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COLLECTIONS OF UNIQUELY TAGGED MOLECULES
BACKGROUND AND SUMMARY OF THE INVENTION

This invention is directed to methods and kits for creating and analyzing

molecules using uniquely identifiable tags. The invention is also directed to
methods and kits that use uniquely identifiable tags for sequencing DNA, for
determining mutations, including substitutions, deletions, and additions, in sample
genes, and monitoring mRNA populations.

Biologists and chemists have long sought methods to identify a given
molecule in a collection of thousands or millions or more of different molecular
species. In large mixtures of many different molecules, it is challenging to identify
any one molecule or molecular species rapidly. It is often even more difficult to
identify several hundred or thousand non-identical or dissimilar species within a
collection of many thousands or millions or more of different molecular species. It
would be beneficial to functionally tag or "bar code” large numbers of molecular
species for rapid, simuitaneous identification.

To this end, the idea of using molecules to identify other molecules has
emerged. As one example, it is now possible to use combinatorial synthesis
techniques to develop large or extremely large collections of different but similar
molecular species.

Combinatorial chemistry methods permit the synthesis of large numbers of
different molecules in a mixture, In standard “pool and split” combinatorial
methods, each molecule in the mixture is associated with a tag or series of tags
helpful in determining the identity of the molecule to which the tag is attached.
See, for example, Ohimeyer, M.H.J., et al., "Complex Synthetic Chemical Libraries
Indexed With Molecular Tags" Proc. Natl. Acad. Sci. 90:10922-10926, 1993;
Pinilla, C., et al., "Versatility of Positional Scanning Synthetic Combinational
Libraries for the Identification of Individual Compounds" Drug Devel. Res. 33:133-
145, 1994; Gallop, M.A., et al. "Applications for Combinational Technologies to
Drug Discovery. *1. Background and Peptide Combinational Libraries.” J. Med.
Chem. 37:1233-1251, 1994; Gordon, E.M., et al., "Applications of Combinational
Technologies to Drug Discovery. 2. Combinational Organic Synthesis, Library
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Screening Strategies, and Future Directions.” J.Med.Chem. 37:1385-1401,1994;
Janda, K.D., "Tagged Versus Untagged Libraries: Methods for the Generation and
Screening of Combinational Chemical Libraries.” Proc. Natl. Acad. Sci. 91:10779-
10785, 1994, waer, W.J., et al., PCT/US92/07815, WO 93/06121 "Method of
Synthesizing Diverse Collections of Oligomers"; Matson, R.S. et al., U.S. Patent
5.429,807, "Method and Apparatus for Creating Biopolymer Arrays on a Solid
Support Surface”; Southern, E.M., et al., "Arrays of Complementary
Oligonucleotides for Analyzing the Hybridization Behavior of Nucleic Acids." Nucl.
Acids. Res. 22:1368-1373, 1994; Southem, E.M., "DNA Fingerprinting by
Hybridization to Oligonucleotide Arrays." Electrophoresis 16:1539-1542, 1995;
Drmanac, R.T. and Crkvenjakov, R.B., "Method of Determining an Ordered
Sequence of Subfragments of a Nucleic Acid Fragment by Hybridization of a
Oligonucleotide Probes" U.S. Patent 5,492,806; Drmanac, R.T. and Crkvenjakov,
R.B., "Method of Sequencing by Hybridization of Oligonucleotide Probes" U.S.
Patent 5,525,464; McGall, G.H., et al., "Spatially-Addressable iImmobilization of
Oligonucleotides and Other Biological Polymers on Surfaces” U.S. Patent
5.412,087; Dower, W.J. and Fodor, S.P.A., "Sequencing of Surface Immobilized
Polymers Utilizing Microfluorescence Detection" U.S. Patent 5,547,839; Fodor,
S.P.A., et al., "Array of Oligonucleotides on a Solid Substrate” U.S. Patent
5,445,034; and Fodor, S.P.A., "Synthesis and Screening of Immobilized
Oligonucleotide Arrays" U.S. Patent 5,510,270. Typically, a combinatorial
synthesis will proceed in “stages” with two or more reaction vessels per stage. The
purpose of each reaction vessel is to add a unique chemical moiety to a growing
collection of chemical compounds.

Each moiety is also associated with a uniquely identifiable “tag.” The tag is
typically attached to the same solid support to which the growing chemical
compounds are attached. Thus, attachment of a tag to a solid support (typically a
bead) conveys the information about the bead concerning the particular reaction
vessel through which the bead has passed during the synthesis. in pool and split
strategies, after the tags are attached in a particular stage, all of the reaction

vessel contents are pooled, mixed, and divided and dispersed into new reaction
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vessels in the next stage. Each moiety added in each new reaction vessel will also
be associated with a unique tag added to the beads. Thus, the collection of tag
molecules on each bead conveys the “synthetic pathway” though which the
particular bead was placed.

In standard screening of combinatorial chemistry libraries, information
regarding the order of addition of the tags and the linkage of tags to one another is
not needed. Combinatorial chemical libraries are typically screened in the hopes of
finding a few members giving the strongest positive signals in the screening assay.
The screens are typically performed in separate reaction wells, where one or a few
members of the combinatorial library (one or a few beads) is placed in each well. If
a particular member scores positively, the composition of the compound can be
determined by looking at the tags that are attached to the bead to which the
compound is (or was) attached. If one is examining the tags attached to only a
single bead, then the synthetic pathway can be identified.

For example, suppose that in the construction of a particular combinatorial
chemical library that there are four parallel chemical steps in each synthetic stage,
and that there are four synthetic stages each linked by a pool and split step. If
there are 16 uniquely identifiable tag molecules available, then each bead will have
four tag molecules associated with it (corresponding to the four stages of chemical
synthesis). Each tag molecule becomes a marker for each of the 16 reaction
vessels. Any particular bead will have traveled through four of the reaction vessels
during the procedure, and the four tag molecules that become associated with the
bead will reveal the “synthetic pathway” of the bead provided that each bead is
examined separately.

There are instances, however, in which it would be desirable to examine 100
positive beads together. If each bead contains four types of tag molecules and all
of the tags are released from the beads and examined together, it will not be
possible to determine the 100 different pathways that were used. Since there are
only 16 different tag types, many pathways will use the same tag types in some but
not all of their synthetic steps.

SUBSTITUTE SHEET (RULE 25)
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Thus, a primary difficulty in using such techniques lies in screening all of the
species for those containing the desired activities or properties and then analyzing
the molecular makeup of such species. To this end it has been proposed to use
unique combinations of nucleotides to identify protein sequences that are
constructed with combinatorial synthesis techniques. Brenner, S. & R. A. Lerner,
"Encoded Combinatorial Chemistry," Proc. Natl. Acad. Sci. USA 89:5381-83 (June
1992). The Brenner method decodes the unique combinations of nucleotides by
actually sequencing the nucleotide tags. Although this method may permit one to
determine the identity of a large number of molecules in a combinatorial library, the
method still requires the physical separation of the linked tags (oligonucleotides)
themselves for individual analysis (by PCR and cloning followed by DNA
sequencing). Thus, the method fails to identify a large subset of molecules
simultaneously. [t merely shifts the need from physical separation and isolation of
the beads to physical separation and isolation (cloning) of amplicons. In addition,
the Brenner method would not permit the use of tags as a substitute for traditional
DNA sequencing methods, since the analysis of the tags relies on traditional DNA
sequencing methods.

it has also been proposed that microelectronic devices can be used to
identify particular species being built through combinatorial synthesis techniques.
Nicolaou, K.C. et al., "Radiofrequency Encoded Combinatorial Chemistry,” Angew.
Chem. Int. Ed. Eng. 34:2289-91 (1995). These techniques, however, require the
physical separation of the linked tags from one another prior to the decoding of the
information the tags have encoded about the target molecules. Thus, these
methods are not very useful to identify simultaneously a large subset of target
molecules. A method that allows the simultaneous identification or analysis of
large subsets of target molecules contained within a very large collection of similar
or dissimilar molecules would greatly enhance the power, usefulness, speed,
and/or ease of such identification or analysis.

Nucleic acids represent a particularly interesting collection of target
molecules with which to apply the invention. Nucleic acids typically are found in

nature as collections or sequences of nucleotides. DNA and RNA exist as linear
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sequences of nucleotides, and such sequences are typically found with other such
sequences to make populations of nucleic acid sequences. For example, total
cellular RNA comprises many types of RNA, including ribosomal, messenger,
nuclear, and transfer RNA. Each such type comprises a collection of sequences.
There are many different transfer RNA (tRNA) molecules corresponding to the
various amino acids. There are many different messenger RNA (mRNA)
molecules corresponding to the various genes of a species. DNA is also found as
mixtures of nucleotide sequences. DNA from plants and animals is typically found
as mixtures of chromosomes, which are linear sequences of nucleotides.

It is often difficult to study large collections of nucleic acid sequences
because it is usually not easy to identify one nucleic acid molecule from another. It
would be advantageous to be able to identify hundreds or more of non-homologous
nucleic acid molecules simultaneously within collections of thousands or millions of
nucleic acid molecules.

Different nucleic acid sequences can be different in molecular weight, and
they sometimes can be resolved by electrophoresis, chromatography, or mass
spectroscopy. However, different nucleic acid sequences are not always different
in length or molecular weight. Different nucleic acid sequences are, by definition,
different in the linear order of their nucleotides.

Probes can be created to distinguish one nucleotide sequence from many
others. Such probes are known to be of protein, nucleic acid, or other synthetic
chemical composition. For example, DNA and RNA binding proteins can recognize
and bind to a specific sequence in a nucleic acid molecule. However, the number
of such binding proteins is somewhat limited. Restriction enzymes can cleave
nucleic acid molecules into fragments; yet this usually involves destruction of the
molecules themselves, and nucleic acid molecules will not always have different
‘restriction maps” for a given set of restriction enzymes. Moreover, restriction
mapping the paturally occurring restriction sites in a large set of different nucleic
acid molecules simultaneously can be very difficult, if not impossible, due to
redundancies in the map patterns.

SUBSTITUTE SHEET (RULE 26)
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Nucleic acids can be tagged with hapten molecules that can be recognized
by antibody molecules. However, the number of available hapten/antibody sets is
limited. Nucleic acid molecules can be tagged with fluorescent dyes. The number
of known fluorescent dyes with non-overlapping visible emission spectra, however,
is fairly small. Nucleic acid molecules can be tagged with radioactive markers, but
the number of known independently distinguishable radioisotopes that can be
functionally incorporated into nucleic acids is also small. Nucleic acids can be
tagged with enzymes, but the number of known independently distinguishable
enzymes that can be functionally incorporated into nucleic acids is also small. Any
one of these detection strategies, acting independently, can be limited. As
discussed below, an aspect of the present invention is to combine strategies to
encode more information about the target nucleic acid sequences.

Two different techniques have been developed to try to screen target DNA
populations by using complementary nucleic acid probe hybridization to form a
specific duplex under conditions where non-complementary sequences usually will
not form a duplex. For any given target nucleic acid, a nucleic acid probe molecule
complementary to all or some of the target DNA can usually be synthesized
chemically. If the sequence of the target is unknown, a large number of different
nucleic acid probes can be synthesized. However, one must have a method to
identify the nucleic acid probes being used to identify the nucleic acid targets. One
of the two approaches has been to “bin” the different probes into different wells
(test tubes) and to determine if a particular member of the target population can
bind specifically to the probe molecule. This tedious method requires dispensing
thousands of different probes in}o thousands of different bins and then testing the
target nucleic acid population in each of the thousands of bins.

The second approach is an extension of the bin method, and uses a
two-dimensional grid in place of the bins. See, e.g., Southern, E.M.,, et al., "Arrays
of Complementary Oligonuclectides for Analyzing the Hybridization Behavior of
Nucleic Acids." Nucl. Acids. Res. 22:1368-1373, 1994, Southern, E.M., "DNA
Fingerprinting by Hybridization to Oligonucleotide Arrays." Electrophoresis
16:1539-1542, 1995; Drmanac, R.T. and Crkvenjakov, R.B., "Method of
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Determining an Ordered Sequence of Subfragments of a Nucleic Acid Fragment by
Hybridization of a Oligonucieotide Probes" U.S. Patent 5,492,806; Drmanac, R.T.
and Crkvenjakov, R.B., "Method of Sequencing by Hybridization of Oligonucleotide
Probes" U.S. Patent 5,525,464; U.S. Patent 5,412,087; and U.S. Patent
5,445,934. In the gridding method, a relatively large number of nucleic acid probe
molecules are synthesized on a two-dimensional solid support such that the
coordinates or physical location (address) of the sample conveys its sequence
identity. Since the probes are permanently attached to the solid support they can
be exposed to the target nucleic acids simultaneously without the need for physical
separation. Such gridding methods make it possible to display hundreds of
thousands of probes to a target sample simultaneously.

The gridding method suffers from several limitations, however. If the probes
are chemically synthesized, they are typically 20 nucleotides or shorter in length. It
is not always trivial, however, to find conditions where only the desired short probe
duplex will form without undesired duplexes forming. For example, nucleic acids
that are rich in adenines and thymidines (A:T rich) do not form duplexes that are as
stable as nucleic acids that are rich in guanines and cytosines (G:C rich) under the
same reaction conditions. If the hybridization temperature is too high, certain A:T
rich sequences will melt whereas G:C rich sequences will remain hybridized.
However, if the temperature is lowered for A:T rich binding, certain G:C rich
duplexes having some mismatched base pairs can form. Therefore, it is
sometimes difficult to create a large collection of short, sequence-specific probes
that will operate well together under a single set of conditions.

Longer probes can be created from biological sources or in vitro
amplification strategies. These probes often do not suffer from the A:T/G:C
content problem of some shorter probes, since the base content of sequences
tends to average out over longer stretches. However, long probe grids are more
expensive to make and, under their current configurations, often are not able to
detect small changes (such as mutations) in the target nucleic acid sample. While
short probes may detect such mutations by hybridization, they can only do so well

SUBSTITUTE SHEET (RULE 28)
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if the particular mutations were anticipated, and the matrix was designed to detect
them.

There are other limitations to two-dimensional grid analysis. The
concentration of a probe available for interaction is limited by the amount of the
probe that can be attached to the solid support. In addition, the target nucleic
acids must diffuse to the probe since the bound probe cannot diffuse to the target
nucleic acids. These factors diminish reaction rates and signal strength for such
two-dimensional formats. These limitations may be obviated in a liquid phase
hybridization system. In a liquid phase hybridization system, the concentration of
the probe would not be limited by the solid support, both the target nucleic acids
and the probes can diffuse toward each other, and signal amplification through
cycling reactions could occur.

The present inventor is not aware of any current practical method to carry
out and identify such multiple simultaneous hybridization reactions in liquid phase
using a large collection of probes and targets. The lack of a rapid and effective
way to specifically tag a large number of probes for subsequent identification
hampers one from determining which probes successfully hybridize to target
nucleic acid. The problems are compounded if a large collection of long probes is
desired.

The present invention overcomes many of the limitations discussed above.
Specifically, this invention permits the simultaneous identification of a large subset
of target molecules out of a very large collection of similar or dissimilar molecular
species. The present invention can be used to create tagged molecules that
identify any collection of molecular species. For example, collections of peptides,
antibodies, nucleic acids, or other chemical structures could be identified by tagged
molecules using the methods described herein.

According to certain embodiments, the present invention provides an
advantageous method to “bar code” collections of probes or analytes for use in a
liquid phase hybridization reaction. In addition, certain embodiments of this
invention provide tagged probes that are able to detect small changes or mutations

in the target specimen. Certain embodiments of the present invention also permit
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such probes or analytes to detect the levels of a large number of different target
species within a population of target species.

Specifically, in particular embodiments, this invention permits more rapid
sequencing of larrge amounts of DNA than traditional DNA sequencing techniques.
In other embodiments, this invention provides rapid identification of mutations,
including substitutions, insertions, and/or deletions in target nucleic acid
populations. The use of these embodiments to target genes, such as cancer or
cystic fibrosis genes, would be useful in permitting a greater understanding of
these disease states as well as identifying specific mutations present in any given
individual. In other embodiments, this invention allows rapid monitoring of relative
expression levels of a large population of MRNA molecules. This information
would be valuable for assessing physiologic or disease states. For example, one
can assess the dynamics of different cell types or cell states by analyzing relative
mRNA concentrations. In yet other embodiments, the invention permits
simultaneous and quick identification of many molecules produced in a
combinatorial synthesis library without prior separation of the molecules or their
tags.

In carrying out embodiments of the present invention, liquid phase detection
can involve either short or long tagged nucleic acid probes or tags. According to
embodiments that use the tags for identifying combinatorial synthesis molecules,
the present invention employs unique molecular weights or unique lengths of the
nucleic acid tags such that any number of molecules can be identified
simultaneously and accurately without prior separation of each of the tags and/or
molecules. Each weight or length will encode not only the identity of the building
blocks used to make each molecule in the library, but also the order of synthesis
used to make the molecule.

According to other embodiments, the invention provides methods of
changing the genetic code of different nucleic acid sequences to another unique
code for each unique sequence. The other unique code is designed such that it
allows one to simultaneously and accurately determine the nucleic acid sequence

SUBSTITUTE SHEET (RULE 26)
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without prior separation of the different nucleic acid sequences. The unique code
is also called a tag.

In certain preferred embodiments, the unique code or tag can encode
anywhere up to 42 different sequences, which allows one to determine
simultaneously any possible combination of sequences for up to 20 nucleotide
stretches. Certain embodiments may also include encoding longer sequences.

According to certain embodiments, the unique tags are created using pool
and split combinatorial synthesis methods. In contrast to traditional combinatorial
synthesis, which creates random libraries of molecuies, however, these
embodiments use combinatorial synthesis to create specific tags. In other words,
the combinatorial synthesis is used to translate the genetic code of different
sequences in a sample into a different unique code that facilitates rapid
identification of the nucleic acid sequences in the sample in a subsequent
decoding step. That subsequent decoding step does not require separation of the
different sequences before performing the decoding step, nor does it require one to
separately determine each nucleotide of a sequence a single base at a time.

According to certain embodiments, the combinatorial split and pool tag
synthesis employs nucleic acid amplification techniques, such as PCR. These
techniques are used to selectively amplify particular tags being created based on a
particular nucleic acid sequence in the sample. In other words, the amplification
procedure allows one to create the new code on the tags in view of specific
sequences being amplified in the sample.

In certain embodiments, the present invention employs a variety of different
types of tags associated with a single probe or tagged nucleic acid. Thus, for
example, a DNA probe can be used to encode the sequence of a target DNA
fragment by a combination of tags including (but not limited to): differing base
lengths of all or a portion of the probe; fluorescent dyes of different emission
wavelengths; biotinylated (or other affinity molecules) attached to dideoxy
nucleotides added to the probe by conventional primer extension reactions; and
the pooling of probes with identical nucleotides at identical positions. Other

different tags that can be used in combination with the tags above and/or each
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other include (but are not limited to): molecular weight of all or a portion of a
nucleic acid tag or probe; specific order of bases of all or a portion of a tag or probe
in general; specific sequences within a tag or probe recognized by binding
proteins, restriction enzymes, or other proteins or chemical species; and specific
sequences within a tag or probe that can be detected by mass spectroscopy or
NMR. Other tagging molecules include (but are not limited to): hapten molecuies;
molecules identified by their size; fluorescent dyes; radioactive markers: enzymes;
affinity reagents; radiofrequency microelectronic devices; atoms that create
identifiable NMR spectra; binding energy or “melting temperature” when hybridized
with other molecules; dissociation of duplexes formed with other molecules in
response to an electric or magnetic field; and ionic residues that are charged or
uncharged at various pH's. Another possible tag is segregation into discrete pools.
In general, any property or item that is capable of being differentially detected can
be used as a tag. In this manner, a variety of tags used in combination with a
combinatorial labeling system can be used to exponentially expand the amount of
information that can be encoded on a nucleic acid probe.

According to certain other embodiments, tags or probes that have aiready
been prepared are provided in a kit that allows one to determine mutations,
including substitutions, additions, deletions, or other changes in a known wild type
nucleic acid sequence. These tags also employ an encoding scheme that changes
the genetic code into another code that permits one to analyze short fragments of
nucleic acid sequences without requiring one to sequence each nucleotide a single
base at a time. The kits will permit the end-user to run one stage of primer
extension in parallel with wild type test nucleic acid and with test nucleic acid and,
then, to compare the products from those reactions on gels. That comparison will
show specific differences between the wild type nucleic acid sequence and the test
nucleic acid sequence. Those specific differences will allow the end-user to
identify not only the identity of the specific changes (the identity of the changed
nucleotide if it is a substitution or the identity of an added or deleted nucleotide),

but also the location of the base changes in the nucleic acid sequence. The tags
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or probes can be prepared using the techniques discussed above for the DNA
sequencing procedures.

According to certain other embodiments, methods and kits are provided that
allow the rapid analysis of mMRNA or cDNA populations, which can reveal the
relative concentrations of members of the populations. Again, the methods and
kits utilize an encoding method that translates the genetic code into another unique
code that permits simultaneous analysis of specific nucleic acid sequence
fragments within a population of many different nucleic acid fragments. The tags
or probes used in these embodiments can be prepared using the techniques
discussed above for the DNA sequencing procedures.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 shows a scheme for encoding information about a nucleic acid

sequence with nucleotide tags using PCR.

Figure 2 shows a scheme for encoding extended nucleotides in a nucleic
acid sequence by cleaving with a type |IS restriction enzyme.

Figure 3 shows a scheme for determining an analyte using oligonucleotide
tags and a complementary reporter oligonucleotide.

Figure 4 shows a scheme for determining an analyte using oligonucleotide
tags and a complementary reporter oligonucleotide, in which the oligonucleotide
tags are not perfectly hybridized to the reporter oligonucleotides.

Figure 5 shows a scheme for ligating tags by cleavage of the pbcommont
region.

Figure 6 illustrates embodiments in which previously encoded information is
“passed on” in subsequent encoding steps.

Figure 7 shows a scheme for linking tags using primer extension.

Figure 8 illustrates additional embodiments in which previously encoded
information is “passed on” in subsequent encoding steps.

Figure 9 illustrates embodiments that use the same primer for reading and
encoding.

Figure 10 illustrates certain embodiments of the invention for encoding

information.
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Figure 11 shows a scheme for encoding information about combinatorial
synthesized libraries using nucleotide tags.

Figure 12 illustrates cleavage with a type 1IS restriction enzyme for
subsequent encéding of a private nucleotide by primer extension.

Figure 13 shows the use of a plasmid for amplifying templates.

Figure 14 shows the arrangement of the 96-well PCR plate described in
Example 7.

Figure 15 shows certain possible variations in conditions for primer:template
pairing.

Figure 16 schematically represents the experiments conducted in Example

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Glossary of Terms

Encode/encoding: These terms are used herein in their general sense of
converting information from one form into another instead of
being limited only to their more specialized sense used with
respect to DNA that encodes particular proteins.

Target: A molecule whose identity is sought or whose properties are to

be analyzed in some way through application of this invention.

Read/Reading: Selectively or specifically processing information about a
target.
Probe: A molecule that physically binds to a target or target

subpopulation in a discriminating way. The probe reads the
target or target subpopulation with specificity. In other words,
the probe binds to a target or target subpopulation and
discriminates whether there is sufficient binding above a
threshold. In certain embodiments, PCR is used to amplify a
DNA target. The probe is the primer sequence that selectively
or specifically binds to the target sequence and discriminates
whether there is sufficient binding for amplification to proceed.

In certain embodiments, ligase chain reaction is used to

SUBSTITUTE SHEET (RULE 26)
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amplify a DNA target. The probe in such embodiments
selectively or specifically recognizes a substrate that is
suitable for ligation and discriminates whether there is
sufficient binding for amplification to proceed.

Tag: An atom, molecule, and/or physical or functional property used
to encode information about a target or probe. Typically, a tag
is associated with a probe, in a manner such that information
about the target or target subpopulation that the probe is
specifically reading is encoded. In certain embodiments, a tag
may be physically attached to a probe. The tag is used to
subsequently identify probes that have successfully bound to a
target or target subpopulation to thus identify the identity of the
appropriate target or target subpopulation.

Type IS enzyme:  An enzyme that cleaves at a position removed from the Type
[IS enzyme recognition site. Examples of such enzymes are
Bin 1, Bsa |, Eam 1104, Fok |, Mbo II, Mnl I. The following
review article discusses Type IS enzymes: Szybalski, W.,
S.C. Kim, N. Hasan and A.J. Podhajska "Class-1IS restriction
enzymes - a review" (1991) Gene 100: 13-26.

Variable Position: A variable position on a molecule is a position that may be
different from a counterpart position on another molecule.
Examples of variable positions include, but are not limited to:
amino acid residues of a peptide, polypeptide, or protein
sequence; nucleotides of a nucleic acid sequence; or chemical
substitutients on a chemical moiety (for example, a chemical
ring structure optionally may have oxygen, sulfur, or nitrogen
bonded to a particular position on that ring (the oxygen, sulfur,
or nitrogen would be the variable position)).

Throughout this specification, many documents are cited. All of those

documents are hereby specifically incorporated by reference.

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_1 >



WO 99/18240 PCT/US98/20874

15

Certain preferred embodiments of this invention use nucleic acids as probes
because of the ease with which they can be made and manipulated, including, but
not limited to, the ease with which they can be synthesized using combinatorial
chemistry techniques, the ease with which they can be amplified, the ease with
which they can be created in liquid phase and used in liquid phase to identify the
target, and the ease with which they can be tagged or can themselves serve as
tags in order to encode information about the target. Nucleic acids are preferred
probes also due to the flexibility with which they can be applied to different
targeting situations. Nucleic acids aiso are preferred in view of the variety of ways
with which they can serve as tags.

More specifically, the use of nucleic acids as tags permits the use of DNA
amplification techniques to encode information about either a target nucleic acid
directly or a probe to be used in identifying and/or analyzing a target nucleic acid.
Conventional DNA amplification techniques require the use of two different primers,
one for each strand of a double-stranded DNA molecule to be amplified. Itis
possible to associate primers with each other such that one that specifically
recognizes ("reads") one or more nucleotides in the target, or probe, or analyte
nucleic acid sequence to permit amplification to occur while the same or other
primer "encodes" or "reports" the read nucleotide(s) by adding specific tags to the
amplified DNA. If target nucleic acids have been read, after all of the desired
information is encoded, then the tags are decoded by appropriate means. In the
case of probes, after all of the desired information is encoded, the probes are used
to hybridize with target nucleic acids and then the tags are decoded by appropriate
means, thereby indirectly providing information about the target nucleic acids.

Thus, preferred embodiments of this invention place the DNA sequence to
be encoded (hereafter called the "private” sequences) between two primer binding
regions or sites of known sequence (hereafter called "public" sequence). The
portion of the DNA that contains the primer binding site that allows primers to read
the unknown target nucleotides is arbitrarily called "region A," and the primers
themselves are referred to as "pa". The portion of the DNA that contains the

primer binding site that permits the encoding or recording of the identity of the
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unknown as nucleotides is called "region B," and the primers that bind to region B
are themselves referred to as "pb".

It should be noted that in certain embodiments a single region can serve as
the basis for ideﬁtifying particular nucleotides in the private sequence and
permitting the encoding of their identity. In this case, that region is arbitrarily
referred to as A, and region B does not need to function other than by permitting
DNA amplification to occur. It should be clear to one skilled in the art that
sequence information can be encoded in pa primers as well as pb primers. For
example, 16 different pa primers could bear 16 different 3' dinucleotides
cofresponding to private nucleotides 1 and 2. Each of these 16 primers could also
contain independently distinguishable 5' ends. PCR products created from such
primers could be mixed and then placed in second stage PCR reactions. The
second stage pa primers (pa2 primers) could comprise unique dinucleotides at
their 3' ends corresponding to private nucleotides 3 and 4, comprise degenerate or
ambivalent positions corresponding with private nucleotides 1 and 2, and comprise
unique 5' sequences that encode information with respect to private nucleotides 1
to 4. Degenerate primers would have sixteen different dinucleotides corresponding
to private nucleotide positions 1 and 2 and sixteen different dinucleotides
corresponding to positions 3 and 4. Thus, 256 (16 x 16) different pa2 primers
would be needed. If the positions corresponding to private nucleotides 1 and 2 in
the pa2 primers are ambivalent, one would only need 16 different pa2 primers for
the sixteen different combinations of private nucleotides 3 and 4.

Ambivalent portions of primers will result in amplification of templates (target
sequences) irrespective of the nucleotides corresponding to the ambivalent
positions. See, for example, Guo, Z., Liu, Q., and Smith, L.M. “Enhanced
discrimination of single nucleotide polymorphisms by artificial mismatch
hybridization” (1997) Nature Biotechnology 15:331-335.

Any number of private nucleotides can be read and encoded in each stage
according to several embodiments of the invention. As nonlimiting examples, in

certain preferred embodiments, one could read and encode 1, 2, 3,4,5,0or6 or
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even slightly greater than 6 private nucleotides at a given stage. That number,
however, may be well over 6.

