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DNA - containing B.U.S.-aliquots and processed via flow cytometry. The optical
signature of those beads that present positive signals from probe 6 define the genes
that contain SNPs and mutations in the population.

In order to detect SNPs and mutations, the control DNA which is attached to
the beads has to be relatively short (e.g. in the region 10-100 base pairs) so that,
following capture of a corresponding fragment that contains an SNP/mutation, the
genomic region containing the genetic alteration is automatically defined with a
good resolution (~100 base pairs). In addition, for each gene that will be examined,
enough regions of the gene have to be immobilized (each region on a separate
B.U.S.), so that the whole gene (from 3’to 5’ -end) is adequately represented at
regular intervals. In this manner, every target DNA fragment which is isolated and
contains a genetic alteration will be assured of finding a complementary sequence
to hybridize in the B.U.S.-aliquot.

B.U.S. can be constructed with optimized properties and sold in a kit, for
example, en masse manufacture by a commercial supplier. The kit can have
reagents to attach multiple fluorophores and specific DNA sequences on a bead
coated with streptavidin for use with biotin-end-labeled oligonucleotides for
attachment to streptavidin — binding sites, as well as cocktails of amine-reactive
fluorescent probes (e.g. succinimidyl esters of fluorescent probes) for the
simultaneous attachment to the free primary amines of streptavidin. Alternatively,
on carboxylic acid-coated beads, both the fluorescent compounds and amine-end-
labeled nucleic acids can be attached.

The user can decide which and how many genes and which controls are
included in each individual experiment, and can change the genes included ‘at a
moment’s notice’, in the next experiment. This is currently impossible with chip
microarray technology. Furthermore the technique should be significantly cheaper
than current chip microarray technology, as the manufacturing or reading of the
beads does not entail sophisticated procedures, while the demand is anticipated to
be very high.

In still another embodiment, multiple subsets of non-fluorescent microbeads
are engineered, each subset tagged with numerous copies of a distinct single
stranded DNA (‘Control DNA, e.g. a gene; or a specific gene fragment; or an
oligonucleotide representing a gene fragment). Numerous single strands of control
DNA from each specific gene can be attached to the functionalized surface of a
microbead as described above. Alternatively, oligonucleotides of a specific

sequence can be attached on the microbead, or grown directly on the microbead
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using phosphoramidite chemistry which is established in the field of DNA
synthesis. The size of this ‘control cDNA’ on the microbead surface can be of any
length, but preferably such that it ensures maximum hybridization with a
corresponding ‘target cDNA’ that has a complementary sequence. Large amounts
of the same microbead carrying a single DNA sequence can then be manufactured.
Next, a second microbead is selected and the process repeated for a second
gene/fragment of interest. By repeating the procedure several times {e.g. 1,000
times), stocks of microbeads each carrying a unique DNA sequence are
manufactured. The process can readily be automated.

As explained above, the gene immobilized on the microbead hybridizes to a
labeled DNA, e.g., a ‘fluorescently labeled target DNA’, the hybridization produces a
unique fluorescent signal which may be detected by the flow cytometer as the
microbead passes through, and then the microbead is appropriately sorted.
Therefore several millions microbeads emitting fluorescent signals, representing
hundreds or thousands of diverse genes in the target DNA, can be rapidly detected
and separated from non-fluorescent microbeads by this procedure.

A collection of individuals with a specific pathology can be screened for a
common genetic trait (e.g. common set of uknown mutations/polymorphisms in an
unknown set of genes) because the present invention allows the isolation and
identification of only those genes that appear in common in the patient population.
For example, for a set of 5 patients having early-age lung cancer, and for whom an
inherited set of unknown mutated genes can be hypothesized.

DNA from a tissue sample (e.g. lymphoblasts) from each patient is extracted.
The DNA is then enzymatically digested into small fragments (e€.g.50-200 base
pairs). Third, those fragments that contain polymorphisms (mutations) that appear
as heterozygosities among the two alleles, are selected and isolated from the
population of non-mutated DNA fragments. One preferred procedure to accomplish
this task is the one described above using aldehyde-linker based methods, and will
not be further addressed here. Another less preferred possibility is to utilize any
other described technology that can ‘capture’ and isolate the heterozygous
sequences, while discarding the non-mutant sequences. A combination of the
above technologies is also possible. The ‘target’ DNA selected from each affected
individual for polymorphism screening may be only from one gene; or preferably
from several genes or from the whole cDNA library, or from the whole genome.

Following isolation of mutant fragments from each individual, the fragments

are PCR-amplified using primers which are labeled with a fluorescent probe, or
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combination of probes. Thus, each of the 5 individual’s mutant DNA is labeled with
a different fluorescent probe from that of another member of the group, or
combination of their probes, appropriate for flow cytometry (7-hydroxycoumarin;
fluorescein; rhodamine; Texas Red; Bodipy; etc).

The fluorescently-labeled DNA from the 5 individuals is then mixed together
and hybridized with microbeads engineered as described above. As described
above, each subset of microbeads carries a specific gene (or gene fragment) as a
‘control’ DNA. Let us assume for simplicity that only one subset of microbeads is
included, representing only one gene fragment. Each such microbead will allow
target DNA from all 5 individuals to bind to it, if the corresponding gene fragment is
mutated in all 5 individuals simultaneously. This microbead will emit all 5
fluorescent wavelengths when screened via flow cytometry, and therefore can be
sorted and separated from microbeads with 4, 3, 2, 1 or none fluorescent
emissions.

If instead of one, several subsets of microbeads representing numerous
genes are utilized, the procedure remains unchanged. The flow cytometer will sort
in the same container all microbeads (i.e. all genes, irrespective of their identity)
that present fluorescent signals from a set percentage, e.g., all 5 fluorescent probes
(i.e. genes from all 5 individuals). These are the genes of interest, i.e. the mutated
genes that are likely to be the cause of the common disease in the patient
population.

To discover the identity of these common genes, following flow cytometry the
sorted microbeads are used in a PCR reaction to amplify the DNA fragments
immobilized on them. By the design of the procedure followed for isolation of the
mutant fragments, each fragment is flanked by the same, known PCR primers (see
DFCI patent previously submitted). Finally, following PCR, the amplified fragments
can be identified by a single application on a DNA microarray such as those that
are currently commercially available, or preferably those described above.

Thus, the present procedure allows the isolation and identification of those
mutated/polymorphic genes that appear in common in the affected patient
population, and therefore have an increased probability to be related (or to be the
cause) of the specific disease. Although the mutated/polymorphic genes in any
single individual are likely to be many (e.g. 100,000 polymorphisms across the
whole cDNA), the common genes are likely to be much fewer in number, since they

must appear in common in all 5 individuals. The more individuals are
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simultaneously screened with the present method, the fewer the ‘common’ mutated
genes are going to be, therefore the faster the ‘disease genes’ will be identified.

If more than 5 individuals are to be screened for common mutated genes
with the present method, the flow-cytometric method again can be applied as
follows: First, DNA from 5 individuals is fluorescently labeled and screened as
described above. The sorted microbeads corresponding to genes mutated in all 5
individuals is then briefly treated to remove the fluorescence (e.g. via heating for 2
min, 96°C, to remove the fluorescent strand; or via an enzyme that removes the
DNA segment containing the fluorescent probe; etc). These microspheres are then
again processed via the same procedure, to screen 5 more individuals: they are
mixed with the labeled DNA from these individuals, to hybridize to mutated genes;
then they are sorted via flow cytometry to select those microbeads that emit all 5
fluorescent signals. These represent microbeads that have captured mutant genes
both in the first and in the second set of 5 individuals, and they now represent
genes that are mutated in all 10 (5+5) individuals. By repeating the procedure
more individuals can be screened. Ultimately the number of sorted microbeads will
decrease significantly, and should correspond to the few 'disease - specific genes’
that are sought.

It is possible however that, although a mutated gene may be involved in the
causes of cancer in most individuals, it is not required for cancer formation.
Therefore it may only appear as a mutated gene in 80% of cancers. A significant
feature of the present invention is that, apart from identifying genes that are
mutated in all individuals, it also allows for mutated genes that appear in most but
not all individuals to be identified. For example, flow-cytometric sorting of the
microspheres can be adjusted so that if 2 out of signals, more preferably, 3 out of
5 signals are present in a single microsphere this is also selected in a separate
container. One can readily select a particular cut-off percent. Similarly, if the
mutated gene is present in 4 out of S individuals it will also be sorted, etc. In this
manner, not only genes mutated in 100% of the patients, but also genes mutated in
preferably 50%, or more preferably 60%, etc, will also be identified. Still more
preferably the mutation is present in 80% of the members. Higher per centages
will be seen when the group is composed of related individuals.

A practicalA advantage of utilizing flow cytometry and microbeads for the
present approach is that, because the DNA is not immobilized on ‘inflexible’ DNA
chips but on individual microbeads, the user has full control over which genes and

controls will be included in his study, thereby the method can be adjusted to the
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needs of a particular application, on an experiment—by—-experiment basis.

In an alternative application, instead of searching for common mututatios/
polymorphisms in a patient population, common expression of specific sets of
genes is sought (e.g. common genes up —or down — regulated in cancer tissues, or
in a set of patients with susceptibility to lung cancer, etc).

To utilize the present invention for this purpose, a similar flow-cytometric
analysis can be applied. Briefly, the cDNA generated from each individual is
enzymatically fragmented, denatured and ligated with PCR primers tagged with a
unique fluorescent probe, or combination of probes. The labeled, single stranded
cDNA molecules from several individuals are then mixed together and incubated
with microbeads designed and described above. The described flow-cytometric
process is then applied to sort microspheres that present signals from all
individuals simultaneously, signifying combined up-regulation of a specific gene in
all individuals. Certain signal intensities can be selected as a ‘threshold’ above
which a gene is considered as up-regulated (i.e. many copies bound to microbead)
or down - regulated. Both commonly up-regulated and down-regulated genes in
the population are bunched together and sorted in separate containers in this
procedure. Therefore by following the protocol described above for deriving common
mutations in the population, the genes that are up-regulated or down-regulated in
common can also be identified.

Although flow cytometry is a preferred and very convenient embodiment of
this invention, it has limitations as to how many fluorescent signals can be
simultaneously detected each time a microsphere is measured, and how many
different fluorophores can be used. With typical flow cytometers, 5-7 signals can
be simultaneously measured; therefore each flow-cytometric measurement can
readily detect common genes in 5-7 individuals, and the procedure can be repeated
to screen additional individuals. For screening a population of 50 patients, the
procedure typically needs to be repeated 7-10 times. Specialized flow-cytometers
that can screen more than 5-7 signals simultaneously also exist, and these can
increase the efficiency of this procedure.

Alternatively, the combined signals from microspheres can be detected with
a different detection system, such as an ICCD camera, a microscope, or a
photomultiplier that detects several wavelengths simultaneously.

Several control genes and microbeads can preferably be included in the flow-

cytometric determination, in order to ensure each time that the method performs

optimally.
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In one embodiment, kits for carrying out the identification of these DNA
mismatches with these beads can be sold. The kits would include the repair
glycosylase, an X-Z-Y compound and preferably instructions. These materials can
be in any vial. The materials can be in lyophilized form.

In a preferred embodiment, PCR primers would also be included.

In one preferred embodiment the following kit materials and instructions can

be included:

Kit Formulation:

1. Isolate target and control cDNA.

2. Add PCR primers that contain a cleavable biotin at the end.

3. Mix target with control, cross-hybridize.

4. Bind sample to streptravidin - coated magnetic bead.

(alternatively, streptavidin - coated microplates can be used).

5. With the sample immobilized on solid support, perform: hydroxylamine
treatment/washing; Mut Y/TDG treatment(s)/washing; FARP/BARB/AED
labeling/washing. Antibody labeling/washing; Chemiluminescence detection of
mismatches. All these steps are very easy and convenient to perform with the DNA
immobilized.

6. To recover sample and isolate the mutation - containing DNA, add DTT
(see below) to break the S-S bond on the cleavable biotin.

7. Now apply the preparation on an appropriate solid support for the ligand
compound chosen: (antifluorescein, streptavidin, succinimidyl - ester -coated plates
for FARP, BARP and AED respectively). Remove unbound DNA, capture only
mutated DNA.

8. Now collect mutated DNA from microplates. This can be done by several
methods; e.g. adding 1 M of hydroxylamine to break the bond between the ligand
and the DNA; or raising the temperature to denature captured DNA and collect the
unmodified strand; or, in the case of cleavable —S-S- containing probes, simply add
DTT to break the bond to the microplate.

9. Apply PCR using the primers inserted in step 2.

10. Detect mutated genes using the mutation detecting arrays described
above using hybridization techniques.

In an alternative embodiment, the following protocol can be used:
1. Mixing the target and the control DNA (e.g. In a 1:1 ratio). The control DNA
sequence is the wild type DNA corresponding to the target DNA sequence. The

DNA can be whole or fraction of genomic DNA; or PCR-amplified portions of
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genomic DNA; or a cDNA library corresponding to the coding portions of the
DNA. In the case that snps among the two alleles in cells of a single individual
are examined, DNA from one allele is taken as ‘ the target’, while DNA from the
second allele is the ‘wild type’.

2. Digesting the mixture into small double stranded fragments (e.g. 50-200 base
pairs). Digestion can be done using one or more restriction endonucleases (e.g
saui, alui, hpa-2, etc) at standard conditions (1 h, 37°C). Digestion with
enzymes that generate overhangs (‘sticky ends’) is preferred.

3. Hybridizing the target DNA with a control DNA sequence to create a duplex.
The result of this hybridization is that mismatches occur at positions of SNPs
and mutations. Self-hybridization of DNA from a single individual will
automatically generate mismatches among fragments from the 2 alleles.

4. Ligating double — stranded linkers to both ends of the DNA fragments. Ligation
is done via ligase, under standard conditions, using the sticky ends of the DNA
fragments, or via established 5’ end -ligation methods.

5. Crosslinking biotinylated mismatch repair enzyme (Mut Y) at the positions of
mismatches on DNA, by following the procedure described above.

6. Isolating the biotinylated DNA fragments on avidin-coated magetic beads.

7. Pcr-amplifying the isolated DNA fragments, directly from beads, using the
known primers ligated in step 4. The primers may be biotinylated if a chip DNA
array is to be used in the last step.

8. The resulting end-biotinylated DNA sample can be hybridized directly on a chip
mutation scanning array. The recognizable moiety can then be used to reveal
gene regions that contain SNPs/mutations (e.g. Biotin — labeled DNA can be
followed by fluoresceinated streptavidin, etc.).

The following examples are illustrative of the invention and are not

limitations thereof.

EXAMPLE 1 METHOD FOR LARGE-SCALE DETECTION OF BASE-SUBSTITUTION
MUTATIONS IN CANCEROUS SAMPLES, USING ONE OF THE X-Z-Y COMPOUNDS,
THE FARP MARKER MOLECULE (See Figure 1)

Isolated mRNA from a cancerous tissue is transcribed into cDNA. Primers
can be added to DNA at this stage for PCR amplification at a later stage (see Figure
1). The sample is then hybridized with a corresponding wild-type sample of DNA
to generate mismatch pairing at the positions of mutations. The hybridized DNA is

treated with hydroxylamine to remove any aldehydes that may have formed
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spontancously. The hybridized DNA sample is then treated with the Mut Y enzyme.
Enzyme treatment recognizes A/ G mismatches and upon recognition, depurinates
the DNA and simultaneously generates an aldehyde at the site of mismatch. The
DNA is then treated with the labeling compound AED or FARP or BARP to generate
a covalent oxime bond at the position of the mismatch. Upon labeling, the DNA is
immobilized on microplates appropriate for the specific labeling compound and
excess, unlabeled DNA is washed away. The DNA labeled at mismatch sites can
now be analyzed by a variety of methods including detection of total mutations by

chemiluminescence or identification of labeled genes via DNA arrays.

MATERIALS AND METHODS

1) DNA, oligomers and chemicals: FARP [5-(((2-(carbohydrazino)-
methyl)thio)acetyl)-aminofluorescein, aminoxyacetyl hydrazide, Fluorescent
Aldehyde Reactive Probe] was synthesized as described (Makrigiorgos GM,
Chakrabarti S and Mahmood S. Int J Radiat Biol, 74: 99-109, 1998). High purity
genomic calf thymus DNA and double stranded ladder (pUC18 Msp I digest, 27-500
base pairs) was purchased from Sigma Chemical and used without further
purification. Single stranded (+strand) M 13 DNA was purchased from Pharmacia
Biotech and pGXIs14 plasmid DNA, a gift from Professor MacLeod, MD, Anderson
Cancer Center, was isolated from the host bacteria as described earlier
(Makrigiorgos GM, Chakrabarti S and Mahmood S. Int J Radiat Biol, 74: 99-109,
1998). Both agarose gel electrophoresis and the absorbance ratio at 260 nm to 280
nm were performed to determine the purity of the plasmid. Gel-purified 49-mer
oligonucleotides representing the TFIIIA transcription factor - binding sequence of
the Xenopus rRNA gene (enumerated in Table 1, at the end of this Example) were
supplied by Oligos Etc Inc. Enzyme Mut Y (E. coli) was purchased from Trevigen
Inc. and stored as recommended by the manufacturers. Hydroxylamine purchased
from Sigma Chemical was already freshly made prior to the experiments. GTG
agarose was obtained from FMC Bioproducts, polyacrylamide gel electrophoresis
reagents were from National Diagnostics while SYBR GOLD nucleic acid gel stain
and Picogreend DNA quantitation dye was supplied by Molecular Probes. For
chemiluminescence studies, Reacti-Bind NeutrAvidin coated polystyrene plates
{pre-blocked with Bovine Serum Albumin) were supplied by Pierce. Anti-
fluorescein-Fab fragments (Sheep) - alkaline phosphatase conjugate (antiF-AP) was
purchased from Boehringer Mannheim. CDP-Star, a 1, 2 dioxetane

chemiluminescent enzyme substrate and Emerald-I18 enhancer used with CDP-star
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was purchased from TROPIX. Micro Bio-Spin G25 chromatography columns were
obtained from Bio-Rad laboratories. Label ITS8 Nucleic Acid biotinylation kit was
purchased from PanVera Inc. All reagents and buffers were of analytical grade and
made with ultrapure water (1800 Mohm m-! resistivity) delivered by an Alpha-Q
system {Millipore).

2) Acidic or physiological depurination of calf thymus DNA. Treatment with
hydroxylamine.

Aldehyde containing apurinic/apyrimidinic (AP) sites were chemically
induced in calf thymus or plasmid DNA by a short exposure (0-60 seconds) to
acidic conditions (pH=3.5) over a set time period at a temperature of 38°C, as
described (Makrigiorgos GM, Chakrabarti S and Mahmood S. Int J Radiat Biol, 74:
99-109, 1998). The reaction was halted by placing the sample quickly on ice and
adding a neutralization solution (10% of 3M sodium acetate and 1M potassium
phosphate buffer at pH 7 and 7.5 respectively), to final volume of 50 :1. AP sites
were also slowly generated in calf thymus DNA via spontaneous depurination at
37°C, pH=7.0, over a period of days, and these were monitored with the present
assay. Prior to incubation at 37°C, the DNA was treated with 5mM hydroxylamine
for 1 hour at room temperature to remove traces of existing aldehydes from the pool
of potential FARP-binding sites. The hydroxylamine was then removed via G25
ultracentrifugation and the sample was resuspended in sodium phosphate buffer,
pPH 7.

3) FARP-trapping of aldehydes and subsequent DNA biotinylation.

To covalently trap open-chain aldehydes generated in DNA at the position of
AP sites, 500 :M FARP was reacted with 0.05-2.5:g of DNA in 40 mM sodium citrate
pH 7.0 at 15-22°C, for 30 minutes. Non-covalently bound FARP was removed by
G25 ultracentrifugation. FARP-labeled DNA was either used on the same day or
stored at 4°C or -20°C for a few days, prior to further experiments. To immobilize
FARP-labeled DNA on neutravidin microplates, the DNA was exposed for one hour
to a commercially available biotinylation reagent (Biotin Label IT™ reagent, 1:1;
reagent per :g DNA, in MOPS buffer , pH 7.5 at 37°). Excess reagent was them
removed by G25 ultracentrifugation. The samples were either used immediately or
stored at 4°C for a few days, prior to chemiluminescent studies. '

4) Chemiluminescence measurement of FARP-trapped aldehydes in calf
thymus or plasmid DNA.

Double stranded DNA, doubly labeled with FARP and biotin, was

immobilized on neutravidin - coated microplate strips in the presence of 5 nM
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antiF-AP. 30-50 ng of doubly labeled DNA plus 5 nM antiF-AP in a total of 50 :1
was incubated at room temperature for one hour in TE pH 7.5. Unbound sample
and antiF-AP were removed by pipeting and washing with TE at least four times.
The microplate strips were then transferred in to 50 ml polypropylene tubes and
washed four times in 30ml - 50 ml of TE bulffer with constant agitation for 10
minutes. The chemiluminescent substrates(CDP-Star plus Emerald II enhancer)
were then added in 0.1 M diethanolamine, pH 8.5 and the anti-F-AP-catalyzed
reaction was carried out at room temperature for 1 hour, after which maximum
light generation was achieved. In separate experiments, to quantitate the fraction
of biotinylated DNA captured on microplates PicogreenSdye was used to measure
double stranded DNA just prior and after its removal from neutravidin-coated
plates.

5) Chemiluminescence Instrumentation

The low light from the chemiluminescence reaction was detected using an
intensified charged coupled device (ICCD) system (Princeton Instruments). This
ICCD camera utilizes a proximity focused microchannel plate (MCP) image
intensifier, fiber-optically coupled to the CCD array. The entire area of the ICCD is
capable of light detection, giving a total of 576 x 384 pixels on a Pentium ® PC
computer screen. Both the intensifier and CCD are cooled to -35°C
thermoelectrically and the dark current is less than 50 counts per minute. The
ICCD was used to detect total light generation from each cell of the microplate
strip. Cells were individually placed in a reproducible geometry at ~2mm distance
from the ICCD and the total light output per second measured. The background
chemiluminescence (signal measured when FARP was omitted from the procedure)
was subtracted from all samples. All measurements were repeated at least three
times.

6) Formation of homoduplex and heteroduplex oligonucleotides.

49-mer oligonucleotides and their complementary strands with or without a
centrally located T-to-G base substitution were synthesized. In another synthesis
of the same oligomers, 5' biotinlyated 49-mers and their complementary
unbiotinylated strands were synthesized (Table 1). For hybridization, equimolar
amounts (~0.5 :g) of each oligonucleotide were annealed in 40 mM Tris-HC1 (pH
7.5), 20 mM MgCl; and 50 mM NacCl to form duplex oligonucleotides. The mixture
was first heated to 95°C for 2 minutes, then allowed to hybridize at 65° C for 3
hours and cooled slowly to room temperature. Following hybridization, the double

stranded 49-mers were treated with hydroxylamine (5mM in citrate pH 7.0, for 30
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minutes, 25°C) to remove traces of spontaneously or heat--generated aldehydes
from the pool of FARP-reactive sites.

7) Treatment of M13 DNA, ladder DNA and duplex oligonucleotides with
Mut Y and TDG and gel electrophoresis:

50 ng of the test DNA (single stranded M 13, ladder DNA, or duplex
oligonucleotide were incubated for 1 hour, 37°C with 1.0 unit Mut Y in 40 mM Na-
citrate buffer (pH 7.0) and then alkali treated to concert positions of missing
adenine to strand breaks. Analysis of cleavage products for single stranded M13
DNA was done by agarose gel electrophoresis 0.9% agarose, run overnight at 20 V
in 1X TBE buffer and stained with 1:g/ml ethidium bromide). Fragment analysis
for ladder DNA and oligonucleotides was done by 16% denaturing polyacrylamide
gel electrophoresis in the presence of 7.5M urea at 20 V/cm. The DNA fragments
were detected by SYBR Gold dye or by ethidium staining and photographs taken by
Eagle Eye™ Still Video (Stratagene).

8) Chemiluminescence measurement of FARP-trapped mismatches in
oligonucleotides, ladder and M13 DNA.

M13 DNA, ladder DNA, or 5'-biotinylated oligonucleotide duplexes,
hydroxylamine-treated, were exposed to Mut Y, FARP-labeled biotinylated with the
protocols described above. The biotinylation step was omitted for the’
oligonucleotides since these were pre-biotinylated In some experiments, samples
were kept at 70°C for 8 minutes to inactivate the enzyme at this stage. Typically 50
ng from the doubly (biotin plus FARP) labeled nucleic acids were applied on

neutravidin - coated microplates and their chemiluminescence measured.

RESULTS
1) Dual labeling of DNA and chemiluminescence detection using the

present protocol

Figure 2 shows chemiluminescence obtained with the present setup when
serial dilutions of free alkaline phosphatase were added to CDP-Star® substrate
and Emerald II enhancer and measured using the cooled ICCD. The
chemiluminescence detection limit of this set up is less than 0.01 attomoles
alkaline phosphatase. Examination of the buildup of alkaline phosphatase
chemiluminescent signal in solution following mixing with substrate plus enhancer
at room temperature, demonstrates that after 60 minutes a relatively constant
value is achieved (Figure 2, inset). Therefore all measurements reported were

conducted 60 - 80 minutes following addition of the substrate. To estimate the
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fraction of biotinylated DNA captured on the neutravidin-coated microplates,
biotinylated DNA was quantitated using the fluorescence of Picogreen ™ dye prior
to its application and immediately following removal of unbound DNA from
microplates (not shown). 49-mer oligonucleotides resulted in approximately 10%
capturing on the plates while of the 50-100 ng high molecular weight calf thymus
DNA less than 2% was immobilized on the plates, possibly due to secondary
structures and associated steric hindrances.

2) Ultrasensitive detection of aldehydes in DNA

Chemiluminescence detection of aldehyde-containing AP sites generated in
100 ng plasmid DNA following depurination in sodium citrate, pH 3.5 at 38°C for
up to 60 seconds and trapping of AP sites by FARP is depicted in Figure 3. The
induction of luminescence is linear with respect to depurination exposure. The
inset, from an earlier work (Makrigiorgos GM, Chakrabarti S and Mahmood S. Int J
Radiat Biol, 74: 99-109, 1998), demonstrated detection of fluorescence following
FARP-labeling of this same plasmid exposed under identical conditions to higher
depurination times (0-60 minutes). The fluorescence-based approach is less
sensitive than the present method, however, it allows direct quantitation of the
number of FARP molecules per DNA base pair. Five minutes depurination under
the same protocol yields approximately 1 AP site per 34,000 bases (Makrigiorgos
GM, Chakrabarti S and Mahmood S. Int J Radiat Biol, 74: 99-109, 1998).
Assuming a linear decrease of AP sites for lower depurination exposures, the 15
second exposure in Figure 3 corresponds to approximately 1 AP site per 7 x 108
bases. The amount of microplate-captured DNA generating this signal is
approximately 1-2 ng. Therefore the absolute number of AP sites recorded following
15 seconds depurination is approximately 5 attomole (see right axis in Figure 3).

To estimate the lowest number of AP sites detectable, hydroxylamine
treatment of genomic calf thymus DNA was first employed in order to remove traces
of spontaneously-generated AP sites (e.g. AP sites expected to be present in
genomic DNA from mammalian cells prior to DNA extraction plus AP sites
generated during handling). Hydroxylamine is a small molecule and is expected to
react rapidly with aldehydes, as previously demonstrated for methoxyamine
(Talpaert-Borle M, and Liuzzi M. Biochimica Biophysica Acta, 740: 410-416, 1983),
thereby prohibiting subsequently added FARP to react at the same positions.
Figure 4A depicts the decrease in the chemiluminescence signal obtained following
hydroxylamine treatment of genomic calf thymus DNA depurinated for 15 seconds.

Following hydroxylamine removal and reaction with FARP, the chemiluminescence
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was reduced to almost background levels. When hydroxylamine-treated calf
thymus DNA was kept at 37°C, phosphate buffer pH=7, and assayed for AP sites
via FARP as a function of time, a linear increase in spontaneously-generated
aldehydic AP sites was detected (Figure 4B). DNA kept at 4°C under similar
conditions did not display any luminescence signal (Figure 4B). According to
Figure 4B, the limit of detection by the present microplate-based method is ~0.2
attomole AP sites, or 1 AP site per 2x107 bases, using a starting DNA material of
about 100 ng.

3) Gel electrophoresis of Mut Y-treated oligonucleotides and single
stranded M 13 DNA.

49-mer oligomers engineered to form a double stranded structure, with or
without a centrally located A/G mismatch upon hybridization, were exposed to Mut
Y, alkali treated and examined upon denaturing gel electrophoresis. Generation of
the two expected fragments was observed for the heteroduplex oligomers, while no
cutting as present in the homoduplexes (Figure 5A). Under the conditions applied,
the fragmented DNA appears to be less than 50% of the total DNA per lane, which

would result if all A/G mismatches were reacted upon by Mut Y. The homoduplex-

. containing double stranded DNA ladder (27-500 base pair fragments) did not

demonstrate additional fragmentation following enzymatic treatment (Figure 5B).
In contrast, Mut Y treatment of the 7249 base-long M 13 single stranded DNA
resulted in the generation of approximately 6 fragments, the largest of which is
about 1000 bases long, as demonstrated in lane 5, Figure 4C. Generation of Mut
Y-recognized sites in the single stranded high molecular weight DNA is attributed to
sequence self-complementation generating transient mismatches. It can be
inferred that, to generate 6 discrete fragments, and assuming a less than 100%
efficiency of Mut Y in cutting each site, an average of 3 Mut Y-recognized cutting
sites are generated per each 7249 base-long M13 molecule.

4) FARP-based chemiluminescence detection of mismatches in high and
low molecular weight DNA.

Starting with 100 ng of biotinylated 49-mer homoduplexes or
heteroduplexes,
the nucleic acid was treated successively with hydroxylamine, Mut Y, then FARP
and applied on neutravidin microplates for chemiluminescence detection of
mismatches. A strong signal was obtained for A/G mismatch-containing
oligonucleotides (Figure 6), while no signal was obtained when Mut Y was omitted,

or when oligonucleotides without mismatch were Mut Y-treated. A mixture of
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double stranded homoduplexes (DNA ladder) treated in the same way also
demonstrated absence of chemiluminescence signals (Figure 7). In contrast, single-
stranded M13 demonstrated a chemiluminescence signal of about 100 times the
signal obtained without Mut Y indicating the generation of FARP-reactive sites
following Mut Y treatment (Figure 7). The chemiluminescence results agree with
the fragmentation results obtained by gel electrophoresis (Figure 5).
Table-1: Sequences of the synthesized oligonucleotides

1. B-5'-GTC TCC CAT CCA AGT ACT AAC CAG GCC CGA CCC TGC TTG
GCT TCC GAT T-3' (SEQ ID NO:1)

2. B-5'-AAT CGG AAG CCA AGC AGG GTA GGG CCT GGT TAG TAC TTG
GAT GGG AGA C-3' (SEQ ID NO:2)

3. B-5'-AAT CGG AAG CCA AGC AGG GTA GGG CCT GGG TAG TAC TTG
GAT GGG AGA C-3' (SEQ ID NO:3)

1 and 2 are complementary and form a homoduplex. 1 and 3 form a
heteroduplex with an A/G mismatch at position 20. On a separate set of

oligonucleotides, a biotin molecule (B) was incorporated at 5' end during synthesis.

EXAMPLE 2
BARP - BASED DETECTION OF MISMATCHES FORMED VIA
SELF-COMPLEMENTATION OF SINGLE - STRANDED M13 DNA.

Samples of M 13 single stranded DNA that contain approximately 1 Mut Y-
recognizable mismatch per 2,500 bases were treated with Mut Y to generate
aldehyde -containing reactive sites appropriate for reaction with BARP. Nominal gel
electrophoretic studies as well as BARP-based chemiluminescent studies were then
preformed. Control samples used were: Single stranded M 13 without enzymatic
treatment; Double stranded M 13 DNA without any mismatches and no enzyme
treatment; and double stranded M 13 DNA without mismatches and enzyme.

Figure 8 (A and B) shows the results of both methods of detection. Figure 8A
(luminescence studies) show that only when mismatches are present (single
stranded M 13) and Mut Y is used is there a chemiluminescence signal. In
agreement, gel electrophoresis (Figure 8B) shows cuts in M13 are only generated
under the same conditions. It can be seen that there is good agreement among the
two methods. As described, the method is highly specific for mismatch - containing
DNA, i.e. DNA without mismatches, or DNA with mismatches but no Mut Y

generate no signals.
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EXAMPLE 3
DETECTION AND ISOLATION OF DNA CONTAINING BASE - SUBSTITUTION
MUTATIONS: DETECTION OF A SINGLE A-TO-C TRANSVERSION ENGINEERED IN
A P53 GENE WITHIN A 7091 - LONG PLASMID.

The ability of the present technology (A.L.B.U.M.S) to detect base

mismatches (demonstrated in previous examples} is directly applicable to detection
of base substitution mutations. For example, a standard procedure to generate
mismatches at the positions of mutations in DNA, is to mix mutation - containing
DNA with wild - type DNA. Upon heating and re-hybridization of the mixture,
heteroduplexes with mismatches are generated at the positions of mutations
(Figure 1), which can then be detected with high sensitivity and specificity as
demonstrated in example 1.

To isolate mutation - containing DNA from normal DNA, following BARP -
labeling of the generated aldehydes at positions of mismatches (Figure 1) the DNA
is immobilized on neutravidin-coated microplates, followed by exhaustive washing
to remove the homoduplex DNA. As a result, only BARP-containing DNA is
retained on the plates, thereby isolating mutant DNA.

To recover the purified mutation - containing DNA from the microplate, the
samples can be either heated 2 min at 96°C or treated 1 min with NaOH to
denature the DNA and recover the non-covalently modified strand, which is then
used for amplification via PCR. The following section detail the procedure.

A 7,091 bp long plasmid that incorporates the full-length human cDNA p53
sequence (1,691 bp) was engineered to contain base subsitutions, via site-specific
mutagenesis. The present technology was used to detect a known A-to-C base
substitution mutation engineered in codon 378 within the plasmid-incorporated
pS53. Circular plamids (1 pg) containing mutant p53 genes were treated with a 5'-
CG/CG-3' cutting enzyme (BstU I, Sigma, 1 unit, 1 h, 37°C) to generate linear
fragments (~400 to 2,500 bp), followed by a 10 minute, 70°C treatment to inactivate
the enzyme. The mutant-containing sample (1 pg) was mixed (1:1) with a similarly
treated normal p53-containing sample, heated (96°C, 2 minutes) and hybridized
overnight, at 65°C to generate A/G (25 %), and T/C (25 %) mismatches at p53
codon 378, as well as homoduplex p53 and plasmid fragments.

To detect the presence of the mutation via ALBUMS, 100 ng of the
mismatch-containing DNA mixture (p53 plus plasmid fragments) was treated
exactly as described for the M13 treatment in example 2: (a) hydroxylamine
treatment and removal, (b) Mut Y treatment and BARP-binding, (c) fluoresceination
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and (d) binding to neutravidin plates and chemiluminescence detection. Figure 9A
demonstrates that strong signals are observed when the mutation is present, while
background signals are obtained from normal p53-containing plasmid (i.e.
complete lack of false positives). Figure 9B shows variation of signals versus DNA
amount applied on microplates. These data represent an average of 4 independent
experiments.

In conclusion, the present technology (A.L.B.U.M.S) allows a sensitive and
specific detection of 1 base substitution mutation within a 7,091 bp-long, p53-
containing plasmid with a virtual absence of false positives (defined as signal when
no mismatch is present, Figure 9A). Unequivocal detection of a single base
substitution within a 7,091 -long plasmid cannot easily be conducted with any of
the existing methodologies (Nollau P and Wagener C. Clinical Chemistry 43: 1114-
1128, 1997). ALBUMS on the other hand can detect the mutation on a microplate
with minimal sample (<100 ng) and effort involved. Following formation of
heteroduplexes, the procedure is currently completed in 6 hours, requires no
special equipment or laborious handling and can be automated on microplates so
that 96 samples can be examined at once. To achieve a similar result using
conventional sequencing would not be possible (Primrose SB, Principles of Genome
Analysis, Chapter 5, Sequencing Methods and Strategies, p125, Second Edition,
Blackwell Science Ltd., Oxford, UK).

EXAMPLE 4
COMPARISON OF SMALL VERSUS LARGE LIGAND COMPOUNDS IN BINDING TO

Mut Y - OR TDG- GENERATED REACTIVE SITES IN DNA: SYNTHESIS AND
ADVANTAGE OF AED VERSUS BARP AND FARP. CHEMILUMINESCENCE
SIGNALS BY AED.

(a) To synthesize AED, O-(Carboxymethyllhydroxylamine hydrochloride was
conjugated to ethylenediamine (Aldrich) in distilled water using 1-Ethyl-
3-[3-(dimethylamino)propyl] carbodiimide (EDAC) as the coupling reagent. An 100-
fold excess of ethylenediamine over O-(Carboxymethyl)hydroxylamine hydrochloride
was utilized during the reaction to allow preferential coupling of ethylenediamine to
the carboxyl groups. The conditions for the catalysis of this reaction by EDAC is
well known to those skilled in the art. TLC analysis and purification on silica gel
with CHCIl3:CH3OH:CH3COOH in a 70:20:5 ratio indicated the product at an Ry of
0.2-0.25. The certificate of analysis provided 1H NMR data consistent with the

AED structure provided earlier.
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(b) The ability of hydroxylamine - based compounds (e.g. FARP, AED, BARP,
or methoxyarmine) to bind reactive sites in DNA can be tested with a simple
experiment. It is well known that, if hydroxylamine - compounds (such as
methoxyamine) are covalently bound to aldehyde - containing abasic sites in DNA,
then treatment with alkali (NaOH) cannot generate a strand break at the position of
base loss (-otherwise a cut is generated). This simple observation allows direct
testing of ligand binding to DNA following Mut Y - treatment of the nucleic acid
(Figure 10A) or TDG - treatment of nucleic acid (Figure 10B). Mismatch -
containing single - stranded M13 DNA was subjected to Mut Y to generate aldehyde
containing abasic sites, and then alkali - treated to generate fragments at the
positions of mismatches. Lane 2, in Figure 10A (agarose gel stained with ethidium
bromide and photographed under UV light) demonstrates the generated fragments.
In lanes 3, 4, 5, and 6, during Mut Y incubation the following ligand compounds
were also included: 5 mM methoxyamine, 5 mM AED, 10 mM AED or 5 mM BARP
respectively. As expected, the very low molecular weight compound methoxyamine
prevents formation of any fragments, indicating a 100% binding to all reactive sites
formed. Also, AED (bands D and E) demonstrates an almost complete binding to
the reactive sites, especially when 10 mM is used (Lane E). In contrast, BARP can
only prevent to a very small degree the formation of bands, indicating a very low
(<5%) binding affinity to the reactive sites.

Similarly, in Figure 10B, the TDG enzyme was used (TDG recognizes
mismatched thymine and generates an aldehyde at that position following excision
of thymine). Oligonucleotides with a G/T mismatch were synthesized (lanes 1, 2,
oligos alone) and exposed to TDG in the absence (lanes 3) or in the presence of 5
mM methoxyamine (lane 4), 5 mM BARP (lane 5), 5 mM AED (lane 6) or 0.5 mM
FARP (lane 7). It can be seen that the cuts generated by TDG (lane 3 lower band)
are not present when methoxyamine (lane 4) or AED (lane 6) are included in the
reaction, demonstrating the binding of these compounds to the mismatches. BARP
and FARP on the other hand (lanes 5 and 7) demonstrate significantly lower
binding, since the lower band is present.

In conclusion: (a) AED is almost as efficient as methoxyamine (100%) in
binding the Mut Y - generated reactive sites. {Methoxyamine itself however cannot
be used in the present application because, unlike AED, following binding it allows
no further derivatization as it has no secondary binding site available for antibody
binding). (b) BARP only shows little (<5%) binding; despite that, and because the

present method is extremely sensitive, high chemiluminescence signals are still

IDT Exhibit 1020.7927



10

15

20

25

30

35

WO 00/39345 49 PCT/US99/31177

generated with BARP when mismatches are present, as shown in the previous
example. The same is valid for FARP.

(c) The ability of DNA-bound AED to be recognized by a secondary ligand
and then by an antibody, as described in the Detailed Description section of this
invention was demonstrated by the following. The free primary amine (-NH2 group)
of AED was covalently bound to biotin by addition of 1 mM biotin-LC-succinimidyl
ester (Pierce) in 0.1 M sodium bicarbonate, pH=8.5 for 2h. The conjugate was
purified by ultracentrifugation through 2 G25 filters (Pharmacia), fluoresceinated
by using the Mirus fluoresceination reagent (Panvera Inc, see example 1) and then
applied on neutravidin microplates. Addition of antifluorescein-AP antibody
generated a strong chemiluminescence signal (Figure 12) in the sample treated with
Mut Y enzyme (i.e. aldehydes were generated), but not in the sample not-treated
with Mut Y (aldehydes not generated).

EXAMPLE 5
LABELING OF MISMATCHES WITH FARP, BARP or AED: INACTIVATION OF

ENZYMATIC ACTION DURING LABELING.

A DNA sample containing mismatches is dissolved in a buffered solution and
treated with a repair glycosylase, either Mut Y or TDG (1 unit enzyme per pg DNA).
The reaction is incubated at 37 C for 1 hour. Upon completion of the reaction with

Mut Y or TDG, the solution is cooled to 15° C, to arrest enzymatic activity. FARP is

added to the sample and allowed to react for 30 minutes at 15° C. At the end of

the 30 minute incubation with FARP, the reaction solution is suddenly heated to

709 C for two minutes to inactivate the enzyme. The sample of DNA is now ready
for purification and detection as previously described. Alternatively, instead of
heating to 700C the enzyme can be solubilized and removed via a standard phenol-

chloroform extraction, or via addition of Proteinase K (0.1 mg/ml, 2h, 370C).

EXAMPLE 6
STRATEGY TO UTILIZE DNA CHIPS FOR DETECTION OF BOTH INHERITED

POLYMORPHISMS AND MUTATIONS, AS WELL AS ACQUIRED MUTATIONS FROM
CANCER SAMPLES.

The ability to derive both inherited and acquired genetic alterations in a
single step over 6800 genes with the present procedure, using the Affymetrix array

as an example, is described below.
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Inherited single nucleotide polymorphisms (SNPs) are estimated to be
present in the two alleles of each gene with a frequency of ~1:1000 bases. When an
SNP in the coding sequence causes a debilitating change in the protein,
heterozygous mutations arise which could result to early onset of cancer (e.g. the
Li-Fraumeni syndrome). When cDNA from normal cells is melted and self-
hybridized, mismatches will occur at positions of heterozygocities and SNPs,
whenever both alleles are expressed, which will be detectable by the present
technology (A.L.B.U.M.S) and would display positive on the DNA arrays. Because
SNPs among alleles occur at a high frequency (~1:1000 bp) it is possible that within
every single gene (average~2,000 bp) there is one or more SNPs. Therefore, if both
paternal and maternal alleles are transcribed, self-hybridizing cDNA from whole
genes would be expected to result in one or more mismatches per gene, as a result
of allelic cross-hybridization. All array elements would then display positive,
resulting to trivial information. By digesting the cDNA to ~100-200 bp pieces prior
to ALBUMS genotypic selection (as described in example 3) the problem is avoided:
Most fragments are likely to contain none, or occasionally one inherited SNP.
ALBUMS will select mismatch - containing fragments, and array elements that
score positive will be only those capturing a 100-200-mer gene fragment with an
SNP.

Acquired mutations can be detected by following the same strategy, and by
using cancer samples from the same individual as the normal sample. Again, by
self-hybridizing cDNA from cancer samples and fragmenting to 100-200-mers, it is
likely that most fragments will contain none, or occasionally one inherited SNP, or
very occasionally one acquired mutation. Array elements that score positive will be
those corresponding to genes that contain either inherited or acquired mutations,
but rarely both.

An example of using the high resolution Affymetrix array (described earlier)
to detect genetic alterations in parallel normal and cancer samples is displayed in
Figure 12. cDNA from normal tissue is melted and self-hybridized to generate
mismatches (Figure 12), then digested with appropriate enzymes to generate 100-
200-mers and add primers; then the present technology, (ALBUMS), utilizing one of
the probes (FARP, AED or BARP) selects the mismatches, PCR amplifies them and
these are applied on the Affymetrix array: The mutation-containing 200-mers
isolated via ALBUMS will cause certain 25-mer array elements to display positive,
thereby identifying both the gene and the approximate (+ 100-200 bp) location of an
inherited polymorphism among the two alleles.
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Next, cDNA from the cancer sample is melted, self-hybridized and processed
similarly. Acquired mutations will show up as positive array elements that are
negative on the normal tissue array. Acquired mutations scored on the same gene
as an inherited mutation provide candidate genes to be examined for loss of
heterozygocity, using existing methodologies. Finally, cDNA from cancerous cells
will be cross-hybridized to cDNA from normal cells and the procedure will be
repeated (not illustrated in Figure 12). This will detect acquired mutations in those
genes that express a single allele in their mRNA, which would not be detected by
self-hybridization alone.

The use of the Clontech array will provide similar information to the
Affymetrix array. However, this array would be used with fewer genes and with
smaller ‘resolution’, since the array elements contain 500 bases-long cDNA and it is
possible that certain elements will capture both inherited SNPs and acquired
mutations, thereby providing unclear information. On the other hand these arrays
are simpler to use and do not require the fluorescent laser scanner, hence they are

currently more accessible to users.

EXAMPLE 7
USE OF MICROBEAD MUTATION SCANNING ARRAY

ALBUMS was utilized as described above to isolate mutation - containing

DNA fragments out of a mixture of diverse DNA fragments. In this system, we
inserted a mutation in the p53 gene and we then used ALBUMS to select the
mutation — containing fragment. Microbeads coated with oligonucleotides having a
sequence complementary to the known, mutation-containing sequence, were then
constructed and used to demonstrate detection. The methods and results are
presented below:
a. Conjugation of oligonucleotides onto caboxylated Microspheres

1. Vortex carboxylated microspheres (from Molecular Probes) stock.

2. 5,000,000 microspheres are dispensed into a 1.5 ml microcentrifuge

tube.

3. Disperse the microspheres by sonication for 30 seconds.

4. Centrifuge the microspheres at 8000 g for 1 minute.

5. Remove the supernatant.

6. Add 50 ul of 0.1 M MES (2-(N-Morpholino) ethanesulfonic acid) (pH

4.5).

Vortex.
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7.

52

Add 1 nmole of oligonucleotide (5'-amino-unilinker-25 mer-3') to

microspheres. Vortex briefly.

8.

Immediately before use, add 1 ml sterile water to 10 mg of EDC

(1-ethyl-3-(3-dimethyaminopropyl) carbodiimide-HCl). Vortex until

dissolved.

9.

im

10.
11.
12,
13.
14.
15.
16.
17.
18.
19.

Add 2.5 ul of the fresh EDC solution to the microspheres. Vortex
mediately.

Incubate for 30 minutes at room temperature.

Repeat steps 8-10 with fresh EDC.

Add 1.0 ml of 0.02% Tween-20. Vortex.

Centrifuge microspheres at 8000 g for 1 minute.

Remove the supernatant.

Add 1.0 ml of 0.1% SDS. Vortex.

Centrifuge microspheres at 8000 g for 1 minute.

Remove the supernatant.

Resuspend the microspheres in 100 ul of 0.1 M MES (pH 4.5).
Store the preparation at 4 °C.

b. Hybridization and capturing of ALBUMS - derived PCR fragments onto

microspheres.

DNA Hybridization

1. Add DNA 17 pl of diluent (TE, etc.) to the control tube.

2. Add DNA (1, 5, 10, 25 ng) in 17 ul of volume to the sample tubes.
3. Incubate all tubes at the 96 °C heatblock for 10 minutes.

4. Vortex and sonicate oligo LGA-conjugated microspheres.

5. Dilute microspheres in 1.5x TMAC (Tetramethylammonium chloride)
to a concentration of 10,000 microspheres per 33 ul of 1.5x TMAC
hybridization buffer.

6. Place microspheres /1.5x TMAC mixture at hybridization
temperature (50 °C)

7. With the tubes still in the 96 °C heatblock, add 33 ul of
microspheres

/ 1.5x TMAC mixture with hybridization temperature to the first tube.
8. Immediaterly close, remove and vortex the first tube.

9. Place the first tube at hybridization temperature.

10. Repeat steps 7-9 for all remaining tubes.

11. Incubate all tubes at hybridization temperature for 10 minutes.
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12. Wash microspheres with PBS (pH 7.4).
13. Centrifuge tubes at 8000 g for 5 minutes. Remove supernatant.
14. Add 50 ul of PBS (pH 7.4) to the tubes.
15. Dilute streptavidin-alexa-488 to 10 pg/ml in PBS (pH 7.4)
16. Add 12 ul of streptavidin-alexa-488 to the tubes.
17. Incubate tubes at room temperature for 15 minute.
18. Analyze samples with flow cytometer.
c. Measurement of microsphere — bound DNA sequences on a flow cytometer.

Following hybridization of fluorescently — tagged ALBUMS - derived DNA
sequences on microbeads, the sample was processed for flow cytometry, to identify
the presence of sequences complementary to the sequences conjugated to the
microbeads. Figure 14 demonstrates the results of 4 different hybridization
experiments, as a function of the amount of DNA applied for hybridization to the
microspheres: Curves 1-3 represent ALBUMS-derived DNA fragments that are 236,
86 and 57 base pair long, and all contain a sequence complementary to the
microsphere ~ sequence. Curve 4 represents the hybridization of irrelevant (non-
complementary) DNA sequences to the microspheres. A clear signal is observed
only when the hybridized DNA sequences are complementary to the microbead-
bound sequence.

Therefore we have demonstrated the ability of the system to specifically
detect the presence or absence of certain sequences in the sample. In the
simplified example shown above, the microspheres were not ‘optically encoded’, and
only one set of microspheres was used. To construct a full Mutation.Scanning
Array, several sets of optically encoded microspheres can be used, each set
containing a different sequence. By hybridizing the ALBUMS-derived DNA
fragments to a mixture of different microspheres, readings from different
micospheres can be simultaneously obtained over hundreds or thousands of
sequences, via flow-cytometry. An illustration of how a microsphere - based
Mutation Scanning Array is constructed, is presented in Figure 15.

All references discussed herein are incorporated herein by reference.
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WHAT IS CLAIMED:

1. A method of using a mutation scanning array, wherein said mutation
scanning array comprises a plurality of elements, wherein the elements contain
immobilized oligonucleotides 8 - 50 bases long, that collectively span at least 10
different whole genes, to identify mutations in a target DNA sequence which
comprises:

(a) hybridizing the target DNA with a control DNA sequence to create a
duplex, wherein the control DNA sequence is the wild-type DNA
corresponding to the target DNA sequence,

(b) tagging any mismatch in said duplex with a detectable moiety,

(c) cleaving the duplex into segments of 50 - 300 bases,

(d) removing the segments tagged with the detectable moiety,

(e) contacting the segments tagged with the detectable moiety with the
mutation scanning array, and

H identifying in which gene and gene segment the selected mismatch
belongs to.

2. The methoed of claim 10, wherein the segments tagged with the detectable
moiety are amplified before being used on the mutation scanning array.

3. The method of claim 1 or 2, wherein the whole gene is represented by array
elements; each element containing immobilized oligonucleotides that sample in 25-
300 bases for the whole 3' to 5' mRNA sequence of each represented gene.

4, The method of claim 1 or 2, wherein each of the whole genes is represented
by the coding genomic portion of the gene.

5. The method of claim 1 or 2, wherein each of the whole genes is represented
by both the coding and non-coding genomic portions of a gene.

6. The method of claim 1 or 2, wherein at least 10 different genes are selected

from the genome, collectively known to predispose an individual to a particular

disease.
7. The method of claim 6, where the disease is a particular kind of cancer.
8. The method of claim 6, where the disease is a cardiovascular abnormality, or

a neurodegenerative disorder, or diabetes.

9. The method of claim 1 or 2, where the genes selected are all known tumor
SUppPressor genes Or Orncogenes.

10. The method of claim 1 or 2, where the genes selected are genes known to be
overexpressed in a malignant cell, wherein overexpression is determined by

comparison to the gene's expression in a corresponding non-malignant cell.
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11. The method of claim 1, wherein the array is a chip or a microsphere.
12. A method of using a mutation scanning array to identify mutation in a large

DNA sequence, wherein said mutation scanning array comprises a plurality of
elements, wherein the elements contain immobilized oligonucleotides 8 - 50 bases
long, that collectively span at least 5 different genes, wherein said method
comprises:

(a) hybridizing the target DNA sequence with a control DNA sequence
wherein said control DNA sequence is the wild-type DNA sequence corresponding
to the target DNA sequence to create a duplex;

(b) digesting the duplex to fragments of 50-300 base pairs, with restriction
enzymes that allow generic addition of PCR primers;

(c) adding PCR primers to the duplex

(d) treating the duplex to remove any spontaneous aldehydes;

(e) reacting the duplex with a repair glycosylase to convert any mismatched
sites in the duplex to reactive sites containing an aldehyde-containing abasic site;

(f) reacting the duplex with a compound of the forrnula X-Z-Y, wherein X is a
detectable moiety, Y is NHNH2, O-NH2 or NH2, and Z is a hydrocarbon,
alkyhydroxy, alkylethoxy, alkylester, alkylether, alkylamide or alkylamine, wherein
Z may be substituted or unsubstituted; or where Z may contain a cleavable group;
for a sufficient time and under conditions to covalently bind to the reactive sites;

(g) detecting the bound cdmpound to identify sites of mismatches;

(h) isolating the DNA that contains mismatches from DNA without
mismatches;

(i) PCR-amplifying the mismatch-containing DNA

(j) applying the mismatch-containing DNA on the Mutation Scanning Array,
to determine the genomic position(s) where mismatches occur; and

k) determining whether the mismatch is a mutation or polymorphism.

13. The method of claim 12, where the detectable moiety is selected from the
group consisting of NHa, SH, NHNH;, a fluorescein derivative, a hydroxycoumarin
derivative, a rhodamine derivative, a BODIPY derivative, a digoxigenin derivative
and a biotin derivative.

14. A method of using a mutation scanning array to identify a common mutation
in a group of at least 5 individuals having a disease comprising:

a) obtaining DNA or mRNA from said group of individuals;

b) digesting the DNA or mRNA into fragments of 50-200 base pairs;
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c) identifying and tagging those fragments, creating tagged fragments, where
a mismatch is present when said fragment is compared with a control wild-type
fragment; and specifically labelling DNA or mRNA from each member of the group;

d) isolating said tagged fragments;

e) PCR-amplifying said tagged fragments using primers labeled with a probe,
creating labeled DNA;

f) mixing the labeled DNA with a microsphere, wherein said microsphere
contains single strand DNA of 50-300 base pairs obtained from wild-type genes of
interest, under conditions permitting hybridization under moderate stringency;

g) subjecting the hybridized microsphere of step (f) to flow cytometry to sort
in the same container those microbeads containing identical signals for a mutation
from at least two members of said group ; and

h) identifying in which gene and gene segment the common mutation
occurs.

15. The method of claim 14, wherein the flow cytometry is used to select

identical signals from at least 50% of said group of individuals.
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FIGURE 1

A.L.B.U.M.S : ALDEHYDE - LINKER - BASED
ULTRASENSITIVE MISMATCH SCANNING.

1 . SOLATE mRNA FROM CANCEROUS AND NORMAL TISSUE.
GENERATE cDNA LIBRARY FOR GENES TO BE SCREENED.
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3. TREAT w. MISMATCH REPAIR GLYCOSYLASES.
LABEL RESULTING ALDEHYDES w. FARP.
IMMOBILIZE FARP - LABELED DNA ON MICROPLATES.

\

4 DETECT TOTAL MUTATIONS VIA CHEMILUMINESCENCE.
. ISOLATE AND RECOVER MUTATED DNA, PCR.
IDENTIFY MUTATION - CONTAINING GENES
ON DNA ARRAYS FOR HUNDREDS/THOUSANDS OF GENES.

LVVER]FY BY

SEQUENCING

\

ESTABLISH SINGLE-STEP SCREENING OF HUNDREDS OR
THOUSANDS OF GENES IN CANCER SAMPLES FOR MUTATIONS.
STREAMLINE AND DISSEMINATE THE TECHNOLOGY.
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FIGURES 10A, 10B
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METHODS FOR FRAGMENTATION, LABELING AND IMMOBILIZATION OF
NUCLEIC ACIDS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of provisional application U.S.
Serial No. 60/381,457, filed May 17, 2002, the contents of which is incorporated by

reference in its entirety.

TECHNICAL FIELD
[0002] The invention relates to methods for fragmentation and/or labeling and/or
immobilization of nucleic acids. More particularly, the invention relates to methods for
fragmentati(;n and/or labeling and/or immobilization of nucleic acids comprising labeling

and/or cleavage and/or immobilization at abasic sites.

BACKGROUND ART

[0003] Fragmentation and labeling of nucleic acids are important for the analysis

of genetic information contained within the nucleic acid sequence. For example,
fragmentation and/or labeling are commonly required for detection of sequences by
binding of a sample nucleic acid to complementary sequences immobilized on a surface,
for example, on a microarray. Cleavage of sample nucleic acid into small fragments (e.g.,
50-100 base pairs) facilitates diffusion of nucleic acid onto the surface, and may facilitate
hybridization. It is known, for example, that steric and charge hindrance effects increase
with the size of nucleic acids that are hybridized. Moreover, cleavage of sample nucleic
acids into small fragments may ensure that two sequences of interest in the sample do not
appear to bind to the same template nucleic acid simply by virtue of their proximity on the
test nucleic acid. Cleavage of nucleic acids also facilitates detection of hybridized nucleic
acid when, as in many detection methods, the size of the signal is proportional to the size
of the bound fragment and thus, control of fragment size is desirable. Labeling of nucleic
acids is necessary in many methods of nucleic acid analysis because there are presently
few techniques for direct detection of unlabeled nucleic acid with the requisite sensitivity
for analysis on chips. Methods for fragmenting and/or labeling nucleic acids are known in
the art. See, e.g., U.S. Pat. Nos. 5,082,830; 4,996,143; 5,688,648; 6,326,142;
W002/090584, and references cited therein.

[0004] Immobilization of nucleic acids to create, for example, microarrays or

tagged analytes, is useful for, e.g., detection and analysis of nucleic acids and tagged

IDT Exhibit 1020.7957



WO 2004/011665 PCT/US2003/015825

analytes. Methods for immobilizing nucleic acids are known in the art See, e.g., U.S.
Patent Nos. 5,667,979; 6,077,674; 6,280,935; and references cited therein.

[0005] There is a serious need for improved methods for labeling and/or
fragmenting and/or immobilizing nucleic acids to a surface, for example a microarray.
[0006] All references cited herein, including patent applications and publications,

are incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

[0007] The invention provides novel methods and kits for labeling and/or
fragmenting and/or immobilizing polynucleotides to a substrate.

[0008] In one aspect, the invention provides methods for fragmenting and
labeling a polynucleotide, said method comprising: (a) synthesizing a polynucleotide from
a template in the presence of at least one non-canonical nucleotide, whereby a
polynucleotide comprising a non-canonical nucleotide is generated; (b) contacting the
synthesized polynucleotide with an enzyme capable of cleaving a base portion of the non-
canonical nucleotide from the synthesized polynucleotide (i.e. cleaving a base portion of a
non-canonical nucleotide with an enzyme capable of cleaving a base portion of a non-
canonical nucleotide), whereby an abasic site is created; (c) cleaving a phosphodiester
backbone at the abasic site; and (d) contacting the synthesized polynucleotide with an
agent capable of labeling the abasic site (i.e. labeling an abasic site), whereby a labeled
polynucleotide fragment is generated.

[0009] In one aspect, the invention provides methods for fragmenting and
labeling a polynucleotide, said method comprising (a) contacting a polynucleotide
comprising a non-canonical nucleotide with an enzyme capable of cleaving a base portion
of the non-canonical nucleotide, whereby an abasic site is created, wherein the
polynucleotide comprising a non-canonical nucleotide is synthesized from a template in
the presence of at least one non-canonical nucleotide; (b) cleaving a phosphodiester
backbone at the abasic site; and (c) contacting the polynucleotide with an agent capable of
labeling the abasic site (i.e. labeling at the abasic site); whereby a labeled polynucleotide
fragment is generated.

[0010] In another aspect, the invention provides methods for fragmenting and
labeling a polynucleotide, said method comprising (a) cleaving a phosphodiester backbone
at an abasic site of a polynucleotide comprising the abasic site, wherein the polynucleotide
comprising the abasic site is generated by contacting a polynucleotide comprising a non-
canonical nucleotide with an enzyme capable of cleaving a base portion of the non-

canonical nucleotide, whereby an abasic site is created, wherein the polynucleotide
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comprising a non-canonical nucleotide is synthesized from a template in the presence of at
least one non-canonical nucleotide; and (b) contacting the polynucleotide with an agent
capable of labeling the abasic site; whereby labeled fragments of the polynucleotide are
generated.

[0011] In another aspect, the invention provides methods for fragmenting and
labeling a polynucleotide, said method comprising contacting a polynucleotide comprising
an abasic site with an agent capable of labeling the abasic site; wherein the polynucleotide
is generated by cleaving a phosphodiester backbone at an abasic site of a polynucleotide
comprising the abasic site, wherein the polynucleotide comprising the abasic site is
generated by contacting a polynucleotide comprising a non-canonical nucleotide with an
enzyme capable of cleaving a base portion of the non-canonical nucleotide, whereby an
abasic site is created, wherein the polynucleotide comprising a non-canonical nucleotide is
synthesized from a template in the presence of at least one non-canonical nucleotide;
whereby labeled fragments of the polynucleotide are generated.

[0012] In another aspect, the invention provides method for fragmenting and
labeling a polynucleotide comprising: (a) incubating a reaction mixture, said reaction
mixture comprising: (i) a template and (ii) a non-canonical nucleotide; wherein the
incubation is under conditions that permit formation of a polynucleotide comprising a non-
canonical nucleotide; (b) incubating a reaction mixture, said reaction mixture comprising:
(i) a polynucleotide comprising a non-canonical nucleotide; and (ii) an agent capable of
specifically cleaving a base portion of a non-canonical nucleotide; wherein the incubation
is under conditions that permit cleavage of the base portion of the non-canonical
nucleotide, whereby a polynucleotide comprising an abasic site is generated; (c) incubating
a reaction mixture, said reaction mixture comprising: (i) a polynucleotide comprising an
abasic site; and (ii) an agent capable of effecting (generally, specific) cleavage of a
phosphodiester backbone at the abasic site; wherein the incubation is under conditions that
permit cleavage of the phosphodiester backbone at the abasic site; whereby fragments of
the polynucleotide are generated; (d) incubating a reaction mixture, said reaction mixture
comprising: (i) a polynucleotide comprising an abasic site; and (ii) an agent capable of
labeling the abasic site; wherein the incubation is under conditions that permit labeling at
the abasic site; whereby labeled fragments are generated.

[0013] In another aspect, the invention provides methods for labeling and
fragmenting a polynucleotide, said method comprising: (a) incubating a reaction mixture,
said reaction mixture comprising: (i) a template and (ii) a non-canonical nucleotide;
wherein the incubation is under conditions that permit formation of a polynucleotide

comprising a non-canonical nucleotide; (b) incubating a reaction mixture, said reaction

IDT Exhibit 1020.7959



WO 2004/011665 PCT/US2003/015825

mixture comprising: (i) the polynucleotide comprising the non-canonical polynucieotide;
(ii) an enzyme capable of cleaving a base portion of a non-canonical nucleotide; (iii) an
agent capable of cleaving a polynucleotide at the abasic site; wherein the incubation is
under conditions that permit cleavage of a base portion of a non-canonical nucleotide and
optionally, cleavage of the polynucleotide at the abasic site; whereby fragments of the
polynucleotide are generated; and (b) incubating a reaction mixture, said reaction mixture
comprising: (i) a polynucleotide fragment comprising an abasic site; and (ii) an agent
capable of labeling the abasic site; wherein the incubation is under conditions that permit
labeling at the abasic site; whereby a labeled fragment is generated.

[0014] In another aspect, the invention provides the invention provides methods
for labeling and fragmenting a polynucleotide, said method comprising (a) incubating a
reaction mixture, said reaction mixture comprising: (i) a template; (ii) 2 non-canonical
nucleotide; (iii) an enzyme capable of cleaving a base portion of a non-canonical
nucleotide; and (iv) an agent capable of cleaving a polynucleotide at the abasic site;
wherein the incubation is under conditions that permit formation of a polynucleotide
comprising a non-canonical nucleotide, cleavage of a base portion of a non-canonical
nucleotide and cleavage of the polynucleotide at the abasic site; whereby fragments of the
polynucleotide are generated; and (b) incubating a reaction mixture, said reaction mixture
comprising: (i) a polynucleotide fragment comprising an abasic site or optionally,
fragments of a polynucleotide comprising an abasic site; and (ii) an agent capable of
labeling the abasic site; wherein the incubation is under conditions that permit labeling at
the abasic site; whereby a labeled fragment is generated.

[0015] As is evident to one skilled in the art, aspects that refer to combining and
incubating the resultant mixture also encompasses method embodiments which comprise
incubating the various mixtures (in various combinations and/or subcombinations) so that
the desired products are formed. The reaction mixtures may be combined (thus reducing
the number of incubations) in any way, with one or more reaction mixtures above
combined.

[0016] Accordingly, in some embodiments, synthesizing a polynucleotide
comprising a non-canonical nucleotide and cleaving a base portion of a non-canonical
nucleotide are conducted in the same reaction mixture. In other embodiments,
synthesizing a polynucleotide comprising a non-canonical nucleotide, cleaving a base
portion of a non-canonical nucleotide, and cleaving the backbone at an abasic site are
conducted in the same reaction mixture. In still another embodiment, synthesizing a
polynucleotide comprising a non-canonical nucleotide and cleaving a base portion of a

non-canonical nucleotide are conducted in the same reaction mixture, and cleaving the
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backbone at an abasic site and labeling at the abasic site are conducted in same reaction
mixture. In another embodiment, synthesizing a polynucleotide comprising a non-
canonical nucleotide, cleaving a base portion of a non-canonical nucleotide, cleaving the
backbone at an abasic site, and labeling at the abasic site are conducted in same reaction
mixture. In other embodiments, synthesizing a polynucleotide comprising a non-canonical
nucleotide, cleaving a base portion of a non-canonical nucleotide, cleaving the backbone at
an abasic site, and labeling at the abasic site are conducted in same reaction mixture. In
other embodiments, cleaving a base portion of a non-canonical nucleotide, and cleaving
the backbone at an abasic site are conducted in the same reaction mixture. In other
embodiments, cleaving the backbone at an abasic site, and labeling at the abasic site are
conducted in the same reaction mixture. In another embodiment, cleaving a base portion
of a non-canonical nucleotide and labeling at the abasic site are conducted in the same
reaction mixture. In another embodiment, synthesizing a polynucleotide comprising a non-
canonical nucleotide, cleaving a base portion of a non-canonical nucleotide, and labeling at
an abasic site are conducted in the same reaction mixture. It is understood that any
combination of these incubation steps, and any single incubation step, to the extent that the
incubation is performed as part of any of the methods described herein, fall within the
scope of the invention. As explained herein, labeling can occur before fragmentation (i.e.
cleavage of the phosphodiester backbone at an abasic site), fragmentation can occur before
labeling, or fragmentation and labeling can occur simultaneously.

[0017] In another aspect, the invention provides methods for labeling a
polynucleotide, said method comprising: (a) synthesizing a polynucleotide from a
template in the presence of at least one non-canonical nucleotide, whereby a
polynucleotide comprising a non-canonical nucleotide is generated; (b) contacting the
synthesized polynucleotide with an enzyme capable of effecting cleavage of a base portion
of the non-canonical nucleotide from the synthesized polynucleotide, whereby an abasic
site is created; (c) contacting the synthesized polynucleotide with an agent capable; of
labeling the abasic site; whereby the synthesized polynucleotide is labeled.

[0018] In one aspect, the invention provides methods for labeling a
polynucleotide, said method comprising: (a) contacting a polynucleotide comprising a
non-canenical nucleotide with an enzyme capable of cleaving a base portion of the non-
canonical nucleotide, whereby an abasic site is created, wherein the polynucleotide
comprising a non-canonical nucleotide is synthesized from a template in the presence of at
least one non-canonical nucleotide; (b) contacting the polynucleotide with an agent capable

of labeling the abasic site; whereby the polynucleotide is labeled.

IDT Exhibit 1020.7961



WO 2004/011665 PCT/US2003/015825

[0019] In another aspect, the invention provides methods for labeling a
polynucleotide, said method comprising contacting a polynucleotide comprising an abasic
site with an agent capable of labeling the abasic site; wherein the polynucleotide
comprising the abasic site is generated by contacting a polynucleotide comprising a non-
canonical nucleotide with an enzyme capable of cleaving a base portion of the non-
canonical nucleotide, whereby an abasic site is created, wherein the polynucleotide
comprising a non-canonical nucleotide is synthesized from a template in the presence of at
least one non-canonical nucleotide; whereby the polynucleotide is labeled.

[0020] In another aspect, the invention provides methods for labeling a
polynucleotide, said method comprising: (a) preparing an aminooxy derivative of Alexa
Fluor 555; and (b) contacting a polynucleotide comprising an abasic site (prepared using
methods described herein) with the aminooxy derivative of Alexa Fluor 555; whereby the
polynucleotide is labeled. In another aspect, the invention provides methods for labeling a
polynucleotide comprising contacting a polynucleotide comprising an abasic site (prepared
using methods described herein) with an aminooxy derivative of Alex Fluor 555; whereby
the polynucleotide is labeled.

[0021] In some embodiments of the methods of generating polynucleotides
immobilized to a surface (i.e., a substrate), the polynucleotide comprising an abasic site is
labeled at an abasic site.

[0022] In another aspect, the invention provides methods for labeling a
polynucleotide comprising: (a) incubating a reaction mixture, said reaction mixture
comprising: (i) a template and (ii) a non-canonical nucleotide; wherein the incubation is
under conditions that permit formation of a polynucleotide comprising a non-canonical
nucleotide; (b) incubating a reaction mixture, said reaction mixture comprising: (i) a
polynucleotide comprising a non-canonical nucleotide; and (ii) an agent capable of
specifically cleaving a base portion of a non-canonical nucleotide; wherein the incubation
is under conditions that permit cleavage of the base portion of the non-canonical
nucleotide, whereby a polynucleotide comprising an abasic site is generated; (c) incubating
a reaction mixture, said reaction mixture comprising: (i) a polynucleotide comprising an
abasic site; and (ii) an agent capable of labeling the abasic site; wherein the incubation is
under conditions that permit labeling at the abasic site; whereby labeled polynucleotides
are generated.

[0023] As is evident to one skilled in the art, aspects that refer to combining and
incubating the resultant mixture also encompasses method embodiments which comprise
incubating the various mixtures (in various combinations and/or subcombinations) so that

the desired products are formed. The reaction mixtures may be combined (thus reducing
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the number of incubations) in any way, with one or more reaction mixtures above
combined.

[0024] Accordingly, in some embodiments, synthesizing a polynucleotide
comprising a non-canonical nucleotide and cleaving a base portion of a non-canonical
nucleotide are conducted in the same reaction mixture. In other embodiments,
synthesizing a polynucleotide comprising a non-canonical nucleotide, cleaving a base
portion of a non-canonical nucleotide, and labeling at the abasic site are conducted in same
reaction mixture. In other embodiments, cleaving a base portion of a non-canonical
nucleotide, and labeling at the abasic site are conducted in same reaction mixture. It is
understood that any combination of these incubation steps, and any single incubation step,
to the extent that the incubation is performed as part of any of the methods described
herein, fall within the scope of the invention.

[0025] In another aspect, the invention provides methods for labeling and
optionally fragmenting a polynucleotide, said method comprising: (a) synthesizing a
polynucleotide from a polynucleotide template in the presence of a non-canonical
nucleotide, whereby a polynucleotide comprising the non-canonical nucleotide is
generated; (b) cleaving a base portion of a non-canonical nucleotide from the synthesized
polynucleotide with an enzyme capable of cleaving the base portion of the non-canonical
nucleotide, whereby an abasic site is generated; (c) optionally, cleaving a phosphodiester
backbone of the polynucleotide comprising the abasic site at the abasic site; and (d)
labeling the polynucleotide or the fragment of the polynucleotide at the abasic site;
whereby a labeled polynucleotide, or optionally, a labeled polynucleotide fragment is
generated.

[0026] In another aspect, the invention provides methods for labeling and
optionally fragmenting a polynucleotide, said method comprising: (a) incubating a
reaction mixture, said reaction mixture comprising: (i) a polynucleotide template; and (ii) a
non-canonical nucleotide; wherein the incubation is under conditions that permit synthesis
of a polynucleotide comprising the non-canonical nucleotide, whereby a polynucleotide
comprising the non-canonical nucleotide is generated; (b) incubating a reaction mixture,
said reaction mixture comprising: (i) the polynucleotide comprising the non-canonical
nucleotide; and (ii) an enzyme capable of cleaving a base portion of the non-canonical
nucleotide, wherein the incubation is under conditions that permit cleavage of the base
portion of the non-canonical nucleotide, whereby a polynucleotide comprising an abasic
site is generated; (c) optionally incubating a reaction mixture, said reaction mixture
comprising: (i) the polynucleotide comprising the abasic site; and (ii) an agent capable of

cleaving a phosphodiester backbone of the polynucleotide comprising the abasic site at the

IDT Exhibit 1020.7963



WO 2004/011665 PCT/US2003/015825

abasic site, wherein the incubation is under conditions that permit cleavage of the
phosphodiester backbone of the polynucleotide at the abasic site, whereby a fragment of
the polynucleotide is generated; (d) incubating a reaction mixture, said reaction mixture
comprising: (i) the polynucleotide comprising the abasic site or optionally, the fragment of
the polynucleotide comprising the abasic site; and (ii) an agent capable of labeling the
abasic site, wherein the incubation is under conditions that permit labeling at the abasic
site; whereby a labeled polynucleotide or optionally, a labeled polynucleotide fragment, is
generated.

[0027] In another aspect, the invention provides methods for labeling and
optionally fragmenting a polynucleotide, said method comprising (a) incubating a reaction
mixture, said reaction mixture comprising: (i) the polynucleotide comprising the non-
canonical polynucleotide of step (a) of claim 1; (ii) an enzyme capable of cleaving a base
portion of the non-canonical nucleotide; and (iii) optionally, an agent capable of cleaving a
phosphodiester backbone of the polynucleotide comprising the abasic site at the abasic site,
wherein the incubation is under éonditions that permit cleavage of the base portion of the
non-canonical nucleotide and optionally, cleavage of the phosphodiester backbone of the
polynucleotide at the abasic site; whereby polynucleotide comprising the abasic site, or
optionally, a fragment of the polynucleotide comprising the abasic site, is generated; and
(b) incubating a reaction mixture, said reaction mixture comprising: (i) the polynucleotide
comprising the abasic site or optionally, the fragment of the polynucleotide comprising the
abasic site; and (ii) an agent capable of labeling the abasic site, wherein the incubation is
under conditions that permit labeling at the abasic site, whereby a labeled polynucleotide
or optionally, a labeled fragment of the polynucleotide, is generated.

[0028] In another aspect, the methods of the invention provide methods for
generating polynucleotides immobilized to a surface, said methods comprising
immobilizing a polynucleotide comprising an abasic site to a surface, wherein the
polynucleotide is immobilized at the abasic site. In some embodiments, the polynucleotide
comprising an abasic site is generated by contacting a polynucleotide comprising a non-
canonical nucleotide with an enzyme capable of cleaving a base portion of the non-
canonical nucleotide from the polynucleotide, whereby an abasic site is created. In further
embodiments, the polynucleotide comprising a non-canonical nucleotide is synthesized
from a template in the presence of at least one non-canonical nucleotide.

[0029] In another aspect, the methods of the invention provide methods for
generating polynucleotides immobilized to a surface, said method comprising: (a)
contacting a polynucleotide comprising a non-canonical nucleotide with an enzyme

capable of cleaving a base portion of the non-canonical nucleotide from the
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polynucleotide, whereby an abasic site is created; (b) optionally cleaving a phosphodiester
backbone at the abasic site; whereby fragments of the polynucleotide are generated; and (c)
immobilizing the polynucleotide comprising an abasic site, or fragments thereof, to a
surface, wherein the polynucleotide is immobilized at an abasic site. In some
embodiments, the polynucleotide is synthesized from a template in the presence of at least
one non-canonical nucleotide.

[0030] In another aspect, the invention provides methods for generating a
polynucleotide immobilized to a surface, said methods comprising: (a) cleaving a
phosphodiester backbone at an abasic site of a polynucleotide comprising the abasic site;
whereby fragments of the polynucleotide are generated; and (b) immobilizing the
fragments of the polynucleotide to a surface, wherein the polynucleotide is immobilized at
the abasic site. In some embodiments, the polynucleotide comprising an abasic site is
generated by contacting a polynucleotide comprising a non-canonical nucleotide with an
enzyme capable of cleaving a base portion of the non-canonical nucleotide from the
polynucleotide, whereby an abasic site is created. In further embodiments, the
polynucleotide comprising a non-canonical nucleotide is synthesized from a template in
the presence of at least one non-canonical nucleotide.

[0031] In another aspect, the invention provides methods for immobilizing a
polynucleotide comprising: (a) incubating a reaction mixture, said reaction mixture
comprising: (i) a polynucleotide comprising a non-canonical nucleotide; and (ii) an agent
capable of specifically cleaving a base portion of a non-canonical nucleotide; wherein the
incubation is under conditions that permit cleavage of the base portion of the non-
canonical nucleotide, whereby a polynucleotide comprising an abasic site is generated; (b)
optionally incubating a reaction mixture, said reaction mixture comprising: (i)a
polynucleotide comprising an abasic site; and (ii) an agent capable of effecting specific
cleavage of a phosphodiester backbone at the abasic site; wherein the incubation is under
conditions that permit cleavage of the phosphodiester backbone at the abasic site; whereby
fragments of the polynucleotide are generated; (¢) incubating a reaction mixture, said
reaction mixture comprising: (i) a polynucleotide, or fragment thereof, comprising an
abasic site; and (ii) a surface (i.e., a substrate); and (iii) an agent capable of immobilizing
the polynucleotide, or fragment thereof, comprising the abasic site to the surface at the
abasic site; wherein the incubation is under conditions that permit immeobilization of the
polynucleotide, or fragment thereof, to the surface at the abasic site; whereby immobilized
polynucleotides, or fragments thereof, are generated. In some embodiments, the
polynucleotide is synthesized from a template in the presence of at least one non-canonical

nucleotide.
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[0032] As is evident to one skilled in the art, aspects that refer to combining and
incubating the resultant mixture also encompasses method embodiments which comprise
incubating the various mixtures (in various combinations and/or subcombinations) so that
the desired products are formed. The reaction mixtures may be combined (thus reducing
the number of incubations) in any way, with one or more reaction mixtures above
combined. It is understood that any combination of these incubation steps, and any single
incubation step, to the extent that the incubation is performed as part of any of the methods
described herein, fall within the scope of the invention

[0033] Various embodiments of the methods of the inventions are described
herein. For example, in embodiments involving synthesis of a polynucleotide comprising
a non-canonical nucleotide from a template, the synthesizing can be by PCR, primer
extension, reverse transcription, DNA replication, strand displacement amplification
(SDA), multiple displacement amplification (MDA), and the like. In somé embodiments,
the polynucleotide is synthesized using single primer isothermal amplification, for
example, wherein a polynucleotide sequence complementary to a target polynucleotide is
amplified using methods comprising the following steps of: (a) hybridizing a single
stranded DNA template comprising the target sequence with a composite primer, said
composite primer comprising a RNA portion and a 3' DNA portion; (b) optionally
hybridizing a polynucleotide comprising a termination polynucleotide sequence to a region
of the template which is 5' with respect to hybridization of the composite primer to the
template; (c) extending the composite primer with DNA polymerase; and (d) cleaving the
RNA portion of the annealed composite primer with an enzyme that cleaves RNA from an
RNA/DNA hybrid such that another composite primer hybridizes to the template and
repeats primer extension by strand displacement, whereby multiple copies of the
complementary sequence of the target sequence are produced. In another embodiment, the
polynucleotide is synthesized using methods comprising the following steps of: (a)
extending a composite primer in a complex comprising (i) a polynucleotide template; and
(ii) the composite primer, said composite primer comprising an RNA portion and a 3’
DNA portion, wherein the polynucleotide template is hybridized to the composite primer;
and (b) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer hybridizes to
the template and repeats primer extension by strand displacement, whereby multiple copies
of the complementary sequence of the target sequence are produced. In some
erﬂbodiments, the RNA portion of the composite primer is 5° with respect to the 3° DNA
portion, the 5> RNA portion is adjacent to the 3° DNA portion, the RNA portion of the
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composite primer consists of about 10 to about 20 nucleotides and the DNA portion of the
composite primer consists of about 7 to about 20 nucleotides.

[0034] In other embodiments, the polynucleotide is synthesized using Ribo-
SPIA™, for example wherein multiple copies of a polynucleotide sequence
complementary to an RNA sequence of interest (template) are generated using methods
comprising the following steps of: (a) extending a first primer hybridized to a target RNA
with an RNA-dependent DNA polymerase, wherein the first primer is a composite primer
comprising an RNA portion and a 3° DNA portion, whereby a complex comprising a first
primer extension product and the target RNA is produced; (b) cleaving RNA in the
complex of step (b) with an enzyme that cleaves RNA from an RNA/DNA hybrid; (c)
extending a second primer hybridized to the first primer extension product with a DNA-
dependent DNA polymerase and a RNA-dependent DNA polymerase, whereby a second
primer extension product is produced to form a complex of first and second primer
extension products; (d) cleaving RNA from the composite primer in the complex of first
and second primer extension products with an enzyme that cleaves RNA from an
RINNA/DNA hybrid such that a composite primer hybridizes to the second primer extension
product, wherein the composite primer comprises an RNA portion and a 3° DNA portion;
(e) extending the composite primer hybridized to the second primer extension product with
a DNA-dependent DNA polymerase; whereby said first primer extension product is
displaced, and whereby multiple copies of a polynucleotide sequence complementary to
the RNA sequence of interest are generated. In some embodiment, RNA in a complex of
step (b) is cleaved with an agent (such as heat or basic conditions) that cleaves RNA from
an RNA/DNA hybrid. !

[0035] In some embodiments, the polynucleotide that is synthesized is single
stranded. In other embodiments, the polynucleotide that is synthesized is double-stranded.
In still other embodiments, the polynucleotide that is synthesized is partially double
stranded. In still other embodiments, the polynucleotide that is synthesized comprises a
c¢DNA. In still other embodiments, the template comprises RNA, mRNA, genomic DNA,
plasmid DNA, synthetic DNA, cDNA. In other embodiments, the template comprises a
cDNA library, a genomic library, or a subtractive hybridization library. In still other
embodiments, the polynucleotide comprising a non-canonical nucleotide is synthesized
using a labeled primer. In still other embodiments, the polynucleotide comprising a non-
canonical nucleotide is synthesized using a primer comprising a non-canonical nucleotide.
In other embodiments, the polynucleotide comprising a non-canonical nucleotide is
synthesized in the presence of two or more different non-canonical nucleotides, whereby a

polynucleotide comprising two or more different non-canonical nucleotide is synthesized.
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In other embodiments, the polynucleotide comprising a non-canonical nucleotide is
synthesized from two or more different polynucleotide templates.

