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(13) JP 2005-503753 A 2005.2.10

1

[

[

[ o .

: 7'0-7 B3 A2 5l
Ip ID

: 401 5! -CTATTTTCTATTTTCTATTTTCTATTTTCT 1

[ CCAGAGTAGCAGGAGCCCCAGGAGCTGAGC-3 !

[ 402 5¢-CTATTTTCTATTTTCTATTTTCTATTTTCT GGATGGAGACTGGGTCAACTGGATGTCACA-3' 2

[ 403 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT GCAAGCGATGGTGACTCTGTCTCCTACAGC-3 3

[ 404 5 -CTATTTTCTATTTTCTATTTTCTATTTITCT ICTGTCCCAGATCCACTGCCACTGAACCTT-3! 4

E 405 5! -CTATTTTCTATTTTCTATTTTCTATTTTCT GCAGCCACAGTTCGCTTCATCTGCACCTTG-3" 5

[ 406 S/ -CTATTTTCTATTTTCTATTTTCTATTTTCT TTTCAACTGCTCATCAGATGGCGGGAAGAT-3' 6

[ 407 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT AAGTTATTCAGCAGGCACACAACAGAGGCA-3' 7

[ 408 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT GGCGTTATCCACCTTCCACTGTACTTTGGC-3' 8

[ 409 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT TAGGTGCTGTCCTTGCTGTCCTGCTCTGTG- 3/ 9

[ 410 5’ ~CTATTTTCTATTTTCTATTITCTATTTTCT GTAGTCTGCTTTGCTCAGCGTCAGGGTGCT-37 10

E 411 5/ -CTATTTTCTATTTTCTATITTCTATTTTCT GATGGGTGACTTCGCAGGCGTAGACTTTGT-3' 11

[ 412 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT CTCTCCCCTGTTGARGCTCTTTGTGACGGG-3' 12

[ 413 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT TGGAACTGAGGAGCAGGTGGGGGCACTTCT-3" 13

[ 414 5 -CTATTTTCTATTTTCTATTTTCTATTITCT GAAAAAGGGTCAGAGGCCAAAGGATGGGAG-3’ 14

[ 415 5’ -CTATTTTCTATTTTCTATTTICTATTTTCT AGATGAGCTGGAGGACCGCARTAGGGGTAG-3' 15

[

L

dooooad

gooad

10

20



(14) JP 2005-503753 A 2005.2.10

{

[ 416 5/ -CTATTTTCTATTTTCTATTTTCTATTTICT GCATAATTAAAGCCARGGAGGAGGAGGGGG-3’ 16
[ 501 57 -CTATTTTCTATITTCTATTTTCTATITTCT  CCTGAGTGAGGAGGGTGAGGAGCAGCAGAG-3’ 17
! 502 S/ -CTATTTTCTATTTTCTATTTTCTATTTTCT AGACCCAGACACGGAGGCAGGCTGAGTCAG-3' 18
[ 503 S/ ~CTATTTTCTATITTCTATTTTCTATTTTCT  TGTTGGTTCCAGTGCAGGAGATGGTGATCG-3” 19
E 504 5 -CTATTTTCTATITTCTATTTTCTATTTITCT TAAATCATGATTTTGGGGGCTTTGCCTGGG-3’ 20
[ 505 57 -CTATTTTCTATTTTCTATTTTCTATTTTICT . TGTTGCCAGACTTGGAGCCAGAGAAGCGAT-J' 21
[ 506 57 -CIATTITCTATITICTATITICIATITICT AATAATGAGCCTCGTCCTCAGCCTGGAGCE-3” 22
[ 507 57 -CIATTTTCTATTTTCTATTTTCTATTTICT GGTCCCTCCGCCGARAACCACAGTGTAACT-3’ 23
[ 508 5/ -CTATTTTCTATTTTCTATTTTCTATITTCT TIATGAGACACACCAGTGTGGCCTTGTTGG-3" 24
C 509 5 -CTATTTTCTATTTTCTATTTTCTATTTTCT CTGCTCAGGCGTCAGGCTCAGATAGCTGCT -3 25
[ 511 57- CTATTTTCTATTTTCTATTTTCTATTTTCT  ATGCGTGACCTGGCAGCTGTAGCTICTGTG-3" 26
[ 512 57 -CTATTTTCTATTTTCTATTITCIATITICT ATTCIGTAGGGGCCACTGTCTTCTCCACGG-3/ 27
E 513 5 -CTATTTTCTATTTTCTATTTTCTATTTTCT CCTCCCCTGGGATCCTGCAGCTCTAGTCTC-3 28
[ 515 S ¢ -CTATTTTCTATTTTCTATTTTICTATTTTCT TGAGGGTTTATTGAGTGCAGGGAGAAGGGC-3’ 29
[ 221 5¢ -CTATTTTCTATTTTCTATTTTCTATTTTCT GGAGGTCAAAACAGCGTGGATGGCG-3" 30
[ 222 S5¢ -CTATTTTCTATTTTCTATTTTCTATTTTCT GAGGCTGGATCAGTCCCGGTGTCTT -3 31
[ 223 5¢ -CTATTTTCTATTTTCTATTTTCTATTTTCT AATCCGCGTTCCAATGCACCGTTCC-3’ 32
[ 224 S' -CTATTTTCTATTTTCTATTTTCTATTTTCT TAAAAACTGCGGGCACTGGGGACGG-3' 33
[ 225 5/ _CTATTTTCTATTTTCTATTTTCTATTTTCT ACCCGAGATTCGCGTGGAGATCCCA-3' 34
[ 226 57 _CTATTTTCTATTITCTATTTTCTATTITCT  GAGCAAGGAGCTGCUGAGCGACCAT- 3" 35
E 227 57 .CTATTTTCTATTTTCTATTTTCTATTTTCT  ACACTGGTGGTGGTGGGCATCGTGC- 3" 36
[ 228 5! -CTATTTTCTATTTTCTATTTTCTATTTTCT TTCCAAATCCGTCAGCGGTGCAAGC-3" 37
[ 229 5 -CTATTTTCTATTTTCTATTITCTATTTTCT AGCTGCCTGCATCTTCTTCIGCCGC-3' 38
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(15)

[ 238 5' -CTATTTTCTATTTTCTATTTTCTATTTTCT TCTCAGAGGATCGGC CCCCAGAATG-3" 47

E 239 5’ ~CTATTTTCTATTTTCTATTTTCTATTTTCT CCTCATCTGACTCCTCGGCGATGGC-3 48

[ 240 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT CGGGTACAGGGGACTCTGGGGGTGA-3" 49

[ 241 5’ -CTATTTICTATTITCTATITTICTATITICT GGGTGGGTGCTCTTGCCTCCAGAGE- 3" 50

[ 100A2 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT GACCTCGGGTCGGTAGCACCGCACT-3" 51

[ 100C2 5! -CTATTTTCTATTTTCTATTTTCTATTTTCT SGAAGCCTCTCTTCTCCTCCCCCGG-37 52

[ 100A1 5' -CTATTTTCTATTTTCTATTTTCTATTTTCT CCACAGACACCGTCCTCACCACCCG-3! 53

[ 100B1 5’ -CTATTTTCTATTTTCTATTITTCTATTTTCT GGCTACAGCCACACACGTCTICCTCC-3” 54

E 301 57 CTATTTTCTATTITCTATTTICTATITTCT CGAGGCGGGCGGATCACCTGAGGTC -3/ '55

[ 302 S’ -CTATTTTCTATTTTCTATTTTCTATTTTCT CGGGAGGCGGAGGTTGCAGTGAGCC-3" 56

[ 320 S'-CTATTTTCTATTTTCTATTTTCTATTTTCT ITITTTTTIITTTTTITTTTTTTTITTTTITT-3" 57

[ 301A S'-CTATTTTTYCTATTTTTCTTTT SER%QEQEATQAQCTGAGGTQ-B ! 116

[ 302C | 5'-CTATTITTCTATTTTTCTTIT CGGGAGGCGGAGGTTGCAGTGAGCC- 37 117
[ 302A4 | 5'-CTATTTTATACTITATATTICATATTITATCT CGGGAGGCGGAGGTTGCAGIGAGCC-37 118
[ 302A3/2 | 5' -CTATTTTATATTIATATTTCT CGGGAGGCGGAGGTTGCAGTGAGCC ACTATTTTATACTT-3 | 119
E 1002A32 | 5' -CTATTTTATACTTTATATTTCT GACCTCGGGTCGGTAGCACCGCAC TACTATTTTATACTT-3/ 120

[ 301A2 / 2 | 5'-CTATTTTTCTT CGAGGCGGGCGGATCACCTGAGGTEC TTCTTTTTATCTT-3 121

[ 301A3/2 S5’ -CTATTTTATACTTTATATTTCT CGA! AGGTC ACTATTTTATACTT-3' 122

[

Ooo0oOoooao

Oo0ooao

E %2

L 707 2] BE 5
[ ID D
[ 5’ ~-CTATTTTTCTATTTTTCTTTT 123

[ 57 -CTATTTTATACTTTATATTTCATATTITATCT 124
[ 330 | 5’ -CTATTTTCTATTTTCTATTTTCTATTTICT 58
E 57 -CTATTTTATACTTTATATTICT .. ... ... ... ACTATTTTATACTT-3 125
[ S’ -CTATTTTTCTT. .......... TTCTTTTTATCTT-3 126
[
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BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to oligonucleotide probes and collections of oligonucleotide probes
for detecting or localizing nucleic acid genes targets witin a cell or tissue sample. In

particular, the invention relates to collections of oligoprobes.

2. Background of the Invention

In situ analysis includes in situ hybridization and immunohistochemistry. n situ
hybridization (JSH) employs labeled DNA or RNA probe molecules that are anti-sense to a
target gene sequence or transcript to detect or localize targeted nucleic acid target genes
within a cell or tissue sample. ISH has proven to be a useful tool in a number of biomedical
fields, including developmental biology, cell Eiology, and molecular biology. ISH has been
used, for example, to diagnose genetic disorders, map genes, study gene expression, and
localize sites of target gene expression.

Typically, ISH is performed by exposing a cell or tissue sample immobilized on a
glass slide to a labeled nucleic acid probe which is capable of specifically hybridizing to a
given target gene in the cell or tissue sample (In Situ Hybridization: Medical dpplications (G.
R. Coulton and J. de Belleroche, eds., Kluwer Academic Publishers, 1992); In Situ
Hybridization: In Neurobiology; Advances in Methodology (J. H. Eberwine, K. L.
Valentino, and J. D. Barchas, eds., Oxford University Press, 1994); In Situ Hybridization: A
Practical Approach (D. G. Wilkinson, ed., Oxford University Press, 1992)). The
hybridization of labeled probe molecules to nucleic acids in the cell or tissue sample can then
be detected using, for example, radioactive-based direct detection methods, fluorescence-
based divect detection methods, or indirect detection methods based on the binding of a
fluorescence-labeled protein binding to a hapten such as BrdU, digoxigenin-labeled or biotin-
labeled nucleotides incoporated into probes. Hapten-based methods have been further
extended to include those molecules to be bonded by binding protein-enzyme conjugates
such as antibody-enzyme-conjugates and colorimetric based detection chemistry. In addition,
several target genes can be simulanteously analyzed by exposing é cell or tissue sample to a
plurality of nucleic acid probes that have been labeled with a plurality of different nucleic

S1-
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acid tags. For example, a plurality of nucleic acid probes can be labeled with a plurality of
fluorescent compounds having different emission wavelengths, thereby permitting
simultaneous multicolored analysis to be performed in a single step on a single target cell or
tissue sample.

A significant problem associated with incorporation of labeled nucleotides into
oligonucleotide probes is that the conjugation moieties that ave attached to the nucleotide
usually interfere with the formation of Watson-Crick base paiting, thus negatively affecting
the hybridization of the probe to its target. The has been seen with use of label attached via
N4-substitued cytosine nucleotides, because of steric hinderance and the expected shift to the
less reactive state of a secondary amine (as seen with N4 labled cytosine), as compared to the
natural G-C bond formed with an unsubstituted cytosine (a primary amine). Any small
change or interference with G-C bonding in a small oligonucleotide (25 to 50 bases) can
reduce the ability of these oligos to hybridize with the intended targeted sequence.

There remains a need in the art to develop suitable probes designs for incorporating
labeled nucleotides in oligonucleotide probes. We demonstrate that a few artificial seqeunces
are viable alternatives for probe labeling and also work both singly and in complex
oligonucleotide probe mixtures for detecting or localizing nucleic acid target genes within a
cell or tissue sample. The development of such generic seqeunces and labeling strategy for
probe collections ﬁas wide application in the medical, genetic, and molecular biological arts.

This interference due to labeling chemistry and hybridization stringency and kinetics
is solved herein by designing the oligo to have at least two distinct functional domains, one
domain or sequence to be gene specific and involved in the base pair formation, and the
second domain to be an artificial, non-specific sequence (in reference to the sample’s
genome) comprised of spacing nucleotides and the labeled nucleotide. These elements are
positioned so that these label-nucleotides are more accessible as haptens for binding proteins
(immunoglobulin or avidin(s)) and thus do not interfere with Watson-Crick base paiting in

the gene-specific domain.

SUMMARY OF THE INVENTION

The present invention provides a novel strategy to incorporate label into

oligomucleotide probes and labeled oligonucleotide probe collections for detecting or
“2.
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localizing nucleic acid target genes within a cell or tissue sample. In particular, the invention
relates to non-gene-specific sequences using sequence formulas for making repetitive
polymers of such sequences which can be incorporated into collections of oligonucleotide
probes for use in én situ hybridization analyses. In addition, using labeled synthetic
oligonucleotide polymers, based on sequence formulas, when conjugated to binding proteins,
ie. immunglobulins, is a very effective and controlled process for labeling such proteins used
in immyunohistochemical analysis.  The present invention provides collections or
“cocktails” of oligonucleotide probes for detecting or localizing specific nucleic acid target
genes within a cell or tissue sample. The cocktails are useful for detecting the following: the
Kappa gene (SEQ ID NOS: 1-16 inclusive); the Lamba gene (SEQ ID NOS: 501-509, 511-
513, and 515); the CMV (cytomegalovirus) gene (SEQ ID NOS: 221-241 inclusive); EBER
(Epstein-Barr early RNA) gene (SEQ ID NOS: 51-54 inclusive); Alu (SEQ ID NOS: 55-56);
PolyA (SEQ ID NO: 57); and the detection tail (SEQ ID NO:330).

The invention is directed to an cligonucleotide label-domain comprising the sequence
(CTATTTT), and its complement (AAAATAG), wherein "n" is at least 1.

The invention is also directed to an oligonucleotide probe having at least two distinct
functional domains, a first domain comprising the label-domain of claim 2, and a second
domain comprising a gene-specific target sequence.

The invention is also directed to a probeset for detecting Kappa immunoglobulin light
chain mRNA or corresponding hetereonuclear RNA wherein the probes are selected from the
group consisting essentially of SEQ ID NOS: 401 through 416, inclusive.

The invention. is also directed to a probeset for detecting Lambda immunoglobulin light
chain mRNA or corresponding hetereonuclear RNA wherein the probes are selected from the
group consisting essentially of SEQ ID NOS: 501 through 509, 511-513, and 515.

The invention is also directed to A probeset for detecting cytomegalovirus (CMV)
immediate early RNA and /or corresponding mRNA wherein the probes are selected from the

group consisting essentially of SEQ ID NOS: 221 through 241

-3
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The invention is also directed to a probeset for detecting Epstein Barr virus (EBV) early
RNA, RNA 1 and RNA 2, (EBER) wherein the probes are selected from the group consisting
essentially of SEQ ID NOS: 51 through 54.

The invention is also directed to a probeset for detecting Human Alu repetitive sattelite
genomic DNA sequences wherein the probes are selected from the group consisting
essentially of SEQ ID NOS: 301 and 302.

Specific preferred embodiments of the present invention will become evident from the

following more detailed description of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a generic probe structure of of the two-domain probe design. This
is the oligonucleotide design used for the probes in the gene specific cocktails described in
the following examples. Each probe is composed of two domains: a 5° labeling domain and
a3’ target gene farget gene-specific domain. The Jabeling domain consists of this specific
sequence (CTATTTT)n, wherein each cytosine may be labeled with a fluorophore or a
cytosine-hapten conjugate, the hapten being fluorescein in this embodiment. This illustration
specifically shows nucleic acid sequences for the 301 (SEQ ID NO: 55) and 302 (SEQ ID
NO: 56) probes, each of which possesses target gene gene-specific domains corresponding to
human repetitive Alu sequences and labeling domains having a fluorescein hapten.

Figure 2 illustrates the results obtained for i situ hybridization (ISH) analysis of
human skin tissue using a probe cotprising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula, (CTATTTT)n, of
the labeling domain common to the oligonucleotides used in these ISH examples is non-
speciﬁc, and non-reactive in its ability to form Watson-Crick base pairing with human
nucleic acid sequences because it does not hybridize.

Figure 3 illustrates the results obtained for ISH analysis of human skin tissue using a
probe comprising the labeling domain and a poly d(T) target gene-specific domain (320
probe; SEQ ID NO: 57). The presence of a detectable signal localized to the cytoplasm

JP 2005-503753 A 2005.2.10
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indicates that this probe is capable of specifically bybridizing to polyadenylated region of
messenger RNA. )

Figures 4A-4B illustrate the results obtained for ISH analysis of human skin tissue
using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior to in
situ hybridization (A), or was treated with ribonuclease A prior to in sifu hybridization (B).
The decrease in detectable signal in (B) indicates that this probe specifically hybridizes to
polyadenylated region common to messenger RNA. .

Figures 5A-5B illustrate the results obtained for ISH analysis of human spleen tissue
using the 320 probe, wherein the hybridization and stringency wash were performed at room
temperature (A), or at 37°C (B). This result illustrates that the intenstity of color is related to
the stringency of hybridization conditions, with the more intense color indicating less
stringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell line
using the 320 probe. This shows that this probe design also is functional with embedded cell
lines as well as embedded tissue.

Figure 7 illustrates the results obtained for ISH analysis of the human Raji cell tine
using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human HT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of a rat cell line using a probe
collection consisting of the 301 and 302 probes. The absence of a detectable signal indicates
that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH. analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing a target gene-specific domain
corresponding to EBV EBER. nuclear RNA [SBQ ID NO: 51 through SEQ ID NO: 547].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue using

a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ 1D NO:51 through SEQ ID
NO:54].

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue using

a probe collection consisting of probes possessing target gene-specific domains

.5
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corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NOQ:54].
Pigures 13A-13B illustrate the resulis obtained for ISH analysis of human spleen

tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID NO:54

, wherein the tissue sample was not treated with ribonuclease A prior to in situ hybridization

{A), or was treated with ribonuclease A prior to in situ hybridization (B). The decrease in
detectable signal in (B) indicates that this probe specifically hybridizes to human EBER 1 and
EBER 2 nuclear RNA.

Figure 14 illustrates the results obtained for ISH analysis of kappa light chain-positive
human tonsil tissue using a probe possessing a target gene-specific domain corresponding to
human immunoglobulin lambda light chain mRNA [___SEQ ID NO:15 1.

Figure 15 illustrates the results obtained for ISH analysis of lymphoma tissues using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA[____SEQID NOS: 2 -
4, SEQ ID NOS:7-12, SEQ ID NOS: 14, 15]. The lymphoma tissue in (A) over expresses the
kappa light chain and the tissue in (B) over expresses the Jambda light chain. The absence of

a detectable signal in (B) indicates that the kappa light chain probe collection is specific to
kappa light chain mRNA.

Figure 16 illustrates the results obtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoeglobulin lambda light chain variable region mRNA [_SEQ
ID NOS:19 through 297

Figure 17 illustrates the resulis obtained for ISH analysis of a lambda light chain-
positive human RPMI 8226 cell line using a probe collection consjsting of probes possessing
target gene-specific domains corresponding to human immunoglobulin lambda light chain
mRNA [ SEQ ID NOS:19 through 29].

Figures 18A-18B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin lambda light chain mRNA [ SEQ ID NOS:19
through 29]. The tissue in (A) over expresses the lambda light chain and the tissue in (B)

-6-
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over expresses the kappa light chain. The absence of a detectable signal in (B) indicates that
the lambda light chain probe collection is specific to human lambda light chain mRNA.
Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus (CMV)-
positive human lung tissue using a probe collection cousisting of probes possessing target
gene-specific domains corresponding to CMV immediate early RNA {_SEQ ID NOS:30-32,
SEQ ID NOS: 34-35, SEQ 1D NO: 38, SEQ ID NO: 50]. [_CMV infected cell
Figure 20 illustrates the results obtained for ISH analysis of a rat 9G cell line in which

the expression of CMV immediate early RNA has not beett induced by cyclohexamide using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early mRNA [ SEQ ID NOS:360-32, SEQ ID NOS: 34-35
SEQ ID NO:; 38. SEQ 1D NO: 50].

Figures 21A-21B illustrate the results obtained for XSH analysis of a rat 9G cell line in
which the expression of CMV immediate early RNA has been induced by cyclohexamide

using a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA [SEQ ID NOS:30-32. SEQ ID NOS: 34-35
SEQ 1D NO: 38, SEQ ID NO: 50. The tissue in (A) is shown at a magnification of 40X and
the tissue in (B) is shown at a magnification of 20X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides oligonucleotide probes and oligonucleotide probe
collections for detecting or localizing nucleic acid target genes within a cell or tissue sample.
In particular, the invention relates to collections of oligonucleotide probes for use in i situ
hybridization analyses.

More specifically, this invention relates to the use of specific sequence formulas for
nucleotide polymers or label-domains to attach a detectable moity ( a label) to
oligonucleotide probes or proteins. The specific utility of these seqeuces or derivatives
thereof, is the inert or non-reactive characteristic that does not hybridize to human DNA. or
RNA at a detectable level under standard stringency of hybridization conditions. These
label-domains or polymers were demonstrated to be useful generic sequences for
incorporation into oligonucleotide probes for detecting gene-specific sequences within cells

or tissue samples in in situ hybridizaiton analyses. Additionally, this inert set of sequences

.
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arc useful for attaching a label to immunoglobulins or other proteins for detecting haptens
and antigens in immunohistochemical analyses.

As used herein, the terms “probe” or “oligonucleotide probe” refers to a nucleic acid
molecule used to detect a complementary nucleic acid target gene.

As used herein, the term “hybridization” refers to the process whereby
complementary nucleic acid sequences join to form a double-stranded nucleic acid molecule.
By labeling the target nucleic acid molecule with, for example, a radioactive or fluorescent
tag, interactions between probe and target genes can be detected.

The oligonucleotide probes and oligonucleotide probes of the collections of the
present invention are synthesized using conventional methods. See e.g., Methods in
Molecular Biology, Vol 20: Protocols for Ol leotides and Analogs 165-89 (S. Agrawal,
ed., 1993); Oligonucleotides and Analogues: 4 Practical Approach 87-108 (F. Eckstein, ed.,
1991).

In 2 preferred embodiment of the present invention, oligonucleotide probes possess

two distinct domains: a 5” (or labeling) domain and a 3° (or gene-specific target) domain
(See Figure 1A). In more preferred embodiments of the present invention, the
oligonucleotide probe possesses a labeling domain which consists of the sequence
{CTATTTT)n. Other embodiments are also demonstrated herein, including a triple-domain
embodiment having two terminal labeling domains, and a central gene-specific target
domain. Specifically, SEQ ID NOS: 125-126 depict this labeling scheme. Yet a further
preferred embodiment of a labeling domain is TC(TTTTATC), or its complement. This
sequence is predicted to be as unique as the (CTATTTT)u label-domain. The
oligonucleotide probes of the present invention are labeled so that hybridization between said
probes and target nucleic acids in a particular cell or tissue can be detected. Labels that are
acceptable for use in iz situ bybridization (ISH) analysis are known to those with skill in the
art. Such labels permit interactions between probe and target genes to be detected using, for
exarmple, radioactive-based direct detection methods, fluorescence-based direct detection
methods, digoxigenin-labeled or biotin-labeled probes coupled with fluorescence-based
detection methods, or digoxigenin-labeled or biotin-labeled probes coupled with antibody-
enzyme-based detection methods. In perferred embodiments of the present invention,

oligonucleotide probes are labeled with fluorescein. In more preferred embodiments of the

.8
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present invention, the oligonucleotide probe possesses a labeling domain which consists of
the sequence (CTATTTT)n, wherein the cytosine nucleotides may be labeled with a
flurophore for direct detection, or a hapten for indirect detection. In either, the fluorescein-
cytosine nucleotide conjugate and the fluorescein molecule is linked at the N4 position of
cytosine through an OBEA linkage (See Mishra ef al., U.S. Patent No. 5,684,142, which is
incorporated herein by reference). In a preferred embodiment, the density of fluorphore
attached to the label-domain is at least 7 mole percent, preferably at least 10 mole percent,
and most preferably at least 16 mole percent, when measured aginst the label-domain solely.
For example, if probe 401 is considered (a 2-domain probe) it comprises a label-domain of 30
bases including a 3° terminal CT wherein the C is also labeled, the mole percent is 5/30 =
16.7 mole percent label. In the overall probe, the mole percent is 8.3.

In some embodiments of the present invention, several target genes are
simulanteously analyzed by exposing a cell or tissue sample to a plurality of nucleic acid
probes that have been labeled with a plurality of different nucleic acid tags. For example, a
plurality of nucleic acid probes can be labeled with a plurality of fluorescent compounds
having different emission wavelengths, thereby permitting simultaneous multicolored
analysis to be performed in a single step on a single target cell or tissue sample.

