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I. Introduction toBackgroundSubtraction

In quantitative Western blotting, image background affects the accuracy and variability of
analysis. Nonspecific bands, smears, spots, and blotches in Western blot images can make it
difficult to precisely determine band intensity. When you draw a shape around a band,
background pixels inside the shape also contribute to the signal intensity. During image
analysis, background must be subtracted to accurately calculate the signal intensity for
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regions of interest. An algorithm estimates the intensity of background pixels and subtracts
that value from the total signal intensity of the shape to “correct” for background.

Background subtraction is an important aspect of quantitative Western blot analysis – but its
accuracy is strongly influenced by both image context and the type of subtraction algorithm
applied (1-3). Currently available Western blot analysis software offers multiple options for
subtracting background, and it can be difficult to know which method will produce the most
accurate and reproducible quantification results. With little guidance about when and why
each method is appropriate, researchers are forced to either pick a method or simply use the
default settings and hope for the best. These subjective choices are based on each user’s
personal preferences and introduce variation that makes the analysis less reproducible.

Background subtraction works best when image background is uniform and consistent
across the blot, with well-separated bands and lanes (1, 4, 5). But every blot is different;
electrophoresis artifacts, uneven background, smears, spots, and variations in lane or band
spacing make each blot unique. Most background algorithms cannot adapt to these
variations and will not produce accurate results every time (1, 2, 5). An ideal background
subtraction algorithm for Western blot analysis would respond and adapt to these variations
and produce accurate, reproducible results from every blot.

Common background subtraction algorithms rely on the shape or lane context. Shape-based
methods use the area surrounding a shape or feature to estimate image background, and
lane-based methods use information from the context of each lane. A new method that
considers both the shape context and lane context, called Adaptive Background Subtraction
(ABS), eliminates user bias for more reproducible and less subjective estimation of image
background.

II. Shape-BasedMethods

LocalBackground

Method

Local background uses the local area surrounding each shape or feature to calculate its
background value. Based on the average pixel intensity around the border around each
shape, background is subtracted from the total intensity value for the shape. Local
background is often the default setting in image analysis software (Image Lab™ from Bio-Rad
Laboratories is one example; 6).
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Reproducibility and Error

l When bands or lanes are close together, shapes may be so close together that their
borders overlap. If the border around a shape includes bright pixels from adjacent bands
or lanes, those pixels will compromise the consistency and accuracy of background
subtraction.

l Size and placement of shapes alters the background calculations and affects the resulting
data. Each user places shapes of somewhat different size and location to quantify bands,
based on his or her assessment of what is appropriate. These subjective choices affect the
resulting data, making it difficult for any other user to reproduce the analysis of that
image.

Global (User-Defined)Background

Method

In this approach, the user designates a specific shape or region to represent the global
background value for that image. The pixel intensity of this user-defined region is then
subtracted from the total intensity values for all shapes on the blot.

Reproducibility and Error

l The user selects a “representative” background region, based on his or her assessment of
the image. This choice is highly subjective and cannot be easily reproduced by others.

l When image background is uneven, global background correction will be inaccurate.
Irregular membrane background, specks, smudges, and trails or smears in sample lanes
are not considered in the background calculation and may affect quantification. Although
designating multiple background regions may partially alleviate this concern, the choice
and placement of user-defined background regions is inherently subjective and may
affect the reproducibility of data analysis.

l The size of the designated background region (number of pixels) must be equivalent to
the size of the region(s) of interest on the image.

III. Lane-BasedMethods

RollingBall (ImageJ)

Method

This method interprets the blot image as a three-dimensional histogram created by the pixel
intensities. An imaginary ball is rolled along the bottom surface of the histogram. The radius
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of that ball, in pixels, determines how much background is subtracted from the image. A ball
with a small radius follows the contour of the histogrammore closely, and will subtract more
background from the image. A larger ball will remove less background. Rolling ball
subtraction is appropriate for images with smooth, continuous, and uniform background
(4,5).

