized on the Solid Support according to 
any standard oligonucleotide Synthesis method (e.g. stan 
dard phosphotriester chemistry). The fmal base added can 
bear a MenPoc or an Fmoc protecting group allowing the 
“unique' (affinity ligand) region to be Synthesized as 
described above using any of the light-directed or mechani 
cally-directed coupling methods. The last nucleotide added 
to the “unique' region preferably bears a terminal dimethoX 
ytrityl (DMT) protecting group thereby allowing the second 
primer binding region to be Synthesized using Standard 
oligonucleotide Synthesis chemistry. 
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0134) While any oligonucleotide synthesis method, 
including Solid and liquid phase, phosphite-triester and 
phosphotriester chemistries, is Suitable, oligonucleotide Syn 
thesis is preferably carried in Solid phase using the Solid 
phase phosphoramidite triester method described by Beau 
cage et al., Tetrahedron Letts. 22 (20): 1859-1862 (1981). 
The Synthesis can be performed manually or using an 
automated oligonucleotide Synthesizer (see, e.g. Needham 
VanDevanter et al. Nucleic Acids Res. 12:6159-6168 
(1984)). Methods of oligonucleotide synthesis are routine 
and well known to those of skill in the art. (See, e.g. Itakura, 
U.S. Pat. No. 4,401,796; Caruthers et al., U.S. Pat. Nos. 
4,458,066 and 4,500,707; Beaucage et al., Tetrahedron Lett., 
22: 1859-1862 (1981); Matteucci et al., J. Amer: Chem. Soc., 
103: 3185-3191 (1981); Caruthers et al., Genetic Engineer 
ing, 4:1-17 (1982); Jones, chapter 2, Atkinson et al., chapter 
3, and Sproat et al., chapter 4, in Gait, ed. Oligonucleotide 
Synthesis: a Practical Approach, IRL Press, Washington 
D.C. (1984); Froehler et al., Tetrahedron Lett., 27: 469472 
(1986); Froehler et al., Nucleic Acids Res., 14: 5399-5407 
(1986); Sinha et al. Tetrahedron Lett., 24: 5843-5846 (1983); 
and Sinha et al., Nucl. Acids Res., 12:4539-4557 (1984). 
0135). One of skill in the art will appreciate that where 
different synthesis are to be combined for template synthe 
sis, different protecting groups should also be incorporated. 
Thus, for example, where the first primer binding domain is 
Synthesized using a phosphotriester chemistry, the 5' 
hydroxyl group is preferably protected with a dimethoxytri 
tyl (DMT) group. The last nucleotide coupled however, is 
preferably protected with a protecting group compatible 
with the light-directed or mechanically-directed Synthesis 
methods (e.g. a Fmoc, Thoc, or MenPoc) with a MenPoc 
group being most preferred for compatibility with light 
directed coupling methods. Then the last nucleotide of the 
unique region added using light-directed Synthesis methods 
will be protected with a DMT group (or other group com 
patible with the new synthesis chemistry) thereby facilitat 
ing Synthesis of the Second primer binding region using 
phosphotriester chemistry again. 
0.136 The common primer binding regions of the tem 
plate oligonucleotides can be Synthesized de novo as 
described above using the light-directed, mechanically 
directed or hybrid synthesis methods. Alternatively, the 
complete primer binding regions can be Synthesized in a 
batch process and the completed primer binding region 
Sequence can then be coupled to the Solid Support forming 
the amplification template array or to the unique (affinity 
ligand) region of the templates present in the template array. 
Synthesis according to this approach thus involves coupling 
the first primer binding region to the Substrate of the 
amplification template array (either directly or through a 
linker). The primer binding region can be provided with a 
terminal protecting group, or one can be added afterwards. 
The unique region is then Synthesized using light-directed or 
mechanically-directed coupling methods. Finally the Second 
complete primer binding region is covalently linked to the 
terminus of the unique region. Coupling of oligonucleotides 
Simply involves linking the 3' hydroxyl of one oligonucle 
otide with the 5’ hydroxyl of a second oligonucleotide (or to 
an activated Site on a Solid Support or linker). The linkage 
can be through the formation of a phosphodiester linkage. 
Typically this is accomplished by providing one of the 
oligonucleotides with an activated or activatable terminal 
phosphate. Methods of providing Such phosphate groups and 
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linking oligonucleotides are well known to those of skill in 
the art. (See, e.g., WO 85/01051 and WO/90/03382 which 
are incorporated herein by reference). 
0.137 Both the above-described combinatorial synthetic 
methods as well as the Standard Synthetic methods result in 
the production of oligonucleotides linked to a Solid Support 
(e.g. a glass slide or controlled pore glass) via a linker. 
Typically in these methods oligonucleotide Synthesis com 
mences by coupling of a nucleotide to a reactive group on a 
linker which in turn is bound to the solid support. The 
reactive group can be a terminal hydroxyl directly on the 
solid support, or the 3' or 5’ hydroxyl of a nucleotide which 
in turn is bound to the Solid Support either directly or through 
a linker. Suitable linkers are well known to those of skill in 
the art. (See, e.g. Gait, et al. ed. Oligonucleotide Synthesis. 