The oligonucleotide probes and oligonucleotide probe collections of the present
invention may be used in ISH analysis to detect or localize nucleic acid target genes within a
cell or tissue sample. ISH may be performed as described, for example, in Jn Situ
Hybridization: Medical Applications (G. R. Coulton and J. de Bellerache, eds., Kluwer
Academic Publishers, 1992); In Situ Hybridization: In Neurobiology; Advances in
Methodology (I. H. Eberwine, K. L. Valentino, and J. D. Barchas, eds., Oxford University
Press, 1994); or In Situ Hybridization: A Practical Approach (D. G. Wilkinson, ed., Oxford
University Press, 1992)).

The preferred embodiment of the probes and probe collections of the present

invention are best understood by referring to Figures 1-21 and Examples 1-2. The Examples,
which follow, are illustrative of specific embodiments of the invention, and various nses
thereof. They are set forth for explanatory purposes only, and are not to be taken as limiting
the invention.
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EXAMPLE 1
Probe Collection Preparation

Probe collections consisting of a plurality of oligonucleotide probes of 55 to 60 bases
in length were designed as follows. In this Example, each oligonucleotide probe possessed
two distinct domains: a 5° {or labeling) domain and a 3° (or target gene-specific) domain (See
Figure 1).

In this embodiment, the labeling domain consists of the sequence (CTATTTT)n,
wherein the cytosine nucleotide represents a fluorescein-cytosine nucleotide conjugate and
the fluorescein molecule is linked at the N4 position of cytosine through an OBEA linkage.

The target gene-specific domain consists of a 25-30 base sequence that is
complementary to a specific nucleic acid target gene. Oligonucleotide probes were designed
to possess target gene-specific domains corresponding to the human immunoglobulin kappa
light chain variable region {See Table I; oligonucleotide probes 401-416), the human
immunoglobulin lambda light chain variable region (oligomicleotide probes 501-515), human
cytomegalovirus (CMV) sequences (cligonucleotide probes 221-241), human Esptein-Barr
virus (EBV) EBER (Epstein-Barr early RNA) sequences (oligonucleotide probes 100A2,
100C2, 100A1, and 100B1), human repetitive Alu sequences (oligonucleotide probes 301 and
302), and poly d(T) (oligonucleotide probe 320).

EXAMPLE -2

Label-domain design: Alu repetitive sequence probe

Four probes all against the Alu human repetative sequence were used to evaluate
label-domain design. The probes numbered 301 (SEQ ID NO: 55), 301A (SEQ ID NO:116),
301A2/2 (SEQ ID NO: 121), and 301A3/2 (SEQ ID NO: 122) are shown in Table 1.

The four probes were evaluated at the concentrations of 100, 75, 50, and 25 ng/ml per
mL of probe in the reaction, respectively. This hybridization analysis was done manually,
using standard protocols. The target, paraffin-embedded cell line MBA MD 468 (Oncor
INFORM™ Her-2/neu Control Slides, Cat. No. S8100, Level 1, available from Ventana
Medical Systems, Inc., Tucson, AZ) was the target sample and was processed by removing
paraffin by standard xylene methods. The tissue was subjected to Ventana’s. Protease 1 for
12 minutes at 50 degrees C as a 1:2 dilution with Ventana’s APK buffer. The hybridization
reaction was accomplished with the addition of probe diluent as 100 ul probe (25%

-10-
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formamide, 5% dextran sulfate, 2X SSC, 1% Triton) to a residual 100 ul velume of
2XSSC/Triton X-100. The slide was heated to 85 degrees C for 5 minutes and then incubated
for 1 hr at 37 degrees C. Standard SSC washes followed for removing excess probe. The
hybrids were detected with an antibody against FITC. The mouse antibody was detected
colormetrically using Ventana Enhanced Alkaline Phosphatase Blue Detection (cat# 760-
061). Unless otherwise indicated, all reagents were obtained from Ventana Medical Systems,
Inc., Tueson, AZ. The results were observed by colormetric detection using brightfield
microscopy.

The results of these experiments were that signal infensity was a function of the total
mumber of fluorescein hapten conjugated to the probe and signal was of the specific label-
domain design. The greater the number of fluoresceins per probe molecule, the greater the
signal observed. Comparison of design and placement of haptens on the probe showed that
this was not a factor in signal intensity. The two probes that contained five fluoresceins,
(301A3/2 (SEQ ID NO: 122) and 301 (SEQ ID NO:55) both yielded equivalent signal. These
two probes yielded greater signal that seen for 301A2/2, a probe with a split label-domain
design with four fluoresceins. The probe 301A2/2 yielded a signal greater than probe 301A a
probe with a single label-domain design at the 5' end and with three fluoresceins.

EXAMPLE 3
Label Domain Design: EBER probes

This experiment compared two label-domain designs and sequences to determine
whether greater spacing between the fluorescein haptens improves the production of signal
during probe detection steps during in situ hybridization analysis.

The tissue used was an EBV-infected human spleen tissue fixed in neutral buffered
formalin paraffin embedded section of 4-micron thickness placed on silane plus glass
microscope slides. The tissue sections were deparaffinized on a Ventana DISCOVERY™
machine, followed by a 6-min digestion with Ventaua’s Protease 1, a a temperature of 37 C.
The probe was dissolved in hybridization buffer diluent at a concentration of 50 ng/mL as a
100 ul applied to an equal volume of 2 X SSC/ Triton X-100 residual volume left on the slide
after prepared by the Ventana Medical Systems, Inc. automated ISH staining system,
Discovery. The probe diluent-mixed with the residual volume on slide for 6 min at 37 C,

-11-
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then the solution was heated to 85C and held there for a total of 10 min. The slide was then
taken to a 37C temperatnre and held at that temperature for 1 hour. All of these aqueous
reactions on the slide were all done under a film of LIQUID COVERSLIP™, to prevent
evaporative loss of water during processing, Bach slide after hybridization was washed 3
times with 2X SSC/Triton solution, with a 6 min incubation between each wash, the slide
volume being approximately 300 ul (+/- 10% vol). The hybrids were detected with an
antibody against FITC. The mouse antibody was detected colormetrically using Ventana
Enhanced Alkaline Phosphatase Blue Detection {cat# 760-061).

The two oligonucleotide probes used for this study probe 100A1 (SEQ ID NO: 53)
and 1002A32 (SEQ ID NO: 120). The two differences between these probes were the label-
domain seqence and structure. The probe 100A1 label domain was 5' to gene target domain,
contained 5 fluoresceins attached to cytosine residues via the OBEA linker, with the sequence
formula of (CTATTTT)4CT (SEQ ID NO: 58). The label domain of the oligo probe
1002A32, was similiar, (SEQ ID NO:125). Besides the different sequence the primary
difference was that the fluoresceine labeled eytosines were spaced 10 bases apart compared
to the oligo 100A1 the cytosine spacing was closer at 7 bases apart. The result of this
comparison as deduced by H score analysis were that these oligonucleotide were equivalent
as to the amount of signal generated on the slide. The data was that for 100A2, for the 368
cells analysed in a total of 3 fields the H score was 106, and for probe 1002A32 for the 345
cell analysed in three field the H score was 109. The H score is a spectrographic analysis
done with micrscope that factors into the score background to signal ratie on the tissue
section to yield a relative comparison of total target specific signal on the slide. (See
reference Giroud, F. Perrin C, and Simony Lafontaine, J.; Quantitative Jmmunocytochemistry
and Immunohistochemistry. Third Conference of the European Society for Analytical
Cellular Pathology, 1994; and AutoCyte Quic Immuno User's Manual, 1998, document
number PA-029, Co AutoCyte Inc. Burlington NC 2721). The histograms and the score
sheet indicated that each oligo were equally efficient in yielding a colormetric signal. This
indicates that the position of the lahel domain can be either 3 prime or 5 prime to the gene

target sequence or the gene target sequence can be positioned between two label domains.

EXAMPLE 4

In Situ Hybridization
S12-
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The probe collections prepared in Example 1 were first diluted in a solution consisting
of 20% dextran sulfate (wt/vol), 50% formamide (vol/vol), 2X SSC, 10 mM Tris-HCl, 5§ mM
EDTA, and 0.05% Brij-35, at a final pH of 7.3. Probe collections were then mixed with an
equal volume of a solution consisting of 2X SSC and 0.05% Triton X-100.

Samples for ISH analysis were prepared by cutting formalin-fixed and paraffin-
embedded cells or tissue samples into 4 um sections and placing the sections onto a glass
slide. Subsequent processing and ISH of samples was carried out in an automated device,
such as the DISCOVERY™ Automated ISH/IHC Stainer (Ventana Medical Systems, Inc.,
Tucson, AZ) described in co-owned and co-pending 11.S. Patent App. Serial Nos. 60/076,198
and 09/259,240, both incorporated herein by reference. . To remove paraffin from the
samples, the slides were immersed in an aqueous solution, heated for approximately 20
minutes, and then rinsed. The antomated deparaffinization procedure is more fully described
in U.S. Serial No. 60/099,018, 09/259,240 both incorporated herein by reference. The
samples were then treated with protease and the slides were heated to 85°C (for hybridization
to RNA target genes) or 90-95°C (for hybridization to DNA target genes) for 4 to 10 minutes.

Hybridization reactions were typically performed in a hybridization buffer consisting
of 10% dextran sulfate (wt/vol), 25% formaruide (vol/vol), 2X SSC, 5 mM Tris, 2.5 mM
EDTA, 0.025% Brij-35, 0.25% Triton X-100, and between 25 to 125 ng/mL of each
individual probe molecule. ISH reactions were performed at between 37°C to 54°C. For ISH
using the probe collections described in Example 1, hybridization reactions were optimally
carried out for 1 hr at 47°C (except for the poly d(T) probe, wherein the hybridization
reaction was optimally carried out at 37°C for 1 hr).

The hybridization of fluorescein-labeled probe molecules to a particular target gene in
the sample was detected by using a sequential series of binding proteins, i.e., secondary
antibody detection. However, it is equally possible to use detect detection when visualizing
the bound probes. In secondary detection, first, an anti-fluorescein mouse monoclonal
antibody directed against the fluorescein-labeled probe molecule was added to the sample.
Next, a biotin-labeled polyclonal goat antibody directed against the mouse antibody was
added to the sample. Finally, hybridization reactions were colormetrically detected using a 5-
bromo-4-chloro-3-indelyl phosphate/nitroblue tetrazolium (BCIP/NBT) substrate This
technique, termed “secondary antibody detection,” is routine for one of skill in the art.
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Primary and secondary antibodies are available from numerous suppliers, including Ventana
Medical Systems, Tucson, AZ, which are optimized for use on the Ventana autostaining
systems (BS®, NexES®, DISCOVERY™, and BENCHMARK™),

Figures 2-21 illustrate the results obtained for in sifu hybridization analysis of various
cell lines or tissue samples using the probes disclosed and claimed herein having the
structural motif illustrated in Figure 1 or probe collections consisting of such probes.

Figure 1 illustrates a generic probe structure of of the two-domain probe design. This
is the oligonucleotide design used for the probes in the gene specific cocktails deseribed in
the following examples. Each probe is composed of two domains: a 57 labeling domain and
a3’ target gene target gene-specific domain. The labeling domain consists of this specific
sequence (CTATTTT)n, wherein the cytosine nucleotide is a cytosine-hapten conjugate, the
hapten being fluorescein in this embodiment. This illustration specifically shows nucleic
acid sequences for the 301 (SEQ ID NO: 55) and 302 (SEQ ID NO: 56) probes, each of
which possesses target gene gene-specific domains corresponding to human repetitive Alu
sequences and labeling domains having a fluorescein hapten.

Figure 2 illustrates the results obtained for ia situ hybridization (ISH) analysis of
human skin tissue using a probe comprising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula, (CTATTTT)n, of
the labeling domain commeon to the oligonucleotides used in these ISH examples is non-
specific, and non-reactive in its ability to form Watson-Crick base paiting with human
nucleic acid sequences becanse it does not hybridize.

Figure 3 illustrates the results obtained for ISH analysis of human skin tissue using a
probe comprising the labeling domain and a poly d(T) target gene-specific domain (320
probe; SEQ ID NO: 57). The presence of a detectable signal Jocalized to the cytoplasm
indicates that this probe is capable of specifically hybridizing to polyadenylated region of
messenger RNA.

Figures 4A-4B illustrate the results obtained for ISH analysis of human skin tissue
using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior to in
situ Iiybridization (A), or was treated with tibonuclease A prior to ir situ hybridization (B).
The decrease in detectable signal in (B) indicates that this probe specifically hybridizes to

polyadenylated region common to messenger RNA., .

S14-
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Figures SA-5B illustrate the results obtained for ISH analysis of human spleen tissue
using the 320 probe, wherein the hybridization and stringency wash were performed at room
temperature (A), or at 37°C (B). This result ilustrates that the intenstity of color is related to
the stringency of hybridization conditions, with the more intense color indicating less
stringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell line
using the 320 probe. This shows that this probe design also is functional with embedded cell
lines as well as embedded tissue.

Figure 7 illustrates the results obtained for ISH analysis of the human Raji cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human HT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of a rat cell line using a probe
collection: consisting of the 301 and 302 probes. The absence of a detectable signal indicates
that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing 2 target gene-specific domain
corresponding to EBV EBER nuclear RNA [SEQ ID NO: 51 through SEQ ID NO: 54].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54].

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA. [SEQ ID NO:51 through SEQ ID
NO:54].

Figures 13A-13B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54], wherein the tissue sample was not treated with ribonuclease A prior to in situ
hybridization (A), or was treated with ribonuclease A prior to i situ hybridization (B). The
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decrease in detectable signal in (B) indicates that this probe specifically hybridizes to human
EBER 1 and EBER 2 nuclear RNA .

Figure 14 iflustrates the results obtained for ISH analysis of kappa light chain-positive
human tonsil tissue using a probe possessing a target gene-specific domain corresponding to
human immunoglobulin lambda light chain mRNA [SEQ ID NO:15].

Figure 15 illustrates the results obtained for ISH analysis of lymphoma tissues using
a probe collection consjsting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA [SEQ ID NOS: 2 - 4,
SEQ ID NOS:7-12, SEQ ID NOS: 14, 15]. The lymphoma tissue in (A) over expresses the
kappa light chain. and the tissue in (B) over expresses the lambda light chain. The absence of
a detectable signal in (B) indicates that the kappa light chain probe collection is specific to
kappa light chain miRNA.

Figure 16 illustrates the results obtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
cotresponding to human immunoglobulin lambda light chain variable region mRNA. [SEQ ID
NOS:19 through 29].

Figure 17 illustrates the results obtained for ISH analysis of a lambda light chain-
positive human RPMI 8226 cell line using a probe collection consisting of probes possessing
target gene-specific domains corresponding to human immunoglobulin lambda light chain
mRNA [SEQ ID NOS:19 through 29].

Figures 18A-18B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin lambda light chain mRNA [SEQ ID NOS:19
through 29]. The tissue in (A) over expresses the lambda light chain and the tissue in (B)
over expresses the kappa light chain. The absence of a detectable signal in (B) indicates that
the lambda light chain probe collection is specific to human Jambda light chain mRNA.

Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus (CMV)-
positive human lung tissue using a probe collection consisting of probes possessing target
gene-specific domains corresponding to CMV immediate early RNA [SEQ ID NOS:30-32,
SEQ ID NOS: 34-35, SEQ ID NO: 38, SEQ ID NO: 50]. Arrow indicates CMV infected cell.
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Figure 20 illustrates the results obtained for ISH analysis of a rat 9G cell line in which
the expression of CMV immediate early RNA has not been induced by cyclohexamide using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA [SEQ ID NOS:30-32, SEQ ID NOS: 34-35,
SEQ ID NO: 38, SEQ ID NO: 50].

Figures 21A-21B illustrate the results obtained for ISH analysis of a tat 9G cell line in
which the expression of CMV immediate early RNA has been induced by cyclohexamide
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA [SEQ ID NOS:30-32, SEQ ID NOS: 34-35,
SEQ ID NO: 38, SEQ ID NO: 50] expression of the CMV immediate early RNA. with
cyclohexamide. The tissue in (A) is shown at a magnification of 40X and the tissue in (B) is
shown at a magnification of 20X.

-17 -

Table 1
Probe Sequence SEQ
IDp 1D
401 57 - CTATTTTCIATITTCIATITTCTATIITCT T
CCAGAGTAGCAGGAGCCCCAGEAGCTGAGC-3"

T 402 | 5 -CTATTTICTATTITCTATTITCTATTITICT  GEATGGAGACTGGGTCAACTGEATGTCACA-3" 2
403 57 - CTATTITCTATTITCTATTITCTATITICT | GCARGCGATGGTGACTCTGTCTCCTACAGC -3 3
404 5¢-CTATTTTCTATTTTCTATTITCTATTTICT TCTGTCCCAGATCCACTGCCACTGARCCTT-3" ry
405 57 - CTATTTTCTATTITCTATTITCTATITICT  GCAGCCACAGTTCGCTTCATCTGCACCTTG- 3 5
406 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT TTTCAACTGCTCATCAGATGGCCGGARGAT-3 ' 6

TT407 | 5 -CIATTITCIATTITCIATTITCTATITICT  AAGITATTCAGCAGECACACARCAGAGECE -3 7
408 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT GGCETTATCCACCTTCCACTGTACTTTIGGC-3" 8
409 57 CTATTITCIATTITCTATTTICTATITTCT  TAGGTGCTGTCCT TGCTGICCTGETCTGTG. 3/ 9
410 57 -CTATTTTCTATTTTCTATTTTICTATITICT  GTAGTCIGCTTTGCTCAGCGTCAGEGTGCT 3" 10
411 57~ CTATITTCTATTTTCTATTIICTATTTTCT CTTCGCAGGCGTAGACTTTIGT-3" 11
412 57 -CTATTTTCTATTTITCTATTITCTATTTTICT CTCTCCCCTGTTGARGCTCTTTETYGRACGRG-3¢ 12
213 57 ~CTATTITCTATTTTCTATTITCTATITICY  IGCAACTGAGGAGCARGTEEGAGCACTTCT- 3" 13
a1e 5 -CTATTITCTATTTICTATTTICTATITICT  GAAAARGAGTCAGAGECCARAGGATGEEAG- 3 ¢ 14

T 415 | 57 -CTATTITCTATTTTCTATITICTATIITCT  AGATGAGCTGGAGGACCGCAATAGGOGTAG-3 " 15
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416 5’ ~CTATTTTCTATTTTCTATTTTCTATTTTCT GCATAATTARAGCCARGGAGGAGGAGGEGE-3" 16
501 57 -CTATTTICTATITICTATTITCTATTTICT  CCTGAGTGAGGAGGGTGAGGAGCAGCAGAG-3" | 17
502 57 -CTATTTICTATITTCTATTTICTATITICT  AGACCCAGACACGGAGGCAGGCTCAGTCAG- 3 18
503 57 ~CTATTTTCTATTTTCTAT TTTCTATTITCT | TGITGETICCAGTGT GATCG-3" 19
504 5' ~CTATTTTCTATTTTCTATTTTCIATIITCT IAAATCATGATTTTGGGGGCTTTGCCTGEE-31 | 20
505 57 - CTATTTICTATITTCTAT TTTCTATITICT . TGTIGCCAGACTTGGAGCCAGAGRRGCGAT-3 | 21
506 57 ~CIATTTTCTATTTICTATTTICTATITICY  AATAATCAGCCTCGTCCTCAGCCTEGAGCE-3" 22
507 S -CTATTTTCTATTTTCTATTTICTATITTICT  GGTCCCTCCGCOGRARACCACAGTGTARCT-3 " 23
508 57 ~CIATTTTCTATTTTCTATTTICTATITICT  TTATGAGACACACCAGTGTGGCCTTETIGG 37 24
509 ST CTATTTTCTATTITCTAT TTTCIATITICT | CIGCTCAGRCGTCAGGCTCAGATAGCTGCT-3/ | 25
511 57~ CTATTTTCIATITTCTATTTICTATITICT  ATGCGTGACCTGGCAGCTGIAGCTTCTGIG-3” 26
512 57 -CTATTITCIATITTCIATTIICIATITICE | RITCTCIAGGEACCACTETCTICTOCACGE-3" 27
513 57 - CTATTTTCTATIITCTATTTTCIATITICT | CCTCCCCTGGGATCCTGOAGCT CIAGICIC- 37 28
515 57 - CTATTITCTATTTTCTATTTICTATTTICT | TGAGCGTTIATTGAGTGT 37 25
221 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT GEAGGTCAAAACRGCETGGATGCCG-3" 30
222 57 - CTATTITCTATTTICTATTITCIATTIICT | GAGGCTGEATCGGTCCCERTRTCTT-3" 31
223 57 - CTATTTTCTATTITCTATTTTCIATTITCT  AATCCGCGTTCCARTGCACCGTTCC- 3" 32
224 57 - CTATITTCTATITICTATTTICIATTITCT TABRAACTGCGGGCACTGGGGACGG-3” 23
225 57 -CTATTTICTATTITCIATTTTCIATITICT  ACCCGAGATTCGCGTGGAGATCCCA-3" 3¢
228 57 -CTATTTTCTATTTTCTATTTTCTATITICT | GAGCARGGAGC TGCCGAGCGACCRT -3 35
227 §7~CTATTTICTATTTTCIATTTTCIATITICT  ACACTGGTGGIGGTEGECATCETEC3/ 36
228 57 - CTATTITCTATTITCTATTTTCIATITTCT | TTCCARATGCGTCAGCEGTGCARGC- 3 37
229 5¢-CTATTTTCTATTTTCTATTTTCTATTTTCT AGCTGCCTGCATCTTCTTCTGCCEC-3" 38
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238 5/ -CTATTTTCTATTTTCTATTITCTATTTTCT TCTCAGAGGATCGGCCCCCAGRATG-3" 47
239 57 -CTATTTTCTATTTTCTATTTITCTATTTTCT CCTCATCTGACTCCTCGGCGATGRC3 " 48
240 57 -CTATTTTCTATITTCTATTTTCTAITTTICT CAGGTACRHGCGORCTCTCGGEETCA-3" 45
241 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT GGGTGGCTGCTCTTGCCTCCAGAGG-3" | 50
100A2 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT GACCTCEGGTCGGTAGCRCCGCACT-3" 51
100C2 5! ~CTATTTTCTATTTTCTATTTTCTATITTCT GGAAGCCTCTCTTCTOCTCCCCCER-3" 52
100A1 | 57 -CTATTTTCTATTTICTATTTTCTATTTTCT CCACAGACACCGTCCTCACCACCCG-37 53
100B1 | 5/-CTATTTTCTATTTTCTATTTTCTATTTICT GGCTACAGCCACACACGTCTCCTCC-3” 54
301 5¢ -CTATTTTCTATTTTCTATTTTCTATTTICT CGAGGCGAGCGGATCACCTGAGGTC-3" 55
302 5§/ ~CTATTTTCTATTTTCTATTTTCTATITITCT CGGGAGGCGGAGGTTGCAGTGAGCC-3" 56
320 5/ -CTATTTTCTATTTTCTATTTTCTATTITCT TTTTTTITTTTTTTITTITI T TTTITITT- 3" 57
301A S’ -CTATTTTTCTATTTTTCTITT CGAGGCGAGCEGATCACCTGAGETC-3 " 116
302¢C 5’ -CTATTETTCTATTTTTCTTTT CGGEAGGCEEAGETTGCAGTGAGCE-3 1 117
30274 5’ -CTATTTTATACTTTATATTTCATATTTTATCT CGGGAGCCEEAGGTTGCAGTGAGCC-3 1 118
302A3/2 | 5’ -CTATTTTATATTTATATTICT CGGGAGGCGGAGGTTGCAGTGAGCC ACTATTTIATACIT-3 | 119
1002432 | 5'-CTATTTTATACTTTATATTTCT GACCTCGGGTCGGTAGCACCGCAC TACTATTTTATACTT-3 | 120
301A2/2 | 5’ -CTATTTTTCTT CGAGGCGGGCGGATCACCTGAGETC TTCTTTTTATCTT-3 131
301R3/2 | 5' -CIATTTTATACITTATATTICT CGAGGCGGGCGGATCACCTGAGGIC ACTATITIATACIT-3 | 122
Table 2
Probe Sequence SEQ
ID ID
57 ~CTATTTTTCTATTTTTCTTTT 123
5’ ~-CTATTTTATACTTTATATTTCATATTTTATCT 124
330 5 -CTATTTTCTATTTTCTATTTTCTATTTTCT 58
5! -CTATTTTATACTTTATATTTCT. . .. ... ... . ACTATTTTATACTT-3 125
57 -CTATTTTTCTT. . ... <ses . TTCTTTITATCTT- 3 126

It should be understood that the foregoing disclosure emphasizes certain specific

embodiments of the invention and that all modifications or alternatives equivalent thereto are

within the spirit and scope of the invention as set forth in the appended claims.
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‘WE CLAIM:
1. An oligonucleotide label-domain comprising the sequence (CTATTTT), and its

complement (AAAATAG), wherein "n" is at least 1.

2. The oligonucleotide label-domain of claim 1 detectably labeled with a reporter molecule,

ar a hapten molecule.

3. The oligonucleotide label-domain of claim 2 wherein the hapten is flurorescein linked to

the N4 nitrogen of cytosine through an OBEA linker.

4. The oligonucleotide label-domain of claim 1 wherein the reporter molecule is a

fluorophore.

5. The oligonucleotide label-domain of claim 1 wherein the fluorophore is present at a

density of greater than 7 mole percent.

6. The oligonucleotide label-domain of claim 1 wherein the label-domain has the sequence

TC(TTTTATC), ( or its complementary formula).

7. The oligonucleotide label-domain of claim 1 wherein the sequence is SEQ ID NO: 58.

8. The oligonucleotide label-domain of claim 2 wherein at least 7 mole pecent of the

cytosines are linked to a detectable moiety by an OBEA. linker.

