
WO 98/11508
PCT/IB97/01114 Method and Apparatus for Analyzing Images Background of the
Invention 1.    Field of the Invention The invention relates to method and
apparatus for analyzing images, and more 5        particularly to comparing
related or similar images (black and white or color). The invention relates
in preferred embodiments to a computer-based process, a computer- based
system, a computer program, and/or a computer program product for analyzing
gel electrophoresis images to identify new proteins or proteomes, and/or to
compare gel images to identify quantitative or qualitative changes in
proteins. 10        2.    Related Art Because of acidic and/or basic side
chains, proteins include positively and/or negatively charged groups. The
behavior of a protein in an electric field is determined by the relative
numbers of these positive and/or negative charges, which in turn are
affected by the acidity of the solution. At the isoelectric point (pl), the
positive and 15        negative charges are exactly balanced and the
protein shows no net migration. Proteins with a pI less than about 7.5 are
usually analyzed in isolelectric focusing (IFE) gels. The pH gradient in
these gels is usually preformed and the sample applied at the neutral end
of the gel (all acidic proteins -- proteins with a pl smaller than 7.5 --
will be charged negatively). At the start of electrophoresis, all the
negatively charged proteins will start 20        to migrate towards the
anode, i.e. through the gel. As each protein reaches its pl, the electrical
forces on the protein from the cathodic and anodic sides become equal and
the protein thus "focuses." Proteins with a pI greater than 7 are best
resolved on non- equilibrium pH gradient electrophoresis (NEPHGE) gels.
Hence the proteins are applied again at the neutral pH region and all basic
proteins (with a pI greater than 7) will be 25         charged positively.
During electrophoresis, they will therefore move towards the cathode, i.e.,
through the gel. Obviously, the same separation could be obtained in an
immobilized pH gradient electrophoresis gel system (IPG) where the pH
gradient is covalently bound to the support   



WO 98/11508
PCT/IB97/01114 -2- matrix (polyacrylamide). Different proteins have
different proportions of acidic and/or basic side chains, and hence have
different isoelectric points. In a solution of a particular hydrogen ion
concentration (pH), some proteins move toward a cathode and others toward
an anode. Depending upon the size of the charge as well as upon molecular
size 5         and/or shape, different proteins move at different speeds.
This difference in behavior in an electric field is the basis of the
electrophoresis method of separation and/or analysis of proteins.
Two-dimensional gel electrophoresis (2DGE) is a particularly effective tool
for analyzing proteins. Cell extracts from any prokaryotic or eukaryotic
cell are put onto a 10         gel, and the individual proteins are
separated first by the pI (first dimension) and then by size (second
dimension). The result is a characteristic picture of as many as 1000 to
5000 spots, each usually a single protein. Resolution is improved by
increasing gel composition or size, and/or by enhancing the sensitivity
through the use of radiochemical methods, silver staining, and/or the
reduction in thickness of the gels to 1.5 mm or less. 15         Jungblut
et al. have reported up to 5000 protein spots of mouse brain on gels of
size 23 X 30 cm (Journal of Biotechnology, 41 (1995) 111-120). High
resolution 2DGE has been used for analyzing basic as well as acidic
proteins. Isoelectric focusing (IEF) in the first dimension can be combined
with sodium dodecyl sulfate (SDS) gel electrophoresis in the second
dimension (IEF-SDS). 20         Alternatively, nonequilibrium pH gradient
electrophoresis (NEPHGE) in the first dimension can be combined with SDS
gel electrophoresis in the second dimension (NEPHGE-SDS). Such procedures
are known in the art, e.g., as described in O'Farrell, J. Biol. Chem. 250,
4007-4021 (1975) and O'Farrell et [erer]l., Cell, 12:1133-1142 (1977), the
entirety of which are incorporated herein by reference. Gels cannot be used
for the 25         determination of absolute isoelectric points, but rather
to an observed value due to the fact that the running conditions, e.g.,
high urea concentration, are not ideal (in the physical-chemistry meaning
of the word -- the pKa values of the side chains are rather different
between water and high concentrations of urea). NEPHGE gels cannot be used 



for the determination of absolute isoelectric points of proteins. The
isoelectric point of 30         a protein is usually determined in
reference to a stable pH gradient formed during isoelectric focusing. As
discussed in O'Farrell (1977), the best resolution of acidic proteins is
obtained with equilibrium IEF since the region of the gels containing
acidic    WO 98/11508
PCT/IB97/01114 -3 - proteins is compressed in NEPHGE. The best resolution
of basic proteins is with a pH 7-10 NEPHGE gel. For the highest resolution
of the entire range of proteins, two gels are preferably used: (1) an IEF
gel for acidic proteins; and (2) a NEPHGE gel for basic proteins. Of
course, the precise image obtained depends upon many factors including, 5
but not limited to, chemicals such as ampholytes, physical parameters such
as gel dimensions and/or temperature and/or the electrical parameters
employed. Once a 2DGE gel is run, the image can be revealed by a number of
ways including: staining (e.g., with Coomassie blue, silver or fluorescent
or immunological staining); direct measurement of the radioactivity (using
devices that can detect the 10        radioactivity (including so-called
P-imagers, or phosphor image technologies); or photographic film sensitive
to the radioactivity); fluorescent enhancement of the radiographic
emissions (using various fluorophores) or combinations of the above. In
addition, samples can be treated before electrophoresis (e.g., with
monobromobimane and related compounds) so that the proteins are detectable
after electrophoresis using some 15        of the above methods. For
example, after electrophoresis, a 2DGE gel can be fixed with methanol and
acetic acid, treated with AMPLIFY[err] (Amersham), and dried. The gel is
then placed in contact with X-ray film and exposed. The gel can be exposed
for multiple time periods to compensate for the lack of dynamic range of
X-ray films. Each film image comprises a multiplicity of "spots" of
differing position, size, shape, and/or optical 20         density. The
spots on the image are analyzed to determine the correspondence between
spots and proteins. Manual visual inspection and analysis of gel images can
be done under controlled 



conditions and within specific ranges (Jungblut et al., Quantitative
analysis of two- dimensional electrophoretic protein patterns: Comparison
of visual evaluation with 25         computer-assisted evaluation. In:
Neuhoff, V. (Ed.) Electrophoresis '84, Verlag Chemie GmbH, Weinheim,
301-303 and Andersen et al., Diabetes, Vol. 44, April 1995, 400- 407).
Analysis of one film can take in excess of eight hours, even for one having
significant skill and experience in this art. Typically, certain methods of
obtaining images of the gels are non-linear (e.g., silver staining and/or
X-ray film) and it is often 30         necessary to make corrections for
this if the full range of protein expression is to be covered (this can be
up to a ratio of 1:100,000 for the protein of lowest to highest    WO
98/11508                                                   PCT/IB97/01114
-4 - expression). Further, quantification with visual analysis is limited.
Typically, visual analysis only detects changes in protein amounts of a
factor greater than or equal to 2. Various computer programs and computer
evaluation systems have been developed to improve quantification and assist
in evaluation of gel films, e.g., PDQUEST 5         (Protein Database Inc.,
New York), Biolmage (Millipore, Bedford, MA), Phoretix (Phoretix
International, Newcastle, UK), and Kepler (Large Scale Biology Corporation,
Rockville, MD). To use a computer program such as Biolmage (Biolmage, Ann
Arbor, Michigan), the image of the gel on the film is scanned into a
computer. The digitized gel image is analyzed by the computer program. Each
spot is assigned an intensity value, 10        such as an integrated
optical density percentage (IOD%), and a position on the gel, such as an
"X,Y" Cartesian-type coordinate. Computer programs such as BioImage require
the highest qualities in resolution and reproducibility of the spot
position. Because the gel medium is so elastic, gel patterns are not
identical, i. e., two gels, run under essentially identical conditions,
will not have each protein spot located in exactly the same position. 15
If two gels are run under conditions that are not essentially the same,
then the variations in position of corresponding protein spots will be even
greater. Computer evaluation systems such as those described above have
improved the 



quantification of spot intensities and IOD% for generation of a "spot list"
for a gel image. However, computer evaluation systems such as those
described above still require 20         significant operator effort for
editing. A gel image to be evaluated is input to a computer, such as by
scanning. The digitized image is searched to locate spots having an
intensity or optical density above a sensitivity threshold. The operator
must then edit the gel image. For example, if two very big spots are close
together, the computer may have identified the two spots as one elongated
spot. The computer may not be able to resolve 25        that there are
actually two spots. The operator would then be required to manually edit
the image to divide the spot into two spots. As another example, the
computer may incorrectly identify as a protein spot a non-protein spot on
the gel image, such as a high intensity streak. The operator would then be
required to manually edit the image to delete the non-protein spot. It can
take from six to eight hours for a skilled operator to edit a gel 30
image evaluated using a conventional computer evaluation system. As
reported in Jungblut el al. (1995), numerous researchers have used
conventional computer evaluation systems to produce 2DGE databases for
various tissues    WO 98/11508
PCT/IB97/01114 -5 - or cell types. However, these systems require
significant effort on the part of the operator to produce an accurate spot
list for a new gel image. More importantly, conventional computer
evaluation systems do not provide an analysis and/or interpretation tool
that uses information from other gel images of the same cell type to allow
an operator to 5         quickly and/or efficiently analyze and/or
interpret a new gel image. Conventional computer evaluation systems cannot
be used to reliably detect proteins only present in small amounts. Thus,
there is a need in the art for a computer-based analysis system that
reduces the effort required by the operator, and increases the speed with
which new gel images can be analyzed and/or interpreted. There is a further
need in the art for a 10        computer-based analysis system for
analyzing and/or interpreting new gel images that uses information from
other gel images of the same cell type. 



Conventional computer evaluation systems also do not provide the full
analysis tools for statistical comparison between groups of gel images.
Thus, there is a further need in the art for a computer-based analysis
system that is capable not only of analyzing 15        and/or interpreting
a new gel image, but also of executing statistical comparisons between
various groups of gel images. Citation of any document herein is not
intended as an admission that such document is pertinent prior art, or
considered material to the patentability of any claim of the present
application. Any statement as to content or a date of any document is 20
based on the information available to applicant at the time of filing and
does not constitute an admission as to the correctness of such a statement.
Summary of the Invention The present invention is directed to methods,
compounds, compositions and apparatus for analyzing images of
electrophoresis gels. These images can be in black and 25         white or
in color (a colored image can have three grey scale ranges for the primary
colors and can thus be analyzed in the same way as described below). For
the purposes of this description only, one grey scale is considered
although for one skilled in the art, there would be no difficulty to extend
the description to the three primary colors, or combinations thereof.    WO
98/11508                                                   PCT/IBM97/01114
- 6- Any type of image could be analyzed in the a manner described below -
although the method would be best suited for the analysis or comparison of
any type of situation where two or more similar images are obtained, for
example sequential satellite photographs of clouds or land surfaces to
chart weather patterns or in geological 5         surveying. Other examples
would include serial sections of biopsies, serial scanning runs from CT or
CAT devices in hospitals. In biotechnology, applications can include, but
not be limited to, Northern, Southern or Western blots, 1 -D gels and/or
2DGE gels. The present invention is described below with respect to
analyzing gel electrophoresis images 



to identify proteins, and to compare gel images to identify changes in
proteins or nucleic 10        acids. In one aspect of the invention, a
method for analyzing images is provided. The method comprises one or more
of the following steps, such as, but not limited to (1) at least one of
(3), (4), (5), (6), (7), (8), (9), (10), (11 1) or (12): (1)   capturing a
new image, wherein the new image contains a plurality of new 15
image spots, each new image spot having a spot number, an integrated
optical density percentage (IOD%) and a position; (2)   generating a master
composite image for use in analyzing the new image, wherein the master
composite image contains a plurality of master composite spots, each master
composite spot having a spot number, an IOD% and a position; 20
(3)   generating a master composite, wherein the master composite comprises
the spot number, the IOD%, the position, the variability of the spot (for
example the standard deviation expressed as a percentage) for the position
and IOD%, and a saturation value (corresponding to the value of the maximum
pixel intensity found in any of the spots (from the original images which
were used to derive the spot in question) (this 25         value is
expressed as a fraction on a scale from white (0) to black (1)) for each of
the plurality of master composite spots; (4)   aligning the new image with
the master composite image; (5)   selecting a set of anchor points from the
master composite; (6)   detecting new image spots that have a position that
is within a position 30        tolerance of the position of corresponding
anchor points and that have an 10O% that is within an IOD% tolerance of the
IOD% of corresponding anchor points, and matching    WO 98/11508
PCT/IB97/01114 -7- the detected new image spots to the corresponding anchor
points to form a set of matched new image spots; (7)   calculating a set of
vectors linking spots of the same number in the master 



composite image and in the new gel image; and determining for each vector
the length 5        and angle; (8)   calculating a vector difference for
each of the set of matched new image spots corresponding to the difference
between the vector in question and the vectors originating from a number
(for example about 2-500) of the nearest spots to the spot in question.
This will generate a vector difference for each of the new matched new
image .10        spots and in a subsequent step, removing from the set of
matched new image spots those matches for which the vector differences are
greater than a predetermined percentage of the best (shortest length and
numerically smaller angle) vector differences. A manner by which these
vector differences can be used to quality check the alignment of the images
and to guide the correction of mismatches in a reiterative manner until an
optimal match 15        is obtained; (9)   selecting a set of well-defined
spots from the master composite, detecting new image spots that have a
position that is within a position tolerance of the position of
corresponding well-defined spots, matching the detected new image spots to
the corresponding well-defined spots, and adding the matched new image
spots to the set of 20         matched new image spots; (10)  selecting a
set of saturated spots from the master composite, detecting new image spots
that have a position that is within a position tolerance of the position of
corresponding saturated spots, matching the detected new image spots to the
corresponding saturated spots, and adding the matched new image spots to
the set of 25         matched new image spots; (11)  selecting a set of
weak spots from the master composite, detecting new image spots that have a
position that is within a position tolerance of the position of
corresponding weak spots, matching the detected new image spots to the
corresponding weak spots, and adding the matched new image spots to the set
of matched new image 30        spots; and (12)  searching the new image
outside the set of matched new image spots to locate unidentified new image
spots.   