[0036] In some embodiments, the non-canonical nucleotide is dUTP. In other
embodiments, the non-canonical nucleotide is dUTP and the enzyme capable of cleaving a
base portion of the non-canonical nucleotide from the synthesized polynucleotide is Uracil
N-Glycosylase (interchangeably termed "UNG").

[0037] In embodiments involving fragmentation, the phosphodiester backbone
can be cleaved by an agent, such as an enzyme or an amine, capable of effecting cleavage
of a phosphodiester backbone at an abasic site. In some embodiments, the enzyme is E.
coli Endonuclease I'V. In other embodiments, the agent is N, N'-dimethylethylenediamine.
In still other embodiments, the agent is heat, basic conditions, or acidic conditions.

[0038] In embodiments involving fragmentation, the fragments can be about 10,
about 15, about 20, about 25, about 30 about 35 about 40, about 50, about 65, about 75,
about 85, about 100, about 125, about 150, about 175, about 200, about 225, about 250,
about 300, about 350, about 400, about 450, about 500, about 550, about 600, about 650 or
more nucleotides in length. In some embodiments, the fragments can be at least about 15,
about 20, about 25, about 30 about 35 about 40, about 50, about 65, about 75, about 85,
about 100, about 125, about 150, about 175, about 200, about 225, about 256, about 300,
about 350, about 400, about 450, about 500, about 550, about 600, about 650 or more
nucleotides in length. In other embodiments, the fragments can be less than about 15,
about 20, about 25, about 30 about 35 about 40, about 50, about 65, about 75, about 85,
about 100, about 125, about 150, about 175, about 200, about 225, about 250, about 300,
about 350, about 400, about 450, about 500, about 550, about 600, about 650 or more
nucleotides in length. It is understood that these fragment lengths may represent an
average size in the population of fragments generated using the methods of the invention.
[0039] In some embodiments, the fragments comprise an abasic site at the 3' end
(terminus). In other embodiments, the fragments comprise an abasic site at the 5' end
(terminus). In still other embodiments, the fragments comprise both abasic sites at the 3'
ends and abasic sites at the 5' ends. It is understood that a polynucleotide fragment may
additionally comprise internal abasic sites (i.e., abasic sites that are not at the 3' or 5' end of
the fragment), as when, for example, fragmentation does not occur at every abasic site in a
polynucleotide.

[0040] In embodiments involving labeling, the polynucleotide comprising a non-
canonical nucleotide, or fragments thereof, is labeled at an abasic site, whereby a
polynucleotide (or polynucleotide fragment) comprising a label is generated. In some

embodiments, the polynucleotide, or fragments thereof, comprising an abasic site is
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contacted with an agent capable of labeling the abasic site. In various embodiments, the
detectable moiety (label) is covalently or non-covalently associated or directly or indirectly
associated with an abasic site. In some embodiments, the label is directly or indirectly
detectable. In some embodiments, the label comprises an organic molecule, a hapten, or a
particle (such as a polystyrene bead). In some embodiments, the label is detected using
antibody binding, biotin binding, or via fluorescence or enzyme activity. In some
embodiments, the detectable signal is amplified. In some embodiments, the detectable
moiety comprises an organic molecule. In some embodiments, the label reacts with an
aldehyde residue at the abasic site. In other embodiments, the labe! comprises a reactive
group selected from: a hydrazine, or a hydroxylamine. In some embodiments, the label is
5-(((2-(carbohydrazino)-methythio)acetyl)Jaminofluorescein, aminooxyacetyl hydrazide
("FARP"). In another embodiment, the label is N-(aminooxyacetyl)-N'-(D-biotinoyl)
hydrazine, trifluoroacetic acid salt ("ARP"). In yet another embodiment, the label is Alexa
555. In yet another embodiment, the label is an aminooxy derivative of Alexa Fluor 555.
[0041] In another aspect, the invention provides an aminooxy derivative of Alexa
Fluor 555, wherein the aminooxy derivative is generated as disclosed herein.
[0042] In some embodiments involving immobilization, the polynucleotide or
fragment thereof, is immobilized on a substrate (used interchangeably herein with
"surface™) at the abasic site. In some embodiments, the substrate comprises a solid or
semi-solid support. In some embodiments, the substrate is a microarray. In other
embodiments, the microarray comprises at least one probe immobilized on a substrate
fabricated from a material selected from the group consisting of paper, glass, ceramic,
plastic, polypropylene, polystyrene, nylon, polyacrylamide, nitrocellulose, silicon (and
other metals), and optical fiber. In still other embodiments, the polynucleotide, or
fragment thereof, is immobilized on the substrate in a two-dimensional configuration or a
three-dimensional configuration comprising pins, rods, fibers, tapes, threads, beads,
- particles, microtiter wells, capillaries, and cylinders.

[0043] In other embodiments, a substrate which is an analyte is selected from the

( group consisting of a protein, a polypeptide, a peptide, a carbohydrate, an organic
molecule, an inorganic molecule, a cell, a microorganism, and fragments and products
thereof. In other embodiments, the analyte is selected from the group consisting of a
polypeptide, an antibody, an organic molecule and an inorganic molecule.
[0044] The methods are applicable to generating labeled polynucleotides, labeled
polynucleotide fragments, or immobilized polynucleotides (or fragments thereof), or
labeled immobilized polynucleotides (or fragments thereof) from any polynucleotide
target, including, for example, mRNA, genomic DNA, cDNA, cloned DNA, and synthetic
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DNA. One or more steps may be combined and/or performed sequentially (often in any
order, as long as the requisite product(s) are able to be formed), and, as is evident, the
invention includes various combinations of the steps described herein. It is also evident,
and is described herein, that the invention encompasses methods in which the initial, or
first, step is any of the steps described herein. Methods of the invention encompass
embodiments in which later, “downstream” steps are an initial step. The reaction mixtures
may be combined (thus reducing the number of incubations) in any way, with one or more
reaction mixtures above combined. Accordingly, in some embodiments, synthesizing a
polynucleotide comprising a non-canonical nucleotide and cleaving a base portion of a
non-canonical nucleotide are conducted in the same reaction mixture.. In other
embodiments, synthesizing a polynucleotide comprising a non-canonical nucleotide,
cleaving a base portion of a non-canonical nucleotide, and labeling at the abasic site are
conducted in same reaction mixture. In other embodiments, synthesizing a polynucleotide
comprising a non-canonical nucleotide, cleaving a base portion of a non-canonical
nucleotide, labeling at the abasic site are conducted in same reaction mixture, and
immobilizing at an abasic site are conducted in the same reaction mixture. In other
embodiments, synthesizing a polynucleotide comprising a non-canonical nucleotide,
cleaving a base portion of a non-canonical nucleotide, and immobilizing at an abasic site
are conducted in the same reaction mixture. In other embodiments, cleaving a base portion
of a non-canonical nucleotide, and labeling at the abasic site are conducted in same
reaction mixture. In other embodiments, cleaving a base portion of a non-canonical
nucleotide, and immobilizing at the abasic site are conducted in same reaction mixture. In
other embodiments, labeling at an abasic site and immobilizing at an abasic site are
conducted in the same reaction mixture. It is understood that any combination of these
incubation steps, and any single incubation step, to the extent that the incubation is
performed as part of any of the methods described herein, fall within the scope of the
invention.

[0045] The invention also provides methods which employ (usually, analyze) the
products of the labeling and/or labeling and/or immobilization methods of the invention,
such as methods of detecting the presence or absence of nucleic acid sequence mutations;
methods to characterize (for example, detect presence or absence of and/or quantify) a
polynucleotide template; methods of preparing a hybridization probe; methods of
hybridization using the hybridization probes; methods of detection using the hybridization
probe; methods of determining a gene expression profile; method of comparative
hybridization; methods of identifying a polynucleotide; and methods of preparing a

subtractive hybridization probe.
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[0046] In one aspect, the invention provides methods of detecting presence or
absence of a mutation in a template, comprising: (a) generating a labeled polynucleotide,
or fragments thereof, by any of the methods described herein; and (b) analyzing the labeled
polynucleotide, or fragments thereof, whereby presence or absence of a mutation is
detected. In some embodiments, the labeled polynucleotide, or fragments thereof, is
compared to a labeled reference template, or fragments thereof. Step (b) of analyzing the
labeled polynucleotide, or fragments thereof, whereby presence or absence of a mutation is
detected, can be performed by any method known in the art. In some embodiments, probes
for detecting mutations are provided as a microarray.

[0047] In another aspect, the invention provides methods of characterizing a
template, comprising: (a) generating a labeled polynucleotide, or fragments thereof, by
any of the methods described herein; and (b) analyzing the polynucleotide, or fragments
thereof. Step (b) of analyzing the labeled polynucleotide, or fragments thereof, can be
performed by any method known in the art or described herein, for example by detecting
and/or quantifying labeled polynucleotide, or fragments thereof, that are hybridized to a
probe. In some embodiments, the at least one probe is provided as a microarray. The
microarray can comprise at least one probe immobilized on a solid or semi-solid substrate
fabricated from a material selected from the group consisting of paper, glass, ceramics,
plastic, polypropylene, polystyrene, nylon, polyacrylamide, nitrocellulose, silicon, other
metals, and optical fiber. A probe can be immobilized on the solid or semi-solid substrate
in a two-dimensional configuration or a three-dimensional configuration comprising pins,
rods, fibers, tapes, threads, beads, particles, microtiter wells, capillaries, and cylinders. In
some embodiments, step (b) of analyzing the labeled polynucleotide, or fragment thereof,
comprises determining amount of said products, whereby the amount of the template
present in a sample is quantified. In other embodiments, step (b) of analyzing the labeled
polynucleotide, or fragment thereof, comprises determining the sequence of the labeled
polynucleotide (or fragments thereof) for example, using sequencing by hybridization.
[0048] In another aspect, the invention provides methods for identifying a
polynucleotide, comprising: (a) generating a labeled polynucleotide, or fragments thereof,
from a polynucleotide template by any of the methods described herein; and (b) analyzing
the polynucleotide, or fragments thereof, whereby the polynucleotide is identified. In
some embodiments, step (b) of identifying the polynucleotide comprises hybridizing the
labeled polynucleotide or fragments thereof to at least one probe.

[0049] In another aspect, the invention provides methods of determining gene
expression profile in a sample, said method comprising: (a) generating a labeled

polynucleotide, or fragments thereof, by any of the methods described herein; and (b)
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determining amount of labeled polynucleotide, or fragments thereof, generated from each
template polynucleotide, wherein each said amount is indicative of amount of each
template in the sample, whereby the gene expression profile in the sample is determined.
[0050] Any of these applications can use any of the methods (including various
components and various embodiments of any of the components) as described herein.
[0051] The invention also provides compositions, kits, complexes, reaction
mixtures and systems comprising various components (and various combinations of the

components) used in the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0052] FIGURE 1: shows a diagrammatic illustration of a method for fragmenting

and labeling a nucleic acid. "R" indicates a nucleotide residue.

[0053] FIGURE 2: shows a diagrammatic illustration of a method for labeling a
nucleic acid. "R" indicates a nucleotide residue.

[0054] FIGURE 3: shows a diagrammatic illustration of a method for immobilizing a
nucleic acid to a surface. "R" indicates a nucleotide residue.

[0055] FIGURE 4: shows a gel showing fragmented labeled polynucleotide fragments
generated by (1) creating an abasic site by cleaving a base portion of a non-canonical
nucleotide present in an oligonucleotide, (2) cleaving the phosphodiester backbone at the
abasic site, and (3) labeling the abasic site using an agent capable of specifically labeling
an abasic site.

[0056] FIGURE 5: shows a gel showing labeled polynucleotides generated by (1) creating
an abasic site by cleaving a base portion of a non-canonical nucleotide present in an
oligonucleotide, and (2) labeling the abasic site using an agent capable of specifically
labeling an abasic site.

[0057] FIGURE 6: shows a gel showing labeled polynucleotide fragments generated
according to the fragmentation and labeling methods of the invention, wherein the
synthesized polynucleotides were amplified using the single primer amplification methods
described in Kurn, U.S. Patent Publication No. 2003/0087251 A1, which is hereby
incorporated by reference in its entirety.

[0058] FIGURE 7: shows an electropherogram showing labeled polynucleotide fragments
generated according to the fragmentation and labeling methods of the invention, wherein
the synthesized polynucleotides were amplified using the single primer amplification
methods described in Kurn, U.S. Patent Publication No. 2003/0087251 A1, and the UNG

treatment and amine fragmentation steps were performed in the same reaction mixture.
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[0059] FIGURE 8: shows a graph depicting the correlation observed between two
populations of labeled fragments prepared from two independent RiboSPIA™
amplification reactions using the single primer amplification methods described in Kurn,
U.S. Patent Publication No. 2003/0087251 Al. Each sample was hybridized to two
identical arrays, and intensities observed for each spot on the arrays are plotted against
each other. The Pearson correlation coefficient was calculated, and a statistically
significant correlation between duplicate arrays was observed (correlation coefficient r =
0.98).

MODES FOR CARRYING OUT THE INVENTION

Methods of the invention

Methods for labeling and fragmenting a polynucleotide, and methods for labeling a
polynucleotide

[0060] The invention provides novel methods and kits for labeling and
fragmenting a polynucleotide, and novel methods and kits for labeling a polynucleotide.
These methods are suitable for, for example, generation of labeled polynucleotides, or
labeled polynucleotide fragments, for use as hybridization probes. Generally, the
polynucleotide is labeled at an abasic site present in the polynucleotide, and fragmented at
an abasic site present in the polynucleotide (in embodiments involving fragmentation).
The abasic site present in the polynucleotide is generally prepared by cleavage of a base
portion of a non-canonical nucleotide present in the polynucleotide. Thus, the spacing of
the non-canonical nucleotide in the polynucleotide to be labeled and fragmented (in
embodiments involving fragmentation), relates to and determines the size of fragments and
intensity of labeling. This feature permits control of fragment size and/or site of labeling
by use of conditions permitting controlled incorporation of non-canonical nucleotide, for
example, during synthesis of the polynucleotide comprising the non-canonical nucleotide
from a polynucleotide template.

[0061] Thus, in one aspect, the invention provides methods for labeling and
fragmenting a polynucleotide. The methods generally comprise generation of a
polynucleotidé comprising a non-canonical nucleotide, cleavage of a base portion of the
non-canonical nucleotide present in the polynucleotide with an agent (such as an enzyme)
capable of cleaving a base portion of the non-canonical nucleotide (whereby an abasic site
is generated); cleavage of the phosphodiester backbone at the abasic site, and labeling at
the abasic site, whereby labeled polynucleotide fragments are generated. In another aspect,
the invention provides methods for labeling a polynucleotide. The methods generally

comprise generation of a polynucleotide comprising a non-canonical nucleotide, cleavage
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of a base portion of the non-canonical nucleotide present in the polynucleotide with an
agent capable of cleaving a base portion of the non-canonical nucleotide (whereby an
abasic site is generated); and labeling at the site of incorporation of the non-canonical
nucleotide (i.c., at the abasic site), whereby a labeled polynucleotide(s) is generated.
[0062] The methods of labeling and fragmenting a polynucleotide and the
methods of labeling a polynucleotide generally comprise synthesis of the polynucleotide
comprising a non-canonical nucleotide from a polynucleotide template in the presence of a
non-canonical nucleotide, whereby a polynucleotide comprising a non-canonical
nucleotide(s) is generated.

[0063] Non-canonical nucleotides are known in the art and any suitable non-
canonical polynucleotide can be used. In some embodiments, two or more different non-
canonical nucleotides are used, such that a polynucleotide comprising two or more non-
canonical nucleotides is generated. Method for synthesizing polynucleotides from a
polynucleotide template are known in the art and described herein, and any suitable
method can be used in the methods of the invention. In some embodiments, synthesis of
the polynucleotide comprising the non-canonical nucleotides is using single primer
isothermal amplification (see Kurn, U.S. Patent No. 6,251,639 B1), Ribo-SPIA™ (see
Kurn, U.S. Patent Publication No. 2003/0087251 Al), PCR, primer extension, reverse
transcription, strand displacement amplification (SDA), multiple displacement
amplification (MDA), DNA replication, and the like. The polynucleotide that is
synthesized can single stranded, double-stranded or partially double stranded, and either or
both strands can comprise a non-canonical nucleotide. In some embodiments, the
polynucleotide that is synthesized comprises a cDNA. The polynucleotide template (along
which the polynucleotide comprising a non-canonical nucleotide is synthesized) is any
template from which labeled polynucleotide or fragments thereof is desired to be produced.
In some embodiments, the template comprises RNA, mRNA, genomic DNA, cDNA, or
synthetic DNA. In other embodiments, the template comprises a cDNA library, a
subtractive hybridization library, or a genomic library. Generally, the polynucleotide
comprising the non-canonical nucleotide is synthesized using limited and/or controlled
incorporation of the non-canonical nucleotide, which results in generation of a
polynucleotide with a frequency or proportion of non-canonical nucleotides such that, in
embodiments involving fragmentation, labeled fragments of a desired size (or size range)
are generated (following production of an abasic site, labeling at an abasic site, and
cleavage of the phosphodiester backbone at an abasic site (in embodiments involving

fragmentation). Similarly, in embodiments involving labeling but not fragmentation,
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labeled polynucleotides are produced (following production of an abasic site, and labeling
at an abasic site).

[0064] In some embodiment, a labeled primer is used during synthesis of the
polynucleotide comprising a non-canonical nucleotide. In other embodiments, a primer
comprising a non-canonical nucleotide (such as dUTP) is used during synthesis of the
polynucleotide comprising a non-canonical nucleotide. In other embodiments, the primer
is a composite primer, said composite primer comprising a RNA portion and a 3' DNA
portion.

[0065] It is understood that a polynucleotide comprising a non-canonical
nucleotide can be a multiplicity (from small to very large) of different polynucleotide
molecules. Such populations can be related in sequence (e.g., members of a gene family or
superfamily) or extremely diverse in sequence (e.g., generated from all mRNA, generated
from all genomic DNA, etc.). Polynucleotides can also correspond to single sequences
(which can be part or all of a known gene, for example a coding region, genomic portion,
etc.).

[0066] A base portion of the non-canonical nucleotide is cleaved by an agent
(such as an enzyme) capable of cleaving a base portion of a non-canonical nucleotide.
Such agents are known in the art and described herein. In one embodiment, the agent
capable of specifically cleaving a base portion of a non-canonical nucleotide is N-
glycosylase. In another embodiment, the agent is Uracil N-Glycosylase (interchangeably
termed "UNG" or "uracil DNA glyosylase™).

[0067] The polynucleotide comprising an abasic site is labeled using an agent
capable of labeling an abasic site, and, in embodiments involving fragmentation, the
phosphodiester backbone of the polynucleotide comprising an abasic site is cleaved at the
site of incorporation of the non-canonical nuclectide (i.e., the abasic site by an agent
capable of cleaving the phosphodiester backbone at an abasic site, such that two or more
fragments are produced. As used herein, "cleaving the backbone or phosphodiester
backbone" is also termed "fragmentation" or fragmenting”". In embodiments involving
fragmentation, labeling can occur before fragmentation, fragmentation can occur before
labeling, or fragmentation and labeling can occur simultaneously. For convenience, these
steps are described separately below.

[0068] Agents capable of labeling (generally specifically labeling) an abasic site,
whereby a polynucleotide (or polynucleotide fragment) comprising a labeled abasic site is
generated, are known in the art. In some embodiments, the detectable moiety (label) is
covalently or non-covalently associated with an abasic site. In some embodiments, the

detectable moiety is directly or indirectly associated with an abasic site. In some
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embodiments, the detectable moiety (label) is directly or indirectly detectable. In some
embodiments, the detectable signal is amplified. In some emboediments, the detectable
moiety comprises an organic molecule. In other embodiments, the detectable moiety
comprises an antibody. In other embodiments, the detectable signal is fluorescent. In
other embodiments, the detectable signal is enzymatically generated. In some
embodiments, the label is selected from 5-(((2-(carbohydrazino)-
methyl)thio)acetyl)aminofluorescein, aminooxyacetyl hydrazide ("FARP"), N-
(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluoroacetic acid salt (ARP), Alexa Fluor
555, or an aminooxy-derivatized Alexa Fluor 555 (as described herein).

[0069] In embodiments involving fragmentation, the backbone of the
polynucleotide comprising the abasic site is cleaved at the abasic site, whereby two or
more fragments of the polynucleotide are gencrated. At least one of the fragments
comprises an abasic site, which may be labeled and/or immobilized as described herein.
Agents that cleave the phosphodiester backbone of a polynucleotide at an abasic site are
known in the art. In some embodiments, the agent is E. coli AP endonuclease IV. In other
embodiments, the agent is N, N'-dimethylethylenediamine (termed "DMED"). In other
embodiments, the agent is heat, basic condition, acidic conditions, or an alkylating agent.
Depending on the agent, the backbone can be cleaved 5' to the abasic site (e.g., cleavage
between the 5'-phosphate group of the abasic residue and the deoxyribose ring of the
adjacent nucleotide, generating a free 3' hydroxyl group), such that an abasic site is located
at the 5' end of the resulting fragment. In other embodiments, cleavage can also be 3' to
the abasic site (e.g., cleavage between the deoxyribose ring and 3'-phosphate group of the
abasic residue and the deoxyribose ring of the adjacent nucleotide, generating a free 5'
phosphate group on the deoxyribose ring of the adjacent nucleotide), such that an abasic
site is located at the 3' end of the resulting fragment. In still other embodiments, more
complex forms of cleavage are possible, for example, cleavage such that cleavage of the
phosphodiester backbone and cleavage of a portion of the abasic nucleotide results.
Selection of the fragmentation agent thus permits control of the orientation of the abasic
site within the polynucleotide fragment, for example, at the 3' end of the resulting fragment
or the 5' end of the resulting fragment. This feature has advantages, e.g., in embodiments
involving immobilization as described below. Selection of reaction conditions also
permits control of the degree, level or completeness of the fragmentation reactions. In
some embodiments, reaction conditions can be selected such that the cleavage reaction is
performed in the presence of a large excess of reagents and allowed to run to completion
with minimal concern about excessive cleavage of the polynucleotide (i.e., while retaining

a desired fragment size, which may be determined by spacing of the incorporated non-
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canonical nucleotide, during the synthesis step, above). By contrast, other methods known
in the art, e.g., mechanical shearing, DNase cleavage, require careful titration of reaction
conditions (including careful control of quantity of input DNA when DNase is used), to
avoid excessive cleavage. In other embodiments, reaction conditions are selected such that
fragmentation is not complete (in the sense that the backbone at some abasic sites remains
uncleaved (unfragmented)), such that polynucleotide fragments comprising more than one
abasic site are generated. Such fragments comprise internal (nonfragmented) abasic sites.
{0070] The methods of the invention include methods using the labeled
polynucleotide fragments and labeled polynucleotides produced by the methods of the
invention (so-called "applications"). The invention provides methods to characterize (for
example, detect presence or absence of and/or quantify) a sequence of interest by
analyzing the labeled and/or fragmented products by detection/quantification methods such
as those based on array technologies or solution phase technologics. In some
embodiments, the invention provides methods of detecting the presence or absence of
mutations.

[0071] In other embodiments, the invention provides methods of producing a
hybridization probe, hybridization using the hybridization probes; detection using the
hybridization probes; characterizing and/or quantitating nucleic acid, preparing a
subtractive hybridization probe, comparative genomic hybridization, and determining a
gene expression profile, using the labeled and/or fragmented nucleic acids generated by the

methods of the invention.

Methods for immobilizing a polynucleotide to a substrate at an abasic site

[0072] The invention also provides methods for the generation of
polynucleotides, or fragments thereof, immobilized to a substrate (surface). In some
embodiments, the immobilized polynucleotide, or immobilized polynucleotide fragment
(in embodiments involving fragmentation) is labeled according to the labeling methods
described herein. These methods are suitable for, for example, the production of
microarrays or tagged analytes.

[0073] As described herein, the abasic site is generally prepared by cleavage of a
base portion of a non-canonical nucleotide present in the polynucleotide, and, as such, the
spacing of the non-canonical nucleotide in the polynucleotide to be immobilized,
optionally fragmented and/or optionally labeled, relates to and determines the site of
immobilization, size of fragments (in embodiments involving fragmentation) and intensity
of labeling (in embodiments involving labeling). This feature permits control of fragment

size and/or intensity and location of labeling (in embodiments involving labeling) by use of
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conditions permitting controlled incorporation of non-canonical nucleotide, for example,
during synthesis of the polynucleotide comprising the non-canonical nucleotide from a
polynucleotide template.

[0074] Thus, in one aspect, the invention provides methods for immobilizing a
polynucleotide to a substrate comprising cleavage of a base portion of a non-canonical
nucleotide present in a polynucleotide comprising a non-canonical nucleotide with an
agent capable of cleaving a base portion of the non-canonical nucleotide (whereby an
abasic site is created); optionally, cleaving the phosphodiester backbone of the
polynucleotide at the abasic site, whereby fragments are generated; and immobilizing the
polynucleotide, or fragments thereof (in embodiments involving fragmentation) on a
substrate at the abasic site. Generally, the polynucleotide comprising a non-canonical
nucleotide is prepared using any method known in the art and as described herein. Agents
capable of cleaving a base portion of a non-canonical nucleotide and, in embodiments
involving fragmentation, agents capable of cleaving a phosphodiester backbone at an
abasic site, are as described herein.

[0075] Optionally, the polynucleotides, or fragments thereof, are labeled
according to any of the labeling methods described herei’n. Thus, in some embodiments,
the invention provides methods for generating labeled polynucleotides, or labeled
polynucleotide fragments, that are immobilized to a substrate. In some embodiments, the
polynucleotide, or polynucleotide fragments are labeled according to any of the labeling
methods disclosed herein.

[0076] The polynucleotide (or fragment thereof) comprising an abasic site is
immobilized to a substrate at the abasic site. The substrate can be a solid or semi-solid
surface, e.g., a microarray. In other embodiments, the microarray comprises at least one
polynucleotide (or fragment thereof) immobilized on a substrate fabricated from a material
selected from the group consisting of paper, glass, ceramic, plastic, polypropylene,
polystyrene, nylon, polyacrylamide, nitrocellulose, silicon, and optical fiber. In other
embodiments, the polynucleotide (or fragment thereof) is immobilized on the substrate in a
two-dimensional configuration or a three-dimensional configuration comprising pins, rods,
fibers, tapes, threads, beads, particles, microtiter wells, capillaries, and cylinders. In other
embodiments, polynucleotide (or fragment thereof in embodiments involving
fragmentation) comprising an abasic site is immobilized to a substrate selected from the
group consisting of one or more of: protein, polypeptide, peptide, nucleic acid,
carbohydrates, cells, microorganisms and fragments and products thereof, an organic
molecule, and an inorganic molecule. In still other embodiment, the substrate is selected

from a polypeptide, an antibody, an organic molecule and an inorganic molecule.
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[0077] Single stranded polynucleotides (including polynucleotide fragments) are
particularly suitable for preparing microarrays comprising the single stranded
polynucleotides. Single stranded polynucleotide fragments (in embodiments involving
cleavage of the phosphodiester backbone at an abasic site) are advantageous, because the
orientation of the fragment with respect to the surface (upon which the fragment is
immobilized) can be controlled by selection of the method used to cleave the
phosphodiester backbone, such that an abasic site is positioned at the 3' end of a fragment
or at the 5' end of a fragment. Immobilizing polynucleotides in a defined orientation (e.g.,
at the 3' end, at the 5' end) enhances hybridization of complementary oligonucleotides, and
permits a higher density of immobilization.

[0078] The methods of the invention include methods using the immobilized
polynucleotides, or immobilized polynucleotide fragments produced by the methods of the
invention (so-called "applications™). In some embodiments, the invention provides
methods of detecting nucleic acid sequence mutations. .

[0079] The invention also provides methods to characterize (for example, detect
presence or absence of and/or quantify) a sequence of interest using the immobilized
polynucleotides, or fragments thereof.

[0080] In another embodiment, the invention provides methods of determining a
gene expression profile, using the immobilized polynucleotides, or fragments thereof,

generated by the methods of the invention.

General Techniques

[0081] The practice of the invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, and immunology, which are within the skill of
the art. Such techniques are explained fully in the literature, such as, “Molecular Cloning:
A Laboratory Manual”, second edition (Sambrook et al., 1989); “Oligonucleotide
Synthesis” (M.J. Gait, ed., 1984); “Animal Cell Culture” (R.I. Freshney, ed., 1987);
“Methods in Enzymology” (Academic Press, Inc.); “Current Protocols in Molecular
Biology” (F.M. Ausubel et al., eds., 1987, and periodic updates); “PCR: The Polymerase
Chain Reaction”, (Mullis et al., eds., 1994).

[0082] Primers, oligonucleotides and polynucleotides employed in the invention

can be generated using standard techniques known in the art.

Definitions
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[0083] A “template sequence,” or “template nucleic acid” cr "template" as used
herein, is a polynucleotide comprising a sequence of interest, for which synthesis of a
complement comprising a non-canonical nucleotide is desired. The template sequence
may be known or not known, in terms of its actual sequence. In some instances, the terms
“target,” “template,” and variations thereof, are used interchangeably.

[0084] “Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer
to polymers of nucleotides of any length, and inélude DNA. The nucleotides can be
deoxyribonucleotides, modified nucleotides or bases, and/or their analogs, or any substrate
that can be incorporated into a polymer by DNA polymerase. Nucleotides include
canonical and non-canonical nucleotides and a polynucleotide can comprise canonical and
non-canonical nucleotides. A polynucleotide may comprise modified (altered) nucleotides,
such as, for example, modification to the nucleotide structure and or modification to the
phosphodiester backbone. As discussed herein modified nucleotide can be canonical
nucleotide or non-canonical (cleavable) nucleotides. It is understood, however, that
modified nucleotides that are not non-canonical (cleavable) nucleotide under the reaction
conditions used in the methods of the invention, if present, generally should not affect the
ability of the polynucleotide to undergo cleavage of a base portion of non-canonical
nucleotide, such that an abasic site is generated, and/or cleavage of a phosphodiester
backbone at an abasic site, such that fragments are generated, and/or immobilization of a
polynucleotide (or fragment thereof) to a substrate, as described herein. If present,
modification to the nucleotide structure, such as methylated nucleotides may be imparted
before or after assembly of the polymer. The sequence of nucleotides may be interrupted
by non-nucleotide components. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling component. Other types of
modifications include, for example, “caps”, substitution of one or more of the naturaﬂy
occurring nucleotides with an analog, internucleotide modifications such as, for example,
those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters,
phosphoamidates, carbamates, etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example,
proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with
intercalators (e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals,
radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with
modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of
the polynucleotide(s). It is understood that internucleotide modifications may, e.g., alter
the efficiency and/or kinetics of cleavage of the phosphodiester backbone (as when, for

example a phosphodiester backbone is cleaved at an abasic site, as described herein).
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Further, any of the hydroxyl groups ordinarily present in the sugars may be replaced, for
example, by phosphonate groups, phosphate groups, protected by standard protecting
groups, or activated to prepare additional linkages to additional nucleotides. The 5° and 3’
terminal OH can be phosphorylated or substituted with amines or organic capping groups
moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be derivatized to
standard protecting groups. Polynucleotides can also contain analogous forms of ribose or
deoxyribose sugars that are generally known in the art, including, for example, 2°--O-
methyl-, 2°-O-allyl, 2’-fluoro- or 2’-azido-ribose, carbocyclic sugar analogs, o-anomeric
sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose
sugars, sédoheptuloses, acyclic analogs and abasic nucleoside analogs. One or more
phosphodiester linkages may be replaced by alternative linking groups. These alternative
linking groups include, but are not limited to, embodiments wherein phosphate is replaced
by P(O)S(“thioate™), P(S)S (“dithioate”), “(O)NR; (“amidate’), P(O)R, P(O)OR’, CO or
CH, (“formacetal”), in which each R or R’ is independently H or substituted or
unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl,
cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical.
The preceding description applies to all polynucleotides referred to herein, including DNA.
It is understood, however, that modified nucleotides and/or internucleotide linkages and/or,
if present, generally should not affect the ability of the polynucleotide to undergo cleavage
of a base portion of a non-canonical nucleotide, such that an abasic site is generated, and/or
the ability of a polynucleotide to undergo cleavage of a phosphodiester backbone at an
ébasic site, such that fragments are generated, and/or the ability of a polynucleotide to be
immobilized at an abasic site (such as an abasic site at an end of a polynucleotide and/or an
abasic site that is not at an end of a polynucleotide) to a surface, as described herein.
[0085] “QOligonucleotide,” as used herein, generally refers to short, generally
single stranded, generally synthetic polynucleotides that are generally, but not necessarily,
less than about 200 nucleotides in length. The terms “oligonucleotide” and
“polynucleotide” are not mutually exclusive. The description above for polynucleotides is
equally and fully applicable to oligonucleotides.

[0086] A “primer,” as used herein, refers to a nucleotide sequence (a
polynucleotide), generally with a free 3°~-OH group, that hybridizes with a template
sequence (such as a template RNA, or a primer extension product) and is capable of ’
promoting polymerization of a polynucleotide complementary to the template. A “primer”
can be, for example, an oligonucleotide. It can also be, for example, a sequence of the
template (such as a primer extension product or a fragment of an RNA template created

following RNase cleavage of a template RNA-DNA complex) that is hybridized to a
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sequence in the template itself (for example, as a hairpin loop), and that is capable of
promoting nucleotide polymerization. Thus, a primer can be an exogenous (e.g., added)
primer or an endogenous (e.g., template fragment) primer.

[0087] A “complex” is an assembly of components. A complex may or may not
be stable and may be directly or indirectly detected. For example, as is described herein,
given certain components of a reaction, and the type of product(s) of the reaction,
existence of a complex can be inferred. For purposes of this invention, a complex is
generally an intermediate with respect to the final polynucleotide fragments, labeled
polynucleotide, labeled polynucleotide fragments, and/or immobilized polynucleotide or
fragment thereof.

[0088] A “fragment” of a polynucleotide or oligonucleotide is a contignous
sequence of 2 or more bases. In other embodiments, a fragment (also termed "region" or
"portion") is any of about 3, about 5, about 10, about 15, about 20, about 25, about 30
about 35 about 40, about 50, about 65, about 75, about 85, about 100, about 125, about
150, about 175, about 200, about 225, about 250, about 300, about 350, about 400, about
450, about 500, about 550, about 600, about 650 or more nucleotides in length. In some
embodiments, the fragments can be at least about 3, about 5, about 10, about 15, about 20,
about 25, about 30 about 35 about 40, about 50, about 65, about 75, about 85, about 100,
about 125, about 150, about 175, about 200, about 225, about 250, about 300, about 350,
about 400, about 450, about 500, about 550, about 600, about 650 or more nucleotides in
length. In other embodiments, the fragments can be less than about 3, about 5, about 10,
about 15, about 20, about 25, about 30 about 35 about 40, about 50, about 65, about 75,
about 85, about 100, about 125, about 150, about 175, about 200, about 225, about 250,
about 300, about 350, about 400, about 450, about 500, about 550, about 600, about 650 or
more nucleotides in length. In some embodiment, these fragment lengths represent an
average size in the population of fragments generated using the methods of the invention.
[0089] A “reaction mixture” is an assemblage of components, which, under
suitable conditions, react to form a complex (which may be an intermediate) and/or a
product(s).

[0090] “A”, “an” and “the”, and the like, unless otherwise indicated include plural
forms. “A” fragment means one or more fragments. "A" non-canonical nucleotide means
one or more non-canonical nucleotides.

[0091] “Comprising” means including in accordance with well-established
principles of patent law.

[0092] Conditions that “allow” an event to occur or conditions that are “suitable”

for an event to occur, such as polynucleotide synthesis, cleavage of a base portion of a
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non-canonical nucleotide, cleavage of a phosphodiester backbone at an abasic site, and the
like, or “suitable” conditions are conditions that do not prevent such events from occurring.
Thus, these conditions permit, enhance, facilitate, and/or are conducive to the event. Such
conditions, known in the art and described herein, depend upon, for example, the nature of
the polynucleotide sequence, temperature, and buffer conditions. These conditions also
depend on what event is desired, such as polynucleotide synthesis, cleavage of a base
portion of a non-canonical nucleotide, cleavage of a phosphodiester backbone at an abasic
site, labeling an abasic site, immobilizing a polynucleotide fragment or a polynucleotide,
etc.
[0093] “Microarray” and “array,” as used interchangeably herein, comprise a

- surface with an array, preferably ordered array, of putative binding (e.g., by hybridization)
sites for a biochemical sample (target) which often has undetermined characteristics. In a
preferred embodiment, a microarray refers to an assembly of distinct polynucleotide or
oligonucleotide probes immobilized at defined positions on a substrate. Arrays are formed
on substrates fabricated with materials such as paper, glass, plastic (e.g., polypropylene,
nylon, polystyrene), polyacrylamide, nitrocellulose, silicon and other metals, optical fiber
or any other suitable solid or semi-solid support, and configured in a planar (e.g., glass
plates, silicon chips) or three-dimensional (e.g., pins, fibers, beads, particles, microtiter
wells, capillaries) configuration. Probes forming the arrays may be attached to the
substrate by any number of ways including (i) in situ synthesis (e.g., high-density
oligonucleotide arrays) using photolithographic techniques (see, Fodor et al., Scierice
(1991), 251:767-773; Pease et al., Proc. Natl. Acad. Sci. U.S.4. (1994), 91:5022-5026;
Lockhart et al., Nature Biotechnology (1996), 14:1675; U.S. Pat. Nos. 5,578,832;
5,556,752; and 5,510,270); (ii) spotting/printing at medium to low-density (e.g., cDNA
probes) on glass, nylon or nitrocellulose (Schena et al, Science (1995), 270:467-470,
DeRisi et al, Nature Genetics (1996), 14:457-460; Shalon et al., Genome Res. (1996),
6:639-645; and Schena et al., Proc. Natl. Acad. Sci. U.S 4. (1995), 93:10539-11286); (iii)
by masking (Maskos and Southern, Nuc. Acids. Res. (1992), 20:1679-1684) and (iv) by
dot-blotting on a nylon or nitrocellulose hybridization membrane (see, e.g., Sambrook et
al., Eds., 1989, Molecular Cloning: A Laboratory Manual, 2nd ed., Vol. 1-3, Cold Spring
Harbor Laboratory (Cold Spring Harbor, N.Y.)). Probes may also be noncovalently
immobilized on the substrate by hybridization to anchors, by means of magnetic beads, or
in a fluid phase such as in microtiter wells or capillaries. The probe molecules are
generally nucleic acids such as DNA, RNA, PNA, and cDNA but may also include
proteins, polypeptides, oligosaccharides, cells, tissues and any permutations thereof which

can specifically bind the target molecules.
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[0094] The term “3°> generally refers to a region or position in a polynucleotide
or oligonucleotide 3” (downstream) from another region or position in the same
polynucleotide or oligonucleotide.

[0095] The term “5°” generally refers to a region or position in a polynucleotide
or oligonucleotide 5’ (upstream) from another region or position in the same
polynucleotide or oligonucleotide.

[0096] The term “3’-DNA portion,” “3°-DNA region,” “3°-RINA portion,” and
“3°_RNA region,” refer to the portion or region of a polynucleotide or oligonucleotide
located towards the 3° end of the polynucleotide or oligonucleotide, and may or may not
include the 3’ most nucleotide(s) or moieties attached to the 3’ most nucleotide of the same
polynucleotide or oligonucleotide. The 3 most nucleotide(s) can be preferably from about
1 to about 50, more preferably from about 10 to about 40, even more preferably from about
20 to about 30 nucleotides.

[0097] As used herein, "canonical" nucleotide means a nucleotide comprising one
the four common nucleic acid bases adenine, cytosine, guanine and thymine that are
commonly found in DNA. The term also encompasses the respective
deoxyribonucleosides, deoxyribonucleotides or 2'-deoxyribonucleoside-5'-triphosphates
that contain one of the four common nucleic acid bases adenine, cytosine, guanine and
thymine (though as explained herein, the base can be a modified and/or altered base as
discussed, for example, in the definition of polynucleotide). As used herein, the base
portions of canonical nucleotides are generally not cleavable under the conditions used in
the methods of the invention.

[0098] As used herein, "non-canonical nucleotide" (interchangeably called "non-
canonical deoxyribonucleoside triphosphate") refers to a nucleotide comprising a base
other than the four canonical bases. The term also encompasses the respective
deoxyribonucleosides, deoxyribonucleotides or 2'-deoxyribonucleoside-5'-triphosphates
that contain a base other than the four canonical bases. In the context of this invention,
nucleotides containing uracil (such as dUTP), or the respective deoxyribonucleosides,
deoxyribonucleotides or 2'-deoxyribonucleoside-5'-triphosphates, are a non-canonical
nucleotides. As used herein, the base portions of non-canonical nucleotides are capable of
being, generally, specifically or selectively cleaved (such that a nucleotide comprising an
abasic site is created) under the reaction conditions used in the methods of the invention.
As described herein, non-canonical nucleotides are generally also capable of being
incorporated into a polynucleotide during synthesis of a polynucleotide (during e.g., primer
extension and/or replication); capable of being generally, specifically or selectively

cleaved by an agent that cleaves a base portion of a nucleotide, such that a polynucleotide
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comprising an abasic site is generated; comprise a suitable internucleotide connection
(when incorporated into a polynucleotide) such that a phosphodiester backbone at an
abasic site (i.e., the non-canonical nucleotide following cleavage of a base portion) is
capable of being cleaved by an agent capable of such cleavage; capable of being labeled
(following generation of an abasic site); and/or capable of immobilization to a surface
(following generation of an abasic site), according to the methods described herein. It is
understood that the non-canonical nucleotide may, but does not necessarily, require all of
the features described above, depending on the particular method of the invention in which
the non-canonical nucleotide is to be used. In some embodiments, non-canonical
nucleotides are altered and/or modified nucleotides as described herein. Non-canonical
nucleotide refers to a nucleotide that is incorporated into a polynucleotide as well asto a
single nucleotide.

[0099] The term "analyte" as used herein refers to a substance to be detected or
assayed by the method of the present invention, for example, a compound whose
properties, location, quantity and/or identity is desired to be characterized. Typical
analytes may include, but are not limited to proteins, peptides, nucleic acid segments, cells,
microorganisms and fragments and products thereof, organic molecules, inorganic
molecules, or any substance for which immobilization sites for binding partner(s) can be
developed. As this disclosure clearly conveys, an analyte is a substrate.

[00100] As used herein, an "abasic site" refers to the site of incorporation of the
non-canonical nucleotide following treatment with an agent capable of effecting cleavage
of a base portion of the non-canonical nucleotide. An abasic site (interchangeably termed
"AP site") can comprise a hemiacetal ring, and lacks a base portion of the non-canonical
nucleotide. As used herein, "abasic site" encompasses any chemical structure remaining
following treatment of a non-canonical nucleotide (present in a polynucleotide chain) with
an agent (e.g., an enzyme, or heat or basic conditions) capable of effecting cleavage of a
base portion of a non-canonical nucleotide. Thus, an abasic site as used herein includes a
modified sugar moiety attached to the 3' terminus of nicked polynucleotide, as when, for
example, endonuclease III or OGG1 protein are used to cleave the base portion of the non-
canonical nucleotide. See, e.g., Kow, (2000) Methods 22, 164-169 (e.g., Figure 4).
[00101] As used herein, "labeling at an abasic site" means association of a label
with any chemical structure remaining following removal of a base portion (including the
entire base) of a non-canonical nucleotide (present in a polynucleotide chain) by treatment
with an agent (e.g., an enzyme, or heat)) capable of effecting cleavage of a base portion of
a non-canonical nucleotide. In one embodiment, a reactive aldehyde form of a hemiacetal

ring in an abasic site is labeled. In other embodiments, the label associate with a chemical
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structure remaining following treatment of a non-canonical nucleotide (present in a
polynucleotide chain) with an agent (e.g., an enzyme, or heat or basic conditions) capable
of effecting cleavage of a base portion of a non-canonical nucleotide and treatment of
polynucleotide comprising an abasic site with an agent capable of effecting cleavage of the
backbone at the abasic site (as described herein).

[00102] As used herein, cleavage of a backbone (e.g. phosphodiester backbone)
"at" an abasic site means cleavage of the phosphodiester linkage 3' to the abasic site or 5' to
the abasic site, or both. As the disclosure herein conveys, "at" an abasic site refers to
proximate or near location (such as immediately 3' or immediately 5'). In still other
embodiments, more complex forms of cleavage are possible, for example, cleavage such
that cleavage of the phosphodiester backbone and cleavage of (a portion of) the abasic
nucleotide results.

[00103] As used herein, a "label" (interchangeably called a "detectable moiety™)
refers to a moiety that is associated or linked with a polynucleotide (interchangeably called
"labeling"). The labeled polynucleotide may be directly or indirectly detected, generally
through a detectable signal. The detectable moiety (label) can be attached (or associated)
either directly or through a non-interfering linkage group with other moieties capable of
specifically associating with one or more sites to be labeled. The detectable moiety (label)
may be covalently or non-covalently associated as well as directly or indirectly associated.
[0100] The following are examples of the methods of the invention. Itis
understood that various other embodiments may be practiced, given the general description
provided herein. For example, reference to using an agent capable of cleaving a base
portion of the non-canonical nucleotide means that any of the agents capable of cleaving a

base portion of the non-canonical nucleotide described herein may be used.

Methods for labeling and fragmenting nucleic acids -

[0101] The invention provides methods for generating labeled fragments of
nucleic acid. The methods generally comprise generation of a polynucleotide comprising
at least one non-canonical nucleotide, cleavage of a base portion of the non-canonical
nucleotide present in the polynucleotide with an agent capable of cleaving a base portion
of the non-canonical nucleotide; and cleavage of the phosphodiester backbone of the
polynucleotide comprising the abasic site at the abasic site; and labeling at the abasic site,
whereby labeled nucleic acid fragments are generated. Generally, the polynucleotide
comprising a non-canonical nucleotide is fragmented and labeled at the site of
incorporation of the non-canonical nucleotide(s) present in the synthesized polynucleotide.

Thus, the frequency of non-canonical nucleotides in the synthesized polynucleotide
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generally relates to and determines the size range of the labeled fragments produced from
the polynucleotide. The methods of the invention generate labeled nucleic acid fragments,
which are useful for, for example, hybridization to a microarray and other uses described
herein.
[0102] For convenience, the synthesis of a polynucleotide comprising a non-
canonical nucleotide, and the treatment of that polynucleotide with an agent, such as an
enzyme, capable of cleaving a base portion of the non-canonical nucleotide are described
as separate steps. It is understood that these steps (e.g., one or more of these steps) may be
performed simultaneously, except (generally) in the case when a polynucleotide
comprising a non-canonical nucleotide must be capable of serving as a template for further
amplification (as in exponential methods of amplification, e.g. PCR), in which case it is
preferable to synthesize the polynucleotide comprising an abasic site prior to cleaving the

_ base portion of the non-canonical nucleotide.
[0103] The methods involve the following steps: (a) synthesizing a
polynucleotide from a template in the presence of a non-canonical nucleotide
(interchangeably termed "non-canonical deoxyribonucleoside triphosphate" or "non-
canonical deoxyribonucleotide™), whereby a polynucleotide comprising a non-canonical
nucleotide is generated; (b) contacting the polynucleotide comprising a non-canonical
nucleotide with an agent capable of cleaving a base portion of the non-canonical nucleotide
(i.e., cleaving a base portion of the non-canonical nucleotide), whereby an abasic site is
created; (c) cleaving the backbone of the polynucleotide comprising the abasic site at the
abasic site; and (d) contacting the polynucleotide comprising the abasic site with an agent
capable of labeling the abasic site (i.e., labeling the abasic site), whereby labeled
polynucleotide fragments are generated.
[0104] For simplicity, individual steps of the labeling and fragmentation method
are discussed below. It is understood, however, that the steps may be performed

simultaneously and/or in varied order, as discussed herein.

Synthesis of a polynucleotide comprising a non-canonical nucleotide

[0105] The methods involve synthesizing a polynucleotide from a teﬁplate in the
presence of at least one non-canonical nucleotide (interchangeably termed "non-canonical
deoxyribonucleoside triphosphate™), whereby a polynucleotide comprising a non-canonical
nucleotide is generated. The frequency of incorporation of non-canonical nucleotides into
the polynucleotide relates to the size of fragment produced using the methods of the
invention because the spacing between non-canonical nucleotides in the polynucleotide

comprising a non-canonical nucleotide, along with the reaction conditions used,
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determines the approximate size of the fragments resulting from generation of an abasic
site from the non-canonical nucleotide and cleavage of the backbone at the abasic site, as
described herein.

[0106] Generally, the polynucleotide is DNA, though, as noted herein, the
polynucleotide can comprise altered and/or modified nucleotides, internucleotide linkages,
ribonucleotides, etc. As generally used herein, it is understood that "DNA" applies to
polynucleotide embodiments.

[0107] Methods for synthesizing polynucleotides, e.g., single and double stranded
DNA, from a template are well known in the art, and include, for example, single primer
isothermal amplification, Ribo-SPIA™, PCR, reverse transcription, primer extension,
limited primer extension, replication (including rolling circle replication), strand
displacement amplification (SDA), nick translation, multiple displacemenf amplification
(MDA), and, e.g., any method that results in synthesis of the complement of a template
sequence such that at least one non-canonical nucleotide can be incorporated into a
polynucleotide. See, e.g., Kurn, U.S. Patent No. 6,251,639 B1; Kurn, WO 02/00938;
Kurn, U.S. Patent Publication No. 2003/0087251 A1; Mullis, U.S. Patent No. 4,582,877;
Wallace, U.S. patent No. 6,027,923; U.S. Patent No. 5,508,178; 5,888,819; 6,004,744,
5,882,867; 5,710,028; 6,027,889; 6,004,745, 5,763,178; 5,011,769; see also Sambrook
(1989) “Molecular Cloning: A Laboratory Manual”, second edition; Ausebel (1987, and
updates) “Current Protocols in Molecular Biology”; Mullis, (1994) “PCR: The
Polymerase Chain Reaction”. One or more methods known in the art can be used to
generate a polynucleotide comprising a non-canonical nucleotide. It is understood that the
polynucleotide comprising a non-canonical nucleotide can be single stranded or double
stranded or partially double stranded, and that one or both strands of a double stranded
polynucleotide can comprise a non-canonical nucleotide. For convenience, "DNA" is used
herein to describe (and exemplify) a polynucleotide. Suitable methods include methods
that result in one single- or double-stranded polynucleotide comprising a non-canonical
nucleotide (for example, reverse transcription, production of double stranded cDNA, a
single round of DNA replication), as well as methods that result in multiple single stranded
or double stranded copies or copies of the complement of a template (for example, single
primer isothermal amplification or Ribo-SPIA™ or PCR). In one embodiment, illustrated
in Figure 1, a single-stranded polynucleotide comprising a non-canonical nucleotide is
synthesized using single primer isothermal amplification. See Kurn, U.S. Patent No.
6,251,639 B1.

[0108] Generally, the polynucleotide comprising a non-canonical nucleotide is

generated from a template in the presence of all four canonical nucleotides and at least one
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non-canonical nucleotide under reaction conditions suitable for synthesis of
polynucleotides, including suitable enzymes and primers, if necessary. Reaction
conditions and reagents, including primers, for synthesizing the polynucleotide comprising
a non-canonical nucleotide are known in the art, and further discussed herein. As
described herein, non-canonical nucleotides are generally capable of polymerization (i.e.,
are substrates for DNA polymerase), and capable of being rendered abasic following
treatment with a suitable agent capable of generally, specifically or selectively cleaving a
base portion of a non-canonical nucleotide. Suitable non-canonical nucleotides are well-
known in the art, and include: deoxyuridine triphosphate (dUTP), deoxyinosine
triphosphate (dITP), 5-hydroxymethy] deoxycytidine triphosphate (5-OH-Me-dCTP). See,
e.g., Jendrisak, U.S. Patent No. 6,190,865 B1; Mol. Cell Probes (1992) 251-6. Generally,
in embodiments in which a polynucleotide comprising an non-canonical nucleotide serves
as a template for further amplification (e.g., as when multiple copies of a double stranded
polynucleotides comprising a non-canonical nucleotide are synthesized, e.g., by PCR
amplification), a polynucleotide comprising a non-canonical nucleotide must be capable of
serving as a template for further amplification.

[0109] It is understood that two or more different non-canonical nucleotides can
be incorporated into the polynucleotide synthesized from the template by DNA
polymerase, whereby a polynucleotide comprising at least two different non-canonical
nucleotides is generated.

[0110] Conditions for limited and/or controlled incorporation of a non-canonical
nucleotide are known in the art. See, e.g., Jendrisak, U.S. Patent No. 6,190,865 B1; Mol.
Cell Probes (1992) 251-6; Anal. Biochem. (1993) 211:164-9; see also Sambrook (1989)
“Molecular Cloning: A Laboratory Manual”, second edition; Ausebel (1987, and updates)
“Current Protocols in Molecular Biology”. The frequency (or spacing) of non-canonical
nucleotides in the resulting polynucleotide comprising a non-canonical nucleotide, and
thus the average size of fragments generated using the methods of the invention (i.e.,
following cleavage of a base portion of a non-canonical nucleotide, and cleavage of a
phosphodiester backbone at a non-canonical nucleotide), is controlled by variables known
in the art, including: frequency of nucleotide(s) corresponding to the non-canonical
nucleotide(s) in the template (or other measures of nucleotide content of a sequence, such
as average G-C content), ratio of canonical to non-canonical nucleotide present in the
reaction mixture; ability of the polymerase to incorporate the non-canonical nucleotide,
relative efficiency of incorporation of non-canonical nucleotide verses canonical
nucleotide, and the like. It is understood that the average fragmentation size also relates to

the reaction conditions used during fragmentation, as is further discussed herein. The

33

IDT Exhibit 1020.7989



WO 2004/011665 PCT/US2003/015825

reaction conditions can be empirically determined, for example, by assessing average
fragment size generated using the methods of the invention taught herein. The level of
labeling at an abasic site also relates to the frequency of incorporation of non-canonical
nucleotides, as is further discussed herein.
[0111] Generally, a non-canonical base can be incorporated at about every 5, 10,
15,20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 150, 175, 200, 225, 250, 300, 350, 400, 450,
500, 550, 600, 650 or more nucleotides apart in the resulting polynucleotide comprising a
non-canonical nucleotide. In one embodiment, the non-canonical nucleotide is
incorporated about every 200 nucleotides, about every 100 nucleotide, or about every 50
nucleotide. In another embodiment, the non-canonical nucleotide is incorporated about
every 50 to about 200 nucleotides. In some embodiments, a 1:5 ratio of dUTP and dTTP is
used in the reaction mixture.
{0112] The polynucleotide template (along which the polynucleotide comprising
a non-canonical nucleotide is synthesized) may be any template from which labeled
polynucleotide fragments are desired to be produced. As is evident from the description
herein, the labeled polynucleotide fragments are the complement of the sequence of the
polynucleotide template. The template includes double-stranded, partially double-
stranded, and single-stranded nucleic acids from any source in purified or unpurified form,
which can be DNA (dsDNA and ssDNA) or RNA, including tRNA, mRNA, rRNA,
mitochondrial DNA and RNA, chloroplast DNA and RNA, DNA-RNA hybrids, or
mixtures thereof, genes, chromosomes, plasmids, the genomes of biological material such
as microorganisms, €.g., bacteria, yeasts, viruses, viroids, molds, fungi, plants, animals,
humans, and fragments thereof. Obtaining and purifying nucleic acids use standard
techniques in the art. RN As can be obtained and purified using standard techniques in the
‘art. A DNA template (including genomic DNA template) can be transcribed into RNA
form, which can be achieved using methods disclosed in Kurn, U.S. Patent No. 6,251,639
B1, and by other techniques (such as expression systems) known in the art. RNA copies of
genomic DNA would generally include untranscribed sequences generally not found in
mRNA, such as introns, regulatory and control elements, etc. DNA copies of an RNA
template can be synthesized using methods described in Kurn, U.S. Patent Publication No.
2003/0087251 Al or other techniques known in the art). Synthesis of polynucleotide
comprising a non-canonical nucleotide from a DNA-RNA hybrid can be accomplished by
denaturation of the hybrid to obtain a ssDNA and/or RNA, cleavage with an agent capable
of cleaving RNA from an RNA/DNA hybrid, and other methods known in the art. The
template can be only a minor fraction of a complex mixture such as a biological sample

and can be obtained from various biological material by procedures well known in the art.
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The template can be known or unknown and may contain more than one desired specific
nucleic acid sequence of interest, each of which may be the same or different from each
other. Therefore, the methods of the invention are useful not only for producing one
specific polynucleotide comprising a non-canonical nucleotide, but also for producing
simultaneously more than one different specific polynucleotides comprising a non-
canonical nucleotide. The template DNA can be a sub-population of nucleic acids, for
example, a subtractive hybridization probe, total genomic DNA, restriction fragments, a
cDNA library, cDNA prepared from total mRNA, a cloned library, or amplification
products of any of the templates described herein. In some cases, the initial step of the
synthesis of the complement of a portion of a template nucleic acid sequence is template
denaturation. The denaturation step may be thermal denaturation or any other method
known in the art, such as alkali treatment.

[0113] For simplicity, the polynucleotide comprising a non-canonical nucleotide
is described as a single nucleic acid. It is understood that the polynucleotide can be a
single polynucleotide, or a population of polynucleotides (from a few to a multiplicity to a
very large multiplicity of polynucleotides). It is further understood that a polynucleotide
comprising a non-canonical nucleotide can be a multiplicity (from small to very large) of
different polynucleotide molecules. Such populations can be related in sequence (e.g.,
member of a gene family or superfamily) or extremely diverse in sequence (e.g., generated
from all mRINNA, generated from all genomic DNA, etc.). Polynucleotides can also
correspond to single sequence (which can be part or all of a known gene, for example a
coding region, genomic pprtion, etc.). Methods, reagents, and reaction conditions for
generating specific polynucleotide sequences and multiplicities of polynucleotide
sequences are known in the art.

[0114] Suitable methods of synthesis of a polynucleotide comprising a non-
canonical nucleotide are generally template-dependent (in the sense that polynucleotide
comprising a non-canonical nucleotide is synthesized along a polynucleotide template, as
generally described herein). It is understood that non-canonical nucleotides can be
incorporated into a polynucleotide as a result of template-independent methods. For
example, one or more primer(s) can be designed to comprise one or more non-canonical
nucleotides. See, e.g., Richards, U.S. Patent Nos. 6,037,152, 5,427,929, and 5,876,976.
As discussed herein, inclusion of at least one non-canonical nucleotide in a primer results
in cleaVage of a base-portion of a non-canonical nucleotide and labeling at the abasic site
(i.e., following generation of an abasic site, as described herein), thus generating a
polynucleotide fragment or a labeled polynucleotide fragment comprising a portion of the

primer. Inclusion of a non-canonical nucleotide in a primer may be particularly suitable
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for methods such as single primer isothermal amplification. See Kurn, U.S. Patent No.
6,251,639 B1; Kurn, WO 02/00938; Kurn, U.S. Patent Publication No. 2003/0087251 Al.
Non-canonical nucleotide(s) can also be added to a polynucleotide by template-
independent methods such as tailing and ligation of a second polynucleotide comprising a

non-canonical nucleotide. Methods for tailing and ligation are well-known in the art.

Cleaving a base portion of the non-canonical nucleotide to create an abasic site

[0115] The polynucleotide comprising a non-canonical nucleotide is treated with
an agent, such as an enzyme, capable of generally, specifically, or selectively cleaving a
base portion of the non-canonical deoxyribonucleoside to create an abasic site. The
exemplary embodiment shown in Figure 1 illustrates cleavage of a base portion of the non-
canonical nucleotides, by an enzyme, whereby an abasic site is created. As used herein,
"abasic site" encompasses any chemical structure remaining following removal of a base
portion (including the entire base) with an agent capable of cleaving a base portion of a
nucleotide, e.g., by treatment of a non-canonical nucleotide (present in a polynucleotide
chain) with an agent (e.g., an enzyme, acidic conditions, or a chemical reagent) capable of
effecting cleavage of a base portion of a non-canonical nucleotide. In some embodiments,
the agent (such as an enzyme) catalyzes hydrolysis of the bond between the base portion of
the non-canonical nucleotide and a sugar in the non-canonical nucleotide to generate an
abasic site comprising a hemiacetal ring and lacking the base (interchangeably called "AP"
site), though other cleavage products are contemplated for use in the methods of the
invention. Suitable agents and reaction conditions for cleavage of base portions of non-
canonical nucleotides are known in the art, and include: N-glycosylases (also called "DNA
glycosylases" or "glycosidases") including Uracil N-Glycosylase ("UNG"; specifically
cleaves dUTP) (interchangeably termed "uracil DNA glyosylase"), hypoxanthine-N-
Glycosylase, and hydroxy-methyl cytosine-N-glycosylase; 3-methyladenine DNA
glycosylase, 3- or 7- methylguanine DNA glycosylase, hydroxymethyluracile DNA
glycosylase; T4 endonuclease V. See, e.g., Lindahl, PNAS (1974) 71(9):3649-3653;
Jendrisak, U.S. Patent No. 6,190,865 B1. In one embodiment, uracil-N-glycosylase is used
to cleave a base portion of the non-canonical nucleotide. In other embodiments, the agent
that cleaves the base portion of the non-canonical nucleotide is the same agent that cleaves
a phosphodiester backbone at the abasic site.

[0116] Generally, cleavage of base portions of non-canonical nucleotides is
general, specific or selective cleavage (in the sense that the agent (such as an enzyme)
capable of cleaving a base portion of a non-canonical nucleotide generally, specifically or

selectively cleaves the base portion of a particular non-canonical nucleotide), whereby
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greater than about 98%, about 95%, about 90%, about 85%, or about 80% of the base
portions cleaved are base portions of non-canonical nucleotides. However, extent of
cleavage can be less. Thus, reference to specific cleavage is exemplary. General, specific
or selective cleavage is desirable for control of the fragment size in the methods of
generating labeled polynucleotide fragments of the invention (i.e., the fragments generated
by cleavage of the backbone at an abasic site). Generally, reaction conditions are selected
such that the reaction in which the abasic site(s) are created can run to completion.

[0117] In some embodiments, the polynucleotide comprising a non-canonical
nucleotide is purified following synthesis of the non-canonical polynucleotide (to
eliminate, for example, residual free non-canonical nucleotides that are present in the
reaction mixture). In other embodiments (such as the embodiment described in Example
4), there is no intermediate purification between the synthesis of the polynucleotide
comprising the non-canonical nucleotide and subsequent steps (such as cleavage of a base
portion of the non-canonical nucleotide and cleavage of a phosphodiester backbone at the
abasic site).

[0118] As noted herein, for convenience, cleavage of a base portion of a non-
canonical nucleotide (whereby an abasic site is generated) has been described as a separate
step. Tt is understood that this step may be performed simultaneously with synthesis of the
polynucleotide comprising a non-canonical nucleotide (as described above), cleavage of
the backbone at an abasic site (fragmentation) and/or labeling at an abasic site.

[0119] It is understood that the choice of non-canonical nucleotide can dictate the
choice of enzyme to be used to cleave the base portion of that non-canonical enzyme, to
the extent that particular non-canonical nucleotides are recognized by particular enzymes

that are capable of cleaving a base portion of the non-canonical nucleotide..

Cleaving the backbone at the abasic site of the polynucleotide comprising an abasic site

and labeling at the abasic site

[0120] The backbone of the polynucleotide is cleaved at the abasic site, and the
abasic site is labeled, whereby labeled fragments of nucleotide are generated. It is
understood that cleavage of the backbone and labeling can be performed in any order, or

simultaneously. For convenience, however, these reactions are described as separate steps.
Cleaving the backbone at the abasic site of the polynucleotide comprising an abasic site
[0121] Following generation of an abasic site by cleavage of the base portion of

the non-canonical nucleotide present in the polynucleotide, the backbone of the

polynucleotide is cleaved at the site of incorporation of the non-canonical nucleotide (also
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termed the abasic site, following cleavage of the base portion of the non-canonical
nucleotide) with an agent capable of effecting cleavage of the backbone at the abasic site.
Cleavage at the backbone (also termed "fragmentation™) results in at least two fragments
(depending on the number of abasic sites present in the polynucleotide comprising an
abasic site, and the extent of cleavage).

[0122] Suitable agents (for example, an enzyme, a chemical and/or reaction
conditions such as heat) capable of cleavage of the backbone at an abasic site are well
known in the art, and include: heat treatment and/or chemical treatment (including basic
conditions, acidic conditions, alkylating conditions, or amine mediated cleavage of abasic
sites, (see e.g., McHugh and Knowland, Nucl. Acids Res. (1995) 23(10):1664-1670;
Bioorgan. Med. Chen1(1991) 7:2351; Sugiyama, Chem. Res. Toxicol. (1994) 7. 673-83;
Horn, Nucl. Acids. Res., (1988) 16:11559-71), and use of enzymes that catalyze cleavage
of polynucleotides at abasic sites, for example AP endonucleases (also called "apurinic,
apyrimidinic endonucleases™) (e.g., E. coli Endonuclease IV, available from Epicentre
Tech., Inc, Madison WI), E. coli endonuclease Il or endonuclease IV, E. coli exonuclease
III in the presence of calcium ions. See, e.g. Lindahl, PNAS (1974) 71(9):3649-3653;
Jendrisak, U.S. Patent No. 6,190,865 B1; Shida, Nucleic Acids Res. (1996) 24(22):4572-
76; Srivastava, J. Biol Chem. (1998) 273(13):21203-209; Carey, Biochem. (1999)
38:16553-60; Chem Res Toxicol (1994) 7:673-683. As used herein "agent" encompasses
reaction conditions such as heat. In one embodiment, the AP endonuclease, E. coli
endonuclease IV, is used the cleave the phosphodiester backbone at an abasic site. In
another embodiment, cleavage is with an amine, such as N, N'-dimethylethylenediamine.
See, e.g. McHugh and Knowland, supra.

[0123] Generally, cleavage is between the nucleotide immediately 5' to the abasic
residue and the abasic residue, or between the nucleotide immediately 3' to the abasic
residue and the abasic residue (though, as explained herein, 5' or 3' cleavage of the
phosphoediester backbone may or may not result in retention of the phosphate group 5' or 3'
to the abasic site, respectively, depending on the fragmentation agent used). As is well
known in the art, cleavage can be 5' to the abasic site (such as endonuclease IV treatment
which generally results in cleavage of the backbone at a location immediately 5' to the
abasic site between the 5'-phosphate group of the abasic residue and the deoxyribose ring
of the adjacent nucleotide, generating a free 3' hydroxyl group on the adjacent nucleotide),
such that an abasic site is located at the 5' end of the resulting fragment. Cleavage can also
be 3' to the abasic site (e.g., cleavage between the deoxyribose ring and 3' -phosphate
group of the abasic residue and the deoxyribose ring of the adjacent nucleotide, generating

a free 5' phosphate group on the deoxyribose ring of the adjacent nucleotide), such that an
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abasic site is located at the 3' end of the resulting fragment. Treatment under basic
conditions or with amines (such as N, N'-dimethylethylenediamine) results in cleavage of
the phosphodiester backbone immediately 3' to the abasic site. In addition, more complex
forms of cleavage are also possible, for example, cleavage such that cleavage of the
phosphodiester backbone and cleavage of (a portion of) the abasic nucleotide results. For
example, under certain conditions, cleavage using chemical treatment and/or thermal
treatment may comprise a B-elimination step which results in cleavage of a bond between
the abasic site deoxyribose ring and its 3' phosphate, generating a reactive o,pB-unsaturated
aldehyde which can be labeled or can undergo further cleavage and cyclization reactions.
See, e.g. Sugiyama, Chem. Res. Toxicol. (1994) 7: 673-83; Horn, Nucl. Acids. Res., (1988)
16:11559-71. It is understood that more than one method of cleavage can be used,
including two or more different methods which result in multiple, different types of
cleavage products (e.g., fragments comprising an abasic site at the 3' end, and fragments
comprising an abasic site at the 5' end).

[0124] Generally, cleavage of the backbone at an abasic site is general, specific or
selective cleavage (in the sense that the agent (such as an enzyme) capable of cleaving the
backbone at an abasic site specifically or selectively cleaves the base portion of a particular
non-canonical nucleotide), whereby greater than about 98%, about 95%, about 90% , about
85%, or about 80% of the cleavage is at an abasic site. However, extent of cleavage can be
less. Thus, reference to specific cleavage is exemplary. General, specific or selective
cleavage is desirable for control of the fragment size in the methods of generating labeled
polynucleotide fragments of the invention. In some embodiments, reaction conditions can
be selected such that the cleavage reaction is performed in the presence of a large excess of
reagents and allowed to run to completion with minimal concern about excessive cleavage
of the polynucleotide (i.e., while retaining a desired fragment size, which is determined by
spacing of the incorporated non-canonical nucleotide, during the synthesis step, above). In
other embodiments, extent of cleavage can be less, such that polynucleotide fragments are
generated comprising an abasic site at an end and an abasic site(s) within or internal to the
polynucleotide fragment (i.e., not at an end). As disclosed herein, polynucleotide
fragménts comprising internal abasic sites are useful e.g., in embodiments involving
immobilization of a labeled polynucleotide (wherein one abasic site is used for
immobilization and another abasic site(s) are labeled at an abasic site).

[0125] As noted herein, the frequency of incorporation of non-canonical
nucleotides into the polynucleotide relates to the size of fragment produced using the
methods of the invention because the spacing between non-canonical nucleotides in the

polynucleotide comprising a non-canonical nucleotide, as well as the reaction conditions
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selected, determines the approximate size of the resulting fragments (following cleavage of
a base portion of a non-canonical nucleotide, whereby an abasic site is generated, and
cleavage of the backbone at the abasic site as described herein). Generally, suitable
fragment sizes are about 5, 10, 15, 20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 150, 175, 200,
225, 250, 300, 350, 400, 450, 500, 550, 600, 650 or more nucleotides in length. In some
embodiments, the fragment is about 200 nucleotides, about 100 nucleotides, or about 50
nucleotides in length. In another embodiment, the size of a population of fragments is
about 50 to 200 nucleotides. It is understood that the fragment size is approximate,
particularly when populations of fragments are generated, because the incorporation of a
non-canonical nucleotide (which relates to the fragment size following cleavage) will vary
from template to template, and also between copies of the same template. Thus, fragments
generated from same starting material (such as a single polynucleotide template) may have
different (and/or overlapping) sequence, while still having the same approximate size or
size range.

[0126] Following cleavage of the polynucleotide backbone at the abasic site,
every fragment will comprise one abasic site (if cleavage is completely efficient), except
for either the 5'- or 3'-most fragment, which will lack an abasic site depending on the
cleavage agent. If the cleavage is 5' to the abasic site, the 5' most fragment will not
comprise an abasic site. If cleavage is 3' to the abasic site, the 3' most fragment will not
comprise an abasic site. If it is desired to incorporate an abasic site into a 5'-most
fragment, (if the synthesis step requires a primer(s)), a primer comprising a non-canonical
nucleotide can be used, as discussed herein, and the resulting abasic site in the primer will
be cleaved. Generally, if cleavage of the phosphodiester backbone is 5' to the abasic
residue, the abasic site should be incorporated at the 5' end of the primer (or the DNA
portion of the primer, if an RNA-DNA composite primer is used, see Kurn, U.S. patent No.
6,251,639 B1).

Labeling the abasic site and detection

[0127] The abasic site is labeled, whereby a polynucleotide (or polynucleotide
fragment) comprising a label is generated. In some embodiments, a polynucleotide
fragment comprising an abasic site is contacted with an agent capable of labeling at the
abasic site; whereby labeled fragments of the polynucleotide are generated. As used
herein, a "label" (interchangeably called a "detectable moiety") is associated with a
polynucleotide, such that the polynucleotide comprising an abasic site is associated with a

label.
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[0128] Thus, in some embodiments, the label associates with a chemical structure
remaining following treatment of a non-canonical nucleotide (present in a polynucleotide
chain) with an agent (e.g., an enzyme, or acidic conditions, or a chemical reagent) capable
of effecting cleavage of a base portion of a non-canonical nucleotide. In embodiments
involving fragmentation, the label associates with any chemical structure remaining
following treatment of a non-canonical nucleotide (present in a polynucleotide chain) with
an agent (e.g., an enzyme, or acidic conditions, or a chemical reagent) capable of effecting
cleavage of a base portion of a non-canonical nucleotide, and following treatment with an
agent capable of cleaving the backbone at the abasic site. In one embodiment, the label
covalently bonds with a reactive aldehyde form of a hemiacetal ring in an abasic site. In
some embodiments, labeling "at" an abasic site encompasses labels that bind to an abasic
site, but do not bind to the intact (uncleaved) non-canonical nucleotide (whether
incorporated or present as a single non-canonical nucleotide). In some embodiment,
labeling "at" an abasic site specifically excludes labels that associate (e.g., covalently bind)
with a phosphate group of a nucleotide (or polynucleotide) or a phosphate group of an
abasic site. As made clear from the disclosure herein, "label" refers to any component of a
labeling system.

10129] The embodiment shown in Figure 1 illustrates cleavage of the
phosphodiester backbone at an abasic site of the polynucleotide comprising the abasic site,
whereby a cleaved polynucleotide fragment is produced, then covalently or non-covalently
associating a label with the cleaved fragment, such that labeled polynucleotide fragments
are generated. It is understood that cleavage of the phosphodiester backbone at the abasic
site, and labeling at an abasic site can be performed in any order, or simultaneously (for
example, as disclosed in Example 4, herein).

[0130] The label can be detectable, or the label can be indirectly detected, for
example as when the label (attached at an abasic residue) is covalently or non-covalently
associated with another moiety which is itself detected. For example, biotin can be
attached to the label capable of associating with the abasic site. In another example, an
antibody (that can be detectably labeled) binds the label that is attached at the abasic site.
In some embodiments, the label comprises an organic molecule, a hapten, or a particle
(such as a polystyrene bead). In some embodiments, the label is detected using antibody
binding, biotin binding, or via fluorescence or enzyme activity. In some embodiments, the
detectable signal is amplified.

[0131] Generally, labeling at an abasic site is general, specific, or selective
Jabeling (in the sense that the agent capable of labeling at an abasic site specifically or

selectively labels the abasic site), whereby greater than about 98%, about 95%, about 93%,
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about 90%, about 85%, or about 80% of the labels bind abasic sites. However, extent of
labeling can be less. Thus, reference to specific labeling is exemplary. Generally, reaction
conditions are selected such that the reaction in which the abasic site(s) are labeled can run
to completion.

[0132] In some embodiments, labeled polynucleotide fragments are produced
which each comprise a single label (to the extent that cleavage of the phosphodiester
backbone is generally complete, in the sense that many or essentially all of the
polynucleotide fragments comprise a single abasic site). This aspect is useful in
quantitating level of hybridization, because signal is proportional to number of bound
fragments, and does not relate to the length of the hybridizing fragment or the number of
labels per fragment. Thus, hybridization intensity can generally be directly compared,
regardless of fragment length. This offers an advantage over prior art methods in which
nucleic acid fragments are labeled with multiple detectable moieties, e.g., incorporation of
labeled nucleotides, and other methods of directly and indirectly detecting incorporated
nucleotides. These methods generally result in multiple labels per hybridizing fragment,
and thus are generally less suitable for quantitative applications. Multiple labels per
nucleic acid can result in quenching, and potential interference with hybridization kinetics
(due to the presence of multiple labeled moieties per nucleic acid).

[0133] In another embodiment, labeled fragments are produced which comprise a
labeled abasic site at an end (such as the 3' end and/or the 5' end) and a labeled internal
abasic site.

[0134] Methods and reaction conditions for labeling abasic sites are known in the
art. For example, a common functional group exposed in an abasic site (and therefore
suitable for use in labeling) is the highly reactive aldehyde form of the hemiacetal ring
which can be covalently or noncovalently attached to a label using reaction conditions that
are known in the art. Many labels comprise substituted hydrazines or hydroxylamines
which readily form imine bonds with aldehydes, for example, 5-(((2-(carbohydrazino)-
methyl)thio)acetyl)aminofluorescein, aminooxyacetyl hydrazide (FARP). See
Makrogiorgos, WO 00/39345. The stable oxime formed by this compound can be detected
directly by fluorescence or the signal can be amplified using an antibody-enzyme
conjugate. See, e.g., Srivastava, J. Biol. Chem. (1998) 273(33): 21203-209; Makrigiorgos,
Int J. Radiat. Biol. (1998) 74(1):99-109; Makriogiorgos, U.S. Patent No. 6,174,680 B1;
Makrogiorgos, WO 00/39345. Suitable sidechains (present on the substrate) to react with
the aldehyde (of the abasic site) include at least the following: substituted hydrazines,
hydrazides, or hydroxylamines (which readily form imine bonds with aldehydes), and the

related semicarbazide and thiosemicarbazide groups, and other amines which can form
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stable carbon-nitrogen double bonds, that can catalyze simultaneous cleavage and binding
(see Horn, Nucl. Acids. Res., (1988) 16:11559-71), or can be coupled to form stable
conjugates, e.g. by reducfive amination. Other methods for attaching a reactive group
present in an abasic site to a reactive group present on a label are known in the art. In
another example, the abasic site may be chemically modified, then the modified abasic site
covalently or non-covalently attached to a suitable reactive group on a substrate. For
example, the aldehyde (in the abasic site) can be oxidized or reduced (using methods
known in the art), then covalently immobilized to a substrate using, e.g., reductive
amination or various oxidative processes.

[0135] Other suitable reagents are known in the art, e.g., fluorescein aldehyde
reagents. See, e.g., Boturyn (1999) Chem. Res. Toxicol. 12:476-482. See, also, Adamczyk
(1998) Bioorg.Med. Chem. Lett. 8(24):3599-3602; Adamczyk (1999) Org. Lett. 1(5):779-
781; Kow (2000) Methods 22(2):164-169; Molecular Probes Handbook, Section 3.2
(www.probes.com). For example, detectable moieties comprising aminooxy groups can be
used. See, Boturyn, supra. The aminoooxy group readily reacts with the highly reactive
aldehyde form of the hemiacetal ring of an abasic site. In one embodiment, the label
comprising an aminooxy reactive group is N-(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine,
trifluoroacetic acid salt (ARP) (available from Molecular Probes, Eugene OR, catalog No.
A-10550). See, e.g., Kubo et al., Biochem 31:3703-3708 (1992); Ide et al., Biochem.
32:8276-8283 (1993).

[0136] In yet another example, labels comprising a hydrazide linker can be
converted to an aminooxy derivative, then used to label abasic sites as described herein. In
one embodiment, the label comprises an aminooxy derivatized Alexa Fluor 555 reagent.
As shown in Figure 5, use of the aminooxy-derivatized Alexa Fluor 555 resulted in greater
labeling efficiency, as well as increased fluorescence as compared to labeling with
unmodified Alexa Fluor 555 hydrazide (Order No. A-20501, Molecule Probes, Eugene
OR).

[0137] In another example, the abasic site may be chemically modified (before,
during or after cleavage of the phosphodiester backbone as described herein), then the
modified abasic site detected directly or indirectly. For example, fluorescent cadaverine
can be incorporated into an abasic site as described in Horn (Nucl. Acids. Res., (1988)
16:11559-71). In another example, the abasic site may be chemically modified by reaction
with NHBA (0-4-nitrobenzyl hydroxylamine), then the NBHA-modified abasic site is
detected with an antibody that specifically binds to the NBHA-modified abasic sites See
Kow et al, WO 92/07951 (1992).
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[0138] In another example, the abasic site may be labeled with an antibody (such
as a monoclonal or polyclonal antibody or antigen binding fragment). Methods for
detecting specific antibody binding are well known in the art.

[0139] In another example, the aldehyde and/or hemiacetal ring may itself be
detected, as when for example, detectable signal is generated using chemical or
electrochemical reactions specific to those chemical structures, including for example,
oxidation reactions, enzymes with dehydrogenase or oxidase activity, and the like. In
another example, many aldehydes are substrates for enzymes, such that a detectable
product is generated in the presence of the aldehyde. For example, dehydrogenases
typically couple oxidation of an aldehyde with reduction of NAD+ which can be detected
spectrophotometrically. In another example, glucose oxidases generate hydrogen peroxide
in the presence of sugar aldehydes. Hydrogen peroxide is readily detectable by coupling to
horseradish peroxidase with suitable substrates. Thus, the invention provides methods for
detecting an abasic site.

[0140] Methods of signal detection are known in the art. Signal detection may be
visual or utilize a suitable instrument appropriate to the particular label used, such as a
spectrometer, fluorimeter, or microscope. For example, where the label is a radioisotope,
detection can be achieved using, for example, a scintillation counter, or photographic film
as in autoradiography. Where a fluorescent label is used, detection may be by exciting the
fluorochrome with the appropriate wavelength of light and detecting the resulting
fluorescence, such as by microscopy, visual inspection or photographic film, fluorometer,
CCD cameras, scanner and the like. Where enzymatic labels are used, detection may be by
providing appropriate substrates for the enzyme and detecting the resulting reaction
product. For example, many substrates of horseradish peroxidase, such as o-
phenylenediamine, give colored products. Simple colorimetric labels can usually be
detected by visual observation of the color associated with the label; for example,
conjugated colloidal gold is often pink to reddish, and beads appear the color of the bead.
Instruments suitable for high sensitivity detection are known in the art.

[0141] It is understood that the polynucleotide or polynucleotide fragments can be
additionally labeled using other methods known in the art, such as incorporation of labeled
nucleotide analogs during synthesis of the polynucleotide comprising a non-canonical
nucleotide. In addition, following cleavage of the phosphodiester backbone of the
polynucleotide comprising an abasic site, either the 5' most or the 3' most fragment will
lack an abasic site, depending on the cleavage agent (in embodiments in which the
fragmentation reaction goes to completion). However, as discussed herein, if the synthesis

step requires primer(s), a labeled primer(s) can be used such that the resulting fragment
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comprising a primer is labeled. Suitable labels and methods of labeling primers are
known. In addition, a primer comprising a non-canonical nucleotide can be used.
Following generation of an abasic site, cleavage of the phosphodiester backbone at the
abasic site, and labeling at the abasic site, the fragment comprising at least a portion of the
primer will be labeled. Generally, if cleavage of the phosphodiester backbone is 5' to the
abasic residue, the abasic site should be incorporated at the 5' end of the primer (or the
DNA portion of the primer, if a composite primer is used, see Kurn , U.S. Patent No.
6,251,639 B1); U.S. Patent Publication No. 2003/0087251 Al.

[0142] Labeled polynucleotide fragments can be immobilized to a substrate, as

described herein.

Methods for labeling nucleic acids

[0143] The invention provides methods for generating labeled nucleic acid(s).
The methods generally comprise generation of a polynucleotide comprising at least one
non-canonical nucleotide, cleavage of a base portion of the non-canonical nucleotide
present in the polynucleotide with an agent capable of cleaving a base portion of the non-
canonical nucleotide; and labeling the abasic site, whereby labeled polynucleotide(s) is
generated. Generally, the polynucleotide comprising a non-canonical nucleotide is labeled
at the site of incorporation of non-canonical nucleotides in the polynucleotide (following
generation of an abasic site by cleavage of a base portion of a non-canonical nucleotide).
The methods of the invention generate labeled polynucleotide(s), which are useful for, for
example, hybridization to a microarray and other uses described herein.