a Practical Approach, IRL Press, Washington D.C. (1984); 
U.S. Pat. No. 5,143,854; PCT Application No. WO 
90/15070; Fodor et al., PCT Publication Nos. WO92/10092 
and WO93/09668, and copending U.S. Ser. No. 08/431,196 
filed on Apr. 27, 1995; and Ser. No. 08/374,492, filed on Jan. 
17, 1995). 
0.138. Where it is desired to perform the subsequent 
amplification with the template nucleic acids in Solution 
phase, the linkers can be cleaved according to Standard 
methods (e.g. treatment with concentrated ammonia). Con 
versely, where the Subsequent amplifications are to be per 
formed with the template nucleic acids attached to a Solid 
Support, the linker is not cleaved before amplification. In a 
preferred embodiment, the amplification is performed with 
the template oligonucleotides retained on the Solid Support. 
The amplification template array can then be reused as a 
template for a number of amplifications and the production 
of a large number of affinity matrixes. 
0139 3) Amplification of the Nucleic Acid Templates to 
Provide a Population of Capture Probes. 
0140) a) Amplification. 
0.141. The affinity matrices of this invention comprise at 
least about 50, preferably at least about 100, more preferably 
at least about 500, 1000, 5,000, 10,000, 50,000, 100,000, 
500,000 and even at least about 1,000,000 different nucleic 
acid probes. One of skill in the art will appreciate that the 
chemical Synthesis of each nucleic acid individually in 
quantities Sufficient to provide an affinity matrix with Suf 
ficient loading capacity to isolate useful quantities of target 
nucleic acids, is an expensive and time-consuming task. 
0142. Thus, in a preferred embodiment, the nucleic acid 
probes are obtained by amplification of the template nucleic 
acids in the above-described template array. The template 
pool includes at least one nucleic acid that provides the 
amplification template for each of the nucleic acid Sequences 
that are to be included in the nucleic acid affinity matrix. 
Thus, template arrays can include least about 50, preferably 
at least about 100, more preferably at least about 500, 1000, 
5,000, 10,000, 50,000, 100,000, 500,000 and even at least 
about 1,000,000 different nucleic acid templates. 
0143. The nucleic acids can be amplified by any of the 
amplification methods well known in the art, which include, 
but are not limited to polymerase chain reaction (PCR) 
(Innis, et al., PCR Protocols, a guide to Methods and 
Application. Academic Press, Inc. San Diego, (1990)), ligase 
chain reaction (LCR) (see Wu and Wallace, Genomics, 4: 
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560 (1989), Landegren, et al., Science, 241: 1077 (1988) and 
Barringer, et al., Gene, 89: 117 (1990)), transcription ampli 
fication (see Kwoh, et al., Proc. Natl. Acad. Sci. (U.S.A.),86: 
1173 (1989)), and self-sustained sequence replication (see 
Guatelli, et al., Proc. Nat. Acad. Sci. (U.S.A.), 87: 1874 
(1990)). 
0144) Amplification of the nucleic acids comprising the 
template pool can be performed in Solution or with the 
template nucleic acids anchored to a Solid Support (e.g., a 
glass slide) and thereby forming a template array. In a 
preferred embodiment, amplification is by polymerase chain 
reaction (PCR). PCR amplification methods are well known 
to those of skill in the art. Basic amplification conditions can 
be found in a wide variety of references such as PCR 
Protocols: a Guide to Methods and Applications, Innis et al., 
eds. Academic Press, Inc. New York (1990). 
0145 One of skill will appreciate that amplification can 
be optimized for particular primer/template array combina 
tions. Optimization typically involves adjusting magnesium 
ion concentration, buffer composition (e.g. KCl and NaCl 
ion concentration and buffer pH), and the temperature and 
length of time allowed for primer annealing, extension and 
denaturation. Methods of optimizing amplification protocols 
are routine and well known to those of skill in the art (see, 
e.g. Chapter 1 in PCR Protocols: a Guide to Methods and 
Applications, Innis et al., eds. Academic PreSS, Inc. New 
York (1990)). In a standard and suitable PCR protocol, the 
reaction mix includes about 20 pmol of each primer 
(T>55° C. preferred), 20 mM Tris-HCl (pH 8.3) (20° C), 
1.5 mM MgCl, 25 mM KCII, 0.05% Tween 20, 100 tug/ml 
autoclaved gelatin or nuclease-free bovine Serum albumin, 
50uM each dNTP, and 2 units of Taq DNA polymerase. 
0146 The amplification is typically run through enough 
cycles to provide the desired amount of amplified product 
(capture probe). In a preferred embodiment, the amplifica 
tion will be cycled enough to produce at least a 2 fold, 
generally at least a 5 fold, more generally at least a 10 fold, 
preferably at least a 100 fold, more preferably at least a 1000 
fold, and most preferably at least a 10,000 fold amplifica 
tion. Where most of the amplified nucleic acid pool is 
incorporated into the affinity matrix, the matrix will thus 
contain at least a 2 fold, generally at least a 5 fold, more 
generally at least a 10 fold, preferably at least a 100 fold, 
more preferably at least a 1000 fold, and most preferably at 
least a 10,000 fold more nucleic acid molecules of each 
Species than the original nucleic acid template array. 