WO 98/11508
PCT/IB97/01114 -8 - In another aspect of the present invention, the method
further includes comparing a first set of images to a second set of images.
In yet a further aspect of the present invention, the new image is aligned
with the master composite image through the use of a common anchor point.
Common anchor 5        points correspond to spots present in both the new
image and the master composite image. Anchor points selected from the
master composite can include primary anchor points and secondary anchor
points. Primary and secondary anchor points are obtained at different
stages in the image processing using different selection criteria to select
the master composite proteins to be used. 10               In still a
further aspect of the present invention, well-defined spots have a
saturation value S in the range of about 0.2<S<0.8. Saturated spots have a
saturation value S[err]0.8. Weak spots have a saturation value S[err] about
0.2. In still a further aspect of the present invention, a computer program
product is provided that has computer program logic recorded thereon for
enabling a processor in 15        a computer system to analyze
two-dimensional electrophoresis gel images of cell proteins. Such computer
program logic includes the one or more of the following: at least one
algorithm, sub-routine, routine or image capturing means for enabling the
processor to receive data representing a new gel image, wherein the new gel
image contains a plurality of new gel image spots that correspond to
proteins on the new gel 20        image, each new gel image spot having an
integrated optical density percentage (IOD%) and a position; at least one
algorithm, sub-routine, routine or master composite image generating means
for enabling the processor to generate a master composite image for use in
analyzing the new gel image, wherein the master composite image contains a
plurality 25         of master composite spots that correspond to proteins
on the master composite image, each master composite spot having a spot
number, an IOD% and a position; at least one algorithm, sub-routine,
routine or master composite generating means for enabling the processor to
generate a master composite, wherein the master composite 



comprises a spot number, the position, the IOD%, and a saturation value
(corresponding 30        to the value of the maximum pixel intensity found
in any of the spots (from the original images which were used to derive the
spot in question) (this value is expressed as a    WO 98/111508
PCT/EB97/01114 -9- fraction on a scale of from white (0) to black (1)) for
each of the plurality of master composite spots; at least one algorithm,
sub-routine, routine or aligning means for enabling the processor to align
the new gel image with the master composite image; 5                at
least one algorithm, sub-routine, routine or selecting means for enabling
the processor to select a set of anchor points from the master composite;
at least one algorithm, sub-routine, routine or anchor point detecting and
matching means for enabling the processor to detect new gel image spots
that have an IOD% that is within an IOD% tolerance of the IOD% of
corresponding anchor points, and match the 10         detected new gel
image spots to the corresponding anchor points to form a set of matched new
gel image spots; at least one algorithm, sub-routine, routine or means for
enabling the processor to calculate a set of vectors linking spots of the
same number in the master composite image and in the new gel image; and
determining for each vector the length and angle; 15                at
least one algorithm, sub-routine, routine or vector differencing means for
enabling the processor to calculate a vector difference for each of the set
of matched new image spots corresponding to the difference between the
vector in question and the vectors originating from a number (for example
about 1-500) of the nearest spots to the spot in question. (This will
generate a vector difference for each of the new matched new 20
image spots and in a subsequent step, removing from the set of matched new
images spots those matches for which the vector differences are greater
than a predetermined percentage of the best (shortest length and/or
numerically smallest angle) vector differences. For highly saturated spots
(less than about > 3-40 saturated pixels, less than 



about >9 pixels), the position of the spot center is determined using.
e.g., the spot shape 25         characteristics. Allowances can be made for
cases where the saturation areas covers more than one spot and the
saturation area is divided up into a number of areas corresponding to the
number of spots existing in the MCI and spot centers can be calculated
based on these allowances, as further known in the art or as described
herein); at least one algorithm, sub-routine, routine or means by which
these vector 30         differences can be used to quality check the
alignment of the images and to guide the correction of mis-matches in a
reiterative manner until an optimal match is obtained;    WO 98/11508
PCT/IB97/01114 -10- at least one algorithm, sub-routine, routine or means
for enabling the processor to calculate how these vector differences can be
used to quality check the alignment and to guide the correction of
mis-matches in a reiterative manner until an optimal match is obtained; 5
at least one algorithm, sub-routine, routine or well-defined spot detecting
and matching means for enabling the processor to select a set of
well-defined spots from the master composite, to detect new gel image spots
that have a position that is within a position tolerance of the position of
corresponding well-defined spots, to match the detected new gel image spots
to the corresponding well-defined spots, and to add the 10        matched
new gel image spots to the set of matched new gel image spots; at least one
algorithm, sub-routine, routine or saturated spot detecting and matching
means for enabling the processor to select a set of saturated spots from
the master composite, to detect new gel image spots that have a position
that is within a position tolerance of the position of corresponding
saturated spots, to match the detected 15        new gel image spots to the
corresponding saturated spots, and to add the matched new gel image spots
to the set of matched new gel image spots; at least one algorithm,
sub-routine, routine or weak spot detecting and matching means for enabling
the processor to select a set of weak spots from the master composite, 



to detect new gel image spots that have a position that is within a
position tolerance of 20         the position of corresponding weak spots,
to match the detected new gel image spots to the corresponding weak spots,
and to add the matched new gel image spots to the set of matched new image
spots; at least one algorithm, sub-routine, routine or unidentified spot
locating means for enabling the processor to search the new gel image
outside the set of matched new gel 25        image spots to locate
unidentified new gel image spots; and at least one algorithm, subroutine,
routine or comparing means for enabling the processor to compare a first
set of gel images to a second set of gel images. In still a further aspect
of the present invention, the comparing means includes the following: 30
at least one algorithm, sub-routine, routine or first set analyzing means
for enabling the processor to compute a statistical average of IOD% for
each spot in the first set;    WO 98/11508
PCT/IB97/01114 - 11 - at least one algorithm, sub-routine, routine or
second set analyzing means for enabling the processor to compute a
statistical average of IOD% for each spot in the second set; and at least
one algorithm, sub-routine, routine or statistical average differencing 5
means for enabling the processor to determine if each spot in the first set
is statistically different from each spot in the second set. In still a
further aspect of the present invention, the comparing means provides the
possibility to combine different exposures of the same gel or different
gels of the same sample in different amounts in such a way that the
effective dynamic range of the 10         protein detection system
(selected from the list given above) can be increased. Features
andAdvantages It is a feature of the present invention that it can analyze
and/or interpret new gel 



images, and/or also conduct statistical comparisons between groups of gel
images. It is a further feature of the present invention that it uses
information from a single 15         gel (using default tolerance values)
or a master composite image to guide the analysis and interpretation of new
or additional gel images. It is yet a further feature of the present
invention that it uses the integrated optical density percentage, as well
as the position, in locating spots in new gel images. It is an advantage of
the present invention that new gel images can be analyzed 20         and/or
interpreted with minimal input from an operator. It is a further advantage
of the present invention that new gel images can be analyzed and/or
interpreted quickly and/or efficiently. It is a still further advantage of
the present invention that it can reliably detect proteins that are present
in small amounts. 25                It is yet a further advantage of the
present invention that it is not limited to analysis and/or interpretation
of two-dimensional gel electrophoresis images, and can be used to compare
any two similar images, whether black and white or color or in any
situation where image interpretation and/or recognition is involved. This
process could include the comparison of "freshly derived images" from any
image capture device with 30         an image recovered from a computer
memory device. In another embodiment, this could    WO 98/11508
PCT/IB97/01114 -12 - include the comparison of two sequential images (e.g.,
a video recording or real time video image) in order to identify the
differences between the two. Brief Description of the Drawings The present
invention is described with reference to the accompanying drawings. 5
In the drawings, like reference numbers indicate identical or functionally
similar elements. FIG. 1 shows a block diagram illustrating one embodiment
of a method of the present invention; 



FIG. 2 shows a block diagram illustrating one embodiment for carrying out
step 10        110 shown in FIG. 1; FIG. 3 shows a block diagram
illustrating one embodiment for carrying out step 120 shown in FIG. 1; FIG.
4A and FIG. 4B show a block diagram illustrating one embodiment for
carrying out steps 130 and 140 in FIG. l; 15               FIG. 5 shows the
orientation for FIGS. 5A and 5B; FIG. 5A and FIG. 5B show a block diagram
illustrating one embodiment for carrying out step 150 in FIG. 1; FIG. 6
shows a block diagram illustrating one embodiment for carrying out step 160
shown in FIG. 1; 20               FIG. 7 shows a block diagram illustrating
one embodiment for carrying out step 170 shown in FIG. 1; FIG. 8 shows a
block diagram illustrating one embodiment for carrying out step 180 shown
in FIG. 1; FIG. 9 shows a block diagram illustrating one embodiment for
carrying out step 25         190 shown in FIG. l; FIG. 10 shows a block
diagram illustrating one embodiment for carrying out step 195 shown in FIG.
1; and FIG. 11 shows a block diagram for an exemplary computer system
suitable for use with the present invention.    WO  98/11508
PCT/IB97/01114 - 13 - Detailed Description of the Embodiments 1.  Overview
The present invention is directed toward a computer-based process, a
computer- based system and/or a computer program product for analyzing
images. The present 5         invention will be described in the context of
analyzing two-dimensional gel 



electrophoresis (2DGE) images of proteins. However, it is to be understood
that the present invention is not limited to analysis of 2DGE images, and
can be used to compare any two similar images, whether black and white or
color or in any situation where image interpretation and/or recognition is
involved. This process could include the comparison 10        of "freshly
derived images" from any image capture device with an image recovered from
a computer memory device. Examples of such images could include but are not
restricted to: tissue sections, gel or blot images of proteins, RNA or DNA,
section images from scanning devices like those used for computerized
tomography (e.g., computer assisted tomography (CAT), positron emission
tompgraphy (PET)), satellite images, star pictures, 15        x-ray,
fluorographs, or any recorded or real-time image. The method ofthe present
invention provides an analysis tool for analyzing and/or interpreting gel
images quickly and/or efficiently with minimal operator input. The gel
images are analyzed and/or interpreted so that new proteins can be
identified. The method of the present invention also provides a comparison
tool for comparing gel 20        images to identify changes in proteins,
i.e., up- or down regulation. The method of the present invention uses
information from a master composite image to guide the analysis of new gel
images. In this manner, information from other gel images of the same cell
type is used to guide the analysis and/or interpretation of a new gel
image. This technique reduces significantly the time required to analyze a
new 25         gel image. This technique also reduces significantly the
operator effort that is required to analyze a new gel image. To carry out
the method of the present invention, a master composite image is generated
from images selected by an operator. The images selected by the operator
for use in generating the master composite image would typically be of the
same cell type, 30         and would be relevant to the type of project or
experiment being conducted. As used    WO 98/11508
PCT/IB97/01114 -14- herein, "image" refers to a representation that is
composed of pixels, each pixel having 



a grey level unit-less value assigned to it. For example, each pixel in an
8-bit image would have a grey level assigned to it ranging from zero
(white) to 255 (black) and a saturation value (a value which varies from
zero to 1, corresponding to the value of the 5         darkest pixel of
each spot divided by 255 (for 8 bit images)), and the standard deviation of
the X,Y (positional) and Z (quantitation) values for each spot when the
spot has been matched to more than one gel. An image with a higher number
of bits would have a larger range of grey levels with finer steps. A master
composite is generated that corresponds to the master composite image. 10
As explained in more detail below, the master composite includes data that
represent characteristics of each spot on the master composite image, such
as spot position, the integrated optical density percentage (IOD%), a spot
number, and a saturation value. The master composite provides a compilation
of data that can be readily searched to aid in the analysis analysis and/or
interpretation interpretation of the new image. When a spot in 15
the new image is located that corresponds to a spot in the master
composite, the located new image spot is "matched" to the spot in the
master composite. Once a master composite spot is matched to a new image
spot, it is removed from the available pool of master composite spots. The
method of the present invention iterates through a series of searches to
match all of the master composite spots to new image spots. Any unmatched
20         spots that are present in the new image after all of the master
composite spots are matched represent unidentified new image spots. Such
unidentified new image spots can represent previously unidentified
proteins. In another application of the present invention, different
exposures of the same image of different gels of the same sample can be
matched together so that it is possible 25        to "extend the dynamic
range" of the medium from which the image is read. This medium is
typically, but not restricted to: X-ray film, silver or otherwise stained
gels, immuno-stained gels or blots thereof, or combinations of these. This
procedure can be useful in the present invention because: (i) the ratio of
expression of proteins within a cell is greater than 100,000 (i.e.,
exceeding the dynamic range of response of X-ray film 30         which is
about 1,000 or stained gels which have a dynamic range of approximately
100); and/or (ii) because the response of the said medium is not linear
(which introduces problems in accurate quantitation of the protein spots). 