[0144] The methods involve the following steps: (a) synthesizing a
polynucleotide from a template in the presence of at least one non-canonical nucleotide
(interchangeably termed "non-canonical deoxyribonucleoside triphosphate'), whereby a
polynucleotide comprising a non-canonical nucleotide is generated; (b) contacting the
polynucleotide comprising a non-canonical nucleotide with an agent capable of cleaving a
base portion of the non-canonical nucleotide, whereby an abasic site is created; and (¢)
labeling the abasic site in the polynucleotide comprising the abasic site, whereby laibeled
polynucleotide(s) is generated. A schematic description of one embodiment of the labeling
methods of the invention is given in Figure 2.

[0145] For simplicity, individual steps of the labeling methods are discussed
below. It is understood, however, that the steps may be performed simultaneously and in

varied order, as discussed herein.

Synthesis of a polynucleotide comprising a non-canonical nucleotide
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[0146] The methods involve synthesizing a polynucleotide from a template in the
presence of at least one non-canonical nucleotide, whereby a polynucleotide comprising a
non-canonical nucleotide is generated. The exemplary embodiment illustrated in Figure 2
illustrates synthesis of a single stranded polynucleotide from a template in the presence of
non-canonical nucleotides, such that a single stranded polynucleotide comprising the non-
canonical nucleotide is generated. The frequency of incorporation of non-canonical
nucleotides into the polynucleotide relates to the frequency of labeled abasic site generated
using the methods of the invention because the spacing between non-canonical nucleotides
in the polynucleotide comprising a non-canonical nucleotide determines the approximate
spacing of the labeled sites in the labeled nucleic acid.

[0147] Generally, the polynucleotide is DNA, though, as noted herein, the
polynucleotide can comprise altered and/or modified nucleotides, internucleotide linkages,
ribonucleotides, etc. As generally used herein, it is understood that "DNA" applies to
polynucleotide embodiments.

[0148] Methods for synthesizing polynucleotides, e.g., single and double stranded
DNA, from a template are well known in the art, and are described herein. For
convenience, "DNA" is used herein to describe (and exemplify) a polynucleotide.

[0149] Generally, single or double stranded polynucleotide is generated from a
template in the presence of all four canonical nucleotides and at least one non-canonical
nucleotide under reaction conditions suitable for synthesis of DNA, including suitable
enzymes and primers, if necessary. Reaction conditions and reagents, including primers,
for synthesizing the polynucleotide comprising a non-canonical nucleotide are known in
the art, and discussed herein. As described herein, non-canonical nucleotides are generally
capable of polymerization, and capable of being rendered abasic following treatment with
a suitable agent capable of generally, specifically or selectively cleaving a base portion of a
non-canonical nucleotide. Suitable non-canonical nucleotides are well-known in the art
and are described herein. In some embodiments, the polynucleotide comprising a non-
canonical nucleotide is synthesized using single primer isothermal amplification, see Kurn,
1U.S. Patent No. 6,251,639 B1; Kurn, W0O02/00938; and/or Ribo-SPIATM, see Kurn, U.S.
Patent Publication No. 2003/0087251 A1.

[0150] Conditions for limited and/or controlled incorporation of a non-canonical
nucleotide are known in the art and are described herein. The frequency (or proportion) of
non-canonical bases in the resulting polynucleotide comprising a non-canonical nucleotide,
and thus the frequency of labeling in the labeled polynucleotide, is controlled by variables
known in the art, including: frequency of nucleotide(s) corresponding to the non-canonical

nucleotide(s) in the template (or other measures of nucleotide content of a sequence, such
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as average G-C content), ratio of canonical to non-canonical nucleotide present in the
reaction mixture; ability of the polymerase to incorporate the non-canonical nucleotide,
relative efficiency of incorporation of non-canonical nucleotide verses canonical
nucleotide, and the like.

[0151] Generally, the polynucleotide comprising a non-canonical nucleotide is
labeled at the site of incorporation of the non-canonical nucleotide(s) (i.c., at an abasic site,
as described herein) present in the synthesized polynucleotide. Thus, the frequency of
non-canonical nucleotides in the synthesized polynucleotide generally determines the
frequency of labels in the labeled polynucleotide. Generally, a non-canonical base can be
incorporated at about every 5, 10, 15, 20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 150, 175,
200, 225, 250, 300, 350, 400, 450, 500, 550, 600, 650 or more nucleotides apart in the
resulting polynucleotide comprising a non-canonical nucleotide. In one embodiment, the
non-canonical nucleotide is incorporated about every 500 nucleotides. In one embodiment,
the non-canonical nucleotide is incorporated about every 100 nucleotides. In another
embodiment, the non-canonical nucleotide is incorporated about every 50 nucleotides. In
another embodiments, the non-canonical nucleotide is incorporated about every 50 to 200
nucleotides. It is understood that these length generally represent average lengths in a
population of polynucleotides generated using the methods of the invention.

[0152] Methods of synthesis are generally template-dependent (as described
herein). However, it is understood that non-canonical nucleotides can be incorporated into
a polynucleotide as a result of template-independent methods (e.g. ligation, tailing), as
described herein.

[0153] The template may be any template from which labeled polynucleotides are
desired to be produced. The template includes double-stranded, partially double stranded
and single-stranded nucleic acids from any source in purified or unpurified form, as
described herein.

[0154] For simplicity, the polynucleotide comprising a non-canonical nucleotide
is described as a single nucleic acid. It is understood, however, that the polynucleotide
comprising a non-canonical nucleotide can be a single nucleic acid, for example, as
produced by reverse transcription, first and second strand cDNA production, or a single
cycle of DNA replication. The polynucleotide can also be a population of amplified
products (from a few to very many), for example single stranded DNA products produced
using single primer isothermal amplification and/or Ribo-SPIATM , see Kurn, U.S. Patent
No. 6,251,639 B1; Kurn, U.S. Patent Publication No. 2003/0087251 A1, or double
stranded DNA product produced by, for example, PCR. It is further understood that a

polynucleotide comprising a non-canonical nucleotide can be a multiplicity (from small to
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very large) of different polynucleotide molecules. Such populations can be related in
sequence (e.g., member of a gene family or superfamily) or extremely diverse in sequence
(e.g., generated from all mRNA, generated from all genomic DNA, etc.). Polynucleotides
can also correspond to single sequence (which can be part or all of a known gene, for
example a coding region, genomic portion, etc.). Methods, reagents, and reaction
conditions for generating specific polynucleotide sequences and multiplicities of

polynucleotide sequences are known in the art

Cleaving a base portion of the non-canonical nucleotide to create an abasic site

[0155] The polynucleotide comprising a non-canonical nucleotide (synthesized
from a template, as described herein) is treated with an agent (such as an enzyme) capable
of generally, specifically or selectively cleaving a base portion of the non-canonical
nucleotide to create an abasic site. The embodiment shown in Figure 2 illustrates cleavage
of a base portion of the non-canonical nucleotides, whereby an abasic site is created. In
some embodiments, the agent (such as an enzyme) catalyzes hydrolysis of the bond
between the base portion of the non-canonical nucleotide and a sugar in the non-canonical
nucleotide to generate an abasic site comprising a hemiacetal ring and lacking the base
(interchangeably called "AP" site), though other cleavage products are contemplated for
use in the methods of the invention. Suitable agents and reaction conditions for cleavage
of base portions of non-canonical nucleotides are known in the art and are described
herein. In one embodiment, uracil-N-glycosylase is used to cleave a base portion of the
non-canonical nucleotide.

[0156] Generally, cleavage of base portions of non-canonical nucleotides is
general, specific or sélective cleavage, whereby greater than about 98%, about 95%, about
90%, about 85%, or about 80% of the base portions cleaved are base portions of non-
canonical nucleotides. However, extent of cleavage can be less. Thus, reference to
specific cleavage is exemplary. General, specific or selective cleavage is desirable for
control of the number of potential labeling sites (and thus the intensity of labeling) in the
methods of generating labeled polynucleotides of the invention. Generally, reaction
conditions are selected such that the reaction in which the abasic site(s) are created can run
to completion.

[0157] For convenience, the synthesis of a polynucleotide comprising a non-
canonical nucleotide, and the cleavage of that polynucleotide by an enzyme capable of
cleaving a base portion of the non-canonical nucleotide are described as separate steps. It
is understood that these steps may be performed simultaneously, except (generally) in the

case when a polynucleotide comprising a non-canonical nucleotide must be capable of
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serving as a template for further amplification (as in exponential methods of amplification,

e.g. PCR).

Labeling the abasic site and detection

[0158] The abasic site is labeled, whereby a polynucleotide (or polynucleotide
fragment) comprising a detectable moiety is generated. The embodiment shown in Figure
2 illustrates labeling at the abasic sites of a single stranded polynucleotide comprising
abasic sites, such that labeled polynucleotides are produced. As used herein, "detectable
moiety" (interchangeably called a label) refers to a covalent or non-covalent association of
agent (interchangeably called "labeling") with an abasic site in a polynucleotide such that
polynucleotides comprising an abasic site are associated with a detectable signal.
Accordingly, in some embodiments, the detectable moiety (label) is covalently or non-
covalently associated with an abasic site. In some embodiments, the detectable moiety
(label) is directly or indirectly detectable. In some embodiments, the detectable signal is
amplified. In some embodiments, the detectable moiety comprises an organic molecule.
In other embodiments, the detectable moiety comprises an antibody. In other
embodiments, the detectable signal is fluorescent. In other embodiments, the detectable
signal is enzymatically generated. Other labeling embodiments are described herein.
[0159] Generally, labeling at an abasic site is general, specific or selective
labeling (in the sense that the agent capable of labeling at an abasic site specifically or
selectively labels the abasic site), whereby greater than about 98%, about 95%, about 93%,
about 90%, about 85%, or about 80% of the labels bind abasic sites. However, extent of
labeling can be less. Thus, reference to specific labeling is exemplary. Generally, reaction
conditions are selected such that the reaction in which the abasic site(s) are labeled can run
to completion.

[0160] Methods and reaction conditions for generally, specifically or selectively
labeling abasic sites are known in the art and are described herein. Generally, methods for
labeling abasic site which also result in cleavage of a phosphodiester backbone should be
avoided, unless simultaneous cleavage and labeling is desired (see, e.g., Horn, Nucl. Acids.
Res. (1988) 16:11559-71).

[0161] In some embodiments, labeled polynucleotide fragments are produced
which each comprise a single label (to the extent that cleavage of the phosphodiester
backbone is generally complete, in the sense that many or essentially all of the
polynucleotide fragments comprise a single abasic site). In another embodiment, labeled
fragments are produced which comprise a labeled abasic site at an end (such as the 3' end

and/or the 5' end) and a labeled internal abasic site.
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[0162] Methods of detecting detectable signals are known in the art and are
described herein. Signal detection may be visual or utilize a suitable instrument
appropriate to the particular label used, such as a spectrometer, fluorometer, or
microscope. For example, where the label is a radioisotope, detection can be achieved
using, for example, a scintillation counter, or photographic film as in autoradiography.
Where a fluorescent label is used, detection may be by exciting the fluorochrome with the
appropriate wavelength of light and detecting the resulting fluorescence, such as by
microscopy, visual inspection or photographic film. Where enzymatic labels are used,
detection may be by providing appropriate substrates for the enzyme and detecting the
resulting reaction product. Simple colorimetric labels can usually be detected by visual
observation of the color associated with the label; for example, conjugated colloidal gold is
often pink to reddish, and beads appear the color of the bead.

[0163] It is understood that the polynucleotide or polynucleotide can be
additionally labeled using other methods known in the art, such as incorporation of labeled
nucleotide analogs during synthesis of the polynucleotide comprising a non-canonical
nucleotide. If the synthesis step requires primer(s), a labeled primer(s) can be used.
Suitable labels and methods of labeling primers are known. In addition, a primer
comprising a non-canonical nucleotide can be used. Following generation of an abasic
site, cleavage of the phosphodiester backbone at the abasic site, and labeling at the abasic
site, the primer will be labeled.

[0164] Labeled polynucleotide can be immobilized to a substrate as described

herein.

Methods for preparing polynucleotides (or fragments thereof) immobilized on a
substrate

[0165] The invention provides methods for generating polynucleotides or
polynucleotide fragments immobilized on a substrate (interchangeably termed a "surface",
herein). The methods generally comprise immobilization of a polynucleotide comprising
an abasic site, or fragments thereof (in embodiments involving fragmentation), to a
substrate at the abasic site. In some embodiments, the methods provide cleavage of a base
portion of a non-canonical nucleotide present in a polynucleotide with an agent capable of
cleaving a base portion of the non-canonical nucleotide, whereby an abasic site is created;
optionally cleaving the phosphodiester backbone of the polynucleotide at the abasic site,
whereby fragments of the synthesized nucleic acid are generated; and immobilizing the
polynucleotide, or fragments thereof, on a substrate, wherein the polynucleotide or

fragment thereof is immobilized at the abasic site. Optionally, the polynucleotide
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comprising an abasic site can be labeled at an abasic site according to the labeling methods
described herein. The labeling may be anywhere on the immobilized fragment (for
example, as when an internal abasic site is labeled, or an abasic site at a terminus of the
polynucleotide is labeled). Generally, the polynucleotide comprising an abasic site is
immobilized at the abasic site in the polynucleotide. Thus, as discussed above, the
frequency of non-canonical nucleotides in the synthesized polynucleotide generally
determines the number of abasic sites available for immobilization to a substrate (and the
size range of the fragments produced from the polynucleotide, in embodiments involving
cleavage of the phosphodiester backbone). The methods of the invention generate
polynucleotides, and fragments thereof, immobilized on a substrate, for example, a
microarray. In some embodiments, one or more abasic site(s) are labeled (as described
herein) and one or more abasic site(s) are immobilized to a substrate.

[0166] The methods involve the following steps: (a) contacting a polynucleotide
comprising a non-canonical nucleotide with an agent capable of cleaving a base portion of
the non-canonical nucleotide, whereby an abasic site is created; (b) optionally cleaving a
phosphodiester backbone at the abasic site; whereby fragments of the synthesized nucleic
acid are generated; (¢) optionally labeling a polynucleotide at the abasic site; and (d)
immobilizing the polynucleotide (or polynucleotide fragments) on a substrate, wherein the
polynucleotide is immobilized to the substrate through the abasic site. In some
embodiments, the polynucleotide comprising a non-canonical nucleotide is synthesized
from a template in the presence of at least one non-canonical nucleotide. In some
embodiments, the polynucleotide comprising a non-canonical nucleotide is synthesized
using single primer isothermal amplification or Ribo-SPIA™. See Kurn, U.S. Patent No.
6,251,639 B1; Kurn, W002/00938; Kurn, U.S. Patent Publication No. 2003/0087251 Al.
A schematic description of one embodiment of the immobilization methods of the
invention is given in Figure 3.

[0167] For simplicity, individual steps of the methods are discussed below. It is
understood, however, that the steps may be performed simultaneously and in varied order,
as discussed herein. It is also understood that the invention encompasses methods in which
the initial, or first, step is any of the steps described herein. For example, the method
encompasses embodiments wherein a polynucleotide comprising an abasic site, or a
polynucleotide fragment comprising an abasic site, are immobilized to a substrate as

described herein.

Preparation of a polynucleotide comprising a non-canonical nucleotide
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[0168] In some embodiments, the polynucleotide comprising a non-canonical
nucleotide is synthesized from a template in the presence of at least one non-canonical
nucleotide, as discussed herein. The embodiment illustrated in Figure 3 illustrates
synthesis of a single stranded polynucleotide from a template in the presence of non-
canonical nucleotides, such that a single stranded polynucleotide comprising the non-
canonical nucleotide is generated, though other embodiments are contemplated by the
methods of the invention. Other methods for generating a polynucleotide comprising a
non-canonical nucleotide are well known in the art, including tailing, ligation,
oligonucleotide synthesis, and the like. See, e.g., Sambrook (1989) “Molecular Cloning: A
Laboratory Manual”, second edition; Ausebel (1987, and updates) “Current Protocols in
Molecular Biology™. .

[0169] Generally, the polynucleotide is DNA, though, as noted herein, the
polynucleotide can comprise altered and/or modified nucleotides, internucleotide linkages,
ribonucleotides, etc. As generally used herein, it is understood that "DNA" applies to
polynucleotide embodiments.

[0170] Methods for synthesizing polynucleotides, e.g., single and double stranded
DNA, are well known in the art, and include template-dependent and template-independent
methods. Examples of template-dependent methods include, for example, single primer
isothermal amplification, Ribo-SPIA™, PCR, reverse transcription, primer extension,
limited primer extension, replication (including rolling circle replication), strand
displacement amplification (SDA), nick translation and, e.g., any method that results in
synthesis of the complement of a template sequence such that at least one non-canonical
nucleotide can be incorporated into a polynucleotide. -See, e.g., Kurn, U.S. Patent No.
6,251,639 B1; Kurn, W002/00938; Kurn, U.S. Patent Publication No. 2003/0087251 Al;
Mullis, U.S. Patent No. 4,582,877; Wallace, U.S. patent No. 6,027,923; U.S. Patent No.
5,508,178; 5,888,819, 6,004,744; 5,882,867; 5,710,028; 6,027,889; 6,004,745; 5,763,178;
5,011,769; see also Sambrook (1989) “Molecular Cloning: A Laboratory Manual”, second
edition; Ausebel (1987, and updates) “Current Protocols in Molecular Biology™; Mullis,
(1994) “PCR: The Polymerase Chain Reaction”. In one embodiment, the polynucleotide
comprising a non-canonical nucleotide is synthesized using single primer isothermal
amplification and/or Ribo-SPIA™. See Kurn, U.S. Patent No. 6,251,639 B1; Kurn,
WO002/00938; Kurn, U.S. Patent Publication No. 2003/0087251 Al. Methods of template
independent methods include oligonucleotide synthesis, ligation, and tailing, as described
herein.

[0171] Suitable methods include methods that result in one single- or double-

stranded (or partially double stranded) polynucleotide comprising a non-canonical
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nucleotide (for example, reverse transcription, production of double stranded cDNA, a
single round of DNA replication), as well as methods that result in multiple single stranded
or double stranded copies or copies of the complement of a template (for example, single
primer isothermal amplification, Ribo-SPIA™ or PCR). See Kurn, U.S. Patent No.
6,251,639 B1; Kurn, W002/00938; Kurn, U.S. Patent Publication No. 2003/0087251 A1l.
One or more methods known in the art can be used to generate a polynucleotide
comprising a non-canonical nucleotide. It is understood that the polynucleotide
comprising a non-canonical nucleotide can be single-stranded or double-stranded, e.g.
single and double stranded DNA, or partially double stranded, and that each strand of a
double-stranded polynucleotide can comprises a non-canonical nucleotide. For
convenience, "DNA" is used herein to describe (and exemplify) a polynucleotide.

[0172] Reaction conditions and reagents, including primers, for producing the
polynucleotide comprising a non-canonical nucleotide are known in the art, and described
herein (see, e.g., methods for synthesizing a polynucleotide comprising an abasic site, as
described herein).

[0173] Generally, the polynucleotide comprising an abasic site is immobilized to
a substrate at the abasic sites, as described herein. Thus, the frequency of non-canonical
nucleotides in the polynucleotide relates to the frequency of abasic site generated (in the
polynucleotide comprising the non-canonical nucleotide following cleavage of a base
portion of the non-canonical nucleotide), and thus the number of abasic sites in the
polynucleotide comprising abasic site(s) useful (or available) for immobilization of the
polynucleotide according to the method of the invention. Generally, a non-canonical base
can be incorporated at about every 5, 10, 15, 20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 150,
175, 200, 225, 250, 300, 350, 400, 450, 500, 550, 600, 650 or more nucleotides apart in the
resulting polynucleotide comprising a non-canonical nucleotide. In one embodiment, the
non-canonical nucleotide is incorporated about every 500 nucleotides. In one embodiment,
the non-canonical nucleotide is incorporated about every 100 nucleotides. In another
embodiment, the non-canonical nucleotide is incorporated about every 50 nucleotides. In
still other embodiments, the non-canonical nucleotide is incorporated about every 50 to
200 nucleotides. It is understood that these length generally represent average lengths in a
population of polynucleotides (or fragments thereof in embodiments involving
fragmentation) generated using the methods of the invention.

[0174] In some embodiments, the polynucleotide comprising a non-canonical
nucleotide is cleaved at the non-canonical nucleotide(s) (i.e., at an abasic site following
cleavage of a base portion of the non-canonical nucleotide) present in the synthesized

polynucleotide. Thus, the frequency of non-canonical nucleotides in the polynucleotide
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generally determines the size range of the fragments produced from the polynucleotide.
Generally, a non-canonical nucleotide can be present at about every 5, 10, 15, 20, 25, 30,
40, 50, 65, 75, 85, 100, 123, 150, 175,\200, 225,250, 300, 350, 400, 450, 500, 550, 600,
650 or more nucleotides apart in the resulting polynucleotide comprising a non-canonical
nucleotide. In one embodiment, the non-canonical nucleotide is incorporated about every
500 nucleotides. In one embodiment, the non-canonical nucleotide is incorporated about
every 100 nucleotides. In another embodiment, the non-canonical nucleotide is
incorporated about every 50 nucleotides. In still another embodiment, the non-canonical
nucleotide is incorporated about eve;ry 50 to about every 200 nucleotides. It is understood
that these length generally represent average lengths in a population of polynucleotides (or
fragments thereof in embodiments involving fragmentation) generated using the methods
of the invention. Conditions for limited and/or controlled incorporation of a non-canonical
nucleotide are known in the'art and are described herein. The frequency (or proportion) of
non-canonical bases in the resulting polynucleotide comprising a non-canonical nucleotide,
and thus the average size of fragments generated using the methods of the invention (i.e.,
following cleavage of a base portion of a non-canonical hucleotide, and cleavage of a
phosphodiester bond at a non-canonical nucleotide), is controlled by variables known in
the art, including: frequency of nucleotide(s) corresponding to the non-canonical
nucleotide(s) in the template (or other measures of nucleotide content of a sequence, such
as average G-C content), ratio of canonical to non-canonical nucleotide present in the
reaction mixture; ability of the polymerase to incorporate the non-canonical nucleotide,
relative efficiency of incorporation of non-canonical nucleotide verses canonical
nucleotide, and the like. The reaction conditions can be empirically determined, for
example, by assessing average fragment size generated using the methods of the invention
taught herein.

[0175] The template may be any template from which immobilized
polynucleotides (polynucleotide fragments) are desired to be produced, as described
herein.

[0176] For simplicity, the polynucleotide comprising a non-canonical nucleotide
is described as a single nucleic acid. It is understood, however, that the polynucleotide
comprising a non-canonical nucleotide can be a single nucleic acid, for example, as
produced by reverse transcription, first and second strand cDNA production, or a single
cycle of DNA replication. The polynucleotide can also be a population of amplified
products (from a few to very many), for example single stranded DNA products produced
using single primer isothermal amplification and/or Ribo-SPIA™, see Kurn, U.S. Patent
No. 6,251,639 B1; Kurn, U.S. Patent Publication No. 2003/0087251 A1, or double
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stranded DNA product produced by, for example, PCR. It is further understood that a
polynucleotide comprising a non-canonical nucleotide can be a multiplicity (from small to
very large) of different polynucleotide molecules. Such populations can be related in
sequence (e.g., member of a gene family or superfamily) or extremely diverse in sequence
(e.g., generated from all mRINA, generated from all genomic DNA, etc.). Polynucleotides
can also correspond to single sequence (which can be part or all of a known gene, for
example a coding region, genomic portion, etc.). Methods, reagents, and reaction
conditions for generating specific polynucleotide sequences and multiplicities of

polynucleotide sequences are known in the art.

Generating a polynucleotide comprising an abasic site

[0177] A polynucleotide comprising an abasic site can be generated using
methods known in the art (e.g., Makrigiorgos, Int J. Radiat. Biol. (1998) 74(1):99-109),
and as described herein. Generally, a polynucleotide comprising a non-canonical
nucleotide (which can be synthesized from a template, as described herein) is treated with
an enzyme capable of generally, specifically or selectively cleaving a base portion of the
non-canonical nucleotide to create an abasic site. The embodiment shown in Figure 3
illustrates cleavage of a base portion of the non-canonical nucleotides, whereby an abasic
site is created. Generally, an agent, such as an enzyme, catalyzes hydrolysis of the bond
between the base portion of the non-canonical nucleotide and a sugar in the non-canonical
nucleotide to generate an abasic site comprising a hemiacetal ring and lacking the base
(interchangeably called "AP" site), though other cleavage products are contemplated for
use in the methods of the invention. Swuitable agents and reaction conditions for cleavage
of base portions of non-canonical nucleotides are known in the art and described herein.
[0178] Generally, cleavage of base portions of non-canonical nucleotides is
general, specific or selective cleavage, whereby greater than about 98%, about 95%, about
90% , about 85%, or about 80% of the base portions cleaved are bases portions of non-
canonical nucleotides. However, extent of cleavage can be less. Thus, reference to
specific cleavage is exemplary. In embodiments involving generation of polynucleotide
fragments, specific or selective cleavage is desirable for control of the fragment size in the
methods of generating immobilized nucleotide fragments of the invention (i.e., the
fragments generated by cleavage of the phosphodiester backbone at an abasic site).
Generally, reaction conditions are selected such that the reaction in which the abasic site(s)
are created can run to completion.

[0179] For convenience, the synthesis of a polynucleotide comprising a non-

canonical nucleotide, and the cleavage of that polynucleotide by an enzyme capable of
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cleaving a base portion of the non-canonical nucleotide are described as separate steps. It
is understood that these steps may be performed simultaneously, except (generally) in the
case when a polynucleotide comprising a non-canonical nucleotide must be capable of
serving as a template for further amplification (as in exponential methods of amplification,

e.g. PCR).

Cleaving the phosphodiester backbone at the abasic site of the polynucleotide comprising

an abasic site

[0180] In some embodiments, the phosphodiester backbone of the polynucleotide
is cleaved at the abasic site with an agent capable of effecting cleavage of a backbone at
the abasic site, whereby polynucleotide fragments are generated. The embodiment shown
in Figure 3 illustrates cleavage of the backbone immediately 5' to the abasic sites of the
polynucleotide comprising the abasic sites, whereby cleaved fragments are produced.
Cleavage of the backbone at an abasic site is described herein. Suitable enzymes and/or
reaction conditions for cleavage of the backbone are well known in the art, and are
described herein.

[0181} As noted herein, the frequency of incorporation of non-canonical
nucleotides into the polynucleotide relates to the size of fragment produced using the
methods of the invention because the spacing between non-canonical nucleotides in the
polynucleotide comprising a non-canonical nucleotide determines the approximate size of
the resulting fragments (following generation of an abasic site from the non-canonical
nucleotide and cleavage of the phosphodiester backbone at the site of incorporation of the
non-canonical nucleotide (also termed the abasic site), as described herein). Generally,
suitable fragment sizes are about 5, 10, 15, 20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 150,
175, 200, 225, 250, 300, 350, 400, 450, 500, 550, 600, 650 or more nucleotides in length.
It is understood that the fragment size is approximate, particularly when populations of
fragments are generated, because the incorporation of a non-canonical nucleotide (which
relates to the fragment size following cleavage) will vary from template to template, and
also between copies of the same template. Thus, fragments generated from same starting
material may have different (and/or overlapping) sequence, while still having the same
approximate size or size range.

[0182] Generally, cleavage of the backbone at an abasic site is general, specific or
selective cleavage (in the sense that the agent (such as an enzyme) capable of cleaving the
backbone at an abasic site specifically or selectively cleaves the base portion of a particular
non-canonical nucleotide), whereby greater than about 98%, about 95%, about 90%, about

85%, or about 80% of the cleavage is at an abasic site. However, extent of cleavage can be
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less. Thus, reference to specific cleavage is exemplary. Generally, about 98%, about 95%,
about 90%, about 85%, or about 80% of the abasic sites at the backbone are cleaved.
However, extent of cleavage can be less (such that fragments comprising uncleaved abasic
sites are produced). In some embodiments, abasic sites are labeled (either before or after

immobilization to a substrate, as described herein).

Labeling at an abasic site

[0183] In some embodiments, the polynucleotide, or fragment thereof, is labeled
at an abasic site. Labeling is as described herein. As the disclosure herein makes clear, it
is understood that labeling and fragmentation steps or labeling and immobilization steps, or
labeling and immobilization, and fragmentation steps, can be performed in any order, or

simultaneously.

Immobilizing a polynucleotide comprising an abasic site to a substrate
[0184] After generation of the polynucleotide comprising an abasic site, the

polynucleotide (or polynucleotide fragment, if the backbone is cleaved),is immobilized to a
substrate at the abasic site. In embodiments involving cleavage of the backbone at an
abasic site (whereby fragments of the synthesized nucleic acid are generated), the cleaved
fragments are immobilized to a substrate at the cleaved abasic site. Figure 3
diagrammatically depicts an embodiment in which a polynucleotide fragment is
immobilized to a substrate at the cleaved abasic site. Immobilizing a polynucleotide(s) is
useful, for example, to tag an analyte, or to create a microarray. Single stranded
polynucleotides (including polynucleotide fragments) are particularly suitable for
preparing microarrays comprising the single stranded polynucleotides. Single stranded
polynucleotide fragments (in embodiments involving cleavage of the phosphodiester
backbone at an abasic site) are advantageous, because the orientation of the fragment with
respect to the substrate (upon which the fragment is immeobilized) can be controlled by
selection of the method used to cleave the phosphodiester backbone, such that an abasic
site is positioned at the 3' end of a fragment or at the 5' end of a fragment. Immobilizing
polynucleotides in a defined orientation (e.g., at the 3' end, at the 5' end) enhances
hybridization of complementary oligonucleotides, and permits a higher density of
immobilization.

[0185] The polynucleotide comprising the abasic site is immobilized to a
substrate as follows: generally, reagents are used that are capable of covalently or non-
covalently attaching a reactive group present in the abasic site to a reactive group present

on a substrate. For example, a common functional group exposed in an abasic site (and
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therefore suitable for use in labeling) is the aldehyde of the hemiacetal ring which can be
covalently or noncovalently attached to a reactive group on a suitable substrate using
reaction conditions that are known in the art. Suitable sidechains (present on the substrate)
to react with the aldehyde (of the abasic site) include at least the following: substituted
hydrazines, hydrazides, or hydroxylamines (which readily form imine bonds with
aldehydes), and the related semicarbazide and thiosemicarbazide groups, and other amines
which can form stable carbon-nitrogen double bonds, that can catalyze simultaneous
cleavage and binding (see Horn, Nucl. Acids. Res., (1988) 16:11559-71), or can be coupled
to form stable conjugates, e.g. by reductive amination.

[0186] The substrate to which the polynucleotide is to be immobilized can be
functionalized with suitable reactive groups using methods known in the art. For example,
a solid or semi-solid substrate (e.g., silicon or glass slide) can be coated with polymers
(e.g., polyacrylamide, dextran, acrylamide, or latex) comprising hydrazine, hydrazide, or
amine derivatized substrates (e.g. semicarbazides). Methods for functionalizing substrates
with suitable reactive groups are known in the art, and disclosed in, for example,
Luktanov, U.S. Patent No. 6,339,147; Van Ness, U.S. Patent No. 5,667,976; Bangs
Laboratories, Inc. TechNote 205 (available at bangslabs.com); Ghosh, Anal. Biochem
(1989) 178:43-51; O'Shannessy, Anal. Biochem. (1990) 191:1-8; Wilchek, Methods
Enzymol. (1987) 138:429-442; Baumgartner, Anal. Biochem. (1989) 181:182-189;
Zalipsky, Bioconjugate Chem. (1995) 6: 150-165, and references cited therein.

[0187] Methods and reaction conditions for performing these reactions are known
in the art. See, e.g. Luktanov, U.S. Patent No. 6,339,147; Van Ness, U.S. Patent No.
5,667,976; Bangs Laboratories, Inc. TechNote 205 (available at bangslabs.com); Ghosh,
Anal. Biochem (1989) 178:43-51; O'Shannessy, Anal. Biochem. (1990) 191:1-8; Wilchek,
Methods Enzymol. (1987) 138:429-442; Baumgartner, Anal. Biochem. (1989) 181:182-
189; Zalipsky, Bioconjugate Chem. (1995) 6: 150-165, and references cited therein. It is
appreciated that similar chemistry is described herein with respect to the methods of
labeling an abasic site (i.e., embodiments in which a reactive group in the abasic site is
covalently or non-covalently attached to a suitable reactive group on a label). See, e.g.,
Srivastava, J. Biol. Chem. (1998) 273(33): 21203-209; Makrigiorgos, Int J. Radiat. Biol.
(1998) 74(1):99-109; Makriogiorgos, U.S. Patent No. 6,174,680 B1; Makrogiorgos, WO
00/39345.

[0188] In another example, the abasic site may be chemically modified, then the
modified abasic site covalently or non-covalently attached to a suitable reactive group on a

substrate. For example, the aldehyde (in the abasic site) can be oxidized or reduced (using
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methods known in the art), then covalently immobilized to a substrate using, e.g., reductive
amination or various oxidative processes.

[0189] The substrate may consist of many materials, limited primarily by capacity
to immobilize (or, in some embodiments, capacity for derivatization to immobilize) any of
a number of chemically reactive groups and compatibility with the synthetic chemistry
used to immobilize the polynucleotide comprising an abasic site. The substrate can be a
solid or semi-solid support, which may be made, e.g., from glass, plastic (e.g., polystyrene,
polypropylene, nylon), polyacrylamide, nitrocellulose, or other materials such as metals.
As described herein, the substrate can be functionalized, if necessary to add a suitable
reactive group (to which the abasic site is covalently or non-covalently immobilized). The
pelynucleotides may also be spotted as a matrix on substrates comprising paper, glass,
plastic, polystyrene, polypropylene, nylon, polyacrylamide, nitrocellulose, silicon, optical
fiber or any other suitable solid or semi-solid (e.g., thin layer of polyacrylamide gel,
assuming that the substrate is suitably functionalized, as described herein (Khrapko, et al.,
DNA Sequence (1991), 1:375-388)).

[0190] An array may be assembled as a two-dimensional matrix on a planar
substrate or may have a three-dimensional configuration comprising pins, rods, fibers,
tapes, threads, beads, particles, microtiter wells, capillaries, cylinders and any other
arrangement suitable for hybridization and detection of template molecules. In one
embodiment the substrate to which the polynucleotide (or fragments thereof) is
immobilized is magnetic beads or particles. In another embodiment, the solid substrate
comprises an optical fiber. In yet another embodiment, the polynucleotides are dispersed
in fluid phase within a capillary which, in turn, is immobilized with respect to a solid
phase.

[0191] In another embodiment, the substrate comprises a polypeptide, a protein, a
peptide, carbohydrates, cells, microorganisms and fragments and products thereof, an
organic molecule, an inorganic molecule, carrier molecules, PEG, amino-dextran,
carbohydrates, supramolecular assemblies, organelles, cells, microorganisms, organic
molecules, inorganic molecules, or any substance for which immobilization sites for
polynucleotides comprising abasic sites naturally exist, can be created (e.g. by
functionalizing or otherwise modifying the substrate) or can be developed. In one
embodiment, the substrate is a polynucleotide.

[0192] The substrate may be an analyte. Typical analytes may include, but are
not limited to antibodies, proteins (including enzymes), peptides, nucleic acid molecules or
segments thereof, carrier molecules, PEG, amino-dextran, carbohydrates, supramolecular

assemblies, organelles, cells, microorganisms, organic molecules, inorganic molecules, or
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any substance for which immobilization sites for polynucleotides comprising abasic sites
naturally exist, can be created (e.g. by functionalizing the analyte) or can be developed.
[0193] 1t is understood that a substrate may be a member(s) of a binding pair.
Non-limiting examples of a binding pair include a protein:protein binding pair, and a
protein: antibody binding pair. In another embodiment, polynucleotides (or fragments
thereof) are immobilized to (tag) a molecular library of substrates, e.g., a molecular library
of chemical compounds, a phage peptide display library, or a library of antibodies.

[0194] In some embodiments, the substrate (to which the polynucleotide is
immobilized) is an enzyme, such that enhanced detection of hybridization of the
polynucleotide is provided. For example, a polynucleotide immobilized to an enzyme can
be hybridized to a microarray, and hybridized polynucleotide detected by contacting the
microarray with a defined substrate.

[0195] In embodiments of the invention involving cleavage of the phosphodiester
backbone at an abasic site (whereby fragments of the synthesized nucleic acid are
generated), the cleaved fragments can also be immobilized to a substrate using any method
known in the art for immobilization of a nucleic acid to a substrate.

[0196] For example, single or double stranded polynucleotide fragments
(generally single stranded) can be immobilized to a solid or semi-solid support or
substrate, which may be made, e.g., from plastics, ceramics, metals, acrylamide, cellulose,
nitrocellulose, glass, polystyrene, polyethylene vinyl acetate, polypropylene,
polymethacrylate, polyethylene, polyethylene oxide, polysilicates, polycarbonates,
Teflon®, fluorocarbons, nylon, silicon rubber, polyanhydrides, polyglycolic acid,
polylactic acid, polyorthoesters, polypropylfumerate, collagen, glycosaminoglycans, and
polyamino acids, and other materials. Substrates may be two-dimensional or three-
dimensional in form, such as gels, membranes, thin films, glasses, plates, cylinders, beads,
magnetic beads, optical fibers, woven fibers, microtiter well, capillaries, etc.. For
example, the fragments can be contacted with a solid or semi-solid substrate, such as a
glass slide, which is coated with a reactive group which will form a covalent link with the
reactive group that is on the polynucleotide fragment and become covalently immobilized
to the substrate.

[0197] Microarrays comprising the nucleotide fragments can be fabricated using a
Biodot (BioDot, Inc. Irvine, CA) spotting apparatus and aldehyde-coated glass slides (CEL
Associates, Houston, TX). Polynucleotide fragments can be spotted onto the aldehyde-
coated slides following suitable functionalization, and processed according to published
procedures (Schena et al., Proc. Natl. Acad. Sci. U.S.4. (1995) 93:10614-10619), provided

suitable care is taken to avoid interfering with other desired reactions at the abasic sites.
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Arrays can also be printed by robotics onto glass, nylon (Ramsay, G., Nature Biotechnol.
(1998), 16:40-44), polypropylene (Matson, et al., Anal Biochem. (1995), 224(1):110-6),
and silicone slides (Marshall, A. and Hodgson, J., Nature Biotechnol. (1998), 16:27-31).
Other approaches to array assembly include fine micropipetting within electric fields
(Marshall and Hodgson, supra), and spotting the polynucleotides directly onto positively
coated plates. Methods such as those using amino propy] silane surface chemistry are also
known in the art, as disclosed at http://www.cmt.corning.com and
http://cmgm.stanford.edu/pbrown/. 4

[0198] One method for making microarrays is by making high-density
polynucleotide arrays. Techniques are known for rapid deposition of polynucleotides
(Blanchard et al., Biosensors & Bioelectronics, 11:687-690). In principle, and as noted
above, any type of array, for example, dot blots on a nylon hybridization membrane, could
be used. However, as will be recognized by those skilled in the art, very small arrays will
frequently be preferred because hybridization volumes will be smaller.

[0199] Methods for immobilizing polynucleotide fragments to analytes (as
described heréin) are known in the art. See, e.g., U.S. Patent Nos. 6,309,843; 6,306,365;
6,280,935; 6,087,103 (and methods discussed therein).

[0200] It is understood that the polynucleotide fragments prepared according to
the method of the invention can comprise a free 3'-hydroxyl or a free 5'-hydroxyl group.
Methods and reaction conditions for immobilization of nucleotide through free hydroxyl
groups are well known in the art. See, e.g., U.S. Patent Nos. 6,169,194; 5,726,329.

Reaction conditions and detection

[0201] Appropriate reaction media and conditions for carrying out the methods of
the invention are those that permit nucleic acid synthesis according to the methods of the
invention. Such media and conditions are known to persons of skill in the art, and are
described in various publications, such as U.S. Pat. Nos. 6,190,865; 5,554,516; 5,716,785;
5,130,238; 5,194,370; 6,090,591; 5,409,818; 5,554,517; 5,169,766; 5,480,784, 5,399,491;
5,679,512; PCT Pub. No. W099/42618; Mol. Cell Probes (1992) 251-6; and Anal.
Biochem. (1993) 211:164-9. For example, a buffer may be Tris buffer, although other
buffers can also be used as long as the buffer components are non-inhibitory to enzyme
components of the methods of the invention. The pH is preferably from about 5 to about
11, more preferably from about 6 to about 10, even more preferably from about 7 to about
9, and most preferably from about 7.5 to about 8.5. The reaction medium can also include
bivalent metal ions such as Mg”*" or Mn*", at a final concentration of free ions that is within

the range of from about 0.01 to about 15 mM, and most preferably from about 1 to 10 mM.
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The reaction medium can also include other salts, such as KC1 or NaCl, that contribute to
the total ionic strength of the medium. For example, the range of a salt such as KCl is
preferably from about 0 to about 125 mM, more preferably from about 0 to about 100 mM,
and most preferably from about 0 to about 75 mM. The reaction medium can further
include additives th;tt could affect performance of the amplification reactions, but that are
not integral to the activity of the enzyme components of the methods. Such additives
include proteins such as BSA, single strand binding proteins (e.g., T4 gene 32 protein), and
non-ionic detergents such as NP40 or Triton. Reagents, such as DTT, that are capable of
maintaining enzyme activities can also be included. Such reagents are known in the art.
Where appropriate, an RNase inhibitor (such as Rnasin) that does not inhibit the activity of
the RNase employed in the method (if any) can also be included. Any aspect of the
methods of the invention can occur at the same or varying temperatures. The synthesis
reactions (particularly, primer extension other than the first and second strand cDNA
synthesis steps, and strand displacement) can be performed isothermally, which avoids the
cumbersome thermocycling process. The synthesis reaction is carried out at a temperature
that permits hybridization of the oligonucleotides (primer) of the invention to the template
polynucleotide and primer extension products, and that does not substantially inhibit the
activity of the enzymes employed. The temperature can be in the range of preferably about
25°C to about 85°C, more preferably about 30°C to about 80°C, and most preferably about
37°C to about 75°C. In some embodiments that include RNA transcription, the
temperature for the transcription steps is lower than the temperature(s) for the preceding
steps. In these embodiments, the temperature of the transcription steps can be in the range
of preferably about 25°C to about 85°C, more preferably about 30°C to about 75°C, and
most preferably about 37°C to about 70°C.

[0202] Nucleotides, including non-canonical nucleotides (or other nucleotide
analogs), that can be employed for synthesis of the nucleic acid comprising a non-
canonical nucleotide in the methods of the invention are provided in the amount of from
preferably about 50 to about 2500 pM, more preferably about 100 to about 2000 uM, even
more preferably about 200 to about 1700 pM, and most preferably about 250 to about 1500
uM. The oligonucleotide components of the synthesis reactions of the invention are
generally in excess of the number of template nucleic acid sequence to be replicated. They
can be provided at about or at least about any of the following: 10, 10%, 10%, 10%, 108, 10,
10" times the amount of target nucleic acid. Composite primers can be provided at about
or at least about any of the following concentrations: 50 nM, 100 nM, 500 nM, 1000 nM,
2500 nM, 5000 nM.
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[0203] Optionally, the polynucleotide comprising a non-canonical nucleotide can
be treated with hydroxylamine (or any other suitable agent) to remove any aldehydes that
may have formed spontaneously in the nucleic acid. See, e.g., Makrogiorgos,
WO00/39345.

[0204] For convenience, the synthesis of a polynucleotide comprising a non-
canonical nucleotide, and the cleavage of a base portion of that polynucleotide by an
enzyme capable of cleaving a base portion of the non-canonical nucleotide, and the
cleavage of the phosphodiester backbone at the abasic site, are described as separate steps.
It is understood that these steps may be performed simultaneously, except (generally) in
the case when a polynucleotide comprising a non-canonical nucleotide must be capable of
serving as a template for further amplification (as in exponential methods of amplification,
e.g. PCR).

[0205] Appropriate reaction media and conditions for carrying out the cleavage of
a base portion of a non-canonical nucleotide according to the methods of the invention are
those that permit cleavage of a base portion of a non-canonical nucleotide. Such media
and conditions are known to persons of skill in the art, and are described in various
publications, such as Lindahl, PNAS (1974) 71(9):3649-3653; Jendrisak, U.S. Patent No.
6,190,865 B1; U.S. Patent No. 5,035,996; U.S. Patent No. 5,418,149. For example, buffer
conditions can be as described above with respect to polynucleotide synthesis. In one
embodiment, UDG (Epicentre Technologies, Madison WI) is added to a nucleic acid
synthesis reaction mixture, and incubated at 37°C for 20 minutes. In one embodiment, the
reaction conditions arc the same for the synthesis of a polynucleotide comprising a non-
canonical nucleotide and the cleavage of a base portion of the non-canonical nucleotide. In
another embodiment, different reaction conditions are used for these reactions. In some
embodiments, a chelating regent (e.g. EDTA) is added before or concurrently with UNG in
order to prevent the polymerase from extending the ends of the cleavage products.

[0206] In embodiments involving cleavage of the phosphodiester backbone,
appropriate reaction media and conditions for carrying out the cleavage of the
phosphodiester backbone at an abasic site according to the methods of the invention are
those that permit cleavage of the phosphodiester backbone at an abasic site. Such media
and conditions are known to persons of skill in the art, and are described in various
publications, such as Bioorgan. Med. Chem (1991) 7:2351; Sugiyama, Chem. Res. Toxicol.
(1994) 7: 673-83; Horn, Nucl. Acids. Res., (1988) 16:11559-71); Lindahl, PNAS (1974)
71(9):3649-3653; Jendrisak, U.S. Patent No. 6,190,865 B1; Shida, Nucleic Acids Res.
(1996) 24(22):4572-76; Srivastava, J. Biol Chem. (1998) 273(13):21203-209; Carey,
Biochem. (1999) 38:16553-60; Chem Res Toxicol (1994) 7:673-683. For example, E. coli
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AP endonuclease IV is added to reaction conditions as described above. AP Endonuclease
IV can be added at the same or different time as the agent (such as an enzyme) capable of
cleaving the base portion of a non-canorical nucleotide. For example, AP Endonuclease
IV can be added at the same time as UNG, or at different times. A reaction mixture
suitable for simultaneous UNG treatment and N, N'-dimethylethylenediamine treatment is
described in Example 4 herein.

[0207] In another example, nucleic acids containing abasic sites are heated in a
buffer solution containing an amine, for example, 25mM Tris-HCI and 1-5 mM
magnesium ions, for 10-30 minutes at 70°C to 95°C. Alternatively, 1.0 M piperidine (a
base) is added to polynucleotide comprising an abasic site which has been precipitated
with ethanol and vacuum dried. The solution is then heated for 30 minutes at 90°C and
lyophilized to remove the piperidine. In another example, cleavage is effected by
treatment with basic solution, e.g., 0.2 M sodium hydroxide at 37° for 15 minutes. See
Nakamura (1998) Cancer Res. 58:222-225. In yet another example, incubation at 37C
with 100 mM N, N'-dimethylethylenediamine acetate, pH 7.4 is used to cleave. See
McHugh and Knowland, (1995) Nucl. Acids Res. 23(10) 1664-1670.

[0208] In one embodiment, the reaction conditions are the same for the cleavage
of a base portion of the non-canonical nucleotide and for the cleavage of the
phosphodiester backbone at abasic sites. In another embodiment, different reaction
conditions are used for these reactions.

[0209] In embodiments involving labeling at an abasic site, appropriate reaction
media and conditions for carrying out the labeling at an abasic site according to the
methods of the invention are those that permit labeling at an abasic site. Such reaction
mixtures and conditions are known to persons of skill in the art, and are described in
various publications, such as Makrogiorgos, WO 00/39345; Srivastava, J. Biol. Chem.
(1998) 273(33): 21203-209; Makrigiorgos, Int J. Radiat. Biol. (1998) 74(1):99-109;
Makriogiorgos, U.S. Patent No. 6,174,680 B1; Makrogiorgos, WO 00/39345; Boturyn
(1999) Chem. Res. Toxicol. 12:476-482. See, also, Adamczyk (1998) Bioorg. Med. Chem.
Lett. 8(24):3599-3602; Adamczyk (1999) Org. Lett. 1(5):779-781; Kow (2000) Mezhods
22(2):164-169; Molecular Probes Handbook, Section 3.2 (www.probes.com); Horn (Nucl
Acids. Res., (1988) 16:11559-71). For example, 5-(((2-(carbohydrazino)-
methyl)thio)acetyl)aminofluorescein, aminooxyacetyl hydrazide (FARP); N-
(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluorecetic acid salt (ARP); Alexa Fluor
555 (Molecular Probes); aminooxy-derivatized Alexa Fluor 555; and other aldehyde-
reactive reagents can be reacted with a polynucleotide comprising abasic sites. The buffer

can be sodium citrate or sodium phosphate buffer, though other buffers are acceptable as
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long as the buffer components are non-inhibitory to enzyme components and/or desired
chemical reactions used in the methods of the invention. The pH is preferably from about
3 to about 11, more preferably from about 4 to about 10, even more preferably from about
4 to about 8, and most preferably from about 4 to about 7. The reaction can be conducted
at room temperature to 37°, though other temperatures are suitable as long as the
temperature is non-inhibitory to enzyme components and/or desired chemical reactions
used in the methods of the invention. Generally, the label (e.g. ARP or FARP) is added at
about 1-10 mM, preferable 2-5 mM, though other concentrations are suitable. If an
antibody label is used, conditions for antibody binding are well-known in the art, and can
be as described herein. Optionally, a stop buffer can be used that neutralizes the pH of the
labeling reaction, thereby stopping the labeling reaction and optionally, facilitating
subsequent purification of labeled product.

[0210] In embodiments involving immobilization of a polynucleotide at an abasic
site, appropriate reaction media and conditions for carrying out the immobilization at an
abasic site according to the methods of the invention are those that permit immobilization
at an abasic site. Such reaction mixtures and conditions are known to persons of skill in
the art, and are described in various publications, such as Luktanov, U.S. Patent No.
6,339,147; Van Ness, U.S. Patent No. 5,667,976; Bangs Laboratories, Inc. TechNote 205
(available at bangslabs.com); Ghosh, Anal. Biochem (1989) 178:43-51; O'Shannessy, Arnal.
Biochem. (1990) 191:1-8; Wilchek, Methods Enzymol. (1987) 138:429-442; Baumgartner,
Anal. Biochem. (1989) 181:182-189; Zalipsky, Bioconjugate Chem. (1995) 6: 150-165, and
references cited therein. In some cases, the initial product can be stabilized by reduction
with sodium cyanoborohydride or similar agents known in the art. See, e.g., O'Shannessy,
supra.

[0211] In one embodiment, the foregoing components are added simultaneously
at the initiation of the synthesis step of the fragmentation and/or labeling and/or
immobilization processes. In another embodiment, components are added in any order
prior to or after appropriate timepoints during the synthesis step. Such timepoints, some of
which are noted below, can be readily identified by a person of skill in the art. In these
embodiments, the reaction conditions and components may be varied between the different
reactions.

[0212] The fragmenting and/or labeling and/or immobilization process can be
stopped at various timepoints, and resumed at a later time. Said timepoints can be readily
identified by a person of skill in the art. Methods for stopping the reactions are known in
the art, including, for example, cooling the reaction mixture to a temperature that inhibits

enzyme activity or heating the reaction mixture to a temperature that destroys an enzyme.
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Methods for resuming the reactions are also known in the art, including, for example,
raising the temperature of the reaction mixture to a temperature that permits enzyme
activity or replenishing a destroyed (depleted) enzyme or other reagent. In some
embodiments, one or more of the components of the reactions is replenished prior to, at, or
following the resumption of the reactions. Alternatively, the reaction can be allowed to
proceed (i.e., from start to finish) without interruption.

The reaction can be allowed to proceed without purification of intermediate complexes, for
example, to remove primer. Products can be purified at various timepoints, which can be
readily identified by a person of skill in the art.

Compositions and kits of the invention

[0213] The invention also provides compositions and kits used in the methods
described herein. The compositions may be any component(s), reaction mixture and/or
intermediate described herein, as well as any combination. For example, the invention
provides a composition comprising a primer (which can be an RNA-DNA composite
primer), non-canonical nucleotides, an agent (such as an enzyme) capable of cleaving a
base portion of a non-canonical nucleotide, optionally an agent (such as an enzyme)
capable of effecting cleavage of a phosphodiester backbone at an abasic site, and an agent
capable of labeling an abasic site. In another example, the invention provides a
composition comprising a polynucleotide comprising a non-canonical nucleotide, said
polynucleotide synthesized from a template, and an agent capable of labeling an abasic
site. In still another example, the composition comprises a primer (which can be a RNA-
DNA composite primer), dUTP, UNG, (optionally) E. coli Endonuclease IV, and N-
(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluorecetic acid salt (ARP).

[0214] In another embodiment, the invention provides a composition comprising
a composite primer, said composite comprising a DNA portion and a 5' RNA portion; and
a non-canonical nucleotide (such as dUTP). In another embodiment, the composition
comprises a composite primer, said composite primer comprising an RNA portion and a 3’
DNA portion; and an agent (such as UNG) that is capable of cleaving a base portion from a
non-canonical nucleotide. In another embodiment, the composition comprises a composite
primer, said composite primer comprising an RNA portion and a 3> DNA portion; and an
agent (such as an amine, such as N, N'-dimethylethylenediamine) capable of cleaving the
phosphodiester back at an abasic site. In other embodiments, the composition comprises a
composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion; and an agent that labels an abasic site (such as ARP). In other embodiments, the
composition comprises a composite primer, said composite primer comprising an RNA

portion and a 3° DNA portion; dUTP; and UNG. In still other embodiments, the
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composition comprises a composite primer, said composite primer comprising an RNA
portion and a 3° DNA portion; dUTP; UNG; and ARP. In still other embodiments, the
composition comprises a composite primer, said composite primer comprising an RNA
portion and a 3> DNA portion; dUTP; UNG; and N, N'-dimethylethylenediamine. In still
other embodiments, the composition comprises a composite primer, said composite primer
comprising an RNA portion and a 3° DNA portion; dUTP; UNG; N, N'-
dimethyiethylenediamine; and ARP.

[0215] In still other embodiments, the invention provides a composition
comprising a composite primer, said composite primer comprising an RNA portion and a
3° DNA portion; a non-canonical nucleotide; an agent (such as an enzyme) capable of
cleaving a base portion of a non-canonical nucleotide; an agent (such as an enzyme)
capable of cleaving a phosphodiester backbone at an abasic site; and an agent capable of
labeling an abasic site. In some embodiment, the composition further provides a suitable
substrate for immobilization. In some embodiments, the RNA portion is 5' to the DNA
portion, the 5 RNA portion of the composite primer is adjacent to the 3° DNA portion, the
RNA portion of the composite primer consists of about 10 to about 20 nucleotides and the
DNA portion of the comiposite primer consists of about 7 to about 20 nucleotides. In still
other embodiments, the composition comprises a second, different composite primer. In
some embodiments, the RNA portion of the composite primer comprises the following;
ribonucleotide sequence: 5'- GACGGAUGCGGUCU-3".

[0216] In still another embodiment, invention provides a composition comprising
(2) UNG; (b) N, N'-dimethylethylenediamine; and (c) ARP. In other embodiments, the
invention provides a composition comprising (a) UNG; (b) N, N'-
dimethylethylenediamine; (¢) ARP; (d) dUTP; (e) a mixture of dATP, dTTP, dCTP, and
dGTP; (f) a DNA polymerase; (g) a composite primer, wherein the composite primer
comprises a 5' RNA portion and a 3' DNA portion. In still other embodiments, the
invention provides a composition comprising (a) UNG; (b) N, N'-
dimethylethylenediamine; (c) ARP; (d) dUTP; (e) a mixture of dATP, dTTP, dCTP, and
dGTP; (f) a DNA polymerase; (g) RNAse H; (h) a composite primer, wherein the
composite primer comprises a 5' RNA portion and a 3' DNA portion. In yet another
embodiment, the invention provides a composition comprising (a) UNG; (b) N, N'-
dimethylethylenediamine; (c) ARP; (d) dUTP; (e) a mixture of dATP, dTTP, dCTP, and
dGTP; (f) a DNA polymerase; (g) RNAse H; (h) a composite primer, wherein the
composite primer comprises a 5' RNA portion and a 3' DNA portion (i) MgCl, solution; (j)
acetic acid solution; and optionally, (k) a stop buffer comprising 1.5M Tris, pH 8.5. In
some embodiments, the dUTP and the mixture of dATP, dTTP, dCTP, and cGTP are
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combined. In some embodiments, the DNA polymerase and RNAse H are provided as a
mixture. In some embodiments, the RNA portion of the composite primer is 5’ with
respect to the 3° DNA portion, the 5° RNA portion is adjacent to the 3’ DNA portion, the
RNA portion of the composite primer consists of about 10 to about 20 nucleotides and the
DNA portion of the composite primer consists of about 7 to about 20 nucleotides. In still
other embodiments, the composition comprises a second, different composite primer. In
some embodiments, the RNA portion of the composite primer comprises the following
ribonucleotide sequence: 5'- GACGGAUGCGGUCU-3'.

[0217] In still other embodiments, the invention provides a composition
comprising: (a) UNG; (b) ARP; (c) dUTP; (d) a DNA polymerase; (¢) RNAse H; (f) a
composite primer, wherein the composite primer comprises a 5' RNA portion and a 3'
DNA portion. In other embodiments, the composition further comprises (g) MgCl,
solution; (h) acetic acid solution; and optionally, (i) a stop buffer comprising 1.5M Tris,
pH 8.5. In other embodiments, the invention provides a composition comprising (a) UNG;
(b) an agent capable of labeling an abasic site (for example, Alexa Fluor 555 or an
aminooxy-modified Alexa Fluor 555); (¢) dUTP; (d) a DNA polymerase; () RNAse H; (€3]
a composite primer, wherein the composite primer comprises a 5' RNA portion and a 3'
DNA portion. In some embodiments, the DNA polymerase and RNAse H are provided as
a mixture. In some embodiments, the RNA portion of the composite primer is 5> with
respect to the 3° DNA portion, the 5° RNA portion is adjacent to the 3° DNA portion, the
RNA portion of the composite primer consists of about 10 to about 20 nucleotides and the
DNA portion of the composite primer consists of about 7 to about 20 nucleotides. In still
other embodiments, the composition comprises a second, different composite primer. In
some embodiments, the RNA portion of the composite primer comprises the following
ribonucleotide sequence: 5'- GACGGAUGCGGUCU-3'".

[0218] In another example, the invention provides compositions comprising a
polynucleotide comprising an abasic site and a suitable substrate for attachment through an
abasic site (e.g., a microarray; an analyte), which may be functionalized if necessary. In
still another example, the invention provides a composition comprising a polynucleotide
comprising a non-canonical nucleotide, UNG, (optionally) E. coli Endonuclease IV, and a
suitable substrate for attachment through an abasic site, which may be functionalized if
necessary.

[0219] The compositions are generally in lyophilized or aqueous form (if
appropriate), preferably in a suitable buffer.

[0220] The invention also provides compositions comprising the labeled and/or

fragmented products described herein. Accordingly, the invention provides a population of
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labeled and/or fragmented polynucleotides, which are produced by any of the methods
described herein (or compositions comprising the products).

[0221} The invention also provides compositions comprising the immobilized
polynucleotides or immobilized polynucleotide fragments described herein. In some
embodiments, the immobilized polynucleotide (or immobilized fragment, in embodiments
involving fragmentation) are labeled, as described herein. Accordingly, the invention
provides a population of immobilized polynucleotides or immobilized polynucleotide
fragments which are produced by any of the methods described herein (or compositions
comprising the products).

[0222] The compositions are generally in a suitable medium, although they can be
in lyophilized form. Suitable media include, but are not limited to, aqueous media (such as
pure water or buffers).

[0223] The invention also provides reaction mixtures (or compositions
comprising reaction mixtures) which contain various combinations of components
described herein. Examples of reaction mixtures have been described. In some
embodiments, the invention provides reaction mixtures comprising: a composite primer,
said composite primer comprising an RNA portion and a 3° DNA portion; and a non-
canonical nucleotide (such as dUTP). In another embodiment, the reaction mixture
comprises a polynucleotide comprising an abasic site, wherein the polynucleotide was
synthesized using a composite primer; and an agent (such as UNG) that is capable of
cleaving a base portion from a non-canonical nucleotide. In another embodiment, the
reaction mixture comprises a polynucleotide comprising an abasic site, wherein the
polynucleotide was synthesized using a composite primer; and an agent (such as an amine,
such as N, N'-dimethylethylenediamine) capable of cleaving the phosphodiester back at an
abasic site. In other embodiments, the reaction mixture comprises a polynucleotide
comprising an abasic site, wherein the polynucleotide was synthesized using a composite
primer; and an agent that labels an abasic site (such as ARP). In other embodiments, the
reaction mixture comprises a composite primer, said composite primer comprising an RNA
portion and a 3> DNA portion; dUTP; and UNG. In still other embodiments, the reaction
mixture comprises a polynucleotide comprising an abasic site, wherein the polynucleotide
was synthesized using a composite primer; and ARP. In still other embodiments, the
reaction mixture comprises a polynucleotide comprising an abasic site, wherein the
polynucleotide was synthesized using a composite primer; and N, N'-
dimethylethylenediamine. In still other embodiments, the reaction mixture comprises a
polynucleotide comprising an abasic site, wherein the polynucleotide was synthesized

using a composite primer; N, N'-dimethylethylenediamine; and ARP. In still another
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embodiment, invention provides a reaction mixture comprising (a) UNG; (b) N, N'-
dimethylethylenediamine; and (c) ARP. In other embodiments, the invention provides a
reaction mixture comprising (a) UNG; and (b) N, N'-dimethylethylenediamine. In still
other embodiments, the invention provides a reaction mixture comprising: (a) dUTP; (b) a
DNA polymerase; (c) RNAse H; and (d) a composite primer, wherein the composite
primer comprises a 5' RNA portion and a 3' DNA portion. In still other embodiments, the
invention provides a reaction mixture comprising (a) a composite primer, wherein the
composite primer comprises an RNA portion and a 3> DNA portion; (b) dUTP; (c) a
mixture of dATP, dTTP, dCTP, and dGTP; (d) a DNA polymerase; and () RNAse H. In
still other embodiments, the invention provides a reaction mixture comprising a composite
primer, said composite primer comprising an RNA portion and a 3’ DNA portion; and a
non-canonical nucleotide. In some embodiment, the reaction mixture further provides a
suitable substrate for immobilization. In some embodiments, the 5> RNA portion of the
composite primer is adjacent to the 3° DNA portion, the RNA portion of the composite
primer consists of about 10 to about 20 nucleotides and the DNA portion of the composite
primer consists of about 7 to about 20 nucleotides. In still other embodiments, the reaction
mixture comprises a second, different composite primer. In some embodiments, the RNA
portion of the composite primer comprises the following ribonucleotide sequence: 5'-
GACGGAUGCGGUCU-3'.

[0224] In other embodiments, the reaction mixture comprises a polynucleotide
comprising an abasic site, wherein the polynucleotide was synthesized using a composite
primer, said composite primer comprising an RNA portion and a 3° DNA portion; and a
substrate suitable for immobilization.

[0225] The invention provides kits for carrying out the methods of the invention.
Accordingly, a variety of kits are provided in suitable packaging. The kits may be used for
any one or more of the uses described herein, and, accordingly, may contain instructions
for any one or more of the following uses: methods of producing a hybridization probe,
characterizing and/or quantitating nucleic acid, detecting a mutation, preparing a
subtractive hybridization probe, detection (using a hybridization probe), and determining a
gene expression profile, using the labeled and/or fragmented nucleic acids generated by the
methods of the invention.

[0226] The kits of the invention comprise one or more containers comprising any
combination of the components described herein, and the following are examples of such
kits. A kit may comprise: a primer (such as a RNA-DNA composite primer), a non-
canonical nucleotide, an agent (such as an enzyme) capable of cleaving a base portion of a

non-canonical nucleotide, an agent (such as an enzyme) capable of effecting cleavage of a
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phosphodiester backbone at an abasic site, and an agent capable of labeling an abasic site,
which may or may not be separately packaged. In still another example, the kit comprises
a primer (such as a composite primer as described herein), dUTP, UNG, (optionally) E.
coli Endonuclease IV, and N-(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluorecetic
acid salt (ARP). In another embodiment, the kit comprises a primer (such as a composite
primer), a non-canonical nucleotide, an agent (such as an enzyme) capable of cleaving a
base portion of a non-canonical nucleotide, and an agent (such as an enzyme) capable of
effecting cleavage of a phosphodiester backbone at an abasic site. In another embodiment,
the kit comprises a polynucleotide comprising an abasic site, wherein the polynucleotide
was generated by synthesis using a template, and an agent capable of labeling an abasic
site. In still another example, the kit comprises a polynucleotide comprising a non-
canonical nucleotide, UNG, (optionally) E. coli Endonuclease IV, and a suitable substrate
for attachment through an abasic site (e.g. a microarray,; an analyte), which may be
functionalized if necessary. In another embodiment, the kit comprises a polynucleotide
comprising an abasic site and a suitable substrate (which may be functionalized if
necessary) for attachment to an abasic site.

[0227] In other embodiments, the invention provides a kit comprising a primer
(which can be an RNA-DNA composite primer), non-canonical nucleotides, an agent (such
as an enzyme) capable of cleaving a base portion of a non-canonical nucleotide, optionally
an agent (such as an enzyme) capable of effecting cleavage of a phosphodiester backbone
at an abasic site, and an agent capable of labeling an abasic site. In another example, the
invention provides a kit comprising a polynucleotide comprising a non-canonical
nucleotide, said polynucleotide synthesized from a template, and an agent capable of
labeling an abasic site. In still another example, the composition comprises a primer
(which can be a RNA-DNA composite primer), dUTP, UNG, (optionally) E. coli
Endonuclease IV, and N-(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluorecetic acid
salt (ARP).

[0228] In another embodiment, the invention provides a kit corﬁprising a
composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion; and a non-canonical nucleotide (such as dUTP). In another embodiment, the
composition comprises a composite primer, said composite primer comprising an RNA
portion and a 3° DNA portion; and an agent (such as UNG) that is capable of cleaving a
base portion from a non-canonical nucleotide. In another embodiment, the kit comprises a
composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion; and an agent (such as an amine, such as N, N'-dimethylethylenediamine) capable

of cleaving the phosphodiester back at an abasic site. In other embodiments, the kit
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comprises a composite primer, said composite primer comprising an RNA portion and a 3’
DNA portion; and an agent that labels an abasic site (such as ARP). In other
embodiments, the kit comprises a composite primer, said composite primer comprising an
RNA portion and a 3 DNA portion; dUTP; and UNG. In still other embodiments, the kit
comprises a composite primer, said composite primer comprising an RNA portion and a 3’
DNA portion; dUTP; UNG; and ARP. In still other embodimenits, the kit comprises a
composite primer, said composite primer comprising an RNA portion and a 3’ DNA
portion; dUTP; UNG; and N, N'-dimethylethylenediamine. In still other embodiments, the
kit comprises a composite primer, said composite primer comprising an RNA portion and a
3” DNA portion; dUTP; UNG; N, N'-dimethylethylenediamine; and ARP.

[0229] In still other embodiments, the kit comprises an agent capable of cleaving
RNA from a RNA-DNA hybrid (such as RNAse H); a non-canonical nucleotide (AUTP);
and an agent capable of cleaving a base portion of a non-canonical nucleotide (UNG). In
still other embodiments, the kit comprises an agent capable of cleaving RNA from a RNA-
DNA hybrid (such as RNAse H); and an agent capable of labeling an abasic site (such as
ARP, Alexa Fluor 555 hydrazide, or FARP). In still other embodiments, the kit comprises
an agent capable of cleaving RNA from a RNA-DNA hybrid (such as RNAse H); and an
agent capable of cleaving the backbone at an abasic site (such as an amine, such as N, N'-
dimethylethylenediamine). In still other embodiments, the kit comprises RNAse H; N, N'-
dimethylethylenediamine; and ARP.

[0230] In still other embodiments, the invention provides a kit comprising: a
composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion; a non-canonical nucleotide; an agent (such as an enzyme) capable of cleaving a
base portion of a non-canonical nucleotide; an agent (such as an enzyme) capable of
cleaving a phosphodiester backbone at an abasic site; and an agent capable of labeling an
abasic site. In some embodiment, the kit further provides a suitable substrate for
immobilization. In some embodiments, the 5> RNA portion of the composite primer is
adjacent to the 3° DNA portion, the RNA portion of the composite primer consists of about
10 to about 20 nucleotides and the DNA portion of the composite primer consists of about
7 to about 20 nucleotides. In still other embodiments, the kit comprises a second, different
composite primer. In some embodiments, the RNA portion of the composite primer
comprises the following ribonucleotide sequence: 5'- GACGGAUGCGGUCU-3".

[0231] In still another embodiment, invention provides a kit comprising (a) UNG;
(b) N, N'-dimethylethylenediamine; and (¢) ARP. In other embodiments, the invention
provides a kit comprising (a) UNG; (b) N, N'-dimethylethylenediamine; (c) ARP; (d)
dUTP; (e) a mixture of dATP, dTTP, dCTP, and dGTP; (f) a DNA polymerase; (g) a
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composite primer, wherein the composite primer comprises a 5' RNA portion and a 3'
DNA portion. In still other embodiments, the invention provides a kit comprising (a)
UNG; (b) N, N'-dimethylethylenediamine; (c) ARP; (d) dUTP; (e) a mixture of dATP,
dTTP, dCTP, and dGTP; (f) a DNA polymerase; (g) RNAse H; (h) a composite primer,
wherein the composite primer comprises a 5' RNA portion and a 3' DNA portion. In yet
another embodiment, the invention provides a kit comprising (a) UNG; (b) N, N'-
dimethylethylenediamine; (c) ARP; (d) dUTP; (e) a mixture of dATP, dTTP, dCTP, and
dGTP; (f) a DNA polymerase; (g) RNAse H; (h) a composite primer, wherein the
composite primer comprises a 5' RNA portion and a 3' DNA portion (i) MgCl, solution; (j)
acetic acid solution; and optionally, (k) a stop buffer comprising 1.5M Tris, pH 8.5. In
some embodiments, the dUTP and the mixture of dATP, dTTP, dCTP, and cGTP are
combined. In some embodiments, the DNA polymerase and RNAse H are provided as a
mixture. In some embodiments, the RNA portion of the composite primer is 5° with
respect to the 3° DNA portion, the 5> RNA portion is adjacent to the 3° DNA portion, the
RNA portion of the composite primer consists of about 10 to about 20 nucleotides and the
DNA portion of the composite primer consists of about 7 to about 20 nucleotides. In still
other embodiments, the kit comprises a second, different composite primer. In some
embodiments, the RNA portion of the composite primer comprises the following
ribonucleotide sequence: 5'- GACGGAUGCGGUCU-3'.

[0232] In still other embodiments, the invention provides a kit comprising: (a)
UNG; (b) ARP; (c) dUTP; (d) a DNA polymerase; (€) RNAse H; (f) a composite primer,
wherein the composite primer comprises a 5' RNA portion and a 3' DNA portion. In other
embodiments, the kit further comprises (g) MgCl, solution; (h) acetic acid solution; and
optionally, (i) a stop buffer comprising 1.5M Tris, pH 8.5. In other embodiments, the
invention provides a kit comprising (a) UNG; (b) an agent capable of labeling an abasic
site (for example, Alexa Fluor 555 or an aminooxy-modified Alexa Fluor 555); (c) dUTP;
(d) a DNA polymerase; (¢) RNAse H; (f) a composite primer, wherein the composite
primer comprises a 5' RNA portion and a 3' DNA portion. In some embodiments, the
DNA polymerase and RNAse H are provided as a mixture. In some embodiments, the
RNA portion of the composite primer is 5° with respect to the 3° DNA portion, the 5° RNA
portion is adjacent to the 3’ DNA portion, the RNA portion of the composite primer
consists of about 10 to about 20 nucleotides and the DNA portion of the composite primer
consists of about 7 to about 20 nucleotides. In still other embodiments, the kit comprises a
second, different composite primer. In some embodiments, the RNA portion of the
composite primer comprises the following ribonucleotide sequence: 5'-
GACGGAUGCGGUCU-3".
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[0233] Kits may also include one or more suitable buffers (as described herein).
One or more reagents in the kit can be provided as a dry powder, usually lyophilized,
including excipients, which on dissolution will provide for a reagent solution having the
appropriate concentrations for performing any of the methods described herein. Each
component can be packaged in separate containers or some components can be combined
in one container where cross-reactivity and shelf life permit.

[0234] The kits of the invention may optionally include a set of instructions,
generally written instructions, although electronic storage media (e. g, magnetic diskette or
optical disk) containing instructions are also acceptable, relating to the use of components
of the methods of the invention for the intended methods of the invention, and/or, as
appropriate, for using the products for purposes such as, for example preparing a
hybridization probe, expression profiling, preparing a microarray, or characterizing a
nucleic acid. The instructions included with the kit generally include information as to
reagents (whether included or not in the kit) necessary for practicing the methods of the

invention, instructions on how to use the kit, and/or appropriate reaction conditions.

[0235] The component(s) of the kit may be packaged in any convenient,
appropriate packaging. The components may be packaged separately, or in one or multiple
combinations.

[0236] The relative amounts of the various components in the kits can be varied

widely to provide for concentrations of the reagents that substantially optimize the
reactions that need to occur to practice the methods disclosed herein and/or to further

optimize the sensitivity of any assay.

Applications using the labeling and/or fragmentation and/or immobilization methods of
the invention

[0237] The methods and compositions of the invention can be used for a variety
of purposes. For purposes of illustration, methods of producing a hybridization probe,
characterizing and/or quantitating nucleic acid, detecting a mutation, preparing a
subtractive hybridization probe, detection (using the hybridization probe), and determining
a gene expression profile, using the labeled and/or fragmented nucleic acids generated by
the methods of the invention, are described.

[0238] Immobilized polynucleotides, for example on a microarray, prepared
according to any of the methods of the invention, are also useful for methods of analyzing

and characterizing nucleic acids, including methods of hybridizing nucleic acids, methods
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of characterizing and/or quantitating nucleic acids, methods of detecting a mutation in a
nucleic acids, and methods of determining a gene expression profile, as described below,

and these applications likewise apply to immobilized polynucleotides.

Method of producing a hybridization probe

[0239] The labeled polynucleotides obtained by the methods of the invention are
useful as a hybridization probe. Accordingly, in one aspect, the invention provides
methods for generating hybridization probes, comprising generating labeled
polynucleotides using any of the methods described herein, and using the labeled
polynucleotides as a hybridization probe. In another embodiment, the invention provides
methods for generating a hybridization probe, comprising generating labeled
polynucleotide fragments using any of the methods described herein, and using the labeled
polynucleotide fragments as a hybridization probe. The labeled polynucleotide (or
polynucleotide fragments) can be produced from any template known in the art, including
RNA, DNA, genomic DNA (including global genomic DNA amplification), and libraries
(including ¢cDNA, genomic or subtractive hybridization library). The invention also

provides methods of hybridizing using the hybridization probes described herein.

Characterization of nucleic acids

[0240] The labeled and/or fragmented nucleic acids obtained by the methods of
the invention are amenable to further characterization.

[0241] The labeled and/or fragmented nucleic acids (i.e., products of any of the
methods described herein), can be analyzed using, for example, probe hybridization
techniques known in the art, such as Southern and Northern blotting, and hybridizing to
probe arrays. They can also be analyzed by electrophoresis-based methods, such as
differential display and size characterization, which are known in the art.

[0242] In one embodiment, the methods of the invention are utilized to generate
labeled and/or fragmented nucleic acids, and analyze the labeled and/or fragmented nucleic
acids by contact with a probe. The labeled and/or fragmented nucleic acid can be
produced from any template known in the art, including RNA, DNA, genomic DNA
(including global genomic DNA amplification), and libraries (including cDNA, genomic
or subtractive hybridization library).

[0243] In one embodiment, the methods of the invention are utilized to generate
labeled and/or fragmented nucleic acids which are analyzed (for example, detection and/or
quantification) by contacting the(:m with, for example, microarrays (of any suitable
substrate, which includes glass, chips, plastic), beads, or particles, that comprise suitable

probes such as cDNA and/or oligonucleotide probes. Thus, the invention provides
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methods to characterize (for example, detect and/or quantify and/or identify) a labeled
and/or fragmented nucleic acid by analyzing the labeled products, for example, by
hybridization of the labeled products to, for example, probes immobilized at, for example,
specific locations on a solid or semi-solid substrate, probes immobilized on defined
particles (including beads, such as Bead Array, Illumina), or probes immobilized on blots
(such as a membrane), for example arrays, or arrays of arrays. Immobilized probes include
immobilized probes generated by the methods described herein, and also include at least
the following: cDNA and synthetic oligonucleotides, which can be synthesized directly on
the substrate.

[0244] Other methods of analyzing labeled products are known in the art, such as,
for example, by contacting them with a solution comprising probes, followed by extraction
of complexes comprising the labeled products and probes from solution. The identity of
the probes provides characterization of the sequence identity of the products, and thus by
extrapolation can also provide characterization of the identity of a template from which the
products were prepared (for example, the identity of an RNA in a solution). For example,
hybridization of the labeled products is detectable, and the amount of specific labels that
are detected is proportional to the amount of the labeled products prepared from a specific
RNA sequence of interest. This measurement is useful for, for example, measuring the
relative amounts of the various RNA species in a sample, which are related to the relative
levels of gene expression, as described herein. The amount of labeled products (as
indicated by, for example, detectable signal associated with the 1abel) hybridized at defined
locations on an array can be indicative of the detection and/or quantification of the
corresponding template RNA species in the sample.

[0245] Methods of characterization include sequencing by hybridization (see, e.g.,
Dramanac, U.S. Patent No. 6,270,961) and global genomic hybridization (also termed
comparative genome hybridization) (see, e.g., Pinkel, U.S. Patent No. 6,159,685).

[0246] In another aspect, the invention provides a method of quantitating labeled
and/or fragmented nucleic acids comprising use of an oligoﬁucleotide (probe) of defined

sequence (which may be immobilized, for example, on a microarray).

Mutation detection utilizing the methods of the invention
[0247] The labeled and/or fragmented nucleic acids generated according to the

methods of the invention are also suitable for analysis for the detection of any alteration in
the template nucleic acid sequence (from which the labeled and/or fragmented nucleic
acids are synthesized), as compared to a reference nucleic acid sequence which is identical

to the template nucleic acid sequence other than the sequence alteration. The sequence
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alterations may be sequence alterations present in the genomic sequence or may be
sequence alterations which are not reflected in the genomic DNA sequences, for example,
alterations due to post transcriptional alterations, and/or mRNA processing, including
splice variants. Sequence alterations (interchangeably called "mutations™) include
deletion, substitution, insertion and/or transversion of one or more nucleotide.

[0248] Accordingly, the invention provides methods of detecting presence or
absence of a mutation in a template, comprising: (a) generating a labeled polynucleotide,
or fragments thereof, by any of the methods described herein; and (b) analyzing the labeled
polynucleotide, or fragments thereof, whereby presence or absence of a mutation is
detected. In some embodiments, the labeled polynucleotide, or fragments thereof, is
compared to a labeled reference template, or fragments thereof. Step (b) of analyzing the
labeled polynucleotide, or fragments thereof, whereby presence or absence of a mutation is
detected, can be performed by any method known in the art. In some embodiments, probes
for detecting mutations are provided as a microarray.

[0249] Any alteration in the test nucleic acid sequence, such as base substitution,
insertions or deletion, could be detected using this method. The method is expected to be
useful for detection of specific single base polymorphism, SNP, and the discovery of new
SNPs.

[0250] Other art recognized methods of analysis for the detection of any alteration
in the template nucleic acid sequence, as compared to a reference nucleic acid sequence,
are suitable for use in the methods of the present invention. For example, essentially any
hybridization-based method of detection of mutations is suitable for use with the labeled

and/or fragmented nucleic acids produced by the methods of the invention.

Determination of gene expression profile

[0251] The labeled and/or fragmented nucleic acids produced by the methods of
the invention are particularly suitable for use in determining the levels of expression of one
or more genes in a sample. As described above, labeled and/or fragmented nucleic acids
can be detected and quantified by various methods, as described herein and/or known in
the art. Since RNA is a product of gene expression, the levels of the various RNA species,
such as mRNAs, in a sample is indicative of the relative expression levels of the various
genes (gene expression profile). Thus, determination of the amount of RNA sequences of
interest present in a sample, as determined by quantifying products (for example
amplification products) of the sequences, provides for determination of the gene

expression profile of the sample source.
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[0252] Accordinély, the invention provides methods of determining gene
expression profile in a sample, said method comprising: amplifying single stranded (or
double stranded) product from at least one RNA sequence of interest in the sample, using
any of the methods described herein, wherein non-canonical nucleotides are incorporated
during synthesis of a polynucleotide; labeling and/or fragmenting the polynucleotide
comprising the non-canonical nucleotide; and determining amount of labeled and/or
fragmented nucleic acids produced from each RNA sequence of interest, wherein each said
amount is indicative of amount of each RNA sequence of interest in the sample, whereby
the expression profile in the sample is determined.

[0253] Accordingly, the invention provides of determining gene expression
profile in a sample, said method comprising: (a) generating labeled polynucleotide or
fragments thereof from at least one polynucleotide template in the sample using any of the
methods described herein; and (b) determining amount of labeled polynucleotide or
fragments thereof of each polynucleotide template, wherein each said amount is indicative
of amount of each polynucleotide template in the sample, whereby the gene expression
profile in the sample is determined.

[0254] It is understood that amount of labeled and/or fragmented nucleic acids
produced (and thus the amount of product) may be determined using quantitative and/or
qualitative methods. Determining amount of labeled and/or fragmented nucleic acids
includes determining whether labeled and/or fragmented nucleic acids are present or
absent. Thus, an expression profile can include information about presence or absence of
one or more RNA sequence of interest. “Absent” or “absence” of product, and “lack of
detection of product” as used herein includes insignificant, or de minimus levels.

[0255] The methods of expression profiling are useful in a wide variety of
molecular diagnostics, and especially in the study of gene expression in essentially any cell
(including a single cell) or cell population. A cell or cell population (e.g. a tissue) may be
from, for example, blood, brain, spleen, bone, heart, vascular, lung, kidney, pituitary,
endocrine gland, embryonic cells, tumors, or the like. Expression profiling is also useful
for comparing a control (normal) sample to a test sample, including test samples collected
at different times, including before, after, and/or during development, a treatment, and the
like.

Methods of preparing a subtractive hybridization probe

[0256] The labeled and/or fragmented nucleic acids methods of the invention are
particularly suitable for use in preparation of labeled and/or fragmented subtractive
hybridization probes. For example, two nucleic acid populations, one sense and one

antisense, can be allowed to mix together with one population present in molar excess
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("driver"). Sequence present in both populations will form hybrids, while sequences
present in only one population remain single-stranded. Thereafter, various well-known
techniques are used to separate the unhybridized molecules representing differentially
expressed sequences. See, e.g., Hamson et al., U.S. Patent No. 5,589,339; Van Gelder,
U.S. Patent No. 6,291,170. Labeled and/or fragmented subtractive hybridization probe is

then labeled and/or fragmented according to the methods of the invention described herein.

