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ASSAY OF TRANSCRIPTION SITES BY
MULTI-FLUOR FISH

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of provisional application
Ser. No. 60/130,563, filed Apr. 22, 1999.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

Work on this invention was supported by NIH Grant No.
GM 54887. Therefore, the federal government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

Recent research on differential gene expression has com-
pared overall gene expression in cancer cells with overall
gene expression in normal counterpart cells (Zhang et al.,
1998, Science 276:1268-1272). Similarly, overall gene
expression has been compared in cells undergoing different
developmental programs (Chu et al., 1998, Science
282:699-705). In such studies, it has been found that large
numbers of genes are differentially expressed. For example,
more than 500 transcripts are expressed at significantly
different levels in cancer cells versus normal cells. In the
case of cancer cells, it will be important to correlate the
sequences identified as differentially expressed with actual
events occurring at the cellular level or tissue level.

SUMMARY OF THE INVENTION

The invention provides an in situ hybridization method
for detecting and specifically identifying transcription of a
multiplicity of different target sequences in a cell. The
method includes assigning a different bar code to at least five
target sequences, with each target sequence containing at
least one predetermined subsequence. Each bar code con-
tains at least one fluorochrome, and at least one bar code
comprises at least two different, spectrally distinguishable
fluorochromes. A probe set specific for each target sequence
is provided in the method. Each probe set contains a
hybridization probe complementary to each subsequence in
the target sequence. Each probe is labeled with a
fluorochrome, and the fluorochromes in each probe set
collectively correspond to the bar code for the target
sequence of that probe set. The cell is contacted with a
hybridization fluid containing a probe set specific for each
target sequence. Following in situ hybridization, fluoro-
chromes on the hybridized probe sets are detected, and
spectrally distinguished. This provides separate detection of
the transcription site of each target sequence being
expressed. The fluorochromes present at each detected tran-
scription site are related to a bar code, which identifies the
target sequence at that transcription site.

Target sequences can include 3 or more, e.g., 4, 5, 6, or 7
predetermined, nonoverlapping subsequences. In some
embodiments, at least one target sequence contains subse-
quences having lengths and spacing between each other so
that the stoichiometry of fluorochromes on probes hybrid-
ized with the target sequence is determinable by quantitative
fluorescence detection. This can be achieved, for example,
by with each subsequence being 30 to 70 nucleotides long,
and all the subsequences clustered within a 100-800 nucle-
otide segment of the target sequence. The region of cluster-
ing can be smaller, e.g., 200—600 nucleotides or 300-500
nucleotides. In some embodiments, each subsequence is
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about 50 nucleotides long, and all the subsequences are
clustered within a 300-nucleotide segment of the target
sequence. For maximization of total fluorescence intensity
per transcription site, the 100-800 nucleotide segment is
located in the 5'-most one third, or 5'-most quarter of the
target sequence. Preferably, hybridization probes are labeled
with fluorophores attached at intervals of about 5-10 nucle-
otides. Examples of fluorochromes useful in the invention
are Cy2, fluorX, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, fluorescein
and Texas red. In some embodiments of the invention, a
spectral imagining microscope is employed. Typically the
cell is in interphase. The hybridization probe can be an
oligonucleotide or a protein nucleic acid (PNA).

The invention also provides a probe set panel. The panel
contains at least five probe sets, with each probe set being
specific for a different target sequence, each of which
contains at least one subsequence. Each probe set contains
a hybridization probe complementary to each subsequence
in the target sequence for which that probe set is specific.
Each probe is labeled with a fluorochrome, so that the
fluorochromes in each probe set collectively correspond to a
bar code for the target sequence of that probe set.

As used herein, “bar code” means the predetermined,
unique combination of fluorochromes assigned to a target
sequence.

As used herein, “fluorochrome” means a particular fluo-
rescent dye, e.g., Cy3, without regard to number of indi-
vidual dye molecules, and without regard to chemical con-
jugation.