WO 98/11508
PCT/IB97/01114 - 15 - Once the master composite image is generated, the new
image must be aligned to it. The method of the present invention aligns the
new image to the master composite image through the use of anchor points.
The anchor points include common anchor points that correspond to spots
present in both the new image and the master composite 5        image, and
primary and secondary anchor points that are selected from the master
composite based upon defined criteria. A vector differencing quality
control analysis is carried out to ensure that the anchor points are
properly matched to new image spots. The method of the present invention
carries out a search in the new image for three different types of spots
present in the master composite that have not already been 10
matched. The first type of spot is a "well-defined" spot. As explained more
fully below, a well-defined spot is one having a saturation value "S" that
is between about 0.2 and about 0.8. Well-defined spots are those spots that
are not weak or saturated. The second type of spot is a "saturated" spot. A
saturated spot has a saturation value S that is greater than or equal to
about 0.8. The third type of spot is a "weak" spot. A weak spot has a 15
saturation value that is less than or equal to about 0.2. Spots located in
the new image that correspond to the well-defined, saturated, and weak
spots are matched, and given the same spot number as the corresponding
master composite spot.   Once the search for the well-defined, saturated,
and weak spots is complete, the new image outside of the matched new image
spots is searched to locate unidentified spots. The unidentified spot 20
search is carried out using two different sensitivity levels. The
unidentified spots that are located are presented to the operator for
further analysis and evaluation. In another application of the present
invention, different exposures of the same image can be matched together
using the same procedures outlined above and described in detail below if
the operator specifies that the new gel and the images selected as the 25
MCI are either of the same gel or of the same sample. Following the
combination of two or more images in these categories, the %IOD are
recalculated and these values are used 



for further analysis. The method of the present invention as described
above provides an efficient analysis tool for analyzing and interpreting
new images. The method of the present 30        invention provides the
additional capability of comparing various images that have previously been
interpreted. For example, an operator can identify two or more groups of
images to be compared, such as one group of cells treated in a particular
manner, and    WO 98/11508
PCT/IB97/01114 -16- one group of untreated cells. Each spot in the
treated-cell group of gel images is compared to the corresponding spot in
the untreated-cell group of gel images to see if there is a statistically
significant difference. This provides a convenient way for an operator to
do statistical comparison between selected images. 5        2.    Method of
the Present Invention Turning now to FIG. 1, a block diagram 100 is shown
that illustrates one embodiment of the method of the present invention. As
explained more fully below, the invention may be implemented using
hardware, software, or a combination thereof, and may be implemented in a
computer system or other processing system. In a step 110, a 10        new
image is captured. It is to be understood that the present invention is not
limited to a new image being a 2DGE gel image, so that the present
invention can be used to analyze any suitable type of image. The image can
be captured by scanning the image into a computer in a manner known to one
of skill in the relevant arts. The image can also be captured by recovering
it from a storage device, such as a random access memory 15        (RAM),
read only memory (ROM), hard disk drive, optical disk, floppy disk, etc.
The image can also be captured by downloading it via a communications
interface from another computer, camera, from a site via the INTERNET, or
from any other source. In a step 120, a master composite image and a master
composite are generated and the type of analysis is selected (matching of
new gel to master composite, two exposures 20         of the same gel or
two gels of the same sample). In a step 130, the new image is aligned 



with the master composite image. In a step 140, anchor points are selected
from the master composite. The new image is searched to locate in the new
image spots that correspond to the anchor points. If a spot is located in
the new image that corresponds to the anchor point, the new image 25
spot is matched to the corresponding anchor point. In a step 150, a vector
difference is calculated for each matched new image spot. The matched new
image spots that have the largest vector differences are unmatched. In a
step 160, the new image is searched to detect and match well-defined spots.
In a step 170, the new image is searched to detect and match saturated
spots. In a step 30         180, the new image is searched to detect and
match weak spots.    WO 98/11508
PCT/IB97/01114 -17- In a step 190, the new image is searched to locate
unidentified new image spots. The new image is searched outside of the
spots that have already been matched. If, at the beginning of the procedure
(step 120) the operator has selected that the gels being matched were
either two exposures of the same gel or two gels of the same 5
sample, then the computer recalculations the %IOD for all proteins.
Finally, in a step 195, various sets of images can be compared. An operator
can select groups of images to be compared, as well as the type of
statistical comparison to be done. Turning now to FIG. 2, a block diagram
is shown that illustrates one embodiment 10         for carrying out step
110. In step 1, the image is captured. An image is a computer picture in
pixels and associated grey level values. The image corresponding to a gel
is preferably stored in an individual image file. As explained more fully
below, the image (pixels and grey level values) is processed to generate
tables of image data that characterize the image. The image data is
preferably stored in an image data file separate 15         from the image
(pixel) file. In a decision step 2, it is determined whether the image is
associated with a new 



project. A project generally corresponds to an experiment. For example, a
project can correspond to an experiment relating to a particular kind of
cell, such as the islets of Langerhans (cells of the pancreas that secrete
insulin), referred to herein as "islets". The 20         experiment could
include analysis and/or interpretation of one set of gels from normal
islets, and another set of gels from islets treated in a particular way,
such as with a cytokine or other biological molecules which interact with
cells found in the islets. The experimental data for the project will
include image files and corresponding image data files for both the normal
islets and the treated islets. The experimental data for the 25
project would preferably be stored together in a project "directory". If
the captured image does not correspond to a new project, then an image data
file (and an image file) already exist for the captured image. In this
case, the operator is asked to define which project is to be used in a step
12. Processing then continues at a step 13 by way of flow chart connector
2A (connectors 2A-9A are shown by circles in 30         Figures 2-10, as
discussed herein). If the captured image does correspond to a new project,
then processing continues in order to generate image data and an image data
file for the captured image. In a step    WO 98/11508
PCT/IB97/01114 -18- 3, the operator is asked to name the new project. In
this manner, the image file for the captured image and the image data file
for the captured image can be grouped together under a project name (such
as in a computer directory having the project name). Processing then
continues in a step 4. 5               In step 4, the entire captured image
is searched for spots using normal sensitivity. To do so, the image file is
searched looking for maxima that represent maxima in darkness or optical
density. The maxima must be separated from each other by a predetermined
distance (distance between spot centers). This is done to ensure that real
maxima in optical density are located, not just local maxima generated by
background 10        noise. From each maxima, a number of radial vectors,
e.g., 36, are sent out from the 



central maxima point. An integration is performed along each vector. A
point of inflection is determined for each vector. The point of inflection
on each vector represents a boundary point. The boundary points for all
vectors are connected. The boundary generated by connecting the boundary
points for all vectors represents the boundary of 15        the detected
spot in the captured image. The area outside the boundary of the detected
spot is analyzed to determine the average background around the spot. The
average background is subtracted from all the pixels inside and including
the boundary. This produces an integrated optical density (IOD) for the
detected spot. The integrated optical density percentage (IOD%) is the IOD
20         of a particular spot expressed as a percentage of the total IOD,
computed by summing the IOD of all spots in the image. It would be readily
apparent to one of skill in the art how to carry out the search of step 4
as described above. There are a number of approaches to spot (or object)
finding which would be readily apparent to one skilled in the art and the
most appropriate 25         algorithm should be selected for the task in
hand. For example, a computer program such as BioImage can be used to carry
out step 4. In a decision step 5, it is determined whether a spot is
located during the search in step 4. If a spot is located, then the spot is
added to a spot list in a step 6. Processing then continues at a step 7. 30
If a spot is not located, processing also continues at step 7. In step 7,
the entire captured image is searched for spots using high sensitivity and
shape characteristics. By high sensitivity is meant a sensitivity that is
higher than a first or "normal" sensitivity    WO 98/11508
PCT/IB97/01114 -19 - used in step 4. A number of parameters affect the
sensitivity of the search of an image. One parameter is the height which a
point must be above the background in order to identify that point as a
maxima. A second parameter is the allowable distance between spot centers
for identifying a maxima. To increase sensitivity, the height above the 



5         background for a maxima is reduced, that is, the difference
between the maxima and the background is reduced. To increase sensitivity,
the distance between spot centers for maxima is also reduced. To obtain
optimal results it may also be necessary to vary the distance between spots
across or from top to bottom in a regular fashion (linear or exponential)
related to the spot separation. If sensitivity is increased too much, then
it 10         is not possible to separate real maxima from noise. For
example, it would not be acceptable to have a sensitivity that identified
one pixel higher than surrounding pixels as a spot. It would be readily
apparent to one of skill in the relevant art how to adjust sensitivity
between a normal sensitivity and a higher sensitivity. By increasing the
sensitivity, more spots are located. However, increasing the 15
sensitivity too much can introduce unwanted noise. Therefore, the present
invention couples increased sensitivity with shape characteristics. A
number of parameters can be used to define a shape characteristic. One such
parameter is a smoothly shaped boundary. The curvature of the boundary is
integrated to determine how the points of curvature are changing. Using a
smoothly shaped boundary as a shape characteristic, a perfect circle 20
would have a shape characteristic of one (1). If the spot was not a perfect
circle, its shape characteristic would be a value less than about one. The
smaller the value of the shape characteristic, the less smooth is the
boundary of the spot. If a potential spot has a shape characteristic that
is less than about 0.5, then it will not qualify as a spot based on shape
in step 7. For example, a potential spot shaped as an ellipse would have a
shape 25         characteristic approximately equal to about 0.8. Because
about 0.8>0.5, the elliptical potential spot would qualify as a spot based
on shape in step 7. As another example, a potential spot having an
elongated and thin shape (like a streak on the gel image) would have a
shape characteristic approximately equal to 0.1. Because 0.1<0.5,.the
elongated and thin potential spot would not qualify as a spot based on
shape in step 7. 30                In a decision step 8, it is determined
whether a spot is located during the search in step 7. If a spot is
located, then the spot is added to the spot list in a step 9. Processing
then continues at a step 10.    