-20-
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9. An oligonucleotide probe having at least two distinct functional domaius, a fixrst domain
comprising the label-domain of claim 2, and a second domain comprising a gene-specific

target sequence.

10. The oligonucleotide probe of claim 9 wherein the label-domain is located at the 5' end of
the oligonucleotide probe, and the gene-specific target sequence being 3° to the label~

domain.

10 11. The oligonucleotide probe of claim 9 wherein the label-domain is located at the 3' end of
the oligonucleotide probe, and the gene-specific target sequence is 5° to the label-

domain.

12. An oligonucleatide probe having three distinct functional domains, a first domain
15 comprising the label-domain of claim 2, a second domain comprising a gene-specific
target sequence, and a third domain comprising another label-domain, wherein said

second domain is located between said first and third domains.
13. A probeset for detecting Kappa immunoglobulin light chain mRINA. or corresponding

20 hetereonuclear RNA wherein the probes are selected from the group cousisting essentially

of SEQ ID NOS: 401 through 416, inclusive.

.21 -
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14. A probeset for detecting Lambda immunoglobulin light chain mRNA or corresponding
heterconuclear RNA wherein the probes are selected from the group consisting essentially

of SEQ ID NOS: 501 through 509, 511-513, and 515.

5 15. A probeset for detecting cytomegalovirus (CMV) immediate early RNA and /or
corresponding mRNA wherein the probes are selected from the group consisting

essentially of SEQ ID NOS: 221 through 241

16. A probeset for detecting Epstein Barr virus (EBV) early RNA, RNA 1 and RNA 2,
10 (EBER) wherein the probes are selected from the group consisting essentially of SEQ ID

NOS: 51 through 54.
17. A probeset for detecting Huraan Alu repetitive sattelite genomic DNA. sequences wherein

the probes are selected from the group consisting essentially of SEQ D NOS: 301 and

15 302.
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<110>
<110>

<120>

<130>

<140>
<141>
<150>
<151x>

<160>
<170>
<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

Utermohlen, Joseph
Connaughiton, John

Oligonucleotide sequence formula for labeling Oligonucleotide Probes and Proteins
for In Situ Analysis

355/001/PCT

2001-09-06
60/233,177
2000-09-15

126

PatentIn Ver. 2.0
1

60

DNA
Artificial Sequence

Description of Artificial Sequence:
Cligonucleotide probe

1

ctattttcta ttttctattt tctattttet ccagagtage aggageccca ggagctgage 60

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

2

60

DNA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide probe

2

ctattttcta ttttctattt totattttct ggatggagac tgggtcaact ggatgtcaca 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

60

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

3

ctatttteta ttttotattt totattttct geaagegatg gtgactctgt ctectacage 60

<210>

4
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<211> 60
<212> DNA
<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 4
ctattttcta ttttctattt totattttet tctgteccag atccactgec actgaacctt 60

<210> B

<211> 60

<212> DNA

<213>» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 5
ctattttcta ttttctattt tctattttect geoagoccacag ttegettcat ctgeaccttg 60

<210> &

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 6
ctattttcta tttictattt tctattttct tttcaactge teatcagatg gecgggaagat 60

<210> 7

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence:
Oligonuclectide probe

<400> 7
ctatttiteta ttttctattt tctattttct aagttattca gecaggcacac aacagaggea 60

<210> 8
<211> 60

<212> DNA

<213> Artificial Sequence

<220> °
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 8
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ctattttcta ttttctattt tctattttet ggegttatce accttecact gtactttgge 60

<210> 2

«211> 60

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 9
ctattttcta ttttctattt tctattttet taggtgetgt ccttgetgtc ctgctetgtg 60

<210> 10

<21l> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 10
ctattttcta ttttctattt tctattttet gtagtctget ttgetcageg tcagggtgct 60

<210> 11
<211> &0
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 11
ctattttcta ttttctattt tetattttct gatgggtgac ttcgeaggeyg tagactttgt 60

<210> 12
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 12
ctattttcota ttttctattt totattttet cictcccoctg tigaagetct ttgtgacggg 60

<210> 13

<211> 60

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:

3
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<400>

Oligonucleotide probe

13

ctattttcta ttttetattt tctattttet tggaactgag gagecaggtgg gggeacttet 60

<210>
<211>
<212>
=213>

<220>
<223>

<400>

14

60

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

14

ctattttcta ttttctattt tctattttct garaaagggt cagaggccaa aggatgggag 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

60

DNA

Artificial Sequence

Description of Artificial Sequence:
oligomucleotide probe

15

ctattticta ttttetattt tcetattttcot agatgagetg gaggaccgeoa ataggggtag 60

<210>
<211>
<212>
<213>

<220>
«223>

<400>

16

60

DA

Artificial Sequence

Description of Artificial Sequence:
oligenucleotide probe

16

ctattttcta ttitctattt tetattttck gecataattaa agccaaggag gaggaggggg 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17
€0
DNa
Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

17

ctatttteta titttetattt tetattttct cotgagtgag gaggotgagg agcagcagag 60

<210>
<211>
<212>
<213>

18

60

DNA

Artificial Sequence
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 18
ctattttcta ttttctattt totattttct agacccagac acggaggcag getgagtcag 60

<210> 19

<211> 60

<212> DNA

«213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 18 '

ctattttcta ttttctatktt tcetattttct tgttggttce agtgecaggag atggtgatcg 60

<210> 20

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 20
ctatttteta ttttctattt tectattttet taaatcatga ttttgggggce tttgectggg 60

<210> 21

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 21
ctattttcta ttttctattt tctattttet tgttgeocaga cttggagoca gagaagegat 60

<210> 22

<211> 60

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 22
ctattttota ttttetattt tetattttet aataatcage ctegtectea gectggagee 60

<210> 23

JP
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<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 23
ctatttteta ttttotattt tctattttet ggtcecteceg ccgaaaacca cagtghaact 60

<210> 24

<211> 60

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 24
ctatttteta ttttctattt tctattttet ttatgagaca caccagtgtg gcocttgttgyg 60

<210> 25

<211l> 60

<212> DNA

<213»> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Qligonucleotide probe

<400> 25
ctattttcta ttttetattt tectatttict ctgctcagge gtcaggetca gatagetget 60

<210> 26

<211> 60

<212> DNA

<213> Artifieial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 26
ctatttteta ttttetattt tetattttet atgcgtgace tggcagetgt agettctgtg 60

<210> 27

<211> 60

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Seguence:

Oligonuclectide probe

<400> 27
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ctatttteta ttttctattt tctattttct attetgtagg ggecactgte thetecacgg 60

<210> 28

<211> 60

<212> DRNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 28
ctattttecta ttttctattt tctattttet cctecectgg gatcctgeag ctetagtete 60

<210> 29

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 29
ctattttcta ttttctattt tetatttict tgagggttta tigagtgcag ggagaaggge 60

<210> 30

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<4005 30
ctattttcta ttttotattt tctattttet ggaggtcasa acagegtgga tggeg 55

<210> 31

<211> 55

<212> DNA

<213> Artificial segquence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 31
ctatttteta ttttctattt tctattttct gaggetggat cggteceggt gtett 55

<210> 32

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

7
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oligonucleotide probe

<400> 32
ctatttteta ttttctattt tctattttet aatcegegtt ccaatgeace gttee

<210> 33
<211> 55
<212> DNA
<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 33
ctattttcta ttttctattt tetattbtet taaaaactge gggcactygg gacgg

<210> 34

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide pxobe

<400> 34
ctattttecta ttttctattt tectattttet acccgagatt cgegtggaga tecea

<210> 35
<21i> 55
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 35
ctattttecta ttttctattt tctattttet gagocaaggag ctgccegagcg accat

<210> 36
<21l> 55
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 36
ctattttcta ttttctattt tctattttet acactggtgg tggtgggcat cgtge

<210> 37
<211> 55
<212> DNA
<213> Artificial Sequence

1)

PCT/US01/28014

55

55

55

55
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 37
ctatttteta ttttetattt tetattttct ttccaaatge gtcagoggtg caage

<210> 38

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide prche

<400> 38
ctatttteta tkttcotattt tetattttet agetgectge atcttettcot gecge

<210> 38
<211> 55
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

=400> 39
ctattttcta ttttetattt tetattttet cectecaceyg ttaacagcac cgeaa

<210> 40

<211l> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 40
ctattttcta ttttotattt tctattttet ttggteacgg gtgtcteggg cctaa

<210> 41
<211> 55
<212> DNA
<213> Artificdal Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 41
ctattttcta ttttctattt tetattttet teggccaact ctggaaacag cgggt

<210> 42

(72)

PCT/US01/28014
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<211> 585
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oOligonucleotide probe

<400> 42
ctattttcta ttttctattt tetattttet tecggggttet cgtigeaate ctegg

<210> 43

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Sequence:
oOligonucleotide probe

<400> 43
ctattttecta ttttctattt tectattttct atctegatge ccegctcaca tgcaa

<210> 44

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 44
ctattttcta ttttctattt tctattttet tgccgcacca tgtccactcg aacct

<210> 45
<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 45
ctatttteta ttttctattt tctatttict gttageggeg cocttgetca catca

<210> 46

<211> 55

<212> DNA

213> Artificial Sequence

<220
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 46

10
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ctattttcta ttttetattt tetattttct tgeagatcte ctcaatgegg cgett

<210
<3211>
<212>
<213>

<220>
<223>

<400>

47

55

DNA

2rtificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

47

ctattttecta tittctattt tetattttet tectcagagga teggccccca gaatg

<210>
<21il>
<212>
<213>

<220>
<223>

<400>

48

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

48

ctatttteta ttttctattt tctatttbet cctcatctga ctocteggeg atgge

<210>
<211»
<212>
<213>»

<220>
<223

<400>

49

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

49

ctattttcta ttttctattt tctattttet cgggtacagy ggactctggg ggtga

<210
<211>
<212>
<213>

<220>
<223>

<400>

50

55

DNA

Artificial Sequence

Description of Artificial Segquence:
Oligonucleotide probe

50

ctattttcta ttttctattt tctattttet gggtgggtge tettgectce agagg

<210>
<211>
<212>
<213>

<220>
<223>

51

55

DNA

Artificial Sequence

Description of Artificial Sequence:

11
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Oligonucleotide probe

<400> 51
ctattttcta ttttctattt tctattttct gacctogggt cggtagcace geact

<210> 52

<211> 585

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide prohe

<400> 52
ctattttcta ttttcetattt tetattttet ggaageoctct cttctectce ccecgg

<210> 53

<211> 55

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 53
ctatttteta ttttctattt tctattttet ccacagacac cgtcctcacc acceg

<210> 54

<211l> 56

«212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence:
Oligonucleotide probe

<400> 54
ctattttcta ttttetattt toctattttct ggctacagee acacacgtet cctece

«210> 55

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 55
ctattitcta ttttetattt tetattttet cgaggeggge ggatcacctg aggte

<210> 56

<211» 55

<212> DNA

<213> Artificial Sequence

12
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<220>
<223> Description of Artificial Seguence:
oligonucleotide probe

<400> 56
ctattttcta ttttetattt tctattttet cgggaggegg aggttgeagt gagee 55

<210> 57
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223» Description of Artificial Sequence:
Oligonucleotide probe

<400> 57
ctatttteta ttttcotatit tetattttet titbtttttt tbtbtttibt ttttttttet 60

<210> 58

<211> 30

<212> DNB

<213> Artificial Seqguence

<220» .
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 58
ctattttcta ttttctattt tctattttct 30

<210> 59

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclecotide probe

<400> 52
ccagagtagc aggagcccca ggagcetgage 30

<210> 60
<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 60
ggatggagac tgggtcaact ggatgtcaca 30

<210> 61

13
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<211>
<212>
<213>

<220>
<223>

<200>

30
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide probe

61

gcaagegatg gtgactctgt ctectacage

<210>
<211>
<212>
<213>

<220>
<223>

<400>

62

30

DNA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide probe

62

tctgtecocag atccactgoe actgaacett

<210>
<211>
<212>
<213»>

<220>
<223>

<400>

63

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

63

geagccacag ttogettcat ctgeaccttg

<210>
<211>
<2312>
<213»>

<220>
<223>

<400>

64

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

64

tttcaactge tcatcagetg gegggaagat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

65
30
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe
&5

14

a7
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aagttattca gcaggcacac aacagaggca

<210>
<211
<212>
<213>

<220>
<223>

<400>

66

30

DNA

Artificial Sequence

Description of Artificial Seguence:
Qligonucleotide probe

66

ggegttatce accticcact gtactttgge

<210>
<211>
«212>
<213>

<220>
<223>

<400>

67

20

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

87

taggtgctgt ccttgetgte ctgctctgtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

68

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

a8

gtagtctget ttgetcageg tcagggtget

<210>
<211>
<212>
<213>

<220>
<223>

<400>

&9

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

69

gatgggtgac ttcgeaggeg tagactttgt

<210>
<211>
<212>
<213>

<220>
<223>

70

30

DNA

Artificial Seguence

Description of Artificial Sequence:

15
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Oligonucleotide probe

<400> 70
ctcteccctyg ttgaagetct ttgtgacggg

<210> 71

<213> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide probe

<400> 71
tggaactgag gagcaggtgg gggcacttct

<210> 72

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 72 )
gaaaaagggt cagaggccaa aggatgggag

<210> 73

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 73
agatgagetg gaggaccegea ataggggtag

<210> 74

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 74
gcataattaa agccaaggag gaggagggyg

<210> 75

<211> 30

<212> DNA

<213> Artificial Seguence

16

(79)
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 75
cotgagtgag gagggtgagg ageagcagag

<210> 76

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 76
agacccagac acggaggcag getgagtcag

<210> 77

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 77
tgttggttcc agtgcaggag atggtgatcg

<210> 78

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Qligonuclectide probe

<400> 78
taaatcatga ttttggggge tttgcoctggg

<210> 79

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 79
tgttgccaga cttggagcca gagaagegat

<310> 80

17

(80)
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<211>
<212»
<213>

<220>
<223>

<400>

30
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

80

aataatcagc ctegtectea gectggagee

<210>
<211>
<212>
<213>

<220
<223>

<400>

81

30

DNA

Artificial Seguence

Description of Arxtificial Sequence:
Oligonucleotide probe

g1

ggtcocteccg ccgaaaacca cagtgtaact

<210>
<211>
<212>
<213>

<220
<223>»

<400>

82

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

82

ttatgagaca caccagtgtg gecttgttgg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

83

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

83

ctgeteagge gtcaggetea gatagetget

<210>
<21l>»
<212>
<213>

<220>
<223>

<400>

84

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe
84

18
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atgegtgacc tggeagctgt agettotgtg

<210> 85

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 85
attctgtagg ggecactgte ttctecacgg

<210> 86

<21i> 30

«212> DNA

<213» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 86
cctecectgy gatcctgeag ctetagtcte

<210> 87

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of artificial Sequence:
Oligonucleotide probe

<400> 87
tgagggttta ttgagtgcag ggagaagggo

<210> 88

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 88
ggaggtcaaa acagcgtgga tggeg

<210> 82

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
223> Description of Artificial Sequence:

19
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Oligonucleotide probe

<400> 89
gaggctggat cggtccecggt gtett 25

«210> 90

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 90
aatccgegtt ccaatgcacc gttce 25

<210> 91

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 91
taaaaactgc gggcactggg gacgg 25

<210> 92

<21l> 25

<212> DNA

<213> Artificial Sequence

<220
«223> Description of Artificial Segquence:
Oligonucleotide probe

<400> 92
acccgagatt cgegtggaga tecca 25

<210> 93

<211> 25

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 93
gagcaaggag ctgccgageg accat 25

<210> 94

<211> 25

<212> DNA

<213> Artificial Sequence

20
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 94
acactggtgyg tggtgggeat cgtge 25

<210> 95

<211> 25

«212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 95
ttecaaatge gtcageggtg caage 25

<210> 96

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 96
agctgectge atettettot geege 25

<210> 27

<211> 25

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 97
ccctecaccg ttaacagcac cgcaa 25

<210> 98

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Qligonucleotide probe .

<400> 98
ttggtcacgg gtgtctecggg cctaz 25

<210> 99

21
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<211>
<212>
<213>

<220>
<223>

<400>

25
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide probe

99

tcggecaact ctggaaacag cgggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

100

25

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

100

toggggttct cgttgcaatc ctegg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

101

25

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

101

atctcgatge cccgetcaca tgcaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

102

25

DNA

Artificial Seguence

Description of Artificial Sequence:
Cligonucleotide probe

102

tgccgeacca tgtccacteg aacct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

103

25

DN&

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe
103

22
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gttageggeg ceettgetca catca 25
<210> 104
<21l> 25
<212> DNA

<213»> Artificial Sequence

<220,
«<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 104
tgeagatcte ctecaatgegg cgett 25

<210> 105
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 105
tctcagagga teggecccca gaatg 25

<210> 106

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 106
cctcatctga ctocteggeg atgge 25

<210> 107

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 107
cgggtacagyg ggactctggg ggtga 25

<210> 108

<211> 25

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

23
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Oligenucleotide probe

<400> 108
gggtgggtge tcttgoctec agagg 25

<210> 109

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligenucleotide probe

<400> 109
gacctegggt cggtagcacce gecact 25

<210> 110

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 110
ggaagcetet cttetectee coegyg 25

<210> 111

<211»> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 111
ccacagacac cgtcctcace acceg 25

<2105 112

<211 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 112
ggctacagee acacacgtct cctece 26

<210> 113

<211> 25

<2312> DNA

<213> Artificial Seqguence

24
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 113
cgaggcggge ggatcacctg aggte

<210> 114

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Degcription of Artificial Sequence:
oOligonucleotide probe

<400> 114
cgggaggcgy aggttgcagt gagee

<210> 115

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223»> Description of Artificial Sequence:
Oligonucleotide probe

<400> 115
tttetttttt tttttttttt ttetttettet

<210> 116

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 116
CTATTTTICTATTTTTCTTTIT CCAGGCGGRCGEATCACCTGAGGTC

<2105 117
<211>

<2125 DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 117
CTATTTTTCTATTTTTCTTITT CGGGAGGCGGAGETTGCAGTGAGCT

<210> 118

25
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<211>
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 118
CTATTTTATACTTTATATTTCATATTTTATCT CGGGAGGCGGAGETTECAGTGAGCC

<210> 119

<211>

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Segquence:
Oligonucleotide probe

<400> 118
CTATTTTATATTTATATTTCT CGGGAGGACGGAGGTTGCAGTGAGCC ACTATTTTATACTT

<210> 120

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 120
CTATTTTATACTTTATATTTCT GACCTCGGGTCCETAGCACCGCAC TACTATTTTATACTT

<210> 121

<211>

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 121
CTATTTTTCTT CGAGGCGEGCGEATCACCTGAGGTC TTCTTTTTATCTT

<210> 122

<211>

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:
Oligonucleotide probe

26

57

61

62
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<400> 122
CTATTTTATACTTTATATTTCT CGAGGCGGGCGGATCACCTGAGGTC ACTATTTTATACTT
61

<210> 123

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 123
CTATTTTITCTATTTTTCTTTT 21

<210> 124

<211>

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 124
CTATTTTATACTTTATATTTCATATTTTATCT 32

'<210> 125

<211>
<212> DNA
<213> Artificial Sequence

<220
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 125
CTATTTTATACTTTATATTTCTINNNN TATTTTATACTT 81

<210> 126

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Qligonuclectide probe

<400> 126
CTATTTTTCT TTCTTTTTATCTT 49

27
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OLIGONUCLEOTIDE SEQUENCE FORMULA FOR LABELING
OLIGONUCLEOTIDE PROBES AND PROTEINS FOR IN SITU ANALYSIS

BACKGROUND OF THE INVENTION

1 Field of the Invention
This invention relates to oligonucleotide probes and collections of oligonucleotide
probes for detecting or localizing nucleic acid genes targets witin a cell or tissue sample.

In particular, the invention relates to collections of oligoprobes.

2. Background of the Invention

In situ analysis includes in situ hybridization and immunohistochemistry. fn situ
hybridization (ISH) employs labeled DNA or RNA probe molecules that are anti-sense to
a target gene sequence or transcript to detect or localize targeted nucleic acid target genes
within a cell or tissue sample. ISH has proven to be a useful tool in a number of
biomedical fields, including developmental biology, cell biclogy, and molecular biology.
ISH has been used, for example, to diagnose genetic disorders, map genes, study gene
expression, and localize sites of target gene expressior.

Typically, ISH is performed by exposing a cell or tissue sample immobilized on a
glass slide to a labeled nucleic acid probe which is capable of specifically hybridizing to a
given target gene in the cell or tissue sample (/n Situ Hybridization: Medical Applications
(G. R. Coulton and J. de Belleroche, eds., Kluwer Academic Publishers, 1992); In Situ
Hybridization: In Neurobiology,; Advances in Methodology (J. H. Eberwine, K. L.
Valentino, and J. D. Barchas, eds., Oxford University Press, 1994); In Situ
Hybridization: A Practical Approach (D. G. Wilkinson, ed., Oxford University Press,
1992)). The hybridization of labeled probe molecules to nucleic acids in the cell or tissue
sample can then be detected using, for example, radicactive-based direct detection
methods, fluorescence-based direct detection methods, or indirect detection methods
based on the binding of a fluorescence-labeled protein binding to a hapten such as BrdU,
digoxigenin-labeled or biotin-labeled nucleotides incoporated into probes. Hapten-based
methods have been further extended to include those molecules to be bonded by binding
protein-enzyme conjugates such as antibody-enzyme-conjugates and colorimetric based
detection chemistry. In addition, several target genes can be simulanteously analyzed by

exposing a cell or tissue sample to a plurality of nucleic acid probes that have been

o1-
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labeled with a plurality of different nucleic acid tags. For example, a plurality of nucleic
acid probes can be labeled with a plurality of fluorescent compounds having different
emission wavelengths, thereby permitting simultaneous multicolored analysis to be
performed in a single step on a single target cell or tissue sample.

A significant problem associated with incorporation of labeled nucleotides into
oligonucleotide probes is that the conjugation moieties that are attached to the nucleotide
usually interfere with the formation of Watson-Crick base pairing, thus negatively
affecting the hybridization of the probe to its target. The has been seen with use of label
attached via N4-substitued cytosine nucleotides, because of steric hinderance and the
expected shift to the less reactive state of a secondary amine (as seen with N4 labled
cytosine), as compared to the natural G-C bond formed with an unsubstituted cytosine (a
primary amine). Any small change or interference with G-C bonding in a small
oligonucleotide (25 to 50 bases) can reduce the ability of these oligos to hybridize with
the intended targeted sequence.

There remains a need in the art to develop suitable probes designs for
incorporating labeled nucleotides in oligonuéleotide probes. We demonstrate that a few
artificial seqeunces are viable alternatives for probe labeling and also work both singly
and in complex oligonucleotide probe mixtures for detecting or localizing nucleic acid
target genes within a cell or tissue sample. The development of such generic séqeuuces
and labeling strategy for probe collections has wide application in the medical, genetic,
and molecular biological arts.

This interference due to labeling chemistry and hybridization stringency and
kinetics is solved herein by designing the oligo to have at least two distinct functional
domains, one domain or sequence to be gene specific and involved in the base pair
formation, and the second domain to be an artificial, non-specific sequence (in reference
to the sample’s genome) comprised of spacing nucleotides and the labeled nucleotide.
These elements are positioned so that these label-nucleotides are more accessible as
haptens for binding proteins (immunoglobulin or avidin(s)) and thus do not interfere with

‘Watson-Crick base pairing in the gene-specific domain.

_2-

SUBSTITUTE SHEET (RULE 26)

JP 2005-503753 A 2005.2.10



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(94)

WO 02/022874 PCT/US01/28014

SUMMARY OF THE INVENTION

The present invention provides a novel strategy to incorporate label into
oligonucleotide probes and labeled oligonucleotide probe collections for detecting or
localizing nucleic acid target genes within a cell or tissue sample. In particular, the
invention relates to non-gene-specific sequences using sequence formulas for making
repetitive polymers of such sequences which can be incorporated into collections of
oligonucleotide probes for use in in situ hybridization analyses. In addition, using labeled
synthetic oligonucleotide polymers, based on sequence formulas, when conjugated to
binding proteins, i.e. immunglobulins, is a very effective and controlled process for
labeling such proteins used in immunohistochemical analysis. The present invention
provides collections or “cacktails” of oligonucleotide probes for detecting or localizing
specific nucleic acid target genes within a cell or tissue sample. The cocktails are useful
for detecting the following: the Kappa gene (SEQ ID NOS: 1-16 inclusive); the Lamba
gene (SEQ ID NOS: 501-509, 511-513, and 515); the CMV (cytomegalovirus) gene (SEQ
ID NOS: 221-241 inclusive); EBER (Epstein-Bazr early RNA) gene (SEQ ID NOS: 51-54
inclusive); Alu (SEQ ID NOS: 55-56); PolyA (SEQ ID NO: 57); and the detection tail
(SEQ ID NO:330).

The invention is directed to an oligonucleotide label-domain comprising the
sequence (CTATTTT), and its complement (AAAATAG), wherein "n" is af least 1.

The invention is also directed to an oligonucleotide probe having at least two
distinct fimctional domains, a first domain comprising the label-domain of claim 2, and a
second domain comprising a gene-specific target sequence.

The invention is also directed to a probeset for detecting Kappa immunoglobulin
light chain mRNA or corresponding hetereonuclear RNA wherein the probes are selected
from the group consisting essentially of SEQ ID NOS: 401 through 416, inclusive.