0147 A standard amplification will involve 20 to 40 
cycles, more preferably about 25 to 35 cycles. In a preferred 
embodiment cycling is carried out for about 25 to about 35 
cycles using the following temperature profile: 

0148) Denaturation: about 96° C., 15 seconds (a 
longer initial time is usually desirable); 

0149 Primer annealing; about 55° C., 30 seconds; 
and 

0150. Primer Extension: about 72° C., 1.5 minutes. 
0151. Cycling preferably concludes with a final extension 
at about 72 C. for 5 minutes. Reactions can be stopped by 
chilling to 4°C. and/or by addition of EDTA to 10 mM. 
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0152 B) Post Amplification Processing. 
0153. While the amplified nucleic acid pool can be used 
directly, in a preferred embodiment, the amplified nucleic 
acids are purified away from reaction components (e.g. 
incomplete amplification products, nucleotide triphosphates, 
etc.). Means of purifying nucleic acid amplification products 
are well known to those of skill in the art. Typically the 
amplification products are the largest nucleic acids in the 
reaction mixture and purification techniques based on mol 
ecule Size are highly effective. Such methods include, but are 
not limited to gel electrophoresis, high performance liquid 
chromatography (HPLC), affinity chromatography (e.g. 
using an affinity column complementary to the primer 
binding region), capillary electrophoresis, density gradient 
centrifugation, and the like. Particularly preferred is HPLC 
using an anion exchange column (e.g. mono Q from Phar 
macia, Piscataway, N.J.). 
0154 Where the amplified nucleic acids include restric 
tion sites (e.g., for removal of the primer regions) and the 
amplified nucleic acids are to be cleaved at the reaction Sites 
before use the cleavage reaction can be performed before or 
after purification. However, in a preferred embodiment, it is 
desirable to cleave the amplification products prior to puri 
fication So that the desired cleaved product (e.g., capture 
probes) are purified away from the undesired Sequences 
(e.g., primer binding regions) in the Single purification Step 
described above. 

O155 Cleavage of the amplified nucleic acids containing 
restriction sites is accomplished according to Standard meth 
ods well known to those of skill in the art. Typically, the 
amplification product is combined with the restriction endo 
nuclease specific for the cleavage site under conditions (e.g., 
temperature, pH) where the restriction endonuclease is 
active. Suitable reaction conditions for each particular 
restriction endonuclease are provided by the Supplier or 
manufacturer. 