Reproducibility and Error

l The radius is chosen by the user, and this choice determines the accuracy of background
estimation. If the radius is too small, too much correction is applied and actual signals are
lost. If the radius is too large, background correction is insufficient.

l When image background is not uniform, the correct radius is difficult to determine (1,5).
The user must consider image-specific factors such as image resolution, band intensity,
band width, and band spacing or separation to select an appropriate radius. This
subjective choice introduces variability and makes the analysis difficult to standardize or
reproduce.

l Smaller, less intense, or closely-spaced bands such as doublets can be lost due to
overestimation of image background. Rolling ball is best suited to prominent, individual
bands that are well-separated (1).

l Rolling ball is typically applied to the entire image. However, the same radius may not be
appropriate for all sample lanes, due to variation in image background and the intensity
and spacing of bands. Applying this correction to the entire image also visibly changes
image appearance. Routine application of rolling ball subtraction to the entire Western
blot image may introduce unintended variability during analysis.

LaneBackground (RubberBand)

Method

The known location of shapes in the lane profile is used to identify points of minimum pixel
intensity located between the bands in that lane. These areas (called “local minima”) are then
connected by a line, as if you were attaching a string or rubber band at each consecutive
point. The area below this line is subtracted as image background.

Reproducibility and Error

l To compensate for variations in band width, the lane background algorithm uses the
center lane line to identify and analyze the middle 75% of each lane (7). The user chooses
where to place these center lines, and line placement could potentially affect algorithm
performance.

l Connections between local minima are drawn selectively. Minima that would create a
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steep slope are disregarded by algorithm, to allow for discrimination of bands that are
close together (7).

l This method is only used for lane-by-lane analysis; it is not applied to the entire image.

IV.AdaptiveBackgroundSubtraction

Method

Unlike conventional background subtraction methods, ABS evaluates the local area around
each shape and its context within the lane to determine the background value. This patent-
pending, intelligent algorithm combines the advantages of shape-based and lane-based
methods in a single calculation. User bias and the impact of subjective choices are minimized
or eliminated, allowing different users to generate consistently reproducible results.

Reproducibility and Error

l By evaluating a broader context for each shape, Empiria Studio uses a larger volume of
data to evaluate and estimate image background. A typical region of interest may contain
a few hundred pixels, and a conventional background subtraction method uses a few
hundred pixels to estimate image background. In contrast, Empiria Studio analyzes
several thousand pixels to estimate the background for that shape.

l If examined at the pixel level, image background is actually quite uniform. The ABS
algorithm looks for this redundancy and differentiates it from “non-context” areas like
spots, smears, or other artifacts adjacent to the band or in the sample lane. With a large
data set for comparison, the algorithm can easily identify and disregard these anomalies.
It adapts to the individual image context, calculating image background with unmatched
precision and reproducibility.

V.ReproducibilityofABS, Local, andGlobalBackground
Subtraction

Common background subtraction methods for quantitative WB analysis require subjective
input and decisions from the user. User preferences are a source of bias and error that may
undermine the reproducibility of analysis (1,2). If user-dependent variables introduce error
during analysis, it may be more difficult to precisely reproduce the results of another user’s
quantitative analysis. The influence of user input during image analysis was examined
experimentally for several background subtraction methods.
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ImageAnalysisbyMultipleUsers

A comparative study was performed to determine if removal of user bias from background
subtraction would increase the reproducibility of WB analysis. Six different users analyzed a
group of WB images using local background, global (user-defined) background, and Empiria
Studio ABS methods. For each image, the designated bands were analyzed and quantified
with all three methods. The compiled data were then analyzed to determine the variability of
background-corrected band intensity. Variability was expressed as the mean percent
coefficient of variation (% CV) of quantitative results for each image analyzed by the group,
for each background subtraction method (Fig. 1).