As used herein, “fluorophore” means an individual fluo-
rescent dye molecule or conjugated moiety.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. In case of conflict, the present
application, including definitions will control. All
publications, patent applications, patents, and other refer-
ences mentioned herein are incorporated by reference.

Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing
of the invention, preferred methods and materials are
described below. The materials, methods, and examples are
illustrative only and not intended to be limiting. Other
features and advantages of the invention will be apparent
from the detailed description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the generation
of 15 qualitative bar codes using four spectrally distinguish-
able fluorochromes.

FIG. 2 is a table showing the number of bar codes
(distinguishable targets) possible (Tqual) when the number
of fluorochromes is from 1 to 9 fluorochromes, and quali-
tative detection is used. The formula for Tqual is also shown.

FIG. 3 is a schematic diagram illustrating the generation
of 27 quantitative bar codes using four spectrally distin-
guishable fluorochromes and a maximum of three probes
(and subsequences) per target sequence.

FIG. 4 is a table showing the number of bar codes
(distinguishable targets) possible (Tquant) when the number
of fluorochromes is from 1 to 7 fluorochromes, the maxi-
mum number of probes (and subsequences) per target
sequence is three. The formula for Tquant is also shown.

FIG. 5 is a graph showing the emission spectra of seven
fluorochromes (fluorescent dyes) that can be used in the
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invention. The emission spectra shown are those of Cy2,
FluorX, Cy3, Cy3.5, Cy5, Cy5.5, and Cy7.

FIG. 6 is a schematic diagram illustrating a voxel and its
relationship to nuclear volume.

DETAILED DESCRIPTION

The invention provides a method for specifically assess-
ing the expression of a large number of genes at one time
point, in a single cell. This is achieved by simultaneous in
situ hybridization of numerous fluorochrome-labelled
probes. Through identification codes based on fluorescence
color combinations (“bar codes™), the method allows iden-
tification of a large number of target sequences in an
interphase nucleus, while using only a small number of
spectrally distinguishable fluorochrome labels. For example,
by using up to five different hybridization probes per target
sequence, where each probe is labeled with one of five
different fluorochromes, the expression of 31 different genes
can be detected and identified, using a qualitative fluores-
cence detection system, i.e., one not capable of determining
fluorochrome stoichiometry. When a quantitative fluores-
cence detection system is employed, i.e., one that determines
fluorochrome stoichiometry, expression of up to 232 differ-
ent target sequences (genes) can be detected and identified,
when only five fluorochromes are employed, with up to five
probes per target sequence. The invention can be used to
assay the level of gene expression (transcription), ranging
from no expression to very high-level expression.

Bar Codes and Fluorochromes

Distinguishing and identifying hundreds of different tran-
scription sites in a single nucleus is achieved through the use
of a relatively small number of spectrally distinguishable
fluorochromes. Each hybridization probe is specific for a
subsequence within a target sequence, and each probe is
labeled with a fluorochrome. A probe set is designed for each
target sequence. A probe set can consist of a single probe.
Following in situ hybridization, the transcription site of each
target sequence “lights up” (fluoresces) with a
predetermined, unique combination of colors.

Unlike the familiar black and white bar codes read by
laser scanners, the colors (fluorochromes) in the “bar codes”
of the invention need not appear in any particular order
relative to one another. In other words, the encoded infor-
mation resides in the combinations of colors (and optionally
in ratios of color intensity), not in the sequence of the colors.

In some embodiments of the invention, the detection of
fluorochromes on probes hybridized to target sequences is
qualitative, i.e., not quantitative. FIG. 1 schematically illus-
trates how 15 different bar codes can be generated, and thus
15 different targets can be distinguished, when 4 fluoro-
chromes are used. FIG. 2 shows the formula for Tqual, i.e.,
the number of target sequences that can be identified when
using a given number of spectrally distinguishable fluoro-
chromes and qualitative detection. Also in FIG. 2 is a table
of values generated using the Tqual formula. The table in
FIG. 2 shows, for example, that when using 5 fluorochromes
and qualitative detection, up to 31 target sequences can be
distinguished.