In certain embodiments, specific recognition of previously read private
nucleotides is irriportant for subsequent reading steps and, thus, to preserve the
proper discrimination by the polymerase, ambivaient portions of primers would not
be used. Such embodiments include those in which previously read information is
“passed on” in subsequent stages. Such embodiments are discussed in detail
below.

Similar strategies could be used to "build" information into subsequent stage
pa primers. Thus, the same primer that "reads" the private sequence can also
encode such information.

As will be discussed below in more detail, including both the reading and
encoding functions on a single primer will substantially reduce the number of
vessels needed to accurately encode nucleotides at a given position. For example,
if the pb primer encodes information, as discussed below, one typically must use a
separate reaction vessel for each pb primer for each of the four possible
nucleotides A, T, C, and G. If the pa primer encoded such information in addition
to serving its reading function, one would not need such four way separation.

Encoding Nucleic Acid Sequences Through Use of DNA Amplification Techniques

Certain embodiments of the invention use a code transformation property to
link tags to DNA fragments using nucleic acid amplification, preferably PCR.
Although PCR is preferred, one may possibly use any nucleic acid amplification
technique such as those discussed in PCT Published Patent Application No. WO
93/06121, e.g., at page 21, lines 9-14, and at the paragraph bridging pages 27 and
28. When using such nucleic acid amplification techniques according to certain
embodiments of the invention, typically there should hybridization between two
strands of nucleic acid such that a subsequent amplification will succeed or fail
depending on the precision of the base pairing of the hybridization. In other words,
one selectively amplifies a subpopulation of nucleic acids where the precision of
the base pairing exceeds a threshold that allows amplification of that
subpopulation. Thus, in PCR, the polymerase discriminates between the threshold
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level of mispairing permitted such that amplification proceeds if the threshold is met
and does not proceed if the threshold is not met. As shown by certain
embodiments discussed below, mispairing may or may not be permitted.

In ligase chain reaction, ligase discriminates between the threshold level of
mispairing permitted such that amplification proceeds if the threshold is met and
does not proceed if the threshold is not met. Typically, these DNA ampilification
techniques not only discriminate the threshold amount of mispairing permitted (if
any), but also associate the appropriate tag element to encode information about
the target or target subpopulation that is selectively amplified. The tags are
subsequently used to identify the identity of the amplified target or target
subpopulation of nucleic acids.

According to certain embodiments, a population of DNA molecules is
created such that each individual DNA molecule in a population of DNA molecules
or fragments is flanked by common primer binding sites (public regions A and B).
For example, each DNA molecule in a population is flanked by primer binding sites
A and B so that all of the molecules in the population could be exponentially PCR
amplified using primers pa and pb. See, for example, Mullis, K., F. Faloona, S.
Scharf, R. Saiki, G. Horn, and H. Erlich "Specific enzymatic amplification of DNA in
vitro: the polymerase chain reaction" (1986) Cold Spring Harbor Symp. Quant. Biol.
51:263-273:; Scharft, S.J., G.T. Hron and H.A. Erlich "Direct cloning and sequence
analysis of enzymatically amplified genomic sequences” (1986) Science 233:1076-
1078: and Andersson, M.A. Wentland, J.Y. Ricafrent, W. Liu and R.A. Gibbs "A
'double adaptor’ method for improved shotgun library construction” (1996) Anal.
Biochem. 236:107-113.

The distal nucleotides of the unique regions of the DNA fragments (private
regions) are located immediately adjacent to the nucleotides that bind to the 3'
ends of each primer (the primer binding sites are public, but the DNA between the
primer binding sites A and B is unique and private to each molecular species).

Rather than using the pa primer to amplify any target DNA, one can "read"
the first private nucleotide of the DNA fragments by constructing four different pa

primers such that an additional nucleotide (A, T, G, or C) is added to the 3' end of
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each pa primer. In the first reaction, there are four separate reaction vessels. One
includes the primer paA-3', the second includes primer paT-3', the third includes
primer paG-3', and the fourth includes primer paC-3'. Thus, in the first vessel, only
DNA fragments having T at the 3' end of the private region and complementary
fragments having A at the 5' end of the private region can be exponentially
amplified. In the second vessel, only DNA fragments having A at the 3' end of the
private region and complementary fragments having T at the 5' end of the private
region can be exponentially amplified. In the third vessel, only DNA fragments
having C at the 3' end of the private region and complementary fragments having T
at the 5' end of the private region can be exponentially amplified. In the fourth
vessel, only DNA fragments having G at the 3' end of the private region and
complementary fragments having C at the 5' end of the private region can be
exponentially amplified. In this way, primer paA-3' is used to read a T at the 3' end
of the private sequence of the strand to which paA-3' binds and an A at the 5' end
of the strand complementary to the strand to which paA-3' binds.

Each of the four vessels also includes a unique pb primer that uniquely tags
the particular amplified DNA fragments. Thus, the first vessel that has the primer
paA-3' also has a unique pb primer that has a unique tag for fragments that have T
at the 3' end of the private sequence that is read by paA-3'. The second vessel
includes the primer paT-3' and a unique pb primer that has a unique tag for
fragments that have A at the 3' end of the private sequence that is read by paT-3".
The third vessel includes the primer paG-3' and a unique pb primer that has a
unique tag for fragments that has C at the 3' end of the private sequence that is
read by paG-3'. The fourth vessel includes the primer paC-3' and a unique pb
primer that has a unique tag for fragments that have G and the 3' end of the private
sequence that is read by paC-3'. At the end of the reaction, each vessel will have
amplified fragments having a private sequence with one of four nucleotides at the
3" end and such amplified DNA fragments will have unique tags corresponding to
that nucleotide. Of course, the information encoding each of A, T, G, and C at the

3' end of the private fragments adjacent the A public region also provides encoding
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information corresponding to each of T, A, C, and G at the &' end of the
complementary strand.

The pb primer tag or modification can comprise a change in one or more
non-destabilizing nucleotides in the pb primer, or the addition of new nucleotides to
the 5' end of the pb primer. For instance, the length of the additional nucleotides
will be different for each of the four nucleotides amplified in each of the four
vessels. Typically a new additional common nucleotide sequence (pbcommon1) is
added to the very 5' end of the new pb primers so that the resulting PCR amplified
fragments can be amplified in parallel in subsequent PCR steps. (Figure 1 shows
the-general scheme discussed here, except that the tagged information is shown
as 3 nucleotide stretches called “pblE2C” and “pblE2A” in the figure rather than
tags based on differing lengths. The term “pblE” when used in this application
refers to specific tag elements that are used to encode information about the
particular portions of the target that are being read. The number in the designation
refers to the particular stage of the encoding steps.) In other words, even though
the length of each unique tag is different, they will all share the same nucleotides at
the 5' end. Such a common nucleotide sequence will permit the design of a primer
in the next step that will recognize the common nucleotide sequence so that the
first tag will be amplified in the subsequent reaction step discussed below.

In summary, in the first reaction step of these preferred embodiments, each
of the four different pa primers will be used with one of four different modified pb
primers. Four parallel PCR reactions are then carried out under conditions where
each amplifies a subset of the original population of molecules, depending on the
match between the first private nucleotide of the DNA molecule being read and
corresponding 3' nucleotide of the particular pa primer. Such PCR amplified DNA
subsets will be tagged with new and unique information by the particular pb primer
and such tag will correspond to the private nucleotide immediately adjacent to the
3' end of the original pa primer. Another way of viewing this is that a single private
nucleotide has been "sequenced" on every molecule in the original DNA fragment
mixture, and such sequenced molecules have now been enriched and tagged with

unique identifiers in the pb primer region.
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The four PCR reactions are pooled, mixed, and then split into four new
second stage reaction vessels. The new pools are once again PCR amplified.
However, the pa primers for this second round of PCR amplification (pa2 primers)
now comprise the sequence paNX-3' where N represents an equal mixture of all
four nucleotides at the first private nucleotide position, pa represents sufficient
sequence complementary to the pa primer binding site to allow specific priming,
and X represents a single nucleotide (A, T, C, or G) at the second private
nucleotide position specific for the particular PCR reaction vessel. Thus, each of
the four second reaction vessels selectively will amplify fragments with a particular
nucleotide (A, T, G, or C) at the second position of the private region. In addition, a
new modified pb primer is added to each vessel. These pb2 primers will hybridize
with all of the molecules in the newly added pbcommon public region on the 5'
end of the first round pb1 primers, but will encode new nucleotides that will tag
(encode) each molecuie with unique information that reflects the identity of the
second private nucleotide, which is the nucleotide read in the second stage
reaction vessel in which the molecule was created.

The B region of the new PCR amplified fragments will now have two sets of
information (two linked tags) that can be used to uniquely identify the pb tag and
thereby uniquely identify the two private nucleotides immediately adjacent to the 3'
end of the original pa primers. In a sense, the first two private nucleotides of every
molecule in the original DNA population has been translated into a new code found
in the new B region (linked tags).

According to certain embodiments, one can construct the B region such that
there are 16 unique lengths (one for each possible combination of private
dinucleotides, i.e., AT, AG, AC, AA, TA, TG, etc.) between the 3' and 5' ends of the
B region after two stages of PCR. If one has also placed a unique restriction site at
the B region/private junction, then the B region can be isolated by cleavage with
the appropriate restriction enzyme. Then, one can analyze all of the B region
lengths by electrophoresis or mass spectroscopy and determine which two private
dinucleotides were present adjacent to the region A/private region junction for alil of
the original DNA species in the original DNA population. Essentially this
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embodiment provides a sequence of the first two nucleotides of each private region
adjacent to region A/private region junction.

Such a process can be repeated to gain additional sequence information by
increasing the length of the tag. in addition, information can be acquired in
dinucleotide, trinucleotide, or larger "bytes" simply by increasing the number of
reaction vessels per stage and increasing the number of "test” nucleotides at the 3’
end of each pa primer, provided that priming conditions are used that are selective
or discriminating for the variable nucleotides at the 3' end of the primer. For
example, sixteen reaction vessels could be used to obtain dinucleotide information
in the private regions of the fragments. Each pa primer could contain two new 3'
nucleotides, paX1X2-3'. Each of the sixteen reaction vessels would contain a
different corresponding pb primer that would encode information related to the
specific X1 and X2 nucleotides in that vessel. Three nucleotides of information
could be acquired with 64 reaction vessels, 64 different pa primers of the type
paX1X2X3-3', and 64 different pb primers.

According to certain preferred tagging methods, when one encodes private
nucleotides at one or more positions by correlating the identity of the private
nucleotides with specific sizes or molecular weights of the oligonucleotides, one
can use the following type of table to assure that there are different sized tags for
each possible nucleotide sequence. For example, if one wished to encode the
sequences at four private nucleotide positions (arbitrarily designated as t1, t2, 13,
and t4), the molecular weights of the tag molecules could be multiples of the
numbers shown in Table 1, such that the sums of the molecular weights of any four

tags, one selected from each row, would be independently and simultaneously

identifiable:
Table 1. Example Tags
A C
t1 stage 1 2 3 4
t2 stage 4 8 12 16
t3 stage 16 32 48 64
t4 stage 64 128 192 256
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Thus, for example, a tag set for the sequence AGGT would have an approximate
molecular weight of k(1+12+48+256) = 317k, where k is some constant. The
constant represents the molecular weight of the basic tag unit. For example, if the
tag set comprised nucleotides, k would be approximately 330 Daltons (varying
slightly depending on the particular nucleotide used.) The sequence TTTA wouid
have the molecular weight k(4+16+64+64) = 148k. The sequence AAGC would
have the molecular weight k(1+4+48+128) = 181k. Alternatively, the numbers in
Table 1 can be the number of nucleotides for each tag such that each four
nucleotide sequence will correlate to a nucleotide tag having a unique length.
Thus, the sequence AGGT would be tagged with a nucleotide sequence of
(1+12+48+256) = 317 nucleotides. One could also add a constant number to the
sum calculated from the table.

The numbers in Table 1 are derived by taking all of the 4-digit numbers in
base four having only one non-zero digit. The T tag of each row is the same
molecular weight multiple as the A tag of the next row, and the highest molecular
weight multiple (256) is actually derived from the 5-digit base four number 10000.

Additionally, in creating a table any constant number may be added to any
row of numbers, and the resulting molecular weights will also be unique. Variations
can be created so that there are "gaps" between blocks of molecular weights by
adding numbers to certain blocks within the table and muiltiplying other blocks
appropriately. Essentially if the numbers are written in base four, it is possible to
leave gaps in the base four sequence and just add more digits. Leaving molecular
weight gaps can be useful if, for example, in a subsequent analysis step, the linked
tags are cleaved to remove portions of the tags. The remaining linked tags may
then migrate in the gap regions, which makes their identification easier. For
example, the following set of numbers also produces 256 unique molecular weights
when one tag is selected from each row:
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Table 2. Example molecular weight tag multipliers with block gaps.

_ A C G T
t1 stage 1 2 3 4
t2 stage 4 8 20 24
t3 stage 16 48 80 112
t4 stage 64 192 320 448

This pattern places a block of 8 "gaps” between each block of 8 consecutive
molecular weights. If there are N vessels in each stage of a combinatorial
synthesis procedure, then a set of functional molecular weight multiples can be
derived by writing the base N numbers having one non-zero digit. The highest
molecular weight is derived from a base N number having S+1 digits, where S is
the number of stages in the combinatorial synthesis. As with the base four
example, there are muitiple solutions to the table of molecular weight multiples for
any given combinatorial synthesis scheme. The permitted combinations merely
need to sum to unique numbers, whether written in base 10 or base N. As seen in
Table 2, it is also possible to use base N numbers having more than one non-zero
digit provided that the sums remain unique.

These tags can then be decoded by any appropriate method, including, but
not limited to, mass spectroscopy, electrophoresis, or chromatography. Each of
these methods could simultaneously determine the molecular weights or sizes of a
large number of tags simuitaneously.

In certain embodiments, after several stages of PCR reactions, the private
region that has already been "sequenced” can present a challenge. For example if
sequence information is being acquired in dinucleotide "bytes", private nucleotides
5 and 6 can be acquired with pa primers of the sequence paNNNNX1X2-3'. The
four N's represent positions in the primer where all four nucleotides are
represented in equal frequency. Another way to view this is that 4* = 256 different
pa primer types will be synthesized, each different in the NNNN region, and each
of the 256 will have a specific X1X2 region. Since there will be 16 different X1X2

regions, each of these 16
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combinations will be represented by 256 different primers (permuted through the
NNNN region). After acquiring information about private positions 1 to 6, it might
be possible to acquire information regarding private positions 7 and 8 by using pa
primers of the sequence paNNNNNNX1X2-3'. This means, however, that each of
the 16 different X1X2 primer pools will contain 4096 different primers permuted
through the NNNNNN region. With 4096 different primers in each pool, each
specific primer sequence is only present in 1/4096 the concentration of the entire
primer pool in any given vessel.

At some point the efficiency of PCR priming will decrease due to dilution of
template specific primer sequences in the pa primer pools. Thus, it might be
desirable to remove "previously sequenced" private nucleotides from the DNA
population before trying to acquire additional private nucleotide information. One
way of accomplishing this is to encode a type IIS restriction site in the pa primer
sequence such that cleavage with the associated restriction enzyme will remove
the A region plus L nucleotides of private sequence, where L is defined by the
specific type IIS restriction enzyme chosen. Type lIS restriction sites cause
cleavage by associating restriction enzymes at a site displaced a set number of
nucleotides away from the site. For example, a restriction site could be encoded in
the A region such that 6 nucleotides of private region sequence could be removed
by cleavage with the type IIS enzyme. See Figure 2. Thus, all DNA fragments
would be disassociated from the A region and also from 6 private nucleotides
adjacent to the region A/private region junction. Such fragments could then be
ligated with new A adaptors (for example, after creating blunt ends with a DNA
polymerase such as Pfu DNA polymerase (Stratagene) (see also, Lundberg, K.S.,
D.D. Shoemaker, M.W.W. Adams, J.M. Short, J.A. Sorge, and E.J. Mathur "High-
fidelity amplification using a thermostable DNA polymerase isolated from
Pyrococcus furiosus” (1991) Gene 108:1-6: and Costa, G.L. and M.P. Weiner
"Protocols for cloning and analysis of blunt-ended PCR-generated DNA fragments”
(1994) PCR Methods and Appl!. 3:385-5106), and nucleotide triphosphates, if the
type IS enzyme does not leave biunt ends, or by ligating new A adaptors having a
compatible overhang). The DNA fragments ligated with the new A adaptors could
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then be amplified with pa and pb primers to expand the population of DNA
molecules. The new pa adaptors could also encode type IIS restriction sites so
such a "trimming" procedure could be repeated as desired.

The primer-extension based strategies described above work best when the
DNA polymerase is capable of distinguishing perfectly matched primer 3' ends from
mismatched primer 3' ends. In the dinucleotide approach with 16 parallel PCR
reactions, the polymerase should be able to discriminate all dinucleotide
mismatches. According to certain embodiments, such discrimination is
accomplished by varying conditions of the PCR reactions. For example, one can
optimize such discrimination by using different temperature variations (for example
higher temperatures for the initial rounds of PCR, which gradually are reduced for
each subsequent round until a minimal temperature is reached for many
subsequent rounds of PCR). This technology includes various “TouchDown”
techniques. Such optimization may also be accomplished by delaying the
combination of all of the requisite materials until a threshold temperature is
reached for the first round of PCR. This technology includes various “HOT START”
techniques. Such optimization may also be accomplished by varying the
concentration of dNTP. Such conditions may be different depending on the size of
the primers and the number of variant nucleotides that one is trying to read without
mismatches in a given PCR reaction. Specific variations in the parameters for
PCR reactions are discussed below.

One skilled in the art will be capable of constructing the pa and pb primers.
Particular methods of making longer pb primers are discussed in more detail
below.

Information about the target molecule can be encoded by using
oligonucleotides in numerous different ways. For example, oligonucleotides can
encode information by such properties as molecular weight, size, melting
temperature, binding energy, or isoelectric points. Each of these properties can
then be decoded by rapid, simultaneous analysis without the need to physically

separate and amplify the tags one from another prior to performing the analysis, as
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opposed to classical DNA sequencing methods which require such isolation prior to
analysis.

For example, another way to use oligonucleotides as tags to encode
information about a target molecule would be to create tags (as opposed to the
probe molecules themselves) that could be recognized by proteins, nucleic acids,
or other affinity reagents. For example, suppose that each moiety of the probe or
target is encoded by a linked tag comprised of a dinucleotide. For instance,
suppose that for a given synthetic stage, moiety 1 is encoded by AC: moiety 2 is
encoded by CA; moiety 3 is encoded by GT; and moiety 4 is encoded by TG. This
particular dinucleotide code balances out the A:T/G:C content in the new code.
The doublet code tag can be detected under suitable conditions that will also be
suitable for other members of the doublet tag population (for example by
hybridization at a fixed temperature). The important concept is that combinatorial
synthesis procedures allow the probe or target sequence code to be encoded by a
second tag code which might have properties that facilitate rapid detection. If the
probe were a collection of long mononucleotide sequences having locally biased
A:T/G:C content, the tag collection could be short dinucleotide sequences having
balanced A:T/G:C content. Thus, subsets of the probe-tag collections could be
examined quickly with oligonucleotide grids specific for the A:T/G:C balanced
dinucleotide tag codes. This balancing of the A:T and G:C content remedies any
difficulty that may be encountered with unbalanced AT or G:C rich regions that
was discussed above.

Oligonucleotide tags could also be identified by their binding energy or
"melting temperatures” when hybridized with other molecules. An oligonucleotide
tag that is operatively linked to an analyte could hybridize with a complementary
"reporter” oligonucleotide. See Figure 3, which generally represents the scheme
discussed here. For this discussion, an analyte is defined as a probe being used
to interact specifically with the target material. Such a hybridized complex or
collection of hybridized complexes could then be placed in a chamber that is
exposed to increasing temperature, or other changes in conditions that resuit in

disassociation of the hybridized complexes (changes in properties or concentration
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of a disassociating agent). Such other changes include, but are not limited to,
increasing concentration of denaturant, changes in pH, changes in hydrophobicity,
or changes in ionic strength. Those skilled in the art are familiar with changing
disassociating conditions that can include, e.g., use of agents such as urea and
formamide. Such conditions may be changed individually or together. At some
point, the duplex DNA will "melt” and the reporter oligonucleotide would
disassociate from the analyte-tag oligonucleotide complex. If the reporter
oligonucleotide were in a flow stream or in an electric field it could be carried away
from the analyte-tag oligonucleotide which could be tethered or trapped so that it
could not move in the flow stream or in the electric field. The reporter
oligonucleotide would melt from the analyte-tag oligonucleotide at a reproducible
temperature and/or other denaturing condition. Thus, the appearance of a
dissociating reporter oligonucleotide at a particular temperature and/or other
denaturing condition would indicate that a known tag oligonucleotide sequence
was present in the chamber.

Since each known tag oligonucleotide would be associated with a particular
analyte sought, a large collection of analyte-tag oligonucleotides could thus be
monitored to determine which members of the collection were presentin a
chamber as follows: one takes a library of single stranded analyte-tag
oligonucleotides and hybridizes the tag oligonucleotides with their complementary
reporter oligonucleotides. (Through prior experimentation one can determine the
conditions at which each reporter oligonucleotide will dissociate from a given tag
oligonucleotide.) One then reacts the analytes with their target(s) to select for a
target or anaiyte subpopulation of interest. Here, an analyte selectively reacts with
a particular target. For instance, an analyte could include a particular DNA
sequence that hybridizes to a particular target sequence. One would need to
design the analyte such that the sequence that hybridizes to the target does not
hybridize to the reporter oligonucleotide. One washes away the population that
does not react with the target(s).

To accomplish this washing step according to certain embodiments, the

targets could be coupled to an affinity moiety, such as a biotin or a hapten. The
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target-analyte-tag-reporter complexes thus could be separated from the analyte-
tag-reporter complexes that are not bound to targets.

Another way to accomplish this is to confine the target-analyte-tag-reporter
oligonucleotide cbmplexes to a chamber (there are numerous ways to accomplish
this, such as by using a chamber that has an immobilized affinity reagent that
reacts with a second affinity reagent included on all target-analyte-tag complexes,
or by restraining the movement of these complexes because they may be bound to
beads). One then causes a fluid to flow through the chamber or places the liquid in
the chamber under an electric or magnetic field. One then gradually raises the
temperature and/or denaturing conditions of the chamber and the fluid in (flowing
through) it. At certain temperatures and/or other denaturing conditions, certain
reporter oligonucleotides will melt away from their respective target-analyte-tag
oligonucleotide complexes and be drawn away by the flow stream or by the electric
or magnetic field. Such reporter oligonucleotides may then be detected. By
correlating the time of detection with the chamber temperature and/or other
denaturing conditions at that time, the sequence of the particular reporter
oligonucleotide can be determined, provided that the individual melting
temperatures or denaturing conditions of the reporter oligonucleotides are different
and distinguishable. Knowing the sequence of particular reporter nucleotides, one
can deduce the analytes, and thus, the targets in a given sample. This decoding
step can be performed without prior separation of each of the retained unique
analyte-tag oligonucleotides from each other after reaction with the target.

The reporter oligonucleotides need not be perfectly hybridized with the tag
oligonucleotides. In fact, secondary structure in each oligonucleotide and
interrupted stretches of hybridizing bases could contribute to a greater spectrum of
melting temperatures and/or other denaturing conditions within the population.

See Figure 4.

Melting or denaturation temperature is not the only variable that could be
used to separate the reporter molecules from the tag molecules (neither of these
molecules needs to be an oligonucleotide - oligonucleotides are exemplary only).
For example, hydrocarbons of varying chain length or hydrophobicity could be
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used. An electric and/or magnetic field could be applied such that increasing the
field could begin to cause certain duplexes to disassociate at different field
strengths. If the particular field strengths at which different complexes dissociate
are known, then such knowledge could be used to predict which complexes are
present in a complex mixture that is being exposed to gradually increasing field
strength. Magnetic fields could be used for such purposes if the reporters were
coupled to substances that respond to magnetic fields. See, e.g., Baselt et al., “A
biosensor based on force microscope technology,” J. Vac. Sci. Technol., B 14(2),
pp. 789-793 (April 1996). Baselt et al. also illustrates the use of atomic force
microscopy, which may also be used according to certain embodiments to identify
uniquely identifiable molecular compositions used as encoding elements.

The tags used in these embodiments may also be referred to as base
subunits, since they hold the reporter molecule (reporter subunit) until a uniquely
identifiable condition causes them to dissassociate. The base subunits may also
be other materials such as amino acid residues of varying length and isoelectric
point or other materials that can have a unique association with reporter subunits.
Proteins, nucleic acids, or other affinity reagents that recognize the tags comprise
reporter subunits. A base subunit is identified by its association with and
subsequent dissociation from a reporter subunit. Conditions under which the base
and reporter subunits associate and disassociate are unique and identifiable.

Known, calibrating reporter molecules could be included in the complex
mixture so that particular temperatures or denaturant concentrations or field
strengths can be measured not just at the source but also indirectly by the
appearance of calibrating reporter molecules. For example, reporter molecules
coupled to a fluorescent molecule could act to identify certain melting points
provided that the fluorescent molecule were unique to the calibrating population.

Throughout the discussion above, the use of disassociating conditions has
been discussed for unique identification by disassociating molecules. This
invention also includes embodiments in which association is used to identify
molecules. Thus, rather than vary conditions to achieve disassociation of

molecules at unique conditions, one may vary conditions that result in association
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of molecules at unique conditions. In such embodiments, one could detect the
unique conditions at which association occurs.

Another method for creating a large population of independently identifiable
tags is to give such tags ionic residues such that they will either be charged or
uncharged at various pH's. For example, amino acids have side groups that can
be charged or uncharged at various pH's. A protein will have an "isoelectric point” -
- a pH at which the protein charge is neutral. If the pH is raised or lowered, the
protein will gain either positive or negative charge. If a collection of different
proteins are placed in a pH gradient which is also placed under an electric field,
each protein can be “focussed"by migration to its isoelectric pH. The combinatorial
tag population could be synthesized so that each tag or tag family had a different
isoelectric point. In this way, the tags could be separated in an additional
dimension.

For example, proteins can be examined on "two-dimensional gels". The
proteins are first focussed to migrate to their isoelectric pH's in a pH gradient. The
gradient is then placed orthogonal to an electric field that draws the focussed
proteins through a size separation gel. If the tag population were synthesized so
that they first could be focussed by pH or some other means, and then size
separated, many more tags could be identified simultaneously. One dimension
would be size or molecular weight, as described above, and another dimension
could be some type of focussing. For example, modified tag oligonucleotides could
be synthesized so that they contained charged groups attached to the bases.

Such oligonucleotides could be pH focussed just like proteins and separated in two
dimensions. Such two-dimensional analysis could exponentially increase the
number of independently identifiable tags that could be detected. Other properties
could be used for separation, such as hydrophobicity, charge to mass ratio, or
magnetic responsiveness.

The following references discuss the use of proteins as tags, including
attachment of the proteins: Dower, W.J. and Fodor, S.P.A., "Sequencing of
Surface Immobilized Polymers Utilizing Microfluorescence Detection™ U.S. Patent
5,947,839; Fodor, S.P.A, et al., "Array of Oligonucleotides on a Solid Substrate”
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U.S. Patent 5,445,934; Fodor, S.P.A., "Synthesis and Screening of Immobilized
Oligonucleotide Arrays" U.S. Patent 5,510,270; and PCT Published Patent
Application WO 96/12014 (Brenner). Typically, when proteins are used as tags,
the target is separated from the tag proteins prior to decoding steps.

For the oligonucleotide tags discussed above, which are used in
combination with nucleic acid amplification techniques, any type of information may
be stored in the B region. As shown above, the B regions can be varied in length,
such that the length corresponds with information in the private region of the DNA
molecules. Additional information can be decoded by length measurements by
selectively placing restriction sites in the B region. For example, if a particular
nucleotide in the private region is being selectively amplified with a pa primer, the
corresponding pb primer for such an amplification can include a restriction site
which is placed a known distance from one or the other end of the B region. If
there are four paralle! vessels each of which is selectively amplifying a
subpopulation encoding a different private nucleotide, the corresponding pb
primers can be designed to comprise a restriction site placed in a predetermined
location which corresponds to the particular private nucleotide-encoding fragments
being selectively amplified in the particular reaction vessel.

Subsequent analysis of such fragments can include cleaving the DNA with
the restriction enzyme whose targets are now encoded in pb followed by molecular
weight or size determination, or the restriction digestion could be performed after
one separation, but prior to another separation. Comparison of the B region
lengths and/or weights prior to and after restriction enzyme cleavage will reveal
information about sequences in the private region. For example, the final pb
primers can be labeled with fluorescent reporter molecules such as fluorescene,
rhodamine, or bodipy (Molecular Probes Co. (Eugene, OR) derivatives at their &'
ends. The DNA can then be cleaved at a common restriction site located at the
region B/private region junction of all DNA fragments. The DNA can also be
cleaved at a specific restriction site encoded in the pb internal sequence depending
on the particular nucleotide that was selectively amplified. The degree to which the

B region DNA was shortened by cleaving at the internally encoded restriction site
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will convey information about private sequences in the DNA molecules. In order to
accomplish this, it is important to be able to trace the change in size of the DNA
fragments prior to and after cleavage at the internally encoded pb restriction sites.