WO 98/11508
PCT/IB97/01114 -20 - If a spot is not located in step 8, processing also
continues at step 10. In step 10, the processed image is presented to an
operator for editing. Such editing can include, for example, separating two
very big spots that are close together that have been identified as one
spot. The operator then edits the image to divide the spot into the
appropriate 5         number of spots. The editing required at this step is
only that necessary to generate the spot list for the captured image. This
provides the necessary data for the captured image (e.g., position and IOD%
of the spots) so that the captured image can be further analyzed and
interpreted in accordance with the remaining steps in the method of the
present invention. The processing of the captured image to generate an
image file and an 10         associated image data file is complete at an
end step 11. With reference now to FIG. 3, a block diagram is shown that
illustrates one embodiment for carrying out step 120. Processing continues
at a step 13 from step 12 in FIG. 2 by way of flow chart connector 2A. In
step 13, the operator selects the image or images that will be used to
generate the master composite image (MCI). As explained 15        in the
overview above, the images selected by the operator to generate the MCI
generally will be those related to the particular project or experiment
that the operator is conducting. For example, a operator could be
conducting an experiment to compare two groups of gel images: one group of
gel images relating to untreated or normal cells; and a second group of gel
images relating to treated or stimulated cells. The operator would 20
then know whether the new gel image to be interpreted was for untreated or
treated cells. The operator could then appropriately select the images that
will be used to generate the master composite image, i.e., untreated images
for the new gel image of untreated cells and treated images for the new gel
image of treated cells. Similarly, if the operator was going to match
either two exposures of the same gel 25         or two gels of the same
sample, then he or she would select either the correct image to generate
the MCI. In a step 14, the operator is then asked to select what type of
analysis is to be performed, i.e., whether (1) the NGI is a new sample, (2)
the NGI is a different exposure of the same gel as the MCI, or (3) the NGI
is the same sample as that selected for the 



30         MCI at a different concentration. This selection causes the
computer to use different "tolerance values" in the ensuing analysis. Thus,
for example, if option (1) is selected: normal delta X, delta Y and delta Z
values are used (e.g., delta X = 1mm, delta Y = 1-mm,    WO 98/11508
PCT/IB97/01114 -21 - delta z = 20%). If option (2) is selected: delta (X
and delta Y values are extremely small (e.g., delta X = 0.1mm, delta Y =
0.1mm) because the images are from the same gel, but the delta Z values
used are larger (e.g., delta Z = 50%) because the exposures are different.
If option (3) is selected, the delta X and delta Y values are normal (e.g.,
delta 5         X = 1mm, delta Y = 1mm) because the gels are different but
the delta Z values used are larger (e.g., delta Z = 50%) because different
protein loads have been applied to the gel. Henceforth, examples of the
tolerance values for selection 1 are given in the text and those for
selections (2) and (3) are given in brackets together with explanatory
text). If the operator selects "3," then he or she is asked how much
protein was applied 10        to the gel (and also how much protein was
applied to the MCI if this is not entered into the computer already). In a
step 15, the master composite image is calculated by averaging a set of
selected images (preferably two or more) that are selected by the operator.
The master composite image contains a plurality of master composite spots,
each master composite 15        spot having an IOD% and a position. As used
herein the "position" of a spot can be expressed using any suitable
reference system. One such suitable reference system is a Cartesian-type
coordinate system (rectangular parallel coordinates) in which a position is
defined in terms of an "X" coordinate and a "Y" coordinate in a paired
fashion (X,Y). Another suitable reference system is a polar coordinate
reference system in which a 20         position is defined in terms of an
angle "[err]" with respect to an axis, and a non-negative radius "r" in a
paired fashion (r, [err]). Each selected image in the set has a background
and corresponding spots that correspond to corresponding spots in the other
selected images. An average IOD%, 



average background, average physical shape, standard deviation (SD) of spot
position 25         (how variable the spot position is), and/or standard
deviation of the spot quantitation (how variable the spot expression level
is), and the saturation value (corresponding to the numerically averaged
saturation values for each of the spots) are computed from the set of
selected images to generate the MCI. One or more of these values will be
needed to interpret the new image. 30               If the operator only
selects one gel for the MCI set, default values are used for the standard
deviation values for spot position and spot quantitation.    WO 98/11508
PCT/I97/01114 -22 - To average the set of selected images, an average
composite background is computed from the background of the set of selected
images. The IOD% of corresponding spots in the set of selected images are
averaged to form an average composite IOD% for each master composite spot
in the master composite image. A 5         physical shape of corresponding
spots in the set of selected images is averaged to form an average physical
shape for each master composite spot. The spot position of corresponding
spots in the set of selected images are averaged to form an average spot
position for each master composite spot. For each master composite spot, a
standard deviation for the average composite IOD% is computed, along with a
standard deviation 10        for the average spot position, and the
saturation value (corresponding to the numerically averaged saturation
values for each of the spots). A master composite (MC) corresponding to the
master composite image is also generated. The master composite contains
image data, such as in a tabular form, that is associated with the master
composite image. The master composite comprises the 15        position, the
IOD%, a spot number, and a saturation value (S) for each master composite
spot in the master composite image. As will be described in more detail
below, saturation value S is used to select spots from the master composite
that have particular saturation values. 



The master composite can also include the molecular weight (MW) and the 20
isoelectric point (pl) for the proteins corresponding to the master
composite spots. The MC and MCI are presented to the operator in a step 16.
This allows the operator to do a review of the MC and the MCI, and confirm
that the analysis and interpretation of a new gel image (NGI) should
proceed. Processing continues by way of flow chart connector 3A to a step
17, shown in FIG. 4A. 25               In step 17, the operator selects a
number (#) of spots that are present in both the MCI and in the NG1. To
facilitate selection of the spots by the operator, both the MCI and the NGI
gel patterns are displayed for the operator. The spots selected in step 17
function as common anchor points for aligning the NGI with the MCI. The
common anchor points, being spots present in both the MCI and the NGI,
assist in getting the two 30        images aligned with each other. The
common anchor points are used to mathematically slide and rotate the two
images with respect to one another so that the common anchor points are
lined up.    WO 98/11508.
PCT/IB97/01114 - 23 - Each common anchor point corresponds to a new image
common anchor spot in the NGI and to a master composite common anchor spot
in the MCI. Preferably, three common anchor points are selected by the
operator in step 17. However, other numbers of common anchor points can be
used. Alternatively, a single common anchor point can 5        also be
used. In a step 18, the new image common anchor spot, that corresponds to
each common anchor point, is located in the NGI and its position
determined. The master composite common anchor spot is located in the MCI
and its position and its spot number are determined. A spot number is
assigned to the new image common anchor spot that 10        is the same as
the spot number for the corresponding master composite common anchor spot.
In a step 19, the NGI is aligned with the MCI. A position correction is
applied 



so that the position of the new image common anchor spot is aligned with
the position of the master composite common anchor spot. The position
correction corrects the (X,Y) 15        position of the new image common
anchor spot so that it is aligned with the position of the master composite
common anchor spot. The position correction thus determined is applied to
the (X,Y) position of every pixel in the NGI to align the NGI with the MCI.
From step 19 through step 78, further input or intervention from an
operator is not required. 20              In step 20, a number (#) of
anchor points is selected from the MC. The spots selected in step 20
function as primary anchor points for aligning the NGI with the MCI. The
master composite is searched to identify a predetermined number of primary
anchor points. Preferably, fifty (50) primary anchor points are used, but
other numbers of primary anchor points can be used, less than about 3-500
or any range or value therein, 25        such as about 5-20, 20-30, 30-60,
60-200 or 200-500. The primary anchor points are selected so that each of
the primary anchor points is separated from the other primary anchor points
by a least a predetermined separation threshold. The predetermined
separation threshold can be, for example, about 1-200 mm, such as about
1040 mm.. A preferred separation is 20 mm.. 30               The primary
anchor points are selected to each have a saturation value S that falls
within a predetermined saturation value range. The predetermined saturation
value range can be, for example, about 0.2<S<0.8. Primary anchor points
would then not contain any    WO 98/11508
PCT/IB97/01114 - 24 - pixels having a saturation value outside this range.
This is done so that the primary anchor points are not saturated spots or
weak spots. If a spot contains some saturated pixels, it should not be used
as an anchor point. This is because the saturation of the spot makes it
more difficult to determine the spot center for the spot. It can also be
inaccurate 5        to determine the correct center for weak spots because
electronic noise can "shift" the position of the darkest pixel. A spot
center position can also be calculated using the spot 



shape characteristics, as known in the art or as described herein. A spot
whose spot center is not reliably known should not be used as an anchor
point for aligning images. Additionally, scanning devices used to scan
images into a computer tend not to be linear 10        at high and low
optical densities. By selecting saturation values between about 0.2 and
about 0.8 the linearity problems associated with high and low (saturated
and weak, respectively) optical densities is avoided. The primary anchor
points can also be selected using a standard deviation percentage (SD%) for
(X,Y) or for the average composite IOD% (Z). The SD% 15        represents
the standard deviation of the spot divided by the average X, Y, or Z (IOD%)
for that spot, multiplied by 100%. For example, the primary anchor points
can be selected so that an SD% for IOD% is less than about 40%. As another
example, 10-2000 spots with the best X, 10-2000 spots with the best Y, and
10-2000 spots with the best Z are chosen. It is then determined whether the
20         chosen spots are sufficiently separated. For spots that are too
close together, the spot with the largest sum of SD%X and SD%Y is
discarded. This process is repeated until the desired number of spots,
e.g., 1-1000 are chosen. In a step 21, the NGI is searched for each of the
anchor points selected in step 20 using the (X,Y) position of the anchor
point and the IOD% (Z) of the anchor point. For 25         each anchor
point in the set of anchor points, an X position coordinate, a Y position
coordinate, the IOD%, and the spot number are determined. This information
can be obtained from the MC (the anchor points selected in step 20 are
selected from the MC). For each anchor point in the set of anchor points,
the new image is searched in a region defined by X[err][err] X and
Y[err][err]Y. [err]X is an X position coordinate tolerance and [err]Y is a
Y 30         position coordinate tolerance for the (XY) position of the
anchor point. Preferably, [err]X and [err]Y are each equal to I mm.
However, [err]X and [err]Y do not have to be equal to each other. The
region defined by X [err]X and Y[err]Y is searched to locate a new image
spot    WO 98/11508
PCT/IB97/01114 - 25 - 



that has an IOD% (Z) that is equal to the IOD% of the anchor point [err] an
IOD% tolerance. This is expressed as Z[err][err]Z, with [err]Z being the
IOD% tolerance. Preferably, the IOD% tolerance is 0.1-50, e.g., 1-20, 5-20,
10-30, 30-50, or 25-35%. If a new image spot is located in the NGI in the
search in step 21 (there is a spot 5         in the NGI that corresponds to
the anchor point) as determined in a decision step 22, then the located new
image spot is assigned a spot number that is the same as the spot number
for the anchor point in a step 23. The located new image spot and its
corresponding anchor point are then considered to be "matched". The matched
anchor point is then removed from the list of anchor points to be searched.
The matched anchor point is also 10        removed from the master
composite spots that remain to be matched to spots in the new gel image.
Processing then continues at a step 24. If a new image spot that
corresponds to the anchor point is not located in the NGI, then processing
also continues at step 24. In step 24, it is determined if there are more
anchor points to search for. If there 15        are no more anchor points
to search for, then processing continues at a step 26 in FIG. 4B by way of
flow chart connector 4A. If it is determined in step 24 that there are more
anchor points to search for, then the next anchor point is selected in a
step 25. Processing then continues at step 21 until all anchor points in
the set of anchor points have been searched for in the new gel image. 20
In step 26, the NGI is "rubber sheeted" to fit the MCI. As known to one of
skill in the relevant arts, rubber sheeting is an image processing term
whereby the pixel positions of an image are given vectors that are
distorted to produce a "distorted" rubber sheeted image. The rubber
sheeting process is done for display and spatial calculation purposes only.
The raw gray level data associated with each pixel remain unchanged. 25
Visually, rubber sheeting is akin to distorting a picture on a sheet of
rubber or latex, such as on a balloon. When the balloon is pulled, the
picture is stretched or distorted. To rubber sheet the NGI to fit the MCI,
the (X,Y) coordinates of all pixels in the NGI are corrected by another
position correction so that the new image common anchor spots in the NGI
fit geometrically over the corresponding master composite common 30
anchor spots (see above discussion with respect to steps 17-19). The rubber
sheeting process uses the common anchor points (corresponding to the new
image common anchor 



spots in the NGI and to the master composite common anchor spots in the
MCI) to    WO 98/11508
PCT/IB97/01114 -26 - provide justification between the two images (NGI and
MCI). The rubber sheeting process is performed periodically throughout the
method of the present invention to improve the alignment of the NGI and the
MCI throughout the analysis and/or interpretation of the NGI. The repeated
rubber sheeting is necessary because of the 5         elasticity and
variability of the gel medium from which both the NGI and the MCI are
derived. In a step 27, spots are selected from the master composite that
have a particular saturation value S and a particular distance W between
spot centers. Master composite spots are selected from the MC that have a
saturation value S so that about 0.2<S<0.8 to 10        form a first set of
selected master composite spots. This first criteria based upon saturation
value avoids spots that are too strong or too weak. Strong and weak spots
are not reliable anchor points because it is difficult to find the spot
center. A spot that is too strong is saturated at the center. It is
difficult to find the center of the spot because the spot is all black over
a number of pixels. A spot that is too weak is susceptible to having 15
electronic noise artificially move the center of the spot. From this first
set of selected master composite spots, a set of secondary anchor points is
selected so that each selected master composite spot in the set of
secondary anchor points is separated from the other selected master
composite spots in the set of secondary anchor points by a distance W that
is greater than a predetermined number (#) 20         of mm. This ensures
that the spots selected for secondary anchor points are not too close
together. Preferably, W is greater than 3 mm. In an alternate embodiment, W
increases from the top of the gel image to the bottom of the gel image.
This would compensate for the fact that spots are very small at the top of
a gel image and large at the bottom of a gel image. In yet another
embodiment, 25         W can be a operator-defined variable that could be
set for each new gel image being 



interpreted. In a step 28, the NGI is searched for each of the secondary
anchor points selected in step 27 using the (X,Y) position of the secondary
anchor point and the IOD% (Z) of the secondary anchor point. For each
secondary anchor point in the set of secondary 30         anchor points, an
X position coordinate, a Y position coordinate, the IOD%, and the spot
number are determined. This information can be obtained from the MC (the
secondary anchor points selected in step 27 are selected from the MC). For
each secondary anchor    WO 98/11508
PCT/IB97/01114 -27 - point in the set of secondary anchor points, the new
image is searched in a region defined by X[err][err]X and Y[err][err]Y.
[err]X is an X position coordinate tolerance and [err]Y is a Y position
coordinate tolerance for the (X,Y) position of the secondary anchor point.
Preferably, [err] X and [err]Y are each equal to 0.5 mm. However, [err]X
and [err]Y do not have to be equal 5        to each other. The region
defined by X[err]]err]X and Y[err]Y is searched to locate a new image spot
that has an IOD% (Z) that is equal to the IOD% of the secondary anchor
point [err] an 10D% tolerance. This is expressed as Z[err][err]Z, with
[err]Z being the IOD% tolerance. Preferably, the IOD% tolerance is 20%. The
tolerance values [err]X and [err]Y can be smaller than the tolerance values
[err]X 10        and [err]Y (see step 21) because the rubber sheeting
process conducted in step 26 has aligned the NGI more closely to the MCI so
that a smaller position region has to be searched to locate the desired
spot. However, [err]Z can be the same as [err]Z because the rubber sheeting
process only affects positional alignment, and does not affect the
quantitation represented by Z (I0D%). 15               If a new image spot
is located in the NGI in the search in step 28 (there is a spot in the NGI
that corresponds to the secondary anchor point) as determined in a decision
step 29, then the located new image spot is assigned a spot number that is
the same as the spot number for the secondary anchor point in a step 30.
The located new image spot and its corresponding secondary anchor point are
then considered to be "matched". The 