In some embodiments of the invention, detection of
fluorochromes on probes hybridized to target sequences is
quantitative. FIG. 3 schematically illustrates how 12 addi-
tional bar codes can be generated, giving a total of 27
different bar codes, when quantitative detection is employed
with the same 4 fluorochromes. FIG. 4 shows the formula for
Tquant, i.e., the number of target sequences that can be
identified when using a given number of spectrally distin-
guishable fluorochromes with quantitative detection. The
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Tquant formula is written to remove redundant stoichiom-
etries. For example, 2:2 is not used, because it is a multiple
of 1:1. Also in FIG. 4 is a table of values generated using the
Tquant formula. FIG. 4 shows, for example, that when using
5 fluorochromes and quanitative detection, up to 31 target
sequences can be distinguished.

The difference between qualitative detection and quanti-
tative detection in the invention is illustrated by the follow-
ing example. With qualitative detection, a target sequence
displaying one red fluorochrome and one green fluoro-
chrome would not be distinguishable from a target sequence
displaying two red fluorochromes and one green fluoro-
chrome. Both would display the combination of red and
green. With quantitative detection, a target sequence dis-
playing one red fluorochrome and one green fluorochrome
(red:green stoichiometry=1:1) would be distinguishable
from a target sequence displaying two red fluorochromes
and one green fluorochrome (red:green stoichiometry=2:1).
The targets would be distinguished by differing ratios of red
fluorescence intensity to green fluorescence intensity.

There must always be two colors present to determine the
ratio between labeled probes. Absolute quantitation alone is
not sufficient. For example, there would be no distinction
between a transcription site with two red-labeled probes
hybridized to each nascent RNA chain, and a site with twice
as many nascent RNA chains bearing only one labeled probe
per chain. Similarly, a stoichiometry of 1:1 would not be
distinguishable from 2:2, 1:2 would not be distinguishable
from 2:4, etc. In general, if the quantitative detection allows
differentiation among 1 to 3 probes of each color, the
number of distinguishable target sequences increases expo-
nentially (FIGS. 2 and 4).

If subsequences (sites where fluorochromes are bound
through probe hybridization) are widely spaced within the
target sequence, a fluorochrome intensity ratio observed at a
transcription site may not accurately reflect the quantitative
bar code for that target sequence. For example, a single
red-labeled probe hyridizing near the 5' end of the target
sequence, and a single green-labeled probe hybridizing near
the 3' end of the target sequence, might yield a red:green
ratio of 2:1. In each nascent chain, the 5'-located subse-
quence at which the red-labeled probe binds is transcribed
significantly sooner than the 3'-located subsequence at
which the green-labeled probe binds. A consequence of this
temporal effect can be many more, e.g., twice as many,
red-labeled probes bound, in comparison with green-labeled
probes, even when the bar code for that target sequence has
a red:green stoichiometry of 1:1.

This probe location effect (temporal effect) can be mini-
mized by clustering all of the subsequences within one
region of the target sequence. Therefore, in quantitative
detection-type embodiments of the invention, it is preferable
to use clustered subsequences. In other words, it is prefer-
able to minimize the distance between subsequences. When
five 50-nucleotide probes are clustered within a region of
250, 300 or even 400 nucleotides in a target sequence, the
fluorochrome stoichiometry in the bar code will predominate
over location effects, so that up 232 target sequences will be
distinguishable. Even in qualitative detection-type embodi-
ments it may be advantageous to use clustered subsequences
in order to obtain similar signal intensities for each of the
fluorochromes at a given target sequence, i.e., in a given bar
code. For maximimum total fluorescence signal intensity per
transcription site, subsequences are clustered in the 5' por-
tion of the target sequence.

A wide variety of fluorochromes can be used in the
invention. The choice of fluorochromes is not critical, as
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