0156 3) Attachment of the Amplified Nucleic Acids to a 
Solid Support to Produce an Affinity Matrix. 
O157 The affinity matrices of this invention can be 
formulated with virtually any Solid material or gel that does 
not substantially interfere with hybridization of the oligo 
nucleotides. Suitable matrix materials include paper, 
glasses, ceramics, metals, metalloids, polacryloylmor 
pholide, various plastics and plastic copolymerS Such as 
Nylon"M, TeflonTM, polyethylene, polypropylene, poly(4- 
methylbutene), polystyrene, polystyrene, polystyrene/latex, 
polymethacrylate, poly(ethylene terephthalate), rayon, 
nylon, poly(Vinyl butyrate), polyvinylidene difluoride 
(PVDF), silicones, polyformaldehyde, cellulose, cellulose 
acetate, nitrocellulose, and the like. Materials that typically 
bind nucleic acids (e.g. cellulose) are Suitable, however, in 
a preferred embodiment, an affinity matrix composed of 
Such materials is preferably prehybridized with a blocking 
nucleic acid (e.g. sperm DNA or Cot-1 DNA) to reduce 
non-specific binding. 
0158. The affinity matrix can be loaded with virtually any 
amount of oligonucleotide affinity ligand, the loading being 
only limited by available binding sites for attachment of the 
ligand and thus, only limited by the available amount of 
Solid or gel Support. 
0159. The affinity matrix can take any form that is 
convenient including beads, porous beads, crushed particles, 
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membranes, tubing, planar Surfaces, etc. Preferred matrix 
materials are particulate (e.g. beads) thereby providing 
increased Surface area for attachment of affinity ligands. 
Particularly preferred matrix materials can be porous (fenes 
trated) highly convoluted and/or rugose (e.g. controlled pore 
glass, folded membranes, etc.). 
0160 Methods of attaching oligonucleotides to solid Sup 
ports (matrix materials) are well known to those of skill in 
the art. For example, in a preferred embodiment, the primers 
used in the amplification can be provided with a conjugated 
biotin or streptavidin. The amplified nucleic acids will then 
bear the biotin or Streptavidin and can be coupled to a Solid 
Support bearing avidin (Streptavidin) or biotin respectively. 
0.161 Alternatively, the nucleic acid can be covalently 
coupled to the Solid Support either directly via an activated 
group (e.g. a hydroxyl, a carboxyl) or through a linker that 
provides reactive moieties that bind to the oligonucleotide 
and to the matrix material respectively. LinkerS Suitable for 
attaching nucleic acids to matrix materials are also well 
known. Generally linkers are either hetero- or homo-bifunc 
tional molecules that contain two or more reactive sites that 
may each form a covalent bond with the respective binding 
partner (the matrix material or the nucleic acid). For 
example, the probe oligonucleotides may be joined by a 
peptide linker, by a Straight or branched chain carbon chain 
linker, or by a heterocyclic carbon. Heterobifunctional croSS 
linking reagents Such as active esters of N-ethylmaleimide 
have been widely used. See, for example, Lerner et al. Proc. 
Nat. Acad. Sci. (USA), 78:3403-3407 (1981) and Kitagawa 
et al. J. Biochem., 79: 233-236 (1976). Other linkers, such as 
those used in the Synthesis of nucleic acids are also Suitable 
(see, e.g. PCT Publication WO 85/01051, Pochet et al. 
Tetrahedron. 43: 3481-3490 (1987), Schwyzer et al., Hely: 
Chim. Acta, 67: 1316-1327 (1984), Gait, ed. Oligonucle 
Otide Synthesis: a Practical Approach, IRL Press, Washing 
ton D.C. (1984)). 
0162 AS indicated above, any material to which the 
oligonucleotide can be bound and which is resistant to 
nucleic acid hybridization reagents (e.g. Tris-HCl, SSC, etc.) 
and temperatures (e.g. 30° C. to 80° C.) and does not 
substantially interfere with the oligonucleotide hybridization 
is Suitable for use as a matrix material. Particularly preferred 
matrix materials include glass beads, controlled pore glass, 
and various polymeric resins Such as polystyrene, polySty 
rene/latex, and the like. 

0163. In a preferred embodiment, the amplified nucleic 
acids are purified away from the other components of the 
amplification mixture (e.g. triphosphates, truncated ampli 
fication products, etc.) prior to attachment to the matrix 
material. Methods of purifying nucleic acids are well known 
to those of skill in the art and described above in section 3. 