The invention is also directed to a probeset for detecting Lambda immunoglobulin
light chain mRNA or corresponding hetereonuclear RNA wherein the probes are selected
from the group consisting essentially of SEQ ID NOS: 501 through 509, 511-513, and
515.

The invention is also directed to a probeset for detecting cytomegalovirus (CMV)
immediate early RNA and /or corresponding mRNA wherein the probes are selected from
the group consisting essentially of SEQ ID NOS: 221 through 241.

-3.
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The invention is also directed to a probeset for detecting Epstein Barr virus (EBV)
early RNA, RNA 1 and RNA 2, (EBER) wherein the probes are selected from the group
consisting essentially of SEQ ID NOS: 51 through 54.

The invention is also directed to a probeset for detecting Human Alu repetitive
satellite genomic DNA sequences wherein the probes are selected from the group
consisting essentially of SEQ ID NOS: 301 and 302.

Specific preferred embodiments of the present invention will become evident from

the following more detailed description of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a generic probe structure of of the two-domain probe design.
This is the oligonucleotide design used for the probes in the gene specific cocktails
described in the following examples. Each probe is composed of two domains: a 5°
labeling domain and a 3’ target gene target gene-specific domain. The labeling domain
consists of this specific sequence (CTATTTT)n, wherein each cytosine may be labeled
with a fluorophore or a cytosine-hapten conjugate, the hapten being fluorescein in this
embodiment. This illustration specifically shows nucleic acid sequences for the 301
(SEQ ID NO: 55) and 302 (SEQ ID NO: 56) probes, each of which possesses target gene
gene-specific domains corresponding to human repetitive Alu sequences and labeling
domains having a fluorescein hapten.

Figure 2 illustrates the results obtained for iz situ hybridization (ISH) analysis of
human skin tissue using a probe comprising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula,
(CTATTTT)n, of the labeling domain common to the oligonucleotides used in these ISH
examples is non-specific, and non-reactive in its ability to form Watson-Crick base
pairing with human nucleic acid sequences because it does not hybridize.

Figure 3 illustrates the results obtained for ISH analysis of human skin tissue
using a probe comprising the labeling domain and a poly d(T) target gene-specific
domain (320 probe; SEQ ID NO: 57). The presence of a detectable signal localized to the
cytoplasm indicates that this probe is capable of specifically hybridizing to
polyadenylated region of messenger RNA.

Figures 4A-4B illustrate the results obtained for ISH analysis of human skin tissue

using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior
~4-
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to #n situ hybridization (A), or was treated with ribonuclease A prior to in situ
hybridization (B). The decrease in detectable signal in (B) indicates that this probe
specifically hybridizes to polyadenylated region common to messenger RNA..

Figures 5A-5B illustrate the results obtained for ISH analysis of human spleen
tissue using the 320 probe, wherein the hybridization and stringency wash were
performed at room temperature (A), or at 37°C (B). This result illustrates that the
intenstity of color is related to the stringency of hybridization conditions, with the more
intense color indicating less stringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell
line using the 320 probe. This shows that this probe design also is functional with
embedded cell lines as well as embedded tissue.

Figure 7 illustrates the results obtained for ISH analysis of the human Raji cell
line using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human HT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of a rat cell line using a
probe collection consisting of the 301 and 302 probes. The absence of a detectable signal
indicates that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing a target gene-specific
domain corresponding to EBV EBER nuclear RNA. [SEQ ID NO: 51 through SEQ ID
NO: 54].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBY EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ TD
NO:54].

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54].

Figures 13A-13B illustrate the results obtained for ISH analysis of human spleen

tissue using a probe collection cousisting of probes possessing target gene-specific
domains corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through

-5
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SEQ ID NO:54 , wherein the tissue sample was not treated with ribonuclease A prior to in
situ hybridization (A), or was treated with ribonuclease A priox to in situ hybridization
(B). The decrease in detectable signal in (B) indicates that this probe specifically
hybridizes to human EBER 1 and EBER 2 nuclear RNA.

Figure 14 illustrates the results obtained for ISH analysis of kappa light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoglobulin lambda light chain mRNA [ SEQ ID NO:15 ].

Pigure 15 illustrates the results obtained for ISH analysis of lymphoma tissues
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA [SEQ ID NOS: 2 - 4
SEQ ID NOS:7-12, SEQ ID NOS: 14, 15]. The lymphoma tissue in (A) over expresses

the kappa light chain and the tissue in (B) over expresses the lambda light chain. The
absence of a detectable signal in (B) indicates that the kappa light chain probe collection
is specific to kappa light chain mRNA.

Figure 16 illustrates the results obtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoglobulin lambda light chain variable region mRNA. [
SEQ ID NOS:19 through 29].

Figure 17 illustrates the results obtained for ISH analysis of a lambda light chain-

positive human RPMI 8226 cell line using a probe collection consisting of probes
possessing target gene-specific domains corresponding to human immunoglobulin lJambda
light chain mRNA [ SEQ ID NOS:19 through 29].

Figures 18A-18B illustrate the results obtained for ISH analysis of human

Iymphoma tissue using a probe collection consisting of probes possessing target gene-
specific domains corresponding to human immunoglobulin lambda light chain mRNA

SEQ ID NOS:19 through 29]. The tissue in (A) over expresses the lambda light chain
and the tissue in (B) over expresses the kappa light chain. The absence of a detectable
signal in (B) indicates that the lambda light chain probe collection is specific to human
lambda light chain mRNA.

Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus

(CMV)-positive human hung tissue using a probe collection consisting of probes

possessing target gene-specific domains corresponding to CMV immediate early RNA [

-6-
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SEQ ID NOS:30-32, SEQ ID NOS: 34-35, SEQ ID NO: 38, SEQ ID NO: 50] [LCMV
infected cell ]
Figure 20 illustrates the results obtained for ISH analysis of a rat 9G cell line in

which the expression of CMV immediate early RNA has not been induced by
cyclohexamide using a probe collection consisting of probes possessing target gene-
specific domains corresponding to CMV immediate early mRNA [ SEQ ID NOS:30-32,
SEQ ID NOS: 34-35, SEQ ID NQ: 38, SEQ ID NO: 50].

Figures 21A-21B illustrate the results obtained for ISH analysis of a rat 9G cell
line in which the expression of CMV immediate early RNA has been induced by
cyclohexamide using a probe collection consisting of probes possessing target gene-
specific domains corresponding to CMV immediate early RNA. [SEQ ID NOS:30-32
SEQ ID NOS: 34-35. SEQ ID NO: 38, SEQ ID NO: 50. The tissue in (A) is shown at a
magnification of 40X and the tissue in (B) is shown at a magnification of 20X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides oligonucleotide probes and oligonucleotide probe
collections for detecting or localizing nucleic acid target genes within a cell or tissue
sample. In particular, the invention relates to collections of oligonucleotide probes for
use in in situ hybridization analyses.

More specificaily, this invention relates to the use of specific sequence formulas
for nucleotide polymers or label-domains to attach a detectable moity ( a label) to
oligonucleotide probes or proteins. The specific utility of these seqeuces or derivatives
thereof, is the inert or non-reactive characteristic that does not hybridize to human DNA
or RNA at a detectable level under standard stringency of hybridization conditions.
These label-domains or polymers were demonstrated to be useful generic sequences for
incorporation into oligonucleotide probes for detecting gene-specific sequences within
cells or tissue samples in in situ hybridizaiton analyses. Additionally, this inert set of
sequences are useful for attaching a label to immunoglobulins or other proteins for
detecting haptens and antigens in immunolistochemical analyses.

As used herein, the terms “probe” or “oligonucleotide probe” refers to a nucleic
acid molecule used to detect a complementary nucleic acid target gene.

As used herein, the term “hybridization” refers to the process whereby

complementary nucleic acid sequences join to form a double-stranded nucleic acid
- 7 -
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molecule. By labeling the target nucleic acid molecule with, for example, a radioactive or
fluorescent tag, interactions between probe and target genes can be detected.

The oligonucleotide probes and oligonucleotide probes of the collections of the
present invention are synthesized using conventional methods. See e.g., Methods in
Molecular Biology, Vol 20: Protocols for Oligonucleotides and Analogs 165-89 (S.
Agrawal, ed., 1993); Oligonucleotides and Analogues: A Practical Approach 87-108 (F.
Eckstein, ed., 1991).

Tn a preferred embodiment of the present invention, oligonucleotide probes
possess two distinct domains: a 5* (or labeling) domain and a 3’ (or gene-specific target)
domain (See Figure 1A). In more preferred embodiments of the present invention, the
oligonucleotide probe possesses a labeling domain which consists of the sequence
(CTATTTT)n. Other embodiments are also demonstrated herein, including a triple-
domain embodiment having two terminal labeling domains, and a central gene-specific
target domain. Specifically, SEQ ID NOS: 125-126 depict this labeling scheme. Yeta
further preferred embodiment of a labeling domain is TC(TTTTATC), or its
complement. This sequence is predicted to be as unique as the (CTATTTT)n label-
domain. The oligonucleotide probes of the present invention are labeled so that
hybridization between said probes and target nucleic acids in a particular cell or tissue can
be detected. Labels that are acceptable for use in in sizu hybridization (ISH) analysis are
known to those with skill in the art. Such labels permit interactions between probe and
target genes to be detected using, for example, radioactive-based direct detection
methods, fluorescence-based direct detection methods, digoxigenin-labeled or biotin-
labeled probes coupled with fluorescence-based detection methods, or digoxigenin-
labeled or biotin-labeled probes coupled with antibody-enzyme-based detection methods.
In perferred embodiments of the present invention, oligenucleotide probes are labeled
with fluorescein. In more preferred embodiments of the present invention, the
oligonucleotide probe possesses a labeling domain which consists of the sequence
(CTATTTT)n, wherein the cytosine nucleotides may be labeled with a flurophore for
direct detection, or a hapten for indirect detection. In either, the fluorescein-cytosine
nucleotide conjugate and the fluorescein molecule is linked at the N4 position of cytosine
through an OBEA linKage (See Mishra ez al., U.S. Patent No. 5,684,142, which is
incorporated herein by reference). In a preferred embodiment, the density of fluorphore

attached to the label-domain is at least 7 mole percent, preferably at least 10 mole
-8-
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percent, and most preferably at least 16 mole percent, when measured against the label-
domain solely. For example, if probe 401 is considered (a 2-domain probe) it comprises a
1abel-domain of 30 bases including a 3’ terminal CT wherein the C is also labeled, the
mole percent is 5/30 = 16.7 mole percent label. In the overall probe, the mole percent is
8.3.

In some embodiments of the present invention, several target genes are
simulanteously analyzed by exposing a cell or tissue sample to a plurality of nucleic acid
probes that have been labeled with a plurality of different nucleic acid tags. For example,
a plurality of nucleic acid probes can be labeled with a plurality of fluorescent compounds
having different emission wavelengths, thereby permitting simultaneous multicolored
analysis to be performed in a single step on a single target cell or tissue sample.

The oligonucleotide probes and oligonucleotide probe collections of the present
invention may be used in ISH analysis to detect or localize nucleic acid target genes
within a cell or tissue sample. ISH may be performed as described, for example, in Iz
Situ Hybridization: Medical Applications (G. R. Coulton and J. de Belleroche, eds.,
Kluwer Academic Publishers, 1992); In Situ Hybridization: In Neurobiology; Advances
in Methodology (J. Ti. Eberwine, K. L. Valentino, and J. D. Barchas, eds., Oxford
University Press, 1994); or In Situ Hybridization: A Practical Approach (D. G.
Wilkinson, ed., Oxford University Press, 1992)).

The preferred embodiment of the probes and probe collections of the present
invention are best understood by referring to Figures 1-21 and Examples 1-2. The
Bxamples, which follow, are illustrative of specific embodiments of the invention, and
various uses thereof, They are set forth for explanatory purposes only, and are not to be

taken as limiting the invention.

EXAMPLE 1
Probe Collection Preparation
Probe collections consisting of a plurality of oligonucleotide probes of 55 to 60
bases in length were designed as follows. In this Example, each oligonucleotide probe
possessed two distinct domains: a 5° (or labeling) domain and a 3” (or target gene-
specific) domain (See Figure 1).
Tn this embodiment, the labeling domain consists of the sequence (CTATTTT)n,

wherein the cytosine nucleotide represents a fluorescein-cytosine nucleotide conjugate
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and the fluorescein molecule is linked at the N4 position of cytosine through an OBEA
linkage.

The target gene-specific domain consists of a 25-30 base sequence that is
complementary to a specific nucleic acid target gene. Oligonucleotide probes were
designed to possess target gene-specific domains corresponding to the human
immunoglobulin kappa light chain variable region (See Table 1; oligonucleotide probes
401-416), the human immunoglobulin lambda light chain variable region (oligonucleotide
probes 501-515), human cytomegalovirus (CMV) sequences (oligonucleatide probes 221-
241), human Esptein-Barr virus (EBV) EBER (Epstein-Barr early RNA) sequences
(oligomucleotide probes 100A2, 100C2, 100A1, and 100B1), human repetitive Alu
sequences (oligonucleotide probes 301 and 302), and poly d(T) (oligonucleotide probe
320).

EXAMPLE 2
Label-domain design: Alu repetitive sequence probe

Four probes all against the Alu human repetative sequence were used to evaluate
label-domain design. The probes numbered 301 (SEQ ID NO: 55), 301A (SEQ ID
NO:116), 301A2/2 (SEQ ID NO: 121), and 301A3/2 (SEQ ID NO: 122) are shown in
Table 1.

The four probes were evaluated at the concentrations of 100, 75, 50, and 25 ng/ml
per mL of probe in the reaction, respectively. This hybridization analysis was done
manually, using standard protocols. The target, paraffin-embedded cell line MBA MD
468 (Oncor INFORM™ Her-2/neu Control Slides, Cat. No. S8100, Level 1, available
from Ventana Medical Systems, Inc., Tucson, AZ) was the target sample and was
processed by removing paraffin by standard xylene methods. The tissue was subjected to
Ventana’s. Protease 1 for 12 minutes at 50 degrees C as a 1:2 dilution with Ventana’s
APK buffer. The hybridization reaction was accomplished with the addition of probe
diluent as 100 ul probe (25% formamide, 5% dextran sulfate, 2X SSC, 1% Triton) to a
residual 100 ul volume of 2XSSC/Triton X-100. The slide was heated to 85 degrees C
for 5 minutes and then incubated for 1 hr at 37 degrees C. Standard SSC washes followed
for removing excess probe. The hybrids were detected with an antibody against FITC.
The mouse antibody was detected colormetrically using Ventana Enhanced Alkaline
Phosphatase Blue Detection (cat# 760-061). Unless otherwise indicated, all reagents
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were obtained from Ventana Medical Systems, Inc., Tucson, AZ. The results were
observed by colormetric detection using brightfield microscopy.

The resulis of these experiments were that signal intensity was a function of the
total number of fluorescein hapten conjugated to the probe and signal was of the specific
label-domain design. The greater the number of flucresceins per probe molecule, the
greater the signal observed. Comparison of design and placement of haptens on the probe
showed that this was not a factor in signal intensity. The two probes that contained five
fluoresceins, (301A3/2 (SEQ ID NO: 122) and 301 (SEQ ID NO:55) both yielded
equivalent signal. These two probes yielded greater signal that seen for 301A2/2, a probe
with a split label-domain design with four fluoresceins. The probe 301A2/2 yielded a
signal greater than probe 301A a probe with a single label-domain design at the 5" end and

with three fluoresceins.

EXAMPLE 3 )
Label Domain Design: EBER probes

This experiment compared two label-domain designs and sequences to determine
whether greater spacing between the fluorescein haptens improves the production of
signal during probe detection steps during in situ hybridization analysis.

The tissue used was an EBV-infected human spleen tissue fixed in neutral
buffered formalin paraffin embedded section of 4-micron thickness placed on silane plus
glass microscope slides. The tissue sections were deparaffinized on a Ventana
DISCOVERY™ machine, followed by a 6-min digestion with Ventana’s Protease 1, ata
temperature of 37 C. The probe was dissolved in hybridization buffer diluent at a
concentration of 50 ng/mL as a 100 ul applied to an equal volume of 2 X SSC/ Triton X-
100 residual volume left on the slide after prepared by the Ventana Medical Systems, Inc.
automated ISH staining system, Discovery. The probe diluent-mixed with the residual
volume on slide for 6 min at 37 C, then the solution was heated to 85C and held thexe for
atotal of 10 min. The slide was then taken to a 37C temperature and held at that
temperature for 1 hour. All of these aqueous reactions on the slide were all done under a
film of LIQUID COVERSLIP™, to prevent evaporative loss of water during processing.
Each slide after hybridization was washed 3 times with 2X SSC/Triton solution, with a 6
min incubation between each wash, the slide volume being approximately 300 ul (+/-

10% vol). The hybrids were detected with an antibody against FITC. The mouse
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antibody was detected colormetrically using Ventana Enhanced Alkaline Phosphatase
Blue Detection (cat# 760-061).

The two oligonucleotide probes used for this study probe 100A1 (SEQ ID NO:
53) and 1002A32 (SEQ ID NO: 120). The two differences between these probes were the
label-domain seqence and structure. The probe 100A1 label domain was 5' to gene target
domain, contained 5 fluoresceins attached to cytosine residues via the OBEA linker, with
the sequence formula of (CTATTTT)4CT (SEQ ID NO: 58). The label domain of the
oligo probe 1002A32, was similiar, (SEQ ID NO:125). Besides the different sequence
the primary difference was that the fluoresceine labeled cytosines were spaced 10 bases
apart compared to the oligo 100A1 the cytosine spacing was closer at 7 bases apart. The
result of this comparison as deduced by H score analysis were that these oligonucleotide
were equivalent as to the amount of signal generated on the slide. The data was that for
100A2, for the 368 cells analysed in a total of 3 fields the H score was 106, and for probe
1002A32 for the 345 cell analysed in three field the H score was 109. The H score is a
spectrographic analysis done with micrscope that factors into the score background to
signal ratio on the tissue section to yield a relative comparison of total target specific
signal on the slide. (See reference Giroud, F. Perrin C, and Simony Lafontaine, J.;
Quantitative Immunocytochemistry and Immunohistochemistry. Third Conference of the
European Society for Analytical Cellular Pathology, 1994; and AutoCyte Quic Immuno
User's Manual, 1998, document mumber PA-029, Co AutoCyte Inc. Burlington NC
2721). The histograms and the score sheet indicated that each oligo were equally
efficient in yielding a colormetric signal. This indicates that the position of the label
domain can be either 3 prime or 5 prime to the gene target sequence or the gene target

sequence can be positioned between two label domains.

EXAMPLE 4
In Sifu Hybridization
The probe collections prepared in Example 1 were first diluted in a solution
consisting of 20% dextran sulfate (wt/vol), 50% formamide (vol/vol), 2X SSC, 10 mM
Tris-HCl, 5 mM EDTA, and 0.05% Brij-35, at a final pH of 7.3. Probe collections were
then mixed with an equal volume of a solution consisting of 2X SSC and 0.05% Triton X-
100.
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Samples for ISH analysis were prepared by cutting formalin-fixed and paraffin-
embedded cells or tissue samples into 4 pm sections and placing the sections onto a glass
slide. Subsequent processing and ISH of samples was carried out in an automated device,
such as the DISCOVERY™ Automated ISH/TFIC Stainer (Ventana Medical Systems,
Inc., Tucson, AZ) described in co-owned and co-pending U.S. Patent App. Serial Nos.
60/076,198 and 09/259,240, both incorporated herein by reference. . To remove paraffin
from the samples, the slides were immersed in an aqueous solution, heated for
approximately 20 minutes, and then rinsed. The automated deparaffinization procedure is
more fully described in U.S. Serial No. 60/099,018, 09/259,240 both incorporated herein
by reference. The samples were then treated with protease and the slides were heated to
85°C (for hybridization to RNA target genes) or 90-95°C (for hybridization to DNA target
genes) for 4 to 10 minutes.

Hybridization reactions were typically performed in a hybridization buffer
consisting of 10% dextran sulfate (wt/vol), 25% formamide (vol/vol), 2X SSC, 5 mM
Tris, 2.5 mM EDTA, 0.025% Brij-35, 0.25% Triton X-100, and between 25 to 125 ng/mL
of each individual probe molecule. ISH reactions were performed at between 37°C to
54°C. For ISH using the probe collections described in Example 1, hybridization
reactions were optimally carried out for 1 hr at 47°C (except for the poly d(T) probe,
wherein the hybridization reaction was optimally carried out at 37°C for 1 hr).

The hybridization of fluorescein-labeled probe molecules to a particular target
gene in the sample was detected by using a sequential series of binding proteins, i.e.,
secondary antibody detection. However, it is equally possible to use detect detection
when visualizing the bound probes. Tn secondary detection, first, an anti-fluorescein
mouse monoclonal antibody directed against the fluorescein-labeled probe molecule was
added to the sample. Next, a biotin-labeled polyclonal goat antibody directed against the
mouse antibody was added to the sample. Finally, hybridization reactions were
colormetrically detected using a 5-bromo-4-chloro-3-indolyl phosphate/nitroblue
tetrazolium (BCIP/NBT) substrate This technique, termed “secondary antibody
detection,” is routine for one of skill in the art. Primary and secondary antibodies are
available from numerous suppliers, including Ventana Medical Systems, Tucson, AZ,
which are optimized for use on the Ventana autostaining systems (ES®, NexES®,

DISCOVERY™, and BENCHMARK™.
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Figures 2-21 illustrate the results obtained for in situ hybridization analysis of
various cell lines or tissue samples using the probes disclosed and claimed herein having
the structural motif illustrated in Figure 1 or probe collections consisting of such probes.

Figure 1 illustrates a generic probe structure of of the two-domain probe design.
This is the oligonucleotide design used for the probes in the gene specific cocktails
described in the following examples. Each probe is composed of two domains: a 57
labeling domain and a 3’ target gene target gene-specific domain. The labeling domain
consists of this specific sequence (CTATTTT)n, wherein the cytosine nucleotide isa
cytosine-hapten conjugate, the hapten being fluorescein in this embodiment. This
iltustration specifically shows nucleic acid sequences for the 301 (SEQ ID NO: 55) and
302 (SEQ ID NO: 56) probes, each of which possesses target gene gene-specific domains
corresponding to human repetitive Alu sequences and labeling domains having a
fluorescein hapten.

Figure 2 illustrates the results obtained for in sifu hybridization (ISH) analysis of
human skin tissue using a probe comprising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula,
(CTATTTT)n, of the labeling domain common to the oligonucleotides used in these ISH
examples is non-specific, and non-reactive in its ability to form ‘Watson-Crick base
pairing with human nucleic acid sequences because it does not hybridize.

Figure 3 illustrates the results obtained for ISH analysis of human skin tissue
using a probe comprising the labeling domain and a poly d(T) target gene-specific
domain (320 probe; SEQ ID NO: 57). The presence of a detectable signal localized to the
cytoplasm indicates that this probe is capable of specifically hybridizing to
polyadenylated region of messenger RNA.

Figures 4A-4B illustrate the results obtained for ISH analysis of human skin tissue
using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior
to in situ hybridization (A), or was treated with ribonuclease A prior to in situ
hybridization (B). The decrease in detectable signal in (B) indicates that this probe
specifically hybridizes to polyadenylated region common to messenger RNA. .

Figures 5A-5B illustrate the results obtained for ISH analysis of human spleen
tissue using the 320 probe, wherein the hybridization and stringency wash were

performed at room temperature (A), or at 37°C (B). This result illustrates that the
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intenstity of color is related to the stringency of hybridization conditions, with the more
intense color indicating less stringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell
line using the 320 probe. This shows that this probe design alse is functional with
embedded cell lines as well as embedded tissue.

Figure 7 illustrates the resulis obtained for ISH analysis of the human Raji cell
line using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human I-iT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of a rat cell line using a
probe collection consisting of the 301 and 302 probes. The absence of a detectable signal
indicates that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing a target gene-specific
domain corresponding to EBV EBER nuclear RNA [SEQ ID NO: 51 through SEQ ID
NO: 54].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54].

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54].

Figures 13A-13B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific
domains corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through
SEQ ID NO:54, wherein the tissue sample was not treated with ribonuclease A prior to in
situ hybridization (A), or was treated with ribonuclease A prior to in situ hybridization
(B). The decrease in detectable signal in (B) indicates that this probe specifically
hybridizes to human EBER 1 and EBER 2 nuclear RNA..
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Figure 14 illustrates the results obtained for ISH analysis of kappa light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoglobulin lambda light chain mRNA [SEQ ID NO:15].

Figure 15 illustrates the results obtained for ISH analysis of lymphoma tissues
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA [SEQ ID NOS: 2 - 4,
SEQ ID NOS:7-12, SEQ ID NOS: 14, 15]. The lymphoma tissue in (A) over expresses
the kappa light chain and the tissue in (B) over expresses the lambda light chain. The
absence of a detectable signal in (B) indicates that the kappa light chain probe collection
is specific to kappa light chain mRNA.

Figure 16 illustrates the results obtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoglobulin lambda light chain variable region mRNA
[SEQ ID NOS:19 through 29].

Figure 17 illustrates the results obtained for ISH analysis of a lambda light chain~
positive human RPMI 8226 cell line using a probe collection consisting of probes
possessing target gene-specific domains corresponding to human immunoglobulin lambda
light chain mRNA [SEQ ID NOS:19 through 291.

Figures 18A-18B illustrate the results obtained for ISH analysis of human
Iymphoma tissue using a probe collection consisting of probes possessing target gene-
specific domains corrésponding to human immunoglobulin lambda light chain mRNA
[SEQ ID NOS:19 through 29]. The tissue in (A) over expresses the lambda light chain
and the tissue in (B) over expresses the kappa light chain. The absence of a detectable
signal in (B) indicates that the lambda light chain probe collection is specific to human
lambda light chain mRNA.

Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus
(CMV)-positive human lung tissue using a probe collection consisting of probes
possessing target gene-specific domains corresponding to CMV immediate early RNA

[SEQ ID NOS:30-32, SEQ ID NOS: 34-35, SEQ ID NO: 38, SEQ ID NO: 50]. Arrow
indicates CMV infected cell.

Figure 20 illustrates the results obtained for ISH analysis of a rat 9G cell line in
which the expression of CMV immediate early RNA has not been induced by

cyclohexamide using a probe collection consisting of probes possessing target gene-
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SEQ ID NOS: 34-35, SEQ ID NO: 38, SEQ ID NO: 50].

Figures 21A-21B illustrate the results obtained for ISH analysis of a rat 9G cell

line in which the expression of CMV immediate early RNA has been induced by

cyclohexamide using a probe collection consisting of probes possessing target gene-

specific domains corresponding to CMV immediate early RNA [SEQ ID NOS:30-32,

SEQ ID NOS: 34-35, SEQ ID NO: 38, SEQ ID NO: 50] expression of the CMV

immediate early RNA with cyclohexamide. The tissue in (A) is shown at a magnification

of 40X and the tissue in (B) is shown at a magnification of 20X.

TABLE 1

Probe Sequence SEQ
ID ID
401 57 - CTATTTTCTATTTTCTATITICTATTTICT CCAGAGTAGCAGEAGCCCCAGGAGCTGAGC-3" 1
402 57 - CTATTTTCTATTTTCTATITICIATTTICT GGATGGAGACTGGGTCAACTGGATGTCACA-3" 2
203 57 - CTATTTTCTATTTICTATTTTCTATTTTCT GCAAGCGATGGTGACTCTGTCTCCTACAGC-3/ 3
404 57 ~-CTATTTTCTATTTTCTATTTTCTATTTTCT TCTGTCCC GATCCACTC‘}CCACTGAACCT‘I‘—B' 4
405 57 -CTATTTTCTATTTICTATITTCTATTTTCT GCAGCCACAGTTCGCTTCATCTGCACCTTG-3" 5
406 57 _CTATTTTCTATTTTCTATTITCTATTTTCT TTTCAACTGCTCATCAGATGGCGGGARGAT-3’ 6
407 57 ~CTATTITCTATTTTCTATTTTCTATTTICT  AAGTTATTCAGCAGGCACACAACAGAGGCA-3" 7
408 5/ -CTATTTTCTATTTTCTATTTICTATTTICT GGCGTTATCCACCTTCCACTGTACTTTGEC-3' 8
409 5/ —CTATTTTCTATTTTCTATTTTCTATTTTCT TAGGTGCTGTCCTTGCTGTCCTACTCTGTG-3" 9
410 5' ~CTATTTICTATTTTCTATTITCTATTTTCT GTAGTCTGCTTTGCTCAGCGTCAGGETGCT-3 10
411 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT GATGGGTGACTTCGCAGGCATAGACTTTGT -3’ il
412 5/ -CTATTTTCTATTTTCTATTTTCTATTTICT CTCTCCCCTGTTGAACCTCTTTGTGACGEG-3 12
413 5 -CTATTTTCTATTTTCTATTTTCTATTTTCT TGGAACTGAGGAGCAGGTCGGGGCACTTCT -3 13
414 57 -CTATTTTCTATTTTCTATTTICTATTTTCT GAAARAGGGTCAGAGGCCAAAGGATGGGAG-3' 14
415 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT AGATGAGCTGGAGGACCGCAATAGGGGTAG-3' i5
416 57 -CTATTTTCTATTTICTATITICTATTTTCT GCATAATTAAAGCCAAGGAGGAGGAGGGGE-3' 16
501 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT —CCTGAGTGAGGAGGGTGAGGACCAGCAGAG-3' 17
502 57 -CTATTITCTATTTTCTATTTICTATTTICT  AGACCCAGACACGGAGGCAGGCTGAGTCAG-3" 18
503 5/ -CTATTTTCTATTTTCTATTITCTATTTICT TGTTGGTTCCAGTGCAGGAGATGGTGATCG-3" 19
504 57 - CTATTTTCTATTTTCTATTTTCTATTITCT ~TABATCATGATTTTGEGGGCTTTGCCTCEE-37 20
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505 5/ -CTATTTTCTATTTTCTATTTTCTATTTTCT —TGTTGCCAGACTTGGAGCCAGAGAAGCCAT-3" 21
506 57 —CTATTTICTATTTTCTATTTTCTATTITCT AATAATCAGCCTCETCCTCAGCCTCGGAGCC-37 22
507 | 5’ -CTATTTTCTATTITCTATTITCTATITTCT GGTCCCTCCGCCGARAACCACAGTGTAACT-3' 23
508 57 -CTATTTICTATTTICTATITTCTATTTTCT TTATGAGACACACCAGTGTGGCCTTGTTEE-3" 24
509 57 - CTATTTTCTATTTTCTATTTTICTATTTTCT CTGCTCAGGCGTCAGGCTCAGATAGCTGCT -3 25
511 | 5’ -CTATTTTCTATTTTCTATTTICTATTTICT ATGCGTGACCTGGCAGCTGTAGCTTCTETG- 3" 26
512 §7 _CTATTITCTATTTTCTATTTTCTATTTICT ATTCTGTAGEGGCCACTGTCTTCTCCACGG-3 1 27
513 5 -CTATTTTCTATTTTCTATTITCTATTTTCT TCCCCTGEGATCCTGCAGCTCTAGTCTC- 31 28
515 57 -CTATTTTCTATTTTCTATTTTCTATTTICT TGAGGGTTTATTGAGTGCAGGGAGARGEGC-31 29
221 | 5’ -CTATTITCTATTTTCTATTTTCTATTTICT GGAGGTCAAAACAGCGTGGATGGCE-3' 30
222 57 -CTATTTTCTATTITCTATTTTCTATTTICT GAGGCTGEATCGATCCCGGTGTCTT-3' 31
223 57 -CTATTTICTATTTTCTATITICTATTTICT AATCCGCGTTCCAATGCACCGTTCC-37 32
224 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT —TARAAACTGCECGCACTGGGGACGE-3" 33
225 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT ACCCGAGATTCGCGTGEAGATCCCA-3" 34
226 | 5’ ~CTATTTTCTATITTCTATTTTCTATTTTCT GAGCAAGGAGCTGCCGAGCGACCAT-3' 35
227 | 5’ -CTATTITCTATTTICTATTTTCTATITICT ACACTGGTGGTGGTGGGCATCGTGC-3" 36
228 57 - CTATTTTCTATTTICTATTTTCTATTTICT TTCCAAATGCGTCAGCGGTGCAAGC-3 37
229 | 5’ -CTATTTTCTATTTTCTATTTTCTATTTTCT AGCTGCCTGCATCTTCTTCTGCCGC-3! 38
230 | 5’ -CTATTITCTATTTTCTATTTTCTATITICT CCCTCCACCGTTAACAGCACCGCAR-3' 39
231 | 5'-CTATTTTCTATTTTCTATTTTCTATTTTCT TTGETCACGEGTGTCTCGGECCTAR-3" 40
232 | 5’ -CTATTTTCIATTTTCTATTTTCTATTITCT TCGGCCAACTCTGGRAACAGCGGGT-3" 41
233 57 -CTATTTTCTATTTTCTATTTTCTATTTICT —TCGGGGTTCTCGTTGCAATCCTCGG-3' 42
234 | 5/ -CTATTTTCTATTTICTATTTTCTATITICT ATCTCGATGCCCCGCTCACATGCAA-3’ 43
235 57 _CTATTTTCTATTITCTATTTTCTATTTTCT TGCCGCACCATGTCCACTCGAACCT-3' 44
236 | 5'-CIATTTTCTATTTICTATTTTCTATTTTCT GTTAGCGECGCCCTIGCTCACATCA-31 45
237 | 5'-CTATTTTCTATTTTCTATTTTCTATITTCT TGCAGATCTCCTCAATGCGGCGCTT-3! 46
238 | 5’ <CTATTTTCTATTTTCTATITTCTATTITCT TCTCAGAGGATCGGCCCCCAGAATG-3' a7
239 | 5/ -CTATTTTCTATTTTCTATTTICTATITICT CCTCATCTGACTCCTCGGCGATGEC-3! 48
240 | 5/ -CTATTITCTATTTICIATTITCTATTITTCT CGGGTACAGGGGACTCTGGGGGTEA-3" 45
741 | 5/ -CTATTTICTATTTICIATTTTCTATTITCT GAGTGEGTGCTCTTGCCTCCAGAGS-3" 50
100A2 | 5'- CTATTTTCTATTTTCTATITTCTATTTTCT GACCICGGGTCEGTAGCACCGCACT-3" 51
100C2 | 5'- CTAT’I"I‘I‘CTATTTTCTATTFTCTATTT’if‘CT GGAAGCCTCTCTTCTCCTCCCCCGE-37 52
100A1 | 5’ -CTATTTTCTATTTTICTATITTCIATTTICT CCACAGACACCGTCCTCACCACCCG-37 53

CCACAGACACCGTCCTCACCACCCE
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100B1 57 -CTATTTTCTATTTICTATTTTCTATTTTICT GGCT: GCCACACACGTCTCCTCC-3 7 54
301 | 5’ -CTATTTICTATTTTCTATTTTCTATITICT CGAGGCGGGCGGATCACCTGAGETC-3 55
302 | 5 -CTATTTTCTATTTICTATTTTCTATTTICT CGGGAGGCGGAGGTTGCAGTGAGCC-3 56
320 | 5 -CTATTTTCTATTTICTATTITCTATITICT TTTTTTTTTTTTTTTTTTTTTTTITTTTTT -3 57
"T301A | 5’ -CTATTTTTCTATTTTTCTTTT CGAGGCGECECGCATCACCTGAGGTC-3 116
302C | 5' -CTATTITICTATTTTTCTTTT CGEGAGGCEGAGATTGCAGTGAGCC-2 117
30254 | 5’ -CTATTTTATACTITATATTICATATTITATCT CGGGAGGCGGAGETTCCAGTGAGCC-37 118
57 -CTATTTTATATTTATATITCT CGGGAGGCGEAGGTTGCAGTGAGCC ACTATTTTATACTT-3 | 119
302A3
/2
10022 | 5° -CTATTTTATACTTTATATTICT GACCTCGGGTCGGTAGCACCGCAC TACTATTTTATACTT- 120
s2 |7
301A | 5 -CTATTTITCTT CGAGGUGGGCGEATCACCTGAGGTC TTCTTITTATCTT-3 121
2/2
301A | 5 -CTAITTIATACTTTATATTTCT CGAGGCGGGCGGATCACCTGAGGTC ACTATTTTATACTT- 122
ajz2 |
Table 2
Probe Sequence SEQ
ID ID
5/ -CTATTTTTCTATTTTTCTTTT 123
5 - CTATTTTATACTTTATATTTCATATTTTATCT 124
330 5! -CTATTTTCTATTTTCTATTTTICTATTTTCT 58
57 -CTATTTTATACTITATATTTCT . . . ... ... . ACTATTTTATACTT-3 125
5' -CTATTTTTCTT. . _TTCTTTTTATCTT-3 126

1t should be understood that the foregoing disclosure emphasizes certain specific

embodiments of the invention and that all modifications or alternatives equivalent thereto

are within the spirit and scope of the invention as set forth in the appended claims.
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WE CLAIM:

. An oligonucleotide label-domain comprising the sequence (CTATTTT), and its

complement (AAAATAG), wherein "n" is at least 1.

. The oligonucieotide label-domain of claim 1 detectably labeled with a reporter

molecule, or a hapten molecule.

. The oligonucleotide label-domain of claim 2 wherein the hapten is flurorescein linked

to the N4 nitrogen of cytosine through an OBEA linker.

. The oligonucleotide label-domain of claim 1 wherein the reporter molecule is a

fluorophore.

. The oligonucleotide label-domain of claim 1 wherein the fluorophore is present at a

density of greater than 7 mole percent.

. The oligonucleotide label-domain of claim 1 wherein the label-domain has the

sequence TC(TTTTATC), (or its complementary formula).

. The oligonucleotide label-domain of claim 1 wherein the sequence is SEQ ID NO: 58.

. The oligonucleotide label-domain of claim 2 wherein at least 7 mole pecent of the

cytosines are linked to a detectable moiety by an OBEA linker.
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9.

10.

—_
—

An oligonucleotide probe having at least two distinct functional domains, a first
domain comprising the label-domain of claim 2, and a second domain comprising a

gene-specific target sequence.

The oligonucleotide probe of claim 9 wherein the label-domain is located at the 5' end
of the oligonucleotide probe, and the gene-specific target sequence being 3° to the

label-domain.

. The oligonucleotide probe of claim 9 whetein the label-domain is located at the 3' end

of the oligonucleotide probe, and the gene-specific target sequence is 5’ to the label-

domain.

. An oligonucleotide probe having three distinct functional domains, a first domain

comprising the label-domain of claim 2, a second domain comprising a gene-specific
target sequence, and a third domain comprising another label-domain, wherein said

second domain is located between said first and third domains.

. A probeset for detecting Kappa immunoglobulin light chain mRNA or'corresponding

hetereonuclear RNA wherein the probes are selected from the group consisting

essentially of SEQ ID NOS: 401 through 416, inclusive.

. A probeset for detecting Lambda immunoglobulin light chain mRNA or

corresponding hetereonuclear RNA wherein the probes are selected from the group

consisting essentially of SEQ ID NOS: 501 through 509, 511-513, and 515.
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15. A probeset for detecting cytomegalovirus (CMV) immediate early RNA and /or
corresponding mRNA wherein the probes are selected from the group consisting

essentially of SEQ ID NOS: 221 through 241.

16. A probeset for detecting Epstein Barr virus (EBV) early RNA, RNA 1 and RNA 2,
(EBER) wherein the probes are selected from the group consisting essentially of SEQ

ID NOS: 51 through 54.

17. A probeset for detecting Human Alu repetitive sattelite genomic DNA. sequences
wherein the probes are selected from the group consisting essentially of SEQ ID

NOS: 301 and 302.
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SEQUENCE LISTING

<110> Utermohlen, Joseph
<110> Connaughton, John

<120> Oligonucleotide sequence formula for labeling Oligonucleotide Probes and Proteins
for In Situ Analysis

<130> 355/001/PCT

<140>

<1l41l> 2001-09-06
<150> 60/233,177
<151> 2000-09-15

<160> 126
<170> PatentIn Ver. 2.0

<210> 1

<211> 60

<212> DNA

<213> Brtificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 1
ctattttcota ttitctattt tetattttct ccagagtage aggagcccca ggagctgage 60

<210> 2

<211l> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 2
ctatttteta ttttctattt totattttet ggatggagac tgggtcaact ggatgtcaca 60

<210> 3

<211> 60

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:

oligonucleotide probe

<400> 3
ctattttcta ttttetattt tctattttet geaagegatg gtgactctgt ctectacage 60

<210> &
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<211l> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 4
ctatttteta ttttetattt tctattttet tctgtcccag atccactgec actgaacctt 60

<210> 5

<21l> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 5
ctattttcta ttttotattt tetattttct geagecacag ttcgetteat ctgeaccttg 60

<210> 6

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 6
ctattttcta ttttctattt tctattttet tttcaactge tecatcagatg gcgggaagat 60

<210> 7

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 7
ctatttteta ttttetattt tetattttet aagttattca gcaggcacac aacagaggca 60

<210> 8

<211> 60

<212> DNA

<213> Artificial Sequence

<«220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 8

JP 2005-503753 A 2005.2.10
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ctattttcta ttttctattt tctattttct ggegttatce accttecact gtactttgge 60

<210> 9

<211> 60

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 9
ctatttteta ttttotattt totattttct taggtgetgt cettgetgte ctgetctgty 60

<210> 10

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 10
ctattttcta ttttctattt tctattttet gtagtectget ttgctcageg tcagggtgct 60

<210> 11

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 11
ctattttcta ttttctattt tctattttet gatgggtgac ttcgeaggeg tagactttgt 60

<210> 12

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 12
ctatttteta ttttetattt tctattttet cteteecctyg ttgaagetet ttgtgacggg 60

<210> 13

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

3
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<400>

(138)

PCT/US01/28014

Oligonucleotide probe

13

ctatttteta ttttetatbt tetattttet tggaactgag gagecaggtgg gggcactict 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

60

DNA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide probe

14

ctatttteta ttttctattt tcotattttcot gaaasagggt cagaggccaa aggatgggag 60

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

60

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

15

ctatttteta ttttctattt tctattttcet agatgagetg gaggaccgca ataggggtag 60

<210>
<21l>
<212>
<213>

<220>
<223>

<400>

18

60

DNA

Artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe

16

ctattttecta ttttetattt tcotatttitct geataattaa ageccaaggag gaggaggggyg 60

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

17

60

DNA

artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

17

ctattttcocta ttttetattt tctattttet cctgagtgag gagggtgagg agcagcagag 60

<210>
<211>
<212>
<213>

18

60

DNA

Artificial Sequence
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<220
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 18
ctattttcta ttttctattt tctatttitct agacccagac acggaggcag getgagtcag 60

<210> 19

<211l> €0

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleoctide probe

<400> 19
ctatbtttcta ttttetattt tctattttet tgttggttce agtgecaggag atggtgatceg 60

<210> 20

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 20
ctatttteta ttttctattt tetattttet taaatcatga ttttggggge tttgectggg 60

<210> 21
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 21
ctattttcta ttttctattt tctattttet tgttgecaga cttggagcca gagaagogat 60

<210> 22

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 22
ctatttteta tttbctattt tctattttct aataatcage ctegtectea geoctggagee 60

<210> 23
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2005-503753 A 2005.2.10



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02/022874

<211l>
<212>
<213>

<220>
<223>

<400>

(140)

PCT/US01/28014

60
DNA
Artificial Sequence

Description of Artificial Sequence:
oligonucleotide prcbe

23

ctattttcta tttteotattt tectattttct ggtcccteeg ccgaaaacca cagtgtaact 60

<210>
<211>
«212>
<213

<220>
<223>

<400>

24

60

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

24

ctattttcta ttttctattt tctattttot ttatgagaca caccagtgtg gocttgttgg 60

<210>
<21l>
<2125
<213>

<220>
<223>

<400>

25

60

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

25

ctatttteta ttttetattt tcetattttet ctgetcagge gtcaggctca gatagetget 60

<210>
<21i>
<212>
<213>

<220>
<2235

<400>

26
60
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide precbe

26

ctatthtcta ttttotattt tctattttet atgegtgace tggcagectgt agettctgtg 60

<210>
<211ls>
<212>
<213>

<220>
<223>

<400>

27

60

DNA

Artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe

27
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ctatttteta ttttctattt tetattttct attctgtagyg ggccactgte ttetccacgg 60

<210> 28

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 28
ctattttcta ttttctattt totattttet cctecectgg gatcctgecag ctctagtcte 60

<210> 29
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 29
ctatttteta tttictattt tctattttet tgagggttta ttgagtgcag ggagaaggge 60

<210> 30

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 30
ctatttteta ttttetattt tctattttct ggaggtcaaa acagcgtgga tggeg 55

<210> 31
<211> 55
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 31
ctattttcta ttttetattt tctattttet gaggetggat cggtcceggt gtett 55

<210> 32

<211> 58

<212> DNA

<213> Artificial Ssquence

<220>
<223> Description of Artificial Sequence:

7
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Oligonucleotide probe

<400> 32
ctatttteta ttttetattt tctattttet aatccgegtt ccaatgeace gttce

<210> 33

<211> 55

<212> DNA

<213> Artificial Seguence

<220>
<2235 Description of Artificial Sequence:
Oligonucleotide probe

<400> 33
ctatttteta ttttctattt tctattttet taaaaactge gggcactggg gacgg

<210> 34

<211> 55

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 34
ctattttota ttttctattt tctattttet acccgagatt cgegtggaga tccca

<210> 35

<211> 55

<212> DNA

<213> Artificial Sequence

<2205
«223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 35
ctatttteta ttttctattt totattttct gagcaaggag ctgccgageg accat

<210> 36
<211> 55

<212> DNA

213> Artificial Sequence

<220>
«<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 36
ctattttcta ttttetattt tetattttet acactggtgg tggtgggeat cgtge

<210> 37

<211> 55

<212> DNA

<213> Artificial Sequence

(142)
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55

55

55

55

55
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<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 37
ctatttteota ttttctattt tctattttet ttccaaatge gtcageggtyg caage

<210> 38

<211l» 55

<212> DNA

<213» Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 38
ctatttteta ttttetattt tctattttct agctgectge atcttettet gecge

<210> 39

<211> 55

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 39
ctattttcta ttttctattt totatttbct cectccaceg ttaacagcac cgcaa

<210> 40

<211l> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<200> 40
ctattbteta ttttctattt tetattttet ttggtcacgg gtgtcteggg ccotaa

<210> 41

<2il> 55

<212> DNA

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence:

Oligonuclecotide probe

<400> 41
ctatttteta ttttctattt tctattttct tcggecaact ctggaaacag cgggt

<210> 42

(143)
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WO 02/022874

<211>
<212>
<213>

<220>
<223>

<400>

55
DNA
artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

42

ctattttcta ttttcotattt tectattttct teggggttet cgttgcaatc ctegy

<210>
<211>
<212>
<213>

<220>
<223>

<400>

43

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

43

ctattttcta ttttctabtt tctattttet atctcgatge cccgetcaca tgecaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

55

DNA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide probe

44

ctatttteta ttttetattt totattttet tgecgcacca tgtecacteyg aacct

<210>
<211>
<212>
<213>

<220>
«223>

<400>

45

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

45

ctattttcta ttttotattt tctattttet gttageggeg cecttgctca catca

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

46

55

DNA

Artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe
46

10
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ctattttcta ttttctattt tctattttct tgeagatcte cteaatgegyg cgett

<210>
<211>
<212>
<213>

<220>
<223>

<400>

47

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide probe

47

ctattttcta ttttctattt tctattttct tctcagagga tcggececca gaatg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

48

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

48

ctatttteta ttttctattt tctattttct ccteatctga ctooctcggeg atgge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

49

55

DNA

Artificial Segquence

Description of Artificial Seguence:
Oligonucleotide probe

49

ctattticta ttttetattt tctattttet cgggtacagg ggactcetggg ggtga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

55

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

50

ctatttteta ttttctattt tctattttet ggghbgggtge tcttgectce agagg

<210>
«211>
<212
<213>

<220»>
<223>

51

55

DNA

Artificial Sequence

Description of Artificial Sequence:

11
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Oligonucleotide probe

<400> 51
ctatttteta ttttetattt tctattttet gacctegggt cggtageace geact

<210> 52

<211> 5%

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
0Oligonucleotide probe

<400> 52
ctattttcta ttttctattt tctattttct ggaagectect cttetectee ceegg

<210> 53

<211> 55

<212> DNA

«<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 53
ctattttota ttttotattt tctattttct ccacagacac cgtectcace acceg

<210> 54

<211> 56

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 54
ctattttcta ttttctattt tctattttet ggctacagec acacacgtct ccotece

<210> 55

<211> 55

<212> DNA

<213> Artificial Sequence

«220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 55
ctattttcta ttttetattt tctattttet cgaggeggge ggatcacctg aggte

<210> 56

<211> 55

<212> DNA

«213> Artificial Sequence

12
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(147)

WO 02/022874

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 56
ctattttcta ttttctattt tctattttct cgggaggegg aggttgeagt gageco

<210> 57

<211> 60

<212> DNA

<213» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 57
ctatttteta ttttetattt tctattttet tttttttttt tbbtttettt tttebttttee

<210> 58

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
«<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 58
ctatttteta ttttetattt tcotattttet

<210> 59

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 59
ccagagtage aggagcccca ggagotgage

<210> 60

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 60
ggatggagac tgggtcaact ggatgtcaca

<210> 61

13
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<211>
<212>
<213>

<220>
<223>

<400>

30
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

61

geaagegatg gtgactetgt ctectacage

<210>
<211>
<212>
<213>

<220>
<223>

<400>

62

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

62

tctgteccag atccactgec actgaacctt

<210>
<211>
<212>
<213>

<220>
<223>

«400>

63

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

63

gcagccacay ttcgetteat ctgcaccttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

64

30

DNA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide proke

64

tttcaactge tecatcagatg gegggaagat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

65

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide probe
65

14
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aagttattca gcaggcacac aacagaggca

<210>
<211>
<212>
<213>

<220>
«223>

<400>

66

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

66

ggegttatee accttccact gtactttgge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

57

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

67

taggtgetgt ccttgetgte ctgotetgtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

68

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

68

gtagtctget ttgetcageg tcagggtgcet

<210>
<211>
<212>
<213>

<220>
<223>

<400>

69

30

DNA

Artificial Seguence

Description of Artificial Sequence:
oOligeonucleotide probe

€9

gatgggtgac ttcgcaggey tagactttgt

<210>
<211>
<212>
<213>

«220>
<223>

70

30

DNA

Artificial Sequence

Description of Artificial Sequence:

15
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Oligonucleotide probe

<400» 70
cteoteecetyg ttgaagetet ttgtgacggg

<210> 71

<211i> 30

<212> DNA

<213> Artificial Sequence

<220>

<223» Description of Artificial Sequence:

Oligonucleotide probe

<400> 71
tggaactgag gagcaggtgg gggcacttct

210> 72

<211> 30

<212> DNA

«213> Artificial Sequence

<220>

223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 72
gaaaaagggt cagaggccaa aggatgggag