One example of a way to accomplish this would be tagging the pb primers
with fluorescent molecules of different emission wavelengths. The "color” of the
tag can then be used to trace the change in molecular weight pre- and post-
cleavage. For example, the B region lengths encoded in Table 1 can be used to
generate 256 different amplified populations such that four private nucleotides of
each molecule are encoded by the length of the B region. Each of four possible
nucleotides at a single position within the encoded private region can also be
encoded by a fluorescent color. For example, the t1 stage shown in Table 1 could
be correlated with four different colored pb primers. Thus, a B region fragment of
length 256 might be red; length 255 might be biue; length 254 might be green;
length 253 might be yellow; length 252 might be red; length 251 might be blue: and
so forth in succession.

After cleaving such DNA molecules at a restriction site located at the pb
region/private region junction, electrophoresis of such molecules will reveal
information regarding four of the private nucleotides of each member of the DNA
population. The color of each band will add no additional information, but will
confirm the identity of one of the private nucieotides. However, if a restriction site
were encoded internally in the pb regions corresponding to an additional fifth
private nucleotide, then cleaving the DNA at the internal restriction site would
reduce the size of the fragments. If the internal restriction site were designed to
reduce the size of all molecules by a fixed number of nucleotides, plus one, two,
three, or four nucleotides, corresponding with the identity of a fifth private
nucleotide, then it will be possible to map reductions in band size. For example, a
red band will be reduced by F+R nucleotides, where F is a fixed number of
nucleotides for all fragments and R is between 1 and 4 nucleotides. In this way,
one red band, for example, will never be superimposed on another red band, and
thus it will be possible to map the reduction in size of all red bands. The same will
be true for the other colors.
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For instance, in the example above, one could assign a fixed number of 10
nucleotides, and R for the fifth private nucleotide A could be 1, R for the fifth private
nucleotide T could be 2, R for the fifth private nucleotide G could be 3, and R for
the fifth private nucleotide C could be 4. Thus, the restriction site for A at the fifth
position would result in an enzyme cleaving off 11 nucleotides of the pb primer.
The restriction site for T at the fifth position would result in an enzyme cleaving off
12 nucleotides of the pb primer. The restriction site for G at the fifth position would
result in an enzyme cleaving off 13 nucleotides of the pb primer. The restriction
site for C at the fifth position would result in an enzyme cleaving 14 nucleotides of
the pb primer.

If the initial length of the pb primer encoding the first four private nucleotides
were 256 nucleotides (encoding private nucleotides 1 to 4 TGGG), the pb primer
would be red. If the fifth nucleotide were A, the pb primer would become a red 245
nucleotide fragment after the specific enzyme cleavage step. If the fifth nucleotide
were T, the pb primer would become a red 244 nucleotide fragment after the
specific enzyme cleavage step. If the fifth nucleotide were G, the pb primer would
become a red 243 nucleotide fragment after the specific enzyme cleavage step.

If the initial length of the pb primer encoding the first four private nucleotides
were 255 nucleotides (encoding private nucleotides 1 to 4 GGGG), the pb primer
would be biue. If the fifth nucleotide were A, the pb primer would become a blue
244 nucleotide fragment after the specific enzyme cleavage step. If the fifth
nucleotide were T, the pb primer would become a blue 243 nucleotide fragment
after the specific enzyme cleavage step. If the fifth nucleotide were G, the pb
primer would become a blue 242 nucleotide fragment after the specific enzyme
cleavage step.

In this manner, fragments obtained after the specific enzyme cleavage step
will not “erase” the initial encoding information about the first four nucleotides,
since the color will preserve this information. In other words, even though the pb
primers encoding TGGGT and GGGGA will both be 244 nucleotides long after the
specific enzyme cleavage step, one can distinguish them from one another on the
basis of color since the 244 fragment for TGGGT will be red and the 244 fragment
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for GGGGA will be blue. Also, no other pentanucieotide private sequences will be
encoded with a 244 nucleotide red or blue fragment.

The same type of information can be encoded in molecular weight "blocks"
of colors or other tags that are in multiples of four. The molecular weights in Table
2 are particularly useful for this type of analysis, since certain molecular weight
ranges or "gaps" are reserved for post-digestion analysis. The general concept is
that a small set of independently discernible tags can be used to trace the
alteration in size or molecular weight of a large number of DNA fragments cleaved
by one or more restriction enzymes. In other words, the specific values shown in
Table 2 would contribute to molecular weight of particular tags prior to restriction
cleavage, and the gaps between those summed values would allow for
nonambiguous identification of molecular weight after such cleavage. The
outcome is that private nucleotide sequence information can be encoded in
restriction patterns. Such restriction patterns can be planned to yield high density
information regarding sequences in the private domains.

Information that is not length encoded can also be placed in the B regions or
attached to pb DNA. For example, private nucleotide information can be correlated
with labeled pb primers as discussed above, however, the label itself can
correspond to new private sequence information. For example, suppose that the
identity of a particular private nucleotide is associated with the color of a
fluorescent tag associated with a particular pb primer. Four different colors could
correspond with the four possible bases at a given private nucleotide position.
Thus, the pa primer corresponding to each of the four possible nucleotides at a
given private sequence position will be included in a separate vessel with a pb
primer that includes a particular color label. Accordingly, only private sequences
that have the particular nucleotide being encoded will have pb color label amplified
in that vessel.

Excess iabeled primer in such a step can be separated out from amplified
tag nucleotides if the primer is smaller than any tag that will be measured. Thus, if
the size or molecular weight of the nucleotide tags are to be measured to decode

particular encoded information, the excess labeled primer will not be detected in
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the same size or weight range as the tags. For example, if electrophoresis is used
to detect the molecular weight of the tags, the excess labeled primers will migrate
to the bottom of the gel. Another way to avoid detecting excess labeled primer is
to use a limited amount of primer. in other words, there would be no excess primer
since it would be completely incorporated into the PCR products used in the PCR
reactions.

Such information could be coupled with information encoded by B region
lengths to yield additional information resolvable by electrophoresis. For example,
five private region positions could be encoded in 1024 different pb region lengths,
and a sixth private position could be encoded by the color of a fluorescent dye
attached to the pb primer. Thus a single electrophoretic lane couid yield
information with respect to all hexamers encoded in a population of DNA
fragments.

Fluorescent dyes are not the only tags that could be associated with pb
primers. Different radionucleotides could be used. Different haptens could be
used. Enzyme tags could be used. Examples of multiplex sequencing are
discussed in the following documents: U.S. Patent No. 4,942 124 issued 7-17-90;
"Multiplex Sequencing”, Church, G.M. inventor; U.S. Patent No. 5,149,625 issued
9-22-92; "Multiplex Analysis of DNA", Church, G.M. and Kieffer-Higgins, S.,
inventors: and Church, G.M. and S. Kieffer-Higgins "Multiplex DNA Sequencing”
(1988) Science 240:185-188. Different radioisotopes also can be used.

While the diversity of each such sets of molecular labels may not be great
enough to allow such labels to independently tag a large set of molecules, such
molecular labels can be used in conjunction with other labels, such as molecular
weight/length tags, to exponentially expand the amount of information that can be
encoded.

Another method for decoding information encoded in the pb regions is
hybridization using oligonucieotide probes, or probe molecules capable of
specifically hybridizing to or identifying B regions. B regions can be constructed so
that subregions of contiguous nucleotides comprise sequences that are unique for

the particular private fragment with which the particular B region is associated
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(these B region information-encoding subregions will be cailed pblE subregions).
See, e.g., Figure 1. As stated elsewhere in this application, the genetic code of the
private sequence adjacent to the Region A/private region junction can be
translated and encoded with a novel nucleotide language in the A and/or B
regions. For example, A's in the private sequence can be translated into AC's in
the B region. C's could be transiated into CA's, etc. Such a dinucleotide code
would keep the A:T/G:C ratio at 1 to 1. Or A's could be translated into GGT, or
AACTGA, or any code of choice.

It is simple to create pblEs by PCR if they are separated by "common”
sequence subregions, shared by all of the molecules. For example, the molecular
population can begin with the same A and B regions attached to all molecules.
Sixteen first-stage PCR reactions are carried out, each corresponding to a different
private sequence dinucleotide being read. Each corresponding pb1 primer wouid
contain, for example, an octanucleotide (pblE1) representing the particular private
dinucleotide being read and amplified in the particular PCR reaction vessel (the
private dinucleotide immediately adjoining the A region will be said to occupy
private nucleotide positions 1 and 2). Moreover, each pb1 primer would also carry
a %' extension of 20 nucleotides that is identical for all 16 pb1 primers being used in
this stage (this will be called a ppcommon1 subregion).

The 16 PCR reaction product pools are subsequently mixed and PCR
products are then re-amplified in a second stage of combinatorial PCR using a pa2
primer set and a new set of pb2 primers comprising ppcommon1 sequences at
their 3' ends. For an example of suitable ppbcommon regions, see Figure 1. In the
second stage of combinatorial PCR, pa2 primers are degenerate or ambivalent at
private nucleotide positions 1 and 2, and specific for private nucleotides at
positions 3 and 4. Thus, the pooled material from the first PCR reactions is then
split into 16 vessels, one for each possible dinucleotide combination at positions 3
and 4. The pa2 primers are used in conjunction with new pb2 primers. Such new
pb2 primers comprise 20 common nucleotides at their 3' ends which hybridize with
the pbcommon1 region on the stage 1 PCR products (use of 20 nucleotide
pbcommon regions and complementary regions on pb primers is exemplary only --
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other lengths of pbcommon regions and complementary regions on pb primers may
also be used). The new pb2 primers also comprise a pblE2 region located 5' to the
pbcommon1 region (such pblE2 regions being correlated with the dinucleotides at
private positions 3 and 4), and also comprise a new and unique pbcommon?2
region. By repeating such a combinatorial PCR procedure through many stages,
one creates a B region that comprises multiple pblEs from each PCR reaction
stage separated by 20-nucleotide pbcommon regions.

If the pblEs are made as described above, it would not be trivial to decode
information contained in the pblEs with hybridization probes in solution phase
because the pblEs are separated by 20-nucleotide ppbcommon stretches.
However, if the ppcommon stretches were eliminated or reduced in size, then
contiguous elements of coding information could be examined with hybridization
probes. One way of accomplishing this is to encode a restriction site in the
pbcommon1 region such that, subsequent to PCR amplification, the molecules are
cleaved at the ppbcommon1 restriction site. See Figure 5. (Itis possible to inhibit
cleavage at other occurrences of such a restriction site -- see e.g., Padgett and
Sorge, “Creating Seamless Junction Independent of Restriction Sites in PCR
Cloning,” Gene, 168:31-35 (1996)).

Such a site is situated so that it separates most or all of the pbcommon1
region from the main PCR fragment, yet leaves the pblE1 attached to the main
PCR fragment. Cleavage at such a restriction site can leave either a blunt or
protruding end on the main PCR fragment. The cleavage can be designed to
occur exactly at the pblE1-pbcommon1 junction, or in either pblE1 or ppcommon1.
If cleavage occurs in pblE 1, some information encoded by pblE1 will be cleaved
away. How that information will be recovered in such embodiments will be
discussed in more detail below.

Such fragments can then be ligated with a new adaptor comprising a new
pblE2 specific for the next stage of amplification. In certain embodiments, the
adaptors typically comprise two oligonucleotides which are annealed at regions of
complementarity. The following is but one example of how ligation can be

accomplished. To create an adaptor, equal molar amounts of the two
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oligonucleotides are combined, heated, and slowly cooled to a temperature at
which the oligonucleotides specifically anneal. Adaptors are ligated to the
fragments. The ratio of picomole ends of adaptors to fragments can be varied to
increase the Iigaﬁon efficiency and is typically at least 3:1 (adaptors:fragments).
Adaptors and fragments are combined and incubated in 1x ligase buffer (1x ligase
buffer is 50 mM tris-HCI [pH 7.5], 7 mM MgCl,, 1 mM dithiothreitol [DTT} and 1 mM
rATP) with 2 units of T4 DNA Ligase (Stratagene; La Jolla, CA) at a temperature
which favors annealing of the adaptor oligonucleotides and enzymatic activity and
for a sufficient amount of time for ligation to occur.

The new adaptor also comprises a new pbcommon2 sequence distal to the
new pblE2 sequence, for subsequent PCR ampilification. If the original cleavage
were at the pblE1-pbcommon1 junction, then no pbcommon1 sequences would
remain between the first stage pblE1 and the second stage pblE2. The purpose of
the pbcommon1 region in such embodiments is to provide a phosphate after the
restriction cleavage at the 5' end to allow subsequent ligation. Another way to
provide a phosphate at the 5' end is to use a pb1 primer with a phosphorylated 5'
end. In such embodiments, one need not include a pbcommon1 region on the pb1
primers.

However, if cleavage occurred in pbcommon1, some pbcommon1
sequences would remain between pblE1 and pblE2 (unless removed prior to
ligation). In such embodiments, the portion of pbcommon1 remaining after
cleavage, which would be common to all first stage amplification products, may
serve as a common site for ligation to the new pblE2 adaptor. In other
embodiments, the portion of pbcommon remaining after cleavage, which would be
common to all first stage amplification products, may serve as a common template
for pb2 primers if the second stage invoives PCR amplification rather than ligation.

If non-blunt cleavage occurred in pblE1, then some or all of the
"overhanging” nucleotides could contain (by design) information with respect to
private nucleotides 1 and 2, and new adaptor sets could be constructed to be
specific for particular private nucleotide 1 and 2 sets. Thus the stage 2 adaptors

could comprise unique pblE2 elements which encode private nucleotides 3 and 4,
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and also comprise an "overhang" specific for the cleaved pblE1 overhang which is
specific for private nucleotides 1 and 2. Such stage 2 adaptors thus not only would
encode private nucleotides 3 and 4, but also would be specific for private
nucleotides 1 and 2. (Such an embodiment would use 256 different stage 2
adaptors, 16 different combinations of nucleotides at private positions 1 and 2
multiplied by 16 different combinations of nucleotides at private positions 3 and 4.)

While such dual specificity is not necessary for all modes of the invention,
certain modes might use such a design to "pass on” information from pblE1 to
pblE2, thus giving pblE2 information related to private nucleotides 1 through 4. In
such embodiments, since the stage 2 adaptors would be specific for private
nucleotides 1 and 2 in view of the specific overiap with pblE1 created after the
cleavage, the newly attached pblE2 could encode not only private nucleotide
positions 3 and 4 in view of the reading of those positions in stage 2, but would
also encode private positions 1 and 2 in view of the specific overlap of the stage 2
adaptor with the previous pblE1. See, e.g., Figure 6. Such embodiments allow
one to create contiguous encoded tag elements without separation by common
regions, which may be advantageous for several types of tags. Such a concept
could be extended so that each new pblEn contains cumulative information with
respect to all private nucleotides decoded through stage n. This concept of
passing on information will be discussed in more detail below.

There are other ways to link pblE elements directly together, without using
ligation. One could use chemical coupling instead of enzymatic ligation. Another
would be through primer extension. For example, suppose that pblE1 is two
nucleotides in length. Then stage two pb2 primers can be designed such that they
hybridize to the B region sequence at their 3' ends, are degenerate at the two
pblE1 nucleotides, and encode two more specific nucleotides representing pblE2
at their 5' ends. See Figure 7. This could be repeated with stage three pb3
primers which hybridize to the B region sequence at their 3' ends, but are
degenerate at the four nucleotides encoding pblE1 and pblE2, and encode two

more specific nucleotides representing pblE3 at their 5' ends.
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The risk in this process, however, is that the degenerate pb2 or pb3 primers
might not be selective in their hybridization to the pblE regions. For example, if a
pb2 degenerate primer were to hybridize such that a mismatch occurred between
the primer and the pblE1 region, then a "mutation” would have become
incorporated into the pblE1 code. One way to reduce the possibility of such
"mutations" would be to design stage 2 pb primers such that they hybridize with
only two or three nucleotides immediately adjacent to the pblE1 region in the
original B region. Thus, the hybridization of the 3' end of such primers would be
dependent on the proper two- or three-base match to the B region, but would also
depend on proper hybridization to the pblE1 region. For example, suppose that
pb1 primers added a 2 nucleotide pblE1 to the original pb sequence and then
added a pbcommon1 sequence to the distal end of the B region. Suppose that
pb2 nucleotides 1 to 3, counting from the 3' end, hybridized with the three B region
nucleotides immediately adjacent to pblE1. Nucleotides 4 and 5, counting again
from the 3' end of primer pb2, would be degenerate in the pblE1 region such that
16 different dinucleotides in each of the primers would match each of the 16
possible pblE1 sequences. Nucleotides 6 and 7 from the 3' end of primer pb2
would encode pblE2. If pblE1 encodes positions 1 and 2 of the private sequence
and pblE2 encodes private positions 3 and 4, there would be 16 different primer
nucleotides 6 and 7 to encode each of the possible dinucleotide combinations at
positions 3 and 4 of the private sequence. In other words, there would be 16 .
different primers in each of the 16 stage 2 vessels. Thus, there would be 16 x 16 =
256 different pb2 primers.

The remaining nucleotides 5' of pblE2 in all of the pb2 primers would be
designed to hybridize with the remainder of pbcommon1 and perhaps extend it a
few nucleotides in the 5' direction. Thus, such a pb2 primer would hybridize with 3
nucleotides of B, would be completely degenerate in pblE1, would substitute the
first two nucleotides of ppcommon1 with a two-nucleotide pblE2 region, and would
continue to replicate the remainder of pbcommon1. Thus a 2-base "substitution"
would be effected to create pblE2. Subsequent amplification would resuit in all
new fragments having that 2-base substitution. Since the pblE1 sequences would
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be close to the 3' end of primer pb2, it would be less likely for a mismatch in the
pblE1 region to cause efficient primer extension. Such a configuration helps to
preserve the "fidelity” of pblEn replication.

Another way to keep pblE regions in a dense cluster is to "pass on”
information to each new stage of pb primers. For example, suppose that in stage
1, the pb1 primers hybridize to region B but also comprise about 15 pblE1
nucleotides on their 5' ends. In stage 2, each pb2 primer is synthesized so that it
hybridizes with pblE1 at the 3' end of the primer, and then comprises about 15
nucleotides of new sequence at its 5' end that encodes information for both pblE1
and pblE2. Thus, the new pblE2 contains "cumulative" information. Such
cumulative information can be "passed on" in each synthetic stage so that the
latest pblEn will contain all of the cumulative information contained in the earlier
stage pblE's.

There may be several advantages when using the “passing on" approach.
For instance, one can optimize embodiments in which the tags are unique
sequences that are decoded by specific hybridization since common regions do not
separate the cumulative information included on the last pblE region. Also, the
molecular weight or lengths of tag elements may be reduced if one need not
include a common region. This may be particularly advantageous in embodiments
in which oligonucleotide tag molecular weight or length encodes private
nucleotides, since one need not use a particularly long pb primer or adaptor until
the last stage. The earlier stages can encode private nucleotide positions by
unique short combinations of bases in the pblE regions (for example 2 base tag
elements as shown in Figure 8). The pb primer or adaptor for the last stage would
read specifically the earlier combinations of short combinations of bases in the
earlier pblE regions that are all included in the immediately preceding pblE region
and convert that information into unique molecular weights or lengths for every
possible combination of private nucleotides. See Figure 8 for example. In such
embodiments, the first two stages do not require particularly long adaptors (if
ligation is being used to add the tag elements) or primers (if amplification is being

used to add the tag elements) since the first two stages involve encoding with short
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unique sequences, which are later used to convert the specific information
encoded by unique sequences into unique molecular weights or lengths. In certain
embodiments, the stage 3 reaction in these embodiments may be ligation with
1024 different stége 3 adaptors having 1024 different molecular weights or lengths
or amplification with 1024 different pb3 primers having 1024 different molecular
weights or lengths. See Figure 8.

The challenge with this “passing on” approach is that each new generation
of pb primers typically must be synthesized such that the primer 3' ends are
specific for the cumulative information contained in the prior stage pblE, and such
that the primer 5" ends contain information specific for all stages to that point. Thus
an exponentially growing number of pb primers typically must be synthesized in
each stage. While this might be a lot of work initially, a collection of such primers
could then be used for many different combinatorial PCR reactions; thus the large
effort becomes spread over many subsequent uses. For example, as discussed
below in detail, in certain embodiments, the large collection of primers may be
supplied in a kits for end users, and the end users simply run the last stage
reaction and then decode the cumulated information.

The advantage to linking pblE regions together with small or no spacer
regions between them, whether by a cleavage/ligation strategy or by a pblEn
substitution strategy, is that hybridization probes can be designed that are specific
for concatamers of pblE elements. For example, if the pblE regions are
represented by 5-mers, and a four stage combinatorial process were carried out
with 16 reactions per stage, the pblE string would be 20 nucleotides in length. The
S5-mer code could be designed such that the sixteen different 5-mers in the pblE
code set were very dissimilar, causing "mismatches"” to be very destabilizing to
hybridization. Thus an exact match at each pbIE element in the string of four pblE
elements would be critical for effective hybridization to a complementary nucleic
acid molecule. The concept is to essentially increase the binding energy for each
bit in the genetic code by substituting a new code, so that hybridization
mismatches in the new code are significantly more energy destabilizing than

hybridization mismatches in the natural genetic code.

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_}_>



WO 99/18240 PCT/US98/20874

44

The pblE regions of a collection of such molecules could be hybridized to a
collection, panel, or grid of probes specific for the new code. Such hybridization
assays would be far more discriminating for "single base" changes in the natural
genetic code sihce they would be represented as multiple "base changes" in the
new code. Thus false positive and false negative hybridizations would be far less
common with new code hybridizations. This reduces the need for "redundancy” in
oligonucleotide panels or grids. References discussing the need for redundancy in
oligo panels or grids include: Pease et al., "Light-generated oligonucleotide arrays
for rapid DNA sequence analysis" (1994) Proc. Natl. Acad. Sci. USA 91:5022-
5026; Lipshutz et al., "Using oligonucleotide probe arrays to access genetic
diversity" (1995) BioTechniques 19:442-447; and Drmanac et al.,"DNA sequence
determination by hybridization: a strategy for efficient large-scale sequence" (1993)
Science 260:1649-1652. A single oligonucieotide probe would suffice where an
overlapping series is currently needed.

It should be clear that linked pblE elements could also be analyzed by mass
or size, rather than by hybridization. An advantage to linking pblE regions without
intervening pbcommon regions is that the "information density” can be increased.
Thus, methods capable of discriminating a small difference in molecular weight
could be more effective at decoding information dense subregions than regions
separated with information poor (pbcommon) subregions. For example, if mass
spectroscopy were used to analyze the strings of pblE elements, it could actually
be used to distinguish both the length and molecular composition of the pblE
strings. A 20-mer consisting of G's and A's would have a different molecular
weight than a 20-mer consisting of T's and C's. Different combinations could
create intermediate molecular weight species. While two natural DNA molecules of
the same length and same A:T/G:C content will have the same molecular weight,
such need not be the case with an expanded genetic code. The expanded code
for "A" at position 1 might be AGAGGA, but the code for "A" at position 2 might be
CTTCTC. While the natural sequence 5'-AT-3' would have the same molecular

weight as 5'-TA-3', this need not be the case with an expanded genetic code.
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One could thus use pblE sequences to create a code based upon molecular
weight that can be decoded through the use of mass spectroscopy by choosing
sequences that had distinguishably different molecular weights. For example, one
could encode thé 16 different dinucleotides by creating 16 different
oligonucleotides that were distinguishable in mass spectroscopy. One example of
a set of such oligonucleotide tags is given in Table 3:

Table 3. Some possible 20-mers with different molecular weight. N7-deaza A and

G are used instead of normal A and G.

Molecular Weight Difference

CACTCACTCACTCACTCACT 5974.0

GCCAACCTACCTTCCTACCT 5990.0 16.0
CCGACCGTCCACCCAACCAT 6007.0 17.0
TCTACCTTTCTTTCTATCTA 6018.0 11.0
CACACACTCGCTCGCTCGCT 6030.0 12.0
TCCGACACTTCATTCATCCG 6044.0 14.0
GCCAACCAGCCAGCCTGCCT 6062.0 18.0
GCTTACTTACCAGCCTATIT 6074.0 12.0
CACGCAGACCACTAATCAAT 6091.0 17.0
TGCATTCCTGCGTGCGTTCG 6107.0 16.0
CTACCGATCGACCGAACGAT 6123.0 16.0
CTATCCAGCTAGCAACGTAG 6138.0 15.0
GCTCACTGACTGACAGACTG 6154.0 16.0
CACTCGAGCAAGCCAGCGAG 6171.0 17.0
GACATTGCTGCGTACATGCG 6185.0 14.0
TGCGTGTATCGAGCTACGTA 6200.0 15.0

Table 3 illustrates one possible set of 16 different 20-mers having different
molecutar weights and different sequences. N7-deaza A and G are substituted
instead of normal A and G to help with molecular stability for mass spectroscopy
(Koster, H., Tang, K., Fu, D., Braun, A., van der Boom, D., Smith, C.L., Cotter,
R.J., and Cantor, C.R., “A strategy for rapid and efficient DNA sequencing by mass
spectrometry,” Nature Biotechnology, 14:1123 - 1128 (1996)). Note that the
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largest and smallest molecular weights are different by only 226 Daltons. Thus, if
another nucleotide is added to any of these 20-mers, the resulting 21-mer will have
a greater molecular weight than any of the original 20-mers. Thus, one can
increase the encbded information by adding a nucleotide to the original 20-mers
without overlap with any of the original 20-mers. For example, one can add
another 16 pieces or elements of information by adding the same nucleotide to
each of the original 16 20-mers. in such embodiments, there will be sixteen
additional 21-mers with sixteen different molecular weights.

Another use for linked pblE elements without intervening regions would be
to create a normal genetic code of desired sequence. For example, pblE triplets
could be added in each stage of combinatorial PCR such that the set of possible
triplets comprises a desired set of amino acid codons. In this way, the string of
pblE elements could comprise a collection of codons potentially encoding a
collection of peptides. This would provide a means for creating a library of
peptides that encode information, either alone or within a larger protein framework.
The peptides could be analyzed to decode the encoded information, for example,
by two-dimensional gel electrophoresis or by specific interaction with another
molecule, for example, an antibody.

Encoding Information in Same Primer as the "Reading” Primer

As stated above, according to certain embodiments, it is possible to encode
information in the same primer that is being used to determine (read) the sequence
of the private nucleotides in the target population. For example, assume one
seeks to determine the sequence adjacent to the private - A region junction. See
Figure 9. One can design pa primers that will hybridize to the A region, and will
include one or more nucleotides at their 3' end that will hybridize with the private
nucleotides adjacent to the A region - private junction. For example, if two private
nucleotides are included at the 3' end of the pa primers, then 16 primers would be
synthesized to account for all 16 combinations of the private nucleotides. The
same pa primers would each include nucleotides near their 5' ends, palE1, that
would encode information corresponding to the sequence of the private bases at

the 3' end of the primer (see Figure 9). This palE1 region would not necessarily
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hybridize with the A region, however there would be sufficient overall base pairing
between the pa primer and the A region for efficient hybridization and priming to
occur. Figure 9 illustrates potential base pair positions with vertical lines drawn
between the pa brimer and the template (although the actual base pairs would form
between pa and the lower strand of the template, not the upper strand as shown).
Assume that hybridization between the twelve vertical lines at the 3' end of pa (the
"XX" region shown and the region 3' of the "XXX") is not sufficient for pa to prime
the template under the conditions used. As Figure 9 shows, however, one can
include additional nucleotides on the 5' end of pa that are capable of hybridizing
with more of the A region (7 additional base pairs shown in the Figure, although a
different number from 7 could be used depending on the chemical compositions of
the base sequence). Such additional base pairs would allow for effective binding
of pa to the template and effective priming by pa. Each pa primer would contain
both the private domain nucleotides for preferential priming (the XX "reading”
nucleotides), and the IE element (XXX). Interestingly, when the IE elements are
covalently linked to the "reading" nucleotides (XX) on the same primer, the PCR
reactions can be carried out in a single vessel instead of 16. The IE element (XXX)
may be decoded by hybridization or could pass on information to the next stage IE
element as discussed above.