0164. IV. Hybridization Conditions. 
0.165. The affinity matrices of this invention rely on 
hybridization between the nucleic acids comprising the 
affinity matrix and any target nucleic acids that may be 
present in the Sample to Specifically bind to and remove the 
target nucleic acids from the Sample. Nucleic acid hybrid 
ization Simply involves contacting the oligonucleotide 
probes of the affinity matrix and the target nucleic acid under 
conditions where the probe and its complementary target can 
form Stable hybrid duplexes through-complementary base 
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pairing. The nucleic acids that do not form hybrid duplexes 
are then washed away leaving the hybridized nucleic acids 
bound to the affinity matrix. Where the bound nucleic acids 
are to be retrieved, the duplexes can be denatured (e.g. by 
increasing temperature, adding formamide or decreasing 
salt) and the freed nucleic acids recovered. Alternatively the 
Sample contacted with the affinity matrix can be recovered 
and will be lacking those nucleic acids captured and 
removed by the affinity matrix. 
0166 It is generally recognized that nucleic acids are 
denatured by increasing the temperature or decreasing the 
Salt concentration of the buffer containing the nucleic acids. 
Under low Stringency conditions (e.g., low temperature 
and/or high salt) hybrid duplexes (e.g., DNA:DNA, 
RNA:RNA, or RNA:DNA) will form even where the 
annealed Sequences are not perfectly complementary. Thus 
Specificity of hybridization is reduced at lower Stringency. 
Conversely, at higher Stringency (e.g., higher temperature or 
lower salt) Successful hybridization requires fewer mis 
matches. 

0167 One of skill in the art will appreciate that hybrid 
ization conditions may be Selected to provide any degree of 
Stringency. In a preferred embodiment, hybridization is 
performed at low stringency in this case in 6x SSPE-T at 37 
C. (0.005% Triton X-100) to ensure hybridization and then 
Subsequent washes are performed at higher Stringency (e.g., 
1x SSPE-T at 37° C) to eliminate mismatched hybrid 
duplexes. Successive washes may be performed at increas 
ingly higher Stringency (e.g., down to as low as 0.25x 
SSPE-T at 37° C. to 50° C) until a desired level of 
hybridization Specificity is obtained. Stringency can also be 
increased by addition of agents Such as formamide. Hybrid 
ization specificity may be evaluated by comparison of 
hybridization to the sample nucleic acids with hybridization 
to the various controls that can be present (e.g., expression 
level control such as mRNAS spiked into the sample at 
known concentrations, etc.). 
0.168. In general, there is a tradeoff between hybridization 
Specificity (Stringency) and Signal intensity. Thus, in a 
preferred embodiment, the wash is performed at the highest 
Stringency that produces consistent results or achieves maxi 
mum specific removal of the target nucleic acids from the 
Sample. 

0169. The stability of duplexes formed between RNAS or 
DNAS C generally in the order of 
RNA:RNA>RNA:DNA>DNA:DNA, in solution. Long 
probes have better duplex Stability with a target, but poorer 
mismatch discrimination than shorter probes (mismatch 
discrimination refers to the measured hybridization signal 
ratio between a perfect match probe and a Single base 
mismatch probe). Shorter probes (e.g., 8-mers) discriminate 
mismatches very well, but the overall duplex stability is low. 
0170 Altering the thermal stability (T) of the duplex 
formed between the target and the probe using, e.g., known 
oligonucleotide analogues allows for optimization of duplex 
Stability and mismatch discrimination. One useful aspect of 
altering the T. arises from the fact that adenine-thymine 
(a-T) duplexes have a lower T than guanine-cytosine (G-C) 
duplexes, due in part to the fact that the a-T duplexes have 
2 hydrogen bonds per base-pair, while the G-C duplexes 
have 3 hydrogen bonds per base pair. In heterogeneous 
oligonucleotide matrices in which there is a non-uniform 
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distribution of bases, it is not generally possible to optimize 
hybridization for each oligonucleotide probe Simulta 
neously. Thus, in Some embodiments, it is desirable to 
Selectively destabilize G-C duplexes and/or to increase the 
Stability of a-T duplexes. This can be accomplished, e.g., by 
Substituting guanine residues in the probes of a matrix which 
form G-C duplexes with hypoxanthine, or by Substituting 
adenine residues in probes which form a-T duplexes with 2,6 
diaminopurine or by using the Salt tetramethyl ammonium 
chloride (TMAC) in place of NaCl. 
0171 Altered duplex stability conferred by using oligo 
nucleotide analogue probes can be ascertained by following, 
e.g., fluorescence signal intensity of oligonucleotide ana 
logue arrayS hybridized with a target oligonucleotide over 
time. The data allow optimization of specific hybridization 
conditions at, e.g., room temperature (for simplified diag 
nostic applications in the future). 
0172 Another way of verifying altered duplex stability is 
by following the Signal intensity generated upon hybridiza 
tion with a labeled sample with time. Previous experiments 
using DNA targets and DNA chips have shown that signal 
intensity increases with time, and that the more stable 
duplexes generate higher Signal intensities faster than leSS 
Stable duplexes. The Signals reach a plateau or “Saturate' 
after a certain amount of time due to all of the binding Sites 
becoming occupied. These data allow for optimization of 
hybridization, and determination of the best conditions at a 
Specified temperature. 
0173 Methods of optimizing hybridization conditions 
are well known to those of skill in the art (see, e. g., 
Laboratory Techniques in Biochemistry and Molecular Biol 
ogy, Vol. 24: Hybridization With Nucleic Acid Probes, P. 
Tijssen, ed. Elsevier, N.Y., (1993)). 
0.174. In a preferred embodiment, the affinity matrix is 
packed into a columnar casing. The Sample is then applied 
to the affinity matrix (e.g. injected onto a column or applied 
to a column by a pump Such as a Sampling pump driven by 
an autosampler). The affinity matrix (e.g. affinity column) 
bearing the Sample is Subjected to conditions under which 
the nucleic acid probes comprising the affinity matrix 
hybridize Specifically with complementary target nucleic 
acids. Such conditions are accomplished by maintaining 
appropriate pH, Salt and temperature conditions to facilitate 
hybridization as discussed above. 
0.175. It is understood that the embodiments described 
herein are for illustrative purposes only and that various 
modifications or changes in light thereof will be Suggested 
to persons skilled in the art and are to be included within the 
Spirit and purView of this application and Scope of the 
appended claims. All publications, patents, and patent appli 
cations cited herein are hereby incorporated by reference in 
their entirety for all purposes. 