<210> 73

<211> 30

<212> DNA

<213 Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 73
agatgagctg gaggaccgca ataggggtag

<210> 74

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 74
geataattaa agccaaggag gaggaggggg

<210> 78

<211> 30

<212> DNA

<213> Artificial Sequence

16
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 75
cctgagtgag gagggtgagy ageageagag

<210> 76

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 76
agacccagac acggaggeag gctgagteag

<210> 77

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 77
tgttggttec agtgecaggag atggtgateg

<210> 78

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 78
taaateatga ttttggggge tttgectggg

<210> 79

<211> 30

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 79
tgttgcecaga cttggagocea gagaagegat

<210> 80

17
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«211>
<212>
<213>

<220>
<223>

<400>

30
DNA
Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

80

aataatcagce ctegtectca gectggagec

<210>
<211>
<212>
<213>

<220>
<223>

<400>

81

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonuclectide probe

81

ggteectecg ccgaaaacca cagtgtaact

<210>
<211>
<212>
<213>

<220>
<223>

<400>

82

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

82

ttatgagaca caccagtgtg gecttgttgg

<210>
<211>
«212>
<213>

<220>
<223>

<400>

83
30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

83

ctgetcagge gtcaggctca gatagetget

<210>
<211>
<212>
<213>

<220>
<223>

<400>

84

30

DNA

Artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe
84

18
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WO 02/022874 PCT/US01/28014
atgogtgace tggcagetgt agcttotgtg 30
<210> 85
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 85
attctgtagg ggccactgte ttctecacgyg 30

<210> 86
<21i> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 86
ccteccotygyg gatoctgeag ctotagtcete 30

<210> 87
<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 87
tgagggttta ttgagtgcag ggagaagggc 30

<210> 88

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 88
ggaggtcaaa acagcgtgga tggcg 25

<210> 89

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223» Description of Artificial Sequence:

19
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WO 02/022874

Oligonucleotide probe

<400> 89
gaggctggat cggtcceggt gtett

<210> 90

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide probe

<400> 90
aatccgegtt ccaatgeacc gttee

<210> 91

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide probe

<400> 91
taaaaactge gggcactggg gacgyg

<210> 92
«211l> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 92
accegagatt cgegtggaga tccca

<210> 93

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

«223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 93
gagcaaggag ctgocgagceg accat

<210> 94

<211> 25

<212> DNA

<213> Artificial Sequence

20
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WO 02/022874 PCT/US01/28014

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 94
acactggtgg tggtgggecat cgtge 25
<210> 95
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 95
ttccaaatge gteageggtg caage 25
<210> 96
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

oligonucleotide probe
<400> 96
agctgeetge atcttettet geege 25
<210> 97
<211> 25
<212> DNA
<213» Artificial Sequence
<220>
«<223> Description of Artificial Sequence:

Oligonuclectide probe
<400> 97
cecetecaccg ttaacagecac cgeaa 25
<210> 98
<211l> 25
<212> DNA
«<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe .
<400> 98
ttggtcacgg gtgtcteggg cctaa 25
<210> 99

a2l
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<211> 25
<212> DNA
<213> Artificial Seguence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 99
teggecaact ctggaaacag cgggt 25
<210> 100
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 100
teggggttet cgttgeaatc ctegg 25
<210> 101
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 101
atctcgatge ccegetcaca tgcaa 25
<210> 102
<211 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Degcription of Artificial Sequence:

Oligonucleotide probe
<400> 102
tgcegeacca tgtecacteg aacct 25
<210> 103
<211> 25
<212> DNA

<213>» Artificial Sequence

<220>

<223>» Description of Artificial Sequence:
Oligonucleotide probe

<400> 103

22
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WO 02/022874 PCT/US01/28014
gttageggeg cecttgetca catea 25
<210> 104
<211> 25
<212> DNA
<213> Artificial Seguence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 104
tgcagatete ctcaatgegyg egett 25
<210> 105
<211> 25
<212> DNA
«<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe
<400> 105
tctoagagga teggecccca gaatg 25
<210> 106
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe
<400> 106
cctcatetga ctecteggeg atgge 25
<210> 107
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe
<400> 107
cgggtacagg ggactctggyg ggtga 25
<210> 108
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

23
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Oligonucleotide probe

<400> 108
gggtgggtge tcttgectee agagg

<210> 109

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonuclectide probe

<400> 109
gacctcgggt cggtageacce goact

<210> 110

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Segquence:

Oligonucleotide probe

<400> 110
ggaagcctct cttcteetec ceegy

<210> 111

<21l> 25

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 111
ccacagacac cgtcctcace acceg

<210> 112

<211> 26

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 112
ggctacagee acacacgtct ccteee

<210> 113

<211l> 25

<212> DNA

<213> Artificial Sequence

24
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<220
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 113
cgaggeggge ggatcacctg aggte

<210> 114

<211» 25

<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 114
cgggaggegg aggttgcagt gageco

<210> 115

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oOligenucleotide probe

<400> 115
ttbttttttt tttttttttt tttttttbttt

<210> 116

<211>

<212> DNA

<213> Artificial Sequence

«220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 116
CTATTTTTCTATTTTTCTTTT CGAGGCGGEGCEGATCACCTGAGGTC

<210> 117

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
oOligonucleotide probe

<400> 117
CTATTTTTCTATTTTTICTTTT CGGGAGGCGGAGGTTGCAGTEAGCC

<210> 118

25
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<211>
<212> DNA
<213> Artificial Sequence

<220>
<2235 Description of Artificial Sequence:
Cligonucleotide probe

<400> 118
CTATTTTATACTTTATATTTCATATTTTATCT CCCGAGGCGGAGGTTGCAGTGAGCC

<210> 119
<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 119

(160)

PCT/US01/28014

57

CTATTTTATATTTATATTTCT CGGGAGGCGGAGGTTGCAGTCGAGCC ACTATTTITATACTT 61

<210> 120

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

«400> 120

CTATTTTATACTTTATATTTCT GACCTCGGGTCGEGTAGCACCGCAC TACTATTTTATACTT 62

<210> 121

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide prebe

<400> 121
CTATTTTTCTT CGAGGCGGECGEGATCACCTGAGGTC TTCTTTTTATCTT

<210> 122

<211>

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide probe

26

49
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<400> 122

(161)

PCT/US01/28014

CTATTTTATACTTTATATTTCT CGAGGCGEGCGGATCACCTIGAGGTC ACTATTTTATACTT

61

<210> 123

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 123
CTATTTTICTATTTTTCTTTT

<210> 124

<211>

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

«400> 124
CTATTTTATACTTTATATTTCATATTTTATCT

‘<210> 125

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 125
CTATTTTATACTTTATATTTCTNNNN,

<210> 126

<211l>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 126

CTATTTTTCTT NNNNNNNNTTCTTTTTATCTT

27

NNNNNNNACTATTTTATACTT

21
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ide probes and

probe collections and protein labeling

for detecting or localizing a plurality nucleic acid target genes or anrigens within a cell or tissue sample. Specifically, the provides
& collections of oligonucleotide probe for use in in siz hybridization analyses in which each probe has a Tahel-domain with the se-
= quence formulas of (CTATTTT),, (AAAATAG), or (TTTTATC), or (GATAAAA), in which all cases "n" would equal 1 or greater.

The present invention provides collections or "cocklails” of oligonucleotide probes for detecting or localizing specific nucleic

cid

target genes within a cell or tissue sample. The cockrails arc useful for detecting the following: the Kappa genc (SEQID NOS: 1-16
© inclusive): the Lamba gene (SLQ LD NOS: S01-509, 511-513, and 515); the CMV (eytomegalovirus) gene (SLQ 1D NOS: 221241
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BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to oligonucleotide probes aud collections of oligonucleotide probes
for deteciing or localizing mueleic acid genes targets witin a cell or tissue sample. In

particular, the invention relates to collections of oligoprobes.

2. Background of the Invention

In situ analysis includes in situ hybridization and immunohistochemistry. In situ
hybridization (JSH) employs labeled DNA or RINA. probe molecules that ave anti-sense toa
target gene sequence or transcript to detect or localize targeted nucleic acid target genes
within a cell or tissne sample. ISH has proven to be a useful tool in 2 number of biomedical
fields, including developmental biology, cell Biology, and molecular biology. ISH has been
used, for example, to diagnose genetic disorders, map genes, study gene expression, and
Jocalize sites of target gene expression.

Typically, ISH is performed by exposing a cell or tissue sample immobilized on a
glass slide to a labeled nucleic acid probe which is capable of specifically hybridizing to a
given target gene in the cell or tissue sample (In Situ Hybridization: Medical Applications (G.
R. Coulton and J. de Belleroche, eds., Kluwer Academic Publishers, 1992); I Situ
Hybridization: In Neurobiology; Advances in Methodology (J. H. Eberwine, K. L.
Valentino, and J. D. Barchas, eds., Oxford University Press, 1994); In Situ Hybridization: A
Practicel Approach (D. G. Wilkinson, ed., Oxford University Press, 1992)). The
hybridization of labeled probe molecules to nucleic acids in the cell or tissue sample can then
be detected using, for example, radioactive-based direct detection methods, fluorescence-
based direct detection methods, or indirect detection methods based on the ﬁinding ofa
finorescence-labeled protein binding to a hapten such as BrdU, digoxigenin-labeled or biotin-
Iabeled nucleotides incoporated into probes. Hapten-based methods have been further
extended to include those molecules to be bonded by binding protein-enzyme conjugates
such as antibody-enzyme-conjugates and colorimeiric based detection chemistry. In addition,
several target gencs can be simulanteously analyzed by exposing a cel} or tissue sample to a

plurality of nucleic acid probes that have been labeled with a plurality of different nucleic

S1-
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acid tags. For example, a plurality of nucleic acid probes can be labeled with a plurality of
finorescent compounds having different emission wavelengths, thereby permitting
simultaneous multicolored analysis to be performed in a single step on a single target cell or
tissue sample.

A significant problem associated with incorporation of labeled nucleotides into
oligonucleotide probes is that the conjugation moieties that are attached to the nucleotide
usually interfere with the formation of Watson-Crick base pairing, thus negatively affecting
the hybridization of the probe to its target. The has been seen with use of 1abel attached via
N4-substitued cytosine nucleotides, because of steric hinderance and the expected shift to the
Jess reactive state of a secondary amine (as seen with N4 labled cytosine), as compared to the
natural G-C bond formed with an unsubstituted cytosine (a primary amine). Any small
change or interference with G-C bonding in a small oligonucleotide (25 to 50 bases) can
reduce the ability of these oligos to hybridize with the intended targeted sequence.

There remains a need in the art to develop suitable probes designs for incorporating
labeled nucleotides in oligonucleotide probes. We demonstrate that a few artificial seqeunces
are viable alternatives for probe labeling and also work both singly and in complex
aligonucleotide probe mixtures for detecting or localizing nucleic acid target genes within a
cell or tissue sample. The development of such generic seqeunces and labeling strategy for
probe collections ﬁas wide application in the medical, genetic, and molecular biological arts.

This interference due to labeling chemistry and hybridization stringency and kinetics
is solved herein by designing the oligo to have at least two distinct functional domains, one
domain or sequence to be gene specific and involved in the base pair fonpation, and the
second domain to be an artificial, non-specific sequence (in reference to the sample’s
genome) comprised of spacing nucleotides and the labeled nucleotide. These elements are
positioned so that these label-nucleotides are more accessible as haptens for binding proteins
(immunoglobulin or avidin(s)) and thus do not interfere with Watson-Crick base pairing in

the gene-specific domain.

SUMMARY OF THE INVENTION

The present invention provides a novel strategy to incorporate label into

oligonucleotide probes and labeled oligonucleotide probe collections for detecting or
“2.
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localizing nucleic acid target genes within a cell or tissue sample. In particular, the invention
relates fo non-gene-specific sequences using sequence formulas for making repetitive
polymers of such sequences which can be incorporated into collections of oligonucleotide
probes for use in in situ hybridization analyses. In addition, using labeled synthetic
oligonucleotide polymers, based on sequence formulas, when conjugated to binding proteins,
ie. immunglobulins, is a very effective and controlled process for labeling such proteins used
in immunohistochemical analysis.  The present invention provides collections or
“cocktails” of oligonucleotide probes for detecting or localizing sperific nucleic acid target
genes within a cell or tissue sample. The cocktails are useful for detecting the following: the
Kappa gene (SEQ ID NOS: 1-16 inclusive); the Lamba gene (SEQ ID NOS: 501-509, 511-
513, and 515); the CMV (cytomegalovirus) gene (SEQ ID NOS: 221-241 inclusive); EBER
(Epstein-Barr earty RNA) gene (SBQ ID NOS: 51-54 inclusive); Alu (SEQ ID NOS: 55-56);
PolyA (SEQ ID NO: 57); and the detection tail (SEQ ID NO:330).

The invention is directed to an oligonucleotide label-domain comprising the sequence
(CTATTTT), and its complement (AAAATAG), wherein “n" is at Jeast 1.

The invention is also directed to an oligonucleotide probe having at least two distinct

functional domains, a first domain comprising the label-domain of claim 2, and a second
domain comprising a gene-specific target sequence.

The invention is also directed to a probeset for detecting Kappa immunoglobulin light
chain mRNA or corresponding hetereonuclear RNA wherein the probes are selected from the
group consisting essentially of SEQ ID NOS: 401 through 416, inclusive.

The invention is also directed to a probeset for detecting Lambda immunoglobulin light
chain mRNA or corresponding hetexreonuclear RNA. wherein the probes are selected from the
group consisting essentially of SEQ ID NOS: 501 through 509, 511-513, and 515.

The invention is also directed to A probeset for detecting cytomegalovirus (CMV)
immediate early RNA and /or corresponding mRINA whexein the probes are selected from the

group consisting essentially of SEQ ID NOS: 221 through 241

_3.
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The invention is also directed to a probeset for detecting Epstein Barr virs (EBV) early
RNA, RNA 1 and RNA 2, (EBER) wherein the probes are selected from the group consisting
essentially of SEQ ID NOS: 51 through 54.

The invention is also directed to a probeset for detecting Human Alu repetitive sattelite
genomic DNA sequences wherein the probes are selected from the group consisting
essentially of SEQ ID NOS: 301 and 302.

Specific preferred embodiments of the present invention will become evident from the

following more detailed description of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illusirates a generic probe structure of of the two-domain probe design. This
is the oligomucleotide design used for the probes in the gene specific cocktails described in
the following examples. Each probe is composed of two domains: a 5° labeling domain and
a3’ target gene target gene-specific domain. The labeling domain consists of this specific
sequence (CTATTTT)n, wherein each cytosine may be fabeled with a fluorophore or a
cytosine-hapten conjugate, the hapten being fluorescein in this embodiment. This illustration
specifically shows nucleic acid sequences for the 301 (SEQ ID NO: 55) and 302 (SEQ ID
NO: 56) probes, each of which possesses target gene gene-specific domains corresponding to
human repetitive Alu sequences and labeling domains having a fluorescein hapten.

Figure 2 illustrates the results obtained for in sitw hybridization (ISH) analysis of
human skin tissue using a probe comptising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula, (CTATTTT)n, of
the labeling domain commion to the oligonucleotides used in these ISH examples is non-
speciﬁo, and non-reactive in its ability to form Watson-Crick base pairing with human
nucleic acid sequences because it does not hybridize.

Figure 3 illustrates the results obtained for ISH analysis of human skin tissue using a
probe comprising the labeling domain and a poly d(T) target gene-specific domain (320
probe; SEQ ID NO: 57). The presence of a detectable signal localized to the cytoplasm

5‘
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indicates that this probe is capable of specifically hybridizing to polyadenylated region of
messenger RNA.

Figures 4A-4B illusirate the results obtained for ISH analysis of human skin tissue
using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior to in
situ hybridization (A), or was treated with ribonuclease A prior to in situ hybridization (B).
The decrease in detectable signal in (B) indicates that this probe specifically hybridizes to
polyadenylated region common to messenger RNA. .

Figures 5A-5B illusirate the results obtained for ISH analysis of human spleen fissue
using the 320 probe, wherein the hybridization and stringency wash were performed at room
temperature (A), or at 37°C (B). This result illustrates that the intenstity of color is related to
the stringency of hybridization conditions, with the more intense color indicating less
siringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell line
using the 320 probe. This shows that this probe design also is functional with embedded cell
lines as well as embedded tissue.

Fignre 7 illustrates the vesults obtained for ISH analysis of the human Raji cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human HT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of 2 rat cell line using a probe
collection consisting of the 301 and 302 probes. The absence of a detectable signal indicates
that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing a target gene-specific domain
corresponding to EBV EBER nuclear RNA. [SEQ ID NOQ: 51 through SEQ TD NO: 547].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 throueh SEQ ID
NQ:541.

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue using

aprobe collection consisting of probes possessing target gene-specific domains

-5-
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corresponding to EBV EBER 1 and 2 nuclear RNA {SEQ ID NO:51 throngh SEQ ID
NO.54}.
Figures 13A-13B illustrate the resulis obtained for ISH analysis of human spleen

tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ 1D NO:51 through SEQ ID NO:54
, wherein the tissue sample was not treated with ribonuclease A prior to i situ hybridization
(A), or was treated with yibonuciease A prior to in situ hybridization (B). The decrease in
detectable signal in (B) indicates that this probe specifically hybridizes to human EBER 1 and
EBER 2 nuclear RNA.

Figure 14 illustrates the results obtained for ISH analysis of kappa light chain-positive
human tonsil tissue using a probe passessing a target gene-specific domain corresponding to
human immunoglobulin lambda light chain mRNA SEQID NO:15].

Figwe 15 illustrates the results obtained for ISH analysis of lymphoma tissues using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA [ SEQID NOS: 2 -
4, SEQ 1D NOS:7-12. SEQ ID NOS: 14, 15]. The lymphoma tissue in (A) over expresses the
kappa light chain and the tissue in (B) over expresses the lambda light chain. The absence of
a detectable signal in (B) indicates that the kappa light chain probe collection is specific to
kappa light chain mRNA.

Figure 16 illustrates the results abtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a target gene-specific domain
corresponding to human immunoglobulin lambda light chain variable region mRNA [_SEQ
ID NQS:19 through 29].

Figure 17 illustrates the resnlts obtained for ISH analysis of a lambda light chain-
positive human RPMJ 8226 cell line using a probe collection consisting of probes possessing
target gene-specific domains corresponding to human immunoglobulin lambda light chain
mRNA [ SEQ ID NOS:19 throngh 29].

Figures 18A-18B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding 1o human immunoglobulin lambda light chain mRNA. [ SEQ ID NOS:19
through 29]. The tissue in (A) over expresses the lambda light chain and the tissue in (B)

-6-
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over expresses the kappa light chain. The absence of a detectable signal in (B) indicates that
the lambda light chain prabe collection is specific to human lambda light chain mRNA.
Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus (CMV)-

positive human lung tissue using a probe collection ing of probes pe ing target
gene-specific domains corresponding to CMV immediate early RNA. [_SEQ 1D NOS:30-32.
SEQ 1D NOS: 34-35, SEQ 1D NO: 38, SEQ ID NO: 50). [_CMYV infected cell

Figure 20 illustrates the resulis obtained for ISH analysis of a rat 9G cell line in which
the expression of CMV immediate carty RNA has not been induced by cyclohexamide using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early mRNA [ SEQ ID NOS:30-32, SEQ D NOS: 34-35,
SEQ ID NO: 38, SEQ ID NO: 50].

Figures 21 A-21B illustrate the results obtained for ISH analysis of a rat 9G cell line in
which the expression of CMV immediate early RINA has been induced by cyclohexamide
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA. [SEQ ID NOS:30-32. SEQ 1D NOS: 34-35,
SEQ ID NO: 38, SEQ ID NQ: 50. The tissue in (A) is shown at a magnification of 40X and
the tissue in (B) is shown at a magnification of 20X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides oligonucleotide probes and oligonucleotide probe
collections for detecting or localizing nucleic acid target genes within a cell or tissue sample.
In particular, the invention relates to collections of oligonucleotide probes for use in in situ
hybridization analyses.

More specifically, this invention relates to the use of specific sequence formulas for
nucleotide polymers or label-domains to aftach a detectable moity ( a label) to
oligonucleotide probes or proteins. The specific utility of these seqeuces or derivatives
thereof, is the inert or non-reactive characteristic that does not hybridize to human DNA, or
RNA at a detectable level under standard stringency of hybridization conditions. These
label-domains or polymers were demonstrated to be useful generic sequences for
incorporation into oligonucieotide probes for detecting gene-specific sequences within cells

or tissue samples in in situ hybridizaiton analyses. Additionally, this inert set of sequences
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are useful for attaching a label to immunoglobulins or other proteins for detecting haptens
and antigens in immunohistochemical analyses.

As used herein, the terms “probe” or “oligonucleotide probe” refers to a nucleic acid
molecule used to detect a complementary nucleic acid target gene.

As used herein, the term “hybridization” refers to the process whereby
complementary nucleic acid sequences join to form a double-stranded nucleic acid molecule.
By labeling the targst nucleic acid molecule with, for example, a radioactive or fluorescent
tag, interactions between probe and target genes can be detected.

The oligonucleotide probes and oligonucleotide probes of the collections of the
present invention are synthesized using conventional methods. See e.g., Methods in
Molecular Biology, Vol 20: Protocols for Oligonucleotides and Analogs 165-89 (8. Agrawal,
ed., 1993); Oligonucleotides and Analogues: A Practical Approach 87-108 (F. Bckstein, ed.,
1991).

In a preferred embodiment of the present invention, oligonucleotide probes possess

two distinct domains: a 57 (or labeling) domain and a 3” (or gene-~specific target) domain
(See Figure 1A). In more preferred embodiments of the present invention, the
oligonucleotide probe possesses a labeling domain which consists of the sequence
(CTATTTT)n. Other embodiments are also demonstrated herein, including a triple-domain
embodiment having two terminal Jabeling domains, and a central gene-specific target
domain, Specifically, SEQ ID NOS: 125-126 depict this labeling scheme. Yet a further
preferred embodiment of a labeling domain is TC(TTTTATC), or its complement. This
sequence is predicted to be as unique as the (CTATTTT)n label-domain.  The
oligonucleotide probes of the present invention are labeled so that hybridization between said
probes and target nucleic acids in a particular cell or tissue can be detected. Labels that are
acceptable for use in in sifw hybridization (ISH) analysis are known to those with skill in the
art. Such labels permit interactions between probe and target genes to be detected using, for
example, radioactive-based direct detection methods, fluorescence-based direct detection.
methods, digoxigenin-labeled or biotin-labeled probes coupled with fluorescence-based
detection methods, or digoxigenin-labeled or biotin-labeled probes coupled with antibody-
enzyme-based detection methods. In perferred embodiments of the present invention,

oligonucieotide probes are labeled with fluorescein. In more preferred embodiments of the
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present invention, the oligonucleotide probe possesses a labeling domain which consists of
the sequence (CTATTTT)n, wherein the cytosine nucleotides may be labeled with a
flurophore for direct detection, or a hapten for indirect detection. In either, the fluorescein-
cytosine nucleotide conjugate and the fluorescein molecule is linked at the N4 position of
cytosine through an OBEA linkage (See Mishra ez al., U.S. Patent No. 5,684,142, which is
incorporated herein by reference). In a preferred embodiment, the density of fluorphore
attached to the label-domain is at least 7 mole percent, preferably at least 10 mole percent,
and most preferably at least 16 mole percent, when measured aginst the label-domain solely.
For example, if probe 401 is considered (a 2-domain probe) it comprises a label-domain of 30
bases including a 3’ terminal CT wherein the C is also labeled, the mole percent is 5/30 =
16.7 mole percent label. In the overall probe, the male percent is 8.3.

Tn some embodiments of the present invention, several target genes are
simulanteously analyzed by exposing a cell or tissue sample to a plurality of nucleic acid
probes that have been labeled with a plurality of different nucleic acid tags. For example, 2
plurality of nucleic acid probes can be labeled with a plurality of flucrescent compounds
having different emission wavelengths, thereby permiiting simultaneous multicolored
analysis to be performed in a single step on a single target cell or tissue sample.

The oligonucleotide probes and oligonucleotide probe collections of the present
invention may be used in ISH analysis to detect or localize nucleic acid target genes within a
cell or tissue sample. ISH may be performed as described, for example, in i Situ
Hybridization: Medical Applications (G. R. Coulton and J. de Belleroche, eds., Kluwer
Academic Publishers, 1992); Iz Situ Hybridization: In Neurobiology; Advances in
Methodology (J. H. Bberwine, K. L. Valentino, and J. D. Barchas, eds., Oxford University
Press, 1994); or I Situ Hybridization: A Practical Approach (D. G. Wilkinson, ed., Oxford
University Press, 1992)).

The preferred embodiment of the probes and probe collections of the present
invention are best understood by referring to Figures 1-21 and Examples 1-2. The Examples,
which follow, are illustrative of specific embodiments of the invention, and various uses
thereof. They are set forth for explanatory purposes only, and are not to be taken as Limiting

the invention.
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EXAMPLE 1
Probe Collection Preparation

Probe collections consisting of a plurality of oligonucleotide probes of 55 to 60 bases
in length were designed as follows. In this Example, each oligonucleotide prabe possessed
two distinct domains: a 5° (or labeling) domain and a 3’ (or target gene-specific) domain (See
Figure 1).

In this embodiment, the labeling domain consists of the sequence (CTATTTT)n,
wherein the cytosine nucleotide represents a fluorescein-cytosine nucleotide conjugate and
the fluorescein molecule is linked at the N4 position of cytosine through an OBEA linkage.