Comparative hybridization

[0257] In another aspect, the invention provides methods for comparative
hybridization (such as comparative genomic hybridization), said method comprising: (a)
preparing a first population of labeled polynucleotides or fragments thereof from a first
template polynucleotide sample using any of the methods described herein; (b) comparing
hybridization of the first population to at least one probe with hybridization of a second
population of labeled polynucleotides or fragments thereof. In some embodiments, the at
least one probe is a chromosomal spread. In still other embodiments, the at least one probe
is provided as a microarray. In some embodiments, the first and second population
comprise detectably different labels. In other embodiments, the second population of
labeled polynucleotides, or fragments thereof, are prepared from a second polynucleotide
sample using any of the methods described herein. The method according to claim 57,
wherein the first population and second population comprise detectably different labels. In
some embodiments, step (b) of comparing comprises determining amount of said products,
whereby the amount of the first and second polynucleotide templates is quantified.

[0258] In some embodiments, comparative hybridization comprises preparing a
first population of labeled polynucleotides (which can be polynucleotide fragments)
according to any of the methods described herein, wherein the template from which the
first population is synthesized is genomic DNA. A second population of labeled
polynucleotides (to which the first population is desired to be compared) is prepared from
a second genomic DNA template. The first and second populations are labeled with
different labels. The hybridized first and second populations are mixed, and hybridized to

an array or chromosomal spread. The different labels are detected and compared.

[0259] The following Examples are provided to illustrate, but not limit, the

invention.

79

IDT Exhibit 1020.8035



WO 2004/011665 PCT/US2003/015825

EXAMPLES

Example 1: Demonstration of Fragmentation and Labeling with Biotin of an Abasic
Site of a Synthetic Oligonucleotide.

[0260] A synthetic 75mer oligodeoxynucleotide with a single deoxyuridine
incorporated at the 49th position from the 5° end (Sequence 1) was obtained from Operon
(Alameda, CA) and dissolved in TE buffer (10 mM Tris/1 mM EDTA, pH 8.0) ata
concentration of 0.4 mg/mL.

Sequence 1:

5'-GGA CCA CCG TTC CGC CGA CCA GAC TCT GCA TAT CTT CCG CCA TCC
CGGUGA CCATACCGT AAA AAA AAA AAA AAA-3' (SEQIDNO:1).

[0261] Uracil was removed (creating an abasic site) by mixing 5 pL of the
oligonucleotide stock with 35 pL of Isotherm® buffer (Epicentre, Madison, WI) and 2
Units of UNG (Epicentre, Madison, WI), and incubating the mixture at 37°C for 60
minutes in a thin-walled polypropylene tube in a thermal cycler. Next, the oligonucleotide
comprising an abasic site was fragmented (cleaved at the phosphodiester backbone at the
abasic site) at the abasic site by incubating the mixture at 99°C for 30 minutes. The
cleaved oligonucleotide product was purified with a QIAquick Nucleotide Removal Kit
(Qiagen, Valencia, CA) following the manufacturer’s instructions, and recovered in
approximately 35 puL of water. The fragmented product was labeled by adding 4 uL of
100 mM acetic acid/tetramethylethylenediamine buffer, pH 3.8 (the buffer was prepared by
preparing 100 mM acetic acid, and adjusting the pH to 3.8 with TEMED), and 4 pL of
ARP (N-(aminooxyacetyl)-N’-(D-biotinoy!) hydrazine, trifluoroacetic acid salt), 22.5 mM
in water (Molecular Probes, Eugene, OR), and incubating for 60 minutes at 37°C. The
labeling reaction was terminated by adding 5 pl. of 1 M Tris buffer, pH 8.5, and the
product was again purified as above and recovered in approximately 35 pul water.
Appropriate controls were included which omitted either the UNG (data not shown) or the
labeling reagent (ARP).

[0262] Incorporation of biotin in the product (via the labeling of abasic site with
ARP) was detected by mixing 5 pL of product with 3 pL of a 2.5 mg/mL aqueous solution
of streptavidin (Sigma, St. Louis. MO) before electrophoresis. The reaction products were
analyzed on a PAGE gel (4-20%; InVitrogen, San Diego, CA). DNA was visualized using

ethidium bromide.
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[0263] The results of this experiment are shown in the gel photograph of Figure 4.
Lane 1 shows 50 and 100 bp double stranded DNA marker, lane 2 (labeled "no label")
shows the no-label control, lane 3 (labeled "L3.8+Strep") shows the fragmented and
labeled oligonucleotide treated with streptavidin, and lane 4 (labeled "L3.8") shows the
fragmented and labeled oligonucleotide. Note that the single stranded oligonucleotide runs
more slowly than the double stranded marker.

[0264] Excision of uracil and cleavage of the oligonucleotide were found to be
nearly complete in the No Label control (lane 1), as evidenced by appearance of a strong
band at ca. 50 nucleotide length and near disappearance of the starting material band at ca.
75 nucleotides. Reaction product treated with label (shown in lane 4, labeled 1.3.8) was
similar in appearance, but the product additionally treated with streptavidin (shown in Lane
"L3.8 + Strep) was strongly retarded, appearing as fuzzy bands with apparent lengths of
several hundred nucleotides. Only a fraction of fragmented product did not react with

streptavidin. It was concluded that fragment was nearly completely labeled with ARP.

Example 2: Labeling of an abasic site in a Synthetic Oligonucleotide with Biotin
without Fragmentation.
[0265] The experiment in Example 1 was repeated, except that the 99°C
fragmentation step was omitted and the starting oligodeoxynucleotide was Sequence 2. An
additional reaction was performed in which the labeling reaction was performed as

| described in Example 1, except that the buffer was 100 mM acetic
acid/tetramethylethylenediamine buffer, pH 6 (the buffer was prepared by preparing 100
mM acetic acid, and adjusting the pH to 6 with TEMED).

Sequence 2:
5'-GGA CCA CCG TTC CGC CGA CCA GAC UCT GCA TAT CTT CCG CCA TCC
CGG TGA CCA TAC CGT AAA AAA AAA AAA AAA-3' (SEQ ID NO:2).

[0266] The results of this experiment are shown in Figure 5. Lane 1 shows
molecular weight marker (as described in figure 1). Note that the single stranded
oligonucleotide runs more slowly than the double stranded marker. "NL" refers to the no-
label control, "L6" refers to reactions in which labeling was performed at pH 6, and "1.3.8"

refers to reactions in which labeling was performed at pH 3.8. Lanes marked "-" show
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reaction samples that were not treated with streptavidin, and lanes marked "+" show
reaction samples that were treated with streptavidin. The lower arrow marks the expected
molecular weight of oligonucleotide not retarded by streptavidin, and the upper arrow
marks the expected position of gel retarded product treated with streptavidin.

[0267] As shown in lanes "L6" and "L3.8", nearly all of the product reacted with
label could be retarded by streptavidin treatment. Only a fraction of labeled product did
not react with streptavidin. It was concluded that fragment was nearly completely labeled
with ARP.

[0268] By contrast, product not reacted with label ("NL", or the no label control)

was not capable of being retarded by streptavidin treatment.

Example 3: Demonstration of Fragmentation and Labeling with Biotin of Ribo-
SPIA™ Product.

[0269] A mixture of DNA products incorporating deoxyuridine was prepared
using Ribo-SPIA™ amplification using commercial total RNA preparation from breast
cancer tumor (CLONTECH; cat. no.: 64015-1) as follows:

Primer sequences:

MTB4 : 5°- GAC GGA UGC GGU CUC CAG UGU dTdTdT dTdTdT dTdTdT dTdTdT
dTdNdN-3' (SEQ ID NO:3)

where dN denotes a degenerate nucleotide (i.e., it can be dA, dT, dC, and dG), and

italicized and underlined letters denote ribonucleotides.
MTA4: 5°-GAC GGA UGC GGU CUC CdAdG dTdGdT dTdT-3' (SEQ ID NO:4)

where italicized and underlined letters denote ribonucleotides.

[0270] Step 1: First strand cDNA synthesis. Each reaction mixture comprised
the following:

4 plof a 5X buffer (250 mM Tris-HC1, pH 8.3; 375 mM KCL, 15 mM MgCl2)

MTB4 primer @1uM

25 mM dNTPs

0.2 p] RNasin Ribonuclease Inhibitor (Promega N2511, 40u/pl)

1pl0.1 MDTT

20 ng of total RNA per reaction

DEPC- treated water to a total volume of 19 pl
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[0271] The reaction mixtures were pre-incubated at 75°C for 2 minutes, and then
cooled down to 42°C. 1 pL Sensiscript per reaction (Qiagen, Valencia, CA, Cat No.
205211) was added to each reaction, and the reactions were incubated at 42°C for 50
minutes.
[0272] Step 2: Synthesis of second strand cDNA. 10 pl of the first strand cDNA
synthesis reaction mixture was aliquoted to individual reaction tubes. 20 pl of second
strand synthesis stock reaction mixture was added to each tube. The second strand
synthesis stock reaction mixture contained the following:

2 pl of 10X Klenow reaction buffer (10X buffer: 500 mM Tris-HCI, pH 8.0; 100
mM MgCl,, 500 mM NaCl)

2U Klenow DNA polymerase ( BRL 18012-021)

0.1 pl of AMYV reverse transcriptase (BRL 18020-016, 25U/ul)

0.2 pl of £ coli Ribonuclease H ( BRL 18021-014, 4 U/ul)

0.2 pl (25 mM) dNTPs

0 or 0.2 ul of E. coli DNA ligase ( BRL 18052-019, 10U/pl)
[0273] The reaction mixtures were incubated at 37°C for 30 minutes. The
reactions were stopped by heating to 75°C for 5 minutes to inactivate the enzymes.
[0274] Step 3: Amplification of total cDNA. Amplification was carried out using
1 ul of the second strand cDNA reaction mixture above, using the MTA4 composite
primer in the presence of T4 gene 32 protein at 50°C for 60 min. Each reaction mixture
contained the following:

2 ul of 10X buffer (200 mM Tris-HCI, pH 8.5, 50 mM MgCl,, 1% NP-40)

0.2 pl of dATP, dGTP, ACTP (25 mM)

0.2 pL of a stock containing 20 mM dTTP and 5 mM dUTP

0.2 pl of MTA4 (100 pM)

1 pl of the second strand cDNA synthesis mixture

0.1 pl Rnasin

0.1 pl DTT (0.1M)

DEPC-treated water to a total volume of 18.8 ul
[0275] Reactions were heated to 50C, 8 Units of Bst DNA Polymerase Large
Fragment (New England Biolabs, Beverly, MA), 0.02U Hybridase Thermostable Rnase H
(Epicentre H39100), and 0.3 ng T4 Gene 32 Protein (USB 70029Z)were added, and the
reactions were further incubated at this temperature for 60 min.
[0276] Amplified single stranded DNA product was fragmented and labeled as
follows: Approximately 2 pg of product DNA in 40 uL of Isotherm® buffer (Epicentre,

83

IDT Exhibit 1020.8039



WO 2004/011665 PCT/US2003/015825

Madison, WI) was treated with 2 Units of UNG, and fragmented, and labeled as described
in Example 1. A control was performed lacking UNG and label (ARP), and without heat
treatment. A portion of the fragmented and labeled product was treated with avidin, as
described in Example 1. Reaction products were analyzed as described in Example 1 and
the results are shown in Figure 6.

[0277] Figure 6 shows the following:

Lane 1: DNA molecular weight marker as described in Example 1

Lane 2: amplified single stranded DNA product

Lane 3: amplified single stranded DNA product treated with UNG, labeled with biotin, and
cleaved by heat treatment

Lane 4: DNA molecular weight marker

Lane 5: streptavidin-treated amplified single stranded DNA product treated with UNG,
labeled with biotin, and fragmented by heat treatment

Lane 6: No streptavidin control (contains amplified single stranded DNA product treated
with UNG, labeled with biotin, and fragmented by heat treatment, as shown in Lane 3)
[0278] Analysis of average size of DNA in the reaction mixtures revealed that the
control product of lane 2 was an average length of ca. 400 nucleotides (with the largest
products over about 1000 bases). By contrast, the UNG-treated and heat-fragmented
product of lane 3 was an average length of 150 nucleotides after UNG and heat treatment,
and the largest products (over ca. 1,000 bases) disappeared almost entirely.

[0279] An aliquot of the UNG-treated, heat fragmented product was treated with
streptavidin, and the results are shown in the Lane 5. Lane 6 shows the no-streptavidin
control. Streptavidin treatment resulted in a shift of nearly the entire product band to
larger size, indicating virtually complete labeling of the single stranded DNA products
treated with UNG, labeled with biotin and fragmented by heat treatment.

Example 4: Efficient labeling and fragmentation of Ribo-SPIA product using a single
reaction mixture for creation of abasic sites and fragmentation at abasic sites, with no
intermediate purification steps.

[0280] A mixture of DNA products incorporating deoxyuridine was prepared
using total RNA preparation from mouse brain (obtained from the Gladstone Institute, San

Francisco CA; used with permission) as follows:

[0281] Step 1: First strand cDNA synthesis. Each reaction mixture comprised the
following;:
4 pl of a 5X buffer (250 mM Tris-HCI, pH 8.3; 375 mM KCl, 15 mM MgCl,)
MTB4 primer @ 0.25uM
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0.2 pL 25 mM dNTPs

0.25 pl RNasin Ribonuclease Inhibitor (Promega N2511, 40u/pl)

20 ng of total RNA per reaction

DEPC- treated water to a total volume of 19 pl
[0282] The reaction mixtires were pre-incubated at 65°C for 2 minutes, and then
cooled down to 42°C. 1 pL Sensiscript per reaction (Qiagen, Valencia, CA, Cat No.
205211) was added to each reaction, and the reactions were incubated at 48°C for 60
minutes, then at 70°C for 15 minutes.
[0283] Step 2: Synthesis of second strand cDNA. The entire 20 ul of the first
strand cDNA synthesis reaction mixture was aliquoted to individual reaction tubes, and 20
ul of second strand synthesis stock reaction mixture was added to each tube and mixed.
The second strand synthesis stock reaction mixture contained the following:

1 ul of 10X Klenow reaction buffer (10X buffer: 500 mM Tris-HC], pH 8.0; 100
mM MgCl,, 500 mM NaCl)

ImM DTT

1 U/ul of exo- Klenow DNA polymerase (USB catalog number 70057Z)

0.02 U/ul of Ribonuclease H (USB catalog number 700547)

0.2 pl (25 mM) dNTPs

0.4 U/l RNasin (USB catalog number 71571)

water to a total volume of 20ul.
[0284] The reaction mixtures were incubated at 37°C for 30 minutes. The
reactions were stopped by addition of 2 pul of 0.5M EDTA.
[0285] Step 3: Amplification of total cDNA: 5 ul of the second strand cDNA
reaction mixture was aliquoted into 8 20 pul reaction mixtures. Each reaction mixture
contained the following:

2 pl of 10X buffer (200 mM Tris-HCI, pH 8.5, 50 mM MgCl,, 1% NP-40)

0.2 ul of dATP, dGTP, dCTP (25 mM)

0.2 pL of a stock containing 20 mM dTTP and 5 mM dUTP

0.2 pl of MTA4 (100 uM)

5 pl of the second strand cDNA synthesis mixture

0.1 pl Rnasin

DEPC-treated water to a total volume of 18.8 ul
[0286] Reactions were placed on ice and 8 Units of Bst DNA Polymerase Large
Fragment (New England Biolabs, Beverly, MA), 0.02U Hybridase Thermostable Rnase H
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(Epicentre H39100), and 0.3 ug T4 Gene 32 Protein (USB 70029Z) were added.
Reactions were placed at 50°C for 60 minutes, then amplification was stopped by heating
at 80°C for 5 minutes.

[0287] Removal of uracil (to create abasic sites) and fragmentation of abasic sites
was conducted in the same reaction mixture as follows: 76 ul of unpurified amplification
reaction product was mixed with 3.2 pL, of N,N’-dimethylethylenediamine buffer (Aldrich
Chemical, St. Louis, MO; prepared by diluting to 0.5 M solution in water, pH adjusted to
8.5 with HCI) and 4 Units of HK-UNG (Epicentre, Madison WI). This mixture was
incubated at 37°C for 60 minutes, then 6.8 pL of 1 M acetic acid in water, 2 uLL of 0.2 M
MgCl, in water, and 8 pL. of ARP solution (N-(aminooxyacetyl)-N’-(D-biotinoyl)
hydrazine, trifluoroacetic acid salt; 22.5 mM in water; obtained from Molecular Probes,
Eugene, OR; catalog no. A-10550) were added. This reaction mixture was incubated for
60 minutes more at 37°, then the reaction mixture was split into two tubes and purified as
described in Examples 1-3. Fragmented and labeled reaction product was recovered by
elution with water. A portion of the fragmented and labeled product was treated with
streptavidin essentially as described in Example 1.

[0288] Control reaction mixtures were performed which lacked HK-UNG, or in
which the Ribo-SPIA™ product was first purified using a QIAquick PCR purification kit
(Qiagen, Valencia, CA) following the manufacturer’s instructions before fragmentation
and labeling as described. A portion of the fragmented and labeled product was treated
with streptavidin essentially as described in Example 1.

[0289] The following reactions were analyzed using a PAGE gel as described in
Example 1 (data not shown):

Lane I: 50 and 100 bp double stranded DNA molecular weight marker.

Lane 2: No UNG control.

Lane 3: Same as Lane 2, but reacted with streptavidin.

Lane 4: Example 4 reaction product prepared with purified Ribo-SPIA™ product.

Lane 5: Same as Lane 4, reacted with streptavidin.

Lane 6: Example 4 reaction product prepared with unpurified Ribo-SPIA™ product.
Lane 7: Same as Lane 6, reacted with streptavidin.

[0290] Analysis of average size of DNA in the reaction mixtures revealed that the
no-UNG control product of lane 2 was an average length of ca. 400 nucleotides (with the
largest products over about 1000 bases. An aliquot of the no-UNG control product was
treated with streptavidin. Streptavidin treatment did not result in a shift of the product

band to larger sizes, indicating that the single stranded DNA products were not labeled
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with biotin, as expected, and that nonspecific interactions between streptavidin and DNA
do not cause a shift on the gel.

[0291] By contrast, the UNG-treated and dimethylethylenediamine-fragmented
product of lanes 4 and 6 was an average length of about 250 nucleotides after UNG and
dimethylethylenediamine treatment, and the largest products (over ca. 1,000 bases)
disappeared almost entirely. No difference in product length was observed between UNG-
treated and dimethylethylenediamine-fragmented product prepared using unpurified Ribo-
SPIA single stranded DNA (lane 6) and UNG-treated and dimethylethylenediamine-
fragmented product prepared using purified Ribo-SPIA single stranded DNA (lane 4).
[0292] Aliquots of UNG-treated and dimethylethylenediamine-fragmented
product prepared using unpurified Ribo-SPIA single stranded DNA (lane 6) and UNG-
treated and dimethylethylenediamine-fragmented product prepared using purified Ribo-
SPIA single stranded DNA (lane 4) were treated with streptavidin, and the results are
shown in Lanes 5 and 7, respectively. Streptavidin treatment resulted in a shift of nearly
the entire product band to larger size, indicating virtually complete labeling of the single
stranded DNA. products treated with UNG, labeled with biotin and fragmented by
dimethylethylenediamine treatment.

[0293] Aliquots of no-UNG treatment control product (corresponding to that of
lane 2, above) and UNG-treated and dimethylethylenediaminé—fragmented product
prepared using purified Ribo-SPIA single stranded DNA (corresponding to that of lane 4,
above) were further analyzed by gel electrophoresis using an Agilent Bioanalyzer (Agilent,
Mountain View, CA). Figure 7 shows the superimposed resulting electropherograms as
follows:

® The closely spaced peaks at 19 seconds (""sec") (marked with "A™") are an internal
marker included in all samples. The closely matching elution times serve to demonstrate
that the instrument is performing reproducibly.

® The sharp peak at 22 seconds is a synthetic single-stranded 75mer oligonucleotide
used as a size marker (marked with "B").

® The broader peak centered at 21 seconds is the UNG-treated and
dimethylethylenediamine-fragmented product prepared using purified Ribo-SPIA single
stranded DNA (marked with "C"); material from Lane 6 appeared very similar.

® The much broader peak extending to about 42 seconds is the un-fragmented
control (no-UNG treatment control product) (marked with "D™).

[0294] For comparison, a series of RNA markers (Ambion, Austin TX) are also
shown in Figure 7. Marker sizes are 0.2, 0.5, 1, 2, 4, and 6 kb (running at about 21, 23.5,
27, 30, 34, and 39 seconds, respectively).
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[0295] Both the conventional gel and the Bioanalyzer results establish that the
UNG-treated Ribo-SPIA™ products are fragmented compared to a no-UNG-treated
control. The difference is much more dramatic in the Bioanalyzer traces because the
conventional gel was stained with ethidium bromide, which does not stain small single-

stranded DNA well compared to the stain used in the Bioanalyzer.

Example 5: Labeling of Ribo-SPIA™ product with an aminooxy-derivatized dye.
[0296] The hydrazide of Alexa Fluor 555 ("AF555" or "Alexa Fluor hydrazide™)
(Molecular Probes, Eugene, OR) was converted to the aminooxy derivative Alexa Fluor
555-NHNHCOCH,ONH, ("AF555-aminooxy") using the synthesis protocol disclosed in
Ide et al, Biochemistry 32: 8276-83 (1993) (shown as the conversion of compound 2 to
compound 5) The starting material shown in Ide as compound 2, BOC-aminooxy)acetic
acid is available from Aldrich. The final product was purified using HPLC, and the
identity of the product was verified by HPLC and mass spectrometry, which showed a
mass that was 73 mass units higher than the starting material.

[0297] The aminooxy derivatized dye was dissolved in water to give a 2.1 mM
solution. An aliquot was diluted at 1:1000 in water and analyzed on a Beckman DU520
spectrophotometer. The aminooxy derivatized dye retained a UV spectrum identical to
unmodified Alexa Fluor 555 (data not shown).

[0298] Single stranded amplified DNA product containing JUTP was prepared
from Universal Human Reference RNA (Strategene, catalog number A740000) (reaction
"U") or Human Universal Reference Total RNA (Clontech catalog number 64115-1)
(reaction "C"), essentially as described in Example 4. Single stranded DNA product
(termed "Ribo-SPIA™" product) was then purified using a QIAquick column as described
in Example 4.

[0299] Purified Ribo-SPIA™ product was labeled as follows: Approximately 10
pg of Ribo-SPIA™ DNA product from reactions U or C was concentrated to 80 pL in
water using a SpeedVac. HK-UNG (10 Units; Epicentre; Madison WI) and 8 pL of 10x
Isotherm® buffer (Epicentre; Madison WI) were added to each product and the mixtures
were incubated at 37°C for 60 minutes. Each reaction mixture was then split into two 0.2
mL tubes. One tube of each sample received 1.7 uL of 1 M acetic acid and 3 pL of Alexa
Fluor 555 hydrazide in water (7.1 mM or 21.3 numol total); the other tube received 1.7 puL
of 1 M acetic acid plus 10.2 puL of the aminooxy derivative of Alexa Fluor 555 in water
(2.1 mM or 21.4 nmol total). After a further incubation at 37°C for 60 minutes and storage
at -20°C overnight, 5 uL of 1 M Tris pH 8.5 was added to each tube. All products were
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purified using QIAquick PCR columns as described above, and each product was eluted
into 60 uL of water.

[0300] Incorporation of dye into fragmented Ribo-SPIA product was analyzed by
comparison of dye absorbance at 551 nm to DNA absorbance at 260 nm, using an
extinction coefficient of 150,000 for dye and assuming 1 OD of DNA =33 pg/mL. The
results of this analysis were expressed as pmol dye/ug DNA and are shown in the column
titled "Dye" in Table 1.

Table 1:
Sample Dye (pmol dye/ng DNA) Fluorescence
C + AF555 hydrazide 12.7 0.098 x 10°
C + AF555 aminooxy 40.6 2.9x 108
U + AF555 hydrazide 9.2 0.094 x 10°
U + AF555 aminooxy 37.8 2.8x 10°
[0301] The fluorescence intensity of incorporated dye in fragmented Ribo-SPIA

product was further analyzed as follows. 0.5 ug of sample in 15 ul of water was diluted in
4 volumes of GeneTac hybridization buffer (Genomic Solutions, Ann Arbor MI), re-
purified using QIAquick columns as described above, and purified product was reduced to
8 ul under vacuum. A 2ul aliquot was diluted with 160 ul of water. Fluorescence of
duplicate 80 ul aliquots was measured using a Wallac Victor2 fluorometer (Ex = 544 nm;
Em = 595 nm), and the results were averaged. The results of this analysis are shown in the
column titled "Fluorescence" in Table 1.

[0302] Both dye absorbance and fluorometry analysis reveal that dye was
incorporated into Ribo-SPIA product. These results demonstrate that single stranded DNA
products containing abasic sites prepared using UNG treatment can be labeled using
commercially available dye-containing hydrazide reagents, such as Alexa Fluor 555
hydrazide. ‘ ‘

[0303] 3.2-4.1-fold more dye was incorporated when the aminooxy-derivatized
Alexa 555 was used, compared with dye incorporated using the unmodified Alexa-555-
hydrazide dye. These results demonstrate that labeling is more efficient when the Alexa
555 dye is converted into an aminooxy derivative.

[0304] About 30 fold more fluorescence was detected from the Alexa-555-

aminooxy (derivatized)-labeled samples compared to the Alexa-555 hydrazide
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(unmodified)-labeled samples. Thus, the aminooxy derivative of Alexa 555 dye shows
greater brightness.

[0305] We note that these samples were subjected to additional purification. The
higher fluorescence intensity ratio may indicate that some of the dye in the Alexa 555-
hydrazide-labeled samples was not attached covalently and was removed by the additional
purification step prior to the fluorescence analysis. Alternatively, or in addition, the
fluorescence from the dye moiety in the aminooxy derivatives may be less quenched by
interaction with DNA because of the longer linker present in the Alexa 555-aminooxy

derivative.

Example 6: Detection of Hybridized Fragmented and Labeled polynucleotides on a
Microarray.

[0306] Total mRNAs were amplified from total RNA from rat brain and rat
kidney (Ambion, Austin, TX, Cat. Nos 7912 and 7926), fragmented, and labeled with
biotin as described in the Example 4 control reaction in which the Ribo-SPTA™ product
was purified before fragmentation and labeling. Fragmented and labeled probes were
prepared for hybridization as follows: 2 ug aliquots of each fragmented and labeled
product in 65 pL of water were mixed with 65 pL of formamide, denatured by heating for
2 minutes at 99°C in a 0.2 mL thin-wall PCR tube, then chilled on ice. An equal amount
of 2x GeneTAC buffer (Genomic Solutions, Inc., Ann Arbor, MI) was added and the
mixtures were applied to CodeLink microarrays (Uniset Rat 1, Part # 300012-03, Motorola
Life Sciences, Inc., Northbrook IL.) and allowed to hybridize following manufacturer’s
instructions. Post-hybridization processing utilized two 30 minute incubations at 46°C
rather than one incubation for one hour, but otherwise also followed manufacturer’s
instructions. Detection utilized a 1:100 dilution of Streptavidin-Alexa 647 as described by
the manufacturer. Slides were scanned on an Axon GenePix 6000 scanner (Axon
Instruments, Inc., Union City, CA).

[0307] Different spot patterns were observed depending on the starting mRNA
sample (i.e., brain vs. kidney), indicating that expression analysis using labeled and
fragmented polynucleotides prepared according to the methods of the invention can detect
differential expression of RNA in different tissues. The wide range of signal intensities
observed indicated that binding is specific for different capture sequences immobilized on
different spots, rather than nonspecific binding to DNA on surfaces.

[0308] In a further experiment, total RNA from rat kidney (Ambion, Austin, TX,
Cat. No 7926) was amplified, fragmented, and labeled with biotin in duplicate as described

in the Example 4 control reaction in which the SPIA™ product was purified before
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fragmentation and labeling. Probes were prepared for hybridization as follows:2 pg
aliquots of each fragmented and labeled product in 65 pL of water were mixed with 65 pL
of formamide, denatured by heating for 2 minutes at 99°C in a 0.2 mL thin-wall PCR tube,
then chilled on ice. An equal amount of 2x GeneTAC buffer (Genomic Solutions, Inc.,
Ann Arbor, MI) was added and the mixtures were applied to CodeLink microarrays
(Uniset Rat 1, Part # 300012-03, Motorola Life Sciences, Inc., Northbrook IL.) and
allowed to hybridize following manufacturer’s instructions. Post-hybridization processing
utilized two 30 minute incubations at 46°C rather than one incubation for one hour, but
otherwise also followed manufacturer’s instructions. Detection utilized a 1:100 dilution of
Streptavidin-Alexa 647 as described by the manufacturer. Slides were scanned on an
Axon GenePix\ 6000 scanner (Axon Instruments, Inc., Union City, CA).

[0309] Hybridization intensities were compared between the duplicate
hybridizations. The correlation was calculated using the Pearson correlation coefficient
calculated using the Codelink (TM) System Software available from Motorola Life
Science. The correlation observed between the two independent hybridization reactions
is shown in Figure 8, where the intensities observed for each spot on the arrays are plotted
against each other. A useful signal range (dynamic range) of at least three orders of
magnitude was obtained, demonstrating that the fragmentation and labeling reaction
incorporated enough biotin label to enable detection of gene expression over a large range.
The observation of signals three orders of magnitude over background demonstrated that
binding to spots on the array is specific for sequences immobilized on individual spots.
Good correlation between duplicate arrays (correlation coefficient r = 0.98) further
confirmed the specificity of the entire amplification and detection process.

[0310] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be apparent
to those skilled in the art that certain changes and modifications may be practiced.
Therefore, the descriptions and examples should not be construed as limiting the scope of

the invention.
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CLAIMS

‘What is claimed is:

1. A method for labeling and optionally fragmenting a polynucleotide, said
method comprising:

(a) synthesizing a polynucleotide from a polynucleotide template in the presence
of a non-canonical nucleotide, whereby a polynucleotide comprising the non-canonical
nucleotide is generated;

(b) cleaving a base portion of a non-canonical nucleotide from the synthesized
polynucleotide with an enzyme capable of cleaving the base portion of the non-canonical
nucleotide, whereby an abasic site is generated;

(c) optionally, cleaving a phosphodiester backbone of the polynucleotide
comprising the abasic site at the abasic site; and

(d) labeling the polynucleotide or the fragment of the polynucleotide at the abasic
site;

whereby a labeled polynucleotide, or optionally, a labeled polynucleotide fragment

is generated.

2. A method for labeling and optionally fragmenting a polynucleotide, said method
comprising:
(a) incubating a reaction mixture, said reaction mixture comprising:
(i) a polynucleotide template and
(ii) a non-canonical nucleotide; wherein the incubation is under conditions
that permit synthesis of a polynucleotide comprising the non-canonical nucleotide,
whereby a polynucleotide comprising the non-canonical nucleotide is generated;
(b) incubating a reaction mixture, said reaction mixture comprising:
(i) the polynucleotide comprising the non-canonical nucleotide; and
(ii) an enzyme capable of cleaving a base portion of the non-canonical
nucleotide, wherein the incubation is under conditions that permit cleavage of the base
portion of the non-canonical nucleotide, whereby a polynucleotide comprising an abasic
site is generated;
(c) optionally incubating a reaction mixture, said reaction mixture comprising;:
(i) the polynucleotide comprising the abasic site; and
(ii) an agent capable of cleaving a phosphodiester backbone of the

polynucleotide comprising the abasic site at the abasic site, wherein the incubation is under

92

IDT Exhibit 1020.8048



WO 2004/011665 PCT/US2003/015825

conditions that permit cleavage of the phosphodiester backbone of the polynucleotide at
the abasic site, whereby a fragment of the polynucleotide is generated;
(d) incubating a reaction mixture, said reaction mixture comprising:
(i) the polynucleotide comprising the abasic site or optionally, the
fragment of the polynucleotide comprising the abasic site; and
(ii) an agent capable of labeling the abasic site, wherein the incubation is
under conditions that permit labeling at the abasic site; whereby a labeled polynucleotide

or optionally, a labeled polynucleotide fragment, is generated.

3. A method for labeling and optionally fragmenting a polynucleotide, said
method comprising
(a) incubating a reaction mixture, said reaction mixture comprising;:
(i) the polynucleotide comprising the non-canonical polynucleotide of step
(a) of claim 1;
(ii) an enzyme capable of cleaving a base portion of the non-canonical
nucleotide; and
(iii) optionally, an agent capable of cleaving a phosphodiester backbone of
the polynucleotide comprising the abasic site at the abasic site, wherein the incubation is
under conditions that permit cleavage of the base portion of the non-canonical nucleotide
and optionally, cleavage of the phosphodiester backbone of the polynucleotide at the
abasic site; whereby polynucleotide comprising the abasic site, or optionally, a fragment of
the polynucleotide comprising the abasic site, is generated; and
(b) incubating a reaction mixture, said reaction mixture comprising:
(i) the polynucleotide comprising the abasic site or optionally, the
fragment of the polynucleotide comprising the abasic site; and
(ii) an agent capable of labeling the abasic site, wherein the incubation is
under conditions that permit labeling at the abasic site, whereby a labeled polynucleotide

or optionally, a labeled fragment of the polynucleotide, is generated.

4, The method of any of the preceding claims, wherein the phosphodiester

backbone of the polynucleotide comprising the abasic site is cleaved at the abasic site.

5. The method of claim any of the preceding claims, wherein the non-canonical

nucleotide is selected from the group consisting of dUTP, dITP, and 5-OH-Me-dCTP.
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6. The method of claim any of the preceding claims, wherein the enzyme capable

of cleaving a base portion of the non-canonical nucleotide is an N-glycosylase.

7. The method of claim any of the preceding claims, wherein the enzyme capable
of cleaving a base portion of the non-canonical nucleotide is selected from the group
consisting of Uracil N-Glycosylase (UNG), hypoxanthine-N-Glycosylase, and hydroxy-
methyl cytosine-N-glycosylase.

8. The method of any of the preceding claims, wherein the non-canonical
nucleotide is dUTP and the enzyme capable of cleaving a base portion of the non-

canonical nucleotide is Uracil N-Glycosylase.

9. The method of any of the preceding claims, wherein the phosphodiester

backbone is cleaved with an enzyme or an amine.

10. The method of any of the preceding claims, wherein the phosphodiester

backbone is cleaved with N, N'-dimethylethylenediamine or AP endonuclease.

11. The method of any of the preceding claims, wherein the non-canonical
nucleotide is dUTP, the enzyme capable of cleaving a base portion of the non-canonical
nucleotide is Uracil N-Glycosylase, and the phosphodiester backbone is cleaved with N,
N'-dimethylethylenediamine.

12. The method of any of the preceding claims, wherein the phosphodiester

backbone is cleaved 3' to the abasic site.

13. The method of any of the preceding claims, wherein the phosphodiester

backbone is cleaved 5' to the abasic site.
14. The method of any of the preceding claims, wherein the abasic site is labeled
with N-(aminooxyacetyl)-N'-(D-biotinoyl) hydrazine, trifluoroacetic acid salt (ARP),

Alexa Fluor 555, or aminooxy-derivatized Alexa Fluor 555.

15. The method of any of the preceding claims, wherein the label is capable of

reacting with an aldehyde residue at the abasic site.
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16. The method of any of the preceding claims, wherein the non-canonical
nucleotide is dUTP, the enzyme capable of cleaving a base portion of the non-canonical
nucleotide is Uracil N-Glycosylase, the phosphodiester backbone is cleaved with N, N'-
dimethylethylenediamine, and the abasic site is labeled with ARP.

17. The method of any of the preceding claims, wherein the polynucleotide

template comprises DNA or RNA.

18. The method of any of the preceding claims, wherein the polynucleotide
template is selected from the group consisting of RNA, mRNA, cDNA, and genomic
DNA.

19. The method of any of the preceding claims, wherein the polynucleotide

comprising a non-canonical nucleotide is single stranded.

20. The method of any of the preceding claims, wherein the polynucleotide

comprising a non-canonical nucleotide is double-stranded.

21. The method of any of the preceding claims, wherein the polynucleotide
comprising the non-canonical nucleotide is synthesized using a method comprising the
following steps of:

(a) extending a composite primer in a complex comprising

(i) a polynucleotide template; and

(ii) the composite primer, said composite primer comprising an RNA
portion and a 3’ DNA portion, wherein the polynucleotide template is hybridized to the
composite primer; and

(b) cleaving RNA of the annealed composite primer with an enzyme that cleaves
RNA from an RNA/DNA hybrid such that another composite primer hybridizes to the
template and repeats primer extension by strand displacement, whereby multiple copies of

the complementary sequence of the polynucleotide template are produced.

22. The method of claim 21, wherein the complex of part (a) comprises:

(i) a complex of first and second primer extension products, wherein the first
primer extension product is produced by extension of a first primer hybridized to a target
RNA with at least one enzyme comprising RNA-dependent DNA polymerase activity,

wherein the first primer is a composite primer comprising an RNA portion and a 3' DNA
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portion; wherein RNA in the complex of first and second primer extension products is
cleaved with at least one enzyme that cleaves RNA from an RNA/DNA hybrid such that a
composite primer hybridizes to the second primer extension product; and

(ii) the composite primer.

23. The method of any of claims 1-20, wherein the polynucleotide comprising a
non-canonical nucleotide is synthesized by PCR, reverse transcription, primer extension,
limited primer extension, replication, strand displacement amplification (SDA), or nick

translation.

24. The method of any of the preceding claims, wherein the polynucleotide

comprising a non-canonical nucleotide is synthesized using a labeled primer.

25. The method of any of the preceding claims, wherein the polynucleotide
comprising a non-canonical nucleotide is synthesized using a primer comprising a non-

canonical nucleotide.

26. The method of any of the preceding claims, wherein the polynucleotide
comprising a non-canonical nucleotide is synthesized in the presence of two or more
different non-canonical nucleotides, whereby a polynucleotide comprising two or more

different non-canonical nucleotide is synthesized.
27. The method of any of the preceding claims, wherein the method comprises
synthesizing a polynucleotide comprising a non-canonical nucleotide from two or more

different polynucleotide templates.

28. The method of claim 1 or 2, wherein steps (2), (b) and (c) are performed

simultaneously.

29. The method of claim 1 or 2, wherein steps (a), (b), (c), and (d) are performed

simultaneously.

30. The method of claim 1 or 2, wherein steps (b) and (c) are performed

simultaneously.
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31. The method of claim 1 or 2, wherein steps (b), (c), and (d) are performed

simultaneously.

32. The method of claim 1 or 2, wherein steps (c) and (d) are performed

simultaneously.

33. The method of claim 1 or 2, wherein step (c) is performed before step (d).

34. The method of claim 1 or 2, wherein step (d) is performed before step (c).

35. The method of any of the preceding claims, said method further comprising:
immobilizing the labeled polynucleotide comprising an abasic site, or a labeled
fragment thereof|, to a substrate, wherein the polynucleotide is immobilized at the abasic

site.

36. A method for labeling a polynucleotide or a polynucleotide fragment, said
method comprising incubating a reaction mixture, said reaction mixture comprising :

(a) the polynucleotide comprising the abasic site of step (b) of claim 1 or 2, or
optionally, the fragment of the polynucleotide comprising the abasic site of step (¢) of
claim 1 or 2; and

(b) an agent capable of labeling the abasic site; wherein the incubation is under
conditions that permit labeling at the abasic site; whereby a labeled polynucleotide or

optionally, a labeled fragment of a polynucleotide, is generated.

37. The method of claim 36, wherein the polynucleotide or optionally, the

polynucleotide fragment is generated according to any of claims 4-13 and 17-34.

38. A method for immobilizing a polynucleotide or a polynucleotide fragment,
said method comprising immobilizing the polynucleotide comprising an abasic site of step
(b) of claim 1, or optionally, the fragment of the polynucleotide comprising the abasic site
of step (¢) of claim 1, wherein the polynucleotide or the fragment of a polynucleotide is

immobilized to a substrate at the abasic site.

39. The method of claim 38, wherein the polynucleotide or optionally, the

polynucleotide fragment is generated according to any of claims 4-13 and 17-34.
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40. The method of claim 35 or 38, wherein the substrate is paper, glass, ceramic,
plastic, polypropylene, polystyrene, nylon, polyacrylamide, nitrocellulose, silicon, or

optical fiber.

41. The method of claim 35 or 38, wherein the substrate is a microarray.

42. The method of claim 41, wherein the substrate comprises pins, rods, fibers,

tapes, threads, beads, particles, microtiter wells, capillaries, optical fiber, or cylinders.

43. The method of claim 35 or 38, wherein the substrate is selected from the group
consisting of protein, polypeptide, peptide, nucleic acid, carbohydrate, a cell, an organic

molecule, and an inorganic molecule.

44. A method of characterizing a polynucleotide of interest, comprising ()
generating labeled polynucleotide or fragments thereof using the method of any of claims

1-34 and 36; and (b) analyzing the labeled polynucleotide or fragments thereof.

45. The method of claim 44, wherein step (b) of analyzing the labeled
polynucleotide or fragments thereof comprises determining ambunt of said polynucleotides

or fragments thereof, whereby the amount of the polynucleotide template is quantified.

46. The method of claim 44, wherein step (b) comprises contacting the labeled

polynucleotide or fragments thereof with at least one probe.

47. The method of claim 44, wherein the at least one probe is provided as a
microarray.
48. The method of claim 47, wherein the microarray comprises at least one

probe immobilized on a substrate fabricated from a material selected from the group
consisting of paper, glass, ceramic, plastic, polypropylene, polystyrene, nylon,

polyacrylamide, nitrocellulose, silicon, and optical fiber.
49, The method of claim 48, wherein the probe is immobilized on the
substrate in a two-dimensional configuration or a three-dimensional configuration

comprising pins, rods, fibers, tapes, threads, beads, particles, microtiter wells, capillaries,

and cylinders.
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50. A method of determining gene expression profile in a sample, said method
comprising:

(a) generating labeled polynucleotide or fragments thereof from at least one
polynucleotide template in the sample using the method of any of claims 1-34 and 36; and

(b) determining amount of labeled polynucleotide or fragments thereof of each
polynucleotide template, wherein each said amount is indicative of amount of each
polynucleotide template in the sample, whereby the gene expression profile in the sample

is determined.

51. The method of claim 50, wherein the polynucleotide template is RNA or
mRNA.

52. A method of generating hybridizatioh probes, comprising generating labeled
polynucleotide or fragments thereof using the method of any of claims according to any of

claims 1-34 and 36.

53. A method of nucleic acid hybridization comprising

(a) generating labeled polynucleotide or fragments thereof using the method of any
of claims according to any of claims 1-34 and 36; and

(b) hybridizing the labeled polynucleotide or fragments thereof with at least one

probe.

54. A method for comparative hybridization, said method comprising:

(a) preparing a first population of labeled polynucleotides or fragments thereof
from a first template polynucleotide sample using the method according to any of claims 1-
34 and 36; and

(b) comparing hybridization of the first population to at least one probe with

hybridization of a second population of labeled polynucleotides or fragments thereof.

55. The method according to claim 54, wherein the first population and second

population comprise detectably different labels.

56. The method according to claim 54 or 55, wherein the second population of
labeled polynucleotides, or fragments thereof, are prepared from a second polynucleotide

sample using the method according to any of claims 1-34 and 36.
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57. The method of claim 54, 55, or 56, wherein step (b) of comparing comprises
determining amount of said products, whereby the amount of the first and second

polynucieotide templates is quantified.

58. The method of claim 54, 55, 56, or 57, wherein the first and second template

polynucleotides comprise genomic DNA.

59. A method for detecting presence or absence of a mutation in a template,
comprising:

(a) generating a labeled polynucleotide, or fragments thereof, by any of the
methods of claims 1-34 and 36; and

(b) analyzing the labeled polynucleotide, or fragments thereof, whereby presence

or absence of a mutation is detected.

60. The method of claim 59, wherein the labeled polynucleotide, or fragments

thereof, is compared to a reference template.

61. The method of claim 59 or 60, wherein the mutation is selected from the
group consisting of a base substitution, a base insertion, a base deletion, and a single

nucleotide polymorphism.

63. A composition comprising (a) UNG; (b) N, N'-dimethylethylenediamine; and
(c) ARP.

64. The composition of claim 63, wherein the composition further comprises (d)
dUTP

65. The composition of claim 64, wherein the composition further comprises: () a
DNA polymerase; (f) a composite primer, wherein the composite primer comprises a 5'
RNA portion and a 3' DNA portion; and (g) an agent capable of cleaving RNA from an
RNA-DNA hybrid.

66. A composition comprising: (a) a non-canonical nucleotide; (b) an agent
capable of cleaving a base portion of a non-canonical nucleotide; (¢) an agent capable of

cleaving a phosphodiester backbone at an abasic site; (d) an agent capable of labeling an
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abasic site; and (e) a DNA polymerase; (f) a composite primer, wherein the composite
primer comprises a 5' RNA portion and a 3' DNA portion; and (g) an agent capable of
cleaving RNA from an RNA-DNA hybrid.

67. The composition of claim 66, wherein the composition further comprises: (h)

an acetic acid solution; and (1) an MgCl, solution.

68. A composition comprising: (a) one or more of (i) a non-canonical nucleotide;
(ii) an agent capable of cleaving a base portion of a non-canonical nucleotide; (iii) an agent
capable of cleaving a phosphodiester backbone at an abasic site; and (iv) an agent capable
of labeling an abasic site; and (b) a composite primer, wherein the composite primer
comprises an RINA portion and a 3' DNA portion.

-

69. A composition comprising (a) one or more of (i) a non-canonical nucleotide;
(ii) an agent capable of cleaving a base portion of a non-canonical nucleotide; (iii) an agent
capable of cleaving a phosphodiester backbone at an abasic site; and (iv) an agent capable
of labeling an abasic site; and (b) an agent capable of cleaving RNA from an RNA-DNA
hybrid.

70. The composition of claim 68 or 69, wherein (i) is dUTP.

71. The composition of claim 68 or 69, wherein (ii) is UNG.

72. The composition of claim 68 or 69, wherein (iii) is N, N'-

dimethylethylenediamine.

73. The composition of claim 68 or 69, wherein (iv) is ARP.

74. The composition of claim 68, wherein the RNA portion of the composite
primer is 5’ with respect to the 3° DNA portion, the 5° RNA portion is adjacent to the 3°
DNA portion, the RNA portion of the composite primer consists of about 10 to about 20

nucleotides and the DNA portion of the composite primer consists of about 7 to about 20

nucleotide.

75. The composition of claim 69, wherein the agent that cleaves RNA from an
RNA-DNA hybrid is RNAse H.
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76. A kit for use in the methods of any of claims 1-35 and 38-62, said kit
comprising: (a) UNG; (b) N, N'-dimethylethylenediamine; and (c) ARP.

77. The kit of claim 76, wherein the kit further comprises (d) dUTP

78. The kit of claim 77, wherein the kit further comprises: (¢) a DNA polymerase;
(f) a composite primer, wherein the composite primer comprises a 5' RINA portion and a 3'
DNA portion; and (g) an agent capable of cleaving RNA from an RNA-DNA hybrid.

79. A kit for use in the methods of any of claims 1-35 and 38-62, said kit
comprising: (2) a non-canonical nucleotide; (b) an agent capable of cleaving a base portion
of a non-canonical nucleotide; (¢) an agent capable of cleaving a phosphodiester backbone
at an abasic site; (d) an agent capable of labeling an abasic site; and (e) a DNA
polymerase; (f) a composite primer, wherein the composite primer comprises a 5' RNA
portion and a 3' DNA portion; and (g) an agent capable of cleaving RNA from an RNA-
DNA hybrid.

80. The kit of claim 66, wherein the kit further comprises: (h) an acetic acid

solution; and (I) an MgCl, solution.

81. A kit for use in the methods of any of claims 1-35 and 38-62, said kit
comprising: (a) one or more of (i) a non-canonical nucleotide; (ii) an agent capable of
cleaving a base portion of a non-canonical nucleotide; (iii) an agent capable of cleaving a
phosphodiester backbone at an abasic site; and (iv) an agent capable of labeling an abasic
site; and (b) a composite primer, wherein the composite primer comprises an RNA portion

and a 3' DNA portion.

82. AKit for use in the methods of any of claims 1-35 and 38-62, said kit
comprising: (a) one or more of (i) a non-canonical nucleotide; (ii) an agent capable of
cleaving a base portion of a non-canonical nucleotide; (iii) an agent capable of cleaving a
phosphodiester backbone at an abasic site; and (iv) an agent capable of labeling an abasic

site; and (b) an agent capable of cleaving RNA from an RNA-DNA hybrid.

83. The kit of claim 80 or 81, wherein (i) is dUTP.
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84. The kit of claim 80 or 81, wherein (ii) is UNG.

85. The kit of claim 80 or 81, wherein (iii) is N, N'-dimethylethylenediamine.

86. The kit of claim 80 or 81, wherein (iv) is ARP.

87. The kit of claim 80, wherein the RNA portion of the composite primer is 5’
with respect to the 3° DNA portion, the 5° RNA portion is adjacent to the 3° DNA portion,
the RNA portion of the composite primer consists of about 10 to about 20 nucleotides and

the DNA portion of the composite primer consists of about 7 to about 20 nucleotide.

88. The kit of claim 81, wherein the agent that cleaves RNA from an RNA-DNA
hybrid is RNAse H.

89. The kit of claim 80 or 81, wherein (ii) is an enzyme.
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TITLE OF THE INVENTION
METHOD FOR SUBTRACTING cDNAs BY SUPPRESSING
THE SYNTHESIS OF SPECIFICALLY TARGETED mRNAS

FIELD OF THE INVENTION

The present invention retates to genetic engineering and more
particularly to a method to specifically modify a mRNA populaticn. The present
invention can therefore be applied to the field of cDNA synthesis and cDNA
cloning. More specifically, the invention relates to methods of customizing an
MRNA population by selectively eliminating chosen mRNAs. The invention
further relates to customized cDNA libraries generated from such a customized
mRNA population. The invention also relates to a method of specifically
targeting and cleaving and/or degrading mRNAs in order to customize the mRNA
population. In addition, the invention relates to a method for subtracting cDNAs

by suppressing the synthesis of specifically targeted mRNAs.

BACKGROUND OF THE INVENTION

The isolation and rapid mapping of complementary DNAs

(cDNAs) is central to characterizing the information that is of significant biologicd
relevance in the genome of an organism. A full length cDNAallows one to predict
transcription initiation start sites, transiation initiation start sites, deduce certain
protein characteristics based on primary amino acid sequences, predict
transcription termination sites, and visually inspect the 5' and 3' untranslated
regions for elements which may be nhvolved in post-transcriptional regulation of
gene expression. The analysis of several complete cDNAs of a given gene
enables one to gather information on alternative splicing, alternative promoter
usage, and alternative polyadenylation signais - all events knownte be important
in gene expression regulation. in addition, the comparison of genomic and cDNA

sequence is essential to determine exon-intron structure and document the
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occurrence of RNA editing - a post-transcriptional regulatory mechanism on
which only little information is availabie.

The cloning of MRNA into cDNA for the purposes of functional
studies is a complex, interrelated series of enzyme-catalyzed reactions involving
the in vitro synthesis of a DNA copy of mMRNA, its subsequent conversion to
duplex cDNA, and insertion into an appropriate prokaryotic vector. The
procedure usually invoives the following series of steps:

l) Isolation of high quality mRNA from the tissue or cell line d
interest.

Il) Annealing of a DNA oligonucleotide, either a random
hexamer, an oligo d(T) primer or specific oligo, to the mRNA. When full-length
cDNAs are required, oligo d(T) is utilized, since ths is expected to anneal to the
3' poly (A) tail of the mRNA.

I} Reverse transcriptase is then utilized to prime from the
DNA primer and copy the RNA template into cDNA.

IV) Second strand synthesis is performed utilizing RNAse H,
DNA polymerase |, and DNA ligase.

V) The ends of the cDNAs are polished, prepared for cloning,
and the cDNAs are introduced into an appropriate vector.

Large-scale sequencing of cDNAs randomly picked from
libraries has proven to be a very powerful approach to discover expressed
sequences that, in turn, once mapped, greatly expedite the process involved in
the identification and cloning genes linked to human diseases. However, an
impediment to this process is due to the different abundance of mRNAs within
a given cDNA library. The mRNAs of a typical cell are distributed into 3
frequency classes (1, 2) that are presumably maintained in representation in
cDNA libraries. The frequency distribution of mMRNAswithin these classes are as
follows:

I) a highly abundant ciass consisting of 10 - 15 mRNAs that
altogether represent 10-20% of the total mMRNA mass;

IDT Exhibit 1020.8073

PCT/CA00/00586



10

15

20

25

30

WO 00/70039

I} a middle abundance class consisting of 1000 - 2000
mMRNAs making up 30-40% of the total mRNA; and

) a low abundance class consisting of 15,000 - 20,000
mMRNAs covering ~50% of the total mMRNA (2).

The distribution of the differentmRNAs in these three classes
implies that within any given cDNA library, about 20% of the total number of
clones in that library come from only ~10-15 abundant mRNA species. Thus,
random picking of clones in a cDNA library, often leads to the re-isolation of
cDNAs corresponding to the same abundant mRNAs, thereby reducing the
frequency at which new genes can be efficiently isolated.

As seen above, reassociation-kinetic analysis indicates that
the population of MRNAs of a typical cell can be subdivided into three fequency
classes (ref. 2). For gene identification endeavors, a procedure which
"normalizes” the relative abundance of genes in a given library can be an
important issue in order to provide more "depth" to cDNA libraries.

To date, a small number of normalization protocois in which
removal of abundant cDNAs from libraries is performed during their constuction
have been prepared. For example, current approachesinvolve a complex series
of steps utilizing reassociation kinetics between 2 copies of the libraries or
between cDNA and RNA. Since hybridization of RNA or DNA is concentration
dependent, rarer species anneal less rapidly and abundant species anneal more
rapidly. By controlling the time of annealing, one can achieve a point where
abundant mRNA or cDNA are annealed to their complement while less abundant
cDNAs are not (refs. 3,4). The major drawback of the current methods of
normalization may be 1) the complexity of the procedure, and 2) artifacts which
arise during the procedure. For example, the length of some cDNAs may be
noticeably shortened in some normalized libraries (ref. 4), so clearly these
approaches are not compatible with fuli-length (FL) cDNA library generation. 3)
In addition, the number ofadditional manipulations are time-consuming and labor

intensive.
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There thus remains a need to develop a method or
procedure, which when implemented during cDNA library construction, reduces
the abundance of a target gene or genes in the cDNA library. There also
remains the need to devise such a method which could be used to generate
cDNA libraries in which clones corresponding to high abundance mRNAs are
under-represented, and hence the rate of new gene discovery in such libraries
would be greatly enhanced and facilitated. Furthermore, there remains a need
to provide a method which could be used to suppress the synthesis of any cDNA
of any abundance class. More broadly, there remains a needto provide a simple
and versatile method enabling a customization of an mRNA population that is na
strictly based on mRNA abundance.

The present invention seeks to meetthese and other needs.

The present description refers to a number of documents, the

content of which is herein incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

The invention therefore seeks to overcome the drawbacks of

the methods and procedures of the prior art.

In general, the invention relates to a method which enables
a versatile customization of an mRNA population. In a preferred embodiment,
the invention relates to a method of customizing an mRNA population which
comprises a targeting of a chosen mRNA or mRNAs with at ieast one
oligonucleotide, under conditions which favor the formation of a dupiex between
the targeted mRNA or mRNAs and at least one oligonucleotide. The method
then comprises a separation of the duplexed mRNA from non-duplexed mRNA,
and/or the use of the properties of duplexed versus non-duplexed mRNA (e.g.
RT processivity inhibition, differential substrate forcleavage/degradation) thereby
yielding a customized mRNA population.

In general, the invention aiso relates to methodsbased on the

use of specific oligonucleotides to customize an mRNA population.
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When such a method targets high abundance mRNAs, and
is coupled to a method of generating cDNA libraries, the frequency of re-isolation
of cDNAs can then be reduced and, as a corollary, favor the isolation of novel
cDNAs.

In general, the invention also concerns methods to subtract
targeted cDNAs by suppressing their synthesis.

In one particular embodiment, the present invention also
relates to a simple method for normalizing mMRNAs which does not compromise
the generation of a full length cDNA library therefrom.

The present invention also concerns methods of controlling
the time of annealing in order to remove abundant mRNAs or cDNAs from
libraries while maintaining less abundant mRNAs or cDNAs in the library.

In another embodiment, the invention relates to a procedure
of suppressing the synthesis of target transcripts during the first strand cDNA
synthesis, based on the ability of a duplex specific RNAse to specifically target
and degrade the RNA moiety of a RNA/DNA duplex. In a preferred embodiment
the RNAse is RNAse H.

In one favored embodiment, the mRNA population is
customized using an annealing of a complementary DNA oligonucieotide toa
given RNA to obtain a RNA/DNA duplex, treating the duplex with RNAse H,
thereby resulting in a specific cleavage of only the target RNA at the site of
hybridization.

In accordance with the present invention, there is therefore
provided a method of customizing an mRNA population canprising seiecting an
oligonucleotide which is complementary to an mRNA molecuie in an mRNA
sample, incubating the oligonucleotide with the mMRNA sample to obtain an
mRNA oligonucleotide mixture under conditions which enable a formation ofa
duplex between the oligonucleotide and the mRNA molecule and submitting the

mRNA-oligonuclectide mixture to a purification sep which enables a separation
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of duplexed mRNA from non-duplexed mRNA, thereby yielding a customized
MRNA population.

There is also provided a method for suppressing the synthesis
of target transcripts during first strand cDNA synthesis, comprising the steps of
selecting an oligonucleotide which is compiementary to an mRNA molecule in an
mRNA sample, incubating the oligonucleotide with the mRNA sample to obtain
an mRNA oligonucleotide mixture under conditions which enable a formation of
a duplex between the oligonucleotide and the mRNA molecule; and submitting
the mRNA-oligonucleotide mixture to a duplex specific RNAse which specifically
targets the RNA moiety of the duplex; and performing first strand cDNA synthess
on the RNAse-treated duplexes of the previous step.

The present invention also provides a method of subtracting
cDNAs by suppressing their synthesis comprising the steps of annealing a set
of complementary DNA oligonucleotides to a given mRNA sample under
conditions enabling a formation of mRNA-oligonucleotide duplexes; and
performing first strand cDNA synthesis on non-duplexed mRNAs.

There is also provided a method of targeting a chosen mRNA
or mRNA population for degradation using oligos which are specific for the
chosen mMRNA or mRNA population, to generate duplexes of oligos and mRNA,
submitting the duplex to a duplex-directed degradation or cleavage which ieaves
non-duplexed mRNA intact and purifying the non-duplexed mRNAs.

The methods of the present invention can provide a certain
number of advantages. For example, the invention enalies the targeting of any
chosen mRNA population, provided that sequence data fram the chosen mRNA
population is available. The use of oligos to target an mRNA or mRNA
population is a versatile and simple way to apply the customizing method of the
present invention to any chosen mRNA or mRNA population. Thus, the present
invention is not limited to selective elimination of only abundant transcripts.

The well-known principles of screening libraries with oligos

can be adapted to the herein disclosed methods of customization of mRNA
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populations. Non-limiting examples of mMRNAs which could be targeted by the
method of the present invention include mRNAs encoding specific protein
signatures (e.g. kinase domains, zinc fingers, RNA binding motifs),
housekeeping MRNAs, tissue specific mMRNAs and mRNAsexpressed at specific
times during the cell cycle. Thus, the present invention provides a means of
selecting any characteristic of a targeted mRNA which can be used to reduce
and/or eliminate same from an mRNA population, provided that oligos whichare
specific and complementary thereto are available. In combination with a cDNA
synthesis method, the method of customizing an mRNA population in
accordance with the present invention therefore enables the customizing of the
cDNA library.

Having targeted a chosen mRNA and enabled the formation
of a duplex, the duplexed mRNAs can then be separated from non-duplexed
MRNASs, in order to yield the customized mRNA popuiation. While the present
invention is described in more detail using a purification through the cap structue
to selectively purify such flagged mRNAs, the invention is not so limited. Indeed
a number of methods can be used to separate the oligonucleotide-mRNA
duplexes from non-duplexed mRNA, in order to yield the customized mRNA
population. Non-limiting examples of such methods include hydroxyapatite,
which selectively binds double-stranded duplexes, streptavidin/biotin methods,
based on the use of biotinylated oligonucleotides, duplex-dependent mRNA
cleavage and/or degradation (enzymatic or non-enzymatic directed
cleavage/degradation). In addition, a number of methods known to a skilled
artisan can be used to flag mMRNAs so as to be able to exercise a separation of
desired mRNAs or duplexes comprising same.

Of course, it will be understood by the skilled artisan thata
targeting of specific MRNAs or RNAs can be done by a rumber of methods and
that the oligos exemplified herein are but a specific embodiment of targeting of

specific mMRNAs.
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One preferred utility of the method of customizing an mRNA
population is in the generation of customized cDNA libraries. Indeed, the metha
of customizing of an mRNA population in accordarce with the present invention
can be incorporated in an "improved" method to make cDNA libraries.

As described above, one envisaged application of the
invention is during first strand cDNA synthesis to remove abundant genes from
libraries. This results in a subtraction process and will facilitate the rate of gene
discovery. More generally, the cDNA of any gene can be specifically inhibited
utilizing an approach described herein.

While the targeting and specific degradation of mRNA has
been demonstrated with an RNAse H-dependent (duplex-dependent)
degradation of the RNA template, the present invention should not be so limted.
Indeed, the present invention extends to any method involving enzymatic or
non-enzymatic duplex-directed cleavage and/or degradation of known RNA
templates. Non-limiting examples include oligonucleotide metal complex
conjugates containing lanthanide complexes (ref. 8).

Similarly, while the specific cleavage and/or degradation of
mMRNAs has been demonstrated using conventional DNA oligonucieotides to
hybridize to the RNA template, any modified oligonuclectide, as known in the art
can be used for this purpose, provided that a cleavage of the RNA template
occurs, resulting in a physical separation of the 5' and 3' ends of the targeted
mRNA template.

Furthermore, while in the embodiment described herein, the
RNAse H and Reverse Transcriptase activities are separated in two different
steps (Steps | and Il in Fig. 3), the instant invention should not be so limited. Tte
most common reverse transcriptases in use, MMLV Superscript™, does not
contain RNase H activity. Hence, in accordance with an embodiment based on
an enzymatic-directed cleavage of the mRNA, a separate RNAseH activity neecs
to be added. However, itis known that other reverse transcriptases (RT), such

as AMV or HIV reverse transcriptase, contain both activities (reverse
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transcriptase and RNAse H) in one compiex. Thus, a "one step method" of
mMRNA cleavage/degradation and cDNA synthesis could be carried out in
accordance with the present invention. In such an embodiment, DNA
oligonucleoctides are annealed to a given RNA template, followed by a direct
incubation with the reverse transcriptases containing the RNAse H activity. In ths
embodiment, the RT could degrade the complementary RNA strand.

It will also be recognized that aftthough preferred, a
cleavage/degradation of the targeted mRNA is not necessaryin all conditions to
enable the construction of a customized cDNA library. Indeed, an inhibition of
the processivity of the RT would be sufficient to enable the generation ofa
customized library. In this particular embodiment, a mRNA or mRNAs would be
targeted with oligonucleotides and the processivity of the RT would be inhibited
by the duplex, thereby reducing or abrogating the generationof cDNAs from the
targeted mRNA templates. The cDNAs can then be separated by a variety of
means favoring the purification of full-length cDNAs according to physical feature
of the mRNAs (cap-dependent purification, size-dependent separation, poly A-
dependent purification). In a preferred embodiment, the oligonucleotides are
blocked at the 3' end (as commonly known) to block the priming of the RT from
the oligo.

Since the blocking oligonucleotide could also be used as a
primer by the RT, in one embodiment, oligonucleotides which contain a modified
3' end (which does not serve as primer for the RT) are used. Such
oligonucleotides which cannot act as primers (6) were used in Fig. 4 (SEQ ID
NOS:2 and 3).

In one particular embodiment exemplified below, the targeted
mRNAs are degraded by RNAse H and full-length mRNAs are selected and
purified using oligo dT priming, reverse transcriptase and CAPture™. It will be
recognized therefore that the present invention enabiles a "flagging" of specific
mRNAs (e.g. mRNA/oligo duplexes). These duplexes can serve as targets for

cleavage or degradation or can block the processivity of a DNA polymerase (e.g.
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R.T.). For cDNA synthesis in which a selection of full length mRNAs is preferred
a method which somehow couples the 3' and 5' ends ofan mRNA is preferred
(e.g. oligo dT priming and selection of capped mRNA).

The instant invention further extends to PCR analysis of gene
products generated by RT of mRNA into cDNA. For example, primers flanking
both sides of the duplex could be used.

While mRNA is the preferred targeted nucleic acid in
accordance with the methods of the present invention, it should be recognized
that RNA in general can be targeted wih oligonucleotides in order to customize
the RNA population. It will be recognized by the skilled artisanthat the methods
of the present invention can be adapted to target, for exampte, uncapped
MmRNAs (and to generate a cDNA library therefrom).

It shall also be recognized that the present invention could
also be adapted to the use of RNA oligonucleotides.

In one embodiment, full-length cDNAs are selected viaa cap
structure-dependent purification step using a cap column (CAPture™). it shall
be recognized that other cap-dependent purification methods can be used. Non-
limiting examples thereof include anti-cap antibodies anddirect oxydization of the
cap structure (refs. 9, 10, 11).

In accordance with one embodiment of the present invention,
there is provided a method of customizing an mRNA population comprising
selecting an oligonucleotide which is complementary to an mRNA molecule in an
MRNA sample; incubating the oligonucleotide with the mRNA sample to obtain
an mRNA oligonucleotide mixture under conditions which enable a formation of
a duplex between the oligonucleotide and the mRNA molecule; and submitting
the mRNA-oligonucieotide mixture to a purification step which enables a
separation of duplexed mRNA from non-dupiexed mRNA, thereby vieldinga
customized mRNA population.

in another embodiment of the present invention, the mRNA

oligonucleotide mixture enables a flagging of specific mMRNAs, such that this
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flagging enables a selective purification or targeting of chosen mRNAs from the
oligonucleotide mRNA mixture.

In accordance with another embodiment of the present
invention, there is provided a method for suppressing the synthesis of target
transcripts during first strand cDNA synthesis, comprising: selecting an
oligonucleotide which is complementary to an mRNA molecule in an mRNA
sample; incubating the oligonucleotide with the mMRNA sample to obtain an
MRNA oligonuclieotide mixture, under conditions which enable a formation of a
duplex between the oligonucleotide and the mRNA molecule; submitting the
mMRNA-oligonucleotide mixture to a duplex-specific RNAse which specifically
targets the RNA moiety of the duplex; and performing first strand cDNA synthess
on the RNAse-treated duplexes, thereby suppressing the synthesis of RNAse-
cleaved duplexes.

In accordance with yet another embodiment of the present
invention, there is provided a method of subtracting cDNAs by suppressing their
synthesis comprising the steps of annealing a set of complementary DNA
oligonucleotides to a given mRNA sample under conditions enabling a formation
of mRNA-oligonucleotide duplexes; and performing first strand cDNA synthesis
on non-duplexed mRNAs.

In addition, in accordance with another embodiment of the
present invention, there is provided a method of customizing an mMRNA
population comprising: selecting an oligonucleotide which is complementary to
an mRNA molecule in an mRNA sample; incubating the oligonucleotide with the
MRNA sample to obtain an mRNA oligonucleotide mixture under conditions
which enable a formation of a duplex betweenthe oligonucleotide and the mRNA
molecule; and submitting the mRNA-oligonucleotide mixture to a duplex-
dependent cleavage and/or degradation, thereby yielding a customized mRNA

population.
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In accordance with the present invention, there is aiso
provided customized mMRNA or RNA populations or customized cDNA libraries
obtained using one of the methods of the present invention.

In accordance with a related embodiment of the present
invention, the RNA or mRNA oligonucleotide mixture, instead of being submited
to the duplex-dependent cleavage and/or degradation, is submitted to a
purification step enabiing the separation of duplexed RNA or duplexed mRNA
from non-duplexed RNA or mRNA.

In order to provide a clear and consistent understanding of
terms used in the present description, a number of definitions are provided

hereinbelow.

DEFINITIONS

Nucleotide sequences are presented herein by single strand,
in the 5' to 3' direction, from left to right, using the one letter nucleotide symbols
as commonly used in the art and in accordance with therecommendations of the
IUPAC-IUB Biochemical Nomenclature Commission.

Unless defined otherwise, the scientific and technological
terms and nomenclature used herein have the same meaning as commonly
understood by a person of ordinary skill to which this invention pertains.
Generally, the procedures for cell cultures, infection, molecular biology methods
and the like are common methods used in the art. Such standard techniques
can be found in reference manuals such as for example Sambrook et al. (1989,
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratories) and
Ausubel et al. (1994, Current Protocols in Molecular Biology, Wiley, New York).

The present description refers to a number of rouinely used
recombinant DNA (rDNA) technology terms. Nevertheless, definitions of selected
examples of such rDNA terms are provided for clarity and consistency. For
certainty, it is emphasized that the present invention finds utility with nucleic

acids in general. Non-limiting exampies of nucieic acids which can be used in
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accordance with the teachings of the present invention include that from
eukaryotic cells such as that of animal cells, plant cells, or microorganisms as
well as that from prokaryotic celis and viruses.

As used herein, the term"processivity" of a polymerase refers
to its property to continue to act on a substrate instead of dissociating therefrom

As used herein, "nucleic acid molecule”, refers to a polymer
of nucleotides. Non-limiting examples thereof include DNA (e.g. genomic DNA,
cDNA) and RNA molecules (e.g. mMRNA). The nucleic acid molecule can be
obtained by cloning techniques or synthesized. DNA can be double-stranded or
single-stranded (coding strand or non-coding strand [anthozoans]).

The term “recombinant DNA” as known in the art refers to a
DNA molecule resulting from the joining of DNA segments. This is often eferred
to as genetic engineering.

The terminology “amplification pair’ refers herein to a pair of
oligonucleotides (oligos) of the present invention, which are selected to be used
together in amplifying a selected nucieic acid sequence by one of anumber of
types of amplification processes, preferably a polymerase chain reaction. Other
types of amplification processes include ligase chain reaction, strand
displacement amplification, or nucleic acid sequence-based amplification, as
explained in greater detail below. As commonly known in the art, the
oligonucleotides are designed to bind to a complementary sequence under
selected conditions.

The nucleic acid (i.e. DNA or RNA) for pracising the present
invention may be obtained according to well known methods.

Oligonucleotide probes or primers of the present invention
may be of any suitable length, depending on the particular assayformat and the
particular needs and targeted genomes employed. In general,the oligonucleotide
probes or primers are at least 10 nucleotides in length, preferably between 12
and 24 molecules, and they may be adapted to be especially suited to a chosen

nucleic acid ampilification system. As commonly known in the art, the
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oligonucleotide probes and primers can be designed by taking into consideration
the melting point of hybrizidation thereof with its targeted sequence (see below
and in Sambrook et al.. 1989, Molecular Cloning - A Laboratory Manual, 2nd
Edition, CSH Laboratories; Ausubel et al., 1989, in Current Protocols in
Molecular Biology, John Wiley & Sons Inc., N.Y.).

The term "oligonucleotide" or "DNA" molecule or sequence
refers to a molecule comprised of the deoxyribonucleotides adenine (A), guanine
(G), thymine (T) and/or cytasine (C), in a double-stranded form. The term
"oligonucleotide" or "DNA" can be found in linear DNA molecules or fragments,
viruses, plasmids, vectors, chromosomes or synthetically derived DNA. As used
herein, particular double-stranded DNA sequences may be described according
to the normal convention of giving only the sequence in the 5' to 3' direction. Of
course, as well-known to the skilled artisan (and as exemplified hereinbelow),
oligonucleotides or DNA can also be found as single-stranded molecules.

As used herein, “oligonuclectides” or “oligos” define a
molecule having two or more nucleotides (ribo or deoxyribonucleotides). In
essence, "oligonucleotides" define at least dimers of nuclectides. The size of the
oligonucleotide will be dictated by the particular situation and ultimately on the
particular use thereof and adapted accordingly by the person of ordinary skill. An
oligonucleotide can be synthesized chemically or derived by cloning according
to well known methods. In accordance with preferred embodiments of the
present invention, the oligos are single-stranded oligonucleotides.

Probes and oligonucieotides of the invention can be utilized
with naturally occurring sugar-phosphate backbones as well as modified
backbones including phosphorothioates, dithionates, aikyl phosphonates and
a-nucleotides and the like. Modified sugar-phosphate backbones are generally
taught by Miiler, 1988, Ann. Reports Med. Chem.23:285 and Moran et al., 1987,
Nucleic acid molecule. Acids Res., 14:5019. Probes of the invention can be
constructed of either ribonucleic acid (RNA) or deoxyribonucleic acid (DNA), and

preferably of DNA. General teachings on the synthesis of oligonucleotides and
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substituents and modifications thereof can be found for example in US
5,438,131. The selection of the best suited synthesis pathway of an
oligonucleotide and of the appropriate modifications, and substituentsto be used,
may be selected accordingly by the person of ordinary skill to which the instant
invention pertains.

As used herein, a “primer” defines an oligonucleotide which
is capable of annealing to atarget sequence, thereby creating a double stranded
region or duplex which can serve as an initiation point for DNA synthesis under
suitable conditions.

“Nucleic acid hybridization” refers generally to the
hybridization of two single-stranded nucleic acid molecules having
complementary base sequences, which under appropriate conditions will form
a thermodynamically favored double-stranded structure. Examples of
hybridization conditions can be found in the two laboratory manuals referred
above (Sambrook et al., 1989, supra and Ausubel et al., 1997, supra) and are
commonly known in the art. In the case of a hybridization toa nitrocellulose filter,
as for example in the well known Southern blotting procedure, a nitrocellulose
filter can be incubated overnight at 65°C with a {abeled probe in a solution
containing 50% formamide, high salt (5 x SSC or 5 x SSPE), 5 x Denhardt’s
solution, 1% SDS, and 100 pg/ml denatured carrier DNA (e.g. salmon sperm
DNA). The non-specifically binding probe can then be washed off the filter by
several washes in 0.2 x SSC/0.1% SDS at a temperature which is selected in
view of the desired stringency. room temperature (low stringency), 42C
(moderate stringency) or 65°C (high stringency). The selected temperature is
based on the melting temperature (Tm) of the DNA hybrid. Of course, RNA-DNA
hybrids can also be formed and detected. In such cases. the conditions of
hybridization and washing can be adapted according to well known methods by
the person of ordinary skill. Stringent conditions will be preferably used

(Sambrook et al. 1989, supra).
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Although the present invention is not specifically dependent
on the use of a label, such a label might be beneficial in certain embodiments.
Probes or oligonucleotides can be labeled according to numerous well known
methods (Sambrook et al., 1989, supra). Non-limiting examples of labels incluce
°H, "C, **P,* P and® S. Non-limiting examples of detectable markers include
ligands, fluorophores, chemiluminescent agents, enzymes, andantibodies. Other
detectable markers for use with oligos, which can enable a detection and/or
purification and/or separation in accordance with the methods of the invention,
include biotin/streptavidin. It will become evident to the person of ordinary skill
that the choice of a particular label and/or "bait" dictates the manner in which it
is bound to the cligonucieotide and the manner in which it is separated through
the "bait" by the "prey".

As commonly known, radioactive nucleotides can be
incorporated into oligonucleotides of the invention by several methods. Non-
limiting examples thereof include kinasing the 5' ends of the probes using y-*?P
ATP and polynucleotide kinase, using the Klenow fragment of Pol | of E. coliin
the presence of radioactive dNTP (i.e. uniformly labeled DNA probe using
random oligonucleoctide primers in low-meilt gels), using the SP6/T7 system to
transcribe a DNA segment in the presence of one or more radicactive NTP, and
the like.

Similarly, the oligos of the present invention can incorporate
a radiolabel by T4 DNA polynucieotide kinase or can be synthesized with
fluorescently Iabelled bases.

Amplification of a selected, or target, nucleic acid sequence
may be carried out by a number of suitable methods. See generally Kwoh et al.,
1990, Am. Biotechnol. Lab. 8:14-25. Numerous amplification techniques have
been described and can be readily adapted to suit particular needs of a person
of ordinary skill. Non-limiting examples of amplification techniques include
polymerase chain reaction (PCR), ligase chain reaction (LCR), strand

displacement amplification (SDA), transcription-based amplification, the Qf
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replicase system and NASBA (Kwoh et al., 1989, Proc. Natl. Acad. Sci. LBA 88,
1173-1177; Lizardi et al., 1988, BioTechnology 6:1197-1202; Malek et al., 1994,
Methods Mol. Biol., 28:253-260; and Sambrook et al., 1989, supra). Preferably,
amplification will be carried out using PCR.

Polymerase chain reaction (PCR) is carried out in accordance
with known techniques. See, e.g., U.S. Pat. Nos. 4,683,195. 4,683,202:
4,800,159; and 4,965 188 (the disclosures of all three U.S. Patent are
incorporated herein by reference) In general, PCR involves, a treatment ofa
nucleic acid sample (e.g., in the presence of a heat stable DNA polymerase)
under hybridizing conditions, with one oligonucleotide primer for each strand of
the specific sequence to be detected. An extension product of eachprimer which
is synthesized is complementary to each of the two nucleic acid strands, with the
primers sufficiently complementary to each strand of the specific sequence to
hybridize therewith. The extension product synthesized from each primer can
also serve as a template for further synthesis of extension products using the
same primers. Following a sufficient number of rounds of synthesis of extension
products, the sampie is analysed to assess whether the sequence or sequences
to be detected are present. Detection o the amplified sequence may be carried
out by visualization folliowing EtBr staining of the DNA following gel
electrophoresis, or using a detectable label in accordance with known
techniques, and the like. For a review on PCR technigues (see PCR Protocols,
A Guide to Methods and Amplifications, Michael et al. Eds, Acad. Press, 1990).

As used herein, the term “gene” is well known in the art and
relates to a nucleic acid sequence defining a single protein or polypeptide. A
“structural gene” defines a DNA sequence which is transcribed into RNA and
translated into a protein having a specific amino acid sequence thereby giving
rise the a specific polypeptide or protein. It will be readily recognized by the
person of ordinary skill, that the nucleic acid sequence of the present invention
can be incorporated into anyone of numerous established kit formats which are

well known in the art.
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The term “vector” is commonly known in the art and defines
a plasmid DNA. phage DNA, viral DNA and the like, which can serve as a DNA
vehicle into which DNA of the present invention can be clored. Numerous types
of vectors exist and are well known in the art.

The term "allele” defines an alternative form of a gene which
occupies a given locus on a chromosome.

As commonly known, a "mutation” is a detectable change in
the genetic material which can be transmitted to adaughter cell. As well known,
a mutation can be, for example, a detectable change in one or more
deoxyribonucleotide. For example, nucieotides can be added, deleted,
substituted for, inverted, or transposed to a new position. Spontaneous mutatiors
and experimentally induced mutations exist. The resut of a mutations of nucleic
acid molecule is a mutant nucleic acid molecule. A mutant polypeptide can be
encoded from this mutant nucleic acid molecule.

As used herein, the term “purified” refers to a molecule having
been separated from a cellular component. Thus, for example, a “purified
protein” has been purified to a level not found in nature. A “substantially pure”
molecule is a molecule that is lacking in substantially all other celiular
components. In accordance with preferred embodiments of the present
invention, the term "purified" is used to relate to a non-duplexed nucleic acid
molecule having been separated from a duplexed nucleic acid molecule, or vice
versa.

The present invention also relates to a kit comprising an
oligonucleotide or kit thereof of the present invention specifically designed to
target (or "flag") a chosen mMRNA or mRNAs. For example, a compartmentalized
kit in accordance with the present invention includes any kit in which reagents
are contained in separate containers. Such containers include small glass
containers, plastic containers or strips of plastic or paper. Such containers allon
the efficient transfer of reagents from one compartment to anotrer compartment

such that the samples and reagents are not cross-cortaminated and the agents
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or solutions of each container can be added in a quantitative fashion from one
compartment to another. In a particular embodiment, such containers will
include for example, a container which wil accept the test sample (e.g. mRNA),
a container which contains the oligonuclteotides used in the assay and containers
which contain reagents used to separate oligo-mRNA duplexes from non-
duplexed mRNA. In another embodiment, such containers will include, for
example, a container which will accept the test sample (e.g. mMRNA), a cantainer
which contains the oligonucleotides used in the assay (to "flag" a chosen
MRNA/MRNAs), RNAse H (to degrade duplexes), containers which contain oligo
d(T) and reverse transcriptase (to synthesize cDNA from the treated mRNA
sample), containers which contain reagents enabling the selection of fuli length
cDNAs.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the invention, reference will

now be made to the accompanying drawings, showing by way of illustration a
preferred embodiment thereof, and in which:

Figure 1 shows an example of the steps involved in
generating cDNA libraries from mRNA. Although a number of strategies can be
used for cDNA library generation, of which only one is shown abowe, all libraries
require as a first step, a primer which Reverse Transcriptase (RT) can prime
from. In general, representation of mMRNA abundance is maintained overall
during construction, such that abundant mRNA species end up-being the most
abundant cDNAs in the libraries, this is an impediment to novel gene discovery
since random isolation of cDNAs from libraries will often lead to re-isolation of
more abundantly expressed genes.

Figure 2 is a schematic diagram illustrating the specificity of
cleavage of targeted RNA/DNA duplex by RNAse H.

Figure 3 is a schematic outline which shows an incorporation

of a subtraction of cDNAs by suppression of cDNA synthesis with an affinity
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selection step to remove cDNAs which correspond to RNAse H-targeted mRNAs
using affinity selection of mMRNA/cDNA duplexes with 5' m7G structures (5,7).
The designation of mMRNAs as species I-lll relate to their classification with
respect to their frequency of distribution (see text for further details).