20         matched secondary anchor point is then removed from the list of
secondary anchor points to be searched. The matched secondary anchor point
is also removed from the master composite spots that remain to be matched
to spots in the new gel image. Processing then continues at a step 31. If a
new image spot that corresponds to the secondary anchor point is not
located 25        in the NGI, then processing also continues at step 31. In
step 31, it is determined if there are more secondary anchor points to
search for. If there are no more secondary anchor points to search for,
then processing continues at a step 33 in FIG. 5A by way of flow chart
connector 4B. If it is determined in step 31 that there are more secondary
anchor points to search for, then the next secondary anchor 30        point
is selected in a step 32. Processing then continues at step 28 until all
secondary anchor points in the set of secondary anchor points have been
searched for in the new gel image.    WO 98/11508
PCT/IB97/01114 -28 - In step 33, the new gel image is again rubber sheeted
to fit the master composite image. This step is carried out in the same
manner as described above for step 26. Steps 3448 (FIGS. 5A and 5B) are
carried out to perform a quality control check on the matches that have
been made up to this point in the process between spots in the 5        NGI
and anchor points in the MCI. Each match that is made forms a pair of
matched spots - a spot in the NGI is matched to a corresponding anchor
point in the MCI. Each spot in a pair of matched spots has the same spot
number. That is, when a spot is located in the NGI that matches a
corresponding anchor point in the MCI, the matched spot in the NGI is
assigned the same spot number as its match or corresponding anchor point in
the 10        MCI. NGI spots that are matched are placed in a set of
matched new image spots. For each pair of matched spots, a vector is
created. The base of the vector is on the MCI anchor point of the matched
pair. The vector extends from the MCI anchor point of the matched pair to
the NGI spot of the matched pair. This vector has a length, and an angle 



that is measured relative to the base on the MCI anchor point.
Alternatively, the angle 15        could be measured relative to the end of
the vector opposite to the base, that is, relative to the NGI spot. Such an
alternative measurement would produce an angle that differed by 180 degrees
from an angle measured relative to the MCI anchor point. In step 34, the
length and angle of each matched pair vector (the vector for each matched
pair) are calculated. Spots which lie on the edge of the gel cannot have
five other matched pairs 20        lying around them. Therefore, one has to
compensate for this either by omitting these spots from the analysis or by
extrapolating the tendency of the vectors as they come up to the edge spot.
In a step 35, the difference between the matched pair vector and its
nearest five vectors is computed for each matched pair vector. Preferably,
five vectors are used in 25        step 35, although other numbers of
vectors could be used. The length and angle of the five nearest vectors to
each matched pair vector are computed. The vector length of the five
nearest vectors are averaged to form an average nearest vector length. The
vector length of the matched pair vector is subtracted from the average
nearest vector length to form a vector difference for each matched pair. A
set of vector differences is thereby 30        created that corresponds to
the set of matched new image spots. In a step 36, the vector differences in
the set of vector differences are summed to form a vector difference sum.
WO 98/11508
PCT/IB97/01114 -29 - If the vector difference for a matched pair is large,
this indicates that a good match has not been made. The largest vector
differences in the set of vector differences represent matches that should
be further analyzed because a good match between NGI spots and anchor
points may not have been made. In a step 37, matched pairs that 5
correspond to a predetermined percentage of the largest vector differences
within the set of vector differences are "unmatched" to form a set of
unmatched new image spots. Since the distortion within a gel is usually
greatest at the edges then for gel images the pairs of spots that are
selected to be unmatched, (i.e., the worst matches) must be selected 



relative to the matches around them and not on absolute terms. Whether this
is calculated 10        by comparing within particular areas or within
groups of vectors will be clear to one skilled in the art and depends on
the type of images to be matched. The vector differences are analyzed to
determine which vector differences fall within a predetermined percentage,
for example about 10%, of the largest vector differences. The matched pairs
that have a vector difference that falls within this 10% of the largest
vector 15        differences would be unmatched. The new image spots that
are unmatched in step 37 are placed in the set of unmatched new image
spots. Step 37 functions to remove or unmatch the worst matches that have
been up to this point in the process. The matches that were unmatched in
step 37 could have been caused by an alignment or justification problem
between the NGI and the MCI. Therefore, in a step 20         38 another
rubber sheeting process is carried out to fit the NGI to the MCI. The
rubber sheeting process in step 38 is carried out in the same manner
described above for the other rubber sheeting steps, such as step 33. After
the rubber sheeting process, an attempt is made to "rematch" the pairs that
were unmatched in step 37. In a step 39, a search is made in the NGI for
the spots in the 25         new image that were unmatched in step 37. In
step 39, the NGI is searched for each of the unmatched new image spots that
were unmatched in step 37 using the (X,Y) position of the corresponding
unmatched anchor point in the MCI and the IOD% (Z) of the corresponding
unmatched anchor point. For each unmatched new image spot (corresponding to
each unmatched anchor point in the MCI) in the set of unmatched new 30
image spots, an X position coordinate, a Y position coordinate, the IOD%,
and the spot number are determined for the corresponding unmatched anchor
point. For each unmatched new image spot in the set of unmatched new image
spots, the new image is    WO 98/11508
PCT/1B97/01114 -30 - searched in a region defined by X[err]X and Y[err]Y.
[err]X is an X position coordinate tolerance and [err]Y is a Y position
coordinate tolerance for the (X,Y) position of the 



corresponding unmatched anchor point. Preferably, [err]X and [err]Y are
each equal to 0.4 mm. However, [err]X and [err]Y do not have to be equal to
each other. The region defined 5        by X[err]X and Y[err]Y is searched
to locate a new image spot that has an IOD% (Z) that is equal to the IOD%
of the corresponding unmatched anchor point [err] an IOD% tolerance. This
is expressed as Z [err]Z, with [err]Z being the IOD% tolerance. Preferably,
the IOD% tolerance is 20%. The tolerance values [err]X and [err]Y can be
somewhat smaller than the tolerance 10        values [err]X and [err]Y (see
step 28) because the rubber sheeting process conducted in step 37 has
aligned the NGI more closely to the MCI so that a smaller position region
has to be searched to locate the desired spot. [err]X and [err]Y are
preferably not as small as [err]X and [err]Y to prevent making a bad
"re-match". However, [err]Z can be the same as [err]Z and [err]Z because
the rubber sheeting process only affects positional alignment, and does not
affect 15        the quantitation represented by Z (IOD%). If a new image
spot is located in the NGI in the search in step 39 (there is a spot in the
NGI that corresponds to the unmatched anchor point) as determined in a
decision step 40, then the located new image spot is assigned a spot number
that is the same as the spot number for the corresponding unmatched anchor
point in a step 41 (see FIG. 5B). 20         This matches the new image
spot with an anchor point which may or may not be different to the one that
it was matched to before. The re-matched new image spot and its
corresponding anchor point are then removed from the list of unmatched
spots to be searched for in step 39. The re-matched new image spot is added
to the set of matched new image spots. 25               In a step 42, it is
determined if there are more unmatched new image spots to search for. If
there are more unmatched new image spots to search for, then processing
continues at a step 43. If a new image spot that corresponds to the
unmatched anchor point is not located in the NGI in the search in step 39,
then processing also continues at step 43. In step 43, 30         the next
unmatched new image spot is selected. Processing then continues at step 39
until all unmatched new image spots in the set of unmatched new image spots
have been searched for in the new gel image.  



WO 98/11508                                                   PCT/B97/01114
- 31 - Once all unmatched new image spots in the set of unmatched new image
spots have been searched for in the new gel image, processing continues at
a step 44 (see FIG. 5B). Steps 44-46 are analogous to steps 34-36 in FIG.
5A. Steps 44-46 are carried out in the same fashion as steps 34-36 to
determine a second vector difference for each 5        matched new image
spot in the set of matched new image spots. The second vector differences
for the matched new image spots are summed to form a second vector
difference sum. In a step 47, it is determined whether the summed vector
difference obtained in steps 4446 is smaller than the summed vector
difference obtained in steps 34-36. If the second vector difference sum is
smaller than the first vector difference sum, 10        then the process is
closing, and good matches are being made. If the vector difference is
smaller than before as determined in step 47, then the process is repeated
by returning to step 37 (see FIG. 5A) to unmatch the worst matches. If the
vector difference is not smaller than before as determined in step 47, then
a limit to the matching process has been reached, and processing continues
at a step 48. 15               It should be noted in the above quality
control subroutine, that if unconstrained, the above process could lead in
certain circumstances to the unmatching of many or all of the vectors
(e.g., the possibility exists that if 10% were unmatched each time and only
9% became rematched, all the matches would eventually be unmatched).
Therefore, various methods to constrain the process need to be built in.
These may include but are 20         not limited to: expressing the vector
difference as a value divided by the number of matches, limiting the number
of iterations of the loop, variable selection of the percentage to be
unmatched (e.g., 10% first cycle, 9% second cycle, 8% third cycle and so
on) and each of these may be made conditional on factors like the total
number of matches (for example, if this is increasing, then no constraint
is necessary) or the degree of change in 25        the vector difference
between one cycle and the next. In addition, certain regions of the gel ma
be more likely to have higher spatial variationability than others (e.g.,
the edges of the gel) and this might result in the gene 



matches (at the edges) being unmatched each time and incorrect matches in
the middle of the gel being missed. Therefore, the get may have to be
divided up into areas (sectors) 30         and the unmatching process in
step 38 repeated image to unmatch the worst X% within each area.    WO
98/11508                                                   PCT/EB97/01114
-32 - In step 48, a predetermined percentage (#%) of the largest vector
differences are selected in the same manner as discussed above for step 37
but they are not unmatched. The group of largest vector differences
identified in step 48 is added to a list of items that will be reviewed by
an operator once the analysis and/or interpretation of the new gel 5
image is complete. From the vector difference on the list, the operator can
locate the spot on the new gel image to determine whether the spot causing
the large vector difference is a piece of dust on the gel used to generate
the new gel image, or a new protein that did not appear on the master
composite image. Processing then continues at a step 49 in FIG. 6 by way of
flow chart connector 5B. 10               Steps 49-54 are carried out to
detect and match well-defined spots. By well- defined spots is meant those
spots that are not saturated and are not weak. As one example, well-defined
spots have a saturation value S that is between about 0.2 and about 0.8.
However, the saturation value for well-defined spots could vary based upon
the type of image capturing device that was used to input the gel image
into the computer. As 15        noted above, scanning devices that can be
used to input the data to the computer tend not to be linear at high and
low optical densities. A well-defined spot should therefore have a
saturation value S that is in a linear range for the type of image
capturing device that was used to input-the gel image into the computer. In
step 49, all master composite spots that have a saturation value S so that
about 20         0.2<S<0.8 are selected from the MC to form a set of
well-defined spots. In a step 50, the NGI is searched for each of the
well-defined spots selected in step 49 using the (X,Y) position of the
well-defined spot. For each well-defined spot in the set of well-defined 



spots, an X position coordinate, a Y position coordinate, and the spot
number are determined. This information can be obtained from the MC (the
well-defined spots 25         selected in step 49 are selected from the
MC). For each well-defined spot in the set of well-defined spots, the new
image is searched in a region defined by X[err]X and y[err]Y. [err]X is an
X position coordinate tolerance and [err]Y is a Y position coordinate
tolerance for the (X,Y) position of the well-defined spot. Preferably,
[err]X and [err]Y are each equal to 0. 1 mm. However, [err]X and [err]Y do
not have to be equal to each other. The region 30         defined by
X[err]X and [err]Y is searched to locate a new image spot. The tolerance
values [err]X and [err]Y can be extremely small because the spatial
alignment between the NGI and the MCI should be essentially perfect. This
near-perfect    WO 98/11508
PCT/IB97/01114 -33 - alignment is achieved through the spatial correction
and quality control process described above with reference to steps 33-48.
If a new image spot is located in the NGI in the search in step 50 (there
is a spot in the NGI that corresponds to the well-defined spot) as
determined in a decision step 51, 5         then the located new image spot
is assigned a spot number that is the same as the spot number for the
well-defined spot in a step 52. The located new image spot and its
corresponding well-defined spot are then considered to be "matched". The
matched well- defined spot is then removed from the list of well-defined
spots to be searched. The matched well-defined spot is also removed from
the master composite spots that remain 10        to be matched to spots in
the new gel image. Processing then continues at a step 53. If a new image
spot is not located in the NGI that corresponds to the well-defined spot,
then processing also continues at step 53. In step 53, it is determined if
there are more well-defined spots to search for. If there are no more
well-defined spots to search for, then processing continues at a step 55 15
in FIG. 7 by way of flow chart connector 6A. If it is determined in step 53
that there are more well-defined spots to search for, then the next
well-defined spot is selected in a step 