What is claimed is: 
1. A method of making a nucleic acid pool comprising a 

plurality of different nucleic acids, Said method comprising 
the Steps of: 

a) providing a nucleic acid amplification template array 
comprising a Surface to which are attached at least 20 
oligonucleotides having different predetermined 
nucleic acid Sequences, and wherein: 
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i) each different oligonucleotide is localized in a pre 
determined region of Said Surface; 

ii) the density of Said oligonucleotides is greater than 
about 60 different oligonucleotides per 1 cm’; and 

iii) said different oligonucleotides have an identical 
terminal 3' nucleic acid Sequence and an identical 
terminal 5' nucleic acid Sequence; 

b) amplifying said multiplicity of oligonucleotides at least 
about 10 fold to provide said nucleic acid pool. 

2. The method of claim 1, further comprising the Step of 
attaching Said pool of nucleic acids to a Solid Support to form 
a nucleic acid affinity matrix. 

3. The method of claim 2, wherein said amplification 
template array is Synthesized using light-directed polymer 
Synthesis. 

4. The method of claim 2, wherein said 3' nucleic acid and 
Said 5' nucleic acid Sequences are Synthesized using phos 
photriester chemistry while the remaining non-identical 
Sequences are Synthesized using light-directed polymer Syn 
thesis. 

5. The method of claim 2, wherein said amplification is by 
polymerase chain reaction (PCR). 

6. The method of claim 2, wherein said PCR amplification 
utilizes an oligonucleotide primer coupled to a biotin. 

7. The method of claim 2, wherein said 3' terminal nucleic 
acid Sequence and Said 5' terminal nucleic acid Sequence 
each range in length from about 4 to about 30 nucleotides. 

8. The method of claim 2, wherein non-identical regions 
of Said oligonucleotides range in length from about 10 to 
about 50 nucleotides. 

9. The method of claim 2, wherein said 3' terminal nucleic 
acid Sequence and Said 5' terminal nucleic acid Sequence 
include a recognition site of a restriction endonuclease. 

10. The method of claim 2, wherein a range of thermal 
melting points (T) of non-identical regions of Said oligo 
nucleotides with Sequences complementary to Said non 
identical regions is less than about 20° C. 

11. The method of claim 2, further comprising the step of 
exposing a Sample to Said affinity matrix Such that nucleic 
acids in Said Sample hybridize with the nucleic acids com 
prising Said nucleic acid affinity matrix. 

12. A nucleic acid amplification template array compris 
ing a Surface to which are attached at least 50 oligonucle 
otides having different predetermined nucleic acid 
Sequences and wherein: 

i) each different oligonucleotide is localized in a prede 
termined region of Said Surface; 

ii) the density of Said oligonucleotides is greater than 
about 60 different oligonucleotides per 1 cm; and 

iii) said different oligonucleotides have an identical ter 
minal 3' nucleic acid Sequence and an identical terminal 
5' nucleic acid Sequence. 