The target gene-specific domain consists of a 25-30 base sequence that is
complementary to a specific nucleic acid target gene. Oligonucleotide probes were designed
to possess target gene-specific domains corresponding to the buman immunoglobulin kappa
light chain variable region {See Table 1; oligonucleotide probes 401-416), the human
immunoglobulin lambda light chain variable region (oligonucleotide probes 501-515), human
cytomegalovirus (CMV) sequences (oligonucleotide probes 221-241), human Esptein-Barr
virus (EBV) EBER (Epstein-Barr early RNA) sequences (oligopucleotide probes 100A2,
100C2, 100A1, and 100B1), human repetitive Alu sequences (aligonucleotide probes 301 and
302), and poly d{T) (oligonucleotide probe 320).

EXAMPLE 2

Label-domain design: Alu repetitive sequence probe

Four probes all against the Alu hwman repetative sequence were used to evaluate
label-domain design. The probes numbered 301 (SEQ ID NO: 55}, 301A. (SEQ ID NC:116),
301A2/2 (SEQ ID NO: 121), and 301A3/2 (SEQ ID NO: 122) are shown in Table 1.

The four probes were evaluated at the concentrations of 100, 75, 50, and 25 ng/ml per
mL of probe in the reaction, respectively. This hybridization analysis was done manually,
using standard protocols. The target, paraffin-embedded cell line MBA MD 468 (Oncor
INFORM™ Her-2/nen Contfrol Slides, Cat. No. 58100, Level 1, available from Ventana
Medical Systems, Inc., Tucson, AZ) was the target sample and was processed by removing
paraffin by standard xylene methods. The tissue was subjected to Ventana’s. Protease 1 for
12 minutes at 50 degrees C as a 1:2 dilution with Ventana’s APK buffer. The hybridization
reaction was accomplished with the addition of probe diluent as 100 ul probe (25%

~10-
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formamide, 5% dextran sulfate, 2X SSC, 1% Triton) to 2 residual 100 ul volume of
2XSSC/Triton X-100. The slide was heated to 85 degrees C for 5 minutes and then incubated
for 1 hr at 37 degrees C. Standard SSC washes followed for removing excess probe. The
hybrids were detected with an antibody against FITC. The mouse antibody was detected
colormetrically using Ventana Enhanced Alkaline Phosphatase Blue Detection (cat# 760~
061). Unless otherwise indicated, all reagents were obtained from Ventana Medical Systems,
Inc., Tucson, AZ. The results were observed by colormetric detection using brightfield
microscopy.

The results of these experiments were that signal intensity was a function of the total
pumber of fluorescein hapten conjugated to the probe and signal was of the specific label-
domain design. The greater the number of fluoresceins per probe molecule, the greater the
signal observed. Comparison of design and placement of haptens on the probe showed that
this was not a factor in signal intensity. The two probes that contained five fluoresceins,
(301A3/2 (SEQ ID NO: 122} and 301 (SEQ ID NO:55) both yielded equivalent signal. These
two probes yiclded greater signal that seen for 301A2/2, a probe with a split label-domain
design with four fluoresceins. The probe 301A2/2 yielded a signal greater than probe 301A.a

probe with a single label-domain design at the 5’ end and with three fluoresceins,

EXAMPLE 3
Label Domain Design: EBER probes

This experiment compared two label-domain designs and sequences to determine
whether greater spacing between the fluorescein haptens improves the production of signal
during probe detection steps during in situ hybridization analysis.

The tissue used was an EBV-infected human spleen tissue fixed in neutral buffered
formalin paraffin embedded section of 4-micron thickness placed on silane plus glass
microscope slides. The tissue sections were deparaffinized on a Ventana DISCOVERY™
machine, followed by a 6-min digestion with Ventana’s Protease 1, at a temperature of 37 C.
The probe was dissolved in hybridization buffer diluent at a concentration of 50 ng/ml as a
100 u} applied to an equal volume of 2 X 8SC/ Triton X-100 residual volume left on the slide
after prepared by the Ventana Medical Systems, Inc. automated ISH staining system,

Discovery. The probe diluent-mixed with the residual volume on slide for 6 min at 37 C,

-11-
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then the solution was heated to 85C and held there for a total of 10 min. The slide was then
taken to a 37C temperature and held at that temperature for 1 hour. All of these aqueous
reactions on the slide were all done under a film of LIQUID COVERSLIP™, to prevent
evaporative loss of water during processing. Each slide after hybridization was washed 3
times with 2X SSC/Triton solution, with a 6 min incubation between each wash, the slide
volume being approximately 300 ul (+/- 10% vol). The hybrids were detected with an
antibody against FITC. The mouse antibody was detecied colommetrically using Ventana
Enhanced Alkaline Phosphatase Blue Detection {cati 760-061).

The two oligonucleotide probes used for this study probe 100A1 (SEQ ID NO: 53)
and 1002A32 (SEQ ID NO: 120). The two differences between these probes were the label-
domain segence and structure. The probe 100A1 label domain was 5' to gene target domain,
contained 5 fluoresceins attached to cytosine residues via the OBEA linker, with the sequence
formula of (CTATTTT),CT (SEQ ID NO: 58). The label domain of the oligo probe
1002A32, was similiar, (SEQ ID NO:125). Besides the different sequence the primary
difference was that the fluoresceine labeled cytosines were spaced 10 bases apart compared

to the oligo 100A1 the cytosine spacing was closer ai 7 bases apart. The result of this
comparison as deduced by H score analysis were that these oligonucleotide were equivalent
2s to the amount of signal generated on the slide. The data was that for 10042, for the 368
cel)s analysed in a total of 3 fields the H score was 106, and for probe 1002A32 for the 345
cell analysed in three field the H score was 109. The H score is a spectrographic analysis
done with micrscope that factors into the score background to signal ratio on the tissue
section to yield a relative comparison of total target specific signal on the slide. (See
reference Giroud, F. Pertin C, and Simony Lafontaine, J.; Quantitative Immunocytochemistry
and Immunohistochemistry. Third Conference of the Buropean Society for Analytical
Ceflular Pathology, 1994; and AutoCyte Quic Immuno User's Manual, 1998, document
number PA-029, Co AutoCyte Inc. Burlington NC 2721). The histograms and the score
sheet indicated that each oligo were equally efficient in yielding a colormetric signal. This
indicates that the position of the label domain can be either 3 prime or 5 prime to the gene

target sequence or the gene target sequence can be positioned between two Jabel domains.

EXAMPLE 4
In S ridization
12~
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The probe collections prepared in Example 1 were first diluted in a solution consisting
of 20% dextran sulfate (wt/vol), 50% formamide (vol/vol), 2X SSC, 10 mM Tris-HCl, 5 mM
EDTA, and 0.05% Brij-35, at a final pH of 7.3. Probe collections were then mixed with an
equal volume of a solution consisting of 2X SSC and 0.05% Triton X-100.

Samples for ISH analysis were prepared by cutting formalin-fixed and paraffin-
embedded cells or tissue samples into 4 pm sections and placing the sections onto a glass
slide. Subsequent processing and ISH of samples was carried out in an automated device,
such as the DISCOVERY™ Automated ISH/IHC Stainer (Ventana Medical Systems, Inc.,
Tucson, AZ) described in co-owned and co-pending U.S. Patent App. Serial Nos. 60/076,198
and 09/259,240, both incorporated herein by reference. . To remave paraffin from the
samples, the slides were imumersed in an aqueous solution, heated for approximately 20
minutes, and then rinsed. The automated deparaffinization procedure is more fully described
in U.S. Serial No. 60/099,018, 09/259,240 both incorporated herein by reference. The
samples wese then treated with protease and the slides were heated to 85°C (for hybridization
to RNA target genes) or 90-95°C (for hybridization to DNA target genes) for 4 to 10 minutes.

Hybridization reactions were typically performed in a hybridization buffer consisting
of 10% dextran sulfate (wt/vol), 25% formamide (vol/vol), 2X SSC, 5 mM Tiis, 2.5 mM
EDTA, 0.025% Brij-35, 0.25% Triton X-100, and between 25 to 125 ng/mL of each
individual probe molecule. ISH reactions were performed at between 37°C to 54°C. For ISH
using the probe collections described in Example 1, hybridization reactions were optimally
carried out for 1 hr at 47°C (except for the poly d(T) probe, wherein the hybridization
yeaction was optimally cartied out at 37°C for 1 hr).

The hybridization of fluorescein-labeled probe molecules to a particular target gene in
the sample was detected by using a sequential series of binding proteins, i.¢., secondary
antibody detection. However, it is equally possible o use detect detection when visualizing
the bound probes. In secondary detection, first, an anti-fluorescein mouse monoclonal
antibody directed against the fluorescein-labeled probe molecule was added to the samyple.
Next, a biotin-labeled polycleonal goat antibody directed against the mouse antibody was
added to the sample. Finally, hybridization reactions were colormetrically detected using a 5-
bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium (BCIP/NBT) substrate This
technique, termed “secondary antibody detection,” is routine for one of skill in the art.

13-
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Primary and secondary antibodies are available from numerous suppliers, including Ventana
Medical Systeras, Tucson, AZ, which are optimized for use on the Ventana autostaining
systems (ES®, NexES®, DISCOVERY™, and BENCHMARK™),

Figures 2-21 illustrate the results obtained for in situ hybridization analysis of various
cell lines or tissue samples using the probes disclosed and claimed herein having the
structural mofif illustrated in Figure 1 or probe collections consisting of such probes.

Figure 1 illustrates a generic probe siracture of of the two-domain probe design. This
is the oligonucleotide design used for the probes in the gene specific cocktails described in
the following examples. Each probe is composed of two domains: a 5° labeling domain and
a3’ target gene target gene-specific domain. The labeling domain consists of this specific
sequence (CTATTTT)n, wherein the cytosine nucleotide is a cytosine-hapten conjugate, the
hapten being fluorescein in this embodiment. This illustration specifically shows nucleic
acid sequences for the 301 (SBQ ID NO: 55) and 302 (SEQ ID NO: 56) probes, cach of

which p target gene g pecific domains corresponding to buman repetitive Al

sequences and labeling domains having a fluorescein hapten.

Figure 2 illustrates the results obtained for i site hybridization (ISH) analysis of
human skin tissue using a probe comprising the labeling domain (330 probe; SEQ ID NO:
58). The absence of a detectable signal indicates that the sequence formula, (CTATTTT)n, of
the labeling domain common to the oligonucleotides used in these ISH examples is non-
specific, and non-reactive in iis ability to form Watson-Crick base pairing with human
nucleic acid sequences because it does not hybridize.

Figure 3 illustrates the resulis obtained for ISH analysis of human skin tissue using a
probe comprising the labeling domain and a poly d(T) target gene-specific domain (320
probe; SEQ ID NO: 57). The presence of a detectable signal localized to the cytoplasm
indicates that this probe is capable of specifically bybridizing to polyadenylated region of
messenger RNA.

Figures 4A-4B illustrate the results obtained for ISH analysis of human skin tissue
using the 320 probe, wherein the tissue sample was not treated with ribonuclease A prior to in
siru hybridization (A), or was treated with ribonuclease A prior to in situ hybridization (B).
The decrease in detectable signal in (B) indicates that this probe specifically hybridizes to
polyadenylated region common fo messenger RNA. .

-14-
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Figures SA-5B illusirate the results obtained for ISH analysis of human spleen tissue
using the 320 probe, wherein the hybridization and stringency wash were performed at room
temperature (A), or at 37°C (B). This result illustrates that the intenstity of color is related to
the stringency of hybridization conditions, with the more intense color indicating less
stringent conditons.

Figure 6 illustrates the results obtained for ISH analysis of the human Raji cell line
using the 320 probe. This shows that this probe design also is fimctional with embedded cell
lines as well as embedded tissue.

Figure 7 illustrates the results obtained for ISH analysis of the human Raji cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 8 illustrates the results obtained for ISH analysis of the human HT cell line
using a probe collection consisting of the 301 and 302 probes.

Figure 9 illustrates the results obtained for ISH analysis of a rat cell line nsing a probe
collection. consisting of the 301 and 302 probes. The absence of a detectable signal indicates
that this probe collection is specific for human nucleic acid sequences.

Figure 10 illustrates the results obtained for ISH analysis of an Epstein-Barr virus
(EBV)-negative human HT cell line using a probe possessing a target gene-specific domain
corresponding to EBV EBER nuclear RNA [SEQ ID NO: 51 through SEQ ID NO: 54].

Figure 11 illustrates the results obtained for ISH analysis of human spleen tissue using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54].

Figure 12 illustrates the results obtained for ISH analysis of human tonsil tissue using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA. [SEQ ID NO:51 thxougﬁ SEQID
NO:54].

Figures 13A-~13B illustrate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes possessing target gene-specific domains
corresponding to EBV EBER 1 and 2 nuclear RNA [SEQ ID NO:51 through SEQ ID
NO:54), wherein the tissue sample was not treated with ribonuclease A prior to in site

hybridization (A), or was treated with ribonuclease A prior to in situ hybridization (B). The
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decrease in detectable signal in (B) indicates that this probe specifically bybridizes to human
EBER 1 and EBER 2 nuclear RNA .

Figure 14 illustrates the resulis obtained for ISH analysis of kappa light chain-positive
human tonsil tissue using a probe possessing a target gene-specific domain corresponding to
human immunoglobulin Jambda light chain mRNA [SEQ ID NO:15].

Figure 15 illustrates the results obtained for JSH analysis of lymphoma tissues using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to human immunoglobulin kappa light chain mRNA [SEQ ID NOS: 2 - 4,
SEQ ID NOS:7-12, SEQ ID NOS: 14, 15]. The lymphoma tissue in {A) over expresses the
kappa light chain and the tissue in (B) over expresses the lambda light chain. The absence of
a detectable signal in (B) indicates that the kappa light chain probe collection is specific to
kappa light chain mRNA.

Figure 16 illustrates the resulis obtained for ISH analysis of lambda light chain-
positive human tonsil tissue using a probe possessing a taxget gene-specific domain
corresponding to human immunoglobulin lambda light chain variable region mRNA [SEQ ID
NOS:19 through 29].

Figure 17 illustrates the results obtained for ISH analysis of a lambda light chain-
positive human RPMI 8226 cell line using a probe collection consisting of probes possessing
target gene-specific domains corresponding to human immunoglobulin lambda light chain
mRNA [SEQ ID NOS:19 through 29].

Figures 18A-18B illusirate the results obtained for ISH analysis of human spleen
tissue using a probe collection consisting of probes p ing target gene-specific domains
corresponding to human immunoglobulin lambda light chain mRNA [SEQ ID NOS:19
through 29). The tissue in (A) over expresses the Jambda light chain and the tissue in (B)
over expresses the kappa light chain. The absence of a detectable signal in (B) indicates that
the lambda light chain prabe collection is specific to human lambda light chain mRNA.

Figure 19 illustrates the results obtained for ISH analysis of cytomeglovirus (CMV)-

positive human lung tissue using a probe collection consisting of probes pe ing target
gene-specific domains corresponding to CMV immediate early RNA [SEQ ID NOS:30-32,
SEQ ID NOS: 34-35, SEQ ID NQO: 38, SEQ ID NQO: 50]. Arrow indicates CMYV infected cell.

-16-
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Figure 20 illustrates the results obtained for ISH analysis of a rat 9G cell line in which
the expression of CMV immediate carly RNA has not been induced by cyclohexamide using
a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA [SEQ ID NOS:30-32, SEQ ID NOS: 34-35,
SEQ ID NO: 38, SEQ ID NO: 50].

Figures 21A-21B illustrate the results obtained for ISH analysis of a rat 9G cell line in
which the expression of CMV immediate early RNA has been induced by cyclohexamide
using a probe collection consisting of probes possessing target gene-specific domains
corresponding to CMV immediate early RNA [SEQ ID NOS:30-32, SEQ 1D NOS: 34-35,
SEQ ID NO: 38, SEQ ID NO: 50] expression of the CMV immediate early RNA with
cyclohexamide. The tissug in (A) is shown at a magpification of 40X and the tissue in (B) is

shown at a magnification of 20X.

~17 -

Table 1

Probe Sequence SEQ

b 4] I

40l 57 -CTATTTTCTATTTTCTATTTLCTATITICT 1

AGT) GAGCCCCAGGAGCTGAGC-3 "

402 5 - CTATTTICTATTITCTATTTTCTATITICT  GEATGGAGACTGAETCAACTGGATGTCACR -3 2
403 5/ - CTATTITCTATTITCTATTITCTATTIICT GCARGCGATGGTGACTCTETCTCCTACAGC- 3/ 3
404 5/ - CIATTITCTATTTTCTATTITCTATITICT  ICTLGTCCCAGATCCACIGCCACTGARCCTT -3 4
405 57 -CTATTTICTATTITCTATTTICTATTTTCT GCAGCCACAGTTCGCTECATCTGCACCETE-3" 5
406 57 -CTATTTICTAITITCIATTTTCTATITICT TTICAACTGCTCATCAGATGGOGGGAAGAT -3 3
““T4207 | 5’ -CTATTTTCIATITICTATITTTCTATTTICT AAGITATTCAGCAGGCRCACAACAGAGGCA 3" 7
T 408 | 5’ -CTATTTTCTATTITCTATITICTATTTICT CGTTATC TCCACTGTACTTIGGC-3 8
409 57 -CTATTTTCTATTTICTATTTTICTATTTICT  TAGGTGCTGICCTTGCTETOCTGCTICTATG-3 7 9
210 57 -CTATTTICTATTTTCTATITICTATTITCT  GIAGICTGCTTTGCTCAGCGTCAGGGTCCT -3 10
411 57 - CTATTTTCTATTTTCTATTTICTATITICT GATGGGTGACTTCGCAGGCGTAGACTTIGT -3 11
412 5¢-CTRTTTTCTATTTTCTATTITICTATTTTCT  CEICTCX ;fﬂ;’g— ARGCTCTTTETGACGEE- 3 12
413 57 -CTATTTTCIATTITCTATTITICTATTTTCT  LGGAACTGAGGAGCAGGTGGGGGCACTTCT-3 13
214 57 -CTATTITCTATITTCTATTITCIATTTICT GARAAAGGGTCAGAGGCCARAGGATGGGAG- 3 ¢ 14
215 57 -CTATTTTCIATTTTCTATTTICTATITICT  AGBTGAGCTGOAGGACCGCAATAGGEETAG3 15

JP 2005-503753 A 2005.2.10
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416 5/~CTATTTTCTATTTTCTATTITCTATTTTCT GCATAATTIAAAGCCAAGGAGGAGEAGGGEE-3 16
501 57 -CTATTTTCTATITTCTATTITCTATTITCY  CCTGAGTCAGGAGGGTGAGEAGCAGCAGAG-3” 17
502 5/ ~CTATTTTCTATITTCTATTITCIATTTICT  AGACCCAGACACGGAGGCAGGCTGAGTCAG-3 18
503 57~ CTATTTTCTATITTCTATTTTCIATTITCT  TGTTGGTICCAGTGCAGGAGATGETGATCG 3 19
504 57 -CTATTTTCTATTTTCTATTITCTATITICT  TAARTCATGATTPTOGGEGCTTTRCCTERG -3 20
505 57 -CTATTTTCTATTITCTATITICTATITICT  TGITGCCAGACTIGGAGCCAGAGARGCGAT -3/ | 21
506 5/ ~CTATTTTCTATTTTCTATTTTCTATTTTCT AATARATCAGCCTCCTCCTCAGCCTGGAGCC-37 22
507 5’ -CTATTTICTATITTCTATTITCIATITTCT | GGLCOCTCCGCCEARARCCACAGTGIARCT-3” 23
508 5/ -CTATTITCTATITTCTAITTTICIATITICT  TIATGAGACACACCAGTGTGGCCTTOITEE 3" 24
509 57 -CTATTTTCTATITTCTATTTICTATITICT | CTGCTCAGGCGTCAGGCTCAGATAGETGCT -3/ 25
511 57 CTATTTTCTATITTCTATTITCIATITICT  ATGCGTGACCTGECAGCTGTAGCTTCTGIG- 3/ 26
512 57 CTATTTTCTATIIICTAT TTTCTATITICT  ATTCTGTAGEGGCCACTOTCTTCTCCACGE-3" | 27
513 5/ -CTATTTTCTATTTTCTATTTTCTATITICT CCTCCCCTGGEGATCCTGCAGCTCTAGTCTC-3” 28
515 57 - CTATTTTCTATITTCIATTTICTATTITCT  TGAGGGITTATTGAGTGCAGGGAGARGEGC-3" 29
221 57 -CTATTTTCTATPTTICTATITTCIATIITCT  GGAGGTCAARACAGCGTGGRATGECE- 3" 30
222 5¢ -CTATTITCTATTITICTATTITCTIATTTTCT  GAGECTGOATCGETCCCOGTGTCTT-3" 31
223 54 -CTATTTTCTATTTTCTATTTTCTATTTTCT AATCCGCGTTCCAATGCACCGTTCC-37 32
224 5 =CTATTTTCTATTTICTATTTTCTATTTTCT TAAAAACTGCGGGCACTGGGGACGG-3” 33
325 57 ~CTATTITCTATTITCTATITTCIATTTTCT | ACCCGAGAT TCGUGTGGAGATCCCA-3 " 34
226 57 -CTATTTTCTATTITCTATITICTATTTICT  GAGCAAGGAGCTGCOGAGCGACCAT -3 35
227 57 -CTATTTTCTATTTTCTATITTCTATITICT  ACACTGGTGETGETCEGCATCGTGC-3" 36
228 57~ CTATTITCTATTTICTATITTCIATITICT  TTCCAAATGCGTCAGCGGTGCARGE -3/ 37
229 57 -CTATTTTCTATTTTCTATTTTCTATTTTCT  AGCTGCCTIGCATCTTICTTCTGCLGC-3” 38
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Jt should be understood that the foregoing disclosure emphasizes certain specific

238 5¢~CTATTTTCTATTTTCTATTTTCTATTTTCT —TCTCAGRGGATCGGCCCCCAGAATE-3” 47
235 57 ~CTATTITCTATTTTCTATTITCTATTTICT  CCTCATCTGACTCCTCGGCGATGGC-3” 48
T340 | 5/ -CIATTTICIATIITCTAITITCTATTIICT CGGOTACAGEGGACT CTGGGGETGR -3 is
241 57 -CTATTITCTATTTTCTATTITCTATITICT GGGTGGG TECTCTTGRCTCCAGAGG-3 50
T00AZ | 5'-CTATTTICTATTITCTATITICTATTTICT GACCTCGGGTCGGTABCACCGCALT ~3” 51
100C2 5/ ~CTATTTTCTATTTICTATITTCTATTTTCT GGAAGCCTCTCTTCTCCTCCCCCGG-37 52
T00AL | 57 -CIATTTICTATTITCTATTITCTATTTICT CCACRGACACCGTCCTCACCACCEG-3” 53
10081 | 57 -CIATTTICTATTTTICTATTTICTATTTICT GGCTACAGCCACACACGTCTCCTCC-3” 54
301 57-CTATTTICTATTTICTATTTICTATTTIICT CGAGGCGGGCGGATCACCTGAGGTC -3 55
302 5/ -CTATTTTCTATTTICTATTITCTATTTICT  COGCAGGCGOAGOTTGCAGTGAGCC-3 " 56
320 5 <CTATTITCTATL TICTATIITCTATTTTCT  ITTTITITIT AT LT TITTTTATTTTITTT- 3" 57
3012 | 5 -CTATTTTTCTATTTTICTITT CGAGGCGGGCGGATCACCTGAGGTC- 3 116
302C | &' -CIATTTTTCTATTITTCTTTT COGGAGEOGGAGETTGCAGTGAGCC-3” 117
30284 | 5’ -CTATTTTATACTTTATATTICATATTITATCT CGGGAGGCGGAGGTTGCAGTGAGEC-3" 1i8
30253/2 | 5’ -CTATTTTATATTIATATIICT CGGGAGGCGGAGGTTGCAGTGAGCC ACTATTTTATACTT-3 | 119
1002832 | 5 -CTATTTTATACITTATATITCT GACCICGGETCGETAGCACCGOAC TACTATTTTATACTT-3/ | 120
T30182/2 | 57 -CTATTTTICTT CGAGGCGGRCGGATCACCTGAGGTC TTCTTTITATCTT-3 121
301A3/2 | 57 -CIATTTTATACTTTATATTTCT CGAGGCGGECGGATCACCTGAGGTC ACTATTTTATACTT-3' | 122
Table 2
Probe Sequence SEQ
ID D
&/ “CTATTTTTCTATTTTTCTTTT 123
5 -CTATTTTATACTTTATATTTCATATTTTATCT 124
330 5/ -CTATTTTCTATTTTCTATTYTCTATTTTCT 58
57 ~CTATTTTATACTTTATATTTCT. . . . .. . ....ACTATTTTATACTT-3 125
5/ -CTATTTTTCIT. . . _TTCTTTTTATCTT-3 126

embodiments of the invention and that all modifications or alternatives equivalent theseto are

within the spirit and scope of the invention as set forth in the appended claims.
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WE CLAIM:
1. An aligonucleotide label-domain comprising the sequence (CTATTTT), and its

~

o

complement (AAAATAG), wherein "n" is at least 1.

. The oligonucleotide label-domain of claim 1 detectably labeled with a reporter molecule,

or a hapten molecule.

. The oligonucleotide label-domain of claim 2 wherein the hapten is flurorescein linked to

the N4 nitrogen of cytosine through an OBEA linker.

. The oligonucleotide label-domain of claim 1 wherein the reporter molecule isa

flnorophore.

. The oligonucleotide label-domain of claim 1 wherein the fluorophore is present at a

density of greater than 7 mole percent.

. The oligonucleotide label-domain of claim 1 wherein the label-domain has the sequence

TC(TTTTATC),  or its complementary formula).