Figure 4 shows an embodiment of the subtraction by
suppression of synthesis according to one aspect of the present invention using
the WT1 and D75 mRNAs. A) is a schematic diagram illustrating WT1 and D75
MRNAs, showing the sizes of the expected cDNA products resulting from primirg
with oligo d(T). For WT1 one product of - 1500 nuclectides (nts) is expected,
whereas for D75 two products are expected, one resulting from priming from he
poly (A) tail (-2300 nts) and one resuiting from internal priming from an A-rich
strech (2000 nts). The region on the WT1 targeted by the oligonucleotides is
shown and is expected to generate a cDNA product of ~800 nts. B) shows the
sequence of oligonucleotides used in the targetingreactions, it must be noted
that for oligos having the nucleic acid sequences defined in SEQ ID NOS:2
and 3, the ribose of the last residue is in hie L configuration and this is denoted
by the symbol “L". C) shows complementary DNA products (cDNAs) from RNA
templates targeted for subtraction by RNAse H. The nature of the templates ae
illustrated above the panel. The presence or absence of RNAse H during
pretreatment is also indicated above the panel. When targeting, oligonucleotides
were pre-incubated with the test transcripts, this is indicatedon the bottom of the
panel. The arrow indicates the cDNA product produced from 3' truncated WT1
template generated by RNAse H digestion of WT1.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the following non-restrictive
description of preferred embodiments with reference to the accompanying
drawing which is exemplary and should not be interpreted as limiting the scope

of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

In accordance with one preferred embodiment of the present
invention, an approach in which suppression of the synthesis of targeted
transcripts occurs during the first strand reaction (see Fig. 1 for summary of first
strand synthesis) is favored. Such an embodiment is based on the fact that
RNAse H is an enzyme which specifically targets and degrades the RNA moiety
of a RNA/DNA duplex. Therefore, annealing of a complementary DNA
oligonucieotide to a given RNA, followed by treatment with RNAse H, resuits in
a specific cleavage of only the target RNA at the site of hybridization (Fig. 2).
This has the effect of physically separating the RNA targets into two portions,
one half containing the 3' end, and another half containing the 5 m7G cap
structure. As outlined in Fig. 3, if cDNAs are generated from these twoportions,
utilizing for exampie reverse transcriptase and an oligo d(T) primer, a cDNA
molecule originating from the targeted mMRNA (mRNA species |; in Figs. 2 and 3)
would extend from the poly (A) tail to the site of cleavage. However, a cDNA
molecule originating from MRNA species !l (which is not targeted by an
oligonuclectide) would extend from the poly (A) tail to the m7G cap structure at
the 5' end of the molecule. Following cDNA synthesis (Step Il in Fig. 3), there ar
essentially two types of RNA/DNA hybrids in the mixture - one in which the RNA
moiety of the hybrid contains a m7G cap structure at the 5' end, and one in which
the RNA moiety of the duplex contains a 5' phosphate (i.e. truncated cDNAs).
The products of this reaction can then be separated using a 5' affinity capture
method specific for MRNA having m7G ends (5). This affinity procedure utilizes
an immobilized protein (elF-4E, a 24kDa cap-binding protein) which specifically
recognizes m7G groups to isolate mRNA with m7G ends. When the mixture of
reaction products from Step |l is subjected to 5 m7G selection using elF-4E,
cDNAs whose mRNAs have not been targeted for degradation by RNAse H will
be retained (since these contain a cap structure), whereas cDNAs whose
MRNAs have been targeted for degradation will not be retained (since the RNA

moiety of the incomplete cDNAs have a 5' phosphate group) (Fig 3). Since the
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purified material from step Ili can now be used for semnd strand synthesis (see
Fig. 1), the instant procedure eliminates cDNAs corresponding to the specific
RNAse H targeted transcript, from the resulting cDNA library. By hybridizng the
MRNA to be used as a template for cDNA library construction with a cocktait of
oligonucleotides complementary to known targets of abundant transcripts (non-
limiting examples include a-tubulin, elongation factor a1 and a-actin ), the cDNA
synthesis of these known abundant genes can be prematurely terminated during
first strand synthesis. These truncated cDNAs are then removed following 5'
affinity CAPture™ with GST/melF-4E (5) (Step Ill in Fig. 3). The suppression
procedure can even be made isoform-specific by directing the blocking (e.g.
targeting of specific motifs or differentially spliced exons) oligonucleotide to the
unique region of a particular transcript.

The present invention is illustrated in further detail by the

following non-limiting example.

EXAMPLE 1
Validation of one embodiment of the method of subtracting
cDNAs using WT1 or D75 mRNAs.

In the experiment presented in Fig. 4, two mRNA species,
WT1 and D75, were pretreated with 4 complementary DNA oligonucleotides
specific to WT1 (I-1V) and one control oligonucleotide (SP6) which does not
hybridize to either WT1 or D75 (Fig. 4B). Following hybridization of the
oligonucleotides to WT1 or D75, the RNAs were incubated with RNAse H.
Folliowing RNAseH treatment, cDNA reactions were performed with MMLV
Superscript II™ and oligo d(T) (Fig. 4C). As shown in iane 1, a cDNA product
originating from WT1 has the expected size of 1,500 nts. As well, cDNA
synthesized from D75 mRNA generates products of 2,000 and 2,300 rts, due to
priming from the poly (A) il and mispriming from an internal A-rich tract by the
oligo d(T) primer (lane 2). Pretreatment of either WT1 (lane 3) or D75 (iane 9)

with RNAse H, in the absence of a targeting DNA oligonucleotide does not
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change the profile of the cDNA products (this shows the duplex-dependent
activity of RNAseH). Pretreatment of WT1 with 4 different complementary
oligonucleotides (shown in Fig. 4B) and RNAse H, produced mainly two effects
- a nove! cDNA product corresponding to ~800 nts appears (lanes 4-7) and there
is an apparent reduction in the amount of full-length WT1 cDNA generated. in
this experiment, 4 oligonucleotides containing different 3' ends were utilized. In
oligo #1 (SEQ ID NO:1), the last nucleotide is a cytosine residue, which is not
complementary to the targeted WT1 sequence (containing a terminal cytosine
residue instead of a guanosine residue). in oligo # 2 (SEQ ID NQO:2), the ribose
of the last nucleotide is in the L configuration instead of the D configuration. In
oligo #3 (SEQ ID NO:3), the ribose of the last nuclectide is in the Lconfiguration
and the linkage of the nucleotide to the rest of the oligo isinverted to give a 3'-3'
linkage. Oligo # 4 (SEQ ID NO:4) is perfectly complementary to the WT1 target
sequence.

Oligonucleotides with different 3' ends were used in order to
show a) that modified nucleotides can be used in accordance with one
embodiment of the present invention and, b) to determine if carryover of the
targeting primer to the RT reaction would result in cDNA molecules priming not
only from the oligo d(T) primer, but also from the targeting oligossince oligos #2
and #3 cannot act as primers for the reverse transcriptase (RT) enzyme.

Figure 4 shows that indeed, oligonucleotides with different 3'
ends can be used to target a chosen mRNA for degradation. in addition, since
no novel cDNA products specific to oligos #1 and 4 (which can prime cDNA
synthesis) are observed in Figure 4 (compare lanes 4 and 7 to lanes5 and 6),
it appears no carryover of the targeting primer to the RT reaction enables new
cDNA primings.

Suppression of cDNA synthesis is specific to the WT1 oligos
which target a known region of the WT1 gene since an SP6 oligonucieotide
(SEQ ID NO:5), which is not complementary to any region of WT1, did notresult

in suppression of cDNA synthesis (compare lane 8 to lanes 4-7). Furthermore,
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the resuits presented herein are specific to the WT1 transcript since targeting
D75 with these oligos did not alter the cDNA profile obtained with this transcript
(lanes 10-14).

Taken together, these results demonstrate he feasibilibity of
blocking RT processivity by first degrading the mRNA template. In addition, it
validates the duplex-dependent method of customizing an mRNA population.

Although the present invention has been described
hereinabove by way of preferred embodiments thereof, it can be modified,
without departing from the spirit and nature of the subject invention as defined

in the appended claims.
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WHAT IS CLAIMED 1S:

1. A method of customizing an mRNA population

comprising:
5 a) selecting an oligonucleotide which is complementary to

an mRNA molecule in an mRNA sample;

b) incubating said oligonucleotide with said mMRNA sample
to obtain an mRNA oligonucleotide mixture under conditions which enable a
formation of a duplex between said oligonucleotide and said mRNA molecule;

10 and

€) submitting said mRNA-cligonucleotide mixture to a
purification step which enables a separation of duplexed mRNA from non-
duplexed mRNA,
thereby yielding a customized mRNA population.

15
2. A method for suppressing the synthesis of target
transcripts during first strand cDNA synthesis, comprising:
a) selecting an oligonucleotide which is complementary to
an mRNA molecule in an mRNA sample;
20 b) incubating said oligonucleotide with said mRNA sample

to obtain an mRNA oligonucleotide mixture under conditions which enable a
formation of a duplex between said oligonucleotide and said mRNA molecule:
and
c) submitting said mRNA-oligonucleotide mixture to a
25 duplex-specific RNAse which specifically targets the RNA moiety of said duplex;
and
d) performing first strand cDNA synthesis on the RNAse-
treated duplexes of c),

thereby suppressing the synthesis of RNAse-cleaved duplexes.

SUBSTITUTE SHEET (RULE 26)
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3. The method of claim 2, wherein saidRNAse is RNAse H.

4. Animproved method of cDNA synthesis, the improvemert

consisting into a use of a method according to ciaim 1 or 2.

5. A method of subtracting cDNAs by suppressing their
synthesis comprising the steps of :

a) annealing a set of complementary DNA oligonucleotides
to a given mRNA sample under conditions enabling a formation of mMRNA-
oligonucleotide duplexes; and ‘

b) performing first strand cDNA synthesis on non-duplexed
mMRNAs.

6. The method of claim 5, further comprising the following
step:
a) a specific elimination of said mRNA-oligonucieotides

duplexes from said mRNA sample.

7. The method of claim 5, further comprising the following
step:
a) a specific cleavage and/or degradation of the mRNA of

said mRNA-ocligonucleotides duplexes from said sample.

8. A method of targeting a chosen mRNA or mRNA
population for degradation using oligos which are specific for said chosen mRNA
or mRNA population to generate duplexes of oligos and mRNA, submitting said
duplex to a duplex-directed degradation or cleavage which leaves non-duplexed

MRNA intact and purifying said non-duplexed mRNAs.

SUBSTITUTE SHEET (RULE 26)

IDT Exhibit 1020.8098

PCT/CA00/00586



10

15

20

25

WO 00/70039

28

9. The method of claim 2. wherein first strand synthesis is

performed on RNAse-treated dupiexes of ¢).

10. A method of customizing an mRNA population
comprising:

a) selecting an oligonucleotide which is complementary to
an mRNA molecule in an mRNA sample:

b) incubating said oligonucteotide with said mRNA sample
to obtain an mRNA oligonucleotide mixture under conditions which enable a
formation of a duplex between said oligonucleotide and said mRNA molecule;

and

c) submitting said mRNA-ofigonucleotide mixture to a
duplex-dependent cleavage and/or degradation,

thereby yielding a customized mRNA population.

11. A method of customizing an RNA population comprising

a) selecting an oligonucleotide which is complementary to
an RNA molecuie in an RNA sample:

b) incubating said oligonucleotide with said RNA sample to
obtain an RNA oligonucieotide mixture under conditions which enable a
formation of a duplex between said oligonucleotide and said RNA molecule; and

c) submitting said RNA-oligonucleotide mixture to a
purification step which enables a separation of duplexed RNA from non-duplexed
RNA,
thereby yielding a customized RNA population.

12. A method of customizing an RNA population comprising

a) selecting an oligonucleotide which is complementary to

an RNA molecule in an RNA sample:

SUBSTITUTE SHEET (RULE 26)
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b) incubating said oligonuclectide with said RNA sample to
obtain an RNA oligonucleotide mixture under conditions which enable a
formation of a duplex between said oligonucleotide and said RNA molecule; and

c) submitting said RNA-oligonucleotide mixture to a duplex-

dependent cleavage and/or degradation;

thereby yielding a customized RNA population.

SUBSTITUTE SHEET (RULE 26)
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SEQUENCE LISTING:

SEQ ID NO:1 5'GGCAGCCATACACCGGA-C*
SEQ ID NO:2 5'GGCAGCCATACACCGGA-(L)-C*
SEQ ID NO:3 5'GGCAGCCATACACCGG®?-(L)-C*
SEQ ID NO:4 5'GGCAGCCATACACCGGA?

SEQ ID NO:5 5'GCATTTAGGTGACACTATAG?
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c¢cDNA Synthesis Improvements

Background of the Invention

The present invention relates to the field of molecular and cellular
biology. The invention generally relates to methods of synthesizing cDNA.
More specifically, the present invention relates to methods of increasing the
average cDNA insert size and more particularly, to increasing the percentage
of full-length ¢cDNA present within cDNA libraries. Thus, the present
invention provides improved cDNA libraries useful in gene discovery.

In examining the structure and physiology of an organism, tissue or
cell, it is often desirable to determine its genetic content. The genetic
framework of an organism is encoded in the double-stranded sequence of
nucleotide bases in the deoxyribonucleic acid (DNA) which is contained in the
somatic and germ cells of the organism. The genetic content of a particular
segment of DNA, or gene, is only manifested upon production of the protein
which the gene encodes. In order to produce a protein, a complementary copy
of one strand of the DNA double helix (the “coding” strand) is produced by
polymerase enzymes, resulting in a specific sequence of ribonucleic acid
(RNA). This particular type of RNA, since it contains the genetic message
from the DNA for production of a protein, is called messenger RNA (mRNA).

Within a given cell, tissue or organism, there exist many mRNA
species, each encoding a separate and specific protein. This fact provides a

powerful tool to investigators interested in studying genetic expression in a
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tissue or cell. mRNA molecules may be isolated and further manipulated by
various molecular biological techniques, thereby allowing the elucidation of
the full functional genetic content of a cell, tissue or organism.

A common approach to the study of gene expression is the production
of complementary DNA (cDNA) clones. In this technique, the mRNA
molecules from an organism are isolated from an extract of the cells or tissues
of the organism. This isolation often employs solid chromatography matrices,
such as cellulose or agarose, to which oligomers of thymidine (T) have been
complexed. Since the 3’ termini on most eukaryotic mRNA molecules contain
a string of adenosine (A) bases, and since A binds to T, the mRNA molecules
can be rapidly purified from other molecules and substances in the tissue or
cell extract. From these purified mRNA molecules, cDNA copies may be
made using the enzyme reverse transcriptase (RT) or DNA polymerases
having RT activity, which results in the production of single-stranded cDNA
molecules. The single-stranded ¢cDNAs may then be converted into a
complete double-stranded DNA copy (i.e., a double-stranded cDNA) of the
original mRNA (and thus of the original double-stranded DNA sequence,
encoding this mRNA, contained in the genome of the organism) by the action
of a DNA polymerase. The protein-specific double-stranded cDNAs can then
be inserted into a vector, which is then introduced into a host bacterial, yeast,
animal or plant cell, a process referred to as transformation or transfection.
The host cells are then grown in culture media, resulting in a population of
host cells containing (or in many cases, expressing) the gene of interest or
portions of the gene of interest.

This entire process, from isolation of mRNA to insertion of the cDNA
into a vector (e.g., plasmid, viral vector, cosmid, etc.) to growth of host cell
populations containing the isolated gene or gene portions, is termed “cDNA
cloning.” If cDNAs are prepared from a number of different mRNAs, the
resulting set of cDNAs is called a “cDNA library,” an appropriate term since

the set of cDNAs represents a “population” of genes or portions of genes
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comprising the functional genetic information present in the source cell, tissue
or organism. Genotypic analysis of these cDNA libraries can yield much
information on the structure and function of the organisms from which they
were derived.

The ability to increase the total amount of cDNA produced, and more
particularly to produce a cDNA libraries having an increase in the average size
of the cDNA molecules and/or to produce cDNA libraries having an increase
in the percentage of full-length cDNA molecules would provide a significant
advance in cDNA library construction. Specifically, such advances would
greatly improve the probability of finding full-length genes of interest.

Ideally, synthesis of a cDNA molecule initiates at or near the 3° termini
of the mRNA molecules. Priming of cDNA synthesis at the 3’ termini at the
poly A tail using an oligo(dT) primer ensures that the 3’ message of the
mRNAs will be represented in the cDNA molecules produced. Priming which
occurs within the mRNA molecules (internal priming) results in synthesis of
cDNA molecules which do not contain the full-length message for the genes of
interest. That is, internal priming results in truncated cDNA molecules which
contain only a portion of the gene or genes of interest. Typically, internal
priming causes a loss of the 3’ sequences from the message population. Thus,
internal priming lowers the total amount of ¢cDNA produced, decreases the
average insert size of cDNA molecules for a cDNA library and/or decreases
the percentage of full-length ¢cDNA molecules in a given cDNA library.
Sequencing analysis has indicated that many eukaryotic mRNAs have internal
poly adenylation stretches which may serve as a priming site when an
oligo(dT) primer is used for first strand cDNA synthesis with reverse
transcriptase. Moreover, research has shown that some mRNAs can have as
many as 16 internal priming sites (Lovett, M., et al., The construction of full-
length ¢cDNA libraries by conventional methods and a novel double capture
technique, University of Texas Southwestern Medical Center, Dallas, TX,
presented at the 48" Annual Meeting held by The American Society of Human
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Genetics, October 27-31, 1998, Denver, Colorado). Thus, internal priming of
the primer to such internal poly A sequences may adversely affect cDNA
synthesis.

The present invention alleviates, prevents, reduces or substantially
reduces internal priming thereby providing improvements in cDNA and cDNA
library construction. Accordingly, the present invention greatly facilitates
gene discovery by providing cDNA libraries containing a greater percentage of
full-length genes.

The present invention therefore relates to synthesizing a cDNA
molecule or molecules from an mRNA template or population of mRNA
templates under conditions sufficient to increase the total amount of cDNA
produced, increase the length of the ¢cDNA molecules produced, and/or
increase the amount or percentage of full-length cDNA molecules produced.
In accordance with the invention, any conditions which inhibit, prevent,
reduce or substantially reduce internal priming may be used. Such conditions
preferably include but are not limited to optimizing primer concentrations,
optimizing reaction temperatures and/or optimizing primer length or
specificity. Such result may also be accomplished in accordance with the
invention by optimizing the reverse transcription reaction, preferably by
inhibiting or preventing reverse transcription until optimum or desired reaction
conditions are achieved.

Conventional methods for constructing cDNA libraries use a molar
ratio of oligo(dT) primer/mRNA template of 15:1 for first strand cDNA
synthesis. The use of such excess amounts of oligo(dT) primer allows internal
priming of one or more primers to one or more of the mRNA templates in the
reaction. According to a preferred aspect of the present invention, the amount
of oligo(dT) primer is reduced for synthesis of first strand cDNA to inhibit,
prevent, reduce or substantially reduce internal priming. Preferred molar
ratios of primer to template range from about 12:1; 10:1; 9:1; 8:1; 7:1; 6:1;
5:15 4013 3:15 2:15 1:1; 1:2; 1:3; 1:4; 1:5; 1:6; 1:7; 1:8; 1:9; 1:10 and 1:12.
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Preferably, molar ratios of primer (e.g., oligo(dT)) to template (e.g., mRNA)
range from about 5:1 to about 1:20, although lower molar ratios of primer to
template may be used in accordance with the invention. Specifically, molar
ratios of primer fo template may be below about 1:10; 1:15; 1:20; 1:25; 1:50;
1:75; and 1:100. Preferably, ranges of molar ratios are below about 5:1; 4:1;
3:1; 2:1; 1:1; 1:2; 1:3; 1:4; and 1:5. Most preferably, ratios of primer to
template range from about 10:1 to 1:10; 5:1 to 1:10; 4:1 to 1:10; 3:1 to 1:10;
2.5:1 to 1:10; 2:1 to 1:10; 1.5:1 to 1:10; and 1:1 to 1:10. The optimum ratios
of primer to template may vary depending on the primer, mRNA, reverse
transcription enzyme and reaction conditions (annealing temperature,
buffering salts, etc.). The desired primer to template ratios can be readily
determined by one skilled in the art.

In conventional methods of ¢cDNA library construction, annealing or
hybridizing primer to template is not carried out at a temperature which
prevents, inhibits, reduces or substantially reduces internal priming.
Typically, the mixture (e.g., mRNA and oligo(dT) primer) is chilled on ice
after denaturation or heating. This process typically causes annealing or
hybridization of the primer to internal sites. According to a preferred aspect of
the present invention, the temperature during the annealing or hybridization
between the primer and the template is maintained so that internal priming is
inhibited, prevented, reduced or substantially reduced. In accordance with the
invention, such a result is accomplished by carrying out primer annealing or
hybridization at higher temperatures. Such conditions may also reduce the
formation of mRNA secondary structures during cDNA synthesis. Preferably,
temperatures for annealing or hybridizing primers to the templates range from
about 10°C to about 90°C; more preferably about 10°C to about 80°C; still
more preferably about 20°C to about 75°C; more preferably about 25°C to
about 75°C; still more preferably about 30°C to about 65°C; still more
preferably about 37°C to about 60°C; still more preferably about 40°C to
about 60°C; still more preferably about 45°C to about 60°C; still more
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preferably about 45°C to about 55°C; and most preferably about 45°C to about
65°C. The temperature used may vary depending on the type and amount of
primer and template and depending on the temperature optimum of the reverse
transcription enzyme. The optimum temperature or temperature ranges can be
readily determined by one skilled in the art.

Conventional methods for cDNA synthesis typically requires the use of
oligo(dT) primers of a particular length (12-18 bases or mer). Such primer
length, however, lowers specificity of the primer thereby allowing internal
priming. Thus, the invention also relates to increasing specificity of the
primers to prevent, inhibit, reduce or substantially reduce internal priming. In
a preferred aspect, primer specificity is increased by increasing the length of
the primer. Thus, for cDNA synthesis, longer oligo(dT) primers may be used
in accordance with the invention. Preferably, primer length ranges from about
20 to about 100 bases, about 20 to about 75 bases, about 20 to about 60 bases,
and about 20 to about 50 bases; more preferably about 20 to about 45 bases;
more preferably about 20 to about 40 bases; and most preferably about 25 to
about 35 bases. In a preferred aspect, the length of the primers are greater than
19 bases; more preferably greater than about 20 bases; more preferably greater
than about 25 bases; and still more preferably greater than about 30 bases.
Such primer lengths refer to the length of the primers which anneal or
hybridize to the template. Optimum length and content (nucleotide sequence)
of the primers may vary depending on the type of template, the desired
reaction conditions, and the reverse transcription enzyme. In accordance with
the invention, additional sequences and/or modified nucleotides may be
included in the primers of the invention. For example, additional sequences
(which do not necessarily anneal or hybridize to the template) may be included
in the primers of the invention to assist in cDNA synthesis including
sequences comprising one or more restriction endonuclease sites, one or more
derivative nucleotides (e.g., hapten containing nucleotides such as biotinylated

nucleotides), and the like. The type and length of the primers used in
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accordance with the invention can be readily determined by one or more
skilled in the art.

Conventional cDNA synthesis methods do not control or vary activity
of the reverse transcription enzyme to optimize the reverse transcription
reaction. In accordance with the invention, the activity of the reverse
transcriptase is preferably controlled to start synthesis at a desired time in the
reaction. In a preferred aspect, reverse transcriptase activity is inhibited or
prevented until optimum or desired reaction conditions are achieved. Such a
result is accomplished in accordance with the invention by the use of
inhibitors (such as antibodies or antibody fragments) which inhibit reverse
transcriptase activity. Such reverse transcriptase inhibitors prevent or inhibit
reverse transcriptase activity at low temperatures such that internal priming is
prevented, inhibited, reduced or substantially reduced. In accordance with the
invention, such inhibitors preferably prevent reverse transcriptase activity
below 35°C, below 40°C, below 45°C, below 50°C, below 55°C, below 60°C,
below 65°C, below 70°C, below 75°C, below 80°C, below 85°C and below
90°C. Depending on the thermostability of the enzyme having reverse
transcriptase activity, the inhibitor may be designed to inhibit activity of the
enzyme at a point at or near the temperature optimum for the enzyme of
interest. Preferably, the inhibitor is inactivated at a temperature below or near
the temperature optimum of the enzyme used, thereby allowing reverse
transcription to take place. Thus, the invention generally relates to the use of
reverse transcriptase inhibitors in cDNA synthesis. The type and amount of
inhibitor may vary depending on the type and amount of reverse transcription
enzyme and depending on the reaction conditions to be used. The type of
inhibitor and conditions used with such inhibitor can be readily determined by
one of ordinary skill in the art.

In accordance with the invention, any one or a combination of the
above improvements to cDNA synthesis may be used. Using any one or a

combination of these improvements provides for improved first strand cDNA
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synthesis (e.g., more total cDNA, larger ¢cDNA and/or more full-length
cDNA). In accordance with the invention, the first strand cDNA molecules
may be used as templates to make one or more double stranded nucleic acid
molecules (e.g., double strand cDNA molecules) by incubating one or more of
the first strand cDNA molecules produced by the methods of the invention
under conditions sufficient to make one or more nucleic acid molecules
complementary to all or a portion of the first strand cDNA molecules.
Conditions for making double stranded nucleic acid molecules preferably
include incubation with one or more components consisting of one or more
DNA polymerases, one or more nucleotides, one or more buffering salts, and
one or more primers. In another aspect of the invention, such conditions are
modified to provide an increase in the total amount of double stranded cDNA
produced, an increase in the length or size of the double stranded cDNA
molecule produced, and/or an increase in percentage full-length double
stranded ¢cDNA molecule produced. Preferably, such conditions relate to
optimization of ribonuclease (RNase) digestion after first strand cDNA
synthesis. During first strand cDNA synthesis, if a full-length cDNA molecule
complementary to the mRNA template is not made, a single stranded mRNA
containing the cap structure will be present at the 5> end of the mRNA of the
mRNA/cDNA hybrid. If a full-length cDNA is produced, a double stranded
mRNA/cDNA hybrid is produced with no single stranded mRNA present.
Preferably, such digestion conditions are optimized so that the single stranded
mRNA of the mRNA/cDNA double stranded molecules formed during first
strand ¢cDNA synthesis is subject to RNase digestion. In this manner, cap
structure from mRNA/cDNA hybrids which are not full-length are removed
while full-length mRNA/cDNA hybrids will retain the cap structure. Thus,
cap capture can be used to select for full-length molecules and select against
molecules which are not full-length. In a preferred aspect, the conditions are
such that the single stranded mRNA of the mRNA/cDNA hybrid is digested or
degraded while the mRNA of the double stranded mRNA/cDNA hybrid is not
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degraded or not substantially degraded. Thus, such RNase digestion is
conducted under conditions such that second strand synthesis is not
substantially adversely affected. That is, second strand synthesis in
accordance with the invention produces larger double stranded cDNA
molecules compared to conventional techniques. Conventional RNase I
conditions typically range from 25 u/pg to 40 w/ug mRNA at 37°C and RNase
A conditions typically are 1000 ng/ug mRNA at 37°C. Using conventional
RNase digestion, the average size of double stranded cDNA molecules
produced is about 200 bases. According to the present invention the average
size of double stranded cDNA molecules produced is preferably greater than
about 300 bases, greater than about 400 bases, greater than about 500 bases,
greater than about 600 bases, greater than about 700 bases, greater than about
800 bases, greater than about 900 bases, greater than about 1 kilobase, greater
than about 1.5 kilobases, and greater than about 2 kilobases. In one
embodiment of the invention, the concentration of the ribonuclease, the type of
ribonuclease and reaction conditions are optimized to improve double stranded
¢DNA synthesis in accordance with the invention. Preferred ribonucleases for
use in ribonuclease digestions include ribonuclease A (RNase A) and/or
ribonuclease I (RNase I). Generally, lower temperatures (about 4°C to about
50°C) and higher salt concentrations (about 5 mM to about 5 M) will assist in
inhibiting or controlling RNase digestion in accordance with the invention.
Salts used may include sodium chloride, potassium, chloride, magnesium
chloride, sodium acetate etc. Additionally, lowering RNase amounts or
concentrations may be used to accomplish the desired result. Such
concentrations for RNase A may range from about 0.001 ng/pg mRNA to
about 500 ng/pug of mRNA and for RNase I may range from about 0.001 u/pg
mRNA to about 500 u/ug mRNA. The incubation temperature, RNase
concentration and salt concentration may be readily determined by one skilled
in the art. In a preferred aspect, concentration of the RNase A include ranges

from 0.1 ng/ug mRNA to 10 ng/pg mRNA in TE buffer (10 mM Tris, pH 7.5,
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1 mM EDTA) at 37°C. Alternatively, the concentration of the RNase A can
include ranges from 0.1 ng/pug mRNA to 500 ng/ug mRNA in 10 mM Tris, pH
7.5 buffer containing 250 mM NaCl at 25°C for 30 minutes. Preferably,
concentration of the RNase I used ranges from 0.1 unit/ug mRNA to 1.0
unit/pg mRNA in 10 mM Tris-HCI (pH 7.5), 5 mM EDTA (pH 8.0), 200 mM
sodium acetate at 37°C. Alternatively, the concentration of the RNase I can be
used at ranges from 1.0 unit/ug mRNA to 100 units/ug mRNA in the same
buffer at 25°C for 30 minutes.

In another aspect, the invention relates to capture or binding of the cap
structure (e.g., m’GpppN) of the mRNA before, during or after first strand
cDNA synthesis. Thus, the invention relates to selection of mRNA (before
first strand synthesis) or mRNA/cDNA hybrids (after or during first strand
synthesis) which have the cap structure in carrying out the methods of the
invention. Such selection or capture may be accomplished with any cap
binding molecule such as eIF4E, eIF4E peptides, eIF4E peptide fragments (see
WO 98/08865) and antibodies or antibody fragments specific for cap structure.
In a preferred aspect, selection of the cap structure is accomplished after first
strand synthesis. More preferably, such cap capture occurs after ribonuclease
digestion in accordance with the methods of the invention. For example,
mRNA/cDNA hybrids subjected to ribonuclease digestion are captured and
then used for second strand cDNA synthesis according to the invention.

Thus, the present invention is generally directed to methods of
synthesizing nucleic acid molecules. The present invention is more
specifically directed to methods of making one or more nucleic acid
molecules, especially cDNA molecules or cDNA libraries, comprising mixing
one or more nucleic acid templates (preferably mRNA, poly A RNA or a
population of mRNA molecules) with at least one polypeptide having reverse
transcriptase activity, and incubating the mixture under conditions sufficient to
make one or more first nucleic acid molecules (e.g., first strand cDNA)

complementary to all or a portion of the one or more nucleic acid templates.
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In accordance with the invention, such conditions provide for an increased
total amount of nucleic acid molecule (cDNA) produced, compared to
conventional procedures which do not employ the improved modifications or
conditions of the invention. The invention also provides for an increase of
Iength or average size of the nucleic acid molecules (cDNA) produced and/or
an increase in the percentage or amount of full-length nucleic acid molecules
(cDNA) produced, compared to conventional procedures which do not employ
the improved modifications or conditions of the invention. Determining the
amount, length and full-length content of the cDNA produced can be
determined by conventional techniques well known in the art and as described
herein. The percentage or average percentages of full-length cDNA in cDNA
libraries produced in accordance with the invention are preferably above about
15%, more preferably above about 20%, more preferably above about 25%,
more preferably above about 30%, more preferably above about 40%, more
preferably above about 50%, more preferably above about 60%, more
preferably above about 70%, more preferably above about 80% and most
preferably above about 90%. Such full-length percentages are preferably
determined by random selection of a portion of the clones of the cDNA library
of interest (e.g., 100 to 1000 clones), sequencing the clones and comparing the
sequences to known sequence data bases.

In preferred aspects of the invention, the improved results of the
invention are preferably accomplished by one or a combination of
modifications to the conditions for nucleic acid or cDNA synthesis. Such
conditions preferably include modifications for improving first strand cDNA
synthesis and/or improving second strand cDNA synthesis.

In a preferred aspect, the invention specifically relates to methods of
making one or more double stranded cDNA molecules comprising incubating
one or more mRNA molecules (preferably a population of mRNA molecules)
with one or more primers of the invention at temperatures and primer

concentrations to prevent, inhibit, reduce or substantially reduce internal
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priming prior to or during first strand cDNA synthesis. Such reaction is
preferably conducted in the presence of one or more inhibitors of reverse
transcriptase activity in accordance with the invention. Ribonuclease digestion
is preferably conducted before second strand cDNA synthesis and at
ribonuclease concentrations sufficient to increase the length, amount and/or
size of double stranded ¢cDNA molecules produced during second strand
synthesis. In accordance with the invention, cap capture is preferably
accomplished during or after the ribonuclease digestion.

The invention is also directed to nucleic acid molecules and cDNA
molecules or populations of cDNA molecules (single or double-stranded)
produced according to the above-described methods and to vectors
(particularly expression vectors) comprising these nucleic acid molecules and
cDNA molecules. The invention also relates to host cells containing such
cDNA molecules and/or vectors.

The invention is also directed to kits for use in the methods of the
invention. Such kits can be used for making single or double-stranded nucleic
acid molecules. The Kkits of the invention comprise a carrier, such as a box or
carton, having therein one or more containers, such as vials, tubes, bottles and
the like. Such kits may comprise at least one component selected from the
group consisting of primers (preferably primers having higher specificity and
most preferably oligo(dT) primers having a length equal to or greater than 20
bases), one or more polypeptides having reverse transcriptase activity (reverse
transcriptases and DNA polymerases), one or more inhibitors of reverse
transcription (e.g., antibodies and antibody fragments directed against
polypeptides having RT activity), one or more cap binding molecules (e.g.,
antibodies or antibody fragments directed against cap structure), nucleic acid
synthesis reaction buffers, one or more nucleotides, one or more vectors, and
instructions for carrying out the methods of the invention.

The invention also relates to compositions for use in the invention or

made while carrying out the methods of the invention. Such compositions
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may comprise at least one primer (e.g., oligo(dT) or derivatives thereof) and at
least one template in a sample or reaction mixture in amounts or ratios in
accordance with the invention. Such composition may further comprise one or
more polypeptides having reverse transcriptase activity, one or more reverse
transcription inhibitors (e.g., anti-RT antibodies or fragments thereof), one or
more nucleotides, one or more cap binding molecules (e.g., anti-cap antibodies
for fragments thereof), one or more buffering salts and the like. Such
compositions may also be maintained at a temperature to avoid internal
priming in accordance with the invention.

The compositions of the invention may also comprise amounts of
ribonuclease in accordance with the invention. Such compositions may further
comprise at least one component selected from one or more mRNA/cDNA
hybrids, one or more nucleotides, one or more polypeptides having reverse
transcriptase activity, one or more buffering salts, one or more cap binding
molecules (e.g., anti-cap antibodies or fragments thereof) and the like.

The invention also relates to one or more antibodies (monoclonal and
polyclonal) and fragments thereof for use in the methods, compositions and
kits of the invention. Such antibodies, include anti-cap and/or anti-RT
antibodies and antibody fragments.

Other preferred embodiments of the present invention will be apparent
to one of ordinary skill in the art in view of the following drawings and

description of the invention.
Brief Description of the Drawings
Figure 1 is an autoradiograph of first strand cDNA synthesized with

SuperScript™ II (SS II) RT at 45°C with a 5/6 Kb template with molar ratios
of oligo(dT),; 5/ mRNA of 1:1, 2.5:1, 5:1, 10:1, and 50:1.
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Figure 2 is an autoradiograph of first strand cDNA synthesized with
ThermoScript™ II (TS II) RT at 45°C, 50°C and 55°C with a 5/6 Kb template
with molar ratios of oligo (dT),s.,/mRNA of 1:1, 2.5:1, 5:1, 10:1, and 50:1.

Figure 3 is an autoradiograph of first strand ¢cDNA synthesized with SS
IT RT using standard reaction temperatures and varying reaction temperatures
with a molar ratio of biotinylated-Not I-oligo(dT),s/mRNA of 0:1, 1:1 and
15:1.

Figure 4 is an autoradiograph of first strand cDNA synthesized with TS
II RT using standard reaction conditions in which the primer/template
annealing is incubated on ice prior to cDNA synthesis and using conditions
according to the invention in which annealing and the synthesis reaction
temperatures are maintained above 30°C (preferably above 37°C) with a molar
ratio of biotinylated-Not I-oligo(dT),/mRNA of 1:1 and 15:1. Maintaining
the annealing and reaction temperatures above 30°C (preferably above 37°C)
in accordance with the invention may also be referred to as “hot start.”

Figure 5 is an autoradiograph of second strand cDNA synthesized
using different amounts of RNase A.

Figure 6 is an autoradiograph of second strand cDNA synthesized

using different amounts of RNase 1.

Derailed Description of the Preferred Embodiments

Definitions:

In order to provide a clearer and consistent understanding of the
specification and claims, including the scope to be given such terms, the
following definitions are provided.

Internal priming as used herein refers to hybridization or annealing of
one or more primers at one or more sites within one or more mRNA molecules

other than at the poly A tail located at the 3’ termini of the mRNA molecule.
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Library as used herein refers to a set of nucleic acid molecules
(circular or linear) which is representative of all or a portion or significant
portion of the DNA content of an organism (a “genomic library™), or a set of
nucleic acid molecules representative of all or a portion or significant portion
of the expressed genes (a “cDNA library”™) in a cell, tissue, organ or organism.
Such libraries may or may not be contained in one or more vectors.

Vector as used herein refers to a plasmid, cosmid, phagemid or phage
DNA or other DNA molecule which is able to replicate autonomously in a
host cell, and which is characterized by one or a small number of restriction
endonuclease recognition sites at which such DNA sequences may be cut in a
determinable fashion without loss of an essential biological function of the
vector, and into which DNA may be inserted in order to bring about its
replication and cloning. The vector may further contain one or more markers
suitable for use in the identification of cells transformed with the vector.
Markers, for example, include but are not limited to tetracycline resistance or
ampicillin resistance. ~ Such vectors may also contain one or more
recombination sites, one or more termination sites, one or more origins of
replication, and the like.

Primer as used herein refers to a single-stranded oligonucleotide that
is extended by covalent bonding of nucleotide monomers during amplification
or polymerization of a DNA molecule. Preferred primers for use in the
invention include oligo(dT) primers or derivatives or variants thereof.

Oligonucleotide as used herein refers to a synthetic or natural
molecule comprising a covalently linked sequence of nucleotides which are
joined by a phosphodiester bond between the 3’ position of the deoxyribose or
ribose of one nucleotide and the 5’ position of the deoxyribose or ribose of the
adjacent nucleotide.

Template as used herein refers to double-stranded or single-stranded
nucleic acid molecules which are to be amplified, synthesized or sequenced.

In the case of a double-stranded molecules, denaturation of its strands to form
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a first and a second strand is preferably performed before these molecules may
be amplified, synthesized or sequenced, or the double stranded molecule may
be used directly as a template. For single stranded templates, a primer,
complementary to a portion of the template is hybridized or annealed under
appropriate conditions and one or more polymerases or reverse transcriptases
may then synthesize a nucleic acid molecule complementary to all or a portion
of said template. The newly synthesized molecules, according to the invention,
may be equal or shorter in length than the original template.

Incorporating as used herein means becoming a part of a DNA and/or
RNA molecule or primer.

Amplification as used herein refers to any in vitro method for
increasing the number of copies of a nucleotide sequence with the use of a
polymerase. Nucleic acid amplification results in the incorporation of
nucleotides into a DNA and/or RNA molecule or primer thereby forming a
new molecule complementary to a template. The formed nucleic acid
molecule and its template can be used as templates to synthesize additional
nucleic acid molecules. As used herein, one amplification reaction may
consist of many rounds of replication. DNA amplification reactions include,
for example, polymerase chain reactions (PCR). One PCR reaction may
consist of 5 to 100 “cycles” of denaturation and synthesis of a DNA molecule.

Nucleotide as used herein refers to a base-sugar-phosphate
combination. Nucleotides are monomeric units of a nucleic acid sequence
(DNA and RNA). The term nucleotide includes ribonucleoside triphosphate
ATP, UTP, CTG, GTP and deoxyribonucleoside triphosphates such as dATP,
dCTP, dITP, dUTP, dGTP, dTTP, or derivatives thereof. Such derivatives
include, for example, [«S]dATP, 7-deaza-dGTP, 7-deaza-dATP, and
biotinylated or haptenylated nucleotides. The term nucleotide as used herein
also refers to dideoxyribonucleoside triphosphates (ddNTPs) and their
derivatives.  Illustrated examples of dideoxyribonucleoside triphosphates

include, but are not limited to, ddATP, ddCTP, ddGTP, ddITP, and ddTTP.
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According to the present invention, a “nucleotide” may be unlabeled or
detectably labeled by well known techniques. Detectable labels include, for
example, radioactive isotopes, fluorescent labels, chemiluminescent labels,
bioluminescent labels and enzyme labels.

Hybridization or annealing as used herein refers to base pairing of
two complementary single-stranded nucleic acid molecules (RNA and/or
DNA) to give a double-stranded molecule. As used herein, two nucleic acid
molecules may be hybridized or annealed, although the base pairing is not
completely complementary. Accordingly, mismatched bases do not prevent
hybridization or annealing of two nucleic acid molecules provided that
appropriate conditions, well known in the art, are used. In the present
invention, the term hybridization or annealing preferably refers to
hybridization of one or more primers (e.g., oligo(dT) or derivatives thereof) to
one or more templates (e.g., mRNA).

Host cell as used herein refers to any prokaryotic or eukaryotic cell
that is the recipient of a replicable expression vector or cloning vector. The
terms “host” or “host cell” may be used interchangeably herein. For examples
of such hosts, see Maniatis er al, “Molecular Cloning: A Laboratory
Manual,” Cold Spring Harbor Laboratory, Cold Spring Harbor, New York
(1982). Preferred prokaryotic hosts include, but are not limited to, bacteria of
the genus Escherichia (e.g., E. coli), Bacillus, Staphylococcus, Agrobacter
(e.g., A. tumefaciens), Streptomyces, Pseudomonas, Salmonella, Serratia,
Caryophanon, etc. The most preferred prokaryotic host is E. coli. Bacterial
hosts of particular interest in the present invention include E. coli strains K12,
DH10B, DHS5a, Stbl2 and HBI10l, and others available from Life
Technologies, Inc. Preferred eukaryotic hosts include, but are not limited to,
fungi, fish cells, yeast cells, plant cells and animal cells. Particularly preferred
animal cells are insect cells such as Drosophila cells, Spodoptera S19, S21

cells and Trichoplusa High-Five cells; nematode cells such as C. elegans cells;
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and mammalian cells such as COS cells, CHO cells, VERO cells, 293 cells,
PERCE6 celis, BHK cells and human cells.

Expression vector as used herein refers to a vector which is capable of
enhancing the expression of a gene or portion of a gene which has been cloned
into it, after transformation or transfection into a host cell. The cloned gene is
usually placed under the control (i.e., operably linked to) certain control
sequences such as promoter sequences. Such promoters include but are not
limited to phage lambda P, promoter, and the E. coli lac, trp and rac
promoters. Other suitable promoters will be known to the skilled artisan.

The nucleic acid templates suitable for reverse transcription according
to the invention include any nucleic acid molecule or populations of nucleic
acid molecules (preferably one or more RNA molecules (e.g., one or more
mRNA molecules or poly A* RNA molecules, and more preferably a
population of mRNA molecules) or one or more DNA molecules), particularly
those derived from a cell or tissue. In a preferred aspect, a population of
mRNA molecules (a number of different mRNA molecules) are used to make
a cDNA library according to the present invention.

To make the nucleic acid molecule or molecules complementary to the
one or more templates, a primer (e.g., an oligo(dT) primer) and one or more
nucleotides are used for nucleic acid synthesis typically in the 3’ to 5°
direction. Nucleic acid molecules suitable for reverse transcription according
to this aspect of the invention include any nucleic acid molecule, particularly
those derived from a prokaryotic or eukaryotic cell. Such cells may include
normal cells, diseased cells, transformed cells, established cells, progenitor
cells, precursor cells, fetal cells, embryonic cells, bacterial cells, yeast cells,
animal cells (including human cells), avian cells, plant cells and the like, or
tissue isolated from a plant (e.g., corn, tomato, tobacco, potato, soy bean, etc.)
or an animal (e.g., human, cow, pig, mouse, sheep, horse, monkey, canine,
feline, rat, rabbit, bird, fish, insect, etc.). Such nucleic acid molecules may

also be isolated from viruses.
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The nucleic acid molecules that are used as templateé to prepare cDNA
molecules according to the methods of the present invention are preferably
obtained from natural sources, such as a variety of cells, tissues, organs or
organisms. Cells that may be used as sources of nucleic acid molecules may
be prokaryotic (bacterial cells, including but not limited to those of species of
the genera Escherichia, Bacillus, Serratia, Salmonella, Staphylococcus,
Streptococcus Clostridium, Chlamydia, Neisseria, T reponema, Mycoplasma,
Borrelia, Legionella, Pseudomonas, Mycobacterium, Helicobacter, Erwinia,
Agrobacterium, Rhizobium, Xanthomonas and Streptomyces) or eukaryotlc
(including fungi (especially yeasts), plants, protozoans and other parasites, and
animals including insects (particularly Drosophila spp. cells), nematodes
(particularly Caenorhabditis elegans cells), and mammals (particularly human
cells)).

Mammalian somatic cells that may be used as sources of nucleic acids
include blood cells (reticulocytes and leukocytes), endothelial cells, epithelial
cells, neuronal cells (from the central or peripheral nervous systems), muscle
cells (including myocytes and myoblasts from skeletal, smooth or cardiac
muscle), connective tissue cells (including fibroblasts, adipocytes,
chondrocytes, chondroblasts, osteocytes and osteoblasts) and other stromal
cells (e.g., macrophages, dendritic cells, Schwann cells). Mammalian germ
cells (spermatocytes and oocytes) may also be used as sources of nucleic acids
for use in the invention, as may the progenitors, precursors and stem cells that
give rise to the above somatic and germ cells. Also suitable for use as nucleic
acid sources are mammalian tissues or organs such as those derived from
brain, kidney, liver, pancreas, blood, bone marrow, muscle, nervous, skin,
genitourinary, circulatory, lymphoid, gastrointestinal and connective tissue
sources, as well as those derived from a mammalian (including human)
embryo or fetus.

Any of the above cells, tissues and organs may be normal, diseased,

transformed, established, progenitors, precursors, fetal or embryonic.
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Diseased cells may, for example, include those involved in infectious diseases
(caused by bacteria, fungi or yeast, viruses (including AIDS, HIV, HTLV,
herpes, hepatitis and the like) or parasites), in genetic or biochemical
pathologies (e.g., cystic fibrosis, hemophilia, Alzheimer’s disease, muscular
dystrophy or multiple sclerosis) or in cancerous processes. Transformed or
established animal cell lines may include, for example, COS cells, CHO cells,
VERO cells, BHK cells, HeLa cells, HepG2 cells, K562 cells, 293 cells, 1.929
cells, F9 cells, and the like. Other cells, cell lines, tissues, organs and
organisms suitable as sources of nucleic acids for use in the present invention
will be apparent to one of ordinary skill in the art.

Once the starting cells, tissues, organs or other samples are obtained,
nucleic acid molecules (such as mRNA) may be isolated therefrom by
methods that are well-known in the art (See, e.g., Maniatis, T., et al., Cell
15:687-701 (1978); Okayama, H., and Berg, P., Mol Cell. Biol. 2:161-170
(1982); Gubler, U., and Hoffman, B.J., Gene 25:263-269 (1983); and Message
Maker™ mRNA Isolation System available from Life Technologies, Inc.).
The nucleic acid molecules thus isolated may then be used to prepare cDNA
molecules and cDNA libraries in accordance with the present invention. The
cDNA molecules and/or ¢cDNA libraries produced in accordance with the
invention are preferably contained in one or more vectors. Such vectors may
be introduced into one or more host cells by standard transformation or
transfection techniques well known in the art. Preferred host cells include
prokaryotic host cells such as cells of the genus Escherichia, particularly E.
coli.

Enzymes for use in the compositions, methods and kits of the invention
include any enzyme having reverse transcriptase activity. Such enzymes
include, but are not limited to, retroviral reverse transcriptase, retrotransposon
reverse transcriptase, hepatitis B reverse transcriptase, cauliflower mosaic
virus reverse transcriptase, bacterial reverse transcriptase, 7th DNA

polymerase, Tag DNA polymerase (Saiki, R.K., er al., Science 239:487-491
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(1988); U.S. Patent Nos. 4,889,818 and 4,965,188), Tne DNA polymerase
(WO 96/10640), Tma DNA polymerase (U.S. Patent No. 5,374,553) and
mutants, fragments, variants or derivatives thereof (see, e.g., commonly
owned, co-pending U.S. Patent Application Nos. 08/706,702 and 08/706,706,
both filed September 9, 1996, which are incorporated by reference herein in
their entireties). As will be understood by one of ordinary skill in the art,
modified reverse transcriptases and DNA polymerase having RT activity may
be obtained by recombinant or genetic engineering techniques that are well-
known in the art. Mutant reverse transcriptases or polymerases can, for
example, be obtained by mutating the gene or genes encoding the reverse
transcriptase or polymerase of interest by site-directed or random mutagenesis.
Such mutations may include point mutations, deletion mutations and
insertional mutations.  Preferably, one or more point mutations (e.g.,
substitution of one or more amino acids with one or more different amino
acids) are used to construct mutant reverse transcriptases or polymerases for
use in the invention. Fragments of reverse transcriptases or polymerases may
also be obtained by deletion mutation by recombinant techniques that are well-
known in the art, or by enzymatic digestion of the reverse transcriptase(s) or
polymerase(s) of interest using any of a number of well-known proteolytic
enzymes.

Preferred enzymes for use in the invention include those that are
reduced or substantially reduced in RNase H activity. Such enzymes that are
reduced or substantially reduced in RNase H activity may be obtained by
mutating the RNase H domain within the reverse transcriptase of interest,
preferably by one or more point mutations, one or more deletion mutations,
and/or one or more insertion mutations as described above. By an enzyme
“substantially reduced in RNase H activity” is meant that the enzyme has less
than about 30%, less than about 25%, less than about 20%, more preferably
less than about 15%, less than about 10%, less than about 7.5%, or less than

about 5%, and most preferably less than about 5% or less than about 2%, of
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the RNase H activity of the corresponding wildtype or RNase H" enzyme such
as wildtype Moloney Murine Leukemia Virus (M-MLV), Avian
Myeloblastosis Virus (AMV) or Rous Sarcoma Virus (RSV) reverse
transcriptases. The RNase H activity of any enzyme may be determined by a
variety of assays, such as those described, for example, in U.S. Patent No.
5,244,797, in Kotewicz, M.L., et al., Nucl. Acids Res. 16:265 (1988), in
Gerard, G.F., et al, FOCUS 14(5):91 (1992), and in U.S. Patent No.
5,668,005, the disclosures of all of which are fully incorporated herein by
reference.

Polypeptides having reverse transcriptase activity for use in the
invention may be obtained commercially, for example from Life
Technologies, Inc. (Rockville, Maryland), Pharmacia (Piscataway, New
Jersey), Sigma (Saint Louis, Missouri) or Boehringer Mannheim Biochemicals
(Indianapolis, Indiana). Alternatively, polypeptides having reverse
transcriptase activity may be isolated from their natural viral or bacterial
sources according to standard procedures for isolating and purifying natural
proteins that are well-known to one of ordinary skill in the art (see, e.g., Houts,
G.E., er al., J. Virol. 29:517 (1979)). In addition, the polypeptides having
reverse transcriptase activity may be prepared by recombinant DNA
techniques that are familiar to one of ordinary skill in the art (see, e.g.,
Kotewicz, M.L., et al., Nucl. Acids Res. 16265 (1988); Soltis, D.A., and
Skalka, A.M., Proc. Natl. Acad. Sci. USA 85:3372-3376 (1988)).

Preferred polypeptides having reverse transcriptase activity for use in
the invention include M-MLV reverse transcriptase, RSV reverse
transcriptase, AMV reverse transcriptase, Rous Associated Virus (RAV)
reverse transcriptase, Myeloblastosis Associated Virus (MAYV) reverse
transcriptase and Human Immunodeficiency Virus (HIV) reverse transcriptase,
and others described in WO 98/47921 and derivatives, variants, fragments or
mutants thereof, and combinations thercof. In a further preferred embodiment,

the reverse transcriptases are reduced or substantially reduced in RNase H
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activity, and are most preferably selected from the group consisting of M-
MLV H reverse transcriptase, RSV H- reverse transcriptase, AMV H' reverse
transcriptase, RAV H' reverse transcriptase, MAV H' reverse transcriptase and
HIV H reverse transcriptase, and derivatives, variants, fragments or mutants
thereof, and combinations thereof. Reverse transcriptases of particular interest
include AMV RT and M-MLV RT, and more preferably AMV RT and M-
MLV RT having reduced or substantially reduced RNase H activity
(preferably AMV RT oH/BH' and M-MLV RT H). The most preferred
reverse transcriptases for use in the invention include SuperScript™,
SuperScript™ II, ThermoScript™ and ThermoScript™ II available from Life
Technologies, Inc. See generally, WO 98/47921, U.S. Patents 5,244,797 and
5,668,005, the entire contents of each of which are herein incorporated by
reference.

A variety of DNA polymerases are useful in accordance with the
present invention. Such polymerases include, but are not limited to, Thermus
thermophilus (Tth) DNA polymerase, Thermus aquaticus (Tag) DNA
polymerase, Thermotoga neapolitana (Tne) DNA polymerase, Thermotoga
maritima (Tma) DNA polymerase, Thermococcus litoralis (Tli or VENT™)
DNA polymerase, Pyrococcus furiosis (Pfu) DNA polymerase, DEEPVENT™
DNA polymerase, Pyrococcus woosii (Pwo) DNA polymerase, Bacillus
sterothermophilus (Bst) DNA polymerase, Bacillus caldophilus (Bca) DNA
polymerase,  Sulfolobus  acidocaldarius (Sac) DNA  polymerase,
Thermoplasma acidophilum (Tac) DNA polymerase, Thermus flavus (Tfl/Tub)
DNA polymerase, Thermus ruber (Tru) DNA polymerase, Thermus
brockianus (DYNAZYME™) DNA polymerase, Methanobacterium
thermoautotrophicum (Mth) DNA polymerase, Mycobacterium spp. DNA
polymerase (Mtb, Miep), and mutants, variants and derivatives thereof.

DNA polymerases used in accordance with the invention may be any
enzyme that can synthesize a DNA molecule from a nucleic acid template,

typically in the 5° to 3’ direction. Such polymerases may be mesophilic or
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thermophilic. Mesophilic polymerases include T4 DNA polymerase, TS DNA
polymerase, T7 DNA polymerase, Klenow fragment DNA polymerase, DNA
polymerase III, DNA polymerase I and the like. Thermostable DNA
polymerases include Taq, Tne, Tma, Pfu, VENT™, DEEPVENT™, 7tk and
mutants, variants and derivatives thereof (U.S. Patent No. 5,436,149; U.S.
Patent No. 5,512,462; WO 92/06188; WO 92/06200; WO 96/10640; Barnes,
W.M., Gene 112:29-35 (1992); Lawyer, F.C., ef al., PCR Meth. Appl. 2:275-
287 (1993); Flaman, J.-M., et al., Nucl. Acids Res. 22(15):3259-3260 (1994)).

DNA polymerases for use in the invention may be obtained
commercially, for example from Life Technologies, Inc. (Rockville,
Maryland), Perkin-Elmer (Branchburg, New Jersey), New England BioLabs
(Beverly, Massachusetts) or Boehringer Mannheim Biochemicals
(Indianapolis, Indiana).

The present invention is also directed to nucleic acid molecules
produced by the methods of the invention, which may be cDNA molecules,
especially full-length cDNA molecules, to vectors (particularly expression
vectors) comprising these nucleic acid molecules and cDNA molecules and to
host cells comprising these nucleic acid molecules, cDNA molecules, and/or
vectors.

Recombinant vectors may be produced according to this aspect of the
invention by inserting, using methods that are well-known in the art, one or
more of the cDNA molecules or nucleic acid molecules prepared according to
the present methods into one or more vectors. The vector used in this aspect
of the invention may be, for example, a phage or a plasmid vector, and is
preferably a plasmid. Preferred are vectors comprising cis-acting control
regions to the nucleic acid encoding the polypeptide of interest. Appropriate
trans-acting factors may be supplied by the host, supplied by a complementing
vector or supplied by the vector itself upon introduction into the host.

Expression vectors useful in the present invention include

chromosomal-, episomal- and virus-derived vectors, e.g., vectors derived from
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bacterial plasmids or bacteriophages, and vectors derived from combinations
thereof, such as cosmids and phagemids, and will preferably include at least
one selectable marker such as a tetracycline or ampicillin resistance gene for
culturing in a bactcrial host cell. Prior to insertion into such an expression
vector, the cDNA or nucleic acid molecules of the invention should be
operatively linked to an appropriate promoter.

Among vectors preferred for use in the present invention include
pQE70, pQE60 and pQE-9, available from Qiagen; pBS vectors, Phagescript
vectors, Bluescript vectors, pNH8A, pNH16a, pNH18A, pNH46A, available
from Stratagene; pcDNA3 available from Invitrogen; pGEX, pTrxfus,
pTrc99a, pET-5, pET-9, pKK223-3, pKK233-3, pDR540, pRIT5 available
from Pharmacia; and pSPORT1, pSPORT2, pSV-SPORT1, pCMVSPORT6
and pCMVSPORT available from Life Technologies, Inc. Other suitable
vectors will be readily apparent to the skilled artisan.

The invention may be used in conjunction with any methods of cDNA
synthesis that are well-known in the art (see, e.g., Gubler, U., and Hoffman,
B.J., Gene 25:263-269 (1983); Krug, M.S., and Berger, S.L., Meth. Enzymol.
152:316-325 (1987); Sambrook, J., et al., Molecular Cloning: A Laboratory
Manual, .2“" ed., Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press, pp. 8.60-8.63 (1989); PCT US98/19948; and WO 98/51699) to produce
cDNA molecules or libraries. Other methods of cDNA synthesis which may
advantageously use the present invention will be readily apparent to one of
ordinary skill in the art.

Having obtained cDNA molecules or libraries according to the present
methods, these cDNAs may be isolated for further analysis or manipulation.
Detailed methodologies for purification of c¢DNAs are taught in the
GENETRAPPER™ manual (Life Technologies), which is incorporated herein
by reference in its entirety, although alternative standard techniques that are
known in the art (see, e.g., Sambrook, J., et al., Molecular Cloning: A
Laboratory Manual, 2™ ed., Cold Spring Harbor, NY: Cold Spring Harbor
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Laboratory Press, pp. 8.60-8.63 (1989)) may also be used. The cDNA
molecules or libraries produced by the invention may also be further
manipulated by standard molecular biology techniques such as two hybrid
analysis, ¢cDNA normalization, sequencing and amplification. More
particularly, the methods of the invention and the cDNA molecules or libraries
produced by such methods may be used in combination with RT-PCR and 5’
RACE technology (Life Technologies, Inc.) and differential display.

A variety of inhibitors and binding molecules are suitable for use in the
present methods. Included among these inhibitors or binding molecules are
antibodies that bind to the above-described polypeptides having reverse
transcriptase activity (such as anti-RT antibodies including anti-AMV RT
antibodies, anti-M-MLV RT antibodies or anti-RSV RT antibodies) or to cap
structure (e.g., anti-cap antibodies), and fragments thereof (such as Fab or
F(ab’), fragments). Such antibodies may be polyclonal or monoclonal, and
may be prepared in a variety of species according to methods that are well-
known in the art. See, for instance, Sutcliffe, J.G., et al., Science
219:660-666 (1983); Wilson et al., Cell 37: 767 (1984); and Bittle, F.J., ef al,,
J. Gen. Virol. 66:2347-2354 (1985). Antibodies specific for any of the above-
described reverse transcriptases or cap structures can be raised against the
intact polymerase polypeptide or cap structures or one or more fragments
thereof. These polypeptides or cap structures or fragments thereof may be
presented together with a carrier protein (e.g., albumin) to an animal system
(such as rabbit or mouse) or, if they are long enough (at least about 25 amino
acids), without a carrier.

As used herein, the term “antibody” (Ab) may be used interchangeably
with the terms “polyclonal antibody™ or “monoclonal antibody” (mAb), except
in specific contexts as described below. These terms, as used herein, are
meant to include intact molecules as well as antibody fragments (such as, for

example, Fab and F(ab?*), fragments) which are capable of specifically binding
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to a polypeptide having reverse transcriptase activity (such as a DNA
polymerase or a reverse transcriptase) or cap structures or portions thereof,

The antibodies used in the methods of the present invention may be
polyclonal or monoclonal, and may be prepared by any of a variety of methods
(see, e.g., U.S. Patent No. 5,587,287). For example, polyclonal antibodies
may be made by immunizing an animal with one or more polypeptides having
reverse transcriptase activity or cap structures or portions thereof according to
standard techniques (see, e.g., Harlow, E., and Lane, D., Antibodies: A
Laboratory Manual, Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press (1988); Kaufman, P.B., et al, In: Handbook of Molecular
and Cellular Methods in Biology and Medicine, Boca Raton, Florida: CRC
Press, pp. 468-469 (1995)). Alternatively, monoclonal antibodies (or
fragments thereof) to be used in the present methods may be prepared using
hybridoma technology that is well-known in the art (Kohler et al., Nature
256:495 (1975); Kéhler et al., Eur. J. Immunol. 6:511 (1976); Kohler et al.,
Eur. J. Immunol. 6:292 (1976); Hammerling et al., In: Monoclonal Antibodies
and T-Cell Hybridomas, New York: Elsevier, pp. 563-681 (1981); Kaufman,
P.B., et al., In: Handbook of Molecular and Cellular Methods in Biology and
Medicine, Boca Raton, Florida: CRC Press, pp. 444-467 (1995)).

It will be appreciated that Fab, F (ab’), and other fragments of the
above-described antibodies may be used in the methods described herein.
Such fragments are typically produced by proteolytic cleavage, using enzymes
such as papain (to produce Fab fragments) or pepsin (to produce F(ab’),
fragments). Antibody fragments may also be produced through the application
of recombinant DNA technology or through synthetic chemistry.

The invention also provides kits for use in accordance with the
invention. Such kits comprise a carrier means, such as a box or carton, having
in close confinement therein one or more container means, such as vials, tubes,
bottles and the like, wherein the kit may comprise (in the same or separate

containers) one or more host cells, one or more reverse transcriptases, one or
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more reverse transcription inhibitors, one or more cap binding molecules, one
or more DNA polymerases, suitable buffers, one or more nucleotides and/or
one or more primers (e.g., oligo(dT) for reverse transcription). The kits
encompassed by this aspect of the present invention may further comprise
additional reagents and compounds necessary for carrying out standard nucleic
acid reverse transcription protocols.

It will be readily apparent to one of ordinary skill in the relevant art
that other suitable modifications and adaptations to the methods and
applications described herein are obvious and may be made without departing
from the scope of the invention or any embodiment thereof. Having now
described the present invention in detail, the same will be more clearly
understood by reference to the following examples, which are included
herewith for purposes of illustration only and are not intended to be limiting of

the invention.

Examples

Example 1

Comparison of first strand cDNA synthesis with varying ratios of oligo dT)
primer/mRNA

This example compares first strand cDNA synthesis of the MAP4 gene
with various ratios of oligo dT primer/starting mRNA. All components are
available from Life Technologies, Inc., Rockville, Maryland, unless specified
otherwise.

The master mix for Superscript I reverse transcriptase (SS II RT) was

prepared as specified in Table 1 below.
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Table 1
Component ul pl
5X SSII RT buffer 4 28
0.1MDTT 2 14
10 mM dNTP 1 7
a-*P dCTP 0.5 3.5
Water 1.5 10.5
Total volume 9 63

The master mix for ThermoScript™ I1 RT (TS RT) (AMV RT aHBH"
(see WO 98/47921) was prepared as specified in Table 2 below.

Table 2
Component ul pl
10X TS II buffer* 2 38
0.1 M DTT 2 38
10 mM dNTP 2 38
o-*P dCTP 0.5 9.5
Rnase OUT (40 uw/pl) 1 19
Water 1.5 28.5
Total volume 9 171
5 *10X TS II buffer comprises 50 mM Tris-HC] (pH 8.4), 750 mM KCI, and 75
mM MgCl,.

The master annealing mix was prepared by adding a 5 Kb MAP4

mRNA, oligo(dT),s ;, and water to 5 tubes in the amounts specified in Table 3
10 below.

Table 3
Ratio of oligo (dT)/mRNA I:1 [ 251 | 51 [ 10:1 | 50:1
Component Volume (ul)
MAP4 mRNA (1 ug/ul) 5 5 5 5 5
Oligo(dT),s0 (10 ng/pl) 2.6 6.5 13.1 B -
Oligo(dT),s 5, (100 ng/p:1) - - - 2.6 13.1
Water 42.4 38.5 31.9 42.4 31.9
Total volume 50 50 50 50 50
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The mixture was heated at 70°C for 10 minutes and then chilled on ice
for 5 minutes.

Synthesis of first strand ¢cDNA was done by adding 9 pl of the
appropriate reverse transcriptase master mix, 10 pl of the master annealing
mix and 1 pl of either SS II RT (200 units/ul) or TS II RT (15 units/ul) for a

total volume of 20 pl as summarized in Table 4 below.

Table 4
Tube Reverse Temperature Ratio of oligo (dT),s.s,/
Transcriptase mRNA
1 1
2 2.5
3 SS 11 45°C 5
4 10
5 50
1 1
2 2.5
3 45°C 5
4 10
5 50
6 TSIIRT 1
7 2.5
8 50°C 5
9 10
10 50
11 i
12 2.5
13 55°C 5
14 10
15 50

The reactions were incubated for 1 hour at 45°C for SS II RT and at 45,
50 or 55°C for TS II RT. The tubes were placed on ice to complete the
reaction. 18 pl first stand cDNA of the reaction tube was precipitated and re-
suspended in 10 pl of water. 5 ul of the first strand cDNA was mixed with 5
ul of standard loading buffer (60 mM NaOH, 4 mM EDTA, 0.1%
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bromophenol blue), and loaded onto 1.4% alkaline agarose gel for analysis.
These results are shown in Figures 1 and 2.

Figure 1 is an autoradiograph of first strand cDNA synthesized with SS
II RT at 45°C. Lane M is the 1 kb DNA ladder. Lanes 1-5 represents reaction
conditions with a molar ratio of oligo(dT),; ,ymRNA of 1:1, 2.5:1, 5:1, 10:1
and 50:1, respectively. Figure 2 is an autoradiograph of first strand cDNA
synthesized with TS II RT. Lane M is the 1 kb DNA ladder. Lanes 1-5
represent reaction conditions at 45°C with a molar ratio of oligo(dT),s.
s/mRNA of 1:1, 2.5:1, 5:1, 10:1 and 50:1, respectively. Lanes 6-10 represent
reaction conditions at 50°C with a molar ratio of oligo (dT),s;/mRNA of 1:1,
2.5:1, 5:1, 10:1 and 50:1, respectively. Lanes 11-15 represent reaction
conditions at 55°C with a molar ratio of oligo (dT),s;/mRNA of 1:1, 2.5:1,
5:1, 10:1 and 50:1, respectively. The results show that by reducing the molar
ratio of oligo(dT) primer/mRNA (preferably to 1:1) internal priming with

reverse transcriptase was almost entirely eliminated.

Example 2

Comparison of first strand ¢cDNA synthesis under standard and hot start
conditions

This experiment was designed to compare first strand cDNA synthesis
of the MAP4 gene with standard reaction and hot start conditions.

The annealing mix was prepared by mixing 1 pg of MAP4 mRNA and
biotinylated Nor 1 oligo(dT),; primer ((Biotin), GACTAGTTCTAGAT
CGCGAGCGG CCGCCCTTITT TTTTTT I'TTTTT TTTTTTTT; see WO
98/51699) in the desired molar ratio of oligo (dT)/mRNA of 0:1, 1:1 or 15:1 in

thin-walled PCR tubes and bringing the volume up to 10 pl with water. If
several tubes are identical, they may be made in one batch and aliquotted
accordingly. The annealing mix was kept on ice.

The master mix for Superscript I reverse transcriptase (SS II RT) was

prepared as specified in Table 5 below.
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Table 5
Component pl ul
5X SSII RT buffer 4 28
0.1 MDTT 2 14
10 mM dNTP 1 7
a-**P dCTP 0.5 3.5
SSIT RT (200 u/ul) 1 7
Water 1.5 10.5
Total volume 10 70

The SS II RT master mix was then divided into two equal aliquots, one
for processing with standard reaction temperatures (batch 1) and one for
processing with hot start reaction temperatures (batch 2). To allow for
condensation, an additional 10% volume of water was added to batch 2. All
mixes were kept on ice.

Synthesis of first strand cDNA was begun by briefly spinning tubes
containing annealing mix to collect droplets, placing the tubes in a
thermocycler and then heating them to 70°C for 10 minutes. After this 10
minute cycle at 70°C, the tubes of annealing mix for batch 1 were immediately
removed to ice. The tubes of annealing mix for batch 2 were allowed to cool
to 45°C in the thermocycler while the batch 2 master mix was placed in the
thermocycler and incubated at 45°C for 5 minutes. After the 5 minute
incubation, 11 pl of the master mix for batch 2 was added to each batch 2
annealing tube and mixed with a pipette 2 times. Care was taken not to spin
the tubes to avoid lowering the temperature.

10 pl of the master mix for batch 1 was added to each batch 1
annealing tube. The batch 1 tubes were lightly vortexed and briefly
centrifuged to collect condensation droplets. The batch 1 tubes were then
returned to the thermocylcer and the tubes from both batch 1 and 2 were
incubated at 45°C for one hour.

5 pl of the first strand cDNA from each tube was mixed with 5 pl of
standard loading buffer (60 mM NaOH, 4 mM EDTA, 0.1% bromophenol
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blue) and loaded onto 1.4% alkaline agarose gel for analysis. The results are
shown in Figure 3.

Figure 3 is an autoradiograph of first strand cDNA synthesized with SS
II RT. Lanes 1, 3 and 5 represents batch 1 reaction conditions with a molar
ratio of biotinylated oligo(dT)/mRNA of 0:1, 1:1 and 15:1, respectively.
Lanes 2, 4 and 6 represents batch 2 reaction conditions with a molar ratio of
biotinylated oligo(dT)/mRNA of 0:1, 1:1 and 15:1, respectively.

First strand cDNA was also synthesized with TS II RT using 15 units
of TS II RT per pg mRNA using a biotinylated oligo(dT)/mRNA ratio of 1:1
and 15:1. The same protocol described above was followed, except that the
temperature was varied to 50°C. The results are shown in Figure 4. Figure 4
is an autoradiograph of first strand cDNA synthesized with TS II RT. Lane M
is the 1 kb DNA ladder. Lanes 1 and 3 represent reactions conditions using
standard reaction temperatures at a 1:1 ratio and 15:1 ratio, respectively.
Lanes 2 and 4 represent hot start reactions conditions at a 1:1 ratio and 15:1
ratio, respectively, as described above.

The results indicated that by dropping the reaction temperature to the
reverse transcriptase reaction temperature after denaturation of the primer and
mRNA mixture, the reaction was started directly and internal priming was

avoided entirely.

Example 3

Synthesis of double strand cDNA by controlling the reaction temperature
and the concentration of salt and RNase

This example describes the synthesis of double stranded cDNA by
controlling the reaction temperature and the concentration of salt and different
ribonuclease (RNases) during the treatment of the cDNA/mRNA hybrids after
first strand cDNA synthesis.

First strand cDNA was synthesized as described above in Example 2

and digested with either RNase I or RNase A as further described below.
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RNase I digestion of first strand cDNA was done by re-suspending the
first strand cDNA in 180 pl of water and 20 pl of 10X RNase I buffer (100
mM Tris-HC] (pH 7.5), 50 mM EDTA, 2 M sodium acetate). 2.5 units of
RNase I (1 unit/ug mRNA) were added and the mixture was mixed well. The
RNase I digestion mixture was incubated at 25°C for 30 minutes and extracted
with phenol/chloroform once. The supernatant was precipitated with 1 ul of
glycogen, 100 pl of ammonium acetate and 800 pl of ethanol.

RNase A digestion of first strand cDNA was done by re-suspending the
first strand cDNA in 200 pl of digestion buffer (10 mM Tris-HCl (pH 7.5),
250 mM NaCl). 12.5 ng of RNase A (5 ng/ug mRNA) were added and the
mixture was mixed well. The RNase A digestion mixture was incubated at
25°C for 30 minutes and extracted with phenol/chloroform once. The
supernatant was precipitated with 1 pl of glycogen, 100 ul of ammonium

acetate and 800 pl of ethanol.

Example 4
Enrichment of the full-length cDNA clones with cap-binding proteins

This example describes enrichment of full-length ¢cDNA clones with
the cap-binding protein eIF4E.

cDNA was prepared by precipitating the RNase I treated first strand
¢DNA described in Example 3 above and washing with 70% ethanol. The
resulting pellet was dried at room temperature for 5 minutes, and re-suspended
in 210 pl of 10 mM KPO,, 100 mM KCI, 2 mM EDTA, 6 mM DTT and 5%
glycerol. The cDNA was stored on ice.

eIF4E glutathione sepharose 4B beads were prepared by first mixing
glutathione sepharose 4B beads (Pharmacia, Sweden) well. To prepare eIF4E
beads, a recombinant host cell expressing GST tagged elF4E protein (the
eIF4E gene was cloned into a GST fusion vector to create a N-terminal GST-

elF4E fusion gene) was grown and the fusion protein was purified by standard

IDT Exhibit 1020.8153

PCT/US00/05138



10

15

20

25

30

WO 00/52191

—35-—

techniques. Thus, the invention also relates to recombinant host cells
expressing eIF4E protein (particuarly as fusion proteins), to vectors
comprising the genes expressing such proteins or fusion proteins and to the
recombinant proteins or fusion proteins produced. In the present invention any
tag can be used (e.g., His Tag, GST tag, HA tag, Trx tag, etc.). Such tags may
be positioned at the carboxy and/or N-terminal region of the eIF4E gene.

The GST-eIF4E fusion protein was complexed with sepharose 4B
beads by glutathione coupling using gluthionine sepharose 4B beads
(Pharmacia Biotech) following the manufacturers protocols. 200 pl of the
beads were transferred to a 1.5 ml microcentrifuge tube, centrifuged for 1
second, and 75 pl of supernatant was removed. The beads were washed twice
with 1 ml of reaction buffer (10 mM KPO,, 100 mM KCl, 2 mM EDTA, 6mM
DTT and 5% glycerol), and re-suspended in 258 pl of reaction buffer,
followed by the addition of 42 pl (18 pmoles/ul) of eIF4E protein (600
pmoles/100ul beads). The mixture was mixed on a head to head roller at 4°C
for 30 minutes. The mixture was then centrifuged for 1 second, and the
supernatant was removed. The beads were washed twice with 1 ml of reaction
buffer and once with 1 ml of 25 pg/ml yeast tRNA in reaction buffer. 20 pl of
reaction buffer and 5 g of yeast tRNA were then added to the beads. 200 pl
of RNase I treated cDNA was added to the beads, and the content was mixed
on a roller at room temperature for 1 hour. After 1 hour, the mixture was
centrifuged for 1 second, and the supernatant was removed. The beads were
washed twice with 1 ml of reaction buffer and once with 1 ml of 500 uM GDP
in reaction buffer. The cDNA was eluted twice with 250 ul of 500 uM GDP
in reaction buffer. The eluted solutions were pooled and centrifuged for 1
minute to remove the beads. The eluted cDNA was extracted twice with an
equal volume of phenol/chloroform. The cDNA was divided into two tubes
and precipitated with 1 pl of glycogen, 0.5 volume of 7.5 M ammonium

acetate and 2.5 volume of ethanol.

IDT Exhibit 1020.8154

PCT/US00/05138



10

15

20

WO 00/52191

~36-

Example 5
Evaluation of the cDNA library

To evaluate the quality of the cDNA libraries constructed with the
above-described full-length methods, the MAP4 gene (5-6 kb) and other genes
was selected as the target genes. MAP4 and other cDNA clones were isolated
from libraries constructed by standard methods well-known in the art (see
SuperScript™ Plasmid Manual, Life Technologies, Inc.) and the above-
described full-length methods with 3’ and 5° GeneTrapper ¢cDNA Positive
Selection System (Life Technologies, Inc., Rockville, Maryland). The
positive clones were size analyzed by PCR. Tables 6 and 7 below summarizes
the results of the enrichment of full-length cDNA clones in human fibroblast
c¢DNA libraries constructed with methods well-known in the art (control) and

the full-length methods described above (full-length method).

Table 6
% full-length with % full-length with
Gene 5’ GeneTrapper 3’ GeneTrapper
control” | full-length method control’ full-length method
MAP4 (5-6 kb) 12.3 90.3 6.25 375

The control library was constructed with SS II RT using known methods.

Table 7
Gene name Full-length of % Full-length by 5°
gene (Kb) GeneTrapper
MAP4 (Microtubule-associated 5/6 90.3
protein 4)

B-Adaptin’ 3.8/5.7 90.0
TR (Transferrin receptor) 5.0 45.0
PTK (Protein tyrosine Kinase) 3.0 84.4
RPA (DNA Replication protein A) 1.4 98.0

* There are two members of the genes, 3.8 kb and 5.7 kb in the family.
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These results show that the full-length methods described above
yielded >90% full-length cDNA clones with the 5° GeneTrapper system,
compared to <13% using standard methods. Furthermore, the above-described
full-length methods yielded >37% full-length clones with the 3’ GeneTrapper

system, as compared to <7% using standard methods.

Example 6
First strand cDNA synthesis, RNase I digestion and elIF-4E capture

All conditions and parameters described above in Examples 2, 3
(RNase I) and 4 were followed, except for the following: 4 reactions of 10 173
of human fibroblast cytoplasmic mRNA were used per reaction (see WO
98/45311); the biotinylated primer-adapter (Biotin),-
GACTAGTTCTAGATCGCGAGCGGCCGCCC(T),; was used at a 1:1
primer/mRNA molar ratio; TS II RT was used at 50°C; and SS ITI RT was used
at 45°C. Table 8 below summarizes the first strand cDNA and eIlF-4E capture

results.

Example 7
Second strand cDNA synthesis

Second strand cDNA was synthesized by first dissolving each of the
four reaction pellets obtained in Example 6 above in 104 pl of DEPC-treated
water and then adding the following reagents to each reaction:

4 ul of 5X First Strand Buffer*

30 ul of 5X Second Strand Buffer*

2ulof 0.1 MDTT

4 pl of 10 mM dNTPs

I pul of E. coli DNA ligase (10 units/pl)

1 pl of E. coli RNAse H (2 units/ul)
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4 pl of E. coli DNA polymerase (10 units/ul)
see SuperScript Plasmid System manual (Life Technologies, Inc., Rockville,
Maryland)

These reactions mixtures were then incubated for 2 hours at 16°C. 2 ul
of T4 DNA polymerase (5 units/pl) was added and incubation at 16°C was

continued for 5 more minutes.

Example 8

Streptavidin Bead Preparation

During the last 30 minutes of the 2 hour second strand reaction
described in Example 7 above, streptavidin paramagnetic beads were prepared
as follows.

Streptavidin paramagnetic beads (Seradyn) were gently mixed by
pipetting until the beads were completely re-suspended. 150 ul of the mixed
beads were transferred to the bottom of a microcentrifuge tube for each
reaction. The tubes were inserted into a Magna-Sep Magnetic Particle

Separator (Life Technologies, Inc., Rockville, Maryland) (the magnet)
and let sit for 2 minutes. While the tubes were in the magnet, the supernatant
was removed by pipetting and 100 pl of TE buffer (10 mM Tris-HCI (pH 7.5),
1 mM EDTA) was immediately added to the beads.

The tubes were then removed from the magnet and the beads were
gently re-suspended by finger tapping or vortexing at the lowest setting. The
tubes were re-inserted into the magnet. After 2 minutes, the supernatant was
removed, the beads were re-suspended in 160 ul of binding buffer (10 mM
Tris-HCI (pH 7.5), 1 mM EDTA, 1 M NaCl) and the tubes were placed into a

microcentrifuge tube rack.
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Example 9
Capture of the double-stranded cDNA library

After incubating the second strand reaction with T4 DNA polymerase
as described in Example 7 above, the reaction mixtures were placed on ice and
10 pl of 0.5 M EDTA was added. Then the cDNA library was captured
according to the following procedure (see generally WO 98/51699).

The paramagnetic beads prepared according to Example 8 were
transferred to the second strand reaction mixture tubes and gently mixed by
pipetting and the suspension was incubated for 60 minutes at room
temperature. The tubes were then inserted into the magnet. After 2 minutes,
the supernatant was removed and discarded.

100 pl of wash buffer (10 mM Tris-HCI (pH 7.5), 1 mM EDTA, 500
mM NaCl) was added to the beads, the beads were re-suspended by finger
tapping or gently vortexing at the lowest setting and the tubes were re-inserted
into the magnet for 2 minutes. The supernatant was removed and discarded.
This washing step was repeated one more time and then 100 pl of wash buffer
was added to the beads. The tubes were then again inserted into the magnet

for 5 minutes.
Example 10
Not I Digestion

After the 5 minute incubation described in the last step of Example 9,
the supernatant was removed and discarded from the paramagnetic beads and
41 pl of autoclaved, distilled water, 5 pul of REact 3 buffer, 4 pul of Not I was
added and the beads were mixed well by pipetting. The reaction was then
incubated for 2 hours at 37°C. The tubes were then inserted into the magnet
for 2 minutes and the supernatant containing the cDNA library was transferred

to fresh tubes.
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50 pl of phenol:chloroform:isoamyl alcohol (25:24:1) was added to the
supernatant, the solution was vortexed thoroughly, and then centrifuged at
room temperature for 5 minutes at 14,000 x g. 45 pl of the upper, aqueous
layer was carefully removed and transferred to fresh microcentrifuge tubes. 23

5 pl of 7.5 M ammonium acetate, 1 pl of glycogen (20 pug) and 172 pl of ethanol
(-20°C) was added. The solution was mixed well and stored on dry ice (or -
70°C freezer) for 15 min.

The ethanol solution was then centrifuged at 4°C for 30 minutes at
14,000 x g. The supernatant was carefully removed from the small pellets.

10 100 pl of 70% ethanol was added and the tubes were centrifuged at room
temperature for 2 minutes at 14,000 x g. The ethanol was removed and the
pellets were dried in a speed-vac for 2 minutes or until dry. The pellets were
then dissolved in 20 pl of TE buffer (10 mM Tris-HCI (pH 7.5), 0.1 mM
EDTA). The final yield of cDNA was determined by the Cerenkov counts

15 (see Table 8 below).

Table 8
Reverse standard (S) or % Incorporation (ng Amount of cDNA after
Transcriptase varied (V) of cDNA) elF-4E capture
temperature
TS IIRT S 27% (2,720 ng) 512 ng
TSHRT V (hot start) 26% (2,640 ng) 473 ng
SSIIRT S 46% (4,560 ng) 306 ng
SSIIRT V (hot start) 47% (4,730 ng) 363 ng
Example 11

Ligation of cDNA to the vector and introduction into E. coli
20
From 10 to 30 ng of the un-fractionated or size fractionated (=1.5 kb by
low melting gel electrophoresis) cDNA was ligated into a vector
pCMVSPORT 6 (Life Technologies, Inc.). This ligation was introduced into

E. coli by electroporation as described in the SuperScript Plasmid System
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manual (Life Technologies, Inc., Rockville, Maryland), except that the cloning
vector was pre-digested with Nof I and Eco RV.

Sequence analysis of randomly selected clones from the cDNA library
constructed (304 clones) were analyzed by 5° and 3’ sequencing to determine
the total percentage of full-length random clones in the ¢cDNA library.
Sequences were compared for homology with GeneBank sequences. The
results are summarized in Table 9 below. Based on the results, approximately
68% of the random clones were full-length (including known full-length
clones and unknown full-length clones). Thus, approximately 17% unknown
full-length clones were obtained from the human fibroblast cytoplasmic

mRNA library.