13. The template array of claim 12, wherein said 3' 
terminal nucleic acid Sequence and Said 5' terminal nucleic 
acid Sequence each range in length from about 4 to about 30 
nucleotides. 

14. The template array of claim 12, wherein said 3' 
terminal nucleic acid Sequence and Said 5' terminal nucleic 
acid Sequence are identical to each other. 
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15. The template array of claim 12, wherein said 3' 
terminal nucleic acid Sequence and Said 5' terminal nucleic 
acid Sequence include a recognition site for a restriction 
endonuclease. 

16. The template array of claim 12, wherein non-identical 
regions of Said oligonucleotides range in length from about 
10 to about 50 nucleotides. 

17. The template array of claim 12, wherein the range of 
thermal melting points (T) of non-identical regions of Said 
oligonucleotides with Sequences complementary to Said 
non-identical regions is less than about 20° C. 

18. A nucleic acid affinity matrix that removes substan 
tially all known nucleic acid messages in a Sample, Said 
affinity matrix comprising a multiplicity of at least 20 
different predetermined oligonucleotides, wherein: 

i) for each of Said nucleic acid messages there exists in 
Said affinity matrix an oligonucleotide complementary 
to Said nucleic message or a Subsequence thereof, and 

ii) said at least 20 different predetermined oligonucle 
otides does not include every possible oligonucleotide 
having the same length as Said predetermined oligo 
nucleotides. 

19. The affinity matrix of claim 18, wherein said oligo 
nucleotides range in length from about 6 nucleotides to 
about 50 nucleotides. 

20. The affinity matrix of claim 18, wherein said oligo 
nucleotides are present in approximately equimolar 
amountS. 

21. The affinity matrix of claim 18, wherein the oligo 
nucleotides comprising Said multiplicity are preselected by 
the Steps of: 

i) determining an allowable T interval; 
ii) determining a mismatch T, threshold; 
iii) identifying all nucleic acid sequences of a preselected 

length complementary to a known message whose T. 
to Said message is within Said allowable T interval; 

iv) determining the likelihood of each of Said nucleic acid 
Sequences complementary to Said known message also 
occurring in an unknown message, 

V) Sorting said Sequences in order of likelihood with the 
least likely Sequence first to produce a Sorted Sequence 
list; 

vi) Selecting the first nucleic acid sequence in Said list 
whose T to all other known messages in Said Sample 
is below Said mismatch T, 

Vii) repeating Step Vi) until a desired number of nucleic 
acids that Specifically hybridize, under Stringent con 
ditions, to Said known message are obtained; 

viii) repeating steps iii) through Vii) until at least one 
nucleic acid Sequence that hybridizes Specifically under 
Stringent conditions to each known nucleic acid mes 
Sage is Selected. 

22. The affinity matrix of claim 21, wherein step (vi) 
further comprises Selecting the probe that additionally has a 
T to all already Selected nucleic acids below Said mismatch 
T. 

23. The affinity matrix of claim 18, wherein said affinity 
matrix is prepared according to the method of claim 1. 
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24. A method of making a nucleic acid affinity matrix for 
removing Substantially all known nucleic acid messages in 
a Sample, Said method comprising the Steps of: 

i) providing a multiplicity of oligonucleotides Selected 
Such that for each of Said known nucleic acid messages 
there exists in Said multiplicity an oligonucleotide 
complementary to Said nucleic message or a Subse 
quence thereof and Said multiplicity does not include 
every possible oligonucleotide having the Same length 
as Said oligonucleotides, and 

ii) attaching said oligonucleotides to a Solid Support. 
25. The method of claim 24, wherein said providing 

comprises Synthesizing a multiplicity of nucleic acids hav 
ing nucleotide Sequences determined by the Steps of: 

i) determining an allowable T interval; 
ii) determining a mismatch T threshold; 
iii) identifying all nucleic acid sequences of a preselected 

length complementary to a known message whose T. 
to said message is within Said allowable T interval; 

iv) determining the likelihood of each of Said nucleic acid 
Sequences complementary to Said known message also 
occurring in an unknown message; 

V) Sorting said Sequences in order of likelihood with the 
least likely Sequence first to produce a Sorted Sequence 
list; 

Vi) Selecting the first nucleic acid Sequence in Said list 
whose T to all other known messages in Said Sample 
is below said mismatch T, 

vii) repeating Step Vi) until a desired number of nucleic 
acids that Specifically hybridize, under Stringent con 
ditions, to Said known message are obtained; 

viii) repeating steps iii) through Vii) until at least one 
nucleic acid Sequence that hybridizes Specifically under 
Stringent conditions to each known nucleic acid mes 
Sage is Selected. 