After the Stage | PCR reaction, the templates from Stage | may then be
exposed to a Stage Il PCR reaction for further specific priming "reading" of the
private regions. Assume that private nucleotides 3 and 4 are to be "read" in Stage
Il. The Stage Il pa primer (pa2) is designed such that private nucleotide positions 1
and 2 on the pa2 primer will be degenerate, such that any one of the 16 possible
dinucleotides in the template can be accommodated. Private nucleotide positions
3 and 4 will now be occupied by specific bases (XX) for each of the 16 Stage Il pa2
primer sets. There will be a pa2IE2 element, toward the 5' end of the pa primer,
that will encode the specific information for private nucleotides 3 and 4. The palE1
element of pa2 will now be degenerate for the 16 possible codes created in Stage |
(on pa2 primers, each possible combination of private nucleotides 1 and 2 will be
represented and will also include each of the 16 corresponding palE1 elements) (it
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is important to recognize that even though the length of palE1 may be greater than
a dinucleotide, there will only be 16 "codons" in the palE1 population).

The palE codes will be created such that mismatches in the palE codes will
be very destabilizing. For example, if private nucleotides 1 and 2 are AG, the
corresponding palE1 code might be GGA. If private nucleotides 1 and 2 are AA,
the palE1 code might be TTG. If a pa2 primer carrying the GGA palE1 codon
(encoding AG) falsely hybridizes with a template containing both the complement
of AA at positions 1 and 2 and the complement of TTG at palE1, there will be an
attempted base pairing between GGA in the primer palE1 and AAC in the template
palrE1. This mispairing will be far more destabilizing than the mispairing of AG at
positions 1 and 2 in the primer and TT at positions 1 and 2 in the template. Thus
the code chosen for the palE elements can be used to decrease the possibility for
mispairing of Stage Il primers (pa2) on Stage i templates. That is, Stage Il primers
are designed so that they will not bind to any template except the correct template
because there will be too few proper base pairs between a primer:template
mismatch. Each palE element can be designed to be longer than 3 nucleotides,
allowing for many codon possibilities in the palE "language".

Codon languages that greatly disfavor primer:template mismatches would
be most desirable. It is also important to recognize that each Stage 2 pa2 primer
will be designed such that the palE1 code will correspond with the nucleotides at
private positions 1 and 2 in the primer. The same correlations will exist in the
Stage Il template population (that is, private nucleotides 1 and 2 in the templates
will be physically linked in the same DNA strand with a particular palE1 codon or
anticodon). Thus Stage Il pa2 primers that encounter a mismatched template at
palE1 will also be mismatched with at least one of the template nucleotides at
private positions 1 and 2. Even though there may be a perfect match between
private nucleotides 3 and 4 and the corresponding sequence in the Stage Il pa2
primer, there will not be sufficient base pairing to cause efficient priming to occur,
as a result of losing the palE1 and position 1 and/or 2 base pairing.

The same logic can be used for Stage Il priming, and beyond. Ifthere is a

potential mismatch in Stage I, then either palE1 or palE2 or both will be

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_1 >



WO 99/18240 PCT/US98/20874

48

mismatched along with the corresponding positions 1 and 2 or 3 and 4, or a
combination. Codons can be selected so that such mispairing would not aliow
efficient priming, thus preserving the fidelity of the linkages between palE codes in
the ampilified terhplate population.

Variations can be envisioned where there are pa common regions, or gaps,
between the palE elements if desired. The pb primers also may be "self encoding"”
to read the private nucleotides adjacent to the B region - private junction. Both
ends could be encoded simultaneously, requiring only a single reaction vessel in
each Stage of encoding.

In other embodiments, “self encoding” occurs in one or more Stages
followed by further encoding in the other primer region as described in other
embodiments in this application. Thus, private nucleotides 1 to 6 adjacent to the A
region - private junction could be encoded in the pb primer, and private nucleotides
7 to 12 adjacent to the A region - private junction subsequently could be "self
encoded” in the pa primer. This could be accomplished by using a pbcommon
region specific to the extreme end of the B region during the pa "self encoding"
steps. The pbcommon region is the same for all combinations of primers for
private nucleotides 7 to 12.

The ability to create codons that will not easily mispair can also be used
when designing pb primers such that pblE elements can be placed contiguous to
each other without the need for either pbcommon regions or for ligation of adaptors
between stages. For example, in Figure 10 the Stage | PCR is performed with a
pa primer having a dinucleotide 3' extension to selectively prime templates with
specific private nucleotides 1 and 2. The corresponding 16 pb primers have, for
example, 12 nucleotides of sequence matching the B region at their 3' ends, have
a 5' nucleotide pblE1 element, and have 5 (or more as needed) nucleotides
matching the B region at their 5' ends. These reactions would be performed in 16
independent vessels, since the pa “reading" nucleotides are not covalently linked
to the pb encoding nucleotides. The pblE1 element does not necessarily hybridize
with the B region template. After Stage | PCR, the pblE1 elements will be
appended to region B. In Stage Il PCR, the pb2 primers will each comprise the 16
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potential pblE1 codons, and each collection will then contain a specific pblE2
sequence that will be vessel-specific and encode private nucleotides 3 and 4
preferentially primed by the specific pa2 primer in the vessel. If the pb2 primer
hybridizes with a'n incorrect template, such that the pblE1 element is not
complementary to the corresponding template sequence, there will not be sufficient
base pairing to cause efficient priming by pb2. This can be facilitated by choosing
the pblE codons such that each codon will hybridize efficiently with its
corresponding anticodon, but very poorly with another one of the 16 (or more)
anticodons.

All of these methods could be applied to primers where 3 or more private
nucleotides are being "read" by the primer, using 64 or more primers for such
reactions. Figure 10 simply shows an example of one structure for pa and pb.
However, other lengths of hybridizing regions or codon lengths could easily be
used.

Use of Nucleotides as Tags For Combinatorial Synthesis Procedures

According to certain embodiments, a library of various nucleic acids can be
synthesized by combinatorial synthesis procedures and each of the specific nucleic
acids created will be encoded by the length, molecular weight, or some other
physical characteristic of nucleotide tags. Such tags, however, may be used for
any type of probe molecule synthesized in a combinatorial synthesis method. (In
these embodiments, the “probe molecules” are the library of molecules synthesized
by the combinatorial techniques that are being tested for potential uses.) For
example, the probe molecules may be peptides and some feature of the nucleotide
tags, such as molecular weight, length, melting temperature, denaturing condition,
or annealing property will identify the particular amino acid sequences of those
peptides. The molecules may be various types of organic chemicals that are
synthesized by various pathways. The nucleotide tags will provide the order of
synthesis and, thus, the identity of each of the organic molecules made in the
library. In preferred embodiments, these tags will permit simultaneous decoding of
the tags without separation of the tags from one another prior to the

commencement of the decoding steps.
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To use nucleotide tags with combinatorial synthesis of materials other than
nucleic acids, one should keep in mind the compatibility of the reaction conditions
for synthesis of the other materials with conditions suitable for the nucleotide tags.
Such considerations are discussed in detail in PCT Publication No. WO 93/06121,
which is hereby specifically incorporated by reference into the present application.
See WO 93/06121, e.g, at page 17, line 14, through page 19, line 5; at page 24,
line 5 to line 18; at page 37, line 32, through page 39, line 3; at page 40, line 23,
through page 45, line 21; and at page 46, line 28, through page 48, line 21.

According to certain preferred embodiments, nucleic acids are synthesized
using the combinatorial "pool and split* method. (This procedure could also be
used for combinatorial synthesis of other materials such as peptides or organic
molecules.) For a simple DNA molecule containing the four normal bases, the first
stage or step in the synthesis is carried out with four reaction vessels. Each
reaction vessel contains one of the four DNA bases. This will be called the first
synthetic "stage”. Each base is physically linked to a unique tag molecule, specific
for that reaction vessel. Such linkage can be either direct, via a linker molecule, or
via a solid support.

One skilled in the art will be able to design appropriate conditions for the
combinatorial synthesis, including the attachment of tags. General methods of
using other types of tags can be gleaned from PCT Publication No. WO 93/06121,
e.g., at page 15, line 27, through page 19, line 5; at page 22, line 11, through page
24, line 3; at page 36, line 15, through page 39, line 21; and at page 40, line 23,
through page 49; and from PCT Publication No. WO 96/1 2014, e.g., at page 12,
line 1, through page 14; and at page 15, line 33, through page 17.

For example, in the reaction vessel into which adenosine is added, the
adenosine is physically associated with a tag that wiil be referred to as t1A. In the
reaction vessel into which cytosine is added, the cytosine will be physically
associated with a tag referred to as t1C. The same nomenclature is used for G
and T. See Figure 11 for this Stage 1 of the synthesis and subsequent steps
discussed below.
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After the coupling reactions have been completed, the contents of all four
reaction vessels are pooled and mixed. The mixture is then divided into four new
reaction vessels, which will be called "Stage 2". For each vessel in Stage 2, a
second nucleotide is attached to the nucleotide in the first nucleotide position of the
growing nucleic acid molecule. For any given molecule, the first position of the
growing oligonucleotide can be any one of the four nucleotides (due to the prior
pooling and mixing), but the second nucleotide position will be unique for the
particular second stage reaction vessel. In each reaction vessel in Stage 2, a
second set of unique tag molecules is associated with the growing tag chain. For
exémple, in the second stage A reaction, the tag t2A is added. In the second
stage G reaction, the tag t2G is added.

The growing tag chain preserves the identity of (encodes) the growing
nucleic acid sequence being made in the combinatorial library, so that one can
later decode the tags to identify every nucleic acid sequence made by the
combinatorial synthesis scheme. The tags are physically linked to each other as
they are added in each stage. If the tags are designed such that the sum of the
molecular weights of any “chain" of tags is a unique molecular weight, then the
molecular weight of the tag chain can be used to identify the particular chemical
compound (oligonucleotide) associated with the tag. For example, to synthesize
256 oligonucieotides each 4 bases in length, 16 tag molecules would be needed.
If the molecular weights of the tag molecules are muitiples of the numbers shown
in Table 1 discussed above in this specification, the sums of the molecular weights
of any four tags, one selected from each row, would be independently, and
simultaneously identifiable. One could also design tags based on Table 2
discussed above or any other system in which the particular probe element added
in the combinatorial synthesis scheme and its position in the compound being
generated is encoded by a tag element having unique molecular weight, length, or
other uniquely identifiable property such as meiting temperature, denaturing
condition, or annealing property.

Such molecular weights can be analyzed simultaneously using various

methods. For example, mass spectroscopy could be used to analyze the collection
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of unique molecular weights (Fitzgerald, M.C. and Siuzdak, G. "Biochemical mass
spectrometry: worth the weight?" Chemistry and Biology 3:707-715, 1996; Also see
the following articles: Tang et al.,"Matrix-assisted laser desorption/ionization mass
spectrometry of -immobilized duplex DNA probes" (1995) Nucleic Acids Res.
23:3126-3131; U.S. Patent No. 5,547,835 "DNA sequencing by mass
spectrometry”, H. Koster, inventor; and U.S. Patent No. 5,605,798 "DNA diagnostic
based on mass spectrometry”, H Koster, inventor). The molecular weight species
seen in the mass spectrograph would uniquely identify the linkages of the tags and
thus would identify the pathways that each molecule traveled during the chemical
synthesis reactions. If 256 oligonucleotides are synthesized using four reaction
vessels in each of four stages, and a set of four tags are coupled to each
oligonucleotide, then each member of a particular subset of the 256
oligonucleotides can be identified by analyzing the molecular weight of the tags
associated with the subset of oligonucieotides.

The tags could first be physically cleaved away from the oligonucieotides
made in the combinatorial synthesis before molecular weight analysis. This could
be accomplished by laser desorption using mass spectrometry as discussed in
Tang et al.,"Matrix-assisted laser desorption/ionization mass spectrometry of
immobilized duplex DNA probes™ (19935) Nucleic Acids Res. 23:3126-3131: U.S.
Patent No. 5,547,835 "DNA sequencing by mass spectrometry”, H. Koster,
inventor; and U.S. Patent No. 5,605,798 "DNA diagnostic based on mass
Spectrometry”, H Koster, inventor).

According to certain embodiments, nucleotide tags are amplified prior to the
decoding steps. (Such embodiments may include those in which amplification was
not used to create oligonucleotide probe libraries.) Such amplification of different
nucleic acid tags is discussed, e.g., in PCT Publication Nos. WO 96/12014 and
WO 93/06121. See, PCT NO. WO 93/06121, e.g., at page 28, line 28, through
page 29, line 6; at page 39, line 5 through line 21; at page 41, line 27, through
page 42, line 7; at page 46, line 5 through line 26; and at page 49, line 5 through
line 18.
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If the oligonucleotides were longer than four bases; 256 unique tag
sequences would only encode information for some of the positions in such an
oligonucleotide set. For example, information regarding the terminal four
nucleotide positibns could be encoded by the 256 unique tags, with the rest of the
oligonucleotide residues being anonymous (with respect to the information in the
tags).

More than four stages of synthesis could be performed. If unique tag
identifiers are desired for 7 nucleotides of information, then 28 tag molecules could
be used (although as seen above, the tags need not be unique in molecular weight
- only the molecular weight sums need be unique). In addition, the linkages of
such molecules would be discernible if there were 47 (16,384) different separately
identifiable signals created by the combinations. This presents a challenge if
molecular weight is to be used to identify the 16,384 different combinations.
Electrophoresis and chromatography (HPLC) are alternative methods for rapidly
determining a large number of molecular weights simuitaneously. More than one
method could be used in series. For example, the tags could first be separated
into subgroups by electrophoresis. Each subgroup could then be analyzed by a
second dimension of electrophoresis or by mass spectroscopy.

To reduce the amount of decoding needed, one can screen members of the
produced combinatorial probe library for a given desired activity prior to decoding.
Decoding would not be needed for members that lack sufficient activity. In other
words, one enriches the probe library to be decoded by eliminating members of the
library that lack sufficient desired activity.

These embodiments of the invention permit rapid, simultaneous decoding of
the synthetic pathways of a relatively large subset of molecules in a combinatorial
library, without the need to physically separate the individual tags prior to decoding.

Primer Extension Reactions

In certain embodiments of the invention, primer extension reactions are
used. Any method of primer extension can be used and may include the use of
thermostable and thermolabile polymerases. The only requirements are that the

conditions under which the annealed primer and template are extended be
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discriminatory, i.e., that they exceed a threshold of binding energy between the
primer and template in order for extension to occur. Such conditions are discussed
in this application, for example, in Example 6.

Suitable tHermolabiIe polymerases from mesophiles are available from many
commercial sources and include, modified T7 DNA polymerase, Exo” Klenow and
the like. Suitable thermostable polymerases from thermophiles and
hyperthermophiles are also available from commercial sources and include
polymerases isolated from Thermus aquaticus (Taq DNA polymerase; Stratagene;
La Jolla, CA), Thermus thermophilus HB-8 (Tth; Perkin Eimer; Alameda, CA),
Bacillus stearothermophilus, and the like.

The polymerases may have activities other than polymerase activity such as
5' — 3' exonuclease, 3' — 5' exonuclease, endonuclease and 3' extendase
activities. For a review of thermostable DNA polymerases and their activities see
"Thermostable DNA Polymerases” in Methods of Enzymology, Vol. 48: 377-435,

1886, Academic Press, Inc. incorporated by reference. Polymerases having 5' —
3" exonuclease and lacking 3' — 5' exonuclease nuclease activity may be used in
this invention. Polymerases having 3' extendase activity sometimes add an
additional nucleotide, most often an A, at the 3' end of the PCR product. Such
polymerases, for example, Tag DNA polymerase, may not be optimal in the
examples described herein where tags are identified by molecular weight.
Examples of suitable polymerases lacking 3' — 5' exonuclease activity are Exo; Pfu
DNA polymerase (Stratagene; La Jolla, CA), Exo” Klenow (Stratagene; La Jolia,
CA) and Thermotoga maritima (UITima; Perkin Elmer; Alameda, CA).
Polymerases having 3' —, 5' exonuclease activity may be used under conditions
which reduce or eliminate this activity. Polymerase conditions such as salt, pH
and, in particular, temperature are known to affect polymerase activity. Also
contemplated is the use of recombinant polymerases in which one or more

mutations have been introduced into the nucleotide sequence resulting in the

reduction or absence of 3' — 5' exonuclease activity. The polymerases may be
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purified from the native organism or be expressed and purified from a recombinant
source.

The use of additives which may enhance a desired result such as a change
in priming specificity of the primer and template or a change in the polymerase
activity and/or processivity of one or more polymerases in a primer extension
reaction and the like are also contemplated. Exemplary suitable additives in primer
extension reactions are Perfect Match® DNA polymerase enhancer (U.S. Patent
No. 5,449,603; Stratagene; La Jolla, CA), Polymerase Enhancing Factor (U.S.
Patent Application Serial No. 08/822,774, filed March 21, 1997, "Polymerase
Enhancing Factor 'PEF' Extracts, PEF Proteins and Methods for Purifying and
Identifying Same"), mutS (Wagner, R., et al., Nucleic Acids Res. 23:3944-3948,
1995 and Takamatsu, S., et al., Nucleic Acids Res. 24:640-647, 1996, Epicenter,
Technologies, Madison, WI), betaine (Baskaran, N., et al., Genome Methods
6:633-638, 1996; U.S. Patent No. 5,545,539; Sigman, St. Louis, MO), dimethyl
sulfoxide (DMSO; Hung, T., et al., Nucleic Acids Res., 18:4953, 1990; Sigma, St.
Louis, MO), formamide (Sarkar, G., et al., Nucleic Acids Res. 18:7464, 1990;
Stratagene, La Jolla, CA), tetramethylammonium chioride (TMAC; Chevet, E., et
al., Nucleic Acids Res. 23:3343-3334, 1995; Sigma, St. Louis, MO), T-7 type single
stranded DNA binding protein (U.S. Patent No. 5,534,407), gene 32 protein of
phage T4 (Schwarz, K., et al., Nucleic Acids Res., 18:1079, 1990) and the like.
Example 1

Combining Different Types of Tags and Decoding
Methods to Create a Large Amount of Information about

Target Molecules That Can Be Decoded in a Simultaneous Manner

One way to combine a pblEn length code with a pblE sequence (mass) code
would be to carry out a first stage of combinatorial PCR with, for example, 16
reaction vessels, each of which encodes the different possible combinations of
private nucleotides 1 to 2. The 16 pb1 primers would each comprise 20 new
nucleotides of unique sequence at their 5' ends, with a restriction site dividing the
original B region sequences from the 20 new nucleotides, thus adding 20 unique

nucleotides to the distal B regions of each fragment. The 20 unique nucleotides
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would comprise the pblE1 information. The 16 different 20-mer sequences would
be chosen such that they had distinguishably different molecular weights (Li, Y.,
Tang, K., Little, D.P., Koster, H., Hunter; R.L., and Mclver, R.T. “High-resolution
MALDI Fourier transform mass spectrometry of oligonucleotides,” Anal. Chem., 68:
2090-2096 (1996)) and sufficiently different sequences such that 16 different pb2
primers could be designed to specifically amplify each of the stage 1 PCR
fragments by priming in the 20-mer region. See Tabie 3 above.

Stage 2 would have 64 reaction vessels, each with a different pa2 and pb2
primer set. The pa2 primers would be degenerate for private nucleotides 1 and 2,
and would be specific for private nucleotides 3 to 5.

Stage 2 reaction vessel 1 would have 16 different pb2 primers (specific for
the 16 different pblE1 sequences) each 20 nucleotides in length. Thus, reaction
vessel 1 would not change the molecular weights of the tag elements from the first
stage reaction. The original sixteen different molecular weights, however, not only
would encode the sixteen different possible combinations at private positions 1 and
2, but also would encode the first possible combination of private positions 3, 4,
and 5.

Reaction vessel 2 would have 16 different pb2 primers 21 nucleotides in
length, of which the first 20 nucleotides on the 3' end would be specific for the 16
different pblE1 sequences. Typically, the newly added nucleotide will be the same
for each of the 16 different pb2 primers in vessel 2. The newly added nucleotide
will shift the original molecular weight of each of the original 20-mers by the weight
of the newly added nucleotide. The new molecular weight not only would encode
the sixteen different possible combinations at private positions 1 and 2, but also
would encode the second possible combination of private positions 3, 4, and 5.
This would continue up to reaction vessel 64, which would have 16 different pb2
primers 83 nucleotides in length (the longer lengths could be created in 2-step
PCR reactions or nested PCR reactions as discussed in more detail below).

If the amplified molecules were cleaved at a restriction site separating the
original B region sequence from the 20-mer sequence, molecules would be

liberated ranging in size from 20 to 83 nucleotides. Such molecules would have
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1024 (64 X 16) different molecular weights, each of which would encode only one
possible combination for a five nucleotide sequence. Such molecules could be
analyzed by mass spectroscopy.
Example 2
A Method for Determining the Sequence of DNA Using
DNA Amplification Techniques and Uniguely Identifiable Tags

In certain embodiments of the invention, the sequence of a fragment of DNA
can be determined by using uniquely identifiable tags in combination with DNA
amplification techniques without having to resort to traditional DNA sequencing
techniques or to attaching to a solid phase (such as a bead or a two-dimensional
solid support) either the materials to be analyzed or the uniquely identifiable tags.

In these embodiments, the uniquely identifiable tags are nucleotides. These
nucleotides can be sequences having specified lengths or molecular weights.

They can also have specified melting temperatures, binding energies, or isoelectric
points. These nucleotides can also have specific compositions or sequences
specifically recognized by complementary sequences. In the latter case, the
nucleotides could form primers for use in DNA amplification techniques. These
nucleotides could be associated with other types of specified materials such as
fluorescent atoms or molecules, radionucleotides, atoms conducive to NMR
measurement, materials recognized by a protein (such as haptens or enzyme
substrates, for example), or materials recognized by other affinity reagents.

Nuclear magnetic resonance (NMR) can also be used to encode tag
information. For example if tag molecules contained fluorine atoms, the fluorine
NMR spectrum would yield information not only regarding which tag molecules
were contained in a particular set of linked tags, but also regarding the sequence of
such tags. Such NMR spectral information would be unique for each sequence of
tag linkages and would be identifiable even in the presence of other tag sets. NMR
is discussed in Rastinejad et al.,"Studies of nucleic acids and their protein
interactions by '°F NMR" (1995) Meth. Enzymol. 261:560-575.

It is possible to use these various different specific identification materials

and techniques in combination to exponentially expand the amount of information
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that can be encoded by the unigquely identifiable tags than the amount that could
be obtained through the use of a singie class of materials or techniques alone. As
a result, it is intended that any specifically identifiable nucleotide tag, directly or
indirectly, alone or in combination with one or more other materials, could be used
in this invention.

In this example, a target DNA gene or other fragment to be studied is
prepared and then sheared into a collection of DNA sequences having an average
size that permits reasonably efficient DNA amplification. Such a size can be about
200 base pairs in length, but any size can be used as long as the DNA can be
amplified reasonably efficiently.

Prior to shearing, the target DNA may be flanked by some additional known
DNA sequence, which may be called “flanking DNA.” The amount should be
sufficient to determine the nucleotides at the ends of the private sequence. The
purpose of this step is to create fragments having a large number of random
starting points throughout the length of the target DNA such that sequencing
terminal nucleotides of each sheared DNA fragment will produce an overlapping
sequence of the entire target DNA.

One skilled in the art will know how to accomplish this shearing. Exemplary
methods include the use of nebulizers as described in Anderson et al., "A 'double
adaptor’ method for improved shotgun library construction” (1996) Anal. Biochem.
236:107-113.

The DNA is treated so that its ends are blunt. Treatment to make blunt ends
can include stranded exonuclease and/or with a DNA polymerase and dNTPS.
Then adaptor region A is attached to one end of each fragment to be sequenced
and adaptor region B is attached to the other end. One skilled in the art will know
various methods for attaching adaptor regions. For example, the adaptor regions
can be attached by ligation to the ends of the fragments or by insertion of the
fragments into cloning vectors where the adaptor regions flank the cloning site.
Ligation can be performed according to methods known to those skilled in the art.
Exemplary methods are described in the following references: Wieland et al., "A
method for difference cloning: Gene amplification following subtractive
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hybridization” (1990) Proc. Natl. Acad. Sci. 87:2720-2724; Lisitsyn et al., "Cloning
the differences between two complex genomes" (1993) Science 259:946-951;
Lisitsyn et al., "Representational difference analysis in detection of genetic lesions
in cancer" (1995) Meth. Enzymol. 254:291-305; U.S. Patent No. 5,436,142
"Methods for producing probes capable of distinguishing variant genomic
sequences”, Wigler, M. and N. Lisitsyn, inventors; and U.S. Patent No. 5,501,964
"Methods for producing probes capable of distinguishing DNA from related
sources", Wigler, M. and N. Lisitsyn, inventors.

in certain embodiments, the adaptor regions A and B are each preferably
20-40 nucleotides long. Adaptor region B preferably has a unique restriction site at
the junction between it and the DNA fragment to be sequenced. Primers pa and
pb are designed such that they can anneal to adaptor regions A and B,
respectively, and permit the amplification of the DNA fragments to be sequenced.
As discussed above, the DNA sequence between the two adaptor regions, whose
sequence is sought, is the "private” sequence.

Combinatorial DNA amplification techniques having multiple stages are then
performed. A variety of strategies can be used. For example, PCR is a preferred
strategy, but it is not a required strategy. As another example, strategies can vary
in terms of the number of vessels employed at one or more stages. A 64 vessel
strategy is convenient, but fewer or greater numbers of vessels can be employed.

In general, these strategies each involve at least two types of phases—an
encoding phase and a decoding phase. A preferred type of encoding phase
involves combinatorial DNA amplification strategy in which the samples are
alternatively split and pooled in each stage for one or more stages. At each stage,
one or more different tags are attached to the DNA fragment or fragments to be
sequenced whereby the sequence of the DNA fragment or fragments is encoded.
Following the addition of the tags in one or more stages, the tags are analyzed in
the decoding phase in order to decode the encoded sequence information. An
increase in the number of stages and/or the number of different tags added in the

encoding phase to the DNA fragment to be sequenced can result in an increase in
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the amount of sequence information that can be obtained during the decoding
phase.

An example of a combinatorial DNA ampiification strategy is given in order
to illustrate one possible use of this invention to sequence DNA, and this example
does not limit the scope of the invention. PCR is used as the DNA amplification
technique, together with a 64-vessel, pool-and-split strategy.

In the first stage, 64 different primers are designed that each will anneal to
adaptor region A flanked by a specific three-nucleotide private region. These
primers are referred to as "pa1." (Primers will be referred to by the adaptor region
with which they are designed to anneal to, together with the planned annealing
stage number. Thus, "pb2" refers to the primers that are designed to anneal to
adaptor region B during stage 2.) The 64 different pa1 primers are designed such
that the final three nucleotide bases at the 3' end of each pa1l primer are
complementary to the first three bases of the private regions that abut region A. All
64 combinations of three nucleotides are to be represented among the 64 different
primers (AAA, AAC, AAG, AAT, ACA, ACC, ACG, ACG, . .. TAA, TAC, . . . etc.).

Each different pa1 primer is placed in a separate PCR reaction vessel with a
pb1 primer that corresponds to that particular pal primer. Each pb1 primer will
hybridize with region B and will encode information with respect to the sequence of
private nucleotides 1 to 3 that are read by the particular pa1 primer. Thus, 64
different pb1 primers are designed that will anneal to adaptor region B during stage
1. In this example, the extra nucleotides at the 5' end of pb1 that do not hybridize
with adaptor region B encode information about the sequences of the private
nucleotides 1 to 3. The total number of nucleotides in the pb1 primers correlate to

the sequence of private nucleotides 1 to 3 as follows:

TABLE 4
A C G T
Private Nucleotide 1 1 2 3 4
Private Nucleotide 2 4 8 12 16
Private Nucleotide 3 16 32 48 64
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This table is designed such that each trinucleotide sequence will correspond
to a different sum. Thus, if pat is designed to anneal to the private sequence
AGC, then the corresponding pb1 would have a total of1+12+32=45
nucleotides thatr correspond to AGC. On the other hand, if pa1 is designed to
anneal to the private sequence GCA, then the corresponding pb1 would have a
total of 3 + 8 + 16 = 27 nucleotides that correspond to GCA. If adaptor region B
was 20 nucleotides in length, then the pb1 that corresponded to the pa1 thatis
designed to anneal to the private sequence AGC would have 45 - 20 (the number
of nucleotides complementary to region B, which all pb1 primers include) = 25
extra nucleotides at its 5' end. For the pb1 primer corresponding to the pai
designed to anneal to GCA, there would be only 7 extra nucleotides.

It is within the level of skill of the art to design other tables that would ensure
that each private three nucleotide sequence would be associated with a different
sum. ltis also within the level of skill in the art to design tables that resuit in unique
sums for longer private nucleotide sequences. Thus, a 256-vessel strategy having
pa1 primers designed to anneal to the first four private sequence nucleotides could
be pursued. In such a case, a fourth row would be added to Table 4. The fourth
row would encode the number of nucleotides corresponding to each possible
nucleotide at the fourth position. For example, a fourth row could be added to
Table 4 assigning the following values to each fourth private nucleotide:

TABLE 5
A C G T

Private Nucleotide 4 64 128 192 256.