54. Processing then continues at step 50 until all well-defined spots in
the set of well- defined spots have been searched for in the new gel image.
Steps 55-62 are carried out to detect and match saturated spots. As one
example, 20         saturated spots have a saturation value S that is
greater than or equal to about 0.8. However, the saturation value for
saturated spots could vary based upon the type of image capturing device
that was used to input the gel image into the computer. As noted above,
scanning devices that can be used to input the data to the computer tend
not to be linear at high and low optical densities. 25                In
step 55, all master composite spots that have a saturation value S so that
S[err]0.8 are selected from the MC to form a set of saturated spots. In a
step 56, the NGI is searched for each of the saturated spots selected in
step 55 using the (X,Y) position of the saturated spot. For each saturated
spot in the set of saturated spots, an X position coordinate, a Y position
coordinate, and the spot number are determined. This 30         information
can be obtained from the MC (the saturated spots selected in step 55 are
selected from the MC). For each saturated spot in the set of saturated
spots, the new image is searched in a region defined by X[err]X and
Y[err]Y. 6 X is an X position    WO 98/11508
PCT/IB97/01114 - 34 - coordinate tolerance and [err]Y is a Y position
coordinate tolerance for the (X,Y) position of the saturated spot.
Preferably, [err]X and [err]Y are each equal to 0.4 mm. However, [err]X and
[err]Y do not have to be equal to each other. The region defined by X[err]X
and Y[err]Y is searched to locate a new image spot. 5               The
tolerance values [err]X and [err]Y are larger than [err]X and [err]Y
because the spots centers for saturated spots are located fairly poorly.
Therefore, a larger area must be searched to locate the spot center of a
saturated spot. For highly saturated spots (hereby defined as having more
than 9 saturated pixels) the position of the spot centre is determined by
using the spot shape characteristics. 10        Allowances are made for
cases where the saturation area covers more than one spot and 



the saturation area is divided up into a number of areas corresponding to
the number of spots existing in the MCI and spot centres are calculated
accordingly. If a new image spot is located in the NGI in the search in
step 56 (there is a spot in the NGI that corresponds to the saturated spot)
as determined in a decision step 57, 15        then processing continues at
a decision step 58. If a new image spot is not located in the NGI that
corresponds to the saturated spot, then it is determined in a decision step
61 if there are more saturated spots to search for. If there are no more
saturated spots to search for, then processing continues at a step 63 in
FIG. 8 by way of flow chart connector 7A. If it is determined in step 61
that there are more saturated spots to search for, then the 20         next
saturated spot is selected in a step 62. Processing then continues at step
56 until all saturated spots in the set of saturated spots have been
searched for in the new gel image. If a new image spot is located in the
NGI that corresponds to the saturated spot in step 57, then processing
continues at decision step 58. In step 58, it is determined if the located
NGI spot corresponds to more than one saturated spot in the MCI. The 25
number of spots to which the located NGI spot corresponds is determined by
looking at the spot centers in the MCI. If the located NGI spot does not
correspond to more than one saturated spot in the MCI, then the located new
image spot is assigned a spot number that is the same as the spot number
for the saturated spot in a step 60. The located new image spot and its
corresponding saturated spot are then considered to be "matched". 30
The matched saturated spot is then removed from the list of saturated spots
to be searched. The matched saturated spot is also removed from the master
composite spots    WO 98/11508
PCT/IB97/01114 -35 - that remain to be matched to spots in the new gel
image. Processing then continues at step 61 to determine if there are more
saturated spots to be processed. If in step 58 it is determined that the
located NGI spot does correspond to more than one saturated spot in the
MCI, then processing continues at a step 59. In step 59, the 5
located NGI spot is divided into a number of new image saturated spots that
is equal to 



the number of corresponding saturated spots in the MC. For example, if it
is determined in step 58 that the located NGI spot corresponds to three
saturated spots in the master composite, then, in step 59, the located NGI
spot will be divided into three new image saturated spots. The number of
spots into which the located NGI spot is divided is 10        determined by
counting the number of spot centers in the MCI to which the located NGI
spot corresponds. The shape of each divided spot in the NGI is based upon
the (X,Y) positional shape of the corresponding spots in the MCI. In an
alternate embodiment, the shape characteristics that are used to divide the
saturated spot in the NGI could include a "Z" or IOD% shape characteristic
by looking for a saddle point in the allocation of 15        optical
density in the MCI. In step 59, one saturated NGI spot is divided to
produce more than one NGI spot. Processing then continues to step 60. In
step 60, each NGI spot produced or divided out is assigned the same spot
number as the corresponding saturated spot in the MCI. With reference now
to FIG. 8, processing continues at step 63 by way of flow 20         chart
connector 7A. Steps 63-71 are carried out to detect and match weak spots.
As one example, weak spots have a saturation value S that is less than or
equal to about 0.2. However, the saturation value for weak spots could vary
based upon the type of image capturing device that was used to input the
gel image into the computer. As noted above, scanning devices that can be
used to input the data to the computer tend not to be linear 25         at
high and low optical densities. In step 63, all master composite spots that
have a saturation value S so that S[err]0.2 are selected from the MC to
form a set of weak spots. In a step 64, the NGI is searched for each of the
weak spots selected in step 63 using the (X,Y) position of the weak spot.
For each weak spot in the set of weak spots, an X position coordinate, a Y
position 30         coordinate, and the spot number are determined. This
information can be obtained from the MC (the weak spots selected in step 63
are selected from the MC). For each weak spot in the set of weak spots, the
new image is searched in a region defined by X[err]X and    WO 98/11508
PCT/IB97/01114 



- 36 - Y[err]Y. [err]X is an X position coordinate tolerance and [err]Y is
a Y position coordinate tolerance for the (X,Y) position of the weak spot.
Preferably, [err]X and [err]Y are each equal to about 0.2 mm. However,
[err]X and [err]Y do not have to be equal to each other. The region defined
by X[err]X and [err]Y is searched to locate a new image spot. 5
The tolerance values [err]X and [err]Y are smaller than [err]X and [err]Y
because the spots centers for weak spots are located more reliably than for
saturated spots. However, a very small tolerance value, less than about 0.1
mm, is not suitable because of the uncertainty in the location of spot
centers for weak spots that is generated by electronic noise. Spot center
position can also be calculated using spot shape characteristics. 10
If a new image spot is not located in the NGI in the search in step 64 as
determined in a decision step 65, then processing continues at a step 66.
If a new image spot is located in the NGI that corresponds to the weak spot
(there is a spot in the NGI that corresponds to the weak spot), then the
located new image spot is assigned a spot number that is the same as the
spot number for the weak spot in a step 69. The located 15        new image
spot and its corresponding weak spot are then considered to be "matched".
The matched weak spot is then removed from the list of weak spots to be
searched. The matched weak spot is also removed from the master composite
spots that remain to be matched to spots in the new gel image. If a new
image spot that corresponds to the weak spot is not located in the NGI, 20
then processing continues at step 66. In step 66, the search of step 64 is
repeated using very sensitive parameters and shape characteristics. The
region defined by X[err]X and Y[err]Y is searched with a second sensitivity
that is higher than the first sensitivity used to carry out the search in
step 64. A shape criterion is also used to rule out those spots
attributable to electronic noise. The selection of the sensitivity and
shape criterion can 25         be carried out in the same manner as
discussed above with respect to step 7. If a new image spot is not located
in the NGI in the search in step 66 (there is not a spot in the NGI that
corresponds to the weak spot) as determined in a decision step 66, then
processing continues at a step 68. If a new image spot is located in the
NGI that corresponds to the weak spot, then the located new image spot is
assigned a spot number 30        that is the same as the spot number for
the weak spot in step 69. The located new image 



spot and its corresponding weak spot are then considered to be "matched".
The matched weak spot is then removed from the list of weak spots to be
searched. The matched weak    WO 98/11508
PCT/IB97/01114 -37 - spot is also removed from the master composite spots
that remain to be matched to spots in the new gel image. If a new image
spot is not located in the NGI in the search in step 66, then processing
continues at step 68. In step 68, a spot is added to the NGI that has the
same 5         area as the corresponding weak spot in the MCI. Every spot
that exists in the MC and the MCI must be eventually located in the NGI,
even if the corresponding spot located in the NGI has zero integrated
optical density. If a spot in the MC cannot be found in the NGI, then a
spot must be added to the NGI where the spot would be expected to be
located. The spot that is added to the NGI has the same area as the
corresponding spot in the MCI. 10        In step 69, the spot added to the
NGI is given the same spot number as the corresponding weak spot in the
MCI. In this manner, there is a "conservation of spots" in that all of the
spots in the MC are accounted for in the NGI. If a spot cannot be located
in the NGI, it should be given a zero value to be accounted for
statistically. The fact that the spot has "disappeared" in the NGI is a
real result, and may be indicative that some treatment of 15        the
cell resulted in suppression of that particular protein. Once all spots in
the MCI have been accounted for, then any additional or leftover spots in
the NGI are, by definition, "new" or "unidentified" spots that could
correspond to new proteins. From step 69, processing continues at a step
70. It is determined in decision step 70 if there are more weak spots to
search for. If there are no more weak spots to search 20         for, then
processing continues at a step 72 in FIG. 9 by way of flow chart connector
[err]A. If it is determined in step 70 that there are more weak spots to
search for, then the next weak spot is selected in a step 71. Processing
then continues at step 64 until all weak spots in the set of weak spots
have been searched for in the new gel image. In step 72, the entire new gel
image, outside of identified or matched spots 



25         (outside of the set of matched new image spots), is searched
using a normal or first sensitivity level to locate unidentified spots. The
spots that have been matched or identified are set aside when conducting
the search in step 72. In a decision step 73, it is determined whether a
spot is located. If a spot is located in the search conducted in step 72,
the located new image spot is added to the list that is to be reviewed by
the 30         operator, and processing continues to a step 75. These spots
are put on the operator review list because they could represent something
previously unidentified, like a new protein. The search in step 72 locates
a first set of unidentified new image spots.    WO 98/11508
PCT/IB97/01114 -38- In step 75, the entire new gel image, outside of the
set of matched new image spots and of the first set of unidentified new
image spots, is searched using a high sensitivity and shape characteristics
to locate a second set of unidentified new image spots. In a manner similar
to that discussed previously, the high sensitivity is higher than 5
the first sensitivity to look more closely throughout the new gel image. If
a spot is located in the search conducted in step 75, as determined in a
decision step 76, the located new image spot is added to the list that is
to be reviewed by the operator in a step 76. Processing then continues to a
step 78. A two step search regime is used to conserve computer time and to
increase the 10         speed with which the calculations can be done. The
first sensitivity search in step 72 is conducted first in order to remove
some spots from the area to be searched. Searching by shape characteristics
as is done in the second sensitivity search in step 75 consumes a lot of
computer time. The number of spots that need to be analyzed by shape is
reduced by doing a first level search at normal sensitivity. 15
In step 78, the new gel image and the master composite image are presented
to the operator, along with the spot review list generated during the
interpretation and analysis process. The operator can then determine what
to do with the items on the spot review list. The items on the spot review
list include the "trouble" vectors determined in step 



48, as well as the "new". (unidentified) spots added in steps 74 and 77.
The operator can 20         look at the images associated with each of
these items, as well as the tabular image data associated with these items.
The operator can then determine whether the unidentified spots are new
proteins that should be added to the MCI, as in a step 79. Processing then
continues to a step 80 in FIG. 10 by way of flowchart connector 9A. If in
step 14, the operator selected either 2) a different exposure of the MCI or
25         3) the same sample as the MCI, then at this stage the computer
carries out a correction process with a view to correcting for the limited
and or non-linear response of the image capture media. Option 2) is
intended for use where several exposures (usually of different lengths of
time) of the same gel have been collected and option 3) is intended for use
where the same sample has both cases, the ratio of the spots in the MCI and
the 30         NGI are calculated (excluding those spots which were added
in steps 68 and 79 (where new spots were added to either the NGI or MCI
respectively). Various methods of correction can be used but the preferred
method consists of taking the highest 5% of the    WO 98/11508
PCT/IB97/01114 - 39 - ratios away from the list (which may be artificially
high due to electronic noise) (step 80) and then selecting the highest 10%
of the remaining, step 81. The ratio of all of these spots is then averaged
in step 82 (calculation of the correction factor) and the IOD values for
all of the spots in the NGI are then multiplied by the correction factor in
step 83. 5               The next state is to merge the IOD tables for
these two images in step 84. For the purpose of the example described here,
we will assume that this is about 0.2< saturation <0.8 but of course this
will vary depending on the type of image detection and capture systems
used, This is done by selecting from the MCI all spots inside the linear
range of the detection systems response. 10               If the NGI is a
stronger exposure (or a gel loaded with more sample) than the MCl then for
all spots equal to or below about 0.2 saturation the values obtained from
the NGI are substituted for those of the MCI. 