26. The method of claim 25, wherein step (vi) further 
comprises Selecting the probe that additionally has a T to 
all already Selected nucleic acids below Said mismatch T. 

27. The method of claim 25, wherein said allowable T. 
interval ranges from about 30° C. to about 80 C. 

28. The method of claim 25, wherein said mismatch T, 
is at least 5 C. lower than said allowable T interval. 

29. The method of claim 25, wherein said likelihood is 
determined by calculating the probability of occurrence of 
each of Said nucleic acid sequences of Step (iii) in a 
calculated nucleic acid probability distribution. 

30. The method of claim 25, wherein said amplifying 
comprises amplifying Said multiplicity of nucleic acids from 
a nucleic acid amplification template array. 

31. The method of claim 30, wherein said nucleic acid 
template array is Synthesized using light-directed polymer 
Synthesis methods. 

32. The method of claim 30, wherein said common primer 
Sequences are Synthesized using chemically removed pro 
tecting groups. 

33. a method of making an affinity matrix that binds to 
previously unknown nucleic acid messages, Said method 
comprising 
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i) providing a multiplicity of at least N different prede 
termined oligonucleotides each oligonucleotide 
complementary to unknown nucleic acid message pre 
dicted to be present in a nucleic acid Sample or comple 
mentary to a Subsequence of Said unknown nucleic acid 
message where Said multiplicity does not include every 
possible oligonucleotide having the same length as Said 
predetermined oligonucleotides, and 

ii) attaching said oligonucleotides to Solid Support to 
produce an affinity matrix. 

34. The method of claim 33, wherein said providing 
comprises the Steps of: 

i) providing a list of all possible oligonucleotides of 
length K, 

ii) deleting from Said list all of Said oligonucleotides that 
hybridize to known nucleic acid messages, 

iii) calculating a probability of occurrence in a nucleic 
acid distribution of each of the probes remaining in Said 
list; 

iv) sorting said list from highest probability to lowest 
probability; 

V) Selecting the highest probability oligonucleotide for 
inclusion in Said affinity matrix; 

Vi) repeating steps iii through V until N oligonucleotides 
are Selected. 

35. The method of claim 34, wherein said select step (vi) 
further compriseS recalculating Said probability on the con 
dition that Said probability distribution contains no nucleic 
acids complementary to those oligonucleotides already 
Selected. 

36. The method of claim 40, wherein step (v) further 
comprises selecting an allowable T interval and Selecting 
Said highest probability oligonucleotide whose T lies 
within said allowable T interval. 

37. The method of claim 34, wherein said selected oli 
gonucleotides are amplified from a nucleic acid amplifica 
tion template array. 

38. The method of claim 41, wherein said nucleic acid 
template array is Synthesized using light-directed polymer 
Synthesis methods. 

39. The method of claim 34, wherein said oligonucle 
otides are attached to a Said Solid Support by attachment to 
a biotin which is attached to a Streptavidin bound to Said 
Solid Support. 

40. A method to enrich a nucleic acid Sample for previ 
ously unknown expressed RNA sequences, Said method 
comprising the Steps of: 

i) providing an affinity matrix having at least one oligo 
nucleotide complementary to each known expressed 
RNA present in a Sample, 

ii) hybridizing RNA from an undifferentiated control cell 
and differentiated or activated test cell respectively to 
Said affinity matrix thereby removing known expressed 
RNAS from said control cell and said differentiated or 
activated test cell; 

iii) reverse transcribing the RNA from each of said control 
cell and said differentiated or activated test cell to 
produce a cDNA, wherein Said reverse transcription 



US 2001/0053526 A1 Dec. 20, 2001 
17 

adds a polymerase chain reaction primer binding region V) amplifying said mixture of cDNAS using primers 
to the cDNAS from said differentiated or activated test complementary to Said primer binding regions whereby 
cell; Said amplification results in an enrichment of nucleic 

iv) combining said cDNAs from said differentiated or acid Sequences transcribed said differentiated or 
activated test cell with the cDNA from said control cell activated test cell at a significantly higher level than in 
Such that there is at least about a 5 to 1 ratio of cDNA Said control cell. 
from the control cell to cDNA from the differentiated or 
activated test cell; k . . . . 