All of the pb1 primers in this example also have a common specific
sequence at the 5' end, which is referred to as "pbcommon1.” This common region
will permit subsequent amplification of the extra nucleotides at the 5' end of the
region complementary to region B, since the pb2 primers (for the second
amplification step) will all include a region complementary to ppbcommon1. To
incorporate pbcommont, all of the pb1 primers can include a common 20
nucleotide region complementary to the B region at the 3' end and a common 20

nucleotide pbcommon1 region at its 5' end. There are at least two ways the extra
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encoding nucleotides of Table 4 could be included in pb1. The first simply adds
them between the region B complementary region and pbcommon1. In such an
embodiment, one would simply add the constant 40 (20 region B completing region
+ 20 pbcommon1) to the sum for private nucleotides 1 to 3 of Table 4.

A second embodiment does not require adding the constant 40 to the
unique number of Table 4, since nucleotides of the B complementary sequence
and pbcommon1 are included in the nucleotides calculated in Table 4. The
shortest encoding sequence in Table 4 is for private sequence AAA, which is 21
nucleotides in length. The sequence complementary to the B region accounts for
twenty of those nucleotides. The twenty-first nucieotide would be the particular
nucleotide at the 3' end of pbcommon1. Thus, the pb1 that corresponds to pa1 for
AAA would be 40 nucleotides in length (20 for complementary B region sequence
and 20 for pbcommon1). The next shortest pb1 would correspond to the pa1 for
CAA, which requires 2 + 4 + 16 = 22 nucleotides from Table 4. This pb1 primer
would have the same sequence as the pb1 primer for AAA except it would inciude
an additional nucleotide between the region B complementary sequence and
pbcommon1. It would thus include 41 nucleotides. Thus, it should be apparent
that the total number of nucleotides for each pb1 will be the particular sum for the
private nucleotides from Table 4 added to the constant 19.

Each of the 64 corresponding pairs of pa1 and pb1 primers are added to
only one of the 64 reaction vessels such that the two different primers are unique
for each vessel. The randomly sheared adaptor-ligated NDA and PCR reagents
are added to each vessel, and the PCR reactions are then run to completion. The
reaction conditions are set so that there will be no exponential amplification of a
given fragment unless the pa1 primer is correctly matched to it. In other words, to
be amplified, a fragment must have the first three nucleotides of the private region
next to the A region that are complementary to the three 3' nucleotides of the pa1l
primer in a given reaction vessel. How one may optimize conditions to achieve this
goal is discussed above and below in Example 6.

To avoid excess pa1 or pb1 primer from amplifying nucleotides in the Stage

2 reaction, one may assure that there is a much greater concentration of Stage 2
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primers (pa2 and pb2) by taking small aliquots from each of the 64 Stage 1
reaction vessels and pooling and diluting significantly. One could also limit the
amount of any excess pa1 or pb1 primers by using an amount of such primers
such that after the complete Stage 1 reaction, the concentration of unused primers
is low. Alternatively, various physical separation methods can be used to remove
small unincorporated single-stranded primers prior to stage 2. For example,
Centricons and Microcons (Amicon; Beverly, MA) which separate on the basis of
molecular weight and PCR Pure (Boehringer Mannheim; indianapolis, IN) which
separates on the basis of molecular weight and by the binding of single-stranded
DNA can be used.

After the first stage PCR reactions are complete, the DNA from all of the 64
first-stage vessels is pooled and then split and typically diluted into 64 new stage 2
vessels that contain primer pairs pa2 and pb2. The concentrations of primer pairs
pa2 and pb2 typically will be far greater than any residual primers pa1 and pb1.
The pa2 primers are designed to hybridize with a sufficient portion of adaptor
region A for efficient annealing. They also contain 3 degenerate nucleotides or are
ambivalent at positions -4 to -6 from the 3' terminus of the primer (the fourth, fifth,
and sixth nucleotide from the 3' terminus), so that the pa2 primers in each of the 64
vessels has the potential to hybridize with any of the 64 possible sets of private
nucleotides 1 to 3. Finally, the pa2 primers in each of the 64 vessels contain 3
unique nucleotides at their 3' terminus. These 3 unique nucleotides are
complementary to one of the 64 possible combinations of nucleotides 4, 5, and 6 of
the private sequence that abut private nucleotides 1 to 3, which were encoded in
the first reaction step. Taking into account the 3 degenerate nucleotides, one will
use 4096 (64 X 64) pa2 primers. Each of the 64 vessels will include 64 different
pa2 primers that correspond to each possible trinucleotide combination at private
sequence portions 1 to 3. All of those 64 pa2 primers in one given vessel,
however, will have the same unique trinucleotide corresponding to the particular
nucleotides at positions 4 to 6 of the private sequence to be encoded in that

vessel. If one uses pa2 primers that are ambivalent at positions corresponding to
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private nucleotide positions 1 to 3, only 64 pa2 primers are needed since 64
different degenerate combinations at those positions are not needed.

The corresponding pb2 primers are designed to hybridize at their 3' ends
with ppbcommon1, and to encode information with respect to private nucleotide 4 by
adding nucleotides according to the Table 5 presented above with respect to
position 4. For example, in any of the 64 vessels where private nucleotide 4 would
be C, then amplification using pb2 would add 128 nucleotides to the length of
region B such that the distance between the restriction site at the junction of the
private sequence and region B, on the one hand, and the 5' terminus of pb2, on the
other. would increase by 128 nucleotides. Thus, the total distance between the
private region/B region junction corresponding to each combination of private
nucleotides 1 to 4 would be equal to the sum of the length of pb1 (including
pbcommon1) and the 5' region of pb2 that does not overlap with pbcommon1. For
example, if pbcommon1 was 20 nucleotides long and private nucleotides 1 to 4 are
GACG, then this distance would be (3 + 4 + 32) + (constant 19) + 192 = 270 where
the first 39 + 19 constant were added as the result of the amplification using pb1,
and the last 192 as the resuit of the amplification using pb2.

Synthetic primers longer than about 90 nucleotides may be difficult to
synthesize. As an alternative to synthetic primers, DNA created by PCR or other
DNA ampiification techniques or isolated from plasmids can be used in conjunction
with 20- to 30-mer oligonucleoctides homologous to the extreme 5' terminus of each
DNA fragment. This is possible in this example because the specific composition
or identity of much of the nucleotides added by pb2 is irrelevant, only the number
of added nucleotides is critical. The methods for making such longer primers,
however, are not limited to pb2 primers. The methods can be used to make any
long primers that may be used in the present invention.

For example, if a 256 nucleotide extension is needed in the second stage, a
276 nucleotide fragment may be obtained from a PCR product or from a restriction
digest of a plasmid, or other DNA source. For example, the PCR product that is
discussed here can be obtained by the nested PCR approach that is discussed

below. Alternatively, DNA fragments to be used as primers can be inserted into
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plasmid vectors. The primer is obtained by simply “lifting” the fragment of desired
length from the inserted sequence and plasmid between two strategically
positioned primers. The primers may anneal to and prime the inserted DNA and/or
the plasmid DNA. Additionally, DNA fragments to be used as primers can be
isolated from a DNA source by restriction enzyme digestion at preselected sites in
the DNA to selectively remove the DNA fragment.

According to certain embodiments, the 20 nucleotides at the 3' end of the
276 nucleotide fragment are complementary to the 20 nucleotides of pbcommont1.
The 20 nucleotides at the 5' end of the 276 nucleotide fragment may comprise a
new pbcommon2 region. The remaining 236 nucleotides can be from any DNA
source. This 276 nucleotide fragment acts as an accessory pb2 primer in the
particular PCR vessel. In addition, a 20 nucleotide fragment complementary to
pbcommon?2 is added to the same vessel in high concentration. The 276
nucleotide fragment merely needs to prime synthesis at the pbcommon1 region to
initiate one round of PCR extension. Subsequently, the 20 nucleotide pb2 primer
will carry out amplification of the molecules in the remaining rounds.

An alternative approach is to include 4 overiapping 80-mers to create a
large pb2 primer. The 80-mers are designed for overlap at their 5' and 3' ends so
that a nested PCR can occur which will piece together the desired length pb2
region. For instance, the first 80-mer fragment would include 20 nucleotides at its
3' end that are complementary to ppcommon1 and would include at its 5' end a
new 20 nucleotide ppcommon2a region. The second 80-mer fragment would
include 20 nucleotides at its 3' end that are complementary to pbcommon2a and
would include at its 5' end a new 20 nucleotide pbcommon2b region. The third 80-
mer fragment would include 20 nucleotides at its 3' end that are complementary to
pbcommon2b and would include at its 5' end a new 20 nucleotide pbcommon2c
region. The fourth 80-mer fragment would include 20 nucleotides at its 3' end that
are complementary to pbcommon2c and would include at its 5' end a new 20
nucleotide ppcommon2d region.

In the first step of stage 2 of the PCR reaction, the first 80-mer fragment
would hybridize to pbcommon1 and extend the &' end by 60 nucleotides (80 - 20
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nucleotide overlap with ppbcommon1). In the second step of stage 2 of the PCR
reaction, the second 80-mer fragment would hybridize to ppcommon2a of the first
80-mer fragment and extend the 5' end by 60 nucleotides (80 - 20 nucleotide
overlap with ppbcommon2a). In the third step of stage 2 of the PCR reaction, the
third 80-mer fragment would hybridize to ppcommon2b of the first 80-mer fragment
and extend the 5' end by 60 nucleotides (80 - 20 nucleotide overlap with
pbcommon2b). in the third step of stage 2 of the PCR reaction, the third 80-mer
fragment would hybridize to pbcommon2b of the second 80-mer fragment and
extend the §' end by 60 nucleotides (80 - 20 nucleotide overlap with
pbcommon2b). In the fourth step of stage 2 of the PCR reaction, the fourth 80-mer
fragment would hybridize to pbcommon2c of the third 80-mer fragment and extend
the 5' end by 60 nucleotides (80 - 20 nucleotide overlap with pbcommon2c). The
fourth 80-mer fragment could be used in excess to amplify the DNA to obtain
amplified DNA having the appropriate extension for stage 2 of the PCR reaction.
In this instance, the extension would be 240 nucleotides (4 X 60) added to the 5'
end of pb1. Alternatively, one could simply use a primer including pbcommon2d in
a subsequent amplification step to obtain amplified DNA having the appropriate
extension.

All of the steps described above could be accomplished in a single PCR
reaction by placing all of the primers in the Stage 2 reaction vesse! simultaneously.

One could vary the length of the extension for a particular vessel by varying
the lengths of the fragments used in each step (vary from the 80-mer discussed
above). One could also vary the size of the pbcommon regions. (As one
decreases the size of the overlap of pbcommon regions, more of the nucleotides in
a given fragment will contribute to the extension.) As an example, if one is using
Table 5 above to encode T in the fourth private position, in stage 2 of the PCR
reaction, one must add a 256 nucleotide extension to the 5' end of pb1 from the
first stage PCR reaction. Using nested PCR, one could employ four primer
fragments for four steps of the stage 2 PCR reaction as discussed above as
follows: (1) an 81-mer that includes at its 3' end 20 nucleotides that are

complementary to pbcommon1 and includes a new 15 nucleotide pbcommon2a at
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its 5" end (which adds 61 nucleotides); (2) an 80-mer that includes at its 3'end 15
nucieotides that are complementary to pbcommon2a and includes a new 15
nucleotide ppcommon2b at its 5' end (which adds 65 nucleotides); (3) an 80-mer
that includes at its 3' end 15 nucleotides that are complementary to pbcommon2b
and includes a new 15 nucleotide ppcommon2c at its 5' end (which adds 65
nucleotides); and (4) an 80-mer that includes at its 3'end 15 nucleotides that are
complementary to ppcommon2c and includes a new 15 nucleotide pbcommon2d at
its 5' end (which adds 65 nucleotides). Thus, after stage 2 of the PCR reaction is
complete, the appropriate target sequences with T at private position 4 will include
the 256 nucleotide extension

at the 5' end of pb 1.

Yet another alternative approach is to encode a rare restriction site in the
pbcommon1 region of the pb1 primers (a restriction site that does not occur in the
target gene, if this information is known). Also, one can accomplish selective
cleaving, which avoids cleaving restriction sites within the target gene. (See
Padgett and Sorge, “Creating Seamless Junction Independent of Restriction Sites
in PCR Cloning,” Gene, 168:31-35 (1996). The first stage PCR products are mixed
and then cleaved with the restriction enzyme that cleaves pbcommon1 to create an
overhang in ppbcommon1. (Since a portion of pbcommon1 will be deleted in this
cleavage step, one may use a pbcommon{ that is significantly shorter than 20
nucleotides in length.) The DNA is distributed to 64 vessels and then ligated with
double stranded DNA fragments of the desired length (PCR pro'ducts, restriction
fragments, or annealed oligonucleotides) having a compatible restriction overhang
with the overhang created by the cleavage in ppbcommon1. Such double stranded
fragments are designed to encode pbcommon?2 at the end of the molecule opposite
from the compatible restriction overhang. The ligated products are amplified with
appropriate pa2 and pbcommon2 primers pairs.

Still another alternative method is to mix the first stage amplification
products or preamplified target material and ligate them to a blunt end cloning site
in a plasmid such as a PCR Script™ following procedures recommended by the
manufacturer (Stratagene). The ligated DNA is then distributed into 64 different
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vessels along with pa2 and pb2 primer sets. (More vessels (for example, 256) can
be used for encoding longer stretches of private nucleotides.) Such pb2 primers
are designed to prime at appropriate distances from the cloning site of the PCR
Script™ plasmid'to yield the desired size restriction fragments. In other words,
rather than using adaptors or common regions on the preamplified target material
or amplification products that primers recognize, one uses primers that recognize
sites on the plasmid that are specific different distances from the preamplified
target material or amplification products. Thus, one can obtain specific different
length amplification products based on the particular location on the plasmid where
the particular pb primers commence priming synthesis. The pb primers encode the
particular private nucleotides by amplifying particular lengths of the plasmid that
correspond to particular private nucieotides. This procedure is used in the
procedure directly above in lieu of pbcommon1 cleavage.

In this example, position 5 of the private sequence is encoded by use of four
independently distinguishable fluorescent tags on the 5' ends of the pb2 primers.
Each different tag corresponds with private nucleotide 5. For example, pa2
primers that read A at position 5 are placed in vessels with a rhodamine labeled
pb2 primer. Vessels having pa2 primers that read C at position 5 will also include
pb2 primers tagged with fluorescein. The vessels having pa2 primers that read T
at position 5 and G at position 5 will likewise each inciude a unigue fluorescent tag
on the &' ends of the pb2 primers to encode the T or G. Each different base at
position 5 corresponds with a different color tagged pb2 primer.

The second stage PCR reactions are now run to completion. Upon
completion, the vessels for which private nucleotide 6 are identical are pooled so
that there will be four separate vessels, one for each possible nucleotide at position
6. One is aware of the sixth private nucleotide in each Stage 2 reaction vessel in
view of the particular pa2 primer used in the Stage 2 reaction vessel. [n these
pools, private nucleotides 1 through 4 will be encoded by the number of
nucleotides between the private/region B junction and the 5' fluorescent tag.

Private nucleotide 5 will be encoded by the color of the fluorescent tag, and private
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nucleotide 6 will be encoded by the particular vessel containing the pooled
material.

Private nucleotide 7 is encoded during stage 3 of the encoding phase. In
stage 3, the DNA in each of the four vessels (one vessel for each possible
nucleotide at position 6) is cleaved with a type IIS restriction enzyme that cleaves
between private nucleotides 7 and 8 in the fluorescently tagged strand. (In
general, one chooses an enzyme that has a recognition site in the adaptor
(independent of the private sequence) and that cleaves in the private sequence
such that it removes the number of private nucleotides already encoded in addition
to the one (or more) private nucleotide to be encoded by the primer extension
step.) The recognition sequence for such type IS enzyme is in the public Region
A and the complementary sequence to Region A (pa primer sequence), yet the
cleavage site is 7 nucleotides into the private region. The site should not occur
anywhere else in the private region or in the pb regions or such other sites should
be protected (see Padgett and Sorge, “Creating Seamless Junction Independent of
Restriction Sites in PCR Cloning,” Gene, 168:31-35 (1996); and McClelland et al.,
"Effect of site-specific modification on restriction endonucleases and DNA
modification methyltransferases” Nucleic Acids Res. 22:3640-3659 (1994), which
describes the use of methyiation to protect DNA containing restriction sites from
cleavage)).

For example, an enzyme such as RleA |, which has the recognition site
CCCACA(12/9), could be included in the Region A; Vesely, Z.. A. Muller, G.G.
Schmitz, K. Kaluza, M. Jarsch and C. Kessler “Rle Al: a novel class-lIS restriction
endonuclease from Rhizobium leguminosarum recognizing

5'-CCCACA(N)-3’

3-GGGTGT(N),-5' (1990) Gene 95:129.
R. leguminosarum is available from the American Type Culture Collection (culture
numbers 10004 and 10313), the National Collections of industrial and Marine
Bacterial (culture number 11478) and Deutsche Sammiung von Mikroorganismen
und Zelijjulturen GmbH (culture number DSM301132). (The designation (12/9)

indicates that the enzyme cleaves 12 nucieotides from the recognition sequence
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CCCACA on one strand and 9 nucleotides from the complementary sequence
GGGTGT on the other strand.) Other such type I1S enzymes are available. See,
e.g., Szybalski et al., "Class-IIS restriction enzymes - a review" (1991) Gene 100;
13-26.

After cleavage with such a type IS restriction enzyme, private nucleotides 1
to 7 will have been cut away from the DNA strand having the fluorescent tag on its
S'end. See Figure 12. In this embodiment, the type IS enzyme used leaves a 3'
overhang. In other words, the enzyme cleaves between private nucleotides 7 and
8 of the strand with the fluorescent tag and between nucleotides 10 and 11 on the
complementary strand. Such a fluorescently labeled fragment will not prime DNA
synthesis when hybridized to its cleaved complementary strand because there is a
3' overhang.

Such DNA can then be denatured and, in preferred embodiments, the
complementary strands are removed or selectively digested such that only
fluorescenated strands are present (this separation or removal is discussed in
more detail below). The fluorescenated strands are then added to target nucleic
acids and annealed. The fluorescently labeled strands will hybridize to
complementary target nucleic acids that include the nucleotide corresponding to
private nucleotide 7 overhanging the 3' end of the flourescenated strand. Thus, if
primer extension is initiated, the first nucleotide added to the 3' end of the
fluorescenated strand will be nucleotide 7.

To encode nucleotide 7, each of the 4 vessels (corresponding to private
position 6) are split into 4 different vessels for 4 different primer extension reactions
in which a different biotinylated (or similarly ligand tagged) dideoxy nucleotide
triphosphate is present. (Other possible ligands will be known to those skilled in
the art and examples are discussed below.) Thus there will be four sets of four
reaction vessels. Each set of four will represent a different private nucleotide 6,
and the four vessels within each set will each contain a different biotinylated
dideoxy nucleotide that will encode a different private nucleotide 7.

For the primer extension reactions according to certain embodiments, DNA

exo” polymerase and appropriate primer extension buffer are added to each vessel
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and a primer extension reaction is run to completion. Biotinylated dideoxy
nucleotide will be added to the 3' ends of the fluorescenated strands provided that
the particular dideoxy nucleotide contained in the particular reaction vessel is
complementary'to private nucleotide 7 in the test DNA. Thus, only those templates
bearing a private nucleotide 7 complementary to the particular dideoxy nucleotide
in the reaction vessel will cause the fluorescenated strand to become biotinylated.

Exo” polymerase may be employed since some other polymerases may
have exonuclease activity that feasibly could remove nucleotides at the 3' end of
the fluorescenated strand. Such removal could introduce errors, since the first
nucleotide added in the primer extension reaction is supposed to correspond to
private position 7. If private nucleotide 8 at the 3' end of the fluorescenated strand
has been removed, however, the first nucieotide added in the primer extension will
correspond to private nucleotide 8. Any way to assure that only private nucleotide
7 is encoded in this primer extension procedure is envisioned by the invention.

As discussed above, in certain embodiments, it is desirable to prevent
hybridization of the single stranded fluorescently labeled DNA to its complementary
strand prior to mixture with the test sample. There are many ways to achieve this
goal. For example, one can use an enzyme such as lambda exonuclease, which
will digest the non-labeled complementary strand, starting at its 5' phosphate, but
will not digest the fluorescenated strand, because the fluorescent molecule
protects that strand from digestion. Other methods of separation may be
employed. For instance, one could use some form of affinity binding specific to the
complementary strand, which does not bind to the fluorescenated strand to
separate the complementary strand from the fluorescenated strand. One could
alternatively employ physical separation based on a property of the complementary
strands that is not shared by the fluorescenated strands. For instance, size
separation on a gel may be employed. One skilled in the art will be capable of
employing many different types of procedures to achieve this goal, and the
invention is not limited to any particular procedure.

The first 7 nucleotides of each different DNA fragment to be sequenced are

now encoded by the tags attached to the fragment. All of the different encoded 7
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base DNA fragments (7-mers) (which can run into the hundreds, thousands or
even more) can now be simuitaneously decoded on a single gel in order to reveal
multiple overlapping 7-mer sequences of the original DNA sample, that, when
pieced together, will give a DNA sequence of the original target DNA sample,
including mutations or variations contained therein.

To commence decoding in certain preferred embodiments, the biotinylated
DNA strands in each of the 16 reaction vessels are separated from the annealed
test DNA fragments. One skilled in the art will be able to accomplish this. For
example, one could raise the temperature to obtain single stranded material. The
sihgle stranded biotinylated strands are then absorbed to streptavidin on a solid
support and washed. Alternatively, biotinylated double stranded DNA strands are
absorbed to streptavidin on a solid support and the complementary,
nonbiotinylated strand can be removed, for example, by treatment with alkali. The
absorbed strands are then cleaved with the restriction enzyme that digests at the
private region/public pb region junction. The restriction enzyme recognition site
can be included in the pb1 3' end region that is common to all strands (the region
complementary to public Region B). For example, one could employ a restriction
endonuclease that cleaves single stranded DNA. See, e.g., New England Biolabs
1995 Catalog at page 212. An alternative example is to add a single stranded
fragment complementary to the pb1 3' end region that is common to all strands (ali
or a portion of public Region B). Adding such fragments will resuit in double
stranded fragments at the restriction enzyme recognition site and cleavage can
then proceed.

In certain embodiments, one need not separate the biotinylated strand from
the annealed test DNA fragments. In such embodiments, the restriction site will
already be double stranded in view of the complementary target strand. If the
target DNA includes fragments that may not include a complementary strand that
extends to the restriction site in the public Region B, one can add a single stranded
fragment complementary to the pb1 3' end region that is common to all biotinylated
strands (all or a portion of public Region B) as discussed above.

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_|_>



WO 99/18240 PCT/US98/20874

74

The cleaved DNA is then electrophoresed in 16 separate lanes, one per
vessel, in a manner that separates the DNA on the basis of size such that single
nucleotide differences are able to be accurately ascertained. Techniques for
achieving this are well known in the art. The size of the bands can then be
decoded to reveal private nucleotides 1 to 4, the color of the bands represents
private nucleotide 5, and the particular lane on the gel reveals private nucleotides 6
and 7. Tags showing up in a particular lane will all have a known combination of
private nucleotides 6 and 7, because any strands from each particular vessel that
are absorbed by streptavidin must have a known particular combination of
nucleotides at positions 6 and 7. One knows position 6 in view of the prior physical
pooling separation step (one knows that only amplified strands with a known
nucleotide at position 6 are in each particular vessel). One knows position 7 for
each vessel, since only strands with a given nucleotide at position 7 will be
biotinylated, and only such strands will have been captured by the streptavidin.

Thus, if vessel 1 contained only amplified strands with nucleotide A at
position 6 and contained biotinylated nucleotide A at position 7, if tag from vessel 1
shows up in column 1, one knows that the 7-mer that had been encoded includes
A A at positions 6 and 7. Similarly, if vessel 2 contained only amplified strands with
nucleotide A at position 6 and contained biotinylated nucleotide T at position 7 - if
tag from vessel 2 shows up in column 2, one knows that the 7-mer that had been
encoded includes A T at positions 6 and 7.

Thus, in combination with the information encoded for private nucleotides 1
to 5 as discussed above, the 16 lanes on a typical DNA sequencing gel will reveal
essentially all of the 7-mers in a given target DNA fragment. This provides
information on the 47 (16,384) possible sequences of the 7-mers.

One can then compile all of the information conceming the 7-mers to
deduce the entire sequence that is sought. Assembly of such information is known
to those skilled in the art. For example, one can employ the methods discussed in
Lipshutz, "Likelihood DNA Sequencing by DNA Hybridization," J. Biomolecular
Struct. and Dynamics, 11(3):637-653 (1993) and in Lysob et al., "DNA Sequencing
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by Contiguous Stacking Hybridization on Modified Oligonucleotide Matrices,”
Molecular Biology, 29:62-66 (1995).

Depending on the size of the DNA being sequenced, one may want to
encode more than 7 nucleotides of each fragment. By increasing the number of
nucleotides encoded, one decreases the possibility of not identifying repeat
sequences located at different positions in the sequence sought or in an expressed
genome being analyzed. For instance, if an unknown sequence has a stretch of 10
identical nucleotides and only 7-mers are being encoded, one typically will have
difficulty detecting the presence of the interior identical nucleotides. The first six
and last six identical nucleotides may be detected since they will include overlap
with other nucleotides. If one encoded, e.g., 18 nucleotides, however, such
stretches could be accurately detected. Thus, certain preferred embodiments
encode any number of nucleotides. In certain preferred embodiments, that number
is between 7 and 20. Of course, the complexity of the encoding is increased with
each additional nucleotide encoded.

According to certain embodiments, one may also be able to assess whether
there are repeat sequences by correlating the size of a band on the gel with the
number of 7-mer stretches of the same nucleotides.

Example 3
A Method for Detecting Mutations, Including Substitutions,
Deletions, and Insertions in a Target Gene Using
DNA Amplification Techniques and Uniquely Identifiable Tags

The DNA sequencing method described above in Example 2 can be
adapted to kits so that end-users can rapidly detect mutations, including
substitutions, deletions, and insertions in a target gene. Such a test would be
valuable in examining genes where any one of hundreds of possible mutations can
cause a disease. For example, certain cancer-related gene mutations are known
to occur at many possible locations in the respective genes. For another example,
cystic fibrosis is also associated with a multitude of potential mutations.

In this embodiment of the invention, probe DNA can be prepared as
described above in Example 2. The source of the probe DNA is a known wild type
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gene that does not contain any mutations, including substitutions, deletions, or
insertions. Known flanking DNA is added on both ends of the wild type gene prior
to the initial shearing step discussed above in Example 2. The procedures of
Example 2 are then carried using combinatorial PCR in batch up through the
cleavage using a type |IS restriction enzyme and subsequent denaturing at the
beginning of Stage 3.

The probes will thus be provided in 4 different containers and will comprise
the single stranded fluorescenated strand in which the length between the private
region/pb region junction and the fluorescent molecule encodes private nucleotides
1 to 4 of each fragment, the color of the fluorescent molecule encodes private
nucleotide 5, and the container encodes private nucleotide 6. The probes will have
been cleaved between private nucleotides 7 and 8, and thus, will have private
nucleotide 8 at their 3' ends. This probe DNA is then placed into kits for transfer to
end-users. The end-user will then only need to run the remainder of the procedure
of Example 2, in which nucleotide 7 is represented by a biotinylated nucleotide,
with test DNA specimen fragments and wild type test DNA fragments in parallel.

The wild type test DNA fragments will be DNA fragments prepared above by
adding to the wild type gene the flanking DNA and then shearing. (The material
used to make the probes that has not been subjected to the combinatorial PCR
reactions.) The wild type test DNA fragments can be provided with the Kkit.

The test DNA specimen fragments will be prepared by the end-user by
adding to both ends of the test gene the same flanking DNA used to create the wild
type probes and wild type test fragments provided in the kit. The end-user will then
shear that test gene using the same protocol used to shear the wild type gene
used to create the wild type probes and the wild type test fragments.

For primer extension of the test DNA fragments, the end-user will split half of
each of the four containers of probes into four different primer extension vessels,
resulting in 16 different vessels. For primer extension of the wild type test DNA
fragments, the end-user will split the other half of each of the four containers of
probes into four different primer extension vessels, resulting in another 16 different

vessels. In parallel for the wild type test DNA fragments and the test DNA
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fragments, following the procedures in Example 2, the end-user will then carry out
the primer extension reactions, bind the products to streptavidin beads (if the
affinity agent was biotin, if not, then the products are bound to the appropriate
binding agent), wash, release the fragments with a releasing agent such as a
restriction enzyme, and analyze the tag population, for example by loading the
released DNA fragments on an electrophoresis gel. Comparison of the tag signals
will then reveal mutations, including substitutions, insertions, and deletions in the
test DNA.