Table 9

Number of Clones Percentage
Total Sequences 304 73.3%
Sequences with Homology 223 51%
Full-Length Clones 114 17%
Potentially Full-Length 39 17%
Partial Clones 70 31%

Example 12

RNAse Assay

First strand cDNA was treated with RNase A at 1000 ng/ug mRNA in
TE buffer (10 mM Tris-HCI (pH 7.5), 1 mM EDTA) and RNase I 25 to 40
u/pg mRNA in TEN (10 mM Tris-HCI (pH 7.5), 5 mM EDTA (pH 8.0), 200
mM Sodium Acetate) at 37°C essentially as described in Example 3.
However, this treatment with large amounts of RNase at elevated temperatures
resulted in libraries containing very small average cDNA insert size (about
200 bp). Therefore, a second strand cDNA assay was developed to determine

the optimal amount of RNase needed.
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First strand cDNA (radioactively labeled and non-radioactively
labeled) was synthesized using HeLa mRNA at 500 ng of RNA/reaction. The
first strand cDNA was precipitated with ethanol and dissolved in DEPC-
treated water. The cold first strand cDNA was added to RNase buffer with
different amounts of RNase. After incubation for 30 minutes at 25°C, the
treated cDNA was extracted with phenol:chloroform and precipitated with
ethanol. The treated ¢cDNA was dissolved in DEPC-treated water, a second
strand ¢cDNA reaction was performed with *P-dCTP plus and minus RNase H.
The reaction was extracted with phenol:chloroform and precipitated with
cthanol. Equal amounts of cpm was electrophoresed into a 1.4% alkaline-
agarose gel. The results are shown in Figure 5 and 6.

Figure 5 is an autoradiograph of second strand cDNA synthesized
using different amounts of RNase A. Lane M is the 1 kb DNA ladder. Lane 1
represents untreated first strand cDNA. Lane 2 represents untreated second
strand cDNA. Lanes 3, 5, 7 and 9 represent second strand cDNA synthesized
without RNase H and with RNase A concentrations of 0,1.25ng,2.5 ng and 5
ng, respectively. Lanes 4, 6, 8 and 10 represent second strand cDNA
synthesized with RNase H and with RNase A at concentrations of 0, 1.25 ng,
2.5 ng and 5 ng, respectively.

Figure 6 is an autoradiograph of second strand cDNA synthesized
using different amounts of RNase I. Lane M is the 1 kb DNA ladder. Lane 1
represents untreated first strand cDNA. Lane 2 represents untreated second
strand cDNA. Lanes 3, 5, 7 and 9 represent second strand ¢cDNA synthesized
without RNase H and with RNase I concentrations of 0,0.5u,1.25uand 2.5
u, respectively. Lanes 4, 6, 8 and 10 represent second strand cDNA
synthesized with RNase H and with RNase I at concentrations of 0, 0.5 u, 1.25
u and 2.5 u, respectively.

These gel analysis demonstrated that a concentration of 1.25 ng of
RNAse A (see Figure 5) or 0.5 units of RNAse [ (see Figure 6) may be optimal
to use with 500 ng of starting mRNA.
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Example 13

Preparation of antibodies against cap structure

The antibody to cap was generated using m7guanosnine-KLH as the
antigen. 1200 hybridomas were plated and only 120 colonies were generated.
Of these only 6 colonies were positive for cap. After further analysis, 3 were
determined to have the affinity required. The first screen ELISA consists of
binding m7guanosine-BSA to an ELISA plate, block with BSA, bind
hybridoma supernatants, react with secondary antibody and determine
positives via a colorimetric reaction with BCIP/NPT. The secondary screen
included incubating appropriate dilutions of the hybridoma supernatants with
either 0.1 mM m7GTP, 0.1 mM cap analog M’G¥ppp*G, 0.5 mM
m7guanosine or 0.5 mM GTP. The pretreated supernatant was then used in
the standard ELISA procedure. The GTP did not compete with the
m7guanosine-BSA whereas the m7 versions all competed efficiently.

Having now fully described the present invention in some detail by
way of illustration and example for purposes of clarity of understanding, it will
be obvious to one of ordinary skill in the art that the same can be performed by
modifying or changing the invention within a wide and equivalent range of
conditions, formulations and other parameters without affecting the scope of
the invention or any specific embodiment thereof, and that such modifications
or changes are intended to be encompassed within the scope of the appended
claims.

All publications, patents and patent applications mentioned in this
specification are indicative of the level of skill of those skilled in the art to
which this invention pertains, and are herein incorporated by reference to the
same cxtent as if each individual publication, patent or patent application was

specifically and individually indicated to be incorporated by reference.
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What Is Claimed Is:

1. A method for synthesizing one or more cDNA molecules or
population of cDNA molecules comprising:
mixing at least one mRNA or poly A RNA template or
population of such templates with at least one polypeptide having reverse
transcriptase activity; and
incubating said mixture under conditions sufficient to increase

the amount or percentage of full-length cDNA molecules synthesized.

2. The method of claim 1, wherein said conditions reduce or

substantially reduce internal priming.

3. The method of claim 1, wherein said polypeptide is a reverse
transcriptase selected from the group consisting of M-MLV RT, RSV RT,
AMV RT, RAV RT, MAV RT, and HIV RT, and derivatives, fragments,

mutations and variants thereof.

4, The method of claim 3, wherein said reverse transcriptase is

reduced or substantially reduced in RNase H activity.

5. The method of claim 2, wherein said conditions comprise
annealing or hybridizing one or more primers to said templates at elevated

temperatures.

6. The method of claim 5, wherein said elevated temperature

ranges from about 20°C to about 90°C.

7. The method of claim 2, wherein said conditions comprise

lowering the amount of primer relative to the amount of said template.
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8. The method of claim 7, wherein the ratio of said primer to said

template ranges from about 5:1 to about 1:20.

9. The method of claim 1, wherein said conditions comprise the

use of an inhibitor of the polypeptide having reverse transcriptase activity.

10. The method of claim 9, wherein said inhibitor is an antibody or

antibody fragment.

11. The method of claim 10, wherein said antibody or antibody

fragment is polyclonal or monoclonal.

12. The method of claim 2, wherein said conditions comprise the

use of a primer having a high specificity.

13. © The method of claim 2, wherein said conditions comprise

increasing the length of said primer.

14. The method of claim 13, wherein the length of said primer
which hybridizes to said template ranges from about 20 bases to about 60

bases.

15. The method of claim 1, wherein said method further comprises
incubating at least one of said cDNA molecules under conditions sufficient to
make at least one second nucleic acid molecule complementary to all or a
portion of said at least one cDNA molecule, thereby producing one or more

double stranded cDNA molecules.

IDT Exhibit 1020.8164

PCT/US00/05138



10

15

20

25

30

WO 00/52191

~46-

16. The method of claim 15, wherein said conditions for making
said second nucleic acid molecule increases the amount or percentage of full-

length double stranded cDNA molecules.

17. The method of claim 16, wherein said conditions comprise

optimizing ribonuclease digestion.

18. The method of claim 17, wherein said conditions allow
digestion of single stranded mRNA contained in mRNA/cDNA hybrids
formed after first strand cDNA synthesis.

19. The method of claim 18, wherein said conditions prevent,
inhibit, reduce or substantially reduce digestion of mRNA in the double
stranded mRNA/cDNA hybrid.

20. The method of claim 17, wherein said ribonuclease is selected

from the group consisting of RNase A and RNase I, or combinations thereof.

21. A cDNA molecule or population of cDNA molecules made

according to the method of claim 1.

22. A c¢DNA molecule or population of cDNA molecules made

according to he method of claim 15.

23. A vector comprising the nucleic acid molecule of claim 21.
24. A vector comprising the nucleic acid molecule of claim 22.
25. A host cell comprising the vector of claim 23.
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26. A host cell comprising the vector of claim 24.
27. A host cell comprising the molecule of claim 21.
28. A host cell comprising the molecule of claim 22.
29. A kit for making an increased amount or percentage of full-

length ¢cDNA comprising at least one component selected from the group
consisting of one or more primers, one or more reverse transcription inhibitors,
one or more reverse transcription enzymes, one or more nucleotides, one or
more cap binding molecules, one or more reverse transcription buffers and

instructions for making full-length cDNA.

30. A composition for making an increased amount or percentage

of full-length cDNA.

31. An antibody or fragment thereof which specifically binds to a

polypeptide having reverse transcriptase activity.

32. An antibody or fragment thereof which specifically binds to a
mRNA cap structure.

IDT Exhibit 1020.8166

PCT/US00/05138



WO 00/52191 PCTAIS00/05138

Figure 1

M 12345

1/6

IDT Exhibit 1020.8167



WO 00/52191

Figure 2

M 1234567809101112131415 M

2/6

IDT Exhibit 1020.8168



WO 65/521%1 PCT/US00/05138

Figure 3

1 23 456

3/6

IDT Exhibit 1020.8169



WO 00/521%1 PCT/IS00/05138

Figure 4

4/6

IDT Exhibit 1020.8170



WO 00/5%1%1 PCTAISOB/05138

Figure 5

M 1 2 3 4 5 6 7 8 9 10M

5/6

IDT Exhibit 1020.8171



WO 00/521%1 PCTASH0/45138

Figure 6

M 12345678 910M

6/6

IDT Exhibit 1020.8172



WO 00/52191

<110>

<120>

<130>

<140>
<l1l41>

<150>
<1l51>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

-1-
SEQUENCE LISTING
~ife Technologies, Inc.
cDNA Synthesis Improvements

0942.487PCO1

Us 60/122,395
1998-03-02

1

PatentIn Ver. 2.0

1

54

DNA

Artificial Seguence

Description of Artificial Sequence: primer

1

PCT/US00/05138

gactagttct agatcgcgag cggccgccct’tttffttttt tttttttttt tttt 54

IDT Exhibit 1020.8173



INTERNATIONAL SEARCH REPORT Intemational applicaﬁon No.
PCT/US00/05138

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) :C12P 19/34
US CL :435M1.1
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)

us. : 435/91.1,435/91.4, 435/91.3, 435/91.5

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

biosis caplus japio medline embase

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A SAMBROOK et al. Molecular Cloning, A Laboratory Mannual, | 1-28, 31-32
Second Edition, 1989, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor.
A MORRIS et al. A novel strategy for directional cloning of random | 1-22, 29-30
primed cDNA. In Novations, Novagen, Inc. June 1995, No. 3,
pages 1-8.
A MIERENDOREF et al. A high efficiency cDNA Cloning vector for| 23-24

protein expression, purification and substractive Probe Synthesis. In
Novations, Nova gen, Inc. June 1995, No. 3, pages 1-3.

D Further documents are listed in the continuation of Box C. E] See patent family annex.

. Special categories of citec documents: T later d t published after the i ional filing date or priori
po: 8 P 1 ng pr
e ¢ Lo . date and not in conflict with the application but cited to understand
A" d ent g the g atate of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
ye . : . . .
o earlier document published on or after the mternational filing date X docwfenxt‘?‘t;y:ﬁ):ular re.l;v:nce..Lhecgl:ouni’e‘so:::e:‘u;:;m::;
ed
"L document which may throw doubts on priority claim(s) or which is when the document is teken alone
cited to establish the publication date of another citation or other e . . R .
special reason (as specified) Y document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is

"0 document referring to an oral discl ¢, use, exhibiti ar other combined with one or more other such documents, auch combination
means being obvious to a person skilled in the art

P document published prior to the i ional filing date but later than =g« document member of the same patent family
the priority date claimed

Date of the actual completion of the intemational search Date of mailing of the intemational search report

21 APRIL 2000 25 MAY 2000

Name and mailing address of the ISA/US Authorj offi 4
C issi of Patents and Trad ks >
Bo~ PCT e -

Washington, D.C. 20231 AYAVANTHI SATISH

Facsimile No.  (703) 305-3230 Telephone No. (703) 308-0196
Form PCT/ISA/210 (second sheet) (July 1998)«

IDT Exhibit 1020.8174



Page 1 of 1

Espacenet - Bibliographic data

-
H

GOTN33/53

@ -
2.z
O
I
4 o & . -
7 =¥
7 o i
e — ol e
. prd s
bt <2 . = o
fo ~ 3 e 2 <
i O @D [ ]
] 4 T T T & 0§ P
G o o O NS ©
0 2 O T e “ ey
! s o oy [ 2] o5
o £5 =9 O = N 2 i~
“y x 5 S =@ ® =g
] o I o &) @0 £
O =8 S%s o wi &
bt % - Dy WL 5 o
o Z S 2> wogle R
P s — b et
T < nE m O & 2 ~
4 “;.5 s Qgea [ 5]
P 7 a =22 ¥ = oo o 60
e ht - 2 SISt B
oW SEFary L gy
\ n L2 g8Bdes H 0 Re
e
“ e, =z o, 0O
@ 5 2 B5 . 893 S a8
e oo, ~— Rpao qmmn o~
£y i T 2 o0 O ©
il 4 T = & (O 3 {1
o £ 0L wWwhEL o e agioy N < ]
143 oo <O ¥ 52w o &4
s P O = .
o w ER0 = 3 & o <
2 r Pox ¢ 5 9 165 2 i
G i 2 Lk - — w P~ P %
i b i  OTTIT o = <2 )
YWt e.s\\\ 7 ~ C — S U [ b [éo] :\a\
o o 4, O TO ® 5 ~ < > % ol
#i% ] - Rl et
A Y »w Oww £ & 8 o S =
4% P > o [aY o
ok i Dy /p] Ty o (o) (o] o™ oy
Fés el 7 V AN [} 70y
i b P < SE<C = o e} o s by 4
o IR 4 J Z~=1J £ o w o 4
g Wi a S+ v 7 = = = &
1 75 e me mv\
veren 84, bhd | <
b= 75 L = Q H o
o (” . c Ke] Q o
G gt o .. — (e} m e e
e bt o L ¥ © = 2 3 .L
5% s a\w = c 3] =y c Q A
e L, e o © — © = = = i
Yd [ 4= [} e
gt ot T NNW = .m .m o] = Q uss\u
etes, \ e L2k - [ [/} -
s 2 v d B o S € o +
\\ %47 — fis &L © Q.. N -- %
\ 7 it it zZ o Y oS T~ =20 E)
__TE & 5 E < o <2 o2 T8 %

3/16/2018

true&l. ..

acent
IDT Exhibit 1020.8175

3&adj

0&ND

10711

Details/bibl

1cation

https://worldwide.espacenet.com/publ



2/060318 A2

(19) World Intellectual Property Organization

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

International Bureau

(43) International Publication Date

(10) International Publication Number

8 August 2002 (08.08.2002) PCT WO 02/060318 A2

(51) International Patent Classification’: A61B  (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

(21) International Application Number: PCT/US02/03077 CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL., IN, IS, JP, KE, KG, KP, KR, KZ, 1.C,

(22) International Filing Date: 31 January 2002 (31.01.2002) LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,

(25) Filing Language: English SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(26) Publication Language: English

39

71)

(72)

(75)

79

Priority Data:

09/775,398 31 January 2001 (31.01.2001) US
Applicant (for all designated States except US): THE
OHIO STATE UNIVERSITY RESEARCH FOUN-
DATION [US/US]; 1960 Kenny Road, Columbus, OH

43210-1036 (US).

Inventor; and
Inventor/Applicant (for US only): PLASS, Christoph
[DE/US]; 90 Winthrop Road, Columbus, OH 43214 (US).

Agent: DOCHERTY, Pamela, A.; Calfee, Halter & Gris-
wold LLP, 1400 McDonald Investment Center, 800 Supe-
rior Avenue, Cleveland, OH 44114 (US).

(84

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, 87, TZ, UG, ZM, ZW),
Lurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (Al, BE, CH, CY, DE, DK, ES, Fl, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BT, BJ, CT;, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, 1D, 1TG).

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DETECTION OF METIIYLATED CPG RICII SEQUENCES DIAGNOSTIC FOR MALIGNANT CELLS

(57) Abstract: The present invention provides methods [or determining the methylation status of CpG-containing dinucleotides
on a genome-wide scale using infrequent cleaving, methylation sensitive restriction endonucleasces and two-dimensional gel clec-
trophoretic display of the resulting DNA fragments. Such methods can be used to diagnose cancer, classify tumors and provide

prognoses [or cancer patients. The present invention also provides isolated polynucleotides and oligonucleotides comprising CpG

dinucleotides that arc differentially methylated in malignant cells as compared to normal, non-malignant cells. Such polynucleotides
and oligonucleotides are useful for diagnosis of cancer. The present invention also provides methods for identifying new DNA clones
within a library that contain specilic CpG dinucleotides that are diflerently methylated in cancer cells as compared to normal cells.

IDT Exhibit 1020.8176



10

15

20

25

30

WO 02/060318 PCT/US02/03077

Detection of Methylated CpG Rich Sequences Diagnostic for Malignant Cells
This invention was conducted, at least in part, with government support under
National Institutes of Health Grants No: P30 CA16058 and CA80912 awarded by the

National Cancer Institute. The U.S. government has certain rights in the invention.

Background of the Invention '

Diagnosis of cancer, classification of tumors, and cancer-patient prognosis all depend
on detection of properties inherent to cancer, or malignant cells, that are absent in normal,
nonmalignant cells. Since cancer is largely a genetic disease, resultihg from and associated
with changes in the DNA of cells, one important method of diagnosis is through detection of
related changes within the DNA of cancer cells. Such changes can be of two types. The first
type of change is a genetic change that occurs when the sequence of nucleotide bases within
the DNA is changed. Base changes, deletions and insertions in the DNA are examples of
such genetic changes. The second type of change in the DNA is an epigenetic change.
Epigenetic changes do not result in nucleotide sequence changes, but rather, result in
modification of nucleotide bases. The most common type of epigenetic change is DNA
methylation. ,

In mammalian cells, DNA methylation consists exclusively of addition of a methyl
group to the 5-carbon position of cytosine nucleotide bases. In the process, cytosine is
changed to S5-methylcytosine. Cellular enzymes carry out the methylation events. Only
cytosines located 5° to guanosines in CpG -dinucleotides ‘are methylated by the enzymes in
mammalian cells. Such CpG dinucleotides are not distributed randomly throughout the
genome. Instead, there are regions of mammalian genomes which contain many CpG
dinucleotides, while other areas of the genome contain few CpG dinucleotides. Such CpG-

23

rich areas of the genome are called “CpG islands.” Most often, CpG islands are located in
the transcriptional promoter regions of genes.

Not all CpG islands are methylated. However, the methylation status of CpG islands
(i.e., whether the CpG dinucleotides within a particular CpG island are methylated or not) is
relatively constant in cells. Nevertheless, the pattern of CpG island methylation can change
and, when it does, often a new, relatively stable methylation pattern is established. Such

changes in methylation of CpG islands can be either increases or decreases in methylation.
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Methylation of CpG islands in the promoter region of a few specific genes has been
observed in some types of human cancer. However, at present it is still uﬁceﬁain whether the
methylation status of multiple CpG islands in the genomic DNA of subjects suspected of
having cancer can be used as a diagnostic tool for determining whether or not tissue obtained

from such subjects contain malignant cells.

Summary Of The Invention
The present invention relates to methods for identifying CpG islands which are

diagnostic of one or more cancers in a subject. The method employs restriction landmark
genomic scanning (RLGS) techniques and comprises separately digesting genomic DNA
which has been obtained from maligr_lant cells derived from a particular tumor tissue and
genomic DNA which has been obtained from control cells derived from healthy tissue with
an infrequently cutting restriction enzyme that is not capable of cleaving methylated
recognition sites to provide a first set of DNA restriction fragments from the tumor tissue,
referred to hereinafter as “malignant cell restriction fragments”, and a first set of DNA
restriction fragments from the healthy tissue, referred to hereinafter as “control cell restriction
fragments”; attaching a detectable label to the ends of the malignant and control cell
restriction fragments; digesting the labeled malignant and control cell restriction fragments
with a secqnd restriction enzyme; separating each set of restriction fragments on a gel;
digesting tﬁe restriction fragments in each of the gels with a third more frequently cutting
restriction enzyme; electrophoresing each set of restriction fragments in a direction
perpendicular to the first direction to provide a first pattern of detectable malignant cell
restriction fragments and a second pattern of detectable control cell restriction fragments; and
comparing the second paitern to the first pattern to identify control cell restriction fragments,
hereinafter referred to as “diagnostic fragments”, which are absent, or exhibit an decreased
intensity of label in the first pattern. Such fragments comprise CpG islands that are
methylated in the malignant cells. Such patterns are useful for characterizing tissue which is
suspected of containing malignant cells. Preferably, each of the diagnostié fragments is then
isolated and sequenced, at least in part. In one preferred embodiment, the first restriction
enzyme is Notl. In another preferred embodiment, the first restriction enzyme is Ascl.
Advantageously, the present method permits the detection of numerous methylation sites
within the entire genome. In accordance with the present method, applicants have
determined that particular CpG islands are preferentially methylated in DNA obtained from

tumor tissues of subjecis diagnosed as having breast cancer, glioma, acute myeloid leukemia,
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primitive neuroectodermal tumors of childhood, colon cancer, head and neck cancer,
testicular cancer, and lung cancer.

The present invention also provides isolated polynucleotides, referred to hereinafter as
“CpG diagnostic polynucleotides”, and isolated oligonucleotides referred to hereinafter as
“CpG diagnostic oligonucleotides”, which are useful for characterizing tissue samples
obtained from a subject suspected of having gliomas, acute myeloid leukemia, primitive
neuroectodermal tumors of childhood, or cancer of the breast, colon, head and neck, testicle
or lung. The CpG diagnostic polynucleotides and oligonucleotidess both comprise a sequence
which contains CpG islands that have been shown to be preferentially methylated in DNA
that has been obtained from malignant cells of subjects diagnosed as having breast cancer,
glioma, acute myeloid leukemia, primitive neuroectodermal tumor of childhood, colon
cancer, head and neck cancer, testicular cancer or luhg cancer. The CpG diagnostic
polynucleotides are from 35 to 3000, preferably, 35 to 100 nucleotides in length, and
comprise from 15 to 34, preferably 18 to 25 of the consecutive nucleotides contained with the
sequences depicted in the accompanying DNA sequence listing, or sequences which are
complementary thereto. The CpG diagnostic polynucleotides comprise two or, preferably,
more CpG dinucleotides or dinucleotides which are complementary thereto. The CpG
diagnostic oligonucleotides are from 15 to 34 nucleotides in length and comprise from 15 to
34 consecutive nucleotides contained within the sequences depicted in the sequence listing,
or sequences which are complementary thereto. The CpG oligonucleotides comprises two or
more CpG dinucleotides, or dinucleotides which are complementary thereto.

The present invention also relates to methods which employ the CpG diagnostic
polynucleotides and oligonucleotides of the present inventioh to characterize tissue from
patients suspected of having cancer. Such methods are based on the methylation status of
CpG islands that have been shown to be preferentially methylated in DNA that has been
obtained from tumor tissues of subjects diagnosed as having breast cancer, glioma, acute
myeloid leukemia, primitive neuroectodermal tumor of childhood, colon cancer, head and
neck cancer, testicular cancer and lung cancer. In one method, DNA which is isolated from
suspected tumor tissue from a subject is digested into smaller fragments and reacted with a
CpG diagnostic polynucleotide under stringent hybridization conditions. The reaction
products are then assayed to determine the size or the sequence of the DNA fragment with
which the CpG diagnostic polynucleotide has hybridized. The size or the sequence of the
DNA fragment to which the CpG diagnostic polynucleotide has hybridized, hereinafter
referred to as the “target DNA fragment”, indicates whether the target DNA fragment
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comprises methylated or non;methylated CpG islands. The presence of methylated CpG
islands in the target DNA fragment indicates that the DNA has been obtained from a tumor or
neoplasm for which the diagnostic CpG polynucleotide serves as a diagnosﬁc marker.

In another method the DNA from the suspected tumor tissue is treated with a
chemical compound which converts non-methylated cytosines to a different nucleotide base.
An example of such a compound is sodium bisulfite which converts non-methylated
cytosines to uracil. The DNA is then reacted with at CpG diagnostic oligonucleotides under
conditions which permit the CpG diagnostic oligonucleotide to hybridize with a
complementary sequence in the DNA, referred to hereinafter as the “target sequence”. The
DNA is also reacted with a modified CpG diagnostic oligonucleotide. The modified CpG
diagnostic oligonucleotide comprises a sequence that is complementary to a modified target
sequence, i.e., a sequence in which the non-methylated cytosines in the target sequence are
converted to a different nucleotide basé, e.g. uracil, when treated with a chemical compound.
The reaction products are then assayed to determine whether the DNA contains sequences
which have hybridized with the CpG diagnostic oligonucleotide or with the modified CpG
diagnostic oligonucleotide. Hybridization of the sample DNA with the CpG diagnostic
oligonucleotide, as opposed to the modified CpG diagnostic oligonucleotide, indicates that
the cytosines in the target sequence are methylated and that the DNA sample has been
obtained from a tumor or neoplasm for which the CpG oligonucleotide has been shown to
serve as a diagnostic marker.

The present invention also relates to a method of identifying genes whose expression

is increased or decreased in cancer cells.

Brief Description of the Figures
Fig. 1. Methylation detection in restriction landmark genomic scanning (RLGS) profiles. A,

Diagram of the RLGS procedure shovving the quantitative nature of methylation detection on
Notl fragments displayed on RLGS profiles. Methylation detection in RLGS profiles
depends on the methylation sensitivity of the endonuclease activity of Notl. Differences in
digestion are assessed by radiolabelling the DNA at cleaved Notl sites. Following further
endonuclease digestion, two-dimensional electrophoretic separation and autoradiography, the
intensity of a DNA fragment on the resultant RLGS profile quantitatively reflects the copy
number and methylation status of the Notl fragment. A priori, this allows Notl fragments
containing single-copy CpG islands to be distinguished from (he abundant Notl fragments
present in repeat elements and rDNA sequences. B, A portion of an RLGS profile from
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normal peripheral blood lymphocyte DNA displaying nearly 2,000 single-copy Notl
fragments and 15-20 high copy-number fragments. First-dimension separation of labeled
Notl/EcoRV fragments extends from right to left horizontally. Followihg in-gel digestion
with Hinfl, the fragments are separated vertically downward into a polyacrylamide gel and
autoradiographed. To allow uniform comparisons of RLGS profiles from different samples
and different laboratories, each fragment is given a three-variable designation (Y coordinate,
X coordinate, fragment number). The central region of the RLGS profile used for all
comparisons described in this invention has 28 sections (1-5 vertically and B-G horizontally;
the 4G and 5G sections were excluded due to high density and lower resolution of
fragments). C, Enlarged view of profile section 2D, showing the numbers assigned to each
Notl fragment. D, Analysis of the GC content and CpG ratio {(number of CpGs)/(number of
guanines)(number of cytosines)}(number of nucleotides analyzed) of 210 non-redundant
NotI/EcoRV clones containing the NotI/Hinfl fragments seen in B and in other portions of
the RLGS profile. Of 210 clones, 184 clones were randomly chosen and 26 corresponded to
fragments which were frequently lost from tumor profiles. CpG islands have a GC content of
greater than 50% and a CpG value of 0.6 or greater, relative to bulk DNA (average CG
content of 40% and CpG ratio of 0.2). Nucleotide sequences were determined with greater
than 99% accuracy overall. An average of 377nt/clone were analyzed (not indicative of

actual CpG island size). The average Notl/EcoRV clone size was approximately 2 kb.

Fig. 2. Fragment loss from RLGS profiles is due to methylation. Top, portions of the RLGS
profiles obtained from normal tissue and from two tumors having Notl fragments with either
decreased intensity or no change in intensity. Bottom, Southern-blot analysis of EcoRV
(NotI: -) and EvoRV/Notl (Notl: +) restriction digested DNAs from a larger number of
samples, including the samples at top. In samples without methylation in the Notl site, the
probe detects a smaller fragment on doﬁble digestion with Notl and EcoRV. The quantitation
from multiple Southern blots using a phosphorimager allowed the determination of a lower
limit of reliable detection in RLGS profiles of 30% decreased intensity of the diploid
NotI/EcoRV fragments. Presence (+) or absence (-) of the correspondiﬁg Notl fragment is
indicated. N, normal tissue DNA; T, tumor tissue DNA. A, CpG-island locus 3C1
methylation in low-grade gliomas. B, CpG island locus 2C40 methylation in leukemias. C,
CpG-island locus 3E24 methylation in PNETs of childhood. *, EcoRV fragment of
approximately 13 kb with homology to the probe. BLAST searches using the Notl-EcoRV

clone sequence identified a homologous BAC clone sequence lacking an internal NotI site,
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which accounts for the 13-kb fragment on the Southern blot.

Fig. 3. Heterogeneity in CpG-island methylation across tumors. RIGS profiles were
generated from 98 primary human tumors and compared with profiles of cither matched
normal DNA (58 of 98 cases) or to multiple profiles of tissue type-matched normal DNA
from unrelated individuals. Loss or decreased intensity of single-copy fragments in the
tumors, rclative to several neighboring unaltered Notl fragments, were detected by visual
inspection of overlaid autoradiographs and confirmed in many cases by independent profiles
of the same DNA samples. For each tumor type, the dot plots display the total number of
methylated CpG islands (of 1,184 CpG islands analyzed) observed in each tumor. Under the
assumption that the tumors are drawn from a homogeneous distribution, with all tumors
having the same frequency of methylation, the loss distributions should be approximately
Poisson. The colored curve represents the expected distribution. BRE, breast tumors; CLN,
colon tumors; GLI, gliomas; HN, head and neck tumors; LEU, acute myeloid leukemias;

PNET, primitive neuroectodermal tumors of childhood; TST, testicular tumors.

Fig. 4. Subsets of CpG islands are preferentially methylated. For each tumor type, the
histograms display the number of tumors in which the particular CpG islands were
methylated. Most of the 1,184 CpG islands were not methylated in any of the tumors
(histogram bar at O is not shown), but several CpG islands were methylated in multiple
tumors. The black line shows the expected distribution under the null hypothesis that the
CpG islands have equal frequencies of methylation. Most of the tumor types show

significant preferential methylation.

Detailed Description Of The Invention

In one aspect, the present invention relates to methods for identifying clones within a
DNA library that can be used for cancer diagnosis and tumor classification, based on the
methylation status of CpG dinucleotides contained within or closely adjacent to the specific
clones. Such method employs methylation-sensitive restriction endonucleases (MSREs) and
restriction landmark genomic scanning (RLGS) gels to identify new, differentially-
methylated CpG islands within malignant cells obtained from patients diagnosed as having
cancer. In accordance with the present invention, Applicants have identified 93 clones
which can be used to determine whether a tumor biopsy from a patient contains benign or

malignant cells.
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To carry out such method, tissue (referred to heréinafter as “tumor tissue”) which
contains a tumor or neoplasm is obtained from a patient known to have a cancer. In some
cases, the tumor tissue is obtained from a particular type of solid tumor which has bee
surgically removed from the patient. In some cases, the tumor tissue is obtained from the
hematopoietic system, such as for example, bone marrow or blood, of the patient. The tumor
tissue will have been determined to be from either a benign or malignant tumor or neoplasm.

Separately, tissue (referred to hercinafter as “healthy tissue’) which does not contain a

tumor or neoplasm is obtained from a subject. The healthy tissue, may be obtained by
surgically removing normal tissue from the patient or by surgically removing normal tissue
from a healthy control subject who does not have cancer. The healthy tissue may also come
from the hematopoietic system, such as for example, bone marrow or blood, of a healthy
control subject. The healthy tissue will have been determined to be non-tumorigenic or non-
neoplastic. . :
DNA is then isolated from both the tumor tissue and healthy tissue. If the tumor
tissue is a solid tissue sample, such procedure may first comprise separating the individual
cells contained within the tissue from each other. For example, if the tissue samples were
frozen after surgical removal from a patient, cells may be separated from one another by
grinding the frozen tissuc with a mortar and pestle. DNA is then isolated from the individual
cells using procedures well known to those skilled in the art. Commonly, such DNA
isolation procedures comprise lysis of the individual cells using detergents, for example.
After cell lysis, proteins are commonly removed from the DNA using various proteases. The
DNA is then commonly extracted with phenol, precipitated in alcohol and dissolved in an
aqueous solution. .

In the procedures which follow, the DNA obtained from the tumor tissue is treated
separately from the DNA obtained from healthy tissue (i.e., the two DNAs are not mixed).
The DNAs are separately analyzed using a method called restriction landmark genomic
scanning (RLGS). The purpose is to analyze both DNAs separately. The two analyses are
then compared in order to idenﬁfy CpG islands that distinguish cancer cells from normal
cells.

Both DNA samples are treated with restriction enzymes and the free ends that result
from the restriction enzyme cleavage are labeled. However, since the isolated DNA is in
linear pieces, there are free ends that exist before the DNA is cleaved with the restriction
enzymes. To prevent these ends from being labeled, the ends, preferably, are blocked before
restriction enzyme treatment. Such blocking can be done by addition of dideoxynucleotides
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and sulfur-substituted nucleotides to the free ends before treatment with restriction enzymes.
Subsequently, when the DNA is cleaved by restriction enzymes and labeled, only the ends
resulting from the restriction enzyme cleavage will be labeled.

After the reaction to block free ends, the DNA samples are cleaved with a first
restriction enzyme that can be characterized as an infrequently cleaving, methylation-
sensitive restriction enzyme. Examples of suitable first restriction enzymes are Notl, Ascl,
BssHII and Eagl. As used herein the term “infrequently cleaving” refers to a restriction
enzyme that is expected to cleave genomic DNA at intervals greater than 10 kilobases. For
example, Notl is an infrequently cleaving restriction enzyme. Notl recognizes a nucleotide
sequence of 8 base pairs (bp) in the genome (i.e., 5’GCGGCCGC3’) and cleaves the DNA at
this site. There are an estimated 4000-5000 of such Notl recognition sequences within the
human genome. It is estimated that such recognition sequences are spaced at approximately
1 megabase (Mb) intervals within the genome. In contrast, a frequently cleaving restriction
enzyme is expected to cleave the human gehome at from 5-10 kb intervals. Such an enzyme
will have approximately 100-times more cleavage sites within the human genome than
infrequently-cleaving enzymes. Such frequently cleaving enzymes usually recognize a
nucleotide sequence of less than 8 bp in the genome and cleave the DNA at that site.
However, not all restriction enzymes that have nucleotide recognition sequences of less than
8 bp are frequently cleaving enzymes. BssHII and Eagl both have 6 bp recognition
sequences but the recognition sequences for these two enzymes are spaced at intervals within
the genome that are greater than 10 kb. “Methylation sensitive” as used herein refers to any
enzyme that is unable to cleave DNA at its normal restriction site if one or more nucleotides
within the recognition sequence is methylated. For example, the restriction enzyme NotI will
cleave the 5>GCGGCCGC3’ recognition sequence if the sequence does not contain a 5-
methylcytosine. However, the Notl enzyme will not cleave this sequence if any of the
cytosines have been methylated to become 5-methylcytosine.

Following digestion of the DNA with the first restriction enzyme, the ends of the
DNA fragments are labeled. This can be done, for example, by attachment of nucleotides
carrying a detectable label, such as a radiolabel, to the ends of the DNA sample. Typically,
attachment is accomplished by filling in the recessed DNA ends left by cleavage with the first
restriction enzyme such that the ends become blunt (i.e., non-recessed). Such end-filling
reaction may employ deoxynucleoside triphosphates having a radiolabeled phosphate at the o
phosphate position. Such labeled phosphate is preferably 37p,

The labeled fragments from each sample are then cleaved with a second restriction
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enzyme. Such second restriction enzyme preferably cleaves human DNA at average intervals
of between 5-10 kb. Such enzymes nérmally have a 6 bp recognition sequence. Preferably,
the second restriction enzyme is not methylation sensitive. Examples of suitable second
restriction enzymes are Pstl, Pvul, EcoRV or BamHI. Cleavage of the DNA fragments with
the second restriction enzyme provides a second set of fragments, labele(i at the ends left by
cleavage with the first enzyme. Many of such second fragments are smaller than the
fragments resulting from clcavage with the first restriction enzyme.

The DNA fragments are then separated from one another. Preferably this separation
is based on size. Preferably this separation is performed by first-dimension electrophoresis
through an agarose tube-shaped gel of approximately 60 cm in length.

After electrophoresis through the tube-shaped gel, the DNA is digested within the gel
with a third restriction enzyme.’ Such third restriction enzymes preferably have recognition
sequences of 4 or 6 bp. Such third restriction enzymes also have the property of being able to
cleave DNA which is embedded within agarose. One such enzyme is Hinfl.

After cleavage by the third resﬁ‘iction enzyme, the DNA is again separated based on
size, preferably by electrophoresis through a polyacrylamide gel. Subsequently, the separated
DNA fragments are detected based on the labeled ends of the DNA fragments. In those cases
where the fragments are radiolabeld, detection is by autoradiography of the two-dimensional
gel. Such autoradiography provides a pattern of DNA fragments or “spots.” Such pattern is
called an RLGS profile.

Each fragment on the RLGS profile obtained from using the DNA from healthy
tissues is uniquely identified by its location on the autoradiograph (Y coordinate, X
coordinate, fragment number). For each fragme:rit location on the RLGS profile obtained
from healthy tissue DNA, the identical location is observed on the RLGS profile obtained
from tumor tissue DNA.

In a fragment by fragment comparison of RLGS profiles obtained from tumor tissue
DNA with healthy tissue DNA, three different patterns are possible. First, for a given
fragment on the healthy tissue RLGS ﬁroﬁle, there may be a corresponding fragment at the
same location, and of the same intensity, on the tumor tissue RLGS profile. This indicates
that the first restriction enzyme cleaved both DNAs at the same sequences (Fig. 1A). This
indicates that there were no differences in methylation of the Notl nucleotide recognition
sequence of that fragment between the tumor tissue DNA and the healthy tissue DNA.

Second, for a given fragment on the healthy tissue RLGS profile, there may be no

fragment at the same location on the tumor tissue RLGS profile. Such a pattern indicates that
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the first restriction enzyme did not cleave the tumor tissue DNA at the recognition sequence
required to produce that specific fragment, but did cleave at such sequence within the healthy
tissue DNA (Fig. 1A). This indicates that there was methylation within the NotI recognition
sequence in the tumor tissue DNA but not in the healthy tissue DNA. .

Third, for a given fragment on the healthy tissue RLGS profile, there may be a
corresponding fragment at the same location on the tumor tissue RI.GS profile, but the
intensity of the fragment may be of decreased intensity. Such a pattern indicates that the first
restriction enzyme cleaved one of two copies (i.e., the genome is diploid) of the tumor tissue
DNA at the recognition sequence required to produce that specific fragment (Fig. 1A). In
healthy tissue DNA, the first restriction enzyme cleaved both copies of the recognition
sequence. This indicates that there was methylation within one of two Notl recogniton
sequences in the tumor tissue DNA.

Through comparisons of RLGS profiles obtained from healthy tissue DNA with
profiles obtained from a large number of different tumor tissue DNAs, loss of specific
fragments in multiple tumors can be associated with a specific type of cancer. Loss of such
fragments from RI.GS profiles, therefore, can be diagnostic for cancer in a subject. For
example, loss of a specific fragment (i.e., methylation of the first restric‘;ion enzyme site at
the end of said fragment) in a high percentage of tumor tissue DNAs from women known to
have breast cancer can be diagnostic for breast cancer in subjects suspected of having the
disease. To perform such a diagnostic analysis, DNA isolated from a patient suspected of
having breast cancer would be analyzed by RLGS, as described above, to determine whether
there was loss of one or more fragments in RLGS profiles that are known to be lost at high
frequency in women known to have breast cancer. Similarly, loss of other specific fragments
can be diagnostic for other cancers, such as for example, colon cancer, head and neck cancer,
lung cancer, testicular cancer, neuroectodermal cancer, gliomas, acute myeloid leukemias,
and others.

Loss of a specific fragment in RIGS profiles from multiple tumors can also be
diagnostic of several types of cancer, rather than a single type of cancer. For example, loss of
a specific fragment can occur in a high percentage of tumor tissue DNAs obtained from
individuals with either breast, colon or lung cancer. Loss of such a spot from RLGS profiles
using DNA obtained from a patient suspected of having cancer would be ciiagnostic for either
breast, colon or lung cancer in that patient.

Isolated Polynucleotides and Oligonucleotides Diagnostic for Cancer

Individual DNA clones that contain the DNA present in each spot or fragment that

10
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makes up an RLGS profile can be obtained. This is done by constructing a DNA library 6f
healthy tissue DNA that has been cleaved With the same first and second enzymes used to
perform the RLGS gel analysis. Such DNA library will contain individual clones, each clone
comprising DNA that is present in a single spot of the RLGS profile. The totality of clones
within the library is representative of the combined DNA spots in the RLGS profile.

Individual clones within the library can be identified that contain the DNA of each
spot on the RLGS profile. This can bec done by taking DNA from one or a few individual
clones of the DNA library and mixing it with healthy tissue DNA, before RLGS analysis is
begun. When this mixture of DNAs is used to produce an RLGS profile, the intensity of the
spots that contain the same DNA as the individual clones added to the mixture will be
increased. By performing multiple analyses of this type, each spot on an RLGS profile can
be matched up with a DNA clone within the library. The result of such an analysis is an
ordered human genomic library of restriction fragments containing the same subset of
genomic fragments as those displayed on RLGS profiles. In such ordered genomic libraries,
an individual library clone corresponding to. any spot or fragment in an RLGS profile can be
rapidly located.

To design diagnostic CpG polynucleotides and oligonucleotides, the sequence of the
DNA within each clone (referred to hereinafter as a “diagnostic clone™) that corresponds to a
spot that is absent or exhibits decreased intensity on the RLGS profile of the DNA from
malignant tumor tissue is sequenced using standard techniques. Once sequence information
is obtained, regions comprising multiple CpG dinucleotides are located. Such regions serve
as the target sequence for the CpG polynucleotides and oligonucleotides.
The CpG polynucleotides are from 35 to 3000 , preferably from 35 to 1500 nucleotides in
Iength and comprise two or, preferably, more CpG dinucleotides or dinucleotides which are
complementary thereto. The CpG diagnostic oligonucleotides are from 15 to 34 nucleotides,
preferably from 18 to 25 nucleotides, in length and comprise at least two CpG dinucleotides
or dinucleotides which are complementary thereto. The CpG diagnostic polynucleotides and
oligonucleotides each comprise a seqilence' which is substantially complementary to target
sequences containing CpG islands that are known to be preferentially methylated in the DNA
from one or more types of cancer cells. “Substantially complementary’” means that there is
enough complementarity between the CpG diagnostic polynucleotides or oligonucleotides
and the target sequence so that hybridization occurs between the CpG diagnostic
polynucleotides and oligonucleotides under stringent conditions, preferably under highly

stringent conditions. Such assays include hybridization assays, such as for example Southern
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analysis, where the sample DNA is reacted with the CpG diagnostic polynucleotide under
stringent hybridization conditions. ' | ,

The term “stringent conditions, as used herein, is the “stringency” which occurs
within a range from about Tm-5 (5 below the melting temperature of the probe) to about 20 C
below Tm. “Highly Stringent hybridization conditions” refers to an overnight incubation at
42 degree C in a solution comprising 50% formamide, 5x SSC (750 mM NaCl, 75 mM
sodium citraie), 50 mM sodium phosphate (pH 7.6), 5x Denhardt’s solution, 10% dextran
sulfate, and 20 g/ml denatured, sheared salmon sperm DNA, followed by washing the filters
in 0.2x SSC at about 65 degrec C. As recognized in the art, stringency conditions can be
attained by varying a number of factors such as the length and nature, i.e., DNA or RNA, of
the probe; the length and nature of the target sequence, the concentration of the salts and
other components, such as formamide, dextran sulfate, and polyethylene glycol, of the
hybridization solution. All of these factors may be Variéd to generate conditions of
stringency which are equivalent to the conditions listed above.

Changes in the stringency of hybridization and signal detection are primarily
accomplished through the manipulation of formamide concentration (lower percentages of
formamide result in lower stringency); salt conditions, or temperature. For example,
moderately high stringency conditions include an overnight incubation at 37 degree C in a
solution comprising 6X SSPE (20X SSPE = 3M NaCl; 0.2 M NaH»POy; 0.02M EDTA, pH

7.4), 0.5% SDS, 30% formamide, 100 ug/ml salmon sperm blocking DNA; followed by
washes at 50 degree C with 1XSSPE, 0.1% SDS. In addition, to achieve even lower
stringency, washes performed following stringent hybridization can be done at higher salt
concentrations (e.g. 5X SSC).

Note that variations in the above conditions may be accomplished through the
inclusion and/or substitution of alternate blocking reagents used to suppress background in
hybridization experiments. Typical blocking reagents include Denhardt’s reagent, BLOTTO,
heparin, denatured salmon sperm DNA, and commercially available proprietary formulations.
The inclusion of specific blocking reag ents may requiré modification of the hybridization
conditions described above, due to problems with compatibility.

Such assays also include polymerase chain reactions (PCR) where the sample DNA
and the diagnostic CpG oligonucleotides are reacted, preferably under conditions which result
in the synthesis of a single PCR product. Computer programs, such as for example, the

“Primer3” program that can be accessed at ‘“http:/genome.wi.mit.edu/cgi-
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bin/primer/primer 3www.cgi” can be used to determine the size and sequence of the CpG
diagnostic oligonucleotides. Optimum conditions are determined empirically.

The CpG diagnostic polynucleotides and oligonucleotides are made using standard
techniques. For example, these polynucleotides and oligonucleotides may be made using
commercially available synthesizers.

Diagnostic Methods

In another aspect, the present invention rclates to mecthods which use the CpG
diagnostic polynucleotides and oligonucleotides to characterize tissue samples from a subject
suspected of having cancer, referred to hereinafter as test sample DNA. To do this, DNA is
isolated from the cells of the tissue sample of the patient. Preferably, DNA that serves as a
control is also obtained from healthy tissue of the test subject or a control subject as described
previously. The diagnostic methods comprise reacting the test sample DNA with the
diagnostic CpG polynucleotide or oligonucleotide and assaying the products that are formed
as the result of the reaction. In some cases, the sample DNA is digested into smaller
fragments prior to reaction with the CpG diagnostic polynucleotides or oligonucleotides. In
some cases, a portion of the test samplé DNA is first reacted with a chemical compound, such
as for example sodium bisulfite, which converts methylated cytosines to a different
nucleotide base.

Southern Blot Analysis

One such method for diagnosing cancer in a patient involves cleavage of the test
sample DNA with a methylation sensitive enzyme, then Southern blot analysis of said
cleaved DNA using a CpG diagnostic polyncleotide or oligonucleotide as a probe. For
example, the DNA from the patient and the control, healthy tissue DNA are separately
cleaved with a methylation-sensitive restriction endonuclease, such nuclease being the same
first restriction enzyme used to identify the diagnostic spot in the RLGS profile that
corresponds to the CpG diagnostic polynucleotide or oligonucleotide. After cleavage, the test
sample and control DNAs are electrophoretically separated by size in different lanes of the
same agarose gel and blotted to a membrane that can be. used in hybridization, such as for
example, nitrocellulose or nylon. The fnembrane is then used in a hybridization reaction with
a labeled CpG diagnostic polynucleotide or oligonucleotide. The labeled CpG diagnostic
polynucleotide or oligoneucleotide will hybridize to complementary DNA sequences on the
membrane. After hybridization, the location on the membrane where the brobe hybridized to
the control and patient DNAs is visualized. Such locations will identify DNA fragments or

bands within the control and patient DNAs containing the same sequence as the CpG
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diagnostic polynucleotide or oligonucleotide. Hybridization of the probe to a fragment within
the patient DNA that is of higher molecular weight than that of the fragment within the
control DNA to which the probe hybridized, indicates that a restriction endonuclease
cleavage site flanking the target sequence of the CpG diagnos;cic polynucleotide or
oligonucleotide was not cleaved due to methylatibn. Such result indicates that the tissue is
from a cancer for which the CpG diagnostic polynucleotide or oligonucleotide serves as a
diagnostic tool.

A second method for diagnosing cancer in a patient involves cleavage of patient DNA
with a methylation-sensitive restriction endonuclease, such nuclease being the same first
restriction enzyme used to identify the diagnostic spot in the RLGS profile that corresponds
to the fragment. Such nuclease will cleave the patient DNA at the diagnostic recognition
sequence only if the DNA is unmethylated. Using nucleotide information derived from
sequencing of the library clone corresponding to the diagnostic spot oﬁ the RLGS gel,
primers for PCR are selected that span the diagnostic recognition sequence. Using the
primers, PCR is performed on the DNA. PCR amplification of the sequences will be
successful only if the diagnostic nucleotide sequence in the patient DNA had been methylated
and was not cleaved by the enzyme. Successful PCR amplification, thérefore, is indicative of
cancer in the patient.

Methods Employing a Chemically-Modified DNA Test Sample

Another group of methods for diagnosing cancer in a patient using CpG diagnostic
polynucleotides and oligonucleotides are based on treatment of patient DNA with sodium
bisulfite which converts all cytosines, but not methylated cytosines, to uracil. The bisulfite
converted patient DNA can then be analyzed in a number of different ways. One method of
analysis is direct sequencing of the DNA to determine whether the sequence contains
cytosine or uracil. Such DNA sequencing requires primers adjacent to the sequenced region
to be made. Such primers would be based on DNA sequence information dbtained from the
diagnostic RLGS spots.

Another method of analyzing bisulfite converted patient DNA is a method called
“methylation sensitive PCR” (MSR). In MSR, primers are designed to comprise a sequence
which is substantially complementary to the the CpG islands which are known to be
preferentially methylated in DNA of cells found in one or more type of tumor tissues. Two
sets of PCR primers are made to emcompass this region. One set of primers is designed to be
complementary to the sequence that was changed by bisulfite (i.e., cytosines that were

originally unmethylated and changed to uracil). As discussed above, these are the modified
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CpG diagnostic oligonucleotides. A second set of primers is designed to be complementary
to the same sequence that was not changed by bisulfite (i.e., cytosines that were methylated
and not changed to uracil). As discussed above these are the unmodified CpG diagnostic
oligonucleotides, i.e the oligonucleotides which containe at least two CpG dinucleotides or
dinucleotides which are complementary thereto. Two sets of PCR reactions are then run, one
reaction with each set of primers, using DNA from the subject as the template. In the case
where cytosines within the target sequence of the subject DNA. arc not methylatced, the targot
sequence will be modified by the chemical reaction and the primers complementary to the
modified sequence, i.e., the modified CpG diagnostic oligonucleotides, will produce a PCR
reaction product while the primers complementary to the methylated sequence, i.e., the
unmodified CpG diagnostic oligonucleotides, will not produce a PCR product. In the case
where cytosines within the target sequence of the subject DNA are methylated, the target
sequence will not be altered by the reaction with the sodium bisulfite, ‘and the primers
complementary to the unaltered sequence, i.e., the unmodified CpG diagnostic
oligonucleotides, will produce a PCR reaction product while the modified CpG diagnostic
oligonucleotides, which are complementary to the modified target sequence (i.e.,
unmethylated sequence) will not produce a PCR product '

A modification of MSR is bisulfite treatment of patient DNA and PCR amplification
of said DNA using primers designed to amplify either methylated or unmethylated sequences.
The PCR product is then digested with a restriction enzyme that will cleave or not depending
on whether said product contains uracil (rather, thymidine, the complement of uracil; found
in PCR product if original patient DNA contained unmethylated cytosine) or cytosine (found
in PCR product if original patient DNA contained methylated cytosine).

Another technique referred to as MS-SnuPE, uses bisulfite/PCR followed by primer

extension, where incorporation of C (vs. T) denotes methylation.

Methods of Identifying Genes
In another aspect of the invention, the CpG diagnostic polynucleotides and

oligonucleotides can be used as probes to to identify genes whose expression is increased or
decreased in cancerous tissues. To do this, CpG diagnostic polynuceotides are reacted with
individual clones of the DNA library. The clones which hybridize with the CpG diagnostic
polynucleotide can then be analyzed to determine if they contain an open reading frames that
could encode proieins. To determine if the CpG diagnostic polynucleotide hybridizes with

the promoter region of a known gene, the open reading frame sequence is analyzed by
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searching existing DNA databases. For example, GenBank databases can be searched using
the BLAST algorithm. If no known genes that correspond to a library clone is found, the
sequence can be searched for open reading frames that could encode a protein. Such
searching can be performed- using commercially available sequence analysis programs
commonly known to those skilled in the art. GCG is an example of ane such program.
Sequences from clones of the DNA library that contain either known genes or open
reading frames can be used as probes to determine whether genes encoded by the sequences
are expressed in tumor tissues as compared to control, healthy tissues. To do this, RNA,
preferably messenger RNA (mRNA) is isolated from healthy tissue and from tumor tissue
from which it is desired to test expression. Such RNA is examined for the presence of
expressed transcripts encoded by the sequences obtained from the library. Examination for
the presence of expressed transcripts can be performed using a number of methods. One
method is Northern blotting where the isolated RNA is separated by size using gel
electrophoresis and then blotted to a hybridization membrane. A fragment, polynucleotide or

oligonucleotide from the sequence obtained from a library clone is labeled and then used to

probe the hybridization membrane containing the size-separated RNA. Detection of

hybridization of the probe to the membrane indicates presence of a transcript encoded by the
sequence and indicates expression of the gene encoded by that sequence.

Another method to examine isolated RNA for the presence of expressed transcripts is
to use RT-PCR analysis. In such analysis, primers are designed and made that span a region
of the gene whose expression is to be tested. The isolated RNA is reverse transcribed into
DNA using reverse transcriptase. Such DNA is then amplified with the designed primers
using PCR. PCR products are visualized after electrophoresis. The presence of PCR
products on the gel indicates that the gene encompassed by the designed primers was
expressing RNA transcripts. Such analysis can identify and determine genes whose

expression is changed in cancer cells as compared to normal, non-cancerous cells.

The following examples are for purposes of illustration only and are not intended to

limit the scope of the invention as defined in the claims which are appended hereto.

Examples
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Example 1. Identification of diagnostic markers using Notl and RTL.GS

A. Isolation and enzymatic processing of genomic DNA

Tissue from solid tumors was obtained as surgical tissue samples. . Where possible,
surrounding non-tumor tissue was taken and used as a control. Where it was not possible to
obtain patient-matched normal tissue, normal tissue from multiple patients was used. Tissue
samples from patients with acute myclogenous 1eukemi_s (AML) consisted of cither bone
marrow aspirates or peripheral blood. Normal samples were obtained from the same patients
who were in remission after chemotherapy.

The surgically removed tissues were quickly frozen in liquid nitrogen and stored at -
80°C prior to isolation of DNA. When DNA was ready to be isolated, 2 ml of lysis buffer
(10 mM Tris, pH 8.0; 150 mM EDTA, 1% sarkosyl) was added to 100-300 mg of tissue in a
50 ml Falcon tube and frozen in liquid nitrogen. The frozen mixture was then removed from
the tube, wrapped in aluminum foil, and quickly broken into pieces with a hammer. The
broken pieces of cells were transferred to a chilled mortar and ground to a powder with a
chilled pestle. For peripheral blood samples, cells were separated on a sterile Histopaque-
1077 (SIGMA) gradient and stored at -80°C before DNA isolation.

Cells were transferred to a 50 ml tube and 15-25 ml of lysis buffer containing 0.1 mg
proteinase K per ml of lysis buffer was added and mixed using a glass rod. The mixture was
incubated at 55°C for 20 min with gentle mixing every 5 min. The mixture was then placed
on ice for 10 min. Subsequently, an equal volume of PCI (phenol:chloroform:isoamylalcohol
in a ratio of 50:49:1) was added and the tubes containing the mixture were gently rotated for
30-60 min. The tubes were then centrifuged for 30 min at 2500 rpm and the separated,
aqueous phase was transferred to a new 50 ml tube using a wide-bore pipette. The PCI
extraction was repeated one time. The collected aqueous phase containing the DNA was
transferred to dialysis tubing and dialyzed against 4 L of 10 mM Tris, pH 8 for 2 hr. The
dialysis tubing was then transferred into fresh 10 mM Tris and dialyzed overnight at room
temperature. One additional dialysis was performed in fresh 10 mM Tris for an additional 2
hr. The DNA was then transferred from the dialysis tubing to 50 ml tubes and RNase A was
added to a final concentration of 1 pg/ml. The mixture was incubated at 37°C for 2 hr.
Subsequently, 2.5 volumes of 100% ethanol were added to the DNA and the mixture was
gently rotated. The insoluble DNA was transferred to a microfuge tube, centrifuged briefly,
and the remaining alcohol removed. The pellet was briefly dried in air. The DNA in the
pellet was resuspended to a final concentration of 1 pg/pl. Such isolated DNA had an
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average size of 200-300 kb.

The isolated genomic DNA was blocked at ends where the DNA had been sheared.
Blocking was done by addition of dideoxynucleotides and sulfur-substituted nucleotides. In a
1.5 ml tube, 7 pl of genomic DNA solution was added along with 2.5 pl of blocking buffer
(1pl 10X buffer 1, 0.1pl 1 M DTT, 0.4 ul each of 10 pM dGTPaS, 10 pM ddATP, 10 pM
ddTTP, and 0.2 pl 10 pM dCTPaS; buffer 1 consists of 500 mM Tris, pH 7.4, 100 mM
MgCl,, 1 M NaCl, 10mM DTT) and 0.5 pl DNA polymerase I. The mixture was mixed
thoroughly and incubated at 37°C for 20 min. The mixture was then incubated at 65°C for 30
min to inactivate the polymerase. The reaction was then cooled on ice for 2 min. The DNA
was digested with Notl by adding to the sample, 8ul of 2.5X buffer 2 (20X buffer 2 is 3 M
NaCl, 0.2% Triton X-100, 0.2%BSA) and 2ul (10 U/pl) of Notl. The sample was incubated
at 37°C for 2 hr. The DNA was then radioactively labeled. This was done by adding to the
sample 0.3 pl 1 M DTT, 1 pl [0-*P]-GTP, 1 pl [0->*P]-dCTP and 0.1 1 ul[o->?P]-GTP
Sequenase ver 2.0 (13 U/ul). The mixture was incubated at 37°C for 30 min. The DNA was
then digested with EcoRV by adding to the sample 7.6 pl second enzyme digestion buffer (1
pul 1 mM ddGTP, 1 ul 1 mM ddCTP, 4.4 pl ddH,0, 1.2 pl 100 mM MgCls) and 2 pul EcoRV
(10 U/ul). The mixture was incubated at 37°C for 1 hr. Then, 7 pl of 6X first-dimension
loading dye (0.25% Bromophenol Blue, 0.25% Xylene Cyanol, 15% Ficoll type 400) was
added.

B. First dimension gel set-up and electrophoresis

To make the 60 cm long agarose tube-shaped gel, a gel holder was rﬁade. To do this,
a sharp razor was used to cut one end of PFA-grade teflon tubihg (PFA 11 thin wall, natural;
American Plastic, Columbus, Ohio) at an angle to make a bevel. The beveled end of the
tubing was fed into glass tubes (4 mm inner diameter, 5 mm outer diameter, 60 cm long).
Using a hemostat, the beveled end was pulled up through the tapered end of the glass rod
until it protruded 2 to 4 cm. The tubing was cut horizontally at the same end, leaving a 2 mm
protrusion (this is the top of the gel holder). The opposite end was cut horizontally, leaving a
5 to 6 cm protrusion from the glass tube. The gel holder was inverted and the top protruding
end was pressed firmly against a hot metal surface (metal spatula heated by a Bunsen burner)
to fold the edges of the teflon outward onto the rim of the glass support. A rubber stopper
with cored center was pulled over the top end of the gel holder until it was just past the taper

of the glass rod. A two-way stopcock was attached to a 10 ml syringe and then to the gel
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holder via 2 to 3 cm of flexible tubing. The stopcdck valve was adjusted to the open position.

Then, to a clean 200 ml glass bottle was added, 60 ml 2X Boyer’s buffer (20X is 1 M
Tris, 360 mM NaCl, 400 mM sodium acetate, 40 mM EDTA) and 0.48 g Seakem GTG
agarose (0.8%). The mixture was heated in a microwave oven until the agarose was
dissolved. The mixture was then equilibrated to 55°C in a water bath. With the stopcock
valve in the open position, the protruding teflon tube was lowered into the molten agarose
solution. The gel solution was suctioned into the gel holder until the gel solution reached 1-2
cm from the top of the gel holder. The stopcock valve was then closed. Keeping the gel
upright, the gel was suspended from a ring stand. The gel was allowed to solidify for 20 min.

The stopcock valve was then opened and the syringe and connecting tubes were
removed from each gel. After adding 2X Boyer’s buffer to the bottom of the first dimension
gel apparatus (C.B.S. Scientific), the gels were lowered into the first dimension gel apparatus,
seating the rubber stopper firmly into the appropriate holes in the top portion of the apparatus.
The top chamber was filled with 2X Boyer’s buffer. ' '

Between 1.0-1.5 pg of DNA was loaded onto each gel. The sample was
electrophoresed at 110 V for 2 hr, and then 230V for 24 hr.

C. In-gel digest
After the DNA was electrophoresed in the first dimension in the agarose tube gel, the

DNA was further digested with an additional restriction endonuclease so it could be
electrophoresed in the second dimension. In order to perform this additional endonuclease
digestion, the buffer and gel holders were removed from the first dimension apparatus. The
gel was extruded into a pan containing 1X buffer K (10X buffer K is 200 mM Tris, pH 7.4,
100 mM MgCl12, 1 M NaCl) by forcing the gel out through the bottom of the gel holder. This
was accomplished using a 1 ml syringe fitted with a pipet tip and filled with buffer K. The
tip was firmly inserted into the top of the gel holder and the plunger depressed until the gel
began to come out through the bottom of the gel holder. The 1 ml syringe was replaced with
a 5 ml syringe, and the plunger was depressed until the entire gel was expelled. With a razor,
a bevel was cut in the low molecular weight end of the gel and a horizontal cut was made at
the high molecular weight end so that the gel was approximately 43 cm in length. The gel
length was now the same as the width of the second dimension gel.

The gel was placed into a separate 50 ml tube containing 40 ml of 1X buffer K. The
tube was incubated for 10 min al room temperature. The buffer was poured off and the gel

incubated in 1X buffer K for an additional 10 min. The buffer K and gel was poured into a
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pan containing fresh buffer K. Using a 10 ml syringe attached to restriction digest tubing
(PFA grade teflon, 9, thin wall, natural; 2.7 mm inner diameter and approximately 3.3 mm
outer diameter; American Plastic, Columbus, Ohio), via a 1 to 2 cm segment of flexible
tubing, the gel was suctioned into the digest tubing, low molecular weight (beveled) end first.
The gel was suctioned into the digest tubing by placing the end of the tubing in line with the
beveled end of the gel and pulling the syringe plunger. The tubing was positioned vertically,
with the syringe at the bottom and remaining buffer from the tubing was suctioned into the
syringe.

In a clean tube, a 1.6 ml mix of 1X Hinfl restriction enzyme buffer (50 mM NaCl, 10
mM Tris pH 7.9, 1 mM DTT), 0.1 % BSA, and 750 U of Hinfl restriction enzyme was made.
The open end of the digest tubing was placed into the tube containing restriction digestion
solution. Holding the syringe end up, suction was applied until a small amount of digestion
solution appeared in the syringe. The digest tubing was removed and both ends were oriented
upward in a U-shape. The syringe was removed and the two ends of the tubing were attached

to form a closed circle. This was placed in a moist chamber and incubated at 37°C for 2 hr.

D. Second dimension electrophoresis

The digested DNA was now run in the second dimension using a 5% non-denaturing
acrylamide gel with a 0.8% agarose spacer. To do this, the second dimension gel apparatus
(C.B.S. Scientific) was first assembled. All glass plates were cleaned thoroughly and the
non-beveled face of each plate was coated with Gelslick or Sigmacote (only once every 10
uses). The back half of the apparatus was laid horizontally on a table top with the upper
buffer chamber hanging over the table édge. The two small clear plastic blocks were inserted
at the bottom corners of each apparatus. A glass plate was placed in the apparatus, beveled
edge facing upward and near the upper buffer chamber, followed by two spacers, one along
each side. Glass plates and spacers were added in this manner until the fifth plate had been
added. Afier the third plate, flexible Tygon tubing was slid down the side channel of the
apparatus, with a bevel cut in the leading end of the tubing. The other end was cut, leaving
approximately 10 cm protruding from the apparatus. The Plexiglas “filler” sheet was placed
over the fifth glass plate. The front half of the apparatus was positioned by aligning the
screw holes of the front and back half. These were secured with the teflon screws. The
oblong oval “windows” at the lower, front face were sealed with Plastic tape (Scotch brand).
The apparatus was stood upright in the lower buffer chamber.

Using a three-way stopcock, the gel apparatus tubing was attached in series with a2 L
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reservoir and a 60 ml syringe was attached to the remaining stopcock outlet. The tubing was
attached to the 2 L reservoir through a Bottom drain (a 2 L graduated cylinder was used). The
reservoir was secured above the gel apparatus to allow for gravity flow. The stopcock valve
was adjusted to allow liquid to flow between the 2 L reservoir and the 60 ml syringe. Once
the TEMED was added, the acrylamide solution (1X TBE, pH 8.3, 96.9 g acrylamide, 3.3 g
bis-acrylamide, 1.3 g ammonium persulfate and 700 pl TEMED in a total volume of 2 L) was
poured into the 2 L reservoir. The syringe plunger was pulled down to the 50 ml mark. The
plunger was depressed to push the air out of the upper tubing. Once all air was removed, the
valve was adjusted so that all three ports were open. Acrylamide flowed into the apparatus,
filling all four gels simultaneously from the bottom upward. The flow was stopped when the
level reached 3 mm from the top edge of the glass plates. The solution was allowed to settle
for 2 to 3 minutes. Afier the valve leading to the gel apparatus had been closed, the syringe
and reservoir were detached. "

The ends of the in-gel digest digest tubing were separated and the first dimension gel
was extruded into a pan containing lX. TBE, pH 8.3. The gel was transferred to a 50 ml tube
containing 40 ml 1X TBE, pH 8.3. This was incubated for 10 min at room temperature,
replaced with fresh TBE, and incubated for an additional 10 min. The first dimension gel
was placed in a horizontal position across the beveled edge of each glass ﬁlate. Once all gels
were in place, the space between the agarose gel and the top of each polyacrylamide gel was
filled with molten 0.8% agarose (equilibrated to 55°C). This connecting agarose was allowed
to solidify for 10 to 15 min and then 250 pl second dimension loading dye (1X TE, pH 8.3,
0.25% Bromophenol Blue, 0.25% Xylene Cyanol) was added along the length of each gel.
Then 1X TBE, pH 8.3 was added to the upper and lower buffer chambers and electrophoresis
was carried out at 100 V for 2 hr and then at 150 V for approximately 24 hr.

Buffers were then removed and the apparatus was disassembled. Each gel was lifted
from the plates by overlaying with Whatmann paper cut to size for autoradiographic or
phosphorimager casseites. The perimeter of the paper was traced with the edge of a plastic
ruler, removing any excess gel. The Whatmann paper and gel were lifted and placed, gel side
up, on a second piece of Whatmann paper. This was overlaid with saran wrap and a third
piece of Whatmann paper was added to the top and saran wrap was folded over the top of the
Whatmann paper. This was placed in a gel drier, in the same orientatioﬁ, for 1 hr at 80°C
while applying a vacuum. The lower and upper Whatman paper was then removed, saran

wrap folded under (he remaining paper and exposed to X-ray film (BioMax MS).
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E. RLGS spots resulting from methylation-sensitive restriction enzymes identify CpG islands

Using this methodology, an RLGS profile of DNA from human cells produces a
pattern displaying approximately 2,000 spots. Fig. 1B, for example, shows such an RLGS
profile from normal peripheral blood lymphocyte DNA. First-dimension separation of
labeled Notl/EcoRV fragments extends from right to left horizontally. Following in-gel
digestion with Hinfl, the fragments were separatgd vertically downward into a
polyacrylamide gel and autoradiographed. To allow uniform comparisons of RLGS profiles,
spots were defined based on their location in the gel by assigning each spot a three-variable
designation (Y coordinate, X coordinate, fragment number). This can be more easily seen in
the enlarged portion of section 2D of the RLGS profile (Fig. 1C) showing the numbers
agssigned to each spot.

From a set of 1,567 Notl spots comprising the central portion of the RLGS profile of
normal DNA, 392 spots were eliminated from all analyses on the basis of having more than
diploid intensity, less than diploid intensity, or a degree of positional overlap with
neighboring fragments. In addition, a small fraction of loci in individual tumor profiles was
not able to be analyzed due to poor local gel quality. In normal DNA profiles, the less-than-
diploid copy-number intensities can result from polymorphism, partial methylation or spots
derived from sex chromosomes. Thus, the analyzed spots were of diploid copy number in
most samples. Tumor tissue and healthy tissue DNA profiles were compared by visual
inspection of overlaid autoradiographs. In those cases in.which matched normal tissue was
not available, tumor profiles were compared with profiles matched for tissue type of four to
five unrelated individuals. Each CpG island was defined as unmethylated or methylated (a
visually apparent decrease in intensity on the RLGS profile, which, through corroboration
with Southern-blot data for 26 CpG island loci and more that 100 loss events, corresponded
to a 30% or greater level of methylation).

To determine if the Notl restriction sites which produced the RLGS spots, had
characteristics of authentic CpG islands, DNA from 210 of the Notl/EcoRV RLGS spots was
partially sequenced. This was possible because each spot on the human Notl/EcoRYV RLGS
profile had previously been assigned to a clone from a NotI/EcoRV genomic plasmid library
(see description earlier in the specification). Of the 210 spots, 184 were randomly chosen.
Another 26 spots were chosen because they were frequently lost from RLGS profiles from
human tumors, suggesting that cytosine nucleotides within the Notl sequence of that spot
were methylated in the tumor. From the sequences derived from these clones, the GC content

(%GC) was plotted against the CpG ratio for each clone (Fig. 1D; CpG ratio = [(number of
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CpGs)/(number of guanines)(number of cytosines)(number of nucleotides analyzed)]). CpG
islands have a GC content of greater than 50% and a CpG value of at least 0.6. Fig. 1D
shows that, of 210 clones sequenced, 197 (94%) had sequence characteristics consistent with
CpG-island DNA.

F. Tumor tissue samples analyzed

DNA used to perform the RLGS analyses was obtained from 98 primary human
tumors and, where possible, matched normal samples. These samples were from 8 broad
tumor types; breast, colon, gliomas, head and neck, acute myeloid leukemias, primitive
neuroectodermal tumors (PNETSs) and testicular.

Fourteen breast cancers included 2 adenocarcinomas, 2 lobular carcinomas and 10
ductal carcinomas. The samples were from 6btained the Cooperative Human Tissue Network
(CHTN). All tumors were from females, 38-89 years of age (average of 54 years). Breast
tissue adjacent to the tumor was available for 6 of 14 cases, and 8 tumor profiles were
compared with 4 breast samples from the matched sets. '

Colon tumors were obtained from Roswell Park Cancer Institute and classified
according the American Joint Committee on Cancer staging manual. The 8 primary tumors
included 1 stage I tumor, 2 stage II tumors, 2 stage III tumors and 3 stage I'V tumors. Patient
ages ranged from 49 to 77 years (average of 63 years). Normal adjacent colon mucosa
samples were obtained for all tumors.

Fourteen gliomas, including 12 World Health Organization (WHO) grade II
astrocytomas and 2 WHO grade III anaplastic astrocytomas, from Saitama Medical School,
the University of Tokyo, Teikyo University School of Medicine, Komagome Metropolitan
Hospital and the University of Washington, Seattle. Patients included 10 females and 4
males with an age range of 7-57 years (avérage of 34 years). Brain tissue adjacent to the
tumor was also obtained for 1 WHO grade Il and 1 WHO grade III tumor. Twelve cases
were compared with 3 unmatched normal brain samples and with the 2 brain samples from
the matched sets.

Fourteen head and neck squamous cell carcinomas were obtained through the CHTN.
Tumors were from 11 males and 3 females. Patients were 42-77 years of age (average of 57
years). Tissue adjacent to the tumor was available for 12 of 14 cases, and 2 tumors were
compared with 4 samples from the matched sets.

Nineteen acute myelogenous leukemia samples (3 bone marrow aspirates and 14

peripheral blood) from the Cancer and Leukemia Group B Tissue Bank. Samples were
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classified according to the French-American-British system. Samples were obtained from
patients at the time of initial diagnosis with AML and again at complete remission (24-154
days, average 45 days) after induction chemotherapy. Samples were from 14 males and 3
females. Patients were 22-61 years of age (éverage 40 years). All cases were compared with
matched samples (either peripheral blood lymphocytes or bone marrow, but always matched
with the origin of the cancer sample) obtained at remission.

Twenty-two PNETs, including 17 medulloblastomas and 5 supratentorial PNETs,
through the CHTN, Pediatric Division. Tumors were from 15 males and 7 females. Patients
were 2-26 years of age, with peak ages between 3 and 6 years. All tumors were WHO grade
IV. Matched peripheral blood lymphocytes were available for 6 of 22 cases, and 18 samples
were compared with unmatched normal cerebellum DNA.

Nine testicular tumors included 6 seminomas and three nonseminomas. Samples were
obtained from the Norwegian Radium Hospital and from the Helsinki University Central
Hospital. Patients were 21-77 years (average of 41 years). Adjacent testicular tissue was
available for 7 of 9 cases, and 2 samples were compared with 4 samples of testicular DNA

used in the matched sets.

G. Loss of spots from RLGS profiles is due to methylation
In comparing RLGS profiles of DNAs from different tumors with control, healthy

tissue DNAs, loss of a fragment or spot from an RLGS profile (Fig. 1A) was frequently
detected. Loss of such a spot could be due to either methylation of DNA sequences at the
Notl site giving rise to that spot, or to deletion of DNA surrounding that Notl site from the
genome of the tumor. The relative contribution of each mechanism was assessed by using
clones from the Notl/EcoRV genomic library, specific for lost spots, as probes in Southemn
blotting studies. In Fig. 2A, a section of an RLGS profile, from normal, healthy tissue was
compared with tumor tissue from two gliomas, J7 and J16. This RLGS section contains spot
3C1. In tumor J16, spot 3C1 is absent from the RLGS profile. If there was a deletion of
DNA surrounding the Notl site, however, the expected result in the Southemn blot would be
either no hybridization of the probe to the J16 genomic DNA or hybridization to a band of a
size different from those detected in the lane containing normal, healthy tissue DNA digested
with NotI plus EcoRV, and tumor tissue DNA digested with EcoRV alone. This result is not
seen. These results show, therefore, that DNA corresponding to a missing 3C1 spot in J16
glioma DNA is present in the genome, as shown by the Southern hybridization rosult.

Likewise, DNA corresponding to specific RLGS spots missing in certain leukemias
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(Fig. 2B) and neuroectodermal tumors of childhood (Fig. 2C) are found to be present when
these DNA are analyzed by Southern blotting. Overall, in 26 tumors where specific spots in
RLGS profiles were missing DNA corresponding to the spot, was found to be present in the
genome by Southern blotting. These results show that loss of spots on RLGS profiles is due
to methylation of the corresponding NotI site and not deletion from the genome of DNA
representing that spot. Therefore, methylation is the predominant mechanism underlying loss

of spots from RLGS profiles.

H. Heterogeneity in CpG-island methvlation across tumors. ,
To compare the overall pattern of methylated CpG islands among different tumors of

the same tumor type, 1,184 spots in each of 98 tumors (and their non-tumorigenic conirols)
were analyzed by RLGS. The analysis was performed by determining the number of RLGS
spots lost, or of decreased intensity, as compared to the controls. Each lost spot or spot of
decreased intensity is equivalent to one methylated CpG island. For each tumor type, the
number of methylated CpG islands in each individual tumor, as compared to controls, was
plotted (Fig. 3). These data showed that breast, head and neck, and testicular tumors had
relatively low levels of methylation, with many such tumors showing no methylation. Colon
tumors, gliomas, acute myeloid leukemias and primitive neuroectodermal tumors (PNETs)
had a much higher frequency of methylation. Nonparametric comparison (Kruskal-Wallis
procedure) of the methylation frequencies of the various tumor types showed significant
differences between them (35°=56.9, P<0.0001).

Within a tumor type, the range of methylated CpG islands in individual tumors was
variable. The data (Fig. 3) are not consistent with chance variation between tumors because,
in the absence of heterogeneity, the variance of the methylation frequency would not be
expected to be greater than the mean!. A formal test of this overdispersion was performed for
each tumor type and the results are shown in Fig. 3 as a superimposition of the expected
Poisson distribution on the dot plots. These data showed that aberrant methylation of CpG
islands can be quantitatively different in individual tumors within a tumor type and more

pronounced overall in particular tumor types.

"Heterogeneity of methylation frequencies across samples was assessed within each tumor
type by a standard test for evidence that the variance in methylation frequency exceeds the
mean. This test is motivated by the Poisson approximation, which applies even if the
frequencies of methylation vary across CpG islands. Moreover, a simple result from the
binomial distribution shows that the test is conservative, because under homogeneity the
population variance cannot exceed the mean.
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I._Subsets of CpG islands were preferentially methylated in tumors
Through analysis of the RLGS spots lost in different tumors, it was determined that

certain spots on the RLGS gels were lost in multiple tumors. This means that specific CpG
dinucleotides were methylated in more than one tumor. This is shown in Fig. 4 where the
number of tumors within a specific tumor type that had a particular CpG island methylated
are shown. '

To test the hypothesis that methylation of these common CpG islands was not
random, a standard goodness-of-fit test was used.? This can be seen in the plots of Fig. 4
where the black line of each plot shows the expected distributions if methylation of specific
CpG islands in multiple tumors was random. It can be seen from Fig. 4 that for breast
tumors, colon tumors, gliomas, acute myeloid leukemias and childhood PNETs, the actual
distributions were significantly different (P<0.0001) from the theoretical distributions
indicative of randomness. Similarly, the résults for head and neck tumors were significant
(P<0.025). The resulis for testicular tumors (P=0.365) were not significant. However,
tumors of this type have a low overall methylation frequency and larger sample sizes are
needed. Overall, the data indicate that the patterns of CpG island methylation in tumors is

not random.

J. Frequencies of aberrant CpG-island methvlation of shared and tumor-type-specific targets

Because the data have shown that they are methylated in a nonrandom fashion, CpG
islands that are methylated at a high frequency in one or more tumor types can be used for
diagnosis of tumors. From analysis of 98 tumors using Notl/EcoRV RLGS analysis, a
number of spots that are absent or of decreased intensity, as compared to control healthy
tissue DNA, have been found. Table I lists these spots. Each fragment (CpG island) is
identified in three ways in the table. First, the location of each CpG island is designated as
the distance (in cmj migrated during -electl"ophoresis, from the gel origin, in both the first
dimension and the second dimension. Second, each CpG island is given a three-variable
designation (Y coordinate, X coordinate, fragment number). The X coordinate indicates
horizontal direction on the two-dimensional RLGS profile and is a letter from B-G. The Y

coordinate indicates vertical direction and is a number from 1-5. Together, an X and Y

*Under the null hypothesis of equal methylation frequencies for each CpG island, a goodness-
of-fit test (x*) was applied to the observed versus expected frequencies of islands exhibiting
methylation in multiple tumors within each tumor type.

26

IDT Exhibit 1020.8202



10

15

WO 02/060318 PCT/US02/03077

designation divide the RLGS profile into 28 sections. Within each section, the
spots/fragments are given a number. Such a profile is available at: http://pandora.med.ohio-
state.edu/masterRLGS/. Third, the partial DNA sequence of individual spots has been
determined by sequencing of library clones corresponding to each spot. These sequences are
shown in the attached Sequence Listing and have been assigned SEQ ID NOS. from 1 to 82.

The diagnostic NotI/EcoRV spots are of two types (Fig. 1). The first type of spot is
absent or of decreased intensity in a single tumor type. For example, the Notl site that is part
of the Cp@G island designated 2.B.53, is methylated only in head and neck tumors. Similarly,
the Notl site of CpG island 2.F.2 is methylated only in breast tumors. ‘

The second type of spot is absent or of decreased intensity in more than one type of
tumor. For example, the Notl/EcoRV spot designated 2.C.24 is missing in gliomas and
AMLs. Similarly, the Notl/BcoRV spot designated 3.B.55 is methylated in breast, colon and
PNETs.

Table I. Diagnostic CpG islands in tumors.

CpG 1st-D 2nd-D | Type’ Methylated
Island’ (cm)2 (cm)” In*:
2.B.53 36.85 925 t HN
2.C.24 30.3 5.32 s Abt/Leu
2.C.29 27.8 5.45 s Leu/Hn
2.C.35 29.45 6.9 s Abt/Bre/Cln/Leu/Pbt
2.C.54 32.38 9.42 s Leu/Hn
2.C.57 30.9 8.5 ND Tst
2.C.58 31.2 9.2 s Abt/Leu
2.C.59 30.4 9.35 ND Hn
2.D.10 27.55 5.3 s Leu/Pbt
2.D.14 24.25 4.47 t Leu
2.D.20 26.3 5.3 t Cln
2.D.25 27.15 6.4 ND Bre
2.D.27 25.65 5.82 ND Hn
2.D.34 23.62 6.6 s Leu/Pbt
2.D.40 23.95 7.25 ND Pbt
2.D.48 26.1 8.1 ND Leu
2.D.55 24.2 8.3 s Cln/Leu
2.D.74 23.95 9.35 s Abt/Bre/Cln/Leu
2.E.20 20.6 5.95 ND Pbt
2.E.24 19.35 5.7 S Abt/Leu
2.E.25 18.27 5.65 t Bre
2.E.30 20.35 6.4 s Abt/Bre/Leu
2.E.37 21.42 7.1 ND Bre

2.E4 21.1 4.48 s Leu/Pbt
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2.E.40 NA NA ND Tst
2.E.61 19.4 3.08 s Abt/Pbt
2.E.64 20.5 8.35 s Abt/Cln
2F.2 17.27 472 t Bre
2.F.41 NA NA Tt Tst
2.F.50 15.23 7 s Abt/Leu
2.F.59 17.49 8 ND Bre
2.F.70 15.88 13.3 S Pbt/Tst
2.G.10 10.29 4.49 s Leu/Tst
2.G.108 7.68 7.44 ND Bre
3.B.30 35.4 12.55 ND Tst
3.B.36 34.2 11.8 s Abt/Cln/Leu/Pbt
3.B.55 NA NA s Bre/Cln/Pbt
3.C.01 31.6 9.7 s Abt/CIn/Leu
3.C.16 27.9 11.8 t Pbt
3.C.17 29.2 10.57 t Cln
3.C.30 31.61 10.37 t Bre
3.C.35 31.6 11.5 t Pbt
3.C.64 29.1 14.05 ND Bre
3.D.21 242 10.75 t Leu
3.D.24 23.2 11.03 s Abt/Leu
3.D.35 26.1 11.65 s Abt/Cln/Leu/Pbt
3.D.40 23.4 12.26 s Abt/Cln/Leu
3.D.44 24.45 12.82 t Leu
3.D.60 27.2 12.4 s Abt/Cln/Leu
3.E.04 20.4 14.2 N Hn/Pbt
3.E.50 20.55 10.7 s Hn/Tst
3.E.55 18.78 10.55 s Cln/Leu
3.E.57 18.09 10.9 s Clo/Hn
3.E.59 18.4 9.72 s Abt/Tst
3.F.16 16.6 9.75 ND Leu
3.F.2 16.73 9.35 s Lew/Tst
3.F.50 16.25 11.6 S Cln/Leu/Tst
3.F.72 16.9 13.7 t Leu
3.F.82 13.8 13.12 s Abt/Cln/Leu
3.G.46 9.88 11.5 ND Bre
3.G.78 10 12.93 ND Leu/Pbt
4.B.44 33.7 18.53 s Clo/Hn
4.B.56 33.2 19.45 S Bre/Leu
4.C.05 30 14.9 ND Bre
4.C.25 28.62 - 17 ND Bre
4.C.42 NA NA ND Tst
4.C.9 30.3 15.3 ND Bre
4.D.07 22.9 14.5 s Leu/Tst
4.D.08 23.5 15 s Abt/Tst
4D.12 25 14.85 s Abt/Leu/Tst
4D.13 24.95 15.3 s Abt/Bre
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4.D.47 27.6 18.25 s Abt/Leu/Pbt
4.E.53 19.39 18.43 1 Leu
4F.15 13.25 15.45 | t " Cln
4F.17 14.1 15.6 S Abt/Bre/Cln -
4F.22 17.56 16.2 s Cln/Hn/Leu
4F.6 14.85 14.59 ND Bre
4.F.69 12.58 18.86 t Abt
5.D.9 25.17 23.4 t Hn
5E.2 20.58 19.5 1 Bre
5.E.25 18.7 21.3 1 Chn
5.E.4 18.45 19.75 S Abt/Bre/Leu
'Y coordinate, X coordinate, fragment number
“NA, spots too close to analyze.