If the NGI is a weaker exposure (or a gel loaded with less sample) than the
MCI then for all spots equal to or above about 0.8 saturation the values
obtained from the NGI 15         are substituted for those of the MCI.
Finally, the %IOD for all the spots in the MCI is recalculated. In this way
it is possible to extend the quantitatable region of the apparent dynamic
range of the image detection system. In an alternate embodiment, the
operator can be queried to enter the molecular 20         weight (MW) and
isoelectric point (pI) for proteins on the new gel image for which this
information is known. An interpolation is then carried out using the
"known" MW and pl values to compute the MW and pI for the other "unknown"
proteins on the new gel image for which the MW and pI are not specifically
known. The MW and pI for each spot on the new gel image are added to the
tabular image data (image data file) for the 25         new gel image.
Steps 85-93 in FIG. 10 are steps that are carried out so that an operator
can identify changes that are relevant to an experiment or project. Steps
85-93 are directed toward the analysis of individual gel images, or groups
of gel images and do not involve the use of the master composite or master
composite image. The MC and the MCI were 30         used throughout the
previous steps of the process to analyze and interpret a particular new gel
image.    WO 98/11508
PCT/IB97/01114 -40 - In step 85, the operator is queried as to what
statistical comparison should be used. Depending upon the statistical
method used, the user may be requested at this point to enter. additional
data. This might be for example that in order to perform a linear
regression analysis, a particular value would be assigned to each image
corresponding to 5         some measurable characteristic related to the
original sample. In a step 86, the operator is asked to define the groups
of images to be compared. In this manner, a first set of gel images can be
compared to a second set of gel images. The first and second sets of gel 



images can each contain one or more gel images. In a step 87, the
statistical comparison is carried out for each spot. In a decision 10
step 88, it is determined whether the spot is significantly different. If
the spot is significantly different, then processing continues to a step
89. If the spot is not significantly different, then it is determined in a
decision step 90 if there are more spots in the list to be statistically
compared. If there are more spots on the list to be statistically compared,
then the next spot is obtained in a step 91. Processing continues at step
87 15         until all spots have been statistically compared. If it is
determined in step 88 that the spot is significantly different, then, in a
step 89, the spot is added to a list that will be reviewed by the operator
once all spots have been statistically compared. Once all spots have been
statistically compared, the list of spots is presented to the operator in a
step 92. An averaged composite of tabular data for each group is 20
presented to the operator, along with either original images, or an average
composite image for each group. Processing completes at an end step 93. The
comparison process of steps 85-93 is best understood by way of the examples
discussed below. From the description of the operation of the present
invention contained herein, 25         and the associated flowcharts, it
would be readily apparent to a programmer skilled in the relevant arts how
to implement the present invention using a computer program that controls
operation of a computer system or processor. A programmer skilled in the
relevant arts could, for example, implement the method of the present
invention in the C++ programming language.    WO 98/11508
PCT/IB97/01114 -41- 3.    Examples By way of example for the comparison of
steps 85-93, it may be desired to identify why three different animals,
such as three individual rats, had three different blood pressures. A 2DGE
gel image for artery cells from the three different animals are 



5         compared. The gels are compared to look for proteins that varied
in their expression, and that could be statistically correlated with blood
pressure in the animal. The type of statistical analysis would be a linear
regression. The linear regression of the expression of every spot compared
to the blood pressure of the animal would be carried out. As another
example, one group of gel images can relate to normal or untreated 10
cells, such as islets. A second group of gel images can relate to treated
cells, such as cells treated with interleukin (IL)- I [err]. The
statistical average of each spot in each set of gel images is computed. The
statistical average of each spot in the first set of gel images is compared
to the statistical average of each spot in the second set of gel images to
determine if they are statistically different. In this manner, the operator
is able to quickly 15         and easily determine what proteins are
changed (either up- or downregulated) by the IL- I [err] treatment. As yet
another example, one group of images can relate to normal rats and another
group of images to diabetic rats. The objective is to find the difference
between the two groups. The gel images are divided into two sets: a first
set of gel images for the normal 20         rats; and a second set of gel
images for the diabetic rats. The analysis is carried out in a similar
fashion to that described above for treated and untreated islets to
determine differences in protein expression between normal and diabetic
rats. 4.    Implementation of the Present Invention As noted above, the
invention may be implemented using hardware, software or 25         a
combination thereof, and may be implemented in a computer system or other
processing system. In one embodiment, the invention is directed toward a
computer system capable of carrying out the functionality described herein.
An exemplary computer system 1102 is shown in FIG. I1. Computer system 1102
includes one or more processors, such as processor 1104. Processor 1104 is
connected to a communication bus 1106. Various    WO 98/11508
PCT/IB97/01114 - 42 - software embodiments are described in terms of this
exemplary computer system. After 



reading this description, it will become apparent to a person skilled in
the relevant art how to implement the invention using other computer
systems and/or computer architectures. 5               Computer system 1102
also includes a main memory 1108, preferably random access memory (RAM),
and can also include a secondary memory 1110. Secondary memory 1110 can
include, for example, a hard disk drive 1112 and/or a removable storage
drive 1114, representing a floppy disk drive, a magnetic tape drive, an
optical disk drive, etc. Removable storage drive 1114 reads from and/or
writes to a removable 10        storage unit 1118 in a well known manner.
Removable storage unit 1118, represents a floppy disk, magnetic tape,
optical disk, etc. which is read by and written to by removable storage
drive 1114. As will be appreciated, removable storage unit 1118 includes a
computer usable storage medium having stored therein computer software
and/or data. In alternative embodiments, secondary memory  110 may include
other similar 15        means or memory devices for allowing computer
programs or other instructions to be loaded into computer system 1102. Such
memory devices can include, for example, a removable storage unit 1122 and
an interface 1120. Examples of such can include a program cartridge and
cartridge interface (such as that found in video game devices), a removable
memory chip (such as an EPROM, or PROM) and associated socket, and other 20
removable storage units 1122 and interfaces 1120 which allow software and
data to be transferred from removable storage unit 1122 to computer system
1102. Computer system 1102 can also include a communications interface
1124. Communications interface 1124 allows software and data to be
transferred between computer system 1124 and external devices (not shown),
such as a scanning device for 25        inputting gel images into computer
system 1102. Examples of communications interface 1124 can include a modem,
a network interface (such as an Ethernet card), a network interface
suitable for interfacing with the INTERNET, a communications port, a PCMCIA
slot and card, etc. Software and data transferred via communications
interface 1124 are in the form of signals 1126 which can be electronic,
electromagnetic, optical or 30         other signals capable of being
received by communications interface 1124. Signals 1126 are provided to
communications interface via a channel 1128. Channel 1128 carries  



WO 98/11508
PCT/IB97/01114 -43 - signals 1126 and can be implemented using wire or
cable, fiber optics, a phone line, a cellular phone link, an RF link and
other communications channels. In this document, the terms "computer
program medium," "computer program product," "program storage device," and
"computer usable medium" are used to 5        generally refer to media such
as removable storage device 1118, a hard disk installed in hard disk drive
1112, and signals 1126. These computer program products provide software to
computer system 1102. Computer programs (also called computer control
logic) are stored in main memory and/or secondary memory 1110. Computer
programs can also be received via 10        communications interface 1124.
Such computer programs, when executed, enable the computer system 1102 to
perform the features of the present invention as discussed herein. In
particular, the computer programs, when executed, enable processor 1104 to
perform the features of the present invention. Accordingly, such computer
programs represent controllers of computer system 1102. 15              In
an embodiment where the invention is implemented using software, the
software may be stored in a computer program product and loaded into
computer system 1102 using removable storage drive 1114, hard drive 1112 or
communications interface 1124. The control logic (software), when executed
by processor 1104, causes processor 1104 to perform the functions of the
invention as described herein. 20              In another embodiment, the
invention is implemented primarily in hardware using, for example, hardware
components such as application specific integrated circuits (ASICs).
Implementation of the hardware state machine so as to perform the functions
described herein will be apparent to persons skilled in the relevant
art(s). In yet another embodiment, the invention is implemented using a
combination of 25        both hardware and software. 5.    Conclusion
Having now fully described this invention, it will be appreciated by those
skilled 



in the art that the same can be performed within a wide range of equivalent
parameters, concentrations, and conditions without departing from the
spirit and scope of the 30        invention and without undue
experimentation.    WO 98/11508
PCT/IB97/01114 -44 - While this invention has been described in connection
with specific embodiments thereof, it will be understood that it is capable
of further modifications. This application is intended to cover any
variations, uses, or adaptations of the inventions following, in general,
the principles of the invention and including such departures from the
present 5         disclosure as come within known or customary practice
within the art to which the invention pertains and as may be applied to the
essential features hereinbefore set forth as follows in the scope of the
appended claims. All references cited herein, including journal articles or
abstracts, published or corresponding U.S. or foreign patent applications,
issued U.S. or foreign patents, or any 10        other references, are
entirely incorporated by reference herein, including all data, tables,
figures, and text presented in the cited references. Additionally, the
entire contents of the references cited within the references cited herein
are also entirely incorporated by reference. Reference to known method
steps, conventional methods steps, known methods 15         or conventional
methods is not in any way an admission that any aspect, description or
embodiment of the present invention is disclosed, taught or suggested in
the relevant art. The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that others can,
by applying knowledge within the skill of the art (including the contents
of the references cited herein), readily modify and/or adapt 20         for
various applications such specific embodiments, without undue
experimentation, without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are intended to be
within the meaning and range of equivalents of the disclosed embodiments,
based on the teaching and guidance presented 



herein. It is to be understood that the phraseology or terminology herein
is for the 25         purpose of description and not of limitation, such
that the terminology or phraseology of the present specification is to be
interpreted by the skilled artisan in light of the teachings and guidance
presented herein, in combination with the knowledge of one of ordinary
skill in the art.    C  L  M  S . CLAIMS 1. A computer-based method for
analyzing images comprising: (1) capturing at least one new image, wherein
the new image contains a plurality 5       of new image spots, each new
image spot having an integrated optical density percentage (IOD%) and a
position; and (2) generating a single master image or master composite
image for use in analyzing the new image, wherein the master image contains
a plurality of master spots, each master composite spot having an IOD% and
a position; 10       (3) generating a master composite, wherein the master
composite comprises at least the position, the IOD%, a position tolerance
for each of the plurality of the single master image or master composite
image spots and an IOD% for each of the plurality of the single master
image or master composite image spots; 15 wherein the master composite is
used to guide the search for and identification of a new image spot. 2. A
method according to claim 1 further comprising (4) detecting a new image
spot that has a position that is within a position 20       tolerance of
the position of the corresponding master image spot and that has an IOD%
that is within an IOD% tolerance of the IOD% of the corresponding master
image spot. 3. A method according to claim 2 further comprising 25
(5) assigning said new image spot and master composite spot as a matched
spot and removing said master composite spot from the master composite
spots to be 