. The oligonucleotide label-domain of claim 1 wherein the sequence is SEQ 1D NO: 58.

. The oligonucleotide label-domain of claim 2 wherein at least 7 mole pecent of the

cytosines are linked to a detectable moiety by an OBEA linker.

-20-
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9. An oligonucleotide probe having at least two distinct functional domains, a first domain
comprising the label-domain of claim 2, and a second domain comprising a gene-specific

target sequence.

10. The oligonucleotide probe of claim 9 wherein the label-domain is located at the 5' end of
the oligonucleotide probe, and the gene-specific target sequence being 3’ to the label-

domain.

10 11. The oligonucleotide probe of claim 9 wherein the label-domain is located at the 3' end of
the oligonucleotide probe, and the gene-specific target sequence is 57 to the label-

domain.

12. An oligonucleotide probe having three distinct functional domains, a first domain
15 comprising the labe}-domain of claim 2, a second domain comprising 2 gene-specific
target sequence, and a third domain comprising another label-domain, wherein said

second domain is Jocated between said first and third domains.
13. A probeset for detecting Kappa immunoglobulin tight chain mRNA or corresponding

20 heterconuclear RNA, wherein the probes are selected from the group consisting essentially

of SEQ ID NOS: 401 through 416, inclusive.

.21-
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14. A probeset for detecting Lambda immunoglobufin light chain mRNA or comesponding
hetereonuciear RNA wherein the probes are selected from the group consisting essentially

of SEQ ID NOS: 501 throngh 509, 511-513, and 515.

5 15. A probeset for detecting cytomegalovirus (CMV) immediate early RNA and /or
corresponding mRNA wherein the probes are selected from the group consisting

essentially of SBQ ID NOS: 221 through 241

16. A probeset for detecting Epstein Barr virus (EBV) early RNA, RNA 1 and RNA 2,
10 (EBER) wherein the probes are selected from the group consisting essentially of SEQ ID

NOS: 51 through 54.
17. A probeset for detecting Human Alu repetitive sattelite genomic DNA sequences wherein

the probes are selected from the group consisting essentially of SEQ ID NOS: 301 and

15 302.

22
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SEQUENCE LISTING

<110> Utermohlen, Joseph
<110> Connaughton, Jchn

<120> Oligonucleotide sequence formula for labeling Oligonucleotide Probes and Proteins
for In Situ Analysis

<130> 355/001/PCT

<140>

<141> 2001-09-06
<150> 60/233,177
<151> 2000-08-15

<160> 126
<170> PatentIn Ver. 2.0

<210> 1

<211> 60

<212> DNA

<213» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 1
ctatttteta tkttetattt tctattttet 2 tagc a ccca g 60

<210> 2

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 2
ctattttcta tttitctattt tctattttct ggatggagac tgggtcaact ggatgteaca 60

<210> 3

<21l> €0

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 3
ctattttcta ttttctattt tectattttct geaagegaty gtgactetgt ctectacage 60

<210> 4
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<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 4
ctattttcta ttttctattt totattitet tetgtoccag atccactgec actgaacctt 60

<220> 5

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Sequence:
oligonucleotide probe

<400> 5
ctattttcta ttttctattt tctattttct gecagecacag ttcgettcat ctgeaccttg 60

<210> &

<211> 60

<212> DNA

<213> Axtificial Sequence

«220=
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 6
ctattttcta ttttctattt tetattttet tttcaactge tcatcagatg gegggaagat 60

<210> 7

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Axtificial Sequence:
Oligonucleotide probe

<400> 7
ctattttcta ttttctattt tctattttct aagttattca geaggcacac aacagaggca 60

<210> 8

<211> 60

«212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> &

yé
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ctattttcta ttttctattt tectattttct ggegttatecce accttecact gtactttgge 60

<210> 9

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 9
ctattttcta ttttctattt tctattttct taggtgctgt cottgetgte ctgetcotgtg 60

<210> 10
<211> &0
<212> DWA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 10
ctattttcta ttttctattt tctattttot gtagtetget ttgetcageg tcagggtget 60

<210> 11

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 11
ctattttcta ttttotattt tctattttet gatgggtgac ttegoaggeg tagactttgt 60

<210> 12

<211> B0

<212> DNA

<213> Artificial Sequence

<220>
<223»> Description of Artificial Sequence:
Oligonucleotide probe

<400> 12
ctattttota ttttotattt tctattttct ctctccoctg ttgaagetct ttgtgacggg 60

<210> 13

<211l> 60

<212> DNA

<213»> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

3
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Oligonucleotide probe

<400> 13
ctattttcta ttttectattt tetattttet tggaactgag gagcaggtgg gggeactict 60

<210> 14

<211> 60

<212> DHA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligenucleotide probe

<400> 14
ctattttcta ttttctattt tctattttet gaazaagggt cagaggecaa aggatgggag 60

<210> 15

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 15
ctattttcta ttttotattt totattttet agatgagety gaggaccgca ataggggtag 60

<210> 16

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 16
ctattttcta ttttctattt tectattttct geataattaa agccaaggag gaggagggdg 60

<210> 17

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 17
ctattttcta ttttctattt tetatttict cectgastgag gagogtgagg agcagcagag 60

<210> 18

<211> &0

<212> DNA

<213> Artificial Sequence
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<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 18
ctatttteta ttttetattt totattttct agacccagac acggaggcag gctgagtcag 60

<210> 19

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 13
ctattttcta ttttetattt totatttbtet tgttggttec agtgoaggag atggtgatcg 60

<210> 20

<211> 60

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Seqguence:
Oligonucleotide probe

<400> 20
ctattttcta ttttctattt tctattttct taaatcatga tttiggggge tttgectggg 60

<210> 21

<211> 60

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artifiecial Seguence:
Oligenucleotide probe

<400> 21
ctattttcta tttteotattt tctattttet tgttgccaga cttggagcca gagaagcgat 60

<210> 22

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 22
ctattttcta ttttctattt tetatttbct aataatcage ctegtectea gectggagee 60

<210> 23
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<211> 60
<212> DNA
<213> Artificial Sequence

«220>
<223> Description of Artificial Sequence:
Oligonucleoctide probe

<400> 23
ctattttcta ttttctattt tctattttct ggtccctecg ccgaaaacca cagtgtaact 60

<210> 24

<211> &0

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclecotide probe

<400> 24
ctattttcta ttttectattt tcetattttet ttatgagaca caccagtgtg gecttgttgg 60

<210> 25

<211> 60

<212> DNA

<212> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 25
ctattttcta ttttetattt teotatttteot ctgetcagge gtcaggeteca gatagetget 60

<210> 26

<211> 60

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 2€
ctattttcta ttttctattt tetattitct atgegtgacc tggcagectgt agcttcotgtg 60

<210> 27
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequemce:
Oligonucleotide probe

<400> 27
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ctattttcta ttttetattt tctattttoet attctgtagg ggeccactgtc ttctocacgg 60

<210> 28

<211> 60

<212> DNA

213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 28
ctattttcta ttttctattt tctattttet cctecocctgg gatcctgoag ctetagtete 60

<210> 29

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Axtificial Sequence:
Oligonucleotide probe

<400> 29
ctattttcta ttttctattt tctattttet tgagggttta ttgagtgcag ggagaagdage 60

<210> 30

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 30
ctatttteta ttttetattt tetattttect ggaggtcaaa acagegtgga tggeg 55

<210> 31

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonicleotide probe

<400> 31
ctattbtcta ttttotattt tcotattttet gaggctggat cggtceceggt gtott 55

<210> 32

<211> 58

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

7
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Oligonucleotide prcbe

<400> 32
ctatttteta ttttctattt tetatttket aatcegegtt ccaatgeace gttec

<210> 33

<211>» 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 33
ctattttcta ttittctattt tctattttet taaaaactge gggcactggg gacgg

<210> 34

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 34
ctatttteta ttttctattt tetattttct acccgagatt cgegtggaga tecca

<210> 35

<211> 55

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 35
ctatttteta ttttectattt tctattttcet gagcaaggag ctgccgageg accat

<210> 36

<211> 55

<212> DNA

213> Artificial Sequence

<220>
<223> Description of Arxtificial Sequence:
Oligonucleotide probe

<400> 36
ctatttteta ttttetattt tctatittct acactggtgg tggtgggcat cgtge

<210> 37

211> 55

<212> DNA

<213> Artificial Sequence

55

55

55

55

55
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 37
ctattttcta ttttctattt tctattttet ttccaaatge gteagegghg caage

<210> 38

<211> 55

<212> DNA

<213> Artificisl Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 38
ctattttceta ttttetattt tetattttet agetgectge atcttettet gecge

<210> 38

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 39
ctatttteta ttttetattt tetattttet cectecaccg ttaacageac cgcaa

<210> 40

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 40
ctattttcta ttttctattt tctattttet ttggtcacgg gtgtctcggg cctaa

<210> 41

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 41
ctattttcta ttttctattt tctattttet tcggeccaact ctggaaacag cgggt

<210> 42

PCT/USO1/28014

55

55

55

55
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(218)

WO 02/22874

<211>
<212>
<213>

<220>
<223>

<400>

55
DNA
Artificial Sequence

Descripticn of 2rtificial Sequence:
Oligonucleotide probe

42

ctattttecta ttttctattt tetattttet teggggttet cgttgcaate ctogg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

43

55

DNA

artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

43

ctattttcta ttttctattt totattttet atctegatge cecgetcaca tgcaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

55

DNA

Artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe

44

ctattttcta ttttctattt tetattttet tgecgecacca tgtocacteg aacet

<210>
<211>
212>
<213>

<220»
<223>

<400>

45

55

DNA

artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

45

ctattttcta ttttotattt totattttot gttageggeg cccttgetea catca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

46

55

DNA

artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe
46

10

PCT/US01/28014
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(219)

WO 02/22874

ctattttcta ttttetattt tetattttet tgcagatctc ctcaatgegg cgett

<210> 47

<211> 55

<212> DWA

<213> Brtificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 47
ctattttcta ttthctattt tctattttct tctcagagga tcggecccca gaatg

<210> 48
<21%i> 55
<212> DNA
<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 48
ctattttota ttttctattt tctattttet cctcatctga ctecteggeg atgge

<210> 49

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
«<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 49
ctattttcta ttttctattt tctattttet cgggtacagg ggactctgag gotga

<210> 50O
<211> 55
<212> DNA
<213> Artifjcial Seguence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 50
ctattttcta ttttctattt tctattttet gggtgggtge tettgectec agagg

<210> 51

<211> 53

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

11

PCT/US01/28014
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(220)

WO 02/22874

Oligonucleotide probe

<400> 51
ctattttcta ttttctatkt tctattttct gacctegggt cggtageacc geoact

<210> 52

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonuclecotide probe

<400> 52
ctattttcta ttttctattt tctattttet ggaagectct cttctoctee ccegg

<210> 53

«211> 55

<212> DNA

<213> Arxtificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 53
ctattttcta ttttctattt tetattttct ccacagacac cgtcctcacc acccg

<210> 54

<211> 56

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 54
ctattttcta ttttctattt tctattttet ggctacagee acacacgtet ccteoce

<210> 55

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 55
ctattttcta ttttctattt tctattttet cgaggeggge ggatcacctyg aggte

<210> 56

<211> 55

<212> DNA

<213> Artificial Sequence

12
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(221)

WO 02/22874 PCT/US01/28014

<220>
223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 56
ctattttcta ttttctattt tctattttct cggoaggcgg aggttgcagt gagee 55

<210»> 57
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 57
ctattttota ttttctattt totattttcot tttttttttt tttttttitt ttttittttt 60

<210> 58
<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 58
ctattttcta ttttetattt tctattttet 30

<210> 58
<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 59
ccagagtagc aggagcccca ggagetgage 30

<210> 60

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 60
ggatggagac tgggtcaact ggatgtcaca 20

<210> 61

13

$7
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<211>
<212>
<213>

«220>
<223>

<400>

30
DA
Artificial Seguence

Description of Artificial Sequence:
Oligonuclecotide probe

61

gcaagegatg gtgactetgt ctactacage

<210>
<211>
<212>
<213>

<220>
«223>

<400>

62

30

DA

Artificial Sequence

Description of Artificial Seguence:
Oligonucleotide probe

62

tctgtececag atccactgee actgaacctt

<21.0>
<211>
<212>
<213>

<220>
<223>

<400>

63

30

DNA

Artificial Sequence

Description of Artificial Sequence:
0Oligonucleotide probe

63

gcagccacag ttegettcat ctgeaccttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

64

30

DWA

Artificial Sequence

Description of artificial Sequence:
Oligonucleatide probe

64

tttcaactge tcatcagatg gogggaagat

<210>
<21l>
<212>
<213>

<220>
<223>

<400>

€5

30

DWA

Artificial Sequence

Description of Axtificial Sequence:
Oligonuclectide probe
65
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aagttattca gcaggcacac aacagaggea

<210> 66

<211l> 30

<212> DN2&

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:

oOligomucleotide probe

<400> 66
ggegttatec accttccact grtactttgge

<210> 67

<211» 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 67
taggtgctot ccttgctgte ctgetctgtg

<210> 68

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 68
gtagtetget ttgeteageg tcagggtget

<210> 63

<211> 30

<212> DNA

<213> Brtificial Sequence

<220>

<223> Description of Artificial Seguence:

Oligonucleotide probe

<400> 69
gatgggtgac ttcgeaggeg tagactttgt

<210> 70

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

15
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WO 02/22874

Oligonucleotide probe

<400> 70
ctcteceety ttgaagetct ttgtgacggg

<210> 71

<211l> 30

<212> DN

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:

oligonucleotide probe

<400> 71
tggaactgag gagcaggtgg gggcacttct

<210> 72

<211> 30

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of aArtificial Sequence:

Oligonucleotide probe

<400> 72 .
a t agga

<210> 73

<211> 30

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 73
agatgagctg gaggaccgca ataggggtag

<210> 74

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonuclectide probe

<400> 74
gcataattaa agccaaggad gaggadyggg

<210> 75

<211i> 30

<212> DNA

<213> Artificial Seguence

16
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WO 02/22874

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe
<400> 75
cctgagtgag gagggtgagg agcagcagag

<210> 76

<211> 30

<212> DNA

<213»> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 76
agacccagac acggaggeag gotgagtcag

<210> 77

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 77
tgttggttec agtgcaggag atggtgateyg

<210> 78

<21l> 30

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Qligonucleotide probe

<400> 78
taaatcatga ttttggggge tttgectggg

<210> 79

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 79
tgttgccaga cttggagcca gagaagogat

<210> 80

17
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WO 02/22874

<211> 30
<212> DNA
<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 80
aataatcagce ctcogtectca gectggageo

<210> 81

<21l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleatide probe

<400> 81
ggtecectceg cogaaaacca cagtgtaact

<210> 82

<211> 30

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 82
ttatgagaca caccagtgtg gcocttgttgg

<210> 83

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 83

ct gc ca got

<210> 84

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> B84

18
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atgcgtgacce tggeagcotgt agettotgty

<310> B5

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Segquence:

Oligonucleotide probe

<400> 85
attctgtagg ggccactgtc ttctecacgg

<210> 86

<211> 30

<212> DNA

<213» Artificial Sequence

<220>

«223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 86
ccteeccetgg gatoctgeag ctctagtcte

<210> 87

<211> 30

<212> DNA

<213> Axtificial Seguence

<220>

<223> Description of Arxtificial Sequence:

Oligonucleotide probe

<400> 87
tgagggttta ttgagtgcag ggagaagggce

<210> 88

<211> 25

<212> DNA

<213> Axtificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 88
ggaggtcaaa acagcgtgga tggey

<210> 89

<211> 25

<212> DHA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

1g

(227)
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e

WO 02/22874 PCT/US01/28014

Oligonucleotide probe

<400> 839
gaggetggat cggtcoeggt gtett 25

<210> 90
<211l»> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 90
aatccgegtt ccaatgcacc gttcc 25

<210> 91

<211» 28

<212> DHA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 91
taaaaactge gggcactggy gacgg 25

<210> 92
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 32
acccgagatt cgcgtggaga tecca 25

<210> 93
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 93
gagcaaggag ctgceogageg accat 25

<210> 54

<211> 25

<212> DNA

<213> Artificial Seqguence

20
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<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 24
acactggtgg tggtgggcat cgtge 25

<210> 95
<211»> 25
<212> DNA
<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 95
ttccaaatge gtcagoggtg caage 25

<210> 96

<211> 25

<212> DNA

<213> Artificial Seguence

<220>
«223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 96
agcetgeetge atettettet gecge 25

<210> 97
<211> 25
<212> DNA
«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 97
ccctccaceg ttaacageac cgecaa 25

<210> 98
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe .

<400> 2B
ttggtcacgg gtgtcteggg cctaa 25

<210> 99

21
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g6
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<211> 25
<212> DNA
<212> Artificial Seguence

<2205
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 99
tcggccaact ctggaaacag cgggt 25

<210> 100

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 100
tcggggttet cgttgcaate ctegg 25

<210> 101

<211l> 25

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:
Cligonucleotide probe

<400> 101
atctcgatge cecegcteaca tgeaa 25

<210> 102

<211> 25

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 102
tgecgeacca tgtccacteg aacct 25

<210> 103

<211> 25

<212> DNA

<213%> Artificial Sequence

<220>
«223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 103

22
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gttagcggeg cecttgetca catea

«210> 104

<211> 25

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Oligonucleotide probe

<400> 104
tgcagatctc ctcaatgegg cgott

<210> 105

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Oligonuclectide probe

<400> 105
tctcagagga teggccccca gaatg

<210> 106

<211> 25

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

Oligonuclectide prohe

<400> 106
cctcatctga ctecteggeg atgge

<210> 107

<211> 25

<212> DHA

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:

oligonucleotide probe

<400> 107
cgggtacagg ggactctggg ggtga

<210> 108

<211> 25

<212> DNA

<213» Artificial sequence

<220>

<223> Description of Artificial Seguence:

23
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Cligonuclectide probe

<400> 108

gggtgggtgce tettgecctec agagy

<210>

109

<211> 25
<212> DNA
<213> Artificial Segquence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide probe

<400>

gacctegggt cggtagcacce geact

<210>
<211>
<212>
<213>

<220>
<223>

<4.00>

ggaagectet cttetectee coccgg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ccacagacac cgktcctcace aceeg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggctacagee acacacgtet cotece

<210>
<211>
<212>
<213>

109

110

25
DNA
Artificial Segquence

110

111
25
DNA
artificial Sequence

Description of Artificial Sequence:
Oligonucleotide probe

111

112

26

DNA

aArtificial Seguence

Description of Artificial Sequence:
oligonucleotide probe

112

113

25

DNA

artificial Sequence

Description of Artificial Sequence:
oligonucleotide probe

24
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<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 113
cgaggeggge ggatcacctg aggtc

<210> 114

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 114
cgggaggedg aggttgeagt gagec

<210> 115

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 115
tttttttttt tttttttbbt ttettbtett

<210> 116

<211>

<212> DNA

<213> Artificial Seguence

<220>
«<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 116
CTATTTTTCTATTTTTCTTTIT CCAGGCEGCCGGATCACCTGAGGTC

<210> 117

<211>

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
oligonucleotide probe

<400> 117
CTATTTTTCTATTTTTCTTIT C "GGAGGTTGCAGTGAGCC

<210> 118

25

(233)
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<211>
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide pxobe

«400> 118
CTATTTTATACTTTATATTTCATATTTTATCT CGGGAGGCGEAGGTTGCAGTGAGCC

<210> 119

<211>

<212> DNA

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 119
CTATTTTATATTTATATTTCT  C AGGTTGCAGTGAGCC ACTATTTTATACTT

<210> 120

<211>

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:
Oligonucleotide probe

<400> 120
CTATTTTATACTTTATATTTCT GACCTCGGGTCGETAGCACCGCAC TACTATTTTATACTT

<210> 121

<211>

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 121
CTATTTTTCTT CGAGGCGGGCGEATCACCTGAGGTC TTCTTTTTATCTT

<210> 122

<211>

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide probe
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WO 02/22874 PCT/US01/28014

<400> 122
CTATTTTATACTTTATATTTCT CGAGGCGGGCGGATCACCTGAGGTC ACTATTTTATACTT
61

<210> 123

<211>

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:
oOligonucleotide probe

<400> 123
CTATTTTTCTATTTTTCTTTT 21

<210> 124

<211

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide probe

<400> 124
CTATTTTATACTTTATATT TCATATTTTATCT 32

'<210> 125

<211>

<212> DNA

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence:
oOligonucleotide probe

<400> 125
CTATTTTATACTTTATATTTCT ACTATTTTATACTT 61

<210> 126

<211>

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonuclectide probe

<400> 126
CTATTTTTCTT TTCTTTTTATCTT 49

27
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INTERNATIONAL SEARCH REPORT

internaygliilt Application No

PCT/US 01/28014

A. CLASSIFIC

According to

ATION OF SUBJECT MATTER
IPC 7 +C12Q1/68

Patent Gl (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC

‘Minimum documentallon searched {classificalion system foliowed by classitication symbols)

Documentation searched olier than minimum documentation to the exient thal such documants are included in Ihe fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search lerms used)

C. DOCUMENTS TO BE RELEVANT
Calegory © | Citation of document, wilh indication, where appropriate. of the rglevant passages Relevant 1o claim No.
A DIRKS R W ET AL: "Methodologies for

specific intron and exon RNA localization

in cuitured cells by haptenized and

fluorochromized probes."

JOURNAL OF CELL SCIENCE. ENGLAND APR 1993,

vol. 104 ( Pt 4), April 1993 (1993-04),

pages 1187-1197, XP002226881

ISSN: 0021-9533

D Further documents are listed in the continuation of box C. D Patent family members are listed in annex.

© Special categories of ciled documents :

*T* later document published after the intemational filing date
ar priority dale and not in conflict with the_application but

10 January 2003

“A" document defining the general state of the an which is not
ot 10 ol canoatar raievance cited o uncerstand tho pinpl orinary underying ihe
*€* earller document but published on or atter the intemational +x* document of particular relevance; he claimed invenlion
ling date cannot be considered novel or cannot be onsidered (o
“L* document which may throw doubts on priorly caimis) or involve an inventive siep when the document is taken alone
which s clted to establish the publication dale of another *Y* dacument of padicular relevance; ihe claimed invention
citafion or ofher special reason (as specified) cannot ba considered lo involve an inventive slep when the
*0* document referring to an oral disclosure, use, exhibition or docurnent is combined with one or mora other such docu—
other means ments, such combination being obvious 1o a person skilled
*P* document published prior to the international filing date but in the arl.
laler than the priority date claimed *g document member of the same patent famiy
Dale of the actual completion of the Intemationat search Dale of mailing of the international search report

13.05 09

Name and mailing address of the (SA Authorized officer

Eurapean Palenl Office, P.B. 5818 Palentiaan 2
N - 2280 HY P

Tel. (+#31-70) 3402040, Tx. 31 651 eponl,

Fax: (+31-70) 340-3016 Chakravarty, A

Fomn PCT/ISA210 (sacond sheel] (July 1992)
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ional appiication Na.

INTERNATIONAL SEARCH REPORT PCT/Us 01/28014

)
Box| Observations where certain ¢laims were found unsearchable (Continuation of item 1 of first sheet)

This {nternational Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasens:

1. L__] Claims Nos,

because they relate to subject matter not required to be searched by this Authority, namely:

2. ]z] Claims Nos.: 1-6,8-11
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful (nternational Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. Ciaims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Boxll O whera unity of is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, thls International Search Report covers ali
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those clalms for which fees were paid, specifically claims Nos.:

4, No required additionat search fees were timely paid by the applicant. Consequently, this International Search Reportis
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-11

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/AISA/210 (continuation of first sheet (1)} (July 1998)
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International Application No. PCTAIS 01 28014

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.2

Claims Nos.: 1-6,8-11

Present claims 1-6 and 8-11, relate to an extremely large number of
possible compounds. Moreover, claim 1 lacks clarity: it is not clear
whether the sequence (CTATTTT)n and the sequence (AAAATAG)n should be in
the same strand or whether the claim intends to include double stranded
molecules.

Consequently, the search has been carried out for those parts of the
application which do appear to be clear (and/or concise), namely
oligonucleotides exactly identical to SEQ ID 58 (included in the
subject-matter of claim 7).

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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International Application No. PCTAIS 01 28014

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 21Q

1. Claims: 1-11
Any nucleic acid molecule at least containing CTATTTT and/or
AAAATAG at least once. N.B. this inlcudes the subject-matter

of claim 9 because the "second domain" is not defined and
can be more or less any sequence.

2. Claim : 12
Any nucleic acid sequence containing either CTATTTT and/or
AAAATAG twice, where these sequences flank another sequence.

3. Claims: 13-17

Groups 3-58: each individual SEQ ID as set out in claims
13-17.
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REVARIELERPHSIMEBREERSNR. EAMSE , X%H
2, BMREFHR (CTATTTT) i, (AAAATAG) &BiF , =
(TTTTATC ) BHA® ( GATAAAA ) &iFd [HH , IEH RS THE
SHEN-MHATEEESHZENER THWRUER TP EATKE
BiRi. AEXAREERERBRFHNESRESY , BTRURENH
RRALERTHNEEKBEER, SEEEATRMUAT FHER
(SEQIDNO : 1-16 , HFE¥E ) EA;NBIXER ( SEQID NO : 501-
509,511-513 , 1515 ) ; CMV ( E4ifamsE ) EF ( SEQID NO : 221-
241445 ) ; EBER ( Z3RHME - BarrRNA ) £K ( SEQID NO : 51-54 ,
% )58 (SEQIDNO : 55-56 ) ;2 — (SEQID NO : 57 ) ;F&M 2
(SEQIDNO :330),
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