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[57] ABSTRACT

Improved methodologies for in-situ hybridization and non-
isotopic detection of nucleic acid sequences are provided
which offer major increases of resolution, sensitivity, and
simplicity unavailable in previously known techniques. The
methodology is able to detect even a single-copy of a
specific nucleic acid of interest under controlled conditions
regardless of whether these are DNA or RNA sequences; or
whether the nucleic acid sequence of interest is localized in
the chromosomes, nucleus, or cytoplasm of a cell. The
methods employ a variety of non-isotopic labels and detec-
tion means for rapid and reliable assays. The invention is
also provided in kit form for use in the clinical/diagnostic
laboratory such that a relatively unskilled person can accu-
rately and reproducibly detect even a single-copy of a
specific nucleic acid of interest.
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INTERPHASE
(Gl DNA Content)

DO

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



5,985,549
Page 2

OTHER PUBLICATIONS

Gray, J.V. et al,, “Fluorescence Hybridization to Human
Chromosome 21 Using Probes From a Charon 21 A Library”
Cytometry, Supplement 1, Abstracts (1987).

Langegent, J.E. et al., “Use of Whole Cosmid Clones
Genomic Sequences for Chromosomal Localization by
Non-Radioactive In Situ Hybridization” Hum. Genet,
77:366-370 (1987).

Sealey, Paul G. et al., “Removal of Repeated Sequences
From Hybridisation Probes” Nucleic Acids Research,
13:1905-1922 (1985).

Harper, Mary E. et al., “Localization of Single Copy DNA
Sequences on G—Banded Human Chromosomes by in situ
Hybridization” Chromosoma, (Berl.) 83:431-439 (1981).
Lawrence, J.B. et al., “Sensitive, High—Resolution Chroma-
tin and Chromosome Mapping In Situ: Presence and Ori-
entation of Two Closely Integrated Copies of EBV in a
Lymphoma Line” Cell, 52:51-61 (1988).

Singer, R.H. et al., “Optimization of in situ Hybridization
Using Isotopic and Non-Isotopic Detection Methods” Bio-
Techniques, 4(3):230-250 (1986).

Pinkel, D. et al., “Cytogenic Analysis Using Quantitative,
High—Sensitivity, Fluorescence Hybridization” Proc. Natl.
Acad. Sci. USA, 83:2934-2938 (1986).

Langer—Safer, PR. et al. “Immunological Method for Map-
ping Genes on Drosophila Polytene Chromosomes” Proc.
Natl. Acad. Sci. USA, 79:4381-4385 (1982).

Manuelidis, L. et al., “Chromosomal and Nuclear Distribu-
tion of the HindIIl 1.9-kb Human DNA Repeat Segment”
Chromosoma, (Berl.) 91:28-38 (1984).

Manuelidis, L., “In Situ Detection of DNA Sequences Using
Biotinylated Probes” Focus 7:4 4-8.

Narayanswami, S. et al., “Electron Microscopic In Situ
Hybridization Using Biotinylated Probes” Focus 8:1 3-6.

Brigati, D.J. et al., “Detection of Viral Genomes In Cultured
Cells and Paraffin—Embedded Tissue Sections Using Biotin—
Labeled Hybridization Probes” Virology, 126:32-50 (1983).

Lawrence et al., J. Cell. Biology, 99 (Oct. 1984) Abstract
#519.

Singer, et al., Proc. Natl. Acad. Sci. USA, 79:7331-7335
(1982).

Gee et al., DNA, 2:157-163 (1983).
Capco et al., Developmental Biology, 67:137-151 (1978).

Angerer et al., Nucleic Acids Research, 9(12):2819-2839
(1981).

Leary, JJ. et al, Proc. Natl Acad. Sci.
80:4045-4049 (Jul. 1983).

Kuo, M.T. et al., Chem. Abstract, 88(1):3872p (1978).

Brandsma, J. and G. Miller, Proc. Natl. Acad. Sci. USA.,
11:6851-6855 (Nov. 1980).

Godard, C.M. and K.W. Jones, Histochem., 65:291-300
(1980).

Lawrence, J.B. and R.H. Singer, Nucleic Acids Research,
13:1777-1799 (1985).

Trask, B. et al., Science, vol. 230 1401-1403 (Dec. 20,
1985).

USA.,

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Nov. 16,1999 Sheet 1 of 18 5,985,549

0.4+

ng hybridized

O-P"“F ' ' | —e

0 10 20 30 40
hybridization time (hours)

FIG. |

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Nov. 16,1999 Sheet 2 of 18 5,985,549

10
\
'-
D
>
."5’
g \
» \
o)
O
« O.-
O
s
Q@
O
(<))
a
ot
oo+
O 2 4 6 8 10 12 14
Dilution (¥ )

FIG. 2

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Nov. 16,1999 Sheet 3 of 18 5,985,549

ng hybridized
ol

O = T T T 1
0 20 40 60 80 100

ng applied

FIG. 3

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Nov. 16,1999 Sheet 4 of 18 5,985,549

TR IRI UlRZ IR3 IR4 R
|
! us —Y% 4
Jhef ]'lwlll+}_’| TTrrT i TP Hr1 1 1 T 1 A INhe1 l?OKb
—
5Kb

FIG. 4

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Nov. 16,1999 Sheet 5 of 18 5,985,549

FI1G. 5A FIG. 5B

FIG. 5C FIG. 5D

FIG. 5k FI1G. 5F

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