matched to spots in the new image; and (5a) optionally repeating step (4)
and (5) 30 4. A method according to claim 2 further comprising (6)
searching the new image to detect a new image spot not identified in step
(4). 5. A method according to claim 1, wherein step 4 further comprises:
-aligning the at least one new image with the master composite image.
REPLACEMENT SHEET 2 5 MAY 2001 46 6. A method according to claim 5, wherein
step 4 further comprises: -selecting a set of anchor points from the master
composite. 7. A method according to claim 5, wherein step 4 further
comprises: 5       -detecting new image spots that have a position that is
within a position tolerance of the position of corresponding anchor points
and that have an IOD% that is within an IOD% tolerance of the lOD% of
corresponding anchor points, and matching the detected new image spots to
the corresponding anchor points to form a set of matched new image spots.
10 8. A method according to claim 5, wherein step 4 further comprises: -
calculating a vector difference for each of the set of matched new image
spots to form a set of vector differences, and removing from the set of
matched new image spots those matched new image spots for which the vector
difference falls within a predetermined percentage of largest vector
differences within the set of vector 15 differences to form a set of
unmatched new image spots. 9. A method according to claim 5, wherein step 4
further comprises: - selecting a set of well-defined spots from the master
composite, detecting new image spots that have a position that is within a
position tolerance of the position 20       of corresponding well-defined
spots, matching the detected new image spots to the corresponding
well-defined spots, and adding the matched new image spots to 



the set of matched new image spots. 10. A method according to claim 9,
wherein step 4 further comprises: 25       - selecting a set of saturated
spots from the master composite, detecting new image spots that have a
position that is within a position tolerance of the position of
corresponding saturated spots, matching the detected new image spots to the
corresponding saturated spots, and adding the matched new image spots to
the set of matched new image spots. 30 11. A method according to claim 10,
wherein step 4 further comprises: - selecting a set of weak spots from the
master composite, detecting new image spots that have a position that is
within a position tolerance of the position of corresponding weak spots,
matching the detected new image spots to the    47 corresponding weak
spots, and adding the matched new image spots to the set of matched new
image spots. 12. The method of claim 1, wherein step (2) comprises: 5 (a)
determining a set of selected images, wherein each selected image in the
set has a background and corresponding spots that correspond to
corresponding spots in the other selected images, and (b) averaging the set
of selected images, wherein the averaging comprises (i) computing an
average composite background from the backgrounds of the set of 10 selected
images, (ii) averaging the IOD% of corresponding spots in the set of
selected images to form an average composite IOD% for each master composite
spot, (iii) averaging a physical shape of corresponding spots in the set of
selected images to form an average physical shape for each master composite
spot, 15 (iv) averaging the spot position of corresponding spots in the set
of selected images to form an average spot position for each master
composite spot, 



(v) computing a standard deviation for the average composite IOD% for each
master composite spot, and (vi) computing a standard deviation for the
average spot position for each master 20 composite spot. 13. The method of
claim 2, wherein step 4 further comprises: (a) identifying a common anchor
point, wherein the common anchor point corresponds to a new image common
anchor spot and to a master composite common anchor spot; 25 (b)
determining the position of the master composite common anchor spot; (c)
determining the position of the new image common anchor spot; and (d)
applying a position correction so that the position of the new image 30
common anchor spot is aligned with the position of the master composite
common anchor spot. 14. The method of claim 13 further comprising: (e)
determining a spot number for the master composite common anchor spot; and
48 (f) assigning the new image common anchor spot a spot number that is the
same as the spot number for the master composite common anchor spot. 15.
The method of claim 6, wherein step 4 further comprises: 5 (a) searching
the master composite to identify a predetermined number of primary anchor
points, wherein each of the predetermined number of primary anchor points
(i) is separated from the other of the predetermined number of primary
anchor points by at least a predetermined separation threshold, and (ii)
has a saturation value that falls within a predetermined saturation value
range. 10 16. The method of claim 6, wherein step 4 further comprises: (a)
searching the master composite to identify a predetermined number of
primary anchor 



points, wherein each of the predetermined number of primary anchor points
(i) is separated from the other of the predetermined number of primary
anchor points by at 15 least a predetermined separation threshold, (ii) has
a saturation value that falls within a predetermined saturation value
range, (iii) has a standard deviation percentage (SD%) for the average
composite IOD% that is less than 40%. 20 17. The method of claim 7, wherein
step 4 further comprises: (a) for each anchor point in the set of anchor
points, (i) determining an X position coordinate and a Y position
coordinate corresponding to the position of the anchor point; (ii)
determining the IOD% for the anchor point; 25 (iii) determining the spot
number for the anchor point; (iv) searching the new image in a region
defined by the X position coordinate t an X position coordinate tolerance
and by the Y position coordinate [err] a Y position coordinate tolerance to
locate a new image spot that has an IOD% equal to the IOD% for the anchor
point [err] 20%; 30 (v) if a new image spot is located in step (iv),
assigning the located new image spot a spot number that is the same as the
spot number for the anchor point. 18. The method of claim 7, wherein step 4
further comprises: (a) for each primary anchor point in the set of primary
anchor points,    C  L 49 (i) determining an X position coordinate and a Y
position coordinate corresponding to the position of the primary anchor
point; (ii) determining the lOD% for the primary anchor point; 5 (iii)
determining the spot number for the primary anchor point; (iv) searching
the new image in a region defined by the X position coordinate t an X 



position coordinate tolerance and by the Y position coordinate [err] a Y
position coordinate tolerance to locate a new image spot that has an IOD%
equal to the IOD% for the anchor point [err]20%; 10 (v) if a new image spot
is located in step (iv), assigning the located new image spot a spot number
that is the same as the spot number for the primary anchor point. 19. The
method of claim 18, wherein the X position coordinate tolerance is 0.1-1 mm
and the Y position coordinate tolerance is 0.1-1 mm. 15 20. The method of
claim 15, wherein step 4 further comprises: (b) selecting from the master
composite all master composite spots that have a saturation value S so that
0.2<S<0.8 to form a first set of selected master composite spots; and (c)
selecting from the first set of selected master composite spots a set of
secondary 20 anchor points so that each selected master composite spot in
the set of secondary anchor points is separated from the other selected
master composite spots in the set of secondary anchor points by at least 3
mm. 21. The method of claim 17, wherein step 4 further comprises: 25 (a)
for each secondary anchor point in the set of secondary anchor points, (i)
determining an X position coordinate and a Y position coordinate
corresponding to the position of the secondary anchor point; (ii)
determining the IOD% for the secondary anchor point; (iii) determining the
spot number for the secondary anchor point; 30 (iv) searching the new image
in a region defined by the X position coordinate t an X position coordinate
tolerance and by the Y position coordinate [err] a Y position coordinate
tolerance to locate a new image spot that has an IOD% equal to the IOD% for
the anchor point [err] 20%; (v) if a new image spot is located in step
(iv), assigning the located new image spot a spot 35 number that is the
same as the spot number for the secondary anchor point.    22. The method
of claim 21, wherein the X position coordinate tolerance is 0.5 mm and 



the Y position coordinate tolerance is 0.5 mm. 5 23. The method of claim 8,
wherein step 4 further comprises: (a) for each matched new image spot in
the set of matched new image spots, (i) calculating a matched new image
spot vector length for a matched new image spot vector that connects the
matched new image spot to its corresponding anchor point, (ii) averaging a
vector length of five vectors nearest to the matched new image spot vector
10 to form an average nearest vector length, (iii) subtracting the matched
new image spot vector length from the average nearest vector length to
determine a first vector difference for the matched new image spot, (b)
summing the first vector differences for all matched new image spots in the
set of matched new image spots to form a first vector difference sum; 15
(c) for each unmatched new image spot in the set of unmatched new image
spots, (i) determining an X position coordinate and a Y position coordinate
that corresponds to the position of the corresponding unmatched anchor
point, (ii) determining the IOD% for the corresponding unmatched anchor
point, (iii) determining the spot number for the corresponding unmatched
anchor point; 20 (iv) searching the new image in a region defined by the X
position coordinate [err] an X position coordinate tolerance and by the Y
position coordinate [err] a Y position coordinate tolerance to locate a new
image spot that has an IOD% equal to the IOD% for the corresponding
unmatched anchor point [err]20%; (v) if a new image spot is located in step
(iv), assigning the located new image spot a spot 25 number that is the
same as the spot number for the corresponding anchor point and adding the
located new image spot to the set of matched new image spots, (d) repeating
step (a) to determine a second vector difference for each matched new image
spot in the set of new image spots; (e) summing the second vector
differences for all matched new image spots in the set of 30 matched new
image spots to form a second vector difference sum; and (f) if the second
vector difference sum is smaller than the first vector difference sum, (i)
removing from the set of matched new image spots and adding to the set of
unmatched new image spots those matched new image spots for which the
vector difference falls within a predetermined percentage of largest vector
differences, and 



35 (ii) repeating steps (c) through (e).    51 24. The method of claim 9,
wherein step 4 further comprises: (a) selecting from the master composite
all master composite spots that have a saturation value S so that 0.2<S<0.8
to form the set of well-defined spots. 25. The method of claim 24, wherein
step 4 further comprises: (b) for each well-defined spot in the set of
well-defined spots, (i) determining an X position coordinate and a Y
position coordinate corresponding to the position of the well-defined spot,
10 (ii) determining the spot number for the well-defined spot, (iii)
searching the new image in a region defined by the X position coordinate
[err] an X position coordinate tolerance and by the Y position coordinate t
a Y position coordinate tolerance to locate a new image spot in the region,
(iv) if a new image spot is located in step (iii), assigning the located
new image spot a spot 15 number that is the same as the spot number for the
well-defined spot. 26. The method of claim 25, wherein the X position
coordinate tolerance is 0.1 mm and the Y position coordinate tolerance is
0.1 mm. 20 27. The method of claim 10, wherein step 4 further comprises:
(a) selecting from the master composite all master composite spots that
have a saturation value S so that S z 0.8 to form the set of saturated
spots. 28. The method of claim 27, wherein step 4 further comprises: 25 (b)
for each saturated spot in the set of saturated spots, (i) determining an X
position coordinate and a Y position coordinate corresponding to the
position of the saturated spot, (ii) determining the spot number for the
saturated spot, (iii) searching the new image in a region defined by the X
position coordinate t an X 30 position coordinate tolerance and by the Y
position coordinate t a Y position coordinate tolerance to locate a new
image spot in the region, 



(iv) if a new image spot is located in step (iii), assigning the located
new image spot a spot number that is the same as the spot number for the
saturated spot.    52 29. The method of claim 28, wherein the X position
coordinate tolerance is 0.4 mm and the Y position coordinate tolerance is
0.4 mm. 30. The method of claim 28, wherein step 4 further comprises: 5 (c)
determining a number of saturated spots in the set of saturated spots to
which the located new image spot corresponds; and (d) dividing the located
new image spot into a number of new image saturated spots that is equal to
the number of saturated spots in the set of saturated spots. 10 31. The
method of claim 11, wherein step 4 further comprises: (a) selecting from
the master composite all master composite spots that have a saturation
value S so that S<0.2 to form the set of weak spots. 32. The method of
claim 31, wherein step 4 further comprises: 15 (b) for each weak spot in
the set of weak spots, (i) determining an X position coordinate and a Y
position coordinate corresponding to the position of the weak spot, (ii)
determining the spot number for the weak spot, (iii) searching the new
image using a first sensitivity in a region defined by the X position
coordinate [err] an X position coordinate 20 tolerance and by the Y
position coordinate [err] a Y position coordinate tolerance to locate a new
image spot in the region, (iv) if a new image spot is located in step
(iii), assigning the located new image spot a spot number that is the same
as the spot number for the weak spot. 25 33. The method of claim 32,
wherein the X position coordinate tolerance is 0.2 mm and the Y position
coordinate tolerance is 0.2 mm. 34. The method of claim 32, wherein step 4
further comprises: (c) repeating step (b) using a second sensitivity that
is higher than the first sensitivity and 30 a shape criterion; 



(d) for each weak spot in the set of weak spots that is not located in the
new image in step (c), adding a new image weak spot to the new image that
has an area that is the same as an area of the weak spot in the set of weak
spots. 35 35. The method of claim 12, wherein step 4 further comprises:
53 (a) searching the new image using a first sensitivity to locate a first
set of unidentified new image spots; (b) searching the new image outside
the set of matched new image spots and the first set of unidentified new
image spots using a second sensitivity that is higher than the first 5
sensitivity and a shape criterion to locate a second set of unidentified
new image spots. 36. The method of claim 5, wherein step (4) further
comprises: (a) computing a statistical average of IOD% for each spot in the
first set; (b) computing a statistical average of IOD% for each spot in the
second set; and 10 (c) determining if each spot in the first set is
statistically different from each spot in the second set. 37. The method of
claim 1, wherein said image is at least one two-dimensional electrophoresis
gel image of cell proteins. 15 38. The method of claim 37, wherein said gel
image is of a video recording, an x-ray film, a flourescent light sensitive
exposed film or a stained gel photographic exposed film of the
electrophoresis gel. 20    