3T, tumor-type specific target of methyaltion; s, shared target of methylation;
ND, not determined.

“Types of tumor in which CpG island is methylated: Abt, gliomas; Bre,
breast; Cln, colon; Hn, head and neck; Leu, acute myeloid leukemia; Pbt,
pediatric brain tumors; Tst, testicular germ cell tumors.

Example 2. Identification of diagnostic markers for lung cancer using Ascl and RLGS
Tissue from lung tumors was obtained as surgical tissue samples. Where possible,

surrounding non-tumor tissue from the same patient was obtained and used as a control.
DNA was isolated from the tissue as déscribed in Example 1. In preparation for RLGS
analysis, the ends of the DNA were blocked as described in Example 1. The DNA was then
digested with Ascl followed by digestion with EcoRV. The Ascl restriction enzyme
recognizes the sequence 5’GGCGCGCC3’ and does not cleave said sequence if cytosines
within the sequence are methylated. First dimension gel electrophoresis, in-gel digestion
with Hinfl, second dimension gel electrophoresis and autoradiography were performed as
described in Example 1.

RLGS profiles from lung tumor DNA were compared with RLGS broﬁles obtained
from healthy, non-tumor tissue DNA. Spots which were lost or present at reduced intensity
in tumor tissue RLGS profiles as compared to profiles obtained from healthy tissue were
noted. Eight spots were lost or altered in the RLGS profiles from multiple lung tumor
samples. A compilation of such spots is shown in Table II (lung tumoré).

DNA sequence information was obtained from the lung cancer-specific spots. This
was done by sequencing individual clones of an AscI/EcoRV library that was made from
DNA from healthy tissue. Individual clones of this library that corresponded to spots on the
AscI/EcoRV RLGS profile were identified by overloading an RLGS gel with DNA from
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various groups of library clones, as was described earlier in the specification of this

application for the Notl/EcoRV library. After individual clones were matched with spots in

the Ascl/EcoRYV profile, the DNA from the spots that were missing in profiles from the lung

tumor DNAs were sequenced. Such sequence information is shown in the attached DNA

Sequence Listing.

Table II. Diagnostic CpG islands grouped by tumor type.

Library

Tumor type

Tumor type specific
(+), shared (), or not
determined (ND)"

CpG island
designation’

Notl/EcoRV

Breast

+

2.E.25,2.F.2,3.C.30,
S.E2 :

3.B.55,4.B.56,4.D.13,
4F.17,2.D.74,2.C35,
2E30,5E4

2D.25,2.E37, 2.F.59,
2.G.108, 3.C.64, 3.G.46,
4.C.05,4.C.25, 4.C.9,
4F.6

Notl/EcoRV

Colon

2D.20,3.C.17,4.F.15,
5.E.25 .

3.E.57,4.B.44,4.F.22,
2.D.55, 3.E.55, 3.F.50,
3.B.55,4F.17,2.D.74,
2.C.35,2.E.64,3.CJ01,
3.D.40, 3.D.60, 3.F.82,
3.B.36,3.D.35

Notl/EcoRV

Glioma

4.E.69

4D.13,4F.17,2.D.74,
2.C.35,2.E.30, 5.E 4,
2.E.64,3.C.01, 3.D.40,
3.D.60, 3.F.82, 3.B.36,
3.D.35,2.C.24, 2.C.58,
2.E.24,2F.50,3.D.24,
4D.47,4D.12, 2.E.61,
3.E.59, 4D.08

Notl/EcoRV

Head & neck

2.B.53,5.D.9

2.C.29,2.C.54,3.E.04,
3.E.50, 3.E.57, 4.B.44,
4.F.22
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ND 2.C.59,2.D.27
Notl/EcoRV Acute + 2.D.14,3.D.21, 3.D.44,
myelogenous 3.F.72,4.E.53, 2.C.29,
Leukemia 2.C.54

- 2.D.10,2.D.34, 2.E 4,
2.G.10,3.F.2, 4D.07,

4F22,2D.55,3.E.55,
3.F.50, 2.E.64, 3.C.01,
3.D.40, 3.D.60, 3.F.82,
3.B.36, 3.D.35, 3.C.01,
3.D.40, 3.D.60, 3.F.82,
3.B.36,3.D.35, 2.C.24,
2.C.58, 2.E.24, 2.F.50,
3.D.24, 4D.47, 4D.12

ND 2.D.48,3.F.16, 3.G.78,
4.B.56
Not/EcoRV: Pediatric + 3.C.16,3.C.35, 3.E.04
neuroectoder - ' '
mal tumor of
childhood
- 2.D.10,2.D.34, 2.E 4,
3.B.55,2.C.35, 3.B.36,
3.D.35,4.D.47, 2.E.61
ND 2.D.40,2.E.20, 3.G.78
Notl/EcoRV Testicular =+ 2.F.41
- 2.G.10,3.F.2,4.D.07,
3.E.50,3.F.50,4.D.12,
3.E.59,4.D.08
ND 2.C.57,2.E.40, 3.B.30,
4.C.42
Ascl/EcoRV Lung -+
ND A2 F.45, A2.F.50,

A2F.67, A3.F.38,
A.4.D.30, A.4.D.36,
A4E32, A5E.28

'ND, not determined. Indicates that the designated CpG island was methylated in the
indicated tumor type but its methylation in other tumor types was not determined.

>The “A” preceding the X, Y, number designation for the CpG islands indicates that these
islands are from the AscI/EcoRV RLGS profile.

Example 3. Desiegn of primers for cancer diagnosis

Primers are designed for diagnosis of cancer using methylatidn—speciﬁc PCR (MSR).
The primers are designed to amplify regions of the human genome whose sequences are
contained within the library clones disclosed in this application. Two sets of primers are

needed for each library clone whose DNA sequence is to be used for diagnosis of cancer.
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Each primer set is designed to amplify the same region of the genome, said region beginning
at the end of a library clone containing the methylation-sensitive restriction enzyme
recognition site (i.e., the Notl site for the library described in Example 1; the Ascl site for the
library described in Example 2) and ending at a region contained within the clone up to 200
nucleotides from the methylation—sensi;[ive restriction enzyme recognition site.

The first set of primers is designed to amplify template genome DNA whose cytosine
residues arc not methylated and, after bisulfite treatment, the cytosines of said genome DNA
are converted to uracil. The second set of primers is designed to amplifil template genoine
DNA which is methylated on cytosines that comprise CpG dinucleotides. Such methylated
cytosines are unaffected by bisulfite treatment. Therefore, by using two sets of primers, one
set that will amplify only unmethylated DNA and another set that will amplify only
methylated DNA, methylation state of the template DNA can be determined. Such
methylation state can be diagnostic for cancer.

The primers used for MSR are designed to be from 15 to 34 nucleotides in length and
contain within their sequence either CpG dinucleotides or dinucleotides complementary to
CpG dinucleotides that have been treated with bisulfite. It is preferred that the 3’ ends of
primers used to amplify unmethylated DNA are CpA dinucleotides. It is preferred that the 3°
ends of primers used to amplify methyiated DNA are CpG dinucleotides.

For each library clone to be used diagnostically, the first set of primers are designed to
amplify genome DNA that is not methylated. After treatment of such genome DNA with
bisulfite, all such unmethylated cytosines are converted to uracil. PCR pﬁmers that will use
such DNA as a template and amplify it, will have adenine residues which are complimentary
to these uracils.

For the first set of primers, the 5° end of one of the primers begins at the end of the
library clone containing the methylation-sensitive restriction enzyme recognition site. The
seqilence of this primer is identical in sequence to the strand of the template which has its 5’
end as part of the methylation-sensitive restriction enzyme site, except that guanine residues
are replaced with adenine residues. The adenines allow the primer to hybridize with the
template strand in which cytosines have been converted to uracils by bisulfite. This primer
extends to a length of between 15 and 32 total nucleotides. Preferably, the 3’ end of said
primer ends with a CpA dinucleotide, fhe adenine of said dinucleotide hybridizing to a uracil
which, before bisulfite treatment, had been a cytosine that comprised a CpG dinucleotide.

The diagram below shows implementation of these rules to select a primer that can be

used to amplify clone 2.B.53 of the NotI/EcoRV library (Table I and attached sequence
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listing). In the diagram, I shows the end of the 2.B.53 clone containing the methylation-
sensitive NotI site (NotI recognition sequence is shown in bold letters). CpG dinucleotides
are shaded. To amplify a region of this clone rightward of the NotI site, the first primer is
identical to the top strand of the duplex shown in I. However, since bisulfite treatment of the
DNA in I converts cytosines to uracils, guanines within the PCR primer must be replaced
with adenines. II shows the sequence of the bottom strand of I after bisulfite treatment
converls cylosines to uracils. A primer complementary to the bisulfite-treated bottom strand

has the sequence shown in ITL

TTAGCTTCTCCTGT
AATCGAAGAGGACA

111
5'ACAACCACAATTAACTTCTCCTATCCAAACA 3’7

IIT shows the entire sequence of one of the two primers used to amplify unmethylated
genome DNA corresponding to library clone 2.B.53. This primer encompasses 5 CpG
dinuceotides, as shown by the shading in I above. Encompassment of 2 or more such CpG
dinucleotides is preferred so that this primer will not hybridize to a bisulfite-treated template
which contains methylated cytosines. The 3’end of the primer shown in III ends in a CpA
dinucleotide. This is also preferred in order to provide maximal discrimination of the primer
between methylated and unmethylatedltemplate DNA in MSR. The primer shown in IIT has a
length of 31 nucleotides. |

The second primer is designed to work with the first primer in PCR amplification
such that a fragment of less than about 200 base pairs is amplified. Therefore, this primer is
made to a sequence rightward of the sequence shown in I. The sequence of this primer is
complementary in sequence to the strand of the template which has its 5° end as part of the
methylation-sensitive restriction enzyme site, except that guanine residues are replaced with
adenine residues. This primer is preferably between 15 and 32 nucleotides in length. This
primer is also designed to preferably encompass 2 or more CpG dinucleotides. Preferably,
the 3’ end of said primer ends with a CpA dinucleotide.

The diagram below shows implementation of these rules to select a primer that can be

used to amplify unmethylated genome DNA corresponding to clone 2.B.53 of the
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NotI/EcoRYV library. IV shows a region of the 2.B.53 clone about 70 nucleotides rightward
of the sequence in I of the earlier diagfam. The CpG dinucleotides within the sequence are
shaded. To amplify a region lefiward of this region, this second primer must be
complementary to the top strand of the duplex shown in IV. However, bisulfite treatment of
the DNA in IV converts cytosines to uracils. A primer complementary to this bisulfite-

treated top strand has the sequence shown in V1.

v
5’
3’

A\
5[

VI

3’ ACACCAACACCCTCCAACACAACACATAACT 57

VI shows the entire sequence'of the second primer used to amplify unmethylated
genome DNA corresponding to library clone 2.B.53. This primer encompasses 8 CpG
dinucleotides, as shown by the shading in TV. Encompassment of 2 or more such CpG
dinucleotides is preferred. The 3’end of the primer shown in VI ends in a CpA dinucleotide.
This is also preferred. The primer shown in VI has a length of 31 nucleotides. Together, the
[first and second primers amplify a PCR fragment of 128 base pairs in length.

The above primers amplify genome DNA that does not contain 5-methylcytosine.
The above primers will not amplify genome DNA containing 5-methylcytosines because 5-
methylcytosines are not converted to uracils by bisulfite treatement. The two primers already
described (Il and VI), therefore, will not be complementary to bisulfite-treated genome DNA
which is methylated.

Therefore, a second set of primers is designed to amplify genome DNA that is
methylated. Methylation in human cells occurs at cytosines that are part of CpG residues.
Such methylated cytosines are not converted to uracil by bisulfite treatment. Cytosines that
are not part of CpG residues are not methylated and, therefore, are converted to uracil by
bisulfite. The primers of the second set are designed to amplify the same region of a library
clone as did the first set of primers. But, because the genome DNA contains both cytosines
that are methylated and cytosines that are not methylated, the sequences of primers used to

amplify such DNA arc diffcrent than the sequences of the first primer set. Like the first set of
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primers, however, the primers of the second set are preferably between 15 and 32 nucleotides
in length. Preferably the 3° ends of such primers contain CpG dinucleotides.

The diagram below shows implementation of these rules to select the first of two
primers that can be used to amplify methylated genomic DNA corresponding to clone 2.B.53
of the Notl/EcoRYV library. In the diagram below, VII shows the end of the 2.B.53 clone
containing the Notl site (Notl recognition sequence is bolded). CpG dinucleotides are
shaded. Cytosines within said CpG diﬁucleétides are methylated and are underlined in VII to
indicate methylation to 5-methylcytosine. Treatment of the DNA in VII with bisulfite
produces a bottom strand with the sequence shown in VIII. In VIII, only unmethylated

cytosines are converted to uracil by bisulfite.

TTAGCTTCTCCIGT
AATCGAAGAGGACA

VIII
3’ UGCUGGCGCUAATUGAAGAGGAUAGGCTTGCGTUUU -~ ~ - ~

IX
5"ACGACCGCGATTAACTTCTCCTATCCGAACG 37

A primer complementary to the bisulfite-treated bottom strand shown in VIII is shown
in IX. Said primer will prime PCR amplification of sequences rightward of those shown in
VII. The primer shown in IX encompasses 5 CpG dinucleotides. Eﬁcompassment of 2 or
more such CpG dinucleotides is preferred. The 3’ end of the primer shown in IX ends in
CpG. This is also preferred. The primer shown in IX has a length of 31 nucleotides.

A second primer is designed to work with the primer shown in IX to amplify
methylated genome template DNA. Design of such a primer is shown below. In the
diagram, X shows the same region of clone 2.B.53 (approximately 70 nucleotides rightward
of the sequences shown in VII) that is shown in IV. Treatment of the DNA in X with
bisulfite produces a top strand with the sequence shown in XI. In XI, only unmethylated

cytosines are converted to uracil by bisulfite.

X
5!
3'

X1
5!
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3’ GCGCCAGCGCCCTCCAACGCAGCGCATAGCT 57

A primer complementary to the bisulfite-treated top strand (XI) has the sequence
shown in XTI. Said primer will prime PCR amplification of sequences leftward of those
shown in X. The primer shown in XII encompasses 8 CpG dinucleotides. Encompassment
of 2 or more such CpG dinucleotides is prefcrrcd; The 3’ end of the primer shown in XII
ends in a CpG dinucleotide. This is also preferred. The primer shown in XII has a length of
31 nucleotides. Together, the first (IX) and second primers (XII) of the second set amplify a
PCR fragment of 128 base pairs in length.

Example 4. Use of oligonucleotides to diagnose cancer

The library clones, and DNA sequences within, can be used to detect DNA
methylation in a genome at the specific sequences identified by the sequences within the
clone. Such detection can be diagnostic for cancer. Various methods can be used for such

diagnosis.

A. Diagnosis of cancer using methvlation-sensitive restriction enzymes followed by
Southern blot

Cleavage or lack of cleavage by a methylation-sensitive restriction enzyme at a
specific restriction enzyme recognition site can be detected by a probe for the specific
recognition site, using Southern blotting. Genomic DNAs were isolated (as described in
Example 1) from tumor tissue from a patient with acute myelogenous leukemia (AML).
Cells from the same patient after chemotherapy and remission of the disease served as a
source of control, healthy tissue DNA.' The AML and control DNAs were designated as 26T
and 26N, respectively. The DNAs were digested with Notl and EcoRV for 4 hours and then
electrophoresed through a 0.8% agarose gel. DNA within the gel was depurinated by soaking
the gel in 0.2 N HCI for 10 min. The gel was equlibrated in transfer solution (0.5 N NaOH, 1
M NaCl) for 10 min. and then blotted to Zeta Bind-GT nylon membranes (Bio-Rad). Blots
were crosslinked with UV light, baked in a vacuum oven and then prehybridized for 1 hour at
65°C in a solution of 7% SDS, 500 mM sodium phosphate buffer (pH 7.2) and 1 mM EDTA.
The blot was hybridized overnight at 65°C in prehybridization solution with 10 ng of a->2P-
labeled probe at a specific activity of 103-10° dpm/pug. The DNA probe used was the 2.C.40
clone from the Notl/EcoRV 2.C.40library. The purified Notl/EcoRV fragment (50 ng) was
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labeled with [a-*?P]dCTP by random priming using the Prime-It II random-prime labeling kit
(Stratagene). The blot was washed with two quick rinses at 65°C in wash solution 1 (100
mM sodium phosphate buffer, pH 7.2, 0.1% SDS), followed by one 30 min. wash at 65°C in
wash solution 1. The blot was next wﬁshed for 30 min. at 65°C in wash solution 2 (40 mM
sodium phosphate buffer, pH 7.2, 0.1% SDS). Bands were visualized by autoradiography
using Kodak X-OMAT AR film.

Fig. 2B shows the data. The first 2 lancs of thc autoradiograph are. relevant. The first
lane, labeled 26N is the normal, healthy tissne DNA cleaved with both Notl and EcoRV. The
26N lane shows a band near the bottom of the autoradiograph labeled “NotI/EcoRV.” This is
fragment resulting when the Notl site present in the 2.C.40 clone is unmethylated. The
adjacent lane, labeled “26T,” is the tumor tissue DNA cleaved with both Notl and EcoRV. It
is seen that this band, labeled “EcoRV,” does not migrate as fast as did the 26N band. The
reason is that the Notl site present in the 2.C.40 clone is methylated and the Notl enzyme was

unable to cleave at this site.

B. Diagnosis of cancer using methylation-specific PCR (MSR)
MSR is a technique whereby DNA is amplified by PCR' dependent upon the

methylation state of the DNA. In this example, the specific areas of the genome whose
methylation status is to be determined are the regions at the ends of the CpG islands that are
demarcated by the methylation-sensitive restriction enzyme recognition seQuence. In the case
of the Notl/EcoRV RLGS profiles, this is the Notl site. In the case of the AscI/EcoRV RLGS
profiles, this is the Ascl site, at the end of each clone.

For the purposes of this example, the methylation status of genomic sequences
corresponding to the Notl site of clone 2.B.53 of the Notl/EcoRV library is examined.
Genomic DNA is first isolated from normal tissue and from tumor tissue, as described in
Example 1. This DNA is then treated with bisulfite. This is done by taking 1 pg of genomic
DNA in a volume of 50 pl and denaturing said DNA in a final concentration of 0.2 M NaOIH.
Thirty microliters of 10 mM hydroquinone and 520 pl of 3 M sodium bisulfite, at pH 5.0, are
added, mixed and incubated under mineral _oil at 50°C for 16 hours. The modified DNA is
then purified using the Wizard DNA purification resin (Promega) and eluted into 50 ul of
water. Modification is completed by NaOH (final concentration, 0.3 M) treatment for 5 min.
at room temperature, followed by ethanol precipitation. DNA is resuspended in water.

Fach genomic DNA is then used in two PCR reactions. One PCR reaction will
amplify DNA that is not methylated and has, therefore, been modified by bisulfite. The
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second PCR reaction will amplify DNA that is methylated. Separate primers are used for
each reaction. To determine the methylation status of the NotI site in the genomic DNA
which corresponds to the 2.B.53 clone, the two sets of primers described in Example 3 are
used. Each PCR reaction contains 1X PCR buffer (16.6 mM ammonium sulfate, 67 mM Tris,
pH 8.8, 6.7 mM MgCl,, 10 mM 2-mercaptoethanol), dNTPs (each at 1.25 mM), primers (300
ng each per reaction), and 50 ng bisulfite-modified DNA in a final volume of 50 pl. Separate
conirol reactions are run which contain DNA that has not been modified by bisulfite.
Reactions are hot-started at 95°C for 5 min. before the addition of 1.25 units of Taq
polymerase. Amplification is carried out for 35 cycles (30 sec at 95°C, 30 sec at the
annealing temperature, and 30 sec at 72°C), followed by a final 4 min. extension at 72°C.
Each PCR reaction is directly loaded onto nondenaturing 6-8% polyacrylamide gels and
electrophoresed. Gels are stained with ethidium bromide and visualized under UV
illumination.

If input genomic DNA is not methylated at cytosines within CpG dinuceotides at the
Notl site corresponding to the end of the 2.B.53 CpG island clone, the PCR reaction using the
primers specific for nonmethylated DNA (primers III and VI in Example 3) will produce an
amplification product of 128 base pairs in length. Using the same input genomic DNA, the
PCR reaction using the primers specific for methylated DNA (primers IX and XII in Example
3) will not produce an amplification product.

If input genomic DNA is methylated at cytosines within CpG dinucleotides at the
Notl site corresponding to the end of the 2.B.53 CpG island clone, the PCR reaction using the
nonmethylation-specific primers will not pfoduce an amplification product. Using the same
input genomic DNA, the PCR reaction using the methylation-specific primers will produce

an amplification product of 128 base pairs in length.

Example 5. Detection of gene expression

The library clones (Tables I and 1I) and DNA sequences (attached sequence listing)
are useful for determining whether genes encoded within said clones are being transcribed in
tumor tissue or cultured cells. To determine transcription, RNA was isolated from five
different human glioma cell lines (U87MG, U178, T98G, U251 and 1L.N235) using Trizol
(Gibco BRL). Such RNA isolation reagent is known to those skilled in the art. RNAs were
quantified using a spectrophotometer and then treated with amplification grade Dnase 1

(Gibco). The RNA (2 pg) was reverse transcribed by incubation with oligo-dT and random

38

IDT Exhibit 1020.8214



10

15

20

25

30

WO 02/060318 PCT/US02/03077

primers in a 20 pl reaction, heated to 70°C for 10 min. and placed on ice. A mix containing
1X reaction buffer (Gibco), DTT (10 mM), dNTPs (0.5 mM each), and RNAsin (80 U,
Promega) was added to each sample. The samples were divided into two tubes, each
containing 19 ul, and incubated at 37°C for 2 min. M-MLYV reverse trahscriptase (RT, 200
U) was added to one of the two tubes and cach was incubated at 37°C for 1 h. DEPC-treated

water (30 ul) was added to each sample and heated in boiling water for 5 min.

PCR amplification of the reverse transcribed RNA was then performed. In this study,
transcripts encoded by sequences within the 2.C.24 library clone (Table I) were looked for.
A computer search using the BLAST program had identified an open reading frame within
the sequence of this library clone. PCR primers were made to this region. Primer 1 was 5’
TGGTGCTGAAGTCGGTGAA 3°. Primer 2 was 5 GGGCCATCTTCACCATCTG 3°.

These primers (10 pmol of each) were used in 10 pl PCR reactions which contained
1.5 pl of the reverse transcription réaction, 1X reaction buffer, Taq polymerase (0.5 U,
Bochringer), and dNTPs (250 uM each). For each gene, separate amplification reactions
were carried out using RT-positive and RT-negative reactions as template. Amplification
was not detected from the RT-negative reactions. The PCR reactions were carried out by
heating the samples to 94°C for 5 min and then amplifying for 35 cycles, each cycle
consisting of 94°C for 30 sec., a 30 sec. annealing step at 56°C, and 72°C for 45 sec. The
reactions were then incubated at 72°C for 7 min and cooled to 4. The sample was then
electrophoresed through an agarose gel containing ethidium bromide and PCR products were
visualized using an Eagle Eye gel documentation system (Stratagene). The correct identity of
the PCR products was confirmed by nucleotide sequencing of both strands. -

The data showed that no transcripts encoded by this region of the 2.C.24 clone were
found in any of the 5 glioma cell lines. Such expressed transcripts are present in RNA
obtained from human fetal brain and adult brain.

In addition to examination of é:ell lines, tumor tissue obtained from patient samples
can be similarly tested for the presence of transcripts by one skilled in the art. Other
techniques to detect transcripts can also be used. Such techniques include, for example,

Northern blot hybridization, RNase protection and primer extension assays.
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CLATMS
What is claimed is:

1. A method of identifying CpG islands which are preferentially methylated in
malignant cells contained within a tumor or neoplasm, comprising:

) digesting genomic DNA obtained from the malignant cells with an
infrequently- cutting, methylation-sens'itive,lrestriction enzyme to provide a set of malignant
cell restrictionA fragments;

b) digesting genomic DNA obtained from non-malignant, control cells with an
infrequently-cutting, methylation-sensitive, restriction enzyme to provide a set of control cell
restriction fragments;

c) attaching a detectable label to the ends of the malignant cell restriction
fragments and the control restriction fragments;

d) digesting the labeled malignant cell and control cell restriction fragments with
a second restriction enzyme;

e) separating the labeled malignant cell restriction fragments and the labeled
control cell restriction fragments, wherein the malignant cell restriction fragments and the

control cell restriction fragments are separated by electrophoresis on two different gels;

)] digesting the restriction fragments in each of said gels with a third restriction
enzyme; '
2) electrophoresing the restriction fragments in each of said gels in a direction

perpendicular to the first direction to provide a first pattern of detectable malignant cell
restriction fragments and a second pattern of detectable control cell restriction fragments;
and

h) comparing the first pattern to the second pattern to identify diagnostic control
cell restriction fragments in said second pattern which are absent or exhibit a decreased
intensity in the first pattern, wherein said diagnostic control cell restriction fragments
comprise a CpG island that is unmethylated in the DNA of the control cells and methylated in
the DNA of the malignant cells.
2. The method of claim 1 further comprising the step of determining the sequence of at
least a portion of a diagnostic control cell restriction fragment, wherein said portion is
located at or near an end of the fragment .

3. The method of claim 1 further 'comﬁrising the step of obtaining a clone from a DNA

library which comprises a diagnostic control cell restriction fragment.
4, A method of preparing a polynucleotide or oligonucleotide for characterizing tissue
40
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obtained from a subject suspected of having cancer, comprising:

synthesizing a polynucleotide or oligonucleotide which comprises a sequence which
is identical to or substantially complementary to a target sequence on one of the strands of a
diagnostic control fragment identified according to the method of claim 2, wherein said target
sequence comprises at least two CpG dinucleotides, wherein said oligonucleotide is from 15
to 34 nucleotides in length, and wherein said polynucleotide is from 35 to 2000 nucleotides in
length. ‘
5. The method of claim 4 wherein said target sequence is located at or near the control
restriction fragment end which was cleaved by the methylation-sensitive, restriction enzyme.
6. The method of claim 4 wherein the target sequence is located from about 100
nucleotides to about 500 nucleotides downstream of the control restricﬁon fragment end that
was cleaved by the methylation-sensitive, restriction enzyme.
7. The method of claim 4 wherein the control restriction fragment comprises a sequence
selected from the group consisting of SEQ. ID. NO.:1, SEQ. ID. NO.:2, SEQ. ID. NO.:3,
SEQ. ID. NO.:4, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ. ID. NO.:7, SEQ. ID. NO.:8, SEQ.

ID. NO.:9, SEQ. TD. NO.:10, SEQ. TD. NO:11, SEQ. ID. NO.: 12, SEQ. ID. NO.:13, SEQ.
ID. NO.:14, SEQ. ID. NO.:15, SEQ. ID. NO.: 16, SEQ. ID. NO.:17, SEQ. ID. NO.:18, SEQ.
ID. NO.: 19, SEQ. ID. NO.:20, SEQ. ID. NO.:21, SEQ. ID. NO.:22, SEQ. ID. NO.:23, SEQ.
ID. NO.:24, SEQ. ID. NO.:25, SEQ. ID. NO.:26, SEQ. ID. NO.:27, SEQ. ID. NO.:28, SEQ.
ID. NO.:29, SEQ. ID. NO.:30, SEQ. ID. NO.:31, SEQ. ID. NO.:32, SEQ. ID. NO.:33, SEQ.
ID. NO.:34, SEQ. ID. NO.:35, SEQ. ID. NO.:36, SEQ. ID. NO.:37, SEQ. ID. NO.:38, SEQ,
ID. NO.:39, SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ. ID. NO.:42, SEQ. ID. NO.:43, SEQ.
ID. NO.:44, SEQ. ID. NO.:45, SEQ. ID. NO.:46, SEQ. ID. NO.:47, SEQ. ID. NO.:48, SEQ.
ID. NO.:49, SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ. ID. NO.:52, SEQ. ID. NO.:53, SEQ.
ID. NO.:54, SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ. ID. NO.:57, SEQ. ID. NO.:58, SEQ.
ID. NO.:59, SEQ. ID. NO.:60, SEQ. ID. NO.:61, SEQ. ID. NO.:62, , SEQ. ID. NO.:63, SEQ.
ID. NO.:64, SEQ. ID. NO.:65, SEQ. ID. NO.:66, SEQ. ID. NO.:67, SEQ. ID. NO.:68, SEQ.
ID. NO.:69, SEQ. ID. NO.:70, SEQ. ID. NO.:71, SEQ. ID. NO.:72, SEQ. ID. NO.:73, SEQ.
ID. NO.:74, SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ. ID. NO.:77, SEQ. ID. NO.:78, SEQ.
ID. NO.:79, SEQ. ID. NO.:80, SEQ. ID. NO.:81, SEQ. ID. NO.:82, SEQ ID NO: 83, SEQ ID

NO. 84, SEQ ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. &8, SEQ. ID.
NO. 89, SEQ. ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO. 93.
8. An isolated polynucleotide or oligonucleotide for characterizing cells that are

obtained from a subject suspected of having a cancer which is associated with methylation of
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one or a plurality of CpG islands in the genomic DNA of malignant cells, wherein said
polynucleotide or oligonucleotide comprises a sequence which is identical to or
complementary to a target sequence on one of fhe strands of a diagnbstic control fragment
identified according to the method of claim 2, wherein said target sequence comprises at
least two CpG dinucleotides, wherein said oligonucleotide is from 15 to 34 nucleotides in
length; and wherein said polynucleotide is from 35 to 3000 nucleotides in length.

9. The isolated polynucleotide or oligonucleotide of claim 8 wherein said target
sequence is located at or near the control restriction fragment end which was cleaved by the
methylation sensitive restriction enzyme.

10. The isolated polynucleotide or oligonucleotide of claim 8 wherein the target sequence
is located from about 100 nucleotides to about 500 nucleotides downstream of the control
restriction fragment end that was cleaved by the methylation-sensitive, restriction enzyme.

11. An isolated polynucleotide or oligonucleotide for characterizing cells which are
obtained from a subject suspected of having a cancer which is associated with methylation of
one or a plurality of CpG islands in the genomic DNA of malignant cells, wherein said
polynucleotide or oligonucleotide comprises a sequence which is identical to or
complementary to a modified target sequence on one of the strands of a diagnostic control
fragment identificd according to the mecthod of claim 2, wherein said modified target
sequence is derived from a target sequence that has been modified by treatment with sodium
bisulfite, wherein said modified target sequence lacks cytosines and comprises at least two
UpG dinucleotides, wherein said oligonucleotide is from 15 to 34 nucleotides in length; and
wherein said polynucleotide is from 35 to 3000 nucleotides in length.

12. The isolated polynucleotide or oligonucleotide of claim 11 wherein the modified
target sequence is derived from a target sequence located at or near the control restriction
fragment end that was cleaved by the methylation sensitive restriction enzynie.

13. The isolated polynucleotide or oligonucleotide of claim11 wherein the modifed target
sequence is derived from a target sequence that is located from about 100 nucleotides to
about 500 nucleotides downstream of the control restriction fragment end that was cleaved by

the methylation-sensitive restriction enzyme.

14, An isolated polynucleotide for characterizing cells which are obtained from a subject
suspected of having a cancer selected from the group consisting of glioma, acute myeloid
leukemia, primitive neuroectodermal tumors of childhood, breast cancer, colon cancer, head

and neck cancer, testiclular cancer and lung cancer; wherein said polynucleotide is from 35 to
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3000 nucleotides in length and comprises at least two CpG dinucleotides, and wherein said
polynucleotide comprise a sequence which is identical to or complementary to a target
sequence located within a sequence selected from the group consisting of SEQ. ID. NO.:1,
SEQ. ID. NO.:2, SEQ. ID. NO.:3, SEQ. ID. NO.:4, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ.
ID. NO.:7, SEQ. ID. NO.:8, SEQ. ID. NO.:9, SEQ. ID. NO.:10, SEQ. ID. NO:11, SEQ. ID.
NO.: 12, SEQ. ID. NO.:13, SEQ. ID. NO.:14, SEQ. ID. NO.:15, SEQ. ID. NO.: 16, SEQ. ID.
NO.:17, SEQ. ID. NO.:18, SEQ. ID. NO.: 19, SEQ. ID. NO.:20, SEQ. ID. NO.:21, SEQ. ID.
NO.:22, SEQ. ID. NO.:23, SEQ. ID. NO.:24, SEQ. ID. NO.:25, SEQ. ID. NO.:26, SEQ. ID.
NO.:27, SEQ. ID. NO.:28, SEQ. ID. NO.:29, SEQ. ID. NO.:30, SEQ. ID. NO.:31, SEQ. ID.
NO.:32, SEQ. ID. NO.:33, SEQ. ID. NO.:34, SEQ. ID. NO.:35, SEQ. ID, NO.:36, SEQ. ID.
NO.:37, SEQ. ID. NO.:38, SEQ. ID. NO.:39, SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ.
NO.:42, SEQ. ID. NO.:43, SEQ. ID. NO.:44, SEQ. ID. NO.:45, SEQ. ID. NO.:46, SEQ.
NO.:47, SEQ. ID. NO.:48, SEQ. ID. NO.:49, SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ.
NO.:52, SEQ. ID. NO.:53, SEQ. ID. NO.:54, SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ.
NO.:57, SEQ. ID. NO.:58, SEQ. ID. NO.:59, SEQ. ID. NO.:60, SEQ. ID. NO.:61, SEQ.
NO.:62, , SEQ. ID. NO.:63, SEQ. ID. NO.:64, SEQ. ID. NO.:65, SEQ. ID. NO.:66, SEQ.
NO.:67, SEQ. ID. NO.:68, SEQ. ID. NO.:69, SEQ. ID. NO.:70, SEQ. ID. NO.:71, SEQ.
NO.:72, SEQ. ID. NO.:73, SEQ. ID. NO.:74, SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ.
NO.:77, SEQ. ID. NO.:78, SEQ. ID. NO.:79, SEQ. ID. NO.:80, SEQ. ID. NO.:81, SEQ.
NO.:82, SEQ ID NO: 83, SEQ ID NO. 84, SEQ ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO.
87, SEQ. ID. NO. 88, SEQ. ID. NO. 89, SEQ. ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO.
92, and SEQ. ID. NO. 93.

15. The isolated polynucleotide of claim 14 wherein said subject is suspected of having

SPEBEIBEEE

glioma and said polynucleotide comprises a sequence which is identical to or complementary
to a target sequence located within SEQ. ID.NO. 78, SEQ ID NO:71, SEQ ID NO:75, SEQ
ID NO:18, SEQ ID NO:4, SEQ ID NO:22, SEQ ID NO:82, SEQ ID NO:27, SEQ ID NO:38,
SEQ ID NO:47, SEQ ID NO:49, SEQ ID NQO:59, SEQ ID NO:36, SEQ ID NO:46, SEQ ID
NO:2, SEQ ID NO:7, SEQ ID NO:20, SEQ ID NO:30, SEQ ID NO:45, SEQ ID NO:72, SEQ
ID NO:70, SEQ ID NO:26, SEQ ID NO:54, or SEQ ID NO:69.

16.  The isolated polynucleotide of claim 14 wherein said subject is suspected of having
acute myeloid leukemia and said polynucleotide comprises a sequence which is identical to
or complementary to a target sequence located within SEQ ID NO:10, SEQ ID NO:44, SEQ
ID NO:48, SEQ ID NO:58, SEQ ID NO:73, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9,
SEQ ID NO:14, SEQ ID NO:24, SEQ ID NO:33, SEQ ID NO:56, SEQ ID NO:68, SEQ ID
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NO:76, SEQ ID NO:17, SEQ ID NO:52, SEQ ID NO:57, SEQ ID NO:26, SEQ ID NO:38,
SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59, SEQ ID NO:36, SEQ ID NO:46, SEQ ID
NO:38, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59, SEQ ID NO:36, SEQ ID NO:46,
SEQ ID NO:2, SEQ ID NO:7, SEQ ID NO:20, SEQ ID NO:30, SEQ ID NO:45, SEQ 1D
NO:72, SEQ ID NO:16, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:63, or SEQ ID NO:70.
17. The isolated polynucleotide of claim 14 wherein said subject is suspected of having a
primitive neuroectodermal tumor of childhood and said polynucleotide comprises a sequence
which is identical to or complementary to a target sequence located within SEQ ID NO:39,
SEQ ID NO:42, SEQ ID NO:50, SEQ ID NO:9, SEQ ID NO:14, SEQ ID NO:24, SEQ ID
NO:37, SEQ ID NO:4, SEQ ID NO:36, SEQ ID NO:46, SEQ ID NO:72, SEQ ID NO:26,
SEQ ID NO:15, SEQ ID NO:19, or SEQ ID NO:61.

18. The isolated polynucleotide of claim 14 wherein said subject is suspected of having
breast cancer and said polynucleotide comprises a sequence identical or complementary to a
target sequence which is located within SEQ ID NO:21, SEQ ID NO:28, SEQ ID NO:41,
SEQ ID NO:80, SEQ ID NO:37, SEQ ID NO:63, SEQ ID NO:71, SEQ 1D NQO:75, SEQ ID
NO:18, SEQ ID NO:4, SEQ ID NO:22, SEQ ID NO:82, SEQ ID NO:12, SEQ ID NO:23,
SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:43, SEQ ID NO:60, SEQ ID NO:64, SEQ ID
NO:65, SEQ ID NO:67, SEQ ID NO:77.

19. The isolated polynucleotide of claim 14 wherein said subject is suspected of having
colon cancer and said polynucleotide comprises a sequence which is identical to or
complementary to a target sequence located within SEQ ID NO:11, SEQ ID NO:40, SEQ ID
NO:74, SEQ ID NO:81, SEQ ID NO:53, SEQ ID NO:62, SEQ ID NO:76, SEQ ID NO:17,
SEQ ID NO:52, SEQ ID NO:57, SEQ ID NO:37, SEQ ID NO:75, SEQ ID NO:18, SEQ ID
NO:4, SEQ ID NO:27, SEQ ID NO:38, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59,
SEQ ID NO:36, or SEQ ID NO:46.

20. The isolated polynucleotide of claim 14 wherein said subject is suspected of head and
neck cancer and said polynudleotide comprises a sequence which is identical to or
complementary to a target sequence located within in SEQ ID NO:1, SEQ ID NO. 79, SEQ
ID NO:3, SEQ ID NO:5, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:62,
SEQ ID NO:76, SEQ ID NO:8, or SEQ ID NO:13.

21. The isolated polynucleotide of claim 14 wherein said subject is suspected of
testiclular cancer and said polynucleotide comprises a sequence which is identical to or

complementary to a target sequence located within in SEQ ID NO. 29, SEQ ID NO:33, SEQ
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ID NO:56, SEQ ID NO:68, SEQ ID NO:51, SEQ ID NO:57, SEQ ID NO:70, SEQ ID NO:54,
or SEQIDNO:69 :

22, The isolated polynucleotide of claim 14 wherein said subject is suspected of having a
lung cancer and said polynucleotide comprises a se(juence Whiqh is identical to or
complementary to a target sequence located within SEQ ID NO: 83, SEQ ID NO. 84, SEQ
ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. 88, SEQ. ID. NO. 89, SEQ.
ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO. 93.

23. An isolated CpG diagnostic oligonucleotide for characterizing cells which are
obtained from a subject suspected of having a cancer selected from the group consisting of
glioma, acute myeloid leukemia, primitive neuroectodermal tumors of childhood, breast
cancer, colon cancer, head and neck cancer, testiclular cancer and lung cancer; wherein said
olignoucleotide is from 15 to 34 nucleotides in length and comprises at least two CpG
dinucleotides, and wherein said oligonucleotide comprise a sequence which is identical to a
target sequence located within a region extending from nucleotide 1 through nucleotide 99 of
a sequence selected from the group consisting of SEQ. ID. NO.:1, SEQ. ID. NO.:2, SEQ. ID.
NO.:3, SEQ. ID. NO.:4, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ. ID. NO.:7, SEQ. ID. NO.:8,

SEQ. ID. NO.:9, SEQ. ID. NO.:10, SEQ. ID. NO:11, SEQ. ID. NO.: 12, SEQ. ID. NO.:13,
SEQ. ID. NO.:14, SEQ. ID. NO.;15, SEQ. ID. NO.: 16, SEQ. ID. NO.:17, SEQ. ID. NO.:18,
SEQ. ID. NO.: 19, SEQ. ID. NO.:20, SEQ. ID. NO.:21, SEQ. ID. NO.:22, SEQ. ID. NO.:23,
SEQ. ID. NO.:24, SEQ. ID. NO.:25, SEQ. ID. NO.:26, SEQ. ID. NO.:27, SEQ. ID. NO.:28,
SEQ. ID. NO.:29, SEQ. ID. NO.:30, SEQ. ID. NO.:31, SEQ. ID. NO.:32, SEQ. ID. NO.:33,
SEQ. ID. NO.:34, SEQ. ID. NO.:35, SEQ. ID. NO.:36, SEQ. ID. NO.:37, SEQ. ID. NO.:38,
SEQ. ID. NO.:39, SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ. ID. NO.:42, SEQ. ID. NO.:43,
SEQ. ID. NO.:44, SEQ. ID. NO.:45, SEQ. ID. NO.:46, SEQ. ID. NO.:47, SEQ. ID. NO.:48,
SEQ. ID. NO.:49, SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ. ID. NO.:52, SEQ. ID. NO.:53,
SEQ. TD. NO.:54, SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ. ID. NO.:57, SEQ. ID. NO.:58,
SEQ. ID. NO.:59, SEQ. ID. NO.:60, SEQ. ID. NO.:61, SEQ. ID. NO.:62, , SEQ. ID. NO.:63,
SEQ. ID. NO.:64, SEQ. ID. NO.:65, SEQ. ID. NO.:66, SEQ. ID. NO.:67, SEQ. ID. NO.:68,
SEQ. ID. NO.:69, SEQ. ID. NO.:70, SEQ. ID. NO.:71, SEQ. ID. NO.:72, SEQ. ID. NO.:73,
SEQ. ID. NO.:74, SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ. ID. NO.:77, SEQ. ID. NO.:78,

SEQ. ID. NO.:79, SEQ. ID. NO.:80, SEQ. ID. NO.:81, SEQ. ID. NO.:82; SEQ ID NO: 83,
SEQ ID NO. 84, SEQ ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. 88,
SEQ. ID. NO. 89, SEQ. ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO.

93; or a sequence which is the reverse complement of a target sequence located in a region

45

IDT Exhibit 1020.8221



10

15

20

25

30

WO 02/060318 PCT/US02/03077

extending from about nucleotide 100 through nucleotide 500 in said SEQ ID NO.

24, The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
glioma and said oligonucleotide comprises a sequence which is identical to a target sequence
located within a region extending from nucleotide 1 through nucleotide 99 in SEQ ID 78,
SEQ ID NO:71, SEQ ID NO:75, SEQ ID NO:18, SEQ ID NO:4, SEQ ID NO:22, SEQ ID
NO:82, SEQ ID NO:27, SEQ ID NO:38, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59,
SEQ ID NO:36, SEQ ID NO:46, SEQ ID NO:2, SEQ ID NO:7, SEQ ID NO:20, SEQ ID
NO:30, SEQ ID NO:45, SEQ ID NO:72, SEQ ID NO:70, SEQ ID NO:26, SEQ ID NO:54, or
SEQ ID NO:69, or said oligonucleotide comprises d sequence which is the reverse
complement of a target sequence located in a region extending from about nucleotide 100
through nucleotide 500 in said SEQ ID NO.

25. The isolated oligonucleotide of claim 23 wherein the subject is suspected of having
acute myeloid leukemia; and said oligonucleotide comprises a sequence which is identical to
a target sequence located within a region extending from nucleotide 1 through nucleotide 99
SEQ ID NO:10, SEQ ID NO:44, SEQ ID NO:48, SEQ ID NO:58, SEQ ID NO:73, SEQ ID
NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:14, SEQ ID NO:24, SEQ ID NO:33, SEQ
ID NO:56, SEQ ID NO:68, SEQ ID NO:76, SEQ ID NO:17, SEQ ID NO:52, SEQ ID NO:57,
SEQ ID NO:26, SEQ ID NO:38, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59, SEQ ID
NO:36, SEQ ID NO:46, SEQ ID NO:38, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:59,
SEQ ID NO:36, SEQ ID NO:46, SEQ ID NO:2, SEQ ID NO:7, SEQ ID NO:20, SEQ ID
NO:30, SEQ ID NO:45, SEQ ID NO:72, SEQ ID NO:16, SEQ ID NO:55, SEQ ID NO:61,
SEQ ID NO:63, or SEQ ID NO:70, or said oligonucleotide comprises a sequence which is the
reverse complement of a target sequence located in a region extending from about nucleotide
100 through nucleotide 500 in said SEQ ID NO.

26. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
primitive neuroectodermal tumors of childhood; and said oligonucleotide comprises a
sequence which is identical to a target sequence located within a region extending from
nucleotide 1 through nucleotide 99 of SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:50, SEQ
ID NO:9, SEQ ID NO:14, SEQ ID NO:24, SEQ ID NO:37, SEQ ID NO:4, SEQ ID NO:36,
SEQ ID NO:46, SEQ ID NO:72, SEQ ID NO:26, SEQ ID NQO:15, SEQ ID NO:19, or SEQ ID
NO:61, or said nucleotide comprises a sequence which is the reverse complement of a target
sequence located in a region extending from about nucleotide 100 through nucleotide 500 in
said SEQ ID NO.

27. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
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breast cancer; and said oligonucleotide comprises a sequénce which is identical to a target
sequence located within a region extending from nucleotide 1 through nucleotide 99 of SEQ
ID NO:21, SEQ ID NO:28, SEQ ID NO:41, SEQ ID NO:80, SEQ ID NO:37, SEQ ID NO:63,
SEQ ID NO:71, SEQ ID NO:75, SEQ ID NO:18, SEQ ID NO:4, SEQ ID NO:22, SEQ ID
NO:82, SEQ ID NO:12, SEQ ID NO:23, SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:43,
SEQ ID NO:60, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:77, or said
oligonucleotide comprises a sequence which is the reverse complement of a target sequence
located in a region extending from about nucleotide 100 through nucleotide 500 in said SEQ
ID NO.

28. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
colon cancer; and said oligonucleotide comprises a sequence which is identical to a target
sequence located within a region extending from nucleotide 1 through nucleotide 99 of SEQ
ID NO:11, SEQ ID NO:40, SEQ ID NO:74, SEQ ID NO:81, SEQ ID NO:53, SEQ ID NO:62,
SEQ ID NO:76, SEQ ID NO:17, SEQ ID NO:52, SEQ ID NO:57, SEQ ID NO:37, SEQ ID
NO:75, SEQ ID NO:18, SEQ ID NO:4, SEQ ID NO:27, SEQ ID NO:38, SEQ ID NO:47,
SEQ D NO:49, SEQ ID NO:59, SEQ ID NO:36, SEQ ID NO:46 or said oligonucleotide
comprises a sequence which is the reverse complement of a target sequence located in a
rcgion cxtending from about nucleotide 100 through nuclcotide 500 in said SEQ ID NO.

29. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
head and neck cancer; and said oligonucleotide comprises a sequence which is identical to a
target sequence located within a region extending from nucleotide 1 through nucleotide 99 in
SEQ ID NO:1, SEQ ID NO. 79, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:53, SEQ ID NO:62, SEQ ID NO:76, SEQ ID NO:8, or SEQ ID NO:13,,
or said nucleotide a sequence which is the reverse complement of a target sequence located in
a region extending from about nucleotide 100 through nucleotide 500 in said SEQ TD NO.

30. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having
testiclular cancer; and said oligonucleotide comprises a sequence which is identical to a target
sequence located within a region extending from nucleotide 1 through nucleotide 99 in SEQ
ID NO. 29, SEQ ID NO:33, SEQ ID NO:56, SEQ ID NO:68, SEQ ID NO:51, SEQ ID
NO:57, SEQ ID NO:70, SEQ ID NO:54, or SEQ ID NO:69, or said oligonucleotide
comprises a sequence which is the reverse complement of a target sequence located in a
region extending from about nucleotide 100 through nucleotide 500 in said SEQ ID NO.

31. The isolated oligonucleotide of claim 23 wherein said subject is suspected of having

lung cancer; and said oligonucleotide comprises a sequence which is identical to a target
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sequence located within a region extending from nucleotide 1 through nucleotide 99 of SEQ
ID NO SEQ ID NO: 83, SEQ ID NO. 84, SEQ ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO.
87, SEQ. ID. NO. 88, SEQ. ID. NO. 89, SEQ. ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO.
92, and SEQ. ID. NO. 93, or said oligonucleotide comprises a sequence which is the reverse
complement of a target sequence located in a region extending from about nucleotide 100
through nucleotide 500 in said SEQ ID'NO. ' |

32. A method for determining whether cells obtained from a subject suspected of having a
cancer are malignant or non-malignant, comprising:

a) digesting DNA which has been isolated from the cells with a methylation-
sensitive restriction enzyme to provide a set of restriction fragments;

b) hybridizing said restriction fragments with a CpG diagnostic polynucleotide
comprising a sequence which is identical to or complementary to a target sequence on one of
the strands of a diagnostic control fragment identified according to the method of claim 2,
wherein said method employed said methylation-sensitive restriction enzyme, wherein said
target sequence comprises at least two CpG dinucleotides, wherein said polynucleotide is
from 35 to 3000 nucleotides in length, and wherein said reaction is conducted under stringent
hybridization conditions; and

c) assaying the reaction products of stcp b to determine the size or the sequence

of the restriction fragment to which the CpG diagnostic polynucleotide has hybridized.
33. The method of claim 32 wherein said subject is suspected of having a cancer selected
from the group consisting of glioma, acute myeloid leukemia, primitive neuroectodermal
tumors of childhood, breast cancer, colon cancer, head and neck cancer, and testiclular
cancer;

wherein said DNA sample is digested with NotI; and
wherein said polynucleotide comprises a sequence which is identical to or complementary to
a target sequence located in SEQ. ID. NO.:1, SEQ. ID. NO.:2, SEQ. ID. NO.:3, SEQ. ID.
NO.:4, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ. ID. NO.:7, SEQ. ID. NO.:8, SEQ. ID. NO.:9,
SEQ. ID. NO.:10, SEQ. ID. NO:11, SEQ. ID. NO.: 12, SEQ. ID. NO.:13, SEQ. ID. NO.:14,
SEQ. ID. NO.:15, SEQ. ID. NO.: 16, SEQ. ID. NO.:17, SEQ. ID. NO.:18, SEQ. ID. NO.: 19,
SEQ. ID. NO.:20, SEQ. ID. NO.:21, SEQ. ID. NO.:22, SEQ. ID. NO.:23, SEQ. ID. NO.:24,
SEQ. ID. NO.:25, SEQ. ID. NO.:26, SEQ. ID. NO.:27, SEQ. ID. NO.:28, SEQ. ID. NO.:29,
SEQ. ID. NO.:30, SEQ. ID. NO.:31, SEQ. ID. NO.:32, SEQ. ID. NO.:33, SEQ. ID. NO.:34,
SEQ. ID. NO.:35, SEQ. ID. NO.:36, SEQ. ID. NO.:37, SEQ. ID. NO.:38, SEQ. ID. NO.:39,
SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ. ID. NO.:42, SEQ. ID. NO.:43, SEQ. ID. NO.:44,
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SEQ. ID. NO.:45, SEQ. ID. NO.:46, SEQ. ID. NO.:47, SEQ. ID. NO.:48, SEQ. ID. NO.:49,
SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ. ID. NO.:52, SEQ. ID. NO.:53, SEQ. ID. NO.:54,
SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ. ID. NO.:57, SEQ. ID. NO.:58, SEQ. ID. NO.:59,
SEQ. ID. NO.:60, SEQ. ID. NO.:61, SEQ. ID. NO.:62, , SEQ. ID. NO.:63, SEQ. ID. NO.:64,
SEQ. ID. NO.:65, SEQ. ID. NO.:66, SEQ. ID. NO.:67, SEQ. ID. NO.:68, SEQ. ID. NO.:69,
SEQ. ID. NO.:70, SEQ. ID. NO.:71, SEQ. ID. NO.:72, SEQ. ID. NO.:73, SEQ. ID. NO.:74,
SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ. ID. NO.:77, SEQ. ID. NO.:78, SEQ. ID. NO.:79,
SEQ. ID. NO.:80, SEQ. ID. NO.:81, and SEQ. ID. NO.:82.

34. The method of claim 32 wherein the subject is suspected of having lung cancer;

wherein the DNA is digested with Ascl;

and wherein said polynucleotide domprises a sequence which is identical to or
complementary to a target sequence located in , SEQ ID NO: 83, SEQ ID NO. 84, SEQ ID.
NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. 88, SEQ. ID. NO. 89, SEQ. ID.
NO. 90, SEQ. ID. NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO. 93.

35. A method of determining whether cells contained within a tissue sample obtained
from a subject suspected of having cancer are malignant, comprising:

a) treating DNA isolated from the tissue sample with a compound which
converts non-methylated cytosines to a different nucleotide base;

b) reacting a portion of the treated DNA with a CpG diagnostic oligonucleotide
which is complementary to a target sequence which comprises CpG islands that are
preferentially methylated in malignant cells of subjects known to have said cancer;

c) reacting a portion of the treated DNA with a modified CpG diagnostic
oligonucleotide which is complementary to a modified target sequence in which the cytosines
in said target sequence are replaced with the different nucleotide base; and

d assaying the reaction products of step b and step ¢ to determine whether the
treated DNA has hybridized with the CpG diagnostic oligonucleotide or the modified CpG
diagnostic oligonucleotide; wherein hybridization of the treated DNA with the CpG
diagnostic oligonucleotide as opposed to the modified CpG diagnostic oligonucleotide
indicates that the DNA has been obtained from malignant cells.

36. The method of claim 35 wherein the chemical compound is sodium bisulfite and the
non-methylated cytosines are converted to uracil.
37. The method of claim 35 wherein the assay is a polymerase chain reaction,

wherein a portion of the treated DNA is reacted with a first primer set which

comprises two diagnostic CpG olignonucleotides; and
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wherein a portion of the treated DNA is reacted with a second primer set which
comprises two modified diagnostic CpG oligonucleotides.
38. The method of claim 35 wherein the subject is suspected of having a cancer selected
from the group consisting of glioma, acute myeloid leukemia, primitive neuroectodermal
tumors of childhood, breast cancer, colon cancer, head and neck cancer, testiclular cancer and
lung cancer; and '
wherein the CpG diagnostic oligonucleotide comprises a sequence which is identical to a
target sequence located between nucleotide 1 and 100 in a sequece selected from the group
consisting said polynucleotide comprises a sequence which is identical to or complementary
to a target sequence located in SEQ. ID. NO.:1, SEQ. ID. NO.:2, SEQ. ID. NO.:3, SEQ. ID.
NO.:4, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ. ID. NO.:7, SEQ. ID. NO.:&, SEQ. ID. NO.:9,
SEQ. ID. NO.:10, SEQ. ID. NO:11, SEQ. ID. NO.: 12, SEQ. ID. NO.:13, SEQ. ID. NO.;14,
SEQ. ID. NO.:15, SEQ. ID. NO.: 16, SEQ. ID. NO.:17, SEQ. ID. NO.:18, SEQ. ID. NO.: 19,
SEQ. ID. NO.:20, SEQ. ID. NO.:21, SEQ. ID. NO.:22, SEQ. ID. NO.:23, SEQ. ID. NO.:24,
SEQ. ID. NO.:25, SEQ. ID. NO.:26, SEQ. ID. NO.:27, SEQ. ID. NO.:28, SEQ. ID. NO.:29,
SEQ. ID. NO.:30, SEQ. ID. NO.:31, SEQ. ID NO.:32, SEQ. ID. NO.:33, SEQ. ID. NO.:34,
SEQ. ID. NO.:35, SEQ. ID. NO.:36, SEQ. ID. NO.:37, SEQ. ID. NO.:38, SEQ. ID. NO.:39,
SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ. ID. NO.:42, SEQ. ID. NO.:43, SEQ. ID. NO.:44,
SEQ. ID. NO.:45, SEQ. ID. NO.:46, SEQ. ID. NO.:47, SEQ. ID. NO.:48, SEQ. ID. NO.:49,
SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ. ID. NO.:52, SEQ. ID. NO.:53, SEQ. ID. NO.:54,
SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ. ID. NO.:57, SEQ. ID. NO.:58, SEQ. ID. NO.:59,
SEQ. ID. NO.:60, SEQ. ID. NO.:61, SEQ. ID. NO.:62, , SEQ. ID. NO.:63, SEQ. ID. NO.:64,
SEQ. ID. NO.:65, SEQ. ID. NO.:66, SEQ. ID. NO.:67, SEQ. ID. NO.:68, SEQ. ID. NO.:69,
SEQ. ID. NO.:70, SEQ. ID. NO.:71, SEQ. ID. NO.:72, SEQ. ID. NO.:73, SEQ. ID. NO.:74,
SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ. ID. NO.:77, SEQ. ID. NO.:78, SEQ. ID. NO.:79,
SEQ. ID. NO.:80, SEQ. ID. NO.:81, SEQ. ID. NO.:82, SEQ ID NO: 83, SEQ ID NO. 84,
SEQ ID. NO. 85, SEQ. ID. NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. 88, SEQ. ID. NO. 89,
SEQ. ID. NO. 90, SEQ. ID. NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO. 93; or a sequence
which is the reverse complement of a targét sequence located in a region extending from
about nucleotide 100 through nucleotide 500 in said SEQ ID NO.
39. An isolated polynucleotide for characterizing cells which are obtained from a subject
suspected of having a cancer selected from the group consisting of glioma, acute myeloid
leukemia, primitive neuroectodermal tumors of childhood, breast cancer, colon cancer, head

and neck cancer, testiclular cancer and lung cancer; wherein said polynucleotide is from 35 to
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1000 nucleotides in length and comprises at least two CpG dinucleotides, and wherein said
polynucleotide comprise a sequence which is identical to or complementary to a target
sequence which originates between nucleotide 1 and nucleotide 15 of SEQ. ID. NO.:1, SEQ.
ID. NO.:2, SEQ. ID. NO.:3, SEQ. ID. NO.:5, SEQ. ID. NO.:6, SEQ. ID. NO.:7, SEQ. ID.
NO.:8, SEQ. ID. NO.:9, SEQ. ID. NO.:10, SEQ. ID. NO:11, SEQ. ID. NO.: 12, SEQ. ID.
NO.:13, SEQ. ID. NO.:14, SEQ. ID. NO.:17, SEQ. ID. NO.:18, SEQ. ID. NO.: 19, SEQ. ID.
NO.:20, SEQ. ID. NO.:21, SEQ. ID. NO.:22, SEQ. ID. NO.:23, SEQ. ID. NO.:24, SEQ. ID.
NO.:25, SEQ. ID. NO.:27, SEQ. ID. NO.:28, SEQ. ID. NO.:29, SEQ. ID. NO.:30, SEQ. ID.
NO.:31, SEQ. ID. NO.:32, SEQ. ID. NO.:33, SEQ. ID. NO.:34, SEQ. ID. NO.:35, SEQ. ID.
NO.:36, SEQ. ID. NO.:37, SEQ. ID. NO.:38, SEQ. ID. NO.:40, SEQ. ID. NO.:41, SEQ. ID.
NO.:42, SEQ. ID. NO.:43, SEQ. ID. NO.:44, SEQ. ID. NO.:45, SEQ. ID. NO.:47, SEQ. ID.
NO.:48, SEQ. ID. NO.:49, SEQ. ID. NO.:50, SEQ. ID. NO.:51, SEQ. ID. NO.:52, SEQ. ID.
NO.:53, SEQ. ID. NO.:54, SEQ. ID. NO.:55, SEQ. ID. NO.:56, SEQ. ID. NO.:58, SEQ. ID.
NO.:60, SEQ. ID. NO.:62, , SEQ. ID. NO.:63, SEQ. ID. NO.:64, SEQ. ID. NO.:65, SEQ. ID.
NO.:66, SEQ. ID. NO.:67, SEQ. ID. NO.:69, SEQ. ID. NO.:70, SEQ. ID. NO.:72, SEQ. ID.
NO.:73, , SEQ. ID. NO.:75, SEQ. ID. NO.:76, SEQ. ID. NO.:77, SEQ. ID. NO.:78, SEQ. ID.
NO.:79, SEQ. ID. NO.:80, SEQ. ID. NO.:81, SEQ. ID. NO.:82, SEQ ID NO: 83, SEQ. ID.
NO. 86, SEQ. ID. NO. 87, SEQ. ID. NO. 88, SEQ. ID. NO. 89, SEQ. ID. NO. 90, SEQ. ID.
NO. 91, SEQ ID. NO. 92, and SEQ. ID. NO. 93.
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SEQUENCE LISTING
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<110> The Ohio State University Research Foundation

Plass, Christoph
<120> Detection of Methylated CpG Rich Sequences Diagnostic for Malignant
Cells
<130> 22727/04110
<150> US 09/775,398
<151> 2001-01-31
<160> 90
<170> PatentIn version 3.0
<210> 1
<211> 677
<212> DNA .
<213> Homo sapiens 2.B.53
<220>
<221> n
<222> (578)..(578)
<223> &a or g or ¢ or t
<400> 1 .
gcggcegegg ttagettete ctgtcegaac goagggttte actggggege cgetacggtt 60
cectatggecaa cgeoggetect cgacgcagec caggagtege ggtcgceggga ggctgcogeceg 120
cgcaccgage tettccetgt ggeccgcegeca gcoccogecagece tettectget catgetttte 180
ctcaEcttca teteggtcectyg agtgggctct ggacctctcece accagcctcet gcoccccagaac 240
tgttaactgce gggggggaaa aaaggaattt gtecgtegecaa cgegegttce gatggagecg 300
cacgccacaa aggaagactc atgctgcacc ccgeggggca gatgceggega cactggacat 360
cgectgeacayg ctgggtctge ccgtttecag agctgettag cgeegacgec cataaatgag 420
gaggactcce tgtgtattaa aagggggatc cgcagggttt aatttgataa ggattatage 480
cttcataaag gcatttttaa caaaaagatg taggtggcat ggtaatcgag tattatttac 540
gcatctctcc gcacacgcac tcatacctga aaacgttntg gcaggcacaa aatgattttt 600
ttgtgtataa aagaatgtgt gtaactegtg gatggtgggg ttcagcagga caégatagtg 660
acattagata aattaca 677
<210> 2
<211> 380
<212> DNA
<213> Homo sapiens 2.C.24
<220>
<221> n
<222> (246) .. (2486)
<223> a or g or ¢ oxr t
<220>

1
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<221> n
<222> (297)..(297)
<223> &a oxrxr g or c or

<220>

<221> n

<222> (318)..(318)
<223> a or g or ¢ or
<220>

<221> n

<222> (325) .. (325)
<223> a or g or c or
<220>

<221> n

<222> (327) ..(327)
<223> a or g or ¢C or
<220>
o <221> mn

<222> (345) .. (345)
<223> a or g or C or
<400> 2

gcggecgect tgaaggceget
gtgagctecge ggcccecgceccag
ggcttggggg tgctcacgcet
atgatggcga agcagatggt
atgtantgct cgtggtagag
gggccggegg cggctgtngce
ggcgggaact ggggactcac
<210> 3

<211l> 566

<212> DNA

<213> Homo sapiens 2.
<400> 3

gcecggecegecg cgetagtgac
gcgceectget ccaggcetete
caccggecga accgggtagt
ttggaaagaa éctacgggtt
acacaaagtt taaaaataga
aacgtttcca atttacctta
gactacatgg ataacttttce
taggcattaa aataacgtca

ggacgggatg
ccegetgecee
gtcgeccace
gaagatggcc
cttggaacct

tggengnggc

Cc.29

tacttectee
cggcgececetg
gccgcaaggt
atgcttactt
aagcaaaaag
taacatgatt
taggaattgt

tattaccatc

gtgctgaagt
acgcagtagt
cagtagggct
cacagcacgc
cctgegaggg

cgtcggcccg

tactecettet
cteccaggetce
gtaattactg
tttttgtttt
tgtgacacat
ttcatacact
tecttaactct

tttectcecac

cggtgaagga
ggaagaggcece
ggatgaagac
cgatggceccg
cagcatggtg

ggacngacgc

cctectgete
tceggegecce
ctttgaaact
tgattattat
ttaaagagtt
ggatttgttt
gatagectgge

gaattgatga

PCT/US02/03077
gccecggeag 60
gaagtagcca 120
caccacgtty 180
cgagtteege 240
cccggangcg 300
ctggetgeeyg 360

380
cgécctcctg 60
tccagccagg 120
ttaaaggecat 180
tttgtaggag 240
aaaggaaata 300
aaaacagact 360
tcaactgatg 420
tatttgacta 480
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tagctttgtc

gtaacaaatt

<210> 4
<211>
<2125
<213>

DNA

<220>
<221> n
<222>
<223>

<400> 4

gttcacttct
gtgceccacat
aaaagaggcyg
ctccaocaggt
ggccttggge
cecceogeaggce
tceceegagtg
caggccagceqg
catgatactt
ctttatgege
tggaaggcgg
ccecgeccagg
ccactccaca
agctgggatc
tceceececoget
cgtcggecgce
cgtctgagga
cagggcgggyg
cgceggecete
aggcccgagc
gacctececgtg
caagggctca
<210> 5

<211l> 651
<212> DNA

1297

agggttatgt

accccaaatt

Homo sapiens 2.

(1046) .. (1046)
a or g or c or

cgctgcgecg
gccgecccca
tttaattagt
aacccgggtt
tgcgegetece
caaaggctca
cggctggete
ggaaagaagg
gtcectEctte
attcgegtct
cgaatggctyg
atgtgcacat
ggtacaaccg
gcgcaceaac
cgecgtegecg
gggccggaga
cggcgcacce
gaggcegggco
gcggageaca
gcccagggcc
ctcctgcetet

ggtaccagcg

PCT/US02/03077

ccaactattg tataatatgt gtcagtttcc tattgctacc

tactgg

cgggttctgt
cacgccccea
tctggggccg
ccctgeggac
ctccggcgae
tctgeccgggce
taaggccggce
cagcatggtc
cctgtteocec
cagcaccgag
cctagececgcece
ctgectggcag
cacccaatcc
gagccgggcec
cgaggcggga
gcgggtgtcc
aattegttcee
tggggnaggg
agtgttggga
caggagacgt
gaaagggcet

cctgtgtegg

agaagcgcaa
ccececegtecg
cggagagcca
ccgggagggad
actgcegtce
ttgggtggec
gcceccktctecee
cgcaaaagac
attttgggga
tgctccaage
gcccectacta
cactggcccg
aacctggaac
tttggctgeg
caccgtgtaa
cacctcgcect
actegetgeg
cagggtggtc
ttccecacggg
ggcggacaca
gaaaggagcyg

gaacccg

gaatggggcet
gcgcaagact
gcgtggccga
gcgegegggag
ccetggecte
cgggccageg
cggctttcag
aggtggcagt
aacactggaa
cctgcgegea
gtgacactcg
ggtggcagtc
tcggaggget
ccagggccca
tacctttgee
catcatttga
ctctgtgaac
ccaatcccce
caggcgtget
gaggggtttg

gtttatggtg

gattattccg
tccettggece
caaagcccgyg
ccggageace
cggcceggte
ccgectgegyg
tactcagagc
ggcaétcttg
acacttttcect
gcgecgggcet
gcegccagee
accgggccac
gktgcgegecyg
ggccgaétca
gtgggctggg
tttcecgeecag
cagcggcggg
gcécccgccc
ctgcggctgg
taggcacggt

cattaccagt

IDT Exhibit 1020.8240

540

566

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1297
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<213> Homo sapiens 2.C.54

<400> 5

geggecgeeg cgggggacge tcagatcteg
gtgggegggg cgaagcccegg gagagggtgg
aactgaagga agtgggaggg gccggcgggg
gcgggaggat taagctgect ttttgaaagt
gtggttgetg attggtggag cteggagegg
gagtgggagg ggggaagttc ggagagcggy
ggcetgggaca gcaggaggat agtecttgagg
gtceccecgaact ggttcctgtg tttttetagg
gaagccetgca acttgaagag tttgtgcagg
tgtatgctca acaaggtatt cggactgggt
tggaaattta atctacgaag ttceocttaaa
<210> 6

<211> 710

<212> DNA

<213> Homo sapiens 2.C.57

<220>

<221> =n

<222> (652)..(652)

<223> a or g or ¢ or t

<220>

<221> n

<222> (690)..(690)

«223> a or g or c or t

<220>

<221> 1

<222> (695) .. (695)

<223> a or g or c or t

<220>

<221> n

<222> (710)..(710)

<223> a or g or ¢ or t

<400> 6

gcggccgcac ggagtbgaag acactaaccc
cctggtetac acaggcegec acagctacac
cacacccaca ctctcgggtc ccacagtttt
ctgaccacge ccacacacge tggcttcagce
atgctccage cttgccagea cccgeccteg

cgagaagagg
gcgccaccgg
cggggaagcg
ggagcgccag
cggttgggag
agcgggatgg
aggagcegtgg
gcatgtggac
agttagctgc
gtgcacacca

ctgcataage

agctaagcca
aggctcaggc
gcgggagegyg
cgcacacgca

ccacgetggt

gegagcegege
aggggaggag
gaaagggggc
gtccecgggtt
ggtcetggte
tagtgggctg
ggtgetagat
tagggatggg
agtgtcggaa
cagctcteag

ttcgggacct

catacagacc
ctcagecctgg
tgacacacac
cacagtagcc

cacgcccaca

PCT/US02/03077
tgccacactg 60
gggaacaggg 120
gtggctgagg 180
ctgggtggag 240
acatggtggg 300
ggccccactg 360
gtgtaactac 420
tacttgagta 480
attagtgtecce 540
gactggaagg 600
c 651
ctcacggecyg 60
tcacaatggt 120
ccgetcececcaa 180
acgccccectt 240
cacacacaca 300

IDT Exhibit 1020.8241
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cacacacaca
gcacgectte
gcaggggtag
atgecacacac
ggggcacgac
cacgcgcaca
catgagaggc
<210> 7

<211> 1204
<212> DNA

<213>

<400> 7
geggeecgetce

ctgccaggaa
tcectegteg
ccgegetgta
gagtgtgtgce
tgtgtgcgcg
cggagcgcag
cactceccecte
ggacaaaagt
agggatceccs
agegggeceg
actccagcag
gacaccatta
agctgcaaag
tecteecatece
agctececcett
ttaaaaagaa
ttagaccata
gggactcagyg
ttaaaaaaat
tatc

<210> 8
<21l> 687

cacacgcacyg
ceatacacac
ggcacgcccce
atacacacgc
cccccacaca
cactcatgca

acttgctttce

Homo sapiens 2.

ctectttattc
aacggcccga
tegtetecca
getggtectg
gtgtgtgtga
cgtcteceggy
gcagctccac
tecettceceece
ttetgtggag
ggggcagtgc
geggeageca
ggtttccatg
gctcaggace
gaagagtttt
tettgagtec
cteccagaggc
atgctaaaat
gagctcagag
ggaaaaatat

cttaatatct

caggecctggy
acacacgcgé
cacacacaca
acaggecctqgg
tgcaggcctg
cagacacgca

actgactgan

c.58

tactctcacce
ccagtgeccg
gactaaatcc
acacttgcaa
gcaagggagce
aaggtctcgc
acgctaaacce
accctcececeg
acggctggge
gecatgetgea
ggtggcagaa
gagattcctc
taattactge
tatccecececa
cgggtgaatt
caccccegact
aaatcagttg
aagacactgt
cactttcaat

taaatacata

gcacgeceect
gcgggectgg
cacgccggcec
ggcaggcccc
gagcatgcgce
cgcacacatc

ggcanggett

cgaggcccegce
gcgectggge
cggaaaggga
aatggtcagt
gagggtgtgc
ggcggctgga
tctegectet
gccecttcecea
gctgacgtea
ggctgcaggt
aggagcacge
tgggtctagc

ttattggage

ccccattece
ctecattaact
gecttttatte
ttéagtcctt
ccaatgaagt
ttattgaggt

aatatttgaa

cccccacacyg
ggcacgccét
tggggcacgc
acccccacac
acactcgcag
gagccccgec

tgggcccgen

gccegteeeg
tgcgtececgag
aagcgggatg
ggcfcctgct
ggtgtgcagg
gccgggactg
ccectecaccee
agctctc£ga
cgggecagaat
tagaggcaga
agecatecagg
ctaaaaacag
aacaaatgag
ccatctecctt
tgecaagattc
ttt;atttéc
gaatttttgt
cacaagtgaa
gaatctttag

acacgcaatt

PCT/US02/03077
caggcegtgeg 360
ccacacacat 420
tcgcgcgcac 480
acgcaggcct 540
gcctﬁgggca 600
cncggaagceca 660

710
gggagcgget 60
cccaccttet izo0
tttgegecca 180
cggccagget 240
gggtgcgctyg 300
acagcceggyg 360
ccaccecette 420
ttggccaatg 480
tgteccececattt 540
aggaggtage 600
tggggggacy 660
cagatcagct 720
ggaaagggcce 780
tetececececete 840
ctgcaacaac 200
ttcttttgta 960
tcaatacgta 1020
tctaatacaa 1080
atatttcaca 1140
ggacégaaga 1200

1204
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<212>
<213>

DNA

<220>
<221>
<222>
<223>

<400> 8

gcggcecgeac
cctccttctg
caggggcaca
actgccagaa
aagtaattag
gtattcccag
gtteceggtyg
taacagcgta
caactggaaa
cteccagaaca
ggtcegagcec
acacaaagag
<210> 9

<211> 1520
<212> DNA

<213>

<400> 9
geggecgega

‘'gccagagaga
gtgatagaga
attacagcac
agagaaacgt
taaagcggaa
gagaacaaaa
gaagagaaag
atagagaaag
tatcactcag
gagaaataaa
ccataaggat

gttteccgata

Homo sapliens 2.

n
(650) .. (650)
a or g or ¢ oxr

aagcgcacac
gccteccctat
ctcataaatt
ccaaagtgac
ccagagcace
caccatacaa
aggccgecca
agtgtacgac
ccggccggat
gaacgatcce
taccctattt

gttgagtcett

Home sapiens 2

ggacagctcg

aaaccgtaac
aggaaggctt
gtgcgatgga
gtccagcect
ctcaggggat
gatccaaact
actgatcaca
aggcttagtc
gtagatacat
ggttttagta
aactcatgta

gaaaatggta

C.59

gcacacgtce
cccaaagtta
cggtgcggag
ggtgccgaca
gtecccgttce
gaactacttt
ctcacctgge
gttgcgcecage
cgtgtctgeg
tgaggectcecee
cattatactc

gcegtgg

.D.10

gacgggggag
tecgegtgaca
ccaaaatgaa
tgagtggtga
aaactacaac
ggggaagacé
aaagtgatgg
taatgaagta
acaaattact
caaggcaggt
ataagtgaca
ataaagaaaa

gagatagaaa

agggcggagy
tggtgcegat
gaacacaact
cccckeegea
tgtcagcacc
ttecgatgaag
cggcgcagac
gacgcggggyg
caggcccagc
ttgctegaac

aagtaacgcc

agaaaggagg
cagacagaaa
gaacaagtga
tttctecatca
agggtttggt
gectecegtee
agaaaaaggg
ttcagtcatt
cagataatgyg
ttecctgecat
attcatataa
gttttagteca

ggttctaggt

aacactacta
tttgtecgeyg
agcagcacca
agcgcaaggc
gagccccagc
caacccaaaa
aagctccgtyg
ccttegggaa
agctaagatc
tgtgggactt

ccagaaattn

tttecagtaa
tttccagtaa
aataaaggtt
taaatggtaa
ttgaaagaga
caaatgacaa
tttccaacca
aatacatgat
agaaaaaaéc
aaaggataac
cagagaaaga
taaataatag

aacaaacggt

PCT/US02/03077
gtaacacceg 60
gcaggggcte 120 -
cacccececgece 180
cgacttccat 240
caggacaccyg 300
gctgcgggcg 360
cgtcaagaca 420
atgtagtcta 480
gggtccggeg 540
ac;ctactat 600
cégagaatct 660

687
aaataataac 60
taatcatcag 120
ttagtcatga 180
ctcgggégat 240
ggtgctgtca 300
ctcaatgaca 360
ccacacaaat 420
aaécccggtg 480
cttattcatg 540
acagctaaaa 600
aggcttctgg 660
agaaagaaag 720
aactgaagtg 780
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atagagcaag
tacatctgct
tagaaaagga
aagtt&taaa
gaagttttcc
atcaatcaac
aagaaggctt
agggttaaat
agaaagaata
taaattgtaa
gaggaaggtt
atgacaactc
ttttattcat
<210>
<211>

<212>
<213>

10
575
DNA

<400> 10

gcggccgceygy
gctacccaag
ccctggtect
tggcaggcac
accggagagce
aggcagtgaa
ggaaggaaac

ggccabtgggt

gacaaacatc

cgttecteccect

<210>
<211>
<212>
<213>

11
741
DNA

<220>
<221> 1
<222>
<223 >

gtcacaaata
acagaaataa
aaggttttag
tatcatttca
agtcacaggt
tcaggtggag
gaggtcatga
cagatgetag
gggctaccag
cccaggtgac
tccagcecaca
aggtaataca

aaaggatatce

Homo sapiens 2.

ctgtggctcc
ggtctgeget
ggcagggtge
gdgtccctaag
cecctggactyg
aaggggagcg
aggtcecectge
cctgtggaca
gggecgttetce

gatgtcgectg

Homo sapiens 2.

(691) .. (691)
a or g or ¢ ox

ataactcagg taatagagaa
gggttttgat tcataaagtt
ttataaatta tgattcaagg
atggtcaaga aaggttttca
tataactcag gcaatggaca
aaggaaaggt ttttcaataa
atgataatta ggtgatagag
agaaagaaag gtttttagte
tcataattga taactcaggt
agaaaagaag gtgtcactca
gtggtaactc’aggtgctagg

gaaaaacgat tacagtcata

D.1l4

tcttggeccge gcagctgaca
caceggggcect gageggdggad
agcegtegage ccgeggtgge
ggtggaaata aaataccccc
aggccacctc ccctcaaaag
agtgagggaa ggaaagagagd
ccagggtecce cgcaggatgt
catttttatt acttcecgggg
agttctecgga gggctagggc

gtgttgggtyg tcatg

agatttctag
atgtcataag
gatagaaaaa
gteatgaatg
gagaaggaaa
gaaataactc
aaagaaatgt
ataaataaaa
gagagaaaga
cacatgataa
gaaagaaggt

aatgacagag

ggtaaégcgg
gtgataagtg
ggggcgeccg
atatcgcatt
cctggacgca
ggtcgctgga
gctcggagga
aagtgtttgt

agggtgatcc

PCT/US02/03077
tcataaataa 840
tgataagtgg 900
caéaggtttc 960
aaaactgggt 1020
gatttttgtc 1080
agttgagtga 1140
tccagtcata 1200
ctecagetget 1260
ttgctggtca 1320
ttcgggttat 1380
ttgggcgata 1440
aaggaaaggc 1500

1520

cggegcgegy 60
gctgtcctgg 120
ggaggcagcet 180
accccggggg 240
ggagaagggyg 300
ggtcaccagyg 360
aggttggcca 420
agtacaétca 480
ct;tggctcc 540
575
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<220>
<221> n
<222> (732)..(732)
<223> a or g Oor ¢ or
<400> 11
.gcggecgcecgt cgtegetgag
tcgccagget cagcgcccecgc
acctegtgta tgcagegctce
atgtcctadg gccagggcgg
tttggeggeg tggactgceag
cagctgagcce ccatggcacc
caccacccgt tgagccagte
ggctacggtg gctctggget
ggcgeegetg ctgettocte
tataaggacc aagcctcatg
agaaacgcaa ctacctgege
geetttgeet cgtcocttetece
cactgccogec cncatttttg
<210> 12
<211> 458
<212> DNA
<213> Homo sapiens 2.
<220>
<221> mn
<222> (333)..(333)
<223> a or g or cC or
<220>
<221> mn
<222> (372)..(372)
<223> a or g or < -ox
<220>
<221> n
<222 (a26) .. (426)
<223> a or g or C or
<400> 12
gcggecgeca gtagcagagce
aacctgcggg aagagaggga
' ggagggctca aggctggaga
agcatcttgg aggcccactg

tacaccagct
gtccgtgtcecg
cgtagetgeca
cagctacggce
ctcataccta
ctcctecatg
ctcaggecac
tgcctteaac
cgcctggaaa
geggttcecag
ccteegtggt
éaagactgap

t

D.25

ccagcacatt gecgggtgceccc agttcatctt
aagggcccett agtttccatg gagatcgggt
gcagagggac ccccatcttt tgtgggatca

aggcctgggg gggcegcecggtt taacttcectag

gcctcecatcta
gtgccecggagce
ggcgccogeca
caaggctacc
gegeceecatge
gcgggecace
caccaccacc
tectgecgact
ctcaacttca
gtcttgtgag
ccegatecectg

tntcaccecce

tctggagecce
cattggccgce
cecgcagcagce
ctacgceccte
actcacatca
atcatcacca
atcaccacca
gcttggatta
actcccecega
cccaggaatg
ttgetgetge

caaaagatgt

PCT/US02/03077
ggecetecate 60
gcctagcaac 120
ctctfatccc 180
ctcttectac 240
ccaccegeac 300
cccacatgcg 360
ccaccaccaa 420
caaggagcct 480
ctgtetggac 540
aaagaggaga 600
tgcaccgcecc 660
ccattgectg 750

741
cgtggggtta 60
gcccaggggc 120
gggtéccccc 180
catcagggac 240
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ttaggcctgg
gttgtgcacc
ggcccegggceyg

gggcgngggg

<210>
<211>
<212>
<213>

13
615
DNA

<400> 13
gcggeegece

cggggttggt
tgcecgecace
ccegtetggg
gcgatggege
ggtgagcegyg
cecectgggoga
ccegeegtece
atccggagga
aactaacttg
ccgaggggag
<210>
<211>

<212>
<213>

14
669
DNA

<400> 14
gecggecgege

tctcecagge
ggtgccggga
aggcgceggt
ccccaaggaa
agaaagcggt
tgagtttceca
cecettggttt
ttteccactceg
aaaaaaagag

ctgctgagaa

gggaggcgcet
tggattgggg
gnggagcaag

aggcggcatg

Homo sapiens 2.

ggegteccge
ccaggetgeg
getggteegg
ggtgttegea
ccegecteeyg
ggtgcgatge
gggaggggeyg
ccagcectca
agaggagcag
tgteggcgec

cggcy

Homo sapiens 2

ggggcagege
ggcggctece
aagggcgctt
tegtgeccgg
ggagtgtccc
gtttettgte
tcacaggecgc
ccacatgcat
acatcattta
gaaaccagga

ttctagecgaa

gggaagtggce
gtgtagaagc
cctgggggag

gggggagggy

D.27

tetgggggge
gcctgtggeg
tggaccaggc
gcecccgggcet
gctettacgg
gcggecgagy
gttggeccgga
gcgectgggg
ttecteottta

cagcegeccece

.D.34

gaggaactgt
gectttectea
ctccccagtg
tggggacggg
cttctcctta
aatctectecag

ttgtgagaga

‘tttgetagea

gegtttgagg
aaagggggtg

gteccectgta

PCT/US02/03077

aggtggggca ggagggttct gcacctgaag

ggngcaggag cgccgeggtyg ggggcegteca

ggagctctge acgcgttgct gggatgtggg

cgttgtgt

cgggaccgaa
cgtgcaggecce
ccettggtece
cccacggece
agagecgcgec
cctegecacegg
gatggcggag
aagcccecctgce
ttégctgcgg

gcgeeggetg

tgatttgect
aaggccegtgt
aggtggggaa
tgaggcaggg
ttttgagggc
ccecettette
accggtaaac
gtttttggea
tttttttccc

gggggtagca

cactgaagcg

gcegctcacgg
tgaaggaggc
agcctceeccact
geccgecegdgg
teccecteaa
accgecggte
gggcgtaccc
tgtggcagtyg
cagggectget

ccggetaget

gegecttggg
cgggtttgtt
cttgggtgat
gagagtgaga
tattcaégct
caaccaagaa
ccaétacagc
ttgacccteg
tcctecaaaat
tttaaattgg

ccgagagatt

cceggggacyg
gagatgccga
cecagecagecy
gagtgggagyg
ctecggegge

cccatcgegt

geoeocegeetqg |

ctecgggeget
tgggeccggaa

caggccgacg

ccceotgegtco
gtttggtgtg
gggaccacgg
ttttattctc
tattgaaacc
caattgtcga
aaaatccaag
cecteecgtg
tgcaaatgag
atgtgagttt

ttteccegtttg
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tgtatcttc

<210>
<21l>
<212>
<213>

15
o98
DNA

<220>
<221> n
<222>
<223>

<400> 15

gatatccatt
gattacacca
ctttaccaaa
tcctaattaa
cagtatttce
aagatccacc
ttaagtgact
caacgctttt
gtacactcac
cctectgatat
taggattcag
actaatgaac
accccccagg
ctgagagtta
tatgcccttt
atttatcgtce
aatgaccagg
<210>
<211>

<212>
<213>

16
797
DNA

<220>
<221>
<222>
<223>

<220>
<221~
<222>
<223>

Homo sapiens 2.