One only needs to perform the last primer extension step, since only the
seventh position of each 7-mer private sequence will need to be determined from
the test sample for the comparison between the wild type fragments and the test
fragments. The wild type sequence will be completely encoded by the prepared
probes and the last primer extension step. Thus, the parallel reaction using wild
type DNA will provide the 7-mer sequences in the wild type gene corresponding to
the test gene being assessed. Since the collection of 7-mer fragments should
include random overlapping of each nucleotide of the entire wild type gene, within
the collection of 7-mer sequences, each nucleotide of the entire wild type gene
should be represented at a private position 7 of at least one of the fragments.

In other words, the first 7-mer sequence containing the first nucleotide of the
wild type sequence would include known flanking DNA at positions 1 to 6, and the
first wild type nucleotide would be at position 7. The next 7-mer sequence would
include known flanking DNA at positions 1 to 5, the first wild type nucleotide at
position 6, and the second wild type nucleotide at position 7. The next 7-mer
sequence would include known flanking DNA at positions 1 to 4, the first wild type
nucleotide at position 5, the second wild type nucleotide at position 6, and the third
wild type nucleotide at position 7. This would continue up to the last 7-mer
sequence, which contains only wild type DNA without known flanking DNA, such
that the last nucleotide of the wild type gene is contained at position 7. (There
would be other 7-mer sequences that begin with wild type nucleotides at positions
1 up to 6, and the rest would be known flanking DNA. Those 7-mers allow one to
locate the terminus of the wild type gene.)
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Since at least one 7-mer sequence will include each consecutive nucleotide
of the wild type sequence at position 7, differences between the wild type 7-mer
results and the test sample 7-mer results can highlight differences between the
entire wild type gene sequence and the entire sequence of the test sample DNA.

Since all of the n-mers (7-mers in the above exampte) in the test sample and
the wild type sample will be seen, there will be substantial redundancy in the
information, providing significant confirmation of results.

This method provides a powerful liquid phase process for detecting
mutations, including substitutions, deletions, insertions, and normal sequence in a
target gene. This test could be used to examine genes where any one of hundreds
of possible mutations can cause disease.

In these embodiments of the invention, the issue of repeat sequences found
at different positions in the gene is easily addressed. One will already know the
sequence of the wild type gene being compared to the test DNA. Thus, one will be
aware of such repeat sequences in the wild type gene. If one detects in the test
DNA fragments a change from one of wild type repeat sequences, the actual
location of the change can be ascertained by separately sequencing individual
nucleotides in each of the locations known to correspond to the wild type repeat
sequences. The kit could include restriction enzymes known to cut the wild type
DNA in regions containing the repeat sequences. It is possible that another
mutation could have changed the restriction enzyme recognition sites in the
specimen DNA. One skilled in the art, however, would know how to use alternate
restriction enzymes to obtain suitable fragments.

Example 4
A Method for Monitoring the Levels of mMRNA Using DNA

Amplification Techniques and Uniquely Identifiable Tags

Another application for the invention described in this application is to
monitor the relative expression levels of a large population of mRNA molecules.
Information with respect to relative mRNA levels can be very valuable for

assessing physiologic or disease states.
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In order to prepare probes from a reference mRNA population, a nucleic
acid population is placed between adaptor regions A and B as described in
Example 2. For these embodiments of the invention, however, the nucleic acid
population comés from cDNA prepared from the target mMRNA population to be
measured; the cDNA population is normalized using techniques such as SAS (U.s.
Patent Application Serial Nos. 60/033175, filed December 13, 1996, 08/775,993,
filed January 3, 1997, 08/779,355, filed January 6, 1997, and a CIP application of
the 08/775,993 and 08/779,355 applications, which was filed on September 26,
1897) or suppression subtractive PCR. See, for example, Diatchenko et al.,
"Suppression subtractive hybridization: A method for generating differentially
regulated or tissue-specific cDNA probes and libraries," PNAS 93:6025-30 (June
1996); U.S. Patent No. 5,565,340. Additionally, instead of shearing the DNA, the
cDNA is cleaved with a restriction enzyme prior to placement between public
regions A and B. The recognition sequence of the restriction enzyme provides
information about the target mRNA nucleic acid sequence at or immediately
preceding the private region sequence between regions A and B. The
combinatorial sequencing techniques, such as those described previously, are then
used to provide additional sequence information. Ultimately, the information
acquired by the combinatorial sequencing techniques is added to the information
acquired from the recognition sequence of the restriction enzyme, and the specific
cDNAs (and thus, the specific mMRNAs) present in the standard or test population
are identified.

In addition to identifying the presence of the specific cDNAs (and thus, the
specific mRNAs) in the target population, the invention can provide the relative
concentrations of each by the relative intensity of the fluorescent bands on the
decoding gel. This can be achieved if the fluorescently labeled probes are in
relatively equal concentrations prior to hybridization with the target as discussed
below or if the intensity of the bands is compared directly to the intensity of bands
created with a control mRNA sample.
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According to these embodiments of the invention, it is possible to create
pre-prepared kits for use by the end-users, and the kits can contain ali of the
probes necessary to detect mRNA levels from a single person or cell source.

The probes for monitoring the expression of mRNA levels can be created in
many ways. One specific example is given in order to illustrate one possible
embodiment of this invention, and this embodiment in no way limits the scope of
the invention.

To create probes from a reference mRNA population, double-stranded
cDNA is created from the reference mRNA population. The first strand of cDNA
synthesis is primed with oligo-dT primers or with random primers. The cDNA is
then digested with a restriction enzyme that cleaves frequently, such as a
restriction enzyme with a four-nucleotide recognition sequence such as the
enzyme Mbo I. Such enzymes cleave DNA approximately every 256 nucleotides.
Adaptor regions A and B are designed to have Mbo1 compatible overhangs such
that the region A and region B are added to the correct strand. This can be
accomplished according to certain embodiments by ligation. In certain
embodiments, the adaptors typically comprise two oligonucleotides which are
annealed at regions of complementarity. The following is but one example of how
ligation can be accomplished. To create each adaptor, equal molar amounts of the
two oligonucleotides are combined, heated, and slowly cooled to a temperature at
which the oligonucleotides specifically anneal. Adaptors having different
nucleotide sequences are ligated simultaneously in equal molar amounts to the
fragments. The ratio of picomole ends of adaptors to fragments can be varied to
increase the ligation efficiency and is typically at least 3:1 (adaptors:fragments).
Adaptors and fragments are combined and incubated in 1x ligase buffer (1x ligase
buffer is 50 mM tris-HC! [pH 7.5], 7 mM MgCl,, 1 mM dithiothreitol [DTT]and 1 mM
rATP) with 2 units of T4 DNA Ligase (Stratagene; La Jolla, CA) at a temperature
which favors annealing of the adaptor oligonucleotides and enzymatic activity and
for a sufficient amount of time for ligation to occur.

Primers pa are designed with a rare type IS restriction enzyme recognition

site situated so that it will cleave near the region A/private region junction, eight
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nucleotides away from the Mbo | site in the private DNA (between private
nucleotides 12 and 13 with respect to the Mbo | site at private nucleotides 1 to 4).
Primers pb are designed to place a restriction cleavage site at the private
region/region B junction (which could be the Mbo I site itself in this example).

In addition, in the first stage of combinatorial PCR, the primers pa are
designed with the knowledge that the first four nucleotides of the private sequence
will be GATC for all molecules, corresponding to the Mbo | site used to prepare the
cDNA for ligation to adaptor regions A and B. Thus, the pai primers will each
include the complementary CTAG in the region immediately preceding the
nucleotides that will read private positions 5 and 6. And, the pa2 primers will
include the complementary CTAG immediately preceding the degenerate positions
corresponding to private positions 5 and 6, which are followed by particular
nucleotides that read private positions 7 and 8. Both the first and second stages of
combinatorial PCR may be carried out using 16 vessels (one vessel for each of the
16 different dinucleotide combinations at private positions 5 and 6 in the first stage,
and one vessel for each of the 16 different dinucleotide combinations at private
positions 7 and 8 in the second stage), and the information for private positions 5
to 8 is encoded in primers pb as 256 different lengths, similar to private regions 1-4
described in the DNA sequencing discussed in Example 2 above.

After mixing the second stage vessels, the third stage is carried out using 64
different vessels. The pa3 primers are designed with a sequence of 5'-
PaNNNNXXX-3', where N is an equal mixture of A, C, G, and T, and each X is only
one of A, C, G, and T such that each of the 64 different tubes has a different
permutation of the XXX triplet. (The pa portion of the primer will include CTAG
(corresponding to the GATC Mbo | site) immediately preceding NNNNXXX.) The
pb3 primers are 5' tagged with a fluorescent molecule, such that the color
corresponds with the identity of private nucleotide 11 (corresponding to the X at the
3' end of the pa3 primers).

After the third stage combinatorial PCR reactions have run to completion,
the 64 reaction vessels are pooled into 16 separate vessels such that each of the

16 vessels contains a different dinucleotide combination of private nucleotides 9
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and 10. (Positions 9 and 10 of each of the 64 reaction vessels will be known in
view of the particular pa3 primers used in the reaction vessel.) Each pool (vessel)
contains DNA having identical private nucleotide positions 9 and 10, and contains
four different fluorescent tags corresponding to each possible private nucleotide
11. One then cleaves the DNA in the 16 vessels at the type IIS restriction site
encoded in pa such that private nucleotides 1 to 12 are cleaved from the
fluorescently labeled strand and a 3' overhang on that strand is produced.
(Restriction enzymes Bpm |, Bsg |, or Eco57 | can accomplish this. Those three
enzymes are commercially available from the 1997 New England Biolabs (Beverly,
MA) catalog.) (See Padgett and Sorge, “Creating Seamless Junction independent
of Restriction Sites in PCR Cloning,” Gene, 168:31-35 (1996), and U.S. Patent
Application Serial Nos. 60/033175, filed December 13, 1996, 08/775,993, filed
January 3, 1997, 08/779,355, filed January 6, 1997, and a CIP application of the
08/775,993 and 08/779,355 applications, which was filed on September 26, 1997).
The DNA of these vessels is then denatured to create single stranded DNA and the
DNA strand complementary to the fluorescently labeled strand is digested or
otherwise removed or separated from the fluorescently labeled strand as discussed
in Example 2.

These fluorescently labeled strands can then be used as probes to identify
target cDNA or mRNA. These probes can be included in pre-prepared kits for end-
users.

Specifically, the 5' fluorescently labeled strands are used to hybridize with
target mRNA or cDNA added by the end-user. Thus, for example, the end-user
adds the target sample of mRNA or cDNA to 64 different vessels so that 64 primer
extension reactions can be carried out using the 16 probe pools split into 4
subpools. Each of the 16 probe pools are divided into 4 subpools such that each of
the four includes one of biotinylated (or other ligand) ddATP, ddCTP, ddGTP, or
ddTTP for primer extension reactions. If mRNA is used as the template, then
reverse transcriptase would be used to incorporate the dideoxy nucleotides.

These 64 different primer extension products are then bound to a

streptavidin (or other affinity) solid support, washed, and then cleaved with Mbo 1 at
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the restriction site at the private region/pb region junction. The 64 different
samples are then electrophoresed in 64 separate lanes. These 64 lanes will
contain the sequence of private nucleotides 1 to 12 for all mRNAs in the target
population. Specifically, private nucleotides 1 to 4 are known by virtue of the
restriction enzyme Mbo |; private nucleotides 5 to 8 are known by decoding the
length of the fragment on the gel; private nucleotides 9, 10, and 12 are known by
decoding the lane in which the band is found (each of the 64 lanes corresponds to
each possible combination of nucleotides at private positions 9, 10, and 12 4°
possible combinations)); and private nucleotide 11 is known by decoding the color
of the fluorescent band.

In addition, provided that the fluorescently labeled probes are in relatively
equal concentrations prior to the hybridization with the target, the intensity of the
bands will reflect the relative abundance of each mRNA species. Thus 64 lanes on
an electrophoretic gel will reveal the identity and relative concentrations, with
respect to a reference mRNA population, of all or most mRNAs of a test sample.

If needed, private nucleotides 1 to 13 of all mMRNAs could be obtained using
the same methods by using 256 primer extension vessels and 256 gel lanes. (The
256 different lanes would decode private nucleotides 9, 10, 12, and 13.) This
would provide as many private nucleotides as the SAGE technique (Velculescu, V.,
Zhang L., Vogelstein, B., and Kinzler, K.W. Science 270: 484-487, 1995), yet
would provide such information on many more mRNAs with less effort on the part
of the end user.

If private nucleotides 1 to 14 were desired, one could cleave the starting
cDNA with a restriction enzyme that recognizes 5 nucleotides, ligate A adaptors,
cleave with a different enzyme that recognizes different nucleotides, such as one
that recognizes 4 nucleotides, to shorten the average fragment length, and then

ligate B adaptors. In this way, private nucleotides 1 to 5 will be defined by the 5-
nucleotide restriction site.
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Example 5
Testing of Conditions for Primer:Template Pairing
A. Preparation of Circular Templates Having Public and Private Reqgions

Seven circular templates having public and private regions were constructed
for use in optimizing priming conditions. Those circular templates were prepared
by annealing and inserting seven pairs of oligonucleotides into a circular plasmid
vector (Figure 13). Each pair of annealed oligonucleotides comprised a public
region of 21 identical nucleotides (A region) and a private region of 8 to 32
nucleotides (Table 6).

TABLE 6
Nucleotide Sequence of Oligonucleotides Used to Prepare Circular Plasmids

Having Public and Private Domains

Template Nucleotide Sequence of Oligonucleotides SEQ ID NO.:
Public Region Private Region
1 5/ -C TGC AGG TCA GCC TAA CGT CA AA AAG CTT-3'

3’ -G ACG TCC AGT CGG ATT GCA GT TIT TTC GAA-5'

2 5'-C TGC AGG TCA GCC TAA CGT CA AC TCA AGC TT-3'

3'-G ACG TCC AGT CGG ATT GCA GT TG AGT TCG AA-5'

3 5'-C TGC AGG TCA GCC TAA CGT CA AG TCG AAA GCT T-3'

3/ -G ACG TCC AGT CGG ATT GCA GT IC AGC TTT CGA A-5’

4 §/'-C TGC AGG TCA GCC TAA CGT CA AT TCG ACA AAG CTT-3'

3/ -G ACG TCC AGT CGG ATT GCA GT TA AGC TGT TTC GAA-5’

5 5/-C TGC AGG TCA GCC TAA CGT CA CA TCG ACA AGA AGC TT-3'

3/ -G ACG TCC AGT CGG ATT GCA GT GT AGC TGT TCT TCG AA-5’

13 5’ -C TGC AGG TCA GCC TAA CGT CA TA TCG ACA AGG TCT GAG TCA GTT CTG AAG CTT-3’

3'-G ACG TCC AGT CGG ATT GCA GT AT AGC TGT TCC AGA CTC AGT CAA GAC TTC GAA-5'

16 §¢-C TGC AGG TCA GCC TAA CGT CA TIT TCG ACA AGG TCT GAG TCA GTT CTG AGC AGT AAG CTT-3'

37-G ACG TCC AGT CGG ATT GCA GT AA AGC TGT TCC AGA CTC AGT CAA GAC TCG TCA TTC GAA-5'
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In these constructs, the public region (having a pa primer binding site) is
followed by a private region. The first two nuclectides in the private region
adjacent to the public region are unique (underlined) and represent seven of the
sixteen possiblé dinucleotides. The remaining six to thirty nucleotides of the
private region are unique and are used to identify the templates by the length of
the PCR products amplified when using the templates in later examples. Region
B, having a priming site for the ppcommon1 primer, is from base pair position 1048
to 1079 of the pCR Script plasmid and therefore is 339 bases in length.

Only 7 of the possible 16 circular templates were selected for the initial
studies based upon previous studies indicating that the presence of a T at the 3'
end of a primer provided efficient amplification of a given DNA template
irrespective of the corresponding nucleotide in the template. Kwok, S., D.E.
Kellogg, N. McKinney, D. Spasic, L. Goda, C. Levenson and J.J. Sninsky “Effects
of primer-template mismatches on the polymerase chain reaction: Human
immunodeficiency virus type 1 model studies” (1990) Nucleic Acids Res. 18:999.
The seven templates represent the dinucleotides TT, TG, TC, TA, GT, AT and AA
in the template strand at the first two nucleotides of the private region (Table 6).
The use of template 1 is described in this Example. The use of templates 2-6, 13
and 16 are described Example 6.

To prepare the circular templates, the complementary oligonucleotides were
annealed and inserted into circular plasmid vector, pCR-Script™ (Stratagene: La
Jolla, CA — cat#211188, GenBank Accession #U4601 7) at the unique Srf|
restriction site. The oligonucleotides shown in Table 6 were prepared using
standard phosphoroamidite chemistry and an ABI synthesizer. Six micrograms (ug)
of each oligonucleotide were annealed in pairs as shown in Table 6 by combining
the oligonucleotides in 5 millimolar (mM) Tris-Cl and 1mM
ethylenediaminetetraacetic acid (EDTA), pH 7.5; heating at 70°C and slowly
cooling to room temperature. The annealed oligonucleotides were inserted into the
PCR-Script™ Amp SK(+) vector using the manufacturer’s directions. DNA
representing the circular templates was isolated and the nucleotide sequence
determined using Sequenase (U.S. Biochemical; Cleveland, OH). The nucleotide
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sequence confirmed that the circular templates contained a single copy of the
public and private regions in the desired orientation. Thus, circular templates
having pa and pb1 common priming sites and representing seven of the sixteen
possible dinucleotide combinations at the first two nucleotides in the private region
were prepared for use as templates in the following primer specificity experiments.

B. Priming Specificity Experiments

The purpose of these experiments was to optimize conditions for amplifying
a template using primers in which all of the nucleotides of the template and primer
base pair (100% homology) and not amplify a template when using primers in
which one or more of the nucleotides of the template and primer do not base pair
(less than 100% homology). In these experiments, a primer that is 100%
homologous to the template is referred to as a matched primer and a primer that is
less than 100% homologous to the template is referred to as a mismatched primer.
When a primer is mismatched, either the first or second nucleotide or both the first
and second nucleotides of the private region do not base pair with the template.

Sixteen primers which anneal to nucleotides 7-21 of the public region
(region A) and nucleotides 1-2 of the private region (Table 7) were designed and
synthesized as described above. The nucleotide sequence of primers 384 through
399 in nucleotide positions 1-15 are identical. The last two nucleotides of the

primers represent all possible combinations of dinucleotides and are underlined.
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TABLE 7

Nucleotide Sequence of pa Primers
Primer  Nucleotide Sequence (5—3) SEQID NO.:

384 GTC AGC CTAACG TCA AA
385 GTC AGC CTAACG TCAAC
386 GTC AGC CTAACG TCAAG
387 GTC AGC CTAACG TCAAT
388 GTCAGCCTAACGTCACA
389 GTCAGCCTAACGTCACC
380 GTCAGC CTAACGTCACG
391 GTCAGC CTAACGTCACT
392 GTC AGC CTAACG TCAGA
393 GTCAGC CTAACG TCAGC
394 GTCAGCCTAACGTCAGG
395 GTCAGC CTAACG TCAGT
396 GTCAGC CTAACGTCATA
397 GTCAGCCTAACGTCATC
398 GTC AGC CTAACGTCATG
399 GTCAGCCTAACGTCATT

1. Effect of DNA Polymerase on Priming Specificity

This experiment tested the ability of different DNA polymerases to amplify a
template when annealed to matched and mismatched primers. Four sets of
sixteen separate PCR were performed using a template having TT in the variable
region (Template 1 in Table 6), the pbcommon1 primer (SEQ ID NO.: **; 5-
CAGCCGAACGACCGAGCGCAGCGCAGCGAGTCAGTGA-3') and the 16 primers
given in Table 7. Each set of sixteen PCR was performed with one of the following
DNA polymerases: TagPlus® Long PCR System and Pfu DNA polymerases which
have 3 -5 exonuclease activity and Taqg and Exo(-)Pfu DNA polymerases which
do not have 3'=5' exonuclease activity. The cycling conditions were one cycle of
93°C for 3 minutes, 54°C for 3 minutes, and 68°C for 1 minute; thirty cycles of
93°C for 45 seconds, 54°C for 45 seconds, and 68°C for 1 minute; and one cycle
of 68°C for 10 minutes. The expected sizes for the PCR products are between
360 and 384 base pairs. The PCR products were separated according to

molecular weight by agarose gel electrophoresis, stained with ethidium bromide
and visualized by ultraviolet light.
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Results of the DNA polymerase priming specificity experiment are shown in
Table 8. PCR with the matched primer and template resulted in a high amount of
product. Template and primer having a single mismatch were amplified by all DNA
polymerases. The position of the single mismatch (at the first or second nucleotide)
did not effect the resuits. All of the templates with a primer having two mismatches
were amplified by TagPlus® Long PCR System and Pfu DNA polymerases and not
with Exo(-) Pfu DNA polymerase. In general, the use of Exo(-) Pfu DNA
polymerase resulted in less PCR product than the other polymerases tested. All of
the template and primers having single mismatches and some of the PCR having
two mismatches were amplified with Tag DNA polymerase.

TABLE 8

Results of Amplification of a TT template Using Matched and Mismatched
Primers and Different DNA Polymerases

DNA Polymerase
Primer
Sequence at
Primer Nucleotides 1 Taq TaqPlus® Pfu Exo(-)Pfu
and 2 of the
Private Region
Amount of PCR product

384 AA ++ ++ ++ +
385 AC ++ ++ ++ +
386 AG ++ ++ + +
387 AT ++ + ++ +
388 CA ++ ++ + +
389 cC + + + -
390 CG - + + -
391 CT - + + -
302 GA ++ ++ ++ +
393 GC + + +

394 GG - + ++ -
395 GT - + + -
396 TA ++ ++ ++ +
397 TC - + + -
398 TG - + + -
399 TT - + + -

(- is no PCR product, + is PCR product, ++ is a high amount of PCR product)

As expected, the results of this experiment indicate that the absence of

3'+5' exonuclease activity is optimal for priming specificity of matched primers and
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templates according to certain embodiments. DNA polymerases which have 3'—5’
exonuclease activity will remove one or more mismatched nucleotides in the first
two nucleotides of the private region of a mismatched primer and generate a
product. As Taq 7and Exo(-) Pfu DNA polymerase were the most consistent in
specifically priming, they were used in the next experiment.

2. Effect of Annealing Temperature on Priming Specificity

To further define conditions resulting in priming specificity, the effect of a
range of annealing temperatures on the priming of a template by a matched primer
and a primer having a single mismatch was examined. A gradient of annealing
terhperatures in 2°C increments from 54°C to 68°C and Taq and Exo(-) Pfu DNA
polymerases were used. These polymerases were selected by their ability to
selectively amplify using either matched primers or primers having one mismatch in
the previous experiment. For each polymerase, eight PCR reactions were
performed with the matched primer and template (AA in the variable region of the
primer and TT in the variable region of the template) and the ppbcommon1 primer.
In addition, eight reactions were performed with a single mismatched primer and
template (AC in the variable region of the primer and TT in the variable region of
the template) and the pbcommon1 primer. The expected sizes of the PCR
products are between 360 and 384 base pairs. The cycling conditions were the
same as in the first experiment, except that each of the eight reactions was
annealed at a different temperature within the range given above.

The results of the amplification with matched and mismatched primers at a
range of different annealing temperatures are shown in Table 9. In this
experiment, both Taq and Exo(-) Pfu DNA polymerases amplify both templates at
54°C, and Taq does not show an increase in priming specificity at higher annealing
temperatures (Table 9). However, Exo(-) Pfu DNA polymerase amplifies with the
matched primer but not the mismatched primer at 56°C and slightly at 58°C.
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TABLE 9

Results of Amplification Using Matched and Mismatched Primers at Different
Annealing Temperatures with Two Different DNA Polymerases

Amount of PCR product
Annealing
Temperature  Matched Primer AA  Mismatched Primer AC
(°C)
Taq Exo(-)Pfu  Tag Exo(-)Pfu

54 ++ ++ ++ +
56 + + + -
58 - + + -
60 - - - -
62 - - - -
64 - - - -
66 - - - -
68 - - - -

(- is no PCR product, + is a low amount of PCR product,

++ is a high amount of PCR product)

The results of the annealing temperature indicate that higher annealing
temperature increases priming specificity when using Exo(-) Pfu DNA polymerase
and that an increase of more than 2°C reduces the amount of product amplified
with the matched primer. Thus, priming specificity conditions using Exo(-) Pfu DNA
polymerase and annealing temperature 56°C were used in Example 6.

Example 6
Further Testing of Conditions for Primer Pairing

Additional conditions for optimizing the specificity of primer pairing were
tested. Specifically, concentration of dNTP, “Hot Start” techniques, and
“TouchDown" techniques were tested.

“Hot Start” techniques involve delaying the interaction of reaction
components in PCR until specific conditions such as a threshold temperature is
reached. In certain embodiments, such a delay is achieved by separation or
segregation of the polymerase and/or Mg and/or dNTP from the primer and
template until the threshold conditions such as minimum temperature is reached.
See, for example, Erlich et al., “Recent advances in the PCR,” Science, 253:1643-
1651 (1991); Powel, “Protocol Optimization and Reaction Specificity, in PCR
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Essential Data,” edited by Newton C.R., J. Wiley & Sons (1995) pp. 72-77. In
certain embodiments, one can achieve segregation of reaction components by
placing a component or components in wax beads, which melt at the threshold
temperature at which optimal matched priming occurs (priming in which the primer
properly matches the template). See, for example, Newton, “Setting Up a PCR
Laboratory, in PCR Essential Data,” edited by Newton C.R., J. Wiley & Sons (1995)
p. 10.

“TouchDown" techniques involve using higher temperatures for the first
cycles of PCR and gradually reducing the temperature for subsequent cycles. In
certain embodiments, one eventually reaches a minimum constant temperature
that is used for the balance of the cycles that are performed. See, for example,
Vos et al., “AFLP: a new technique for DNA fingerprinting,” Nucl. Acids Res.,
23:4407-4414 (1995); Money et al., “AFLP-based mRNA fingerprinting,” Nucl.
Acids Res., 24:2616-2617 (1996).

Variations in the type and concentration of activating divalent metal ion, the
PH, and the dNTP concentration are known to influence the rate and processivity of
polymerization (efficiency of polymerization) with different polymerases. See, for
example, Erlich et al., “Recent advances in the PCR,” Science, 253:1643-1651
(1991); Cline et al, “PCR fidelity of Pfu DNA polymerase and other thermostable
DNA polymerase,” Nucl. Acids Res., 24:3546-3551 (1996); Liang et al. “An efficient
and optimized PCR method with high fidelity for site-directed mutagenesis,” PCR
Methods and Applications, 4:269-274 (1995); Eckert et al., "High fidelity DNA
synthesis by Taq DNA polymerase,” Nucl. Acids Res., 18:3739-3744 (1990).

High fidelity DNA synthesis by Tagq (Liang et al., PCR Methods and
Applications, 4:269-274 (1995); Eckert et al., Nuc!. Acids Res., 18:3739-3744
(1990)) and Pfu (Cline et al, Nucl. Acids Res., 24:3546-3551 (1996)) DNA
polymerases seem to be stimuiated by low pH (Liang et al., PCR Methods and
Applications, 4:269-274 (1995); Eckert et al., Nucl. Acids Res., 18:3739-3744
(1990)) and low dNTP and Mg?* concentration. Initial experiments with Pfu (Exo-)
showed excellent resuits using 20 mM PIPES pH 6.5 that was used for further
experiments. The actual buffer system was as follows:
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Buffer System:
10x Buffer Composition (1ml) Stocks
200 p! PIPES pH 6.5 0.5M
100 wl Triton X-100 10%
500 pl KCI 1™
20 pi Mg,SO, 1M
100 pl (NH),SO, 1M
66 pl BSA 10 mg/mi
14 pl H,0O

(from the above stocks concentrations)

A set of 16 templates (7 circular and 9 linear) and sixteen 17 nucleotide and
sixteen 24 nucleotide long primers with all possible dinucleotide combinations at 3'
ends were synthesized as a test system. The seven circular templates are
discussed above in Example 5 and are shown in Table 6. The sixteen 17
nucleotide long primers are also discussed in Example 5 and are shown in Table 7.
Nine mutagenesis primers for generating the nine linear templates are shown
below in Table 10. (The mutations are underlined in the sequences in Table 10.
The nine linear templates were generated by PCR using the nine upstream primers
in Table 10 and one universal downstream PCR primer 775 GGC CGATTC ATT
AAT GCA GCT GGC-3' (position 973 in pCR-Script cat#211188, GenBank
Accession #U46017) and template No. 13 from Table 6. The sixteen 24 nucleotide
long primers are shown below in Table 11. All primers were synthesizedon
Expedite 8809 Moss Unit using B-cyanoethyl phosphoamidite chemistries and were
PAGE purified.