(529) .. (929)
a or g or ¢ or

ataatactat
atttcacaac
aacgggette
gccaaccaac
agtgatgaac
ttgttcttta
gaaaactcag
caaatttttce
acgtgtgtgt
tEttetattte
tttgaaaaac
tcttgaaaat
tgggcagtgt
attatectece
taacctcttt
ggctgtggaa

ttggtgcccg

Homo sapiens 2

Il
(679) ..(679)
a or g or ¢ or

n
(687)..(687)
a or g or ¢ or

D.40

ttgacctcaa
tccecagaatc
atctecatcet
ttcttacctce
agtgaactgt
ctgtatattc
gcaaagaaag
tcactgcgac
acacctgaayg
aagtggccgt
actgcaataa
ccagcataca
ccttctgtte
aaactcccag
ataaattcag
agcaatacnt

gtgtgccettt

.D.48

agtgaatttt
caaacctaca
tectttettt
aataaaatcc
ctttegtete
ctggecatgcet
gcaagagggc
ctacagaaac
tgtcaagaaa
gatctactaa
atcaaacctt
gcagagacgce
agcagtggca
agttteccecaa
tececegteegt
tctttttgte

atgatcta

10

attgtteccac
aagacccttc
cacagttgaa
ttgtttttca
acacagtaac
aactgcatcc
aaatagaagg
acactgtaga
caafacccta
actgatttcce
acagttgeat
tgaccaacta
gttcecccacc
gtagectgag
ctecttacggt

cccttcagga

PCT/US02/03077

669
acaagcaaca 60
ccaccaagca 120
aaactgececct 180
gtagcatgta 240
ctcocegtgaag 300
tcagacaatt 360
gcacaggaga 420
acacctcecta 480
agpgcaacac 540
aactcaccaa 600
tccacaagct 660
caagatccaa 720
accaccagcec 780
gtgtcectgtea 840
ggcaaagttc 900A
acccagaatt 960

ogcs8
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<400> 16 :

gecccctetga gttacgggga geccctgecaga cacccagece ctggggatee teteceegac 60
ctgcecctice cctcecgacac ttgccagtac tccccggcecct ggtattcctt tegagacccce 120
ctcacctatt ccaggctgtc ctccactgag gcgaagctct atgaagtagc ccaatttcaa 180
tataattcac gttgtgtaaa agaactttga agacggacta catcgtgcaa ggacaccgtc 240
acccgaaaac cattggtgga acgttaaaac aaacaaaaaa caaaacggca aaaccttttt 300
gaaggcaatt ttgacattta tgaatttaca gttattattc ggtttgtcce tgaaatgtca 360
cttctgaaaa tttgcatagt tttcattatc actaaaataa tctagtaaat attcccgaat 420
gaatgcattc aagaatattc actaaattat tttagtgata aggaaaaagt ggaaatagct 480
gacagtcatc aatttataaa taaaatgatyg gttaaataaa atgatgaaca ttcatataaa 540
ggaatactct atattcagac gagatctgtg tgctcacagg caaacaggtc taagcttact 600
ttaaatgaaa aaggataaat tgcaaaaaga atagtttgtg taatatgatt ccacatttgt ‘660
aaaaatggag aaagaaatng taagcanatg tctgcaagca atcagatatg attagtgact 720
taatttcatg gatagttata taggaaatat atgtatattt tatatgcaca tagatatgga 780
ggaatatact ttcactg 797
<210> 17

<211> 1024

<212> DNA

<213> Homo sapiens 2.D.55

<220>

<221> n

<222> (499)..(499)

<223> &a or g or c or t

<220>

<221> mn

<222 (768} .. (768}

<223> a or g or c¢c or t

<220>

<221> n

<222> (846) .. (846)

<223> a or g or ¢ or t

<220

<221l> mn

<222> (847)..(847)

<223> a or g or ¢ or t

<400> 17

geggecgegg cgctgecacgg gegtgacgte atggegccge ggagccecgegt cctceccecgec 60
ccgecccegg cecggggtcac ccaccegetg ceggggctga cagagaccct ggcecgeggt 120
ctgcagecte ctcagtegtg cgtgcgttca ttccgctcat agettctgte actcagcaag 180

11
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cgctcaacac
caacacgtgce
gtcagggtag
gataatttca
atcacgcctg
gagttcgaga
aaattagcag
tecttetaaca
cttttttttt
aggctggagt
cattctectyg
ctaatnnttt
ggctaactcet
caaagctcta
tagt

<210>
<211>

<212>
<213>

18
1854
DNA

<220>
<221>
<222>
<223>

n
(258

<400> 18
gcggecgetg

ggagagaggc
cgcctccaaa
agcagcaggg
tcgectegeg
ccggagacca
caccccc£ta
taactactga
attgccctec
gggtgetgag

ccgccoccagg

agacgcatga
ttagecgeget
aagcaagcag
ggtaaatatt
taatctcagce
ccaacctgng
tgagctgtga
acaacaaaaa
gectttttitt
geaggggege
gctecagecte
gattttttgg
gactgtgatce

ttcctgtagyg

Homo sapiens 2.

)..(258)

a or g or c or

cagaccctgo
aaagcgccgce
cccaggctygyg
aattaacgtg
gttgcggngt
gctgaggtag
cacagctcta
gatcagagct
ttgggggaaa
tactgtgete

gteccgttgte

gataccctgg
gctgatetgt
aagcctggece
aggtcctatf
actttgagag
taaatggtga
gettgecaccea
aaaagtatgg
ttttttttee
gatectcaget
ccgagtaget
ttgggtgttt
tgcacttgcce

aggggtgttg

tcecaggegee
ttgcccagag
gaatgaggga
acagtcagag
ccggaatgga
gagtattaac
cttgcagcag
gaattaagcf
agcggaggct
cgetattgtg

agatctcaga

ctggaaggcc
gccaggcact
ctgttggage
aaéaatatgc
gtcgagcacg
aacecgcatct
ctgcactcca
gccacctagt
tttttgagat
cactggaage
gggactacag
agtagagacg
tccagtgtgyg

tgaatcagac

gtagccttge
atgecagtcgg
ggaggggcga
cccagccagt
gagaggaggc
tcectectget
gctatggcecc
99£9333993
taaaatcaat

agggagggtt

atcagtttcc

12

ctgaaaggta
gggccaggge
ttacattggt
gtcttegeca
ggcggatcete
ctacaaacat
gtctgggcaa
ccagccaaaa
ggagtctcgce
teccacectnce
gcacatgecca
ggttcategt
atacagggga

ccaatttgga

aggaagagca
ctcagtcaat
ggcggctygy
gcctegecgg
gggggctgag
gcetetegect
cattctttct
gcaaaacgtg
tcgacaaatg
atgaataagg

cctgcagttc

PCT/US02/03077
gtcgtccatt 240
cccgacacge 300
aaataaccaa 360
ggegeggtgg 420
ctgaggtcaa 480
acaaaaaaaa 540
caggécgaga 600
aaacaaagtg 660
tgtgtcgcecce 720
gggtttacge 780
CCaEgcctgg 840
gtageccagat 900
ccacttgcag 960
aatcaaattce 1020

1024
gacaaagaca ‘60
agagggaaat 120
gactagaaaa iso0
cgctgcetete 240
cegttggetg 300
gccttéctcg 360,
cctattttte 420
caaggggttg 480
agtgtttact 540
taccccccte 600
tggaégccca 660
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aagttteggg
tcagaagaag
cgaaatggag
gcgegetege
tcttatttcea
gaacccgect
cccagtccte
ttgccaatca
attccctgﬁg
atgggtactc
atgtcagtgt
tgaagggacc
tttaattcat
cctgaattcc
gtatgttcag
cttgattatt
tattgaagca
agaggtgaag
tgttttctgt
tgaaaaagta
<210>
<211>

<212>
<213>

19
674
DNA

<400> 19

gcggecogect
ttaccteccea
ctttagtgaa
gaaagacaaa
aatatcacca
agcacttgaa
aateccgttte
gttttéaacc
aaaacctttg

agagctgcgg

gttgagttgt
gtggaattca
tctataggcce
gtgecgegegt
tgattttaat
ctccagactce
tgactcgagg
cttgeggaac
ctttttgttt
aagggaagct
ctctagaatt
cacacataca
tttggtctcet
caaaagcaaa
ctgccaacac
tcttgacctg
ctcttattet
aaaattgctt
cccaccttet

tgtccataat

Homo sapiens 2.

tccetteccea
gagectetttt
atgaaagtca
tcagatctcecc

ttagatccaa

gccattgctt‘

ttetttgggg
actcatccat
caggatttga

agctgccatg

ggtcccectgat
attttecttt
ccttaaaaaa
gtgttttaag
tatttaccat
tacaaatacce
cagaaatctt
ttatatattt
gtttgttctce
tatccagttg
aaagagactc
gttagactca
agacaatcaa
agaaaaccaa
ctagagcaaa
tgtcaagtat
ggatgcattt
tgtagtttaa
acaaattgca

gcaggagatt

E.20

ttcactggcet
gttatctcca
ttacaaagca
atctgcatct
agtactccag
taccaaaaag
gttttgtgtg
agtagaaaag
tatggattte

cctgaagtge

ccegatectce
cteecttectg
gcgcgcgeac
agtaagtcaa
atctgcagté
accttttttt
tcececectetet
atagatttat
actgcaacat
aaggtcattt
cagggatgga
cagcceccttt
ccttekteeca
actgctaagc
ccecattccaa
gttgaaagcc
taéaacagtt
ggatatttaa
cgatagatac

agactaaatg

geccteetttyg
accccaagcce
aattaccgte
gaagtagggt
agctgtggga
aaaaaaaaat
atttaaacgce
ttetgeaacce
aécaaagaac

agatggctga

13

aaccaatcta
ggatgacttt
gccagtgtgt
attéatggtt
gacaccagtt
ctaaagcttt
ttgccotete
ctctteacte
ccagcagtgt
tectecttetg
acttttgatt
actggaaagg
ctgaccaccce
éactgcqtag
gtggagaatg
tgccaaagtt
tgaécagtgt
gatttgtttg
ctcagatcag

actcttaaga

tgaactaatg
ccggagaggyg
tagggaggga
gtgtttaaat
tttaatggag
cagttaaatt
ttgettttaa
ctagactgct
cagcctctge

accacaagtc

PCT/US02/03077
gctttcéaaa 720
aacctgcage 780
gtgtgtgcga 840
ttagtgatgt 900
tgéggcagag 960
tttcecgetac 1020
agaattttat 1080
acatatgagt 1140
tttgtatcta 1200
tatgagctaﬁ 1260
tagggtgtgg 1320
taataaagta 1380 -
acctetgttt 1440
agcaagacat 1500
accaaaaaat 1560
teccteattte 1620
tacattgctc 1680
tttgtttgtt 1740
gaatgctgca 1800
tate 1854
aétgtaatﬁa 60
ggaatgggct 120
cagcctﬁcag 180
aaaaaatgta 240
tttaaacggt 300
caggtgtttt 360
ga;cctttat 420
ggcttgaagg 480
gaggctggag 540
tttaggttte 600
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cggagttgtt attgtggtga cctagagtgt cagagccagg agagcaagaa agaggagcca 660
aactgagcce tgag 674
<210> 20
<211> 676
<212> DNA
<213> Homo sapiens 2.E.24
<220>
<221> n
<222> (493)..(493)
<223> a or g or ¢ or t
<220>
<221> n
<222> (505)..(505)
<223> a or g or c¢c or t
<220>
<221> n
<222> (508) ..(508)
<223> a or g or c or t
<220>
<221> n
<222> (533) ..(533)
<223> a or g or ¢ or t
<400> 20
gcggecgecag acgcgceagg cccecgcecaggyg cgceccgcacge cgggegegece acgatgtceca 60
cgaageccac gatggacage aggaaggcgg cgteggtgte gggcacgecce gegtcecttgg 120
cgtagttcac cagcaggatg gcggggacga agagecccgag cgccatcagg aacttggtga 180
cggcgtacac ggcgaaggceg cggtcggtge acactgccaa gtccagcagg cgccggeggg 240
gccggaccect gggggatgcce tegcgcaget gcagcecccege accgtecagece tecgectege 300
ccggagegtce ccecggegegg tegceccggege tgtcoccecctgcg cggtcocgeggyg cecggecegg 360
gcggcggcct catgacagcec ccgcaggcege agcagtgeag caggagcceg ccgagcagca 420
ggaagccgcc gcgccagccg aagcegctcca gcagctgcectg gecgageggce gacagcgcegyg 480
acaggaacac ggngctgccce gccgncgnca gcccegttgge cagaggecge cgnegctega 540
agtacagccecce cagcatgatg agcgacgget ggaagttgag ggcecaggecce aggectgegg 600
gegaggcggt getgtgeocgg ggtcccegga gageccctece ttgggcoccca caggagggag 660
gggccaggcc ccggaa 676
<210> 21
<211l> 455
<212> DNA
<213> ' 'Homo sapiens 2.E.25

14
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<400> 21

geggecgegyg ctgggggegg
gaggcaagtg tcctggggtg
gctggtccgg gggctagege
gggtggcgag cegggggggc
ggtggccagg gatgggggtc
ggcgtgcagg gccaggggcyg
tcagacaggc gtgggtcgtt
ctgtggggceg tcaggagage
<210> 22

<211> 156

<212> DNA

<213> Homo sapiens 2
<400> 22

geggecgege ttegacgacg
cagcctctcg gccocgcagecg
tggtggggge ggcgctgggy
<210> 23

<211> 978

<212> DNA

<213> Homo sapiens 2
<220>

<221> n

<222> (712) .. (712)
<223> a or g or ¢ or
<220>

<221> n

«222> (819)..(819)
<223> a or g or C or
<220>

<221> n

<222> (238)..(938)
<223> a or g or ¢ or
<220>

<221> n

<222> (956) .. (956)
<223>»> a or g or ¢ or
<400> 23

gcggccgcta cagtgegtca

ggtgggggee

cggggcggcec

ggcgaagtcg gggagcctge

ggagggggge
ctgggggege
gccgggggcet
acgggggtceg
actgggggca
cccgaggegt
gggggectgg

gtggggtgtt

LEL30

acgacgactc

ccagcctctce

gtggetgtgt

.E.37

acaggcgctg taatccgage geataaacga ggggtceggg

gcaggaccec
cgtgceggec
geggecgatg
ggggtgcecg
aaggggatcc
gegggggteg
gtcgeggcett

atggg

aagtgggggt
gggeegetge
ggeggggega
agggggegey
agtggggggag
ggtgcececcag

gactgagggc

PCT/US02/03077
cccggaécca 60
cctggectag 120
ggggccgegg 180
gecgggcyggy 240
tcécgatgga 300
actggtggeg 360
ccggecgggg 420

455

cttgcaggag gcegccecgtag tggccgecge

tgtggctget gcttcgageg gcgcggggac

ggccdg

gtggcagtgg cccggggetg gecageecget ttgaaaatct

gtttgectttg gcagetgega aggcgcacag gtgcécgggg

15
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gcggggggct
cccaaatteg
tacgcgggct
ccgetcectg
ccaagccgcet
tgecttttaa
ttggecttect
ccttetgtaa
cacgtagtag
tggagagaaa
gattcgatgg
tagagctttg
aacagaccat
. ttttgacaat
<210>
<211>

<212>
<213>

24
321
DNA

<400> 24

gcggccgcac
cggtgcccgg
cteceecatege
acgatccttce
cgaattcgcc
agtgagggaa
<210>
<211>

<212>
<213>

25

<220>
<221> n
<222>
<223>

<220>
<221> n
<222>
<223>

ggctggegge
ttcacttgeg
tgtgecctgtg
ccttgegett
tctctecttyg
gaccgggceag
gtttatacct
gtttettgaa
ctgttcagta
ggctagectg
tgccgaaagt
gcgatattgt
tataaccttt

gggtattg

Homo sapiens 2

cggctagggc
tcgaccctge
ggcttecegte
ccgtagecgt
cgggaagcgg

gtgggtgtat

1023
DNA
Homo sapiens 2

(628) .. (628)
a or g or ¢ or

(651) .. (651)
a or g or ¢ or

gccaccaccg
aattgcgtaa
gccaccttge
gatgttccag
acgctggcct

ctatcceccacc

acgtgactgt

ggtaggagec
gaggaagtgg
gtaccaggga
gacctagaga
catttacaat

gctetggagg

E.4

tctgcecaagg
acctgactgc
tacaggtact
aggaaggggce
cgggagdggcy

g

E.40

accgtcactg
gcggcectcece
taggccceac
caacttcgaa
tcétgcctgg
ccgeccagtat
gcttéctttt
atgtcttacce
tcecttteece
ctgccgagat
ggcagctgng
gaggactgta

agtgagcenag

gacccageet
gaggcgcggg
acctgtgctc
ggcgecttcect

ggggtgccgyg

16

acagagcctc
ggtacccaac
cgctccagcecc
ctgtttttat
cttgcecctec
atgccccectcet
ttgcacatgg
ctgccaagcea
taaagggctt
caagtgatgg
agtgctctgg
ctctgagacg

caacggacte

gccccaatge
aaatgaccgg
tgtccagccect
tggaggggat

gaaggaggga

PCT/US02/03077
gccatgggeg 240
ctetgggaat 300
tgaactccca 360
ctcetgtaaa 420
cgccttettt 480
tectgggctec 540
tttttcttat 600
cattgtctgg 660
tncgtctcac 720
cagtacgtge 780
tgctecgegga 840
tggaccttcet 900
tgacancatg 960

278
cgccggceggg 60
gtetgteage 120
cagccactgg 180
attagaggcc 240
ggggagaagyd 300

321

IDT Exhibit 1020.8253



WO 02/060318

<220>
<221> n
<222>
<223>

<220>
<221> n
<222>
<223>

<400> 25
gcggcecgegyg

ggcatgggcec
cggaggagag
gctggcggag
tgcgegecacyg
gtgtgtgeac
cacctcacag
tgettttttte
tgactgaggg
ttecactcetg
gattgaatgt
gaggctgtgt
ctgtgtatca
agtctggggg
ttgtetegge
gcttaaggca

ggcttggectg

aaa

26
264

<210>
<211>
<212>
<213>

<400> 26
agccacatgt

aatatggaca
actcaaccac
tgtggcteag

tgtttggtgy

DNA
Homo sapiens 2.

(830) ..(830)
a or g or ¢ or

(837)..(837)
a or g or ¢ or

gctgggggeg
tgggggaggg
cgaggctgcce
agactgggag
cccgcagaga
ttgtatgtgt
agaggttgtg
cctgacagge
gttgtggaat
acagagtttg
gttgtataca
gcatcagtge
gacatgaggc
ggagagaggce
caccagcatg
cttgtgatcc

attgattgge

gtacccatct
gctgaaatga
ctceccecaccce

ccecgcecataaa

agtcaggggt

agcgcacacc

gtgcacaggg
agagtgcgtg
cgagtgtgtg
agttgtgagc
gtgtgcacac
agattétaag
tgtgagtttg
gtgtgtgcegt
tgagtgtgta
tctactgnga
acctaaccac
catgtgtetg
agttcggagc
ttggaggact
tatatgccag

attgaccacc

tcetectetg
tgaagtgctg
ttggacaagc
tttecttetgg

gagggtctea

ccgegecget
cécggagggt
tgccgactga
tgcatctaac
ctgtgtgtge
gcggacagag
ggtttgegcea
tgttgtgtgt
gagcatgagc
tgattgtgtg
gggecgtgtgt
gaécctgtgt
ngtgtgttta
cttcecegett
acaaggctge
atgccctccecce

catttgttct

tggaaggcgg
aagccctggce
acaaaaccadg
acactggecct

gcctttgget

17

ggagttcact
gcgtgggtgt
gccagtgtga
cgggaggttyg
acctaacaca
tgattgtaag
cctaacggag
attagaggtt
ctggagaggt
actacaccac
gtgtgtaaat
gtacagatgt
gttggttgtg
tcteettetn
ccttcaggece
aaagtgccag

ttgettectg

aaggaaécag
ccagaccctc
agéaaacaaa
gtctatttga

gctgeatecte

PCT/US02/03077
gccgggegece 60
ggggtgcgec 120
gtgtgcaggg 180
tgagtttgtg 240
gaggttctaa 300
gatatgtgtg 360
atgttgtgag 420
tgtatggacc 480
tctatgectg 540
ccaactggeg 600
tgtatacaat 660
gtgtgeccttt 720
caagtgetgg 780
cactctntge 840
ctttagacecc 900
gctaccacat 260
ggcegggteat 1020

1023
atgccctcca 60
agagagatgt 120
ggccagcaac 180
atétctgtaa 240
cagacaccaa 300
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tcatggggtt
gccaatttaa
aaagtggcectg
raracarggt
ccegeytsgg
atggtcttac
agtaaactgg
atttgagaaa
gtgcttatta
gttectecegte
tggtcacatg
atac

<210>
<211>

<212>
<213>

27
748

<400> 27
gecggecgcte

agggctgatg
cccacgtttg
ctcatctcta
atagaaagga
tttgttcttt
gtctgggtag
gacactctecc
tctttcaggt
.gatatagagt
agtgagatgt
tgcaatagac
ttttttttet
<210>
<211>

<212>
<213>

28
2590

<400> 28
gcggecocgcecg

DNA
Homo sapiens 2

DNA
Homo sapiens 2.

cttttetttt
gttaactteg
ggaataccag
ttytcecatgt
ccteccmaaag
taatgggtat
gctaattaat
agggcttaac
agagagaata
cttggagcecca

actgtgctcc

cgttgactge
tgctccatce
téagttacct
agatgggtaa
tttaacacgc
teccectaact
tggttggatg
cgccgagdag
ttcaaatcca
ctctaggaag
aagtctccct
attgtatgtg

tttaaagagt

gggaagggcc

ttttaatttt
gcttccaagyg
gattgéacma
kggtwaggyt
tgctggratt
tttceccectta
aataccctcc
aacagggtat
ctacagcaac
cagctggact

agccaatgga

.BE.64

agggccccedgg
tcccacttgt
gctggetgtg
catagtatct
agtgtactceca
gtgeeteaca
gaaacccatc
gctgatttgt
cgttctttac
taatactagt
cctaacttet
tgtgtgtcta

aaaccaag

ctggaagagc aggaccaggc agagcgggcyg ctggggtetg

tttttttttt
ttcaaggcaa
cmatgcesgg
ggyctmaaac
acagsswtga
acatgtcatt
tgtagggcty
agtgacagag
ctatgggaag
acatttccca

atgtgaatgc

cggtettect
ggtttggcaa
acgectteccegt
acctcacagg
gctagtttta
agcatgaaac
gcgggttaac
aaacttgetg
aagttgtgtt
acatgtttta
gtttcccaaa

gatagataca

18

ttggaaccgg
ttettetgge
yvtaatttkgw
tytsgacctm
sccaccgkgce
tgaécccctg
ttgtaagaat
gactcggtaa
atttggagtc
gccttecttyg

aagtgatatc

ccgctgﬁtcc
gccatccage
caaatctgag
ategtgtggg
ttatttatcc
agaatcecacc
gctteccaaca
agaagagaat
aattgtttgt
aaattcaaat
tcecatgteg

tatgtgtatc

PCT/US02/03077
attccaaggg 360
ttaaccttece 420
attttwagka 480
aggwgatcca 540
csggcccate 600
cctgctéatc 660
aaaatggact 720
ctgctttttt 780
acgaaaacct 840
cagctgggca S00
aagcttatcg 960

964
gaggcegttyg 60
cgactacaaa 120
taacagtttce 180
cagtacatgc 240
gtaatgatca 300
aaacatttag 360
ccagtcecett 420
acccagcaga 480
atatgcttte 540
actgccaaac 600
tttettetga 660
tcteggettt 720

748
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ccggggtetg geccaggagceccec gcagttgcag cegctgctge

cgctggaget tgecgctgagg 120
cgcagggtet gaggatgagg ctggagccge agegggaacce ggagecgcag ceggtgetgg 180
cgttggeget ggaactgagg ctggggcege cgeecgggact ggggttggeg tggccgéagg 240
agcacttact 250
<210> 29
<211l> 657
<212> DNA
<213> Homo sapiens 2.F.41
<400> 29
gcggccgegt acggacagecce agtgcattag geagggctcce cetacgegece cggagagege 60
ggaccgectge ctegggeegg cgccgcectcee tgoegectge cgecgetege ggagdccgag 120
ccccageccg agocgocegee taccccagge cggggegteg agecagecgge ggectgteca 180
tgtggggeta gecctegege ctggectgeca tecaggaccag caacatggag geggcecegttt 240
gcgaccecga cacgcgagga ccagggeggt geggagococo gecgaggacge gacgcecocatg 300
gacgcectgte tgoggaaact gggcttgtat tggaaactgg tcgacaagga cgggtegtge 360
ctgtttctgg cccgggcgga gcaggtattg cactctcagt ttcgccatgt ggaagtcaga 420
atggcctgta ttcacteget tcecgagagaac agagagaaac ttgaagegat tatagaacga 480
ccatttgaag gaattttaaa gcgettcgga aattcacagg aatgggtatg acaaatggaa 540
aaaagagccce tttetcettat gtacaggaaa gattftattc ctaaactgga gecaaaggtt 600
ctttectcaca agtaactgaa aatattttcc tgaaaggggt tactggtgtt tttaaat 657
<210> 30
<211> 318
<212> DNA
<213> Homo gapiensg 2.F.50
<220>
<221> n
<222> (39)..(39)
<223> a or g or c or t
<220>
<221> n
<222> (84) .. (84)
<223> @&a or g or c or t
<220>
<221> n
<222> (189)..(189)
<223> a or g or ¢ or t
<220>
<221> n
<222> (223) ..(223)
<223> a or g or c or t

19
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<220>

<221> n

<222> (256)..(256)
<223> a or g or ¢ or
<220>

<221> n

<222> (260) .. (260)
<223> &a or g or ¢ or
<220>

<221> n

<222> (261)..(261)
<223> a or g or ¢C or
<220>

<221> n

<222> (279)..(279)
<223> a or g or ¢ or
<220>

<221> n

<222> (296) .. (296)
<223> a or g or c or
<220>

221> n

<222> (297)..(297)
<223> a or g or ¢ or
<220>

<221> n

<222> (305)..(305)
<223> a or g or C or
<220>

<221> n

<222> (317) ..(317)
<223> a or g or ¢ or
<400> 30

gcggecgegg agcegattgea
cacgagtggc tgggcgcggg
cccacgggag gaggcggcgg
gcaggceggng gcggcaccygg
cgcctggltge accagngggn
aacancactt gggcccong
<210> 31

<211> 525

<212> DNA

tgcaggggcc
cgenggecac
cggcgattgg
ccgagecgac

ntgccecacgc

gcgtaccgng
ccegtgggece
gccggeggeca
gacggcggcy

ggtcgcagna

20

aagtgcagaa
tagcgcaccecc
cgcacctaga
gcngcggagyg

tgggcgcagg

PCT/US02/03077
gctgatgcecac 60
ccagtggcta 120
acacggcaag 180
tttccacgeg 240
gcaatnncaa 300

318
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<213>

<400> 31
geggecgect

ccecgegecgc
caccaggacce
cggaageccg
gggggeccce
caggaacccc
tgcgagagcce
tcgcegttcaa
gcecgectttg
<210>
<211>

<212>
<213>

32

DNA
<220>
<221>

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400> 32

gcggececgcegyg
ceeggectoc
aaggggcccect
ccggeggeta
cteocaacgece
cceetteece
tcaggggtga
tagaaagacyg
aaacgctcge

ttatcagcaa

1032

Homo Sapiens 2.

cccgccagga
tacgcacgcta
gececgecgect
aaagctaccg
agctgectge
ggcgtceggg

caaaaactgt

aaggggcgtt

aataaacgag

Homo sapiens 2.

n
(687) .. (687)
a or g or ¢ or

n
(689) .. (689)
a or g or c or

n
(885) .. (885)
a or g or ¢ or

ccggggggct
cccgacceceg
ggggcccagg
gagaaggcct
cgcagtgtgg
acgcttccca
gagggaggaa
tcggggcact
gttatcacgg

aagcgagggg

F.59

agggtggcgg
gotgecegeg
ggggaagcgce
gagcccgggyg
ggctcggeta
cggtgtgeag
cacgﬁgcacg
tcggtgtetc

tgcttecgaac

F.70

gagaagggcc
ggcgécaaga
cgcgecggece
ccagteccagg
cactggaagg
gggcccaatg
ttectecaggtyg
ctggagggga
aggagacttt

aggggggcgt

geccggaagg
ggtcccacat
ttececetgtgg
caggggegdge
cceagececgeg
ccgcagacct
tegetgetga
ccgtcatgca

cctttaccag

tgggtgcctg
gcagtecggtc
ctgegtggeg
cctcatggaa
gacctaaaaa
ccecgeatcte
tcacctecte
ggaagaggtg
ataaacactt

acagtaaatg

21

ccagagatgce
ggetgeggec
gcagggegeg
gcgatgcaga
atcagagggg
attccaagtt
gtgggaggag
agcaaatggt

gaggg

tcgececcggga
ccceccggect
gcaggeggece
gggcctgcct
cccacctggce
agtttcgett
accecgectgg
tgectagaat
taaacacaac

ctgagagatg

PCT/US02/03077
ccecagtgett 60
ggagggéccg 120
gcgggcagtyg 180
ggcggegttce 240
gcgggggacyg 300
tcéacgtagt 360
gtgtttgtca 420
atggctcetceyg 480

525
gccgaggttt 60
cccgcecggcea 120
caggccagcg 180
cgagcggccc 240
tttctecettt 300
tccggcéggg 360
aggcggaggc 420
tctctetett 480
accaaccatt 540
ttégagaagc 600
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cccaagacgt
aatattagcet
ttcgctttat
ggggcattct
cctgtatttt
tatagaagga
aaagaaatga
atgtctacta
<210>
<211>

<212>
<213>

33
708
DNA

<400> 33
gcggeccgaga

acctececgtag
tgcgecatgga
gttecgggaaa
gctgeggget
ctgeccgcecgyg
tcecacacacce
caccaagtac
ctteetgete
tgcagtactt
tgctgcttgg
atccacgtca
<210>
<211>

<212>
<213>

34
569
DNA

<400> 34
gcggeogecac

ctgttccaga
ccgecgggag
ctgcggagtg
ccoggacetg

ccgecttgac

tccetgcegga
ccacacctaa
atttatatag
tagagtaaaa
tattggctaa
agctaattge
ttctctacga

tt

Homo sapiens 2.

ccaggagcocc
ccgececcgec
gcccagaggg
ctggegtege
cccaggegta
ggtccaatge
acctgeectge
aacagetteg
tacttcaget
gggcgttage
ccecgctggceg

acatgcttgt

Homo sapiens 2.

acgtgtccecag
agcgggtggg
gagggcaccyg
catcagcgcg
ggctgggcege

ccgggeggcec

aggagaacgg
ccacttnene
tctatgtgat
aattggtatc
tcctgecaatt
tgatgaatac

tactttgagc

G.10

ctteccecetgt
agcaccccca
aéagcaggcc
agcggagagyg
ggcacccacg
cggtcatgce
atgcggtetg
aggtgtgcat
gcagcctgte
gteecteetgt
cgttgaaatt

tgtatggggg

G.108

gcgtecacgtce
ccagggetct
cgcggggtcec
gteccagccct
cgtggegttg

ccgcggcagg

aagaaagaaa
agccccaaac
gttaacaata
tacctgaaat
ctaactaaaa
agtattggga

catgtaggtg

ggggcaacce
gececgtgegeco
cggcccccag
gcatcaggcee
gececcttacge
catceccgegg
tgggccegtg
caagacgcgce
actggggcac
gctteccaaca
tcgetgttga

cctgggetgg

cgegegegeco
gcgcaccgcet
gacgcggagg
ccgectgecg
cctcggagcet

caggcgcceg

22

ttacgggcag
taggagagaa
ggggttgcaa
tcaaaaattt
aécancttgt
actgttatgg

agagagatga

aagccgggga

cctgecaccac
caccaccggc
aacgectacc
tgaccgtage
gggttgtgct
ggcgcctecce
tggectgtagg
gctggeegece
caagetgtgyg
acgagctgcet

atgcctaa

ccoggggett

ggggttcggg
cgtgctcgga
ggcgccgagce
cgctgccegc

cagttccatg

PCT/US02/03077
aaaaagagta 660
tctgétaaga 720
atattgcatg 780
aactgggcat 840
gaagaaatca 900
aactggctgg 960
tgagcactgg 1020

1032
cgegtgaacce 60
gcagctgcece 120
ctgccgggag 180
ccgaggctca 240
ttggacgeeg 300
ccttecatgg 360
acctggccecg 420
gctteateeca 480
ttettetgece 540
gtgetgetge 600
catctacagc 660

708
gcgtcagecgyg 60
gcccgggacyg 120
acgccggggy 180
gtcteecgeceg 240
ggggcecgagea 300
gttggttegg 360
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PCT/US02/03077

agcgcgatga gccgcccegtce ctccaccgge cccagegcta ataaaccctg cageaageag

ccgecgecege agccccagca cactcegtcee cecggotgeoge cececeggeege cgcecacceate

tecggetgegg gccccggcte gteccgeggtg ceccecgcecgegg cggeggtgat ctcgggceccce

ggcggcggceg

<210>
<211>
<212>
<213>

35
916
DNA

<400> 35
goggacgege

ttecectgaggg
ccgggegect
gcgcegcagec
gccegeegeg
ctggaggagg
tctggeageoe
gaggagttcc
atgcaggaga
cagtggagceg
cttcgcagecg
atgtaataac
ttacaacatt
attttaatect
attcgataca
aaaaataact
<210>
<211>

<212>
<213>

36
2998
DNA

<400> 36

gcggecegeag
cccacagcat
gccacgtgct
gegecttect
tgtgtttcgg

acgaagagtt

gcgggceecgge ccggtgtec

Homo sapiens 3.B.30

tgagctecact ccgggcceetg
agcagagcag ccgcgtccte
cggcagecctt geoccagggagg
agcttttece tcecgaccgag
ggggcaggag gcggggceccg
gggtcagegg ggagagectg
ctageccgeee cagectcacg
ctecegtagg cteggttece
tgggtaccac gaaggctcté
ccaggatggg tagaaggctg
gccatgetet gececcecegtggg
taactaggca aaaagtgtta
tataatatat aacaatatta
ttttettttt gttaatttat
atcataaatt tatttattgt

ctecta

Homo sapiens 3.B.36

catggctttc ggccactact
gatgcgcaac'ttcttcacgc
gagcgaggeyg cgcegagetgg
cgacccgagg ccgctgaccyg
ctgccgctac agccacgacg

cgggcegceacy  gtgggegegg

cggaaagaat
ccgeaggggce
ccgggaggec
gcectgagea
gggccggecece
cceggageeyg
ctgtctgatc
cceggeccta
ggéagtcagt
ggggtgatgg
ccgteatttt
aaattaataa
aaacatataa
atcaccttat

atattgtcaa

cggagcactg
gcacagcecgeg
tggcgctgct
tcgtggcegt
accccgagtt

gcagectggt

23

tecgtacegtt
cceccgacccece
cgecgegggg
ccgetgecga
gcgagegtgg
ggggccggag
cgccaaacct
cagggtgaga
cattcgagcet
tgagggtttt
gtecgtttegt
ctactaaata
ttaataataa
ataccatttt

aataaaatat

gaaggtgcag
cagccgccaa
ggtgcgcgge
ggccaacgtce
ccgtgagetyg

ggacgtgatg

cctgttgaac
cgccaagacc
tagccgeggg
ggccéctctg
aggcegcegge
gcttaggggce
cagcaacctg
ctcagctctc
cggegectecg
tgtggggttt
tttctctata
tccgétgtca
aaaaaacctt
tectecaatacc

tecteotatat

cggcgcgcay
gtcctecgagg
agcgcggacyg
atgagtgeccg
ctcagccaca

cectggetge
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agtacttccc
tcagcaactt
ccccccgega
cgcacggtygg
tecggcgccag
aggtaaagcg
agacagaata
cacccctcaa
gcacgcgcec
cccectemcyt
caagagtttt
<210>
<211>

<212>
<213>

37
514
DNA
Homo

<400> 37
gcggccgcagyg

tgcgggggac
gtgcagectyg
gtggccgegt
cggttgttgg
tgetgeggeg
ccagageccy
aggaaagagc
ttgggecgagy
<210>
<211>

<212>
<213>

38
608
DNA
Homo

<400> 38
gcggcecegegg

gccccagecg
ctctcecgaga
tcececegeace
gggecgegage

tgtcctecege

caacccggtyg
catcctggac
catgatggac
tggcgegegg
ccaggacacc
ctctgggagy
tgctgagttt
aaccaagaat
cacccagcgg
gcttkagagt

taaatgcttg

sapiens 3

cgctgttggy
tgcgggegece
cagcctgeag
tgcccgegaa
cecggegtcac
acagcagccc
cgcecgggty
cggccatggc

gggtcaggcg

sapiens 3

cgcageggag
gccgggcetcce
gctcegggac
gggatcccag
cggeeceggea

gccacgctca

cgcaccgttt
aagttcttga
gcctttatcce
ctggatttgg
ctgtccaccy
cgtgggcecag
gcaagcadgyg
cgcgteggta
tgccceccocgaac
gagaacacat

gagatgagcc

.B.55

ccégcagggc
ccageecgac
cggcagcegac
gteegtggec
aaaccagcgt
gttggtgtge
gaagegggec
gtagégggcc

gtecatgtca

.C.01

gggetgeggyg
gtggggggte
cagcggeecg
accagggagg
ggtgcccate

gccaccaccce

tcecgegaatt
ggcactgcga
tctctgcgga
agaacgtacc
cgctgcagtg
gtcttttcete
cccesggttt
arggractca
cccteecggthe
ttgcaaagac

ctgatatc

agcaccgagc
gggtcggegt
ttcacgecceeg
gtgtcatagg
tgcggcgagy
ggcacgctge
ttggegtagt
ccgggcacga

cagc

ccecggaacea
agctccectga
gcocagceeecea
gggcgcacgt
gtegecetet

cggctgtttg

24

cgagcagceta
aagccticgg
aaagaadgcg
ggccactatc
gctgetcecct
ctctga;aar
ggggtttcge
cagfgagggc
yyctatctkg

ccctececacce

cecgacttggt
agtagccgag
ccgeegegta
ccgaggccgce
gcgcgeeegy
ggticecgtace
tgdtcécgaa

tctgecgageg

aggcecggtea
cccctacage
aagqcagcct
ccgacggctg
gggaccccgg

ggacccggca

PCT/US02/03077
aaccgcaact 420
ccecgygggccy 480
gccggggact 540
actgacatct 600
ctctttcacc 660
ggcggagtag 726
tccaggtccce 780
tgcgacacgce 840
yytctatcgt 900
cccgdaaaaa 960

998
gccgecagtac 60
cgggeggoca 120
agagagéagc 180
gaagtceagce 240
gtecteggee 300
cggcecgggyg 360
ctégtcctgc 420
cggégagtcg 480

514
gcgtgtaage 60
gcggtagege 120
ccctetecet 180
aggaatagca 240
tggecgegetce 300
cccagcecgag 360
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cgcgcegecece
gggacgtggg
ccctecgeeccece

tcgtgtaaaa

cggtggge

«210>
<211>
<212>
<213>

39
1025
DNA
Homo

<400> 39
gatatcctcg

ctecteocteg
gttggtgaag
agcgdggagge
gogogecaca
cttggtgggg
ggagacgcac
ccggagegea
cgeecttaag
caaagttttg
aaccccgete
ctectacccece
cacccceagt
ggctggagtg
tcaaataata
accccgetge
gcccagagec
gcage
<210>
<211>

<212>
<213>

40
1010
DNA
Homo

<220>
<221>
<222>
<223>

n
(829
a or

<220>

ccteggggac
gcgaaceegyg
ccgtecteegt

aggcatttta

sapiens 3

ctgggecgeca
tcgecagtaga
ctaacgttga

agtcttgagt

gtcecgaacce

gaataaaggg
ttagtgaacce
aagcccggga
aagccgeggg
cgccacctga
cgegeeggdyg
cgccoggceace
accgecccoeg
gcgagectecag

ataggggcac

gatacctcecce

ccgectecteg

sapiens 3

}..(829)
g or c or

cegetgggeg
ggecgetgege
tcattgtgct

ctecgegegt

.C.16

ggggctgcag

aatmegsctg
ggggcatcgt
taaaggggte
tcteceettg
agcacccttt
ageggettyg
gtcggecceceeg
aggtggcggt
aggagaaggc
ceccctcoceget
gcagccecte
teccaacacte
ccgegggett
ctcecttaege
ccggagccac

cagttecctyce

.C.17

gggctgageg
cacctecgget
gtattcatce

cttceccettaca

ctecgetctge
caccgagtcg
cgcgggagge
ttggtgecgra
cagagctatce
caccceccttt
tgccegecega
cagcggcaga
gaggaaaaca
gagaggcgcce
gcggetgtte
ccaaccttcc
cttttgecag
taacacccct
actcaatacg
cccaccaagg

gcétctcggg

25

aggcttggag
gtctecageg
agcagatttt

gccatttagt

tgctgctgct
tagtcgaggt
tgctggagceg
aacctggege
cectaaageg
ggacagtccc
gcccecgete
ggaatcgaaa
atttgccaaa
tgggcgctag
ccacteogege
ytytccaccg
cttttecttet
ccataaatac
gagatgcaac
gtagcagctg

cgcgaggaca

PCT/US02/03077
tgcgggcgaa 420
gagaccggcyg 480
gaaacaattc 540
tgggagtttg 600

608

ggtagaagtt 60
catagttect 120
gggcacacaa 180
agcgcgcagt 240
gctgggtggt 300
ctgctatctce 360
cccegggage 420
tcggqcctgg 480
atccaaggca 540
cggectgegtyg 600
cctageeget 660
scccegtecce 720
ttetetegee 780
arggggggtg 840
tgegecagag 900
tteoctggaacc 960
cccgagggceyg 1020
1025
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<221> n
<222>
<223>

<220>
<221>
<222>
<223>

<400> 40
gcggcecgcgyg

agggggctgg
actctggggc
ggccggeggt
ccaccgcegtt
ctgatgggct
cggcaggagd
ccgggdggaaa
tegeattcoge
agctcegetce
tectggggaa
aggggctgtt
aatagaaggc
gggtggtgga
tgagacggtc
tcecctngtat
gcttctttaa
<210>
<211>

<212>
<213>

41
413
DNA

<400> 41

gcggcegeeg
ggcgecctgg
gggagcggcet
cgaggaagtg
cgacggcgag
gggtgaggge

aagacgaccy

(875) .. (875)
a or g or C or

n
(906) .. (9206)
a or g or ¢ or

accgacttcc
gcgagccggg
acgcggggac
ggcaccggcg
ctttgtgtgt
caccgcgccg
aggaggggag
agtctggact
ctcaaagace
ttgcgccececcyg
cccgectecege
ccgcccaatce
gacttcggcea
ccgatcecctga
‘cgtgttaatg
acgcttttgg

ctgtttatgc

Homo sapiens 3

taaagcgegg
gectttttggg
gcttecteeg
tteggecaceg
gtccgacgag
gacaaggagg

gctgcgcggg

ttcgeeggcce
égacggtcaa
gagcccggec
ggcgcgggga
ctctegeege
ggtcccecgegt
aagaggagcg
gcctcggcga
ccaattgget
cgeceggcte
cccectggetco
aggtgtcggg
cacacccgac
ggcagatcag
actatatcta
caagttgggt

tatacgccta

.C.30

atgcgcggcg
cgcgaaaaag
gggtcgtatc
ccgaccttta
gctaecacaa
acgccacceg

ccteececta

accggaggga
gttggggtcg

gcattgtctg

.ggagttgccyg

cctecagecg
cctectecggcce
ttgacagatg
gaagcggccd
aggagcccett
agcggacgga
cagegcecte
aagcccagcc
ctgatccact
ccagtccgcec
agagntggat
tgaaaactga

gtggctcaga

tggccacgcc
aagcagtcct
tcecgececgge
ccgggtgcetg
ggtgtcecctg
ccgetteocag

gacttttgge

26

gggggcegecc
ggggagcgcg
cgcggcecteg
tcececttiteyg
cttcgecget
gcagccggceg
ctgtettgga
gtaggcaacc
cecteegeag
ctagcgcgcee
caafggatgt
agtcececggg
aggacaaacc
aaactgtgné
gggaacgggd
caacctgagce

caacgttttt

ccttecagtge
gggttgtacc
atggggctgce
ggcgtgcgéc
caggtacacc

gtatgcaggg

tacecgggcecc

PCT/US02/03077
ctacceeggy 60
ggcgcectecege 120
gaacaagcac 180
ccgccgecgce 240
cgcetgacag 300
gagcccocggcec 260
gcgggcaceg 420
ggccccagce 480
cggctegege 540
cggtcaagaa 600
cggcgtacag 660
gagtgtagcc 720
gctcgagccg 780
caagtagatc 840
cgcccaattt S00
tgttaatgag 260

1010
ttgtgacgca 60
cggegeaget 120
tggacctttg 180
gcgaggcctc 240
cggéccgggt 300
accecgcceccg 360
cge 413
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<210>
<211>
<212>
<213>

42
927
DNA

<220>
<221>
<222>
<Z223>

<400> 42
gcggccgecg

cgcggggcca
acccggcccg
gcgcectggcetce
ctceccgaggce
agctgactgg
agaaagaggyd
gcgagggggyg
tagtctcctce
ccggcacggyg
gg9gg99cg9g9
gagacccgaa
tggagttacc
caagctattt
tgaagccacc
aggagtagta
<210>
<211>

<212>
<213>

43

DNA

<400> 43
geggaecgeaa

ceytraggac

cctgagccecec
agccgecycc
tgcagccgag
gcgggtctcee

aggccgctge

1365

Homo sapiens 3.

n
(595) .. (5395)
a'orgorcor

ctcecttgect
ctggcgggte
gcccgecegeg
acactctccecce
gtggggaggg
ccgggatcct
agggagggdad
cggtggegge
gctggctgcce
cctgggattg
gtctgtctece
agccacggag
tcgectgage
gcctgettte
ctctatggtc

aaatacccga

Homo sapiens 3

ggaccggetg
tgcacscccee
caggctgggg
acgcgtagece
ggcgcegacct
agcaggtcce

agaggcgcgg

C.35

gaccgettge
gtgatgagca
ccgcéccgcc
tcacagcacyg
ctgtttattt
ccgacccgcece
ggaccgggat
ccgcegggggy
cgagdggagygc
tcctggaggce
tttctgggcg
tggctecctge
accctggttt
ccteceogecaga
accccaatct

ggtggaa

.C.64

agarmtgkgyg
céacaccggg
accggcaggyg
gtgaagcggg
gtggtgccaa
accccacgceg

ccaggctcece

tececgececyg
ctegetegeg
tctcgcactc
ccggecgagy
tggggggagg
actgtggcag
gtagaactcc
ggcggtgeca
cgggaagcga
acagegcggc
gggccgtatc
ttgcggtact
cccgagagygg
agaaaaaagg

gagagcttta

gscsckgtgce
gceegggegy
gctecgggga
aggtacgegg
ccgectgacce

ccegegggge

atttectgegce

27

ccegeecegcec
ccecccgeacyg
ccggagctcg
gaggaagggg
aggggcgcga
caccgggaag
agcccgegeyg
ggcccecteg
tcggggaage
tggagtgcegg
ctgaagcagg
agttggacag
aatgggcact
ctcaaftgga

ctttatataa

tgggggegsyg
gacacacgcc
ggctggtgag
cccectggag
ctgettggece
ccgeteocaga

atcectggceg

PCT/US02/03077
gggttgtegg 60
cacacgcgaa 120
cccaccggoce 180
gcggtccggg 240
ggcaggaacyg 300
gcggggagag 360
ggaggctacg 420
gcaatcteceg 480
tcgagaatct 540
ggcancgcgg 600
cggggcﬁtga 660
agtaaagtcc 720
ctgtgagagg 780
aggtggagga 840
ctacattcta 900

927
arggagrcgg 60
caacgggacce 120
gecaggacgg 180
ctgcecegac 240
gecgecagect 300
ggcteccteca 360
ctcagacacg 420

IDT Exhibit 1020.8264
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gcctgageog
gegetgetee
ctgctecggcet
ccecgeceecc
cttttgttge
caccgagceta
atctecgggge
ccgggceectg
accctgaccce
ccagatgteg
caccgcggcet
ccgaeggeteg
aggaccggac
aacaaacgga
gcattsragt
actarsrrsxr
<210>
<211>

<212>
<213>

44
608
DNA
Homo

<400> 44
gcggecgeac

cgagagggcg
cgcacacgcg
cgecececectge
ccgagecceg
tatccegecec
agcggcacct
aggcaaggca
ggccgaggac
tgctgccctc
cgattcct

<210>

<211>
<212>

45
1947
DNA

ggtacccggc
cacgegggece
cggagcaccc
gactcgtgtt
caattgtttc
agtaaacact
ggcccggcetg
cectggggtce
catcttcctt
tgtgggattc
cttaaccctg
aaccggcatc
tggtggecte
agcagcggag
gcwesakkym

rcawwtkmww

sapiens 3

tgecoctggece
gggaggtgac
gcctgggagy
cggaggeactt
agggcgatcc
gcctceccaccg
ttcececacget
gatggcatct
ctcgtcacgg

agggcaagag

gactéccttc
cgggggtete
ccegeccege
gttgttgegt
tatgcccgga
ttataaatga
ccagggetce
ggggaggege
ccteocteccaa
gtggettecea
ggcgagccac
tgcagaagga
tccacgtcgt
cctccggctc
sgcycaatym

argsactcay

.D.21

gccacgetcce
gaggtgaggt
gaccaccggc
gcgcegecge
caccctcektag
ccccttcaaé
gctcctcaag
cagaccccga
ttttactgag

ggtgaaacct

ggcctccacce
cgcagecctg
cgccccacca
gggtttttte
ggccacgctg
ataaataagt
ggccgeegge
cgggaggggc
atcatcctcece
cccaccgett
ggagegttte
agaccaggece
gtccggacec
cmasscykgc
mgagagcket

tgaétaactg

gcgcctgege

gggggcaggg
ccgcagccce
agtctcccte
gattactcca
ccctggggaa
ggaaaggacd
agtgtgccaé
gccacaccag

gaagactgcg

28

gcectecetggg
gcctgggtge
gcgectytyc
tctaattcte
taaatgagat
gaataaataa
ctgegggggt
cgtttecececag
agactctggg
ctcaaacaaa
ttecegggat
ctgtaggceceg
gacwecatege
cyctgyscgs
gracktckeca

atatce

cgcgcacctc
agcgggctge
gggggaggcc
tgggecggga
cgccaggceagy
ctgggagéaa
cgagtggtct
ccgectgttg
agaaccacct

agtegttgtt

PCT/US02/03077
gagggaccgc 480
gtcecgtcggg 540
ggagégctca 600
cggagttact 660
gttacatctg 720
cgaaatcgte 780
ctgtgtggte 840
ccgtgteeet 900
cgt;tgétcc 260
aacgggttgt 1020
cgggateggg 1080
ccgecgecece 1140
ctécaacgcs 1200
yswgmcmggc. 1260
aytatcwegg 1320

1365

aggggcccgc 60
gcgaacgcac 120
cagcggcccyg 180
agageccecte 240
ccagcgaatt 300
cgbggcgege 360
tgceccaggtt 420
gggacagaga 480
agggétagga 540
gagtttecacc 600
’ 608

IDT Exhibit 1020.8265



WO 02/060318

<213>
<220>
<221> n

<222>
<223>

<400> 45

gatatcatct
ctgtteccecceca
cagcatattt
ttagcactga
gatacataat
tgttectagtt
gaaaactaaa
ctgtggaagg
caagtaatta
cctttecacaa
ccctteteaa
actgggaaga
wcaagraagg
accatcaaaa
ttggtgtatg
ttgattamca
ttocaaacaa
gtcttacttt
attcaccagg
gctecacgect
gatccagacc
agctgggtgt
gcaggagaat
cactccagcc
aaagagtaga
tgttgcaggag
cgacatggtt
tctttacata

tgtgggtcaa

Homo sapiens 3.

(748) ..(748)
a or g or ¢ or

attttaaaag
caggcatccet
atttcatact
tcatacaaac
ggaatatatt
taaacattat
tctetectet
gaaaacagcg
aatcctgacc
ctgtgtgtta
aggaaagétc
taaagttatt
tcaagaatct
gagccacact
cacaaaatgc
ctatatattg
tgtatttaca
ctaattctcc
agtcagcaac
gtaatcccag
atgctggeta
ggtgagtgtg
ggcgtgaacc
tgggcgacag
tattttaaac
aaagaagcca
tgccageccce
tctetgatga

agggcatgca

D.24

acétatgtaa
ccteocagtett
gtaatatagg
atggaataga
tctatcaagce
gggaétttca
ggtcaggcat
agtcaggaag
tcctctacce
ctagaaatgc
tgtccecagga
tttacattta
atmcaaanaé
tagcatgttg
acaatcacat
aacaattttt
aataaatgeca
actcttgaag
ttttttecat
cattttggga
acacggtgaa
gcggcggaca
cgggaggcag
agcaagactc
tctgeaggece
tacacaattt
tgatgtataa
tcteettagyg

tgectectggga

aacccaaccc
acacctttece
aaatagctat
aattcecttat
cgtacacatt
gaactgcaac
ctatgtgcat
gactgtggce
cagtctgtcce
aacagaaacc
ccatttgttc
ta;agaaaca
caagaggaat
gtecacaggce
tctgtetaca
aagacctgca
cacacacact
aﬁttaggttt
aaaaggccaa
ggccaaggcyg
accctgtcte
cctgtagtcec
aggttgcagt
tgtcacaaaa
ataggtttct
gtaaatgaat
cactacagag
actaattact

tgtacattec

29

ttaagaaagg
acccccecaaa
tttttagact
gttttatctg
agagataatg
ataacaaata
cagwgatgag
acgtccattce
tggggaatgg
cagctgaatc
caacatttte
catatttatt
ttttaaaatce
ttectttagca
ttttataatt
acatatgttg
atctgtetta
ttccaacttt
agagtaggecc
ggcagatcac
tactaaaaac
cagctacteg
gagccaagat
gmaaagaaaa
gttgcaacac
gggcatgact
gatgctgtta
agacatgaca

cagattgctc

IDT Exhibit 1020.8266

PCT/US02/03077
attcectatea 60
acaaatcatt 120
ttttatatta 180
gatttaaggt 240
aaatcacttg 300
atccteggat 360
aagacaggga 420
cctggtecet 480
ccaacactgg 540
ccctectetyg 600
aattatgaga 660
cacmctecatt 720
ccataatwee 780
c&ctcttyyg 840
tgecetgtttg 200
acaaéattac 960
tatacaacgt 1020
ttcttaatat 1080
gggaegeagtg 1140
gaggtcagga 1200
acaaaaaatt 1260
ggaggcﬁgag 1320
cgcaccactg 1380
aaaaaaggcec 1440
tcaactctgc 1500
gtéttcttcc 1560 -
gaatgaaawt 1620
tcatggtagc 1680
atcatgagcc 1740



WO 02/060318

PCT/US02/03077

tttcectcatgt caaaatgttt tgtgaccacc agaaaggctg gttctgettt tawtacccat 1800

ggawtgagga atagaaatga catggcatgg cccttcccca cagcaccacg gcttctcecttce 1860

ctcagcacgg cgacaggggce ttececctttg cegecgecge ccegceccaaget ccgecgcoege 1920

cggeccaagcet cegececgegece cgcggeco 1947

<210> 46

<211> 1637

<212> DNA

<213> Homo sapiens 3.D.35

<220>

<221> n

<222> (612)..(612)

<223> a or g or ¢ or t

<220>

<221> 1n

<222> (715) .. (715)

<223> a or g or c or t,

<220>

<221l> n

<222> (1014)..(1014)

<223> a or g or ¢ or t

<220>

<221> n

<222> (1265)..(1265)

<223> a or g or ¢ or t

<400> 46

gatatcttet gataaagaac caatctgcet gggagtttca aatctgaaaa agcaaatcat 60

agtttactgg agtaaactgc tgtttaaaaa taaaagagaa aggaaaaaaa aaagaatgtt 120

tectagttee agaactgaca actagagcct aaataaatac ctggacaagg gtaaatatga 180

cctcaaattt ataaccgeee tgaacgecaga acatcaaccg cgacagctgt ggcatcageg 240

gcgacagtaa ttttetecect ggecattcaac cagagggcag ttggactgtyg caccgactgce 300

actagtggtg ggtagccaaa gctagccteoc aaagtgaacc acggtctggyg gectggtcecce 360

gtttgaccga aaatgcetatec cagaacmccc wycgagactg caggcccttc ttectgattg 420

agctagaggt gagtgaagac agggtctggg gtagggaggg gcgtccacge cagcettgece 480

attacctgcc ggeccttggtg atgatcatct cagtgectat ctcatgaaag cgcttecaga 540

gectecggetece ctgcagatce acccgegggg cctgeggega gggcagaggg gtcccgggcec 600

gggccaggga gncgcgccgg agacccettg ggggaagcct cccggtgacg ccagagggga 660

agctceytge tggaagcegt cctecacagee gectggacag caaaggacag agaanaggra 720

actggtgagg gaaaacagag gggaagecmag ccgcggagac ggscccacct ggtggctgag 780
30
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aagargaaaa tgaccgggag
caagccagte gatagacacc
gtggcctgcet tggtccccaa
acccecgetgk gecetecgeag
gggtctggga cgcttgcccg
aaactycgac gcaacctgeg
ccaagageyt gggcecctectt
ttgggccggg ccggaggmat
ycocggncgece tgcgcettcca
ccgteggect tggcagagaa
gggaaaccaa gtttccaaat
ttcgttcecgg tttcagggtg
aaaagttagg aaacaaaaaa
gaagcacaga gctgcaccgc
gagtgggegyg cggecge .
<210> 47

<211l> 900

<212> DNA

<213> Homo sapiens 3
<220>

<221> n

<222> (671)..(671)
<223> a or g or ¢ or
<220>

<221> n

<222> (702) .. (702)
<223> a or g or ¢Cc or
<220>

<221> n

<222> (739)..(739)
<223> a or g Or ¢ or
<220>

<221> n

<222> (746) .. (746)
<223> @a or g Oor C or
<220>

<221> n

<2225 (752)..(752)
<223> @a or g or C or

aaaaggggaa
cacattctge
gtcccaagcec
gkcsarggcem
acggagtcag
ccttgaarcg
aagccataag
cttctagaar
rcccarcaga
atcaagagga
atgccgecect
gggtatgccg
gagcacccat

taggcgcagc

.D.490

getttggtge
ctgtegaagg
cggrakaggc
cmasmaraaa
agragctccce
caagcagcaa
cgtytgegge
gctettyaga
agaaaagtgt
gaagggaagg
cttcctggtt
tcgcectcecceccect
tggctggaac

aaacagccgc

31

catcaggtcc
ggegcattceca
gygcggsmag
aggcttcacg
sggtcmagag
aagcgccesg
gcctegettt
acmccgcttt
gaaaagcaag
gaaccgctca
tgcacaaacg
cctcececgece
cccaagggag

ggccgaaggc

PCT/US02/03077
tcbtaaagaé 840
gagctececagt 900
cgtccacmcc 260
ccgnécgccg 1020
tccacagtge 1080
cactctgktc 1140
kggccttett 1200
ygycaaactm 1260
ccegeggteg 1320
actaccéttc 1380
gtttagggca 1440
ctgtgctttt 1500
gcagatgcag 1560
gcéggtcgcc 1620

1637

IDT Exhibit 1020.8268



WO 02/060318 PCT/US02/03077

<220>

<Z221> n

<222> (762)..(762)
<223> a or g or ¢ or t

<220>

<221> n

<222> (782)..(782)
<223> a or g or ¢ or ¢

<220>
<221> n
<222> (816)..(816)

<223> a or g or ¢ or t

<220>

<221> n

<222> (837)..(837)
<223> a or g or ¢ or t

<220>

<221> n

<222> (867)..(867)
<223> a or g or c¢c or t

<220>

<221> n

<222> (874) ..(874)
<223> a or g or ¢ or t

<220>

<221> n

<222> (879) ..(879)
<223> a or g oxr c or t

;égg:cgigg cccggaccag ccgctcecccac cegecccage tactacggeg cggcegcgacce 60
gegggeteceg gecccagece aggcacgtge gececaggeceg cggggaggeg ccggegocte 120
ccggaacgeg ctcectggect gegagtgetg ccegctcagt ctcegggtgg gaagtgeget 180
cgccecoggac cgaggggaaa gceccaacate ccegggatgg aacagagagg cggccacccg 240
tgagtgggcg tgacccattg gtteccettge gecagecatetg tggagaatta ggcttteccce 300
tectctettg ccagecegtbtg ttectaatct tgtctitttt aagggaggaa agcaggégaa 360
ctcatgacac tttgtatcac aggaaatcaa gttggtggag agagggﬁttg ctgacctetc 420
ccgteoctte tcagggtcce taggagaatt tttgaagaag taatcggcag caaggagatg 480
ggggcaatag agagtctcag actcgcaggg acccatgtte gtecccageg ccactacttt 540
caaaccgtta tccctcagag ctgtttccte acctccacaa caactetcece gggttegatg 600
acactatata tcccaccagt tcatcttggt acaggccaaa aggtaattca aaaagcgaaa 660
cgaatctcat nttctgacct gtgcecctegg taaagtecce angtttccac cccaagtaca 720

32
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cttggaagcc
anaatccectt

gggtcaagga

<210>
<211>
<212>
<213>

48

<400> 48
cgggcgcggc

ttgtgcagcet
cggggggcca
- gggcgggcegyg
gcccagcegcet
ccggaggaaa
aggtgaaagt
cattatgaaa
aactaatact
ttaatagcca
tcttaaagat
aaaccagatt
aaaaataagg
tttcagcttg
tcatggtgaa
gcaatgtttc
tgatgtgtcg
atagtggagg
ccgetggatt
tatgtttagg
aattgacaag
ttcatccteg
tttttttata
atccagtcat
gatgecaaagc

ctttatcaca

aggccccetnc
ggtttcaaag

ddaaaaaaaa

1511
DNA
Homo sapiens 3

gagcccecact
gageccctgeg
aagttcaagc
ccagggctce
gctaccggayg
ccgagetege
aggcaagaaqg
acacccactg
tttaacaatc
acaaaacctt
ttttaaagtc
ataacaatgt
ccataaggta
tgcagtttga
caaacattac
acatcagaac
atgtaggttc
aggctgtgtg
ttgctgagaa
gttttatgag
aaattaatct
gttctactgc
tggtaaaggc
gtactattta
ccttecaataa

t

acacangctg
ttagaatagg

gtaaatnaat

.D.44

tteteceecgge
gagacgtcat
cgcgtccagg
ccteteceecge
gccagccctyg
aagcccagcg
gceccctgag
cactcctttt
agaatctctt
tagccagagt
tccttctaaa
gtaattgtag
ttttatgatc
gacagatcgt
agatgtttta
atgaattaaa
ttggattata
tatgtgggga
gctaaaacta
tatcctgata
taagaattgg
ttcttgataa
acatcaaaga
aggcaatatt

tattctgttg

ancaccacct
gatacngecgt

taanttttnt

aggaaggggg
tgcattcatg
gcaggcagcg
tggecgcetcecece
gggctccgeyg
ctcecageecg
acgtttctaa
atttattagg
aagaatcttt
gttttaaaat
ttteccagect
agaagctgtg
attttgaaat
caactacaaa
ctgtgtcaac
acéatgtaaa
acaaatgtac
caggaagtac
ccctaaaaat
cttaaaatgt
cacagaaatc
acaagtttca
ctttaccatt
aaaggtaact

tcttatttce

33

tncacaaact

gagtggggtg

tgacctecctg

gaggccgaga
ctccctcggg
cgcggeggey
ggcgcctcég
gggaagagct
cagactgcag
aagcatattc
accttaagtt
caatcttata
ggaaattacc
tccatttagt
gcttacggtt
aaaaaakttga
acaaattgta
atctctaaca
ctatggacct
cactctageg
atgggaaatc
ataaactcta
gcattgcatt
atctcgatgt
tgtttagaag
téatatatat
tagatttceccc

taaacatctg

PCT/US02/03077
gaaaacaaag 780
aattgcnatt 840
cgetgeccecac 200
gcatttcectyg 60
tgtcagcgga 120
cggcggegcg 180
tececeggecg 240
gctettecte 300
agetceagta 360
tatatgtttt 420
atcectatcete 480
cttatccact 540
tgttcatgtt 600
ttcaagccat 660
aataacgatt 720
aatagtttaa 780
gattctgttc 840
tttgaactaa 900
ggggtgacca 260
caagacttcg 1020
tctgtacctt 1080
ttttfaaaca 1140
gtaacctatg 1200
tttcatgaag 1260
gttactgaaa 1320
tagttgtcct 1380
cacttacagt 1440
aataatacaa 1500

1511
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<210> 49
<211> 83

5

<212> DNA

<213> Homo sapiens 3.

<220>
<221>

n
<222> (607) ..
<223> a or g

<220>
<221>

n
<222> (875) ..
<223> a or g

<220>
<221> n

<222> (716) ..
<223> &a or g

<220>
<221> n

<222> (731)..
<223> a or g

<220>
<221> n

<222> (732)..
<223> a or g

<220>
<221>

n
<222> (741) ..
<223> a or g

<220>
<221> n

222> (778) ..
<223> a or g

<220>
<221> n

<222> (805) ..
<223> a or g

<220>
<221>

n
<222> (808) ..
a

<223>

<400> 49

(607)
or ¢ or

(675)
oY C or

(716)
or ¢ or

(731)
oY C oOor

(732)
or C Oor

(741)
or c or

(778)
or ¢ or

(805)
or ¢ or

(806)
or C or

gcggecgeeg cggagccggce

ttggcgggeg ggggccgggg

gccgaggtaa gagccgggac

D.60

PCT/US02/03077

gtccgcageg gectgegecate tegggectge agecggggcgc 60

gagagcectgt ttgegcagta cccoceccggagg geggaaggec 120

tcggeccaggt gggagtggge accttgggec gggcecctgcag 180

34

IDT Exhibit 1020.8271



WO 02/060318 PCT/US02/03077
ggeggteccce gagegteccog gggtagggtg ggctcectgg ggacgatgcc cagggccoceg 240
gecegegetece ggtegogece cacccocecgget gecagocgegge ctitggggcgce tgctggectce 300
gcecgeggggy tgggageggt cgcggcctgg agcagctceg ggcgggceccce aggctcectggg 360
gccagggeca gctgegegca ggggtgagtg agcagceccceccce gggecctcaa gtgagcecccet 420
gtbcgctccc caccttgeat ttctcctete cgcagtgggcec gtggcgccce tttgcectgtat 480
agggggcgcc ccaaattgaa gaaggctggg ggggagaacg'cataaacagg tgktttagggg 540
gceccaggect gtgecgceccaag ggttgaagaa taaagagtaa ttcttttttc ccccttttta 600
agggggnceg gagtecccect ccccececegge cgbtggtaagg gececcccctt getecgtaag 660
gggccctecct ttggnaaaac aactcctttt ttekttttttt attttgtece ccceconccca 720
ataatttaaa nncctececetg ntegeccceg cccccegett ttttbttttt tktttctnaa 780
accccccace ceocccccece cocttnnttt gtttcegett ttattccaag aaaat 835
<210=>= 50

<211> 645

<212> DNA

<213> Homo sapiens 3.E.04

<400> 50 , .
gcggeegeeg goettgacgtg tacggcgetg atcacctacg cttgcectgggg gecagetgceg 60
cegetgecct gggegtcecgec aaccccogteg cgaceggtgg gegtgetget gtggtgggag 120
cccttegggg ggcgegatag cgcccegagyg ccgecccctg actgceggct gegettceaac 180
atcagcggcet gccgectgct caccgaccge gcgtcctacg gagaggctca ggeccecgtgctt 240
ttccaccace gcgacctegt gaaggggccce cccgactgge ccceccgecctg gggcatcecag 300
gegcacactg ccgaggaggt ggatctgcgc gtgttggact acgaggaggc agcggcggcg 360
gcagaagccece tggcgacctce cagccecagg cecccgggec agcgctgggt ttggatgaac 420
ttecgagtecge cctcecgecacte cocggggctyg cgaagectgce aagtaacctce ttcaactgga 480
cactctecta cegggeggac tcecggacgtcect ttgtgectta tggctaccte taccccagaa 540
gccacccogg cgacccgcocct cagectggoce ccgcactgte caggaaacaa gggctggtgg 600
catgggtggt gagccacttg ggacgagcgce caggcceggyg tceegt 645
<210> 51

<211> 1021

<212> DNA

<213> Homo sapiens 3.E.50

<220>

<221>" n

<222> (744) .. (744)

<223> a or g or c or t

<400> 51 :

gcggeegegyg dacggggaga tgcggcccceg gtattgatgt cgaaaatgat ggataacgeg 60

35

IDT Exhibit 1020.8272



WO 02/060318

ggaatggcaa
catgcecteat
aatactgcac
tgcceceatg
tcgactgagc
taataaacgc
ggcgeccecte
cagaaggtcce
caggcactgt
ggactaggag

agaaggggcc
aaatagctac
cgtgcaacga
aaaaaaaccg
cgaatteccga
ttcgeceggece
c

<210>
<211>

<212>
<213>

52
518
DNA

<400> 52
gcggccgceayg

tecgccgagga
ttgaatgggg
ggcgcatgty
agccattggt
tggctgttgce
gccggetett

acagcgggga

ccectttaag

<210>
<211>
<212>
<213>

53
498

DNA
Homo sapiens 3.E.57

atatactatt
ttcatecctaa
tttaatgtct
acccgggaat
cctgagattt
acttaaggat
ctecggaataa
tggtcecetee
cgeggacccce
gecctggetge
gggccccgac
ttgctgaage
gataattggg
cecgaggagga
tgcgggacgag

gcgeatttcet

Homo sapiens 3.

gaaccacgat
ggagcagagyg
cggcaattge
ccagttgggg
ttttgtagta
gcacatccct
caaagacaat
agctgggccg

tttagaaata

tgtctaatgyg
tectatggaat
gcattgcagt
atttgagact
cctctectgt
aaatgcgcec
gggacggcgg
ccggoccaag
agactccgece
ctgeccacceg
gcgetttata
tatntactag
ccgattaact
gagagcagta
tcectecgggac

tttcaggcat

E.55

gagaggcagyg
gcctaggagg
ggggcccace
cccegegggt
ttggggcect
gcecctectac
ggaaactgta
agtaccttaa

attgaaagga

ctecggecaatt
tttgattgaa
ttcaggacga
tttattcgga
atccacgtcce
ccgaccctég
aggccgggga
tttcecckgeco
ttcectagge
cgcaccggaa
tgcaaatggce
attgaaatga
ggggatgttt
agcegcgttg
tcgaagagac

ccaccggcca

agctgctcect
acccecgggcg
ttégaccgaa
agatgccggc
cttttagtga
agcactccac
ccatacacat
tctgccataa

aatgtttg

36

aaattccccet
ttegtecaget
gagtggtttt
atttaaagcc
atccatctcc
cgecaacgtg
ggcgggggayg
ctcoceccotgeoea
caaacctagg
’gaagggactc
gaggcgaage
gttaagagaa
gétctttcaa
attgagccceca
ccacggagga

gggcctagaa

ggctgagggy
tggaccaccc
ggggaaaacc
aggccttceg

tactggattg

cttgggacct

tggaaggctc

agccattctt

PCT/US02/03077
gtaaétgacc 120
ctaattgaaa 180
aatgagacag 240
aggagattgc 300
agacgcgatt 360
ttaccccacg 420
ttggggggcet 480
ccetggtece 540
cgaccteect 600
gegceactecgg 660
cateccctgag 720
acatttaagt 780
aaaaaaaaaa 840
Ctgtéaagac 200
ctgagaggct 960
gtccgaaagg 1020

1021
cttcaaccac 60
gccctggcag 120
cgctctecteca 180
gaagaaaaag 240
gcgttgtttg 300
gtttagagaa 360
cctaacacac 420
actcgggcga 480

518
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<400> 53
gcggccgecee

gtagcggeceg

ccggegggga®

gtgagcaagyg
ccagccgcta
cggceggagge
ttgtctatcc

cegeaeecag

cctgggagcg

<210>
<211>
<212>
<213>

54
471
DNA

<400> 54

gcggcegecec
gcaggageccg
ctegggaage
ggaggatgct
gggggtccac
tcgagccttg
ctctggtget
ctctgtcece
<210>
<211>

<212>
<213>

55
271
DNA

<220>
<221> n
<222>
<223>

<400> 55
geggecgecg

ctocetgggta
ctegggaggt
ggcectgecage
gctgetectg

taccctececa

ccacggctcc
ccttecgete
dgaggactag
gacacccaca
ctgggggctc
ttteecgeage
cggagggcgc
agccgcecaacd

atgcgecce

Homo sapiens 3.

gggccegegyg
ccaccatgga
tgcaccggtyg
aattcccacce
ccatctgtcece
tccattatcc
gtaaatgcct

gtctctttet

Homo sapiens 3

(905) .. (905)
a or g or ¢ or

tgggecctgea
cccagegecc
ggccaagegc
ccecctteece

cccecatcaag

ggccgetecg

accctctegg
agcctctggt
aacaggaggé
gcctggagaé
taagcagcgc
cgettggecg
accecggacgc

tteccetgtga

E.59

geggggggat
gttecegecag
agectggegy
tgggcgcaga
agttttetge
tgttcctttt
ctectceceggg

ggatgtctct

.F.16

aaacttccaa
cgectteccee
cgggacgcgce
atccectggece

tcgaaaatct

cagcaggcecg

cggggccgea
cccaggcgag
ggggcacggc
acagccccgc
gatgctgctt
gcgccggcéc
tcgagccgga

gccccteteo

cggegggggyg
gaggagtttc
gggtcceggy
ctgacagatg
cgtgggctec
tctgcaccce
tctetggcete

gcceetttte

agtagcagcc
agaaagggcg
tcccagegtt
tggctgcggt
gagggtggga

aggtggagac

37

gccatctggg
cctggegage
ggattgaagc
tetettgege
cgcttcttct
ctattecegtt
gcgagecgega

cegecgeage

gacccgeggg
ggaagctagc
agaégagtgg
aacgggcgat
gacggegcetg
accccacceg
ctceccecacce

tctetgggte

tgtttctect
aggggtgggg
actcaggaca
gtcccttget

tggggtgggg

cctgeceecggt

PCT/US02/03077
gccectgceca 60
cggcgaagca 120
gagctgggcet 180
gctgtcectget 240
aggcggcgge 300
ggcaégtccc 360
agtccgaagt 420
ctgegaecaga 480

498
gtgaccggeg 60
gggtcgtget 120
gaggatctga 180
acccecggcat 240
ttcteectgg 360
gctccactct 360
acttetgggt 420
t 471
cgtctcectt 60
gcagggctcc 120
cttgggattt 180
cccctetget 240
gaccaggyggy 300
aggcgagtec 360
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ttgtgcccac
aaagaccgta
tggattcagc
ctgctgaaca
gcatttgttg
tgtgatgggc
tttgttttta
gaattaaaga
acctctagca

caacttaatc

agcccgagag

<210>
<211l>
<212>
<213>

56
550
DNA

<400> 56

gcggecgeac
gagtttctgt
ggggagagge
gcaattcctt
aggctctett
caagaactca
ttgatctatt
gcctgtaagce
ggaggttgga
gggtgacggg
<210>
<211>

«<212>
<213>

57
870

<220>
221>
<222>
<223>

<220>
<221s> n
<222>
<223>

DNA
Homo sapiens 3

agctcggagc
ttttccacge
ctccgagcecct
cagatttgca
tcaaaaaggt
ttatagaact
aaccttctaa
tactgtaaat
caggctggac
ttccgaaaag

t

Homo sapiens 3

gegggtgeta
tttcaaacct
gggggaggag
agaattataa
ctctaagtta
agtctgcaat
ttaacctttt
tcaaacaaga

agggggaaaa

n
(667) ..(667)
a or g or c or

(684) .. (684)
a or g or Cc or

cagcagcgga
tttgggtgeg
gttgtgagag
ttecatttteg
ttaaaacccc
tttttttecect
tttggtaatc
gattntaagé
attttaggaa

gctttggtat

.F.2

atttgcacac
ttaacttcgt
gtgggcagaa
actgcgagat
ctaataatga
gaaggagtgg
ccgtctcaaa
gctecececetgg

ggatagaaaa

.F.50

gtgacaaaaa
ggaccagatg
cagctgattc
cttaatatcg
ttttctttct
ctttagtcaa
agatttaaat
atgatacttt
gtgtgctata

tetgcataac

atcaagactg
aattagagat
ggaataaaac
gatcagaagt
taatgcacgt
acétgacagc
gatacgatgg
aacagaagac

actgcecectgtt

38

agataaagtt
atctagaaaa
ccccatttcg
tccaaaatag
ggggcaggat
cagtatcaga
cgcecttggeg
cgttagegea
aaggagcatt

gctgectggeg

aagtgtagtg
ttaacaactt
tccatctaaa
gacatctttg
tegggtacag
gtaégaggga
tgcttcectcece
actggagacc

gggtattatg

PCT/US02/03077
ggtgaatgat 420
tgagctgaaa 480
ggccagatgg 540
tggggcagcet 600
cgttacctta 660
tttagaagga 720
cgtgtaatct 780
aggaaggggc 840
gttecctattt 200
ttgecectggtg 960

971
aggéaacgtt 60
gaaggggggc 120
attcctaata 180
ccttetttga 240
aaatatgagc 300
gcatcattgt 360
aggaagaaaa 420
gtaagaggtg 480
ctcaccacat 540

550
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<220>

<221> n

"<222> (725)..(725)
<223 a or g Or ¢ or
<220>

<221> n

<222> (758)..(758)
<223> a or g or c or
<220>

<221> n

<222> " {776)..(776)
<223> a or g Oor c or
<220>

<221> n

<222> (777)..(777)
<223> a or g or ¢ or
<220>

<221> n

<222> (789)..(789)
<223> a or g or ¢ or
<220>

<221> n

<222> (845)..(845)
<223>»> a or g or ¢ or
<220>

<221> n

<«222> (870) .. (870)
<223> &a or g or ¢ or
<400> 57

ttagactcte actgggcagg
gctegegecect tettetecggg
ccaeggecgge gcagatcaca
cccaattcee caagaccgece
ggacacagat tgcctaacag
cacagcagcec ccaagctggce
tgagcacagt taggcccaac
cagccccecat cttcaggaac
aggccggage cctcagcecg
agaagaggac attccgcagg
gcggectttg agecttececcg

tectgectgtee
gtgcgatttc
cagcaggace
tctagaggct
aggaacagdg
tcccaagceccet
acccectgtec
atcacagggce
gcagctctcg
taggtacaat

ataccgctceg

cctetgetec
tctectcttt
ccaggggaga
gectgtgtecg
gttaggtggg
gggctetcecca
cccaaaacac
tcacactcac
gaccctgccce
ccecagegetg

cctgctceceg

39

cgecaggactyg
tggactcaag
ctgtggcett
gagaactccyg
gageggcetgg
ccececgetee
ctcctaccecct
taaccgcgga
agctcgacgce
gggcctgggg

gagcktgtteg

PCT/US02/03077
gagccaccga 60
atcaatgctt 120
cttececgect 180
agcattttct 240
ccggeccaaa 300
catcctctet 360
ccctececeece 420
gagcacatgce 480
ggactcatgc 540
cgtccggggag 600
gceegacgget 660
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