Primers 384 through 399 from Table 7 were used with the seven templates
from Table 6 in ANTP titration experiments, which resuited in maximum 85%
increase of priming specificity at a low concentration of 12 yM dNTP (Table 12
below). The conditions used for this experiment were the same as the conditions
shown in Table 13, under the Stratagene, 97 column with the following exceptions:
(1) HotStart beads were not used (1.5 mM Mg was included in the buffer, but
HotStart beads were not used) and (2) the TouchDown protocol was not used (the

PCR conditions were the same as the Stratagene, 97 column of Table 13, except
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that under the "Annealing" section, the "Onset Tm" and "Increment" listings do not
apply (in other words, the linear temperature of 56° C with the linear number of 30
cycles was used directly).

Based on; this result, a set of 5 primers shown to have the highest mismatch
ability (resistance for clearance) were chosen for further experiments. See
Example 7 below. In order to increase further the priming specificity to a complete
clearance of the residual mismatches, a simultaneous “TouchDown” protocol (Vos
et al,, Nucl. Acids Res., 23:4407-4414 (1995); Money et al., Nucl. Acids Res.,
24:2616-2617 (1996)) and Mg “Hot Start” were performed to try to upgrade the
dNTP—cut approach (the dNTP-cut approach involves reducing dNTP
concentration).

For all of the PCR reactions in this example, Pfu (Exo-) polymerase was
used (Lunderberg et al., Gene, 108:1 (1991). The buffer system is described
above. The PCR were performed with RoboCycler Gradient 96 Hot Top Lid
(#400885) in 50 ul reaction volume and 96-well plates and thin-wall tube strips
(#410082/92). The TouchDown programming was performed using RoboCycler
link-programs menu. Magnesium HotBeads #MG150/50, which provided a final
concentration 1.5 mM Mg in 50 pl PCR reaction, were purchased from LUMITEKK
Salt Lake City, Utah 84103. The following pb primer was used: #775 GGC CGA
TTC ATT AAT GCA GCT GGC-3' (position 973 in pCR-Script cat#211188,

GenBank Accession #U46017). The conditions used are set forth below in Table
13.

The result showed that the above three conditions appear to work
synergistically and can exterminate all misprimed polymerization events.
Additionally, the significance of this observation was supported by a similar and
independent result reported in Ault et al., “Type-specific ampilification of viral DNA
using touchdown and hot start PCR,” Journal of Virological Methods, 46:145-156
(1994). See Table 13 for the actual conditions used in the present example and
reported in Ault et al. The conditions used for specific priming (dNTP
concentration, Hot Start, and TouchDown) are called the SYN protocol.
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The efficiency of this protocol was also achieved using the longer 24-mer
primers shown below in Table 11 where the parameters of the TouchDown profile
were changed (Table 13). The linear templates discussed above were also used
to test whether terminal instability (breathing) can affect the system. The
conditions in Table 13 were also used to test this protocol for clearance of
mismatches at the -3 and -4 positions at the 3' end of the PCR primers. For this
experiment, the set of primers in Table 14 were synthesized and used.

The complete set of 16 templates (7 circular and 9 linear) displayed
significant mispriming at permissive conditions (permissive conditions include, for
example, higher dNTP high concentrations, such as about 50uM or higher) and the
mispriming was cleared at restrictive conditions of the SYN protocol (Table 15).
(The SYN protocol here refers to the conditions in Table 13 under the heading
Stratagene, 97 where Mg-delay had a concentration of 1.5 mM.

TABLE 10

PCR mutagenesis primers 9x46mers for generating linear templates:

#9090 CC TGC AGG TCA GCC TAA CGT CA CC TCG ACA AGG TCT GAG TCAGTT C-¥
#910 CC TGC AGG TCA GCC TAA CGT CACG TCG ACA AGG TCT GAG TCAGTT C-3'
#911 CC TGC AGG TCA GCC TAA CGT CA CT TCG ACA AGG TCT GAG TCAGTT C-¥
#912 CC TGC AGG TCA GCC TAA CGT CA GA TCG ACA AGG TCT GAG TCA GTT C-3'
#913 CC TGC AGG TCA GCC TAA CGT CA GC TCG ACA AGG TCT GAG TCAGTT C-3'
#914 CC TGC AGG TCA GCC TAA CGT CA GG TCG ACA AGG TCT GAG TCAGTT C-3'
#915 CC TGC AGG TCA GCC TAA CGT CAGT TCG ACA AGG TCT GAG TCAGTT C-3
#916 CC TGC AGG TCA GCC TAA CGT CATC TCG ACA AGG TCT GAG TCAGTT C-3
#917 CC TGC AGG TCA GCC TAA CGT CA TG TCG ACA AGG TCT GAG TCAGTT C-3'
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TABLE 11

PCR reading primers 16X24mers:

#858 CC CTG CAG GTC AGC CTA ACG TCA AA-3'
#859 CC CTG CAG GTC AGC CTA ACG TCA AC-3'
#860 CC CTG CAG GTC AGC CTA ACG TCA AG-3'
#861 CC CTG CAG GTC AGC CTA ACG TCA AT-3'
#862 CC CTG CAG GTC AGC CTA ACG TCA CA-3'
#863 CC CTG CAG GTC AGC CTAACG TCA CC-3'
#864 CC CTG CAG GTC AGC CTA ACG TCA CG-3'
#865 CC CTG CAG GTC AGC CTAACG TCA CT-3'
#866 CC CTG CAG GTC AGC CTA ACG TCA GA-3'
#867 CC CTG CAG GTC AGC CTA ACG TCA GC-3'
#868 CC CTG CAG GTC AGC CTA ACG TCA GG-3'
#869 CC CTG CAG GTC AGC CTA ACG TCA GT-3'
#870 CC CTG CAG GTC AGC CTA ACG TCA TA-3'
#3871 CC CTG CAG GTC AGC CTA ACG TCA TC-3'
#872 CC CTG CAG GTC AGC CTA ACG TCA IG-3'
#3873 CC CTG CAG GTC AGC CTA ACG TCA TT-3'
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TABLE 12

Table of the residual mispriming without using HotStart Beads and the
TouchDown Protocol.

Primers (#384-399)

(-3'end)
(-AA) 3+ - 3 - 7 -b -
(-AC) - 8+ - 1 : b .
(-AG) - - @) - - - -
AT) - - - @8 - b -
(CA) - - - - @ 3b -
(-CC) - 5 - - - 5 -
(-CG) - - - - - - -
(-CT) - . . - . - ;
(-GA) - 5 - 3 - 8b -
(-GC) - 5 - - - 5b .
(-GG) - 3 5 - - - -
(-GT) - 3 5 3 3 3b -
(-TA) - 3 - - 8 6+ -
(-TC) - - - - - b -
(-TG) - - - - - - -
(T - - - - : : I+

Templates

(-3'-XX-5'-)

(-TT-) (TG  (TC) (-TA-)  (GT-)  (-AT-) (-AA-)

Intensity of the bands expressed by approx. levels up to 8
b - non specific background (usually only two heavier bands)
(+) Perfect match underlined (when absent - @
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TABLE 13

Comparison of two independently achieved SYN protocols.

WNIH, 94 Stratagene, 97
Enzyme Taq (PE Cetus) Pfu (Exo-)
pH TrisHCI 8.3 PIPES 6.5
Volume 100uL 50-100uL
dNTP 20uM 12-15uM
Hot Start dNTP-delay Mg-delay (0.75-1.5mM)
Tag-delay
Touchdown Profile
Melting 94° C/3min 95° C/3min
Annealing:
Onset Tm 67° C (23-24 mers) 65° C (17 mers)
76' C (24 mers)
increment 2° Cleycle 1° Cleycle
Linear Tm
55° C (23-24 mers) 56° C (17mers)
66° C (24
Linear Nr (24mers)
. 25 cycles 30 cycles
Extension
72°C °
Timing 68" C
o n /11
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TABLE 14

Primers for clearance at -4 (-1 and -2) position at the 3' end of the PCR primers:

#937 GTC AGC CTA ACG T TATA-3'

GTAT-% see also template #13
#938 GTC AGC CTA ACG T ICTA-3

GTAT-5' see also template #13
#939 GTC AGC CTA ACG T TACG-3'

GTGC-5' see also template #910
#940 GTC AGC CTA ACG T TCCG-¥

GTGC-5' see also template #910
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TABLE 15
Clearance of mismatches at -4 (-1 and -2) at the 3' end of the PCR primers using the SYN

protocol.

Primer (-3") #939
Template [ -5' -]
Concentration of NTP in uM

50 (-MgHS) 50 (+MgHS) 15(+-MgHS)

-TA

-GTTT- - - .
-GTTG- - - -
-GTTC-  ++ - -
-GTTA-  + - -
-GTGT-  ++ - -
-GTAT- + - .
-GTAA- + - -
-GTGG- ++ - -
-GTGC- -+ + -
-GTGA- +++ - -
-GTCT- + - -
-GTCG- + - -
-GTCC- ++ - -
-GTCA- - - -
-GTAG- - - -
-GTAC- + - -

Mismatches at -4 (3') were studied under 17mer reading primers
in presence of 15uM & 50uM NTP.
+/- Mg Hot start (MgHS)
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Example 7
Varving Conditions for Primer:Template Pairing

In the protocol in Example 6, a buffer with pH 6.5 (PIPES-HCI) was used.

Such a pH may be restrictive for processivity in certain circumstances, since larger
fragments may not be amplified. Thus, a buffer with pH 8.0 (Tris-HCI) was tested,
and other parameters, such as different polymerases, dNTP concentration, and Mg
concentration, were also tested. Specifically, the concentration of [H], [dNTP] and
[Mg] ions were varied with the use of DNA Polymerase Pfu (Exo-), DNA
Polymerase Tagq (Stratagene Catalog #600139), and DNA Polymerase Taq2000
(Stratagene Catalog #600197). The pH 8.0 Tris-HCI buffer was the same as the
buffer described in the sixth paragraph of Example 6 except Tris-HCI pH 8.0 was
substituted for PIPES pH 6.5.

In these tests, we used the conditions in Table 13 above, under the
Stratagene, ‘97 column, except we used one of the three different polymerases, a
pH of 6.5 or 8, a dNTP concentration of 50 yM or 15 uM, and a Mg concentration
of 1.5 mM or 0.75 mM. In these tests, we used six of the pairs of primers and
templates shown in Table 12 above. Specifically, we used five pairs with higher
levels of mispairing and a positive control with the correct pair. We used the
template (-TG-) in the second column of Table 12 in conjunction with the primers
having (-CC) and (-GC) at the -3' end, which pairs each had a value of 5 in Table
12. We also used the template (-GT-) in the fifth column of Table 12 in conjunction
with the primers having (-AA) and (-TA) at the -3' end, which pairs had a value of 7
and 8, respectively, in Table 12. We also used the template (-AT-) in the sixth
column of Table 12 in conjunction with the primer having (-GA) at the -3' end,
which pair had a value of 8b in Table 12, Finally, we used the template (-TT-) in
the first column of Table 12 in conjunction with the primer having (-AA) at the -3’
end, which pair had a value of 3+ in Table 12.

A master mix was prepared for 48 samples, each about 50 yl in volume. In
a tube of 12 ml (Falcon), 3 ml water was mixed with 48 pl of primer #775 and 48 ul
of Pfu(Exo-). The resulting volume of 3096 pl was divided evenly into two
eppendorf tubes, which then each had a volume of 1548 pl. To the first tube, 3 pl
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(25 mM) dNTP was added, and to the second tube 9.2 pl (2.5 mM) dNTP was
added. Thus, the contents of the first tube, after it has been subjected to the
protocol and distributed into the wells as descibed below and in Figure 14, will
have a final conéentration of 50 uM dNTP and the contents of the second tube,
after it has been subjected to the protocol and distributed into the wells as
descibed below and in Figure 14, will have a final concentration of 15 yM dNTP.

The contents of each of the two eppendorf tubes was then divided into four
tubes, two of which had a volume of 258 pl and two of which had a volume of 516
ul. The two tubes having the smaller volume of 258 ul will ultimately be used for 50
] feaction series discussed below and shown in Figure 14, and the two tubes
having the larger volume of 516 ul will ultimately be used for 100 pl reaction series
discussed below and shown in Figure 14. Twenty-five 25 pi Tris-HC! (pH 8) buffer
described above was added to one of the 258 pl volume tubes, and 52 pl the Tris-
HCI (pH 8) buffer was added to one of the 516 pi volume tubes. Twenty-five pl of
the Tris-HCI (pH 8) buffer with Mg (1.5) (not in the form of wax beads) was added
to the other of the 258 pl volume tubes, and 52 pl of the Tris-HCI (pH 8) buffer with
Mg (0.75) (not in the form of wax beads) was added to the other of the 516 ul
volume tubes.

Each of these 283 pl volume tubes and the 567 pl volume tubes were
divided into six volumes of 46 pt and 94 i, respectively, into a labeled 96-well PCR
plate already loaded with the upstream primers (2 ul) and their corresponding
templates (3 pl) as shown in Figure 14, thus creating the 50 pl reaction series (the
50 pl reaction series actually had a volume of 51 l) and the 100 pl reaction series
(the 100 wi reaction series actually had a volume of 99 pl). To the wells that did not
contain Mg in the buffer, 1.5 mM Mg wax beads were added. The Mg wax beads
were Magnesium HotBeads #MG150/50, which provide a final concentration 1.5
mM Mg in 50 pl PCR reaction, which were purchased from LUMITEKK, Salt Lake
City, Utah 84103. Thus, the final concentration of the Mg wax beads for the 50 pi
series reactions shown in Figure 14 was about 1.5 mM, and the final concentration

of the Mg wax beads for the 100 pl series reactions shown in Figure 14 was about
0.75 mM.
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This format of 48 reaction wells was also repeated, with the only exception
that the buffer was changed to the PIPES-HCI (pH 6.5) buffer described above.

This format can be used to optimize conditions by creating sets that inciude
variations in cerfain conditions or parameters or in the primers and templates. For
example, this format was used in Example 8 below with different primers and a
particular template.

Using geometrical vectors, Figure 15 depicts the conditions that were varied
in Part A, and the results of priming specificity are shown in Part B. Specifically,
panel A shows that Touchdown and Mg HotStart were used for all tests, a pH of
6.5 and a pH of 8 were tested, dNTP concentrations of 15 uM and 50 pM were
tested, and Mg concentrations of 0.75 mM and 1.5 mM were tested. Panel B
shows that for Pfu(Exo-) and a dNTP concentration of 15 WM, for the conditions
tested, when the pH was 6.5, the Mg HotStart concentration could be 1.5 mM, and
when the pH was 8, the Mg HotStart concentration of 0.75 mM would work. (When
the pH was 8, the Mg HotStart concentration of 1.5 mM did not work well.) Panel B
also shows that for Tag2000 and a dNTP concentration of 15 KM, for the
conditions tested, only a pH of 8 and Mg HotStart concentration of 0.75 mM
worked well. Panel B also shows that for Tag and a dNTP concentration of 15 uyM,
none of the conditions tested worked well. Use of a dNTP concentration of 50 yM
was too permissive with the conditions tested here.

Favored conditions are evidenced when one observes PCR product (and
thus, amplification) in the wells in which there is correct primer:template pairing
(e.g., Row C of Figure 14), and does not observe PCR product (no amplification} in
rows in which there are mismatches at the 3' end of the primer.

Thus, the easiest way to achieve priming was using Pfu(Exo-). This enzyme
provides flexibility for changing both the pH and Mg concentration without affecting
the final specificity. For example, if one decides to use buffer with pH 8, the
corresponding relevant Mg HostStart concentration is 0.75 mM. If one decides to
use buffer with pH 6.5, the corresponding relevant Mg HotStart concentration is 1.5
mM. Using DNA Polymerase Tagq, we could not achieve 100% priming specificity
at pH 8. Finally, using cloned DNA Polymerase Pfu (Exo+) (Stratagene catalog
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#600153), we did not achieve priming specificity, probably because that
polymerase Is able to remove all mismatched nucleotides at the 3' end of the
primer and therefore extend all types of primers (intact and 3'-degraded).

This experriment shows methods for optimizing conditions for the PCR
reaction used according to certain embodiments of the present invention. The
protocols used here will help one skilled in the art to conduct further screening to
optimize various conditions for appropriate specific priming in various settings.

Example 8
Specific Amplification (or PCR Selection) Via Ligase Anchored Primer Sites

In the previous experiments, the junction of the public and private regions
was not created by ligation. This experiment illustrated PCR selection using a
public region ligated to a private region. Figure 16 is a schematic depiction of the
steps used in this experiment.

In order to generate a private region, the plasmid pBC (SK-) (Stratagene)
was first cut by Nael (Stratagene Catalog #500730, GCC/GGC) and ligated to the
following adaptor designated Ad-A (Adaptor Ad-A is depicted by (++++++++) in
Figure 16):
5'-TGT AAG CGT GAA GAC GAC AGA AAG GGC GTG GTG CGG AGG GCG GT-3°

3'-GCC TCC CGC CA-5!

Next, the linearized pBC(SK-), with the adaptor Ad-A, was cut by EcoRV
(Stratagene Catalog #500500, GAT/ATC) and ligated to the following adaptor Ad-B
(Adaptor Ad-B is depicted by (========) in Figure 16):
5'-CTC TGG CAT CAA CTC GGA CTA TCT CTT CGT CAT CTC ACC AAG-3'

3'-A GTA GAG TGG TTC-5'

Thus, two different public regions were terminally attached to a created
private region with a size of 584 bp (Nael position 131 and EcoRV position 715 in
pBC (SK-)) that resuited in a fragment of total 670 bp. The ligation conditions used
above were typical for blunt end ligation, which included ligation in polyethylene
glycol (PEG) at 16°C overnight. Conditions for ligating can be found in PCR

Technology Current Innovations, Griffin et al., Chapter 16, Ligation and Anchored
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PCR, A. Troutt, CRC Press (1994), which is specifically incorporated herein by
reference.
The ligated mixture was then purified over a QlAgen column (QlAgen) and

preamplified using the following two primers:
5'-TGT AAG CGT GAA GAC GAC RAGA-3' (+++)
5'-CTC TGG CAT CAA CTC GGA CTA-3' (===)

The PCR conditions for this preamplification step were 1 minute at 94°C
denaturation, 6 minutes at 68°C annealing, and 6 minutes at 68°C extension for 25
cycles in 50 pl reaction volume using cloned Pfu DNA Polymerase and buffer
(Stratagene Catalog #200532) with Mg at pH 8.8. The PCR reaction was again
purified over a QlAgen column and 1 pl was taken for the PCR selection
experiment.

The following four primers for selection were synthesized:

3'-GGT GCG GAG GGC GGT GG-5' for selection of Nael private proximity, designated
#378

1'-GGT GCG GAG GGC GGT AT-5' for selection of EcoRV private proximity, designated
#379

31 -CGT CAT CTC ACC AAG GG-5' for selection of Nael private proximity, designated
#380

31-CGT CAT CTC ACC AAG AT-5' for selection of EcCORV private proximity, designated
#381

The primers were grouped into the two couples #378/#381 and #379/#380
for selective PCR using the conditions in Table 13 under the heading Stratagene,
97, with a pH of 6.5 and Mg concentration of 1.5 mM. Only the fragment with size
670 was amplified with the primer couple #378/#381. The primer couple
#379/#380 did not result in PCR amplification product. This experiment showed
selective PCR amplification using a public region that has been ligated to a private
region.

When we conducted this experiment with constructs in which adaptors Ad-A
and Ad-B were simultaneously ligated to the private region, specific amplification
was not achieved. Such simultaneous ligation probably resulted in constructs that
had either Ad-A on both ends or Ad-B on both ends, as well as constructs with Ad-
A and Ad-B on either end.
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One skilled in the art will be able to produce constructs having an adaptor
Ad-A one one end and an adaptor Ad-B on the other. For example, one can attach
one end of adaptors to a solid support to prevent ligation to the end of the adaptor
attached to the éolid support. Subsequent to ligation to the private regions, the
solid supports can be removed. As another example, one could use specific
cohesive ends for specific ligation of only one end of the adaptors to the private
regions.
Example 9

Internal Primer Mismatches
A new primer set as shown in Table 16 below was synthesized. The

primers were synthesized on Expedite 8909 Moss Unit using B-cyanoethyl
phosphoamidite chemistries and were PAGE purified. The primers are similar to
primer # 384 of Table 7 above, but have mismatched nucleotides introduced into
them relative to the template # 1 in Table 6. Specifically, primers # 640 to # 646
increase in mismatches with the template from one to six nucleotides (primer # 644
has five mismatches and primer  # 645 has four mismatches), and the
mismatches are all in the middle region of the primer sequence rather than at the ‘3
end of the sequence. The mismatched nucleotides are underlined in Table 16.
PCR was carried out using the same format and conditions as that described
above in Example 7, except primers # 640 to # 646 of Table 16 and template # 1 of
Table 6 were used, and only the Tris-HCI pH 8 buffer was used. In other words,
only one 48 well format was used with the Tris-HCI pH 8 buffer, and a second 48
well format with the PIPES pH 6.5 buffer was not performed.

The results shown in Table 16 indicate that priming and amplification
occurred with the SYN protocol when there were two nucleotide mismatches in the
middle region of the primer sequence. In contrast, as shown in Table 15, when
there were two nucleotide mismatches at the '3 end of the primer, the SYN protocol
prevented amplification. The resuilts in Table 16 also show that three or more
nucleotide mismatches in the middle region of the primer sequence prevented

amplification, even when there were no 3' end nucleotide mismatches.
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These results show that one can optimize conditions for carrying out
particular PCR reactions in view of mismatches in the middle region of the primer
sequence. For instance, if more permissive SYN conditions are desired, one
needs to be careful not to allow amplification of templates when there are
mismatches at the ‘3 end of the primer. To help prevent such improper
amplification of mismatches at the '3 end of the primer, one may optimize proper
amplification of only templates that have correct matches at the ‘3 end of the
primer by introducing intentional mismatches in the middle region of the primer.
Such intentional interior mismatches, will make the primer more sensitive to the
SYN protocol when more permissive conditions are employed. Thus, one can
achieve specific amplification of only templates with the proper pairing at the ‘3 end
even with more permissive SYN conditions.

Thus, the number of mismatches in the middle region of the primer is yet
another parameter that may influence specific PCR amplification. In view of this
specification, one skilled in the art will be able to optimize SYN conditions for a

desired PCR reaction in view of this additional parameter.
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Table 16 Design of mismatches in the middle of the primer and SYN application (left three
columns) (the work reported here used Mg in the form of wax beads)

Specific/Nonspecific bands
-=no PCR product
+ to +++ = increasing amounts of PCR product

50 ul ANTP 50 ul dNTP 15 ul
dNTP

1.5 mM Mg 0.75 mM Mg 1.5mM
Mg
Upstream primers:
#640 5' -GTC AGC CGA ACG TCA AA +/- +/- +-
#6415' -GTC AGC CGG ACG TCA AA +/+ ++ +-
#642 5' -GTC AGC AGG ACG TCA AA +H+++ +H+++ -/
#643 5' -GTC AGA AGG ACG TCA AA -I++ I++ «/-
#644 5' -GTC AGA AGG CCG TCA AA /++ I++ -/~
#645 5' -GTC AGA ATC CCG TCA AA -+ -I+ -/-
#646 5' -GTC CTA ATC CAG TCA AA I+ -I+ -/~

Downstream primer: #775 (see Example 6)
Plasmid template #1 (see Table 6)

Example 10
SYN protocol on complex template (human genomic DNA)
The SYN buffer systems (at both pH 6.5 & 8), which had been used

previously on plasmid templates (lower complexity) as discussed above, produced

no amplification using a highly heterogeneous (complex) template such as on
human genomic DNA. Thus, optimization of the buffer system was performed.

As a target loci, the human gene for a leukocyte antigen (HLA-DPp) was
selected. It has a significant allelic polymorphism that could be used for primer
design and PCR allelic selection (Bugawan et al., J. Immunol., 141:4024-4030
(1988)). Based on the allelic sequence polymorphism, the following two upstream
primers were designed to distinguish alleles DPSB2, 4, 5, 7, 8 from alleles DPpB1, 3,
6,9, 10, and 11: (#823: 5' -AG AAT TAC GTG TAC CAG GG: and #674: 5' - G
AAT TAC GTG TAC CAG TT (the 3' end of both of these primers match position 34
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in the second exon of the gene)) and one downstream primer (#677: 5" - TGC AGG
GTC ATG GGC CCG C (the 3' end of this primer matches position 256 in the
second exon of the gene, but in the antisense position)) . The primers were
synthesized on Expedite 8909 Moss Unit using B-cyanoethyl phosphoamidite
chemistries and were PAGE purified.

The SYN protocol (see the format in Example 7) was first tested with a
buffer composed of 40 mM KCI, 70 mM TrisHCI pH 8, and 0.1% Tween-20
detergent (SIGMA, catalog no. P1379), using Pfu (Exo-) on the five plasmid
templates. In other words, the same 48 well PCR reactions described in Example
7 were performed, with the only exception being the use of only the buffer
described above with the detergent Tween-20. The buffer with the detergent
Tween-20 produced very clean results (no background-bands in contrast to certain
results with the buffer pH 8 with Triton). However, the buffer with Tween-20 also
required more restrictive conditions of 15 yM dNTP and 0.7 mM Mg wax beads in
order to prevent completely amplification of templates with mismatches at the 3’
end of the primer.

Human genomic DNA was purchased from PROMEGA (Catalog #G1521)
(100 pg), and it was PCR titrated to find the optimum amount of template per well
to use (optimal results were obtained with 50 ng template per well) using a buffer
composed of 40 mM KCI, 70 mM TrisHCI pH 8, and 0.1% Tween-20. Using the
buffer with Tween-20, a selective PCR involving the HLA-DPloci was performed
using the # 823 and # 674 primers and the # 677 template. This PCR reaction was
performed using Pfu(Exo-), the buffer including Tween-20 as described above, 30
uM dNTP, the Mg wax beads described in Example 7 (1.5 mM), and the human
genomic DNA described above (50 ng per well). The remainder of the reaction
conditions were the same as those described in Table 13, under the Stratagene,
‘97 column.

The resulits of this work showed that the couple #823/#677 (with -GG at the
3' end) resulted in the bands (showing the presence of PCR amplification product),
and the couple #674/#677 (with -TT at the 3' end) did not result in bands (showing
the lack of PCR amplification product). These results indicated that DPS alleles 1,
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3,6, 9, 10, 11 were present in the sample, and the alleles 2, 4, 5, 7, 8 were not
present in the sample.

These results show that yet another parameter that may be changed to
optimize SYN conditions for a particular embodiment of the invention is the type of
detergent used in the buffer. By running optimization tests, such as those
described in this specification, one skilled in the art will be able to test other buffers
to determine whether they provide optimal conditions. For example one may want
to achieve conditions which are the most permissive without sacrificing the
specificity of amplification of correctly matched nucleotides at the ‘3 end of the
pfimers.

The specific embodiments described herein do not limit the scope of this

invention. They are representative of embodiments of the claimed invention.
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WHAT IS CLAIMED IS:

1. A composition comprising a mixture of different species of molecules

wherein each species is linked to a tag that is unique to that species and that
encodes at least two variable positions on that species, wherein the tags can be
identified without the need for first isolating each of the tags prior to identification.

2. The composition in claim 1 wherein the mixture contains at least 10
species of molecules.

3. The composition in claim 1 wherein each tag has a uniquely
identifiable molecular weight.

4. The composition in claim 1 wherein each tag comprises a reporter
subunit and a base subunit that associate with one another, such that the reporter
subunit dissociates from the base subunit under uniquely identifiable dissociation
conditions.

5. The composition in claim 4 wherein a reporter subunit comprises a
protein, nucleic acid, or other affinity reagent that recognizes the base subunit.

6. The composition in claim 5 wherein the reporter subunit comprises an
oligonucleotide.

7. The composition in claim 6 wherein the reporter subunit is
immobilized.

8. The composition in claim 4 wherein the base subunit comprises an
oligonucleotide.

9. The composition in claim 8 wherein the base subunit is immobilized.

10. The composition in claim 8 wherein the reporter subunit comprises an
oligonucleotide and wherein the reporter and base subunits are perfectly
complementary.

11.  The composition in claim 8 wherein the reporter subunit comprises an
oligonucleotide and wherein the reporter and base subunits are not perfectly
complementary.

12.  The composition in claim 4 wherein the reporter subunit is a

hydrocarbon.
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13.  The composition in claim 12 wherein the reporter subunits are

hydrocarbons of varying chain length and/or hydrophobicity.

14. The composition in claim 4 wherein the reporter subunit is an amino
acid residue.

15. The composition in claim 4 wherein the reporter subunits are amino
acid residues of varying numbers of residues and/or isoelectric points.

16.  The composition in claim 4 wherein temperature is used to vary the
dissociation conditions.

17.  The composition in claim 4 wherein the mixture is in a disassociating
agent such that the concentration of the disassociating agent is varied directly or
indirectly to vary the dissociation conditions.

18.  The composition in claim 17 wherein a change in pH is used to vary
the dissociation conditions.

19.  The composition in claim 17 wherein formamide is used to vary the
dissociation conditions.

20.  The composition in claim 17 wherein urea is used to vary the
dissociation conditions.

21.  The composition in claim 4 wherein a field is used to vary the
dissociation conditions.

22.  The composition in claim 21 wherein the field is an electrical field.

23.  The composition in claim 21 wherein the field is a magnetic field.

24.  The composition in claim 1 wherein each tag comprises uniquely
identifiable information encoding elements, wherein the order of the elements
within the tag provides information regarding the identity of the tag.

25.  The composition in claim 24 wherein the information encoding
elements have uniquely identifiable isotopic emissions.

26.  The composition in claim 25 wherein the information encoding
elements include radioisotopes.

27.  The composition in claim 24 wherein the information encoding
elements have uniquely identifiable moiecular weights.
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28. The composition in claim 24 wherein the information encoding
elements have uniquely identifiable physical sizes.

29.  The composition in claim 24 wherein the information encoding
elements have uniquely identifiable light absorbing or emitting properties.

30. The composition in claim 24 wherein the information encoding
elements have uniquely identifiable magnetic properties.

31. The composition of claim 24 wherein the information encoding
elements have uniquely identifiable electrical properties.

32. The composition of claim 24 wherein the information encoding
elements have uniquely identifiable molecular compositions.

33. The composition of claim 32 wherein the uniquely identifiable
molecular compositions can be identified by NMR.

34. The composition of claim 32 wherein the uniquely identifiable
molecular compositions can be identified by atomic force microscopy.

35. The composition of claim 24 wherein the information encoding
elements have uniquely identifiable molecular structures.

36. The composition of claim 35 wherein the uniquely identifiable
molecular structures can be identified by their three dimensional structure.

37. The composition of claim 35 wherein the uniquely identifiable
molecular structures can be identified by their affinity for an antibody or an antigen.
38. The composition of claim 35 wherein the uniquely identifiable

molecular structures can be identified by their affinity for a ligand.

39. A method for creating a mixture of species of molecules wherein each
species is linked to a uniquely identifiable tag comprising information encoding
elements comprising:

(i) performing parallel first chemical synthesis reactions in separate
reaction vessels, wherein a first information encoding element is
coupled to a first synthesis product produced in each vessel, each of
the first encoding elements being unique for the first synthesis
product in each separate reaction vessel;

(ii) mixing the first synthesis products;
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(i)  placing portions of the mixture from (ii) into new separate reaction
vessels and performing parallel second chemical synthesis reactions
to modify the first synthesis products to create a second synthesis
product in the new separate reaction vessels, wherein a second
information encoding element is coupled to the second synthesis
product in each vessel, each of the second information encoding
elements being unique for each of the second chemical synthesis
reactions in each separate reaction vessel such that the order of
coupling of the first and second information encoding elements can
be determined without first isolating each of the tags.

40. A method of claim 39, further comprising:

(iv)  mixing the second synthesis products;

(v)  placing portions of the mixture from (iv) into new separate reaction
vessels and performing paralle! third chemical synthesis reactions to
modify the second synthesis products to create third chemical
synthesis products in the new separate reaction vessels, wherein a
third information encoding element is coupled to the third synthesis
product in each vessel, each of the third information encoding
elements being unique for each of the third chemical synthesis
reactions in each separate reaction vessel such that the order of
coupling of such first, second, and third information encoding
elements can be determined without first isolating each of the tags.

41. A method for creating a mixture of species of molecules wherein each

species is linked to a uniquely identifiable tag comprising information encoding
elements comprising:

(i) performing parallel first enzymatic reactions in separate reaction
vessels, wherein a first information encoding element is coupled to a
first enzymatic product produced in each vessel, each of the first
encoding elements being unique for the first enzymatic product in
each separate reaction vessel;

(ii) mixing the first enzymatic products;
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(i)  placing portions of the mixture from (ii) into new separate reaction
vessels and performing parallel second enzymatic reactions to modify
the first enzymatic products to create second enzymatic products in
thé new separate reaction vessels, wherein a second information
encoding element is coupled to the second enzymatic product in
each vessel, each of the second information encoding elements
being unique for each of the second enzymatic reactions in each
separate reaction vessel such that the order of coupling of the first
and second information encoding elements can be determined
without first isolating each of the tags.

42. A method of claim 41, further comprising:

(iv)  mixing the second enzymatic products;

(v) placing portions of the mixture from (iv) into new separate reaction
vessels and performing parallel third enzymatic reactions to modify
the second enzymatic products to create third enzymatic products in
the new separate reaction vessels, wherein a third information
encoding element is coupled to the third enzymatic product in each
vessel, each of the third information encoding elements being unique
for each of the third enzymatic reactions in each separate reaction
vessel such that the order of coupling of such first, second, and third
information encoding elements can be determined without first
isolating each of the tags.

43. The composition in claim 42 wherein the information encoding

elements have uniquely identifiable isotopic emissions.

44. The composition in claim 43 wherein the information encoding

elements include radioisotopes.

45. The composition in claim 42 wherein the information encoding

elements have uniquely identifiable molecular weights.

46. The composition in claim 42 wherein the information encoding

elements have uniquely identifiable physical sizes.
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47.  The composition in claim 42 wherein the information encoding
elements have uniquely identifiable light absorbing or emitting properties.

48.  The composition in claim 42 wherein the information encoding
elements have uhiquely identifiable magnetic properties.

49.  The composition of claim 42 wherein the information encoding
elements have uniquely identifiable electrical properties.

50.  The composition of claim 42 wherein the information encoding
elements have uniquely identifiable molecular compositions.

51.  The composition of claim 42 wherein the information encoding
elements have uniquely identifiable molecular structures.

52.  The method in claim 42 wherein the enzymatic reaction is an
amplification reaction.

53.  The method in claim 52 wherein the enzymatic reactions utilize the
polymerase chain reaction.

54.  The method in claim 52 wherein the enzymatic reactions utilize the
ligase chain reaction.

55.  The method in claim 52 wherein the enzymatic reactions amplify
certain reaction substrates in preference to other reaction substrates based on the
nucleotide sequence of such substrates.

56.  The method in claim 42 wherein the tags comprise nucleic acids.

57. A composition comprising a mixture of different species of molecules
wherein each species is linked to a tag that is unigue to that species, wherein each
tag comprises at least two uniquely identifiable information encoding elements that
are unique to at least two variable positions on the species, wherein the tags can
be identified without the need for first isolating each of the tags prior to
identification.

58. A composition comprising a mixture of different species of molecules
wherein each species is linked to a tag that is unique to that species and that can
be identified without the need for first isolating each of the tags prior to

identification, wherein each tag comprises a reporter subunit and a base subunit
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that associate with one another, such that the reporter subunit dissociates from the
base subunit under uniquely identifiable dissociation conditions.

59. A composition comprising a mixture of different species of molecules
wherein each species is linked to a tag that is unique to that species and that can
be identified without the need for first isolating each of the tags prior to
identification, wherein each tag comprises uniquely identifiable information
encoding elements, wherein the order of the elements within the tag provides
information regarding the identity of the tag.

60. A method for determining the sequence of a nucleic acid comprising:

shearing the nucleic acid into random fragments;

specifically amplifying the random fragments based on all possible
combinations of nucleotides at positions 1 to X at one end of each of the random
fragments to create first stage amplification products, wherein X is an integer from
2 to 6,

encoding at least one first stage tag element that specifically corresponds to
each possible combination of nucleotides at positions 1 to X at the end of each
fragment;

specifically amplifying the first stage amplification products based on all
possible combinations of specific nucleotides at positions X + 1 or X + 1to Y of
each of the first stage amplification products to create second stage products,
wherein Y is an integer from 4 to 12;

encoding at least one second stage tag element that specifically
corresponds to each possible combination of nucleotides at positions X + 1 or X +
1 to Y of each first stage product thereby creating a tag that uniquely encodes
nucleotides at positions 1 to X + 1 or 1 to Y of each fragment;

simultaneously decoding the tags without prior separation of the tags to
determine the nucleotides of each fragment at positions 1 to X+1oritoY;and

determining the nucleic acid sequence by the overlap of the nucleotides
identified at positions 1 to X + 1 or 1 to Y of the fragments.

61. A method for detecting mutations in a sample nucleic acid sequence

comprising:
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randomly shearing a wild type nucleic acid sequence into wild type
fragments;

creating probes that encode nucleotides at positions 1 to X at one end of
each of the wild type fragments, wherein X is an integer from 2 to 6, and each of
said probes being complementary to each of said wild type fragments but lacking a
complementary sequence for nucleotides at positions 1 to X + 1 of each wild type
fragment; ’

randomly shearing the sample nucleic acid sequence into sample
fragments;

| separately exposing the sample fragments and the wild type fragments to

the probes;

performing primer extension with the probes to encode each nucleotide at
position X + 1 of each sample fragment and each wild type fragment;

simultaneously decoding the probes to determine each nucleotide at
position X + 1 of each sample fragment and each wild type fragment; and

comparing the decoded results of the sample fragments to the wild type
fragments to detect differences between specific positions of the wild type nucleic
acid sequence and the sample nucleic acid sequence.

62. A method for detecting mutations in a sample nucleic acid sequence
comprising:

randomly shearing the sample nucleic acid sequence into sample
fragments;

separately exposing the sample fragments and wild type fragments,
obtained from randomly sheared wild type nucleic acid sequence, to the probes,
said probes encoding nucleotides at positions 1 to X at one end of each of the wild
type fragments, wherein X is an integer from 2 to 6, and each of said probes being
complementary to each of said wild type fragments but lacking a complementary
sequence for nucleotides at positions 1 to X + 1 of each wild type fragment;

performing primer extension with the probes to encode each nucleotide at
position X + 1 of each sample fragment and each wild type fragment;
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simultaneously decoding the probes to determine each nucleotide at
position X + 1 of each sample fragment and each wild type fragment; and

comparing the decoded resulits of the sample fragments to the wild type
fragments to detéct differences between specific positions of the wild type nucleic
acid sequence and the sample nucleic acid sequence.

63. A kit for detecting mutations in a sample nucleic acid sequence
comprising:

wild type fragments obtained from a randomly sheared wild type nucleic acid
sequence; and

probes encoding nucleotides at positions 1 to X at one end of each of the
wild type fragments, wherein X is an integer from 2 to 6, and each of said probes
being complementary to each of said wild type fragments but lacking a
complementary sequence for nucleotides at positions 1 to X + 1 of each wild type
fragment.

64. A method for detecting the presence or absence of or quantity of
particular mRNA in a sample comprising:

creating reference cDNA from a reference mRNA population;

cleaving the reference cDNA with a restriction enzyme that is specific for a
specific X consecutive nucleotides, wherein X is an integer from 2 to 6, to create
reference cDNA fragments each having the same nucleotides at positions 1 to X at
one end;

creating probes that encode nucleotides at positions X+ 1toY of each of
the cDNA fragments, wherein Y is an integer from 4 to 12, and each of said probes
being complementary to each of said cDNA fragments but lacking a
complementary sequence for nucleotides at positions 1to Y + 1 of each cDNA
fragment;

creating target cDNA from target mRNA in a sample;

cleaving the target cDNA with the restriction enzyme that is specific for X
consecutive nucleotides to create target cDNA fragments;

exposing the target cDNA fragments to the probes;
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performing primer extension with the probes to encode each nucleotide at
position Y + 1 of each target cDNA fragment that is present that corresponds to a
reference cDNA fragment;

detecting the presence or absence of or quantity of target cDNA fragments
corresponding to reference cDNA fragments to detect the presence or absence of
or quantity of target mRNA in the sample.

65. A method for detecting the presence of absence of or quantity of
particular mRNA in a sample comprising:

creating target cDNA from target mRNA in the sample;

cleaving the target cDNA with a restriction enzyme that is specific for X
consecutive nucleotides to create target cDNA fragments each having the same
nucleotides at positions 1 to X, wherein X is an integer from 2 to 6;

exposing the target cDNA fragments to probes, said probes each encoding
the same nucleotides at positions 1 to X as the target cDNA fragments, each of
said probes also encoding nucleotides at positions X + 1 to Y of reference cDNA
fragments created from a reference mRNA population and cleaved by the
restriction enzyme, wherein Y is an integer from 4 to 12, and each of said probes
being complementary to each of said reference cDNA fragments but lacking a
complementary sequence for nucleotides at positions 1 to Y + 1 of each reference
cDNA fragment;

performing primer extension with the probes to encode each nucleotide at
position Y + 1 of each target cDNA fragment that is present that corresponds to a
reference cDNA fragment;

detecting the presence or absence of or quantity of target cDNA fragments
corresponding to reference cDNA fragments to detect the presence or absence of
or quantity of target mMRNA in the sample.

66.  AKkit for detecting the presence or absence of or quantity of particular
mMRNA in a sample comprising:

multiple probes each encoding the same nucleotides at positions 1 to X,
said positions 1 to X being associated with a given restriction enzyme, wherein X is

an integer from 2 to 6, each of said probes also encoding nucleotides at positions
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X + 1 to Y of reference cDNA fragments created from a reference mRNA
population and cleaved by the given restriction enzyme, wherein Y is an integer
from 4 to 12, and each of said probes being complementary to each of said
reference cDNA fragments but lacking a complementary sequence for nucleotides
at positions 1 to Y + 1 of each reference cDNA fragment.

67. A method for identifying chemical species being generated in
consecutive sets of parallel different chemical syntheses comprising:

performing multiple consecutive sets of parallel different chemical
syntheses;

creating a tag for each chemical species generated from the consecutive
sets of chemical syntheses using tag elements that each specifically correspond to
a particular chemical syntheses and that identify the order of chemical syntheses,
wherein said tags are nucleic acids and the specificity of each tag is based on a
unique physical characteristic of each nucleic acid tag, said characteristic selected
from the group consisting of molecular weight, length, meiting temperature,
denaturing condition, and annealing property;

simultaneously decoding the tags without prior separation to determine the
chemical species created by the consecutive sets of parallel different chemical

syntheses.

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_|_>



PCT/US98/20874

WO 99/18240

h G\“\ SNOILVALSATII AAITARWIS
OL H¥dH CTINALYOHS INE 'SHAILOETONN 0¢ ATIVASN SAVTYINO HALVIAWAL/¥AWIYd

, §~ DDOVLILIVNYODLLIOYOVID DY IOLLYYODLDYIOLYYLIIDLYIILIIOLALOVYLYOLID - . €
Y N\
, € -O00LYOVOLLLIPYYOILILYDOYLOOVY LLOIYILIOVLLYOIVLODYOIIVJIOLLYLOVOD- , §
- \ et
%, oiiod SHAIIOATONN HIVAINd
Q A
ﬁ Ayxwy ¢ ¥dd ¢ ED¥LS

vz9d ¥ARI¥d  “O)LID9¥OVLI-, €

+ §~JLLODVOVIPIVR IO LIVYDODIDYODLYYLIIOLYIOLIODLALOVYLYOLID -, €
/ AN
, € -OVVODIILYPOLPOIYYLIOOYDLOOVLLYDDOVLOOVOIIVINOLLYIONOD -, G

A\ A\ _ -

NOILISOd HIVIINEDAA=N

1/16

\IW//
—_——

%,
a4 yauIyd = D
Ot 2, 40d T FOVIS

%
D
YDOLIVYIOL- . € NOIDHY ¥ JITdnd

\. ¢ G~ VOOLLYYIIIOVIOLYYLOOILYIILIDOLALOVYLYOLID- , € —7
p
NOIDHY d OITdNd » €~ LOOYYLLOD weuumm.&@mwowmbwo/mwuua SANAANL e

a , €-OYDLIELOWOD-  Sue
NOISEY HIVATYd OT~d ¥AWING

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__9918240A2_|_>



PCT/US98/20874

WO 99/18240

9 OL T

¢ 9ld

T ODLOOVLOLYLOLODIIVLLOLOD- , €

-l\l
ST LOFTINN HLVAIHd - DOVDBLEONLEOYDI0DINYOY00- 5| \.¥ NOIDEY

SONTW NOIDHY HILVAIYd

OITdNd

e e
DDLOOY -/ € 2IVOIT & yoravay Man OIYASTa
© T DIYIOL- .S
ONVHYAAO , € HAOWTH
" ODLOIYOID- ., € . G~ OVIIOLYLOLOOOIVLIOLOO- , €
© © U DDYDOL-, G , €= DYODIOVIVILYIVIDIOLYYIVII -, G
~
(Q\]
m 'Y NOIDHY | T yoTy HIIM HAVATD

. NI QdAOONd HLIS

INOTLOTYLSHY STIT HdAL Vi

ONISN NOIDHY HLVAIYA i

ANV ¥ NOIDHEY DITdNd

NIIMLAG NOILONNL i

LY SAAILOATONN HLVAIHA i
. 9 IS¥Id 40 TYAOWIY |

NOIDHY HILVATHd

©*  HDILOIYOLODY LOLYLOLODOOVLLOLOD-, €
" OOV ODLOVODLIAYIOVYIVOVIOIDLVYYOYID-, G

\\\H I ¥=IYd ///

Y NOIDHY DITdnd

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9918240A2_1_>



PCT/US98/20874

WO 99/18240

3/16

(7227777777727 7777777200—<_>> £ Old

NNNNANNANNNRNNNNNNNNNNNNN
103130 «— KN

r727222727720— >

NOILVHN1IVYNIA ONIHOAVS
SNOILIANOD 3SYIHONI ATIVNAVHEO

C2727727772727722727200—<_>

NNNNNNANNNNNNNNN N NN

7z, \\i

L0FLFA — iy

SNOILIANOD ISVYIHONI ATIVNAVHEO

NOILYHN1YNIQ ONIYOAYS ‘ | 09110 YILHOdTY = [CSSEY |

272727727 2777777777700 >

NNNNNNNNNNANNNNNNNNANNNANY

vz, \\\\Io =
NNNNNNNNNN ‘ FLATVNY 0

090 OVL = 227277774

SUBSTITUTE SHEET (RULE 25)

__9918240A2_|_>

BNSDOCID: <WO__ 931



PCT/US98/20874

WO 99/18240

4/16

103134 +—— % m

NOILVHYN1VYNIA ONIYOAVS
SNOLLIGNOD ISVIEONI ATIVNAYYD

10313d «—— &\

NOILVHN1VYNIA ONIYOAVH
SNOILIANOD ISVIYOINI A1IVNAVYEO

b

v Old

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___S918240A2 | >



PCT/US98/20874

WO 99/18240

5/16

G Old

INTREN R IR
ONI¥NIT 404 GOHLIW Y

[ onowmwod'd T T z3f%] 03033IN SY AOILWULS 1¥3d3 ﬁ

I R NN A NNNNNNNNNNNNNNNIIIZZYY,

L avownod™ [ Tea® 3%y AN\
RE  uaniydeed ]

SuFId 2% ONY 2°0 0131035 TASSIA HLIM ¥0d 2 F9VS ﬁ

L avowwoo™ [ 1 za®]ya® 1777777777777/ NN\

NI EUR777//00 NN\ A5
HOLAYQY 299 91313513553 ‘G3LYIAYOHASOHANN HUM 3Lvon |

ST3SSIANOILOYIY 40d ¢ 3OYLS WNAIAIONI OL ALNaI¥LSIa ﬁ

@/E_g (NN A

WEN /A NN,
JNAZNG NOLLOLS 3 Him InvaTo |

S12NA0Yd ¥0d } FOVLS HIHLO HLIM XIW d,

VA V7222277 AN
AAAAANESN YA NN A,

Livowwo% [ 11338 V7777777777777 40d 1 3ovIS _

NN
| GN0I93Y nand | JIVANd [ YNOI934 9n8nd |

N7

LIS zo:o_m.ﬂwwx\

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___3918240A2_|_>



PCT/US98/20874

WO 99/18240

6/16

9 "Old

SH3INIEd H0 SHO1dVYAV INIFYIH44Ig 962 =
s.231qd INFY344Id 91 x 5,1 319d INIHI441Q 91

d
e35, 21 P 13100

fxwxxmmxx
LNOWWODQqd (FLVAIND)

i 4 il
NN [ T I

X X X X Svecl  vorand

¢ dOVI1S

(Z ANV L SNOILISOd HO4

S,131 IN3Y344Ia 9L
D14103dS H3INIHd ed)

LNOWIOD4qd =
. XXX X '
g o1and

-l

(3LVAIYd)

T 1
[
L 3OVLS } v oInand

SNOIO3d 3|
dHL NI XX S3AILOTTONN 40 SHIVd INDINN A9 A3A0IN3I
S1 3AILOTTONN NOILISOd FLVAIYd HOV3 2 ANV L STOVLS NI

SUBSTITUTE SHEET (RULE 26)

9918240A2_|_>

BNSDOCID: <WO,



PCT/US98/20874

WO 99/18240

7/16

A1L03¥1a s.319d ONIMNI N ans

ENOWWOD%d ¢39d 7319 1319 NOI93Y g JIVAIYd NOI93YH V

ANRRRERNY AN Y T A N7

|

¢NOWWO029d 2319 1319 Noi9aM g J1IVAINd NOIDIY ¥

ittt N NI

SXXXXXXXXXNNNN-€
¢3/9d ﬁ

¢NOWWOD9d 2319 1319 NOI93Y g 31VAIYd NOIDIY v

AN R R AR N7

|

INOWWOD% 1319 NOI93Y g J1VAIYd NOIDIY v

ittt RSN

SXXXXKXXXXNN-
2319

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO,



PCT/US98/20874

WO 99/18240

8/16

SLHOIIM HVINOITONW LONILSIA 201 40 | .
SYH HOV3 ANV SNOIO3Y 23I/1.31 LNIHI441d v201 m Q\l
SIZINDOD3Y LVHL €31 O1 3ZIAIY9AH ANY-
(9 NOILISOd LV
3dILO31DNN J18ISSOd HOVI HO4 L) ST3SSIA ¥
9 NOILISOd {04 J14103dS H3NWIYd ¢ ed-

€ JOVIS

SH3INIEHd HO SHOL1dvav IN3IY3441d v20L

=S,¢31 IN3H3441A #9 X S,131 INTFHIH4IQ 91

¢4l _ L3l _ L3l
H——— ANVIVN i
XX XXXXXXX
LNOWWODad (3LVAIYd)
XX XX Sve€cl vonand

¢ 49V1S

(Z ANV | SNOILISOd HO4

S.131 IN3IY3441a 91
O14103dS Y3NIYdd ed)

LNOWIWODQqd =
. XXX X | _ (3LVAIMd)
t

I I |
d o1nand ¢ L volnand

| JOVIS

SNOIO3Y 3|
FHL NI XX S3dILOITONN JO SHIVd INDINN A9 AAA0ONT
SI 3A1LO3T1ONN IFLVAIYD HOVA ‘2 ANV | STOVIS NI

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__ 9918240A2 | >



PCT/US98/20874

WO 99/18240

9/16

S 6 OlId

NOIOIY g, 31VAI NOIO3Y V
RN\, 22

_V/////////////////////W/_/u\_\_\ _\_ _ _\_7_/%_\\\\\;
DX 22777 INNNIXXX]

X

d0d 11 3OVIS q

13i8d Z318d

NOID3Y g, ALVYAId NOIDIY V
R ISIIW.2Z2ZZN

_//////“////////// N N\\\\\N\AAAAZNN LA,
ﬂ !

d0d | 39VIS 1318d

H3aNIYd 9d

s«

NOIO3Y g, J1VAIdd NOIO3Y Vv

S RN 22222222277 -«

€ V//////// NNNWNWWWWo27777 777777

| [ 1]
£ NN XX,
YWY Bd t

1318d

S

SUBSTITUTE SHEET (RULE 26)

BNSDCOCID: <WO___9918240A2_{_>



PCT/US98/20874

WO 99/18240

10/16

Ol "OId

g 219 ¥0d Il 39VIS
Z2314d

N\ YINId A
S _xxxxx NNNNND7770 €
J1VAIYd NOIDIY V

S AN, NN
N A AT NN

NOID3Y g
ol I NN
J3INIYd Bd

2194 ¥Od | IOVLS
ASEISEFRL

S vt €

3IVAI NOIOIY V
SN ALY, NN

N YA A A AAIAIIIIIS ST NN
NOIO3Y g
€ AN

H3WIYd Bd

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WQ___9918240A2_|_>



PCT/US98/20874

WO 99/18240

11/16

12-NI—O- N—L

i NOILYIDOSSY
i INITVAOO-NO MO |
i INITWAOD = —O-

11 1

L "OIH

OZ—NH—O-N—9

Il 3OVLS

| 3OV1S

on )

OU—N—O-N—D

LU —0O-20

/N

on 3

VZI—NL —O-N—V

VU—O-V

/N

Vil v

SUBSTITUTE SHEET (RULE 25)

BNSDOCID: <WO__9918240A2_|_>



PCT/US98/20874

WO 99/18240

¢t 9Old

£ 0Ol | S3AILOITONN FLVAILd

1L ZNOWWOD9  z3/9 13194 NOID3Y 8 ALVAINd / NOIO3Y V
© ////////%/“/////////A////V/A7/////,7///////////////4Z \H
~ ¥ OL | ILVAIMd HO4 S3A0D HIONT | Vol
T S 3AILOTIONN

31VAIEd ¥04 300D

H0100 IN3OSTHONTS | VoId HLIM IAVITO ﬁ
@\/Nzo_zs_ooé 2319 1319 NoI©3Y 8 3LVAIMd NOI9DIY v
T T Y W77

¥ OL | 1IVAIHd 804 S3A0D HLIONTT | V8Id

SUBSTITUTE SHEET (RULE 286)



13/16

/
YN Fzmus_s_oooa

—m

£

/
NS ENE:

J1IVAIYd

NOIO3Y Vv

LLLHTTTT

Exxy 0

SEINERS

SUBSTITUTE SHEET (RULE 26)



WO 99/18240

PCT/US98/20874

14/16
H G FEF E D C b a COLUMNS IN THE WELL
+ + + + + + 0 0 1 50 uL 50 uM dNTP +Mg
- - - - 0o 0 2 50 uL 50 uM dNTP -Mg
0 0 0 o0 0 0 0 0 3 EMPTY (0)
+ + + + + + 0 0 4 100 pL 50 uM dNTP +Mg
- . - 0 0 5 100 pL 50 uM dNTP -Mg\
0 0 0 0 0 0 0 0 6 EMPTY (0)
0 0 0 0 0 0 0 0 7 EMPTY (0)
+ + + + + + 0 0 8 S0 pL 15 uM dNTP +Mg
- - - - 0 o0 9 50 uL 15 uM dNTP -Mg
0 0 0 0 0 0 0 0 10 EMPTY (0)
+ + + + + + 0 0 1 100 uL 15 uM dNTP +Mg
- - 0 0 12 100 uL 15 uM dNTP -Mg
5 18 5 2 2 4 PLASMID TEMPLATES (3uL)
#384 #392 #396 #389 #393 #387 PRIMERS (2uL)

“+” AND “+Mg” = Mg WAX BEADS

=" AND *“-Mg” = Mg IN BUFFER BUT NO Mg WAX BEADS

BNSDOCID: <WO___9918240A2_|_>

FIG. 14

SUBSTITUTE SHEET (RULE 26)



PCT/US98/20874

WO 99/18240

15/16

BJW\\\\\/////.

%

6w

NN
Y

S~ AON3I0I1443

Gl

be)

........

/.

[dLNP]

N

L0

N
]

[H]

00ozbey

6]

L0

[H]

[dLNP]

N

)

(ox3) ny4

Sl

[H]

S

[dLNP]

N
7

SHOW

al

SHOLI3IA OId13N0TID A9 Q3SSIHdXT
SYILINVHY NOILVHLINIONOD FHL 40 AONIANI43IA I4ILTINN

Gl

[H]

0S

[dLNP]

NN
.

[H]

[dLNP]

N
%

A11404d ISVHIWATOC YNQA - LdIONOD DILSIOHINAS

SHOW
alL

g51 "Old

VGl "Old

SUBSTITUTE SHEET (RULE 26)

8240A2_I_>

BNSDOCID: <WO__ 991



WO 99/18240 PCT/US98/20874

16/16

STEPS OF THE RECONSTITUTION AND SELECTION
FRAGMENTS, ADAPTORS, PRIMERS AND SIZES

STEPS I/ll. CUT BY Nae/ AND LIGATION OF Ad-A

Ad-A EcoRV Ad-A
++++++++GGC--584--GATATC--2815--GCC+++

STEPS llI/IV. CUT BY EcoRV AND LIGATION OF Ad-B

Ad-A Ad-B Ad-B Ad-A
+++++++GGC--584--GAT=== =======AT(C--2815-GCC+++

STEP V. PREAMPLIFICATION

+++
+++++++GCC--584--GAT=======

STEP VI. SELECTIVE PCR

#379 #378
+++AT +++GG
NON-SELECTIVE F++++++GGC--584--GAT======= (NSP)
PRIMER (NSP) TA=== GC===

#381 #380

FIG. 16
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