The first image, Blot A, displayed an electrophoresis-related artifact that disrupted the shape
of the target bands and created smeared trails in the sample lanes (Fig. 1A, left). This erratic
electrophoresis pattern could potentially disrupt the accuracy of background estimation and
subtraction. Background-corrected band intensity results from the six users exhibited the
most variability for global, user-defined background subtraction a mean CV of 11.9% (+/-
4.4%; Fig. 1A). Local background subtraction was less variable, with a mean CV of 7.4% (+/-
0.9%; Fig. 1A). Empiria Studio analysis produced the most consistent band intensity results
across the group of users (mean CV of 5.2%, +/- 0.3%; Fig. 1A).

Blot B presented a different challenge for background subtraction and quantification (Fig.
1B). The target bands in this image were faint, with substantial background fluorescence in
the surrounding lane area. Background-corrected band intensities were extremely variable
when the users applied the global, user-defined subtraction method, with a mean CV of
44.5% (+/- 6.7%; Fig. 1B). Local background performed much better, exhibiting a mean CV of
15.6% (+/- 1.5%; Fig. 1B). Again, Empiria Studio produced the most consistent results across
the six users, with a mean CV of 4.0% (+/- 1.9%; Fig. 1B).

On Blot C, bands were smeared and background levels were different in each lane. These
variations made it difficult to reliably quantify the bands using local or global background
subtraction methods. Global, user-defined background correction proved slightly more
reproducible than local background for this blot. Global correction produced a mean CV of
8.0% (+/- 1.0%), compared to a mean CV of 10.3% (+/- 3.0%) for local background (Fig. 1C).
With Empiria Studio, background-corrected band intensity results were more reproducible
than other methods (mean CV of 4.2%, +/- 1.1%).

RepeatedAnalysisbytheSameUser

Reproducibility of repeated analysis by the same user was evaluated as described by Gallo-
Oller et al (5). A WB image with multiple bands and uneven background was selected for this
comparison. A single user analyzed the upper and lower bands on the image in Fig. 2A, using
Empiria Studio software. The same user then reanalyzed the raw image, repeating all setup
and analysis steps. Results of the two independent analyses were plotted against each other
in Fig. 2B-C. Results for the upper band (Fig. 2B) show excellent correlation, with R2 =
0.9994. For analysis of the lower band (Fig. 2C), correlation was again very strong (R2 =
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0.9996). For both bands, analysis and re-analysis of the raw image produced the same result
with striking accuracy. Despite the uneven, splotchy background surrounding the bands on
this blot, quantitative analysis was highly reproducible.

VI.Discussion

These data demonstrate that analysis with ABS and Empiria Studio software generates
consistent, reproducible quantification of WB images from user to user. Different users who
analyzed the same image produced the same output, even for blot images with smeared
bands or faint bands surrounded by lane background. Empiria Studio quantification was
more reproducible than local background subtraction, and greatly outperformed the user-to-
user reproducibility of global, user-defined background subtraction.

For some images, global background subtraction produced the most variability between the
six users, with mean CVs of 11.9% for Blot A and 44.5% for Blot B. However, for Blot C,
global background subtraction produced more reproducible results than the local
background method. This result is an important reminder that the accuracy of a particular
background algorithm is dependent on the image context where it is applied. Factors such as
lane-to-lane variation in band shape and background may influence the accuracy of
background subtraction in unexpected ways. Because commonly-used subtraction methods
cannot adapt to this variation, the user is forced to adapt, by subjectively choosing the
method he or she feels is most appropriate for that context.

User preferences introduce variability and make it more difficult to precisely reproduce the
analysis (1,2,5). However, a background subtraction algorithm that responds to the blot
environment would remove this source of variation. Empiria Studio’s intelligent background
subtraction adapts to the unique context of each blot, so you can use the same background
subtraction method every time, for every blot. This method removes the guesswork and user
bias from background subtraction, providing consistent quantitative WB results that are more
easily reproduced.
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Figure1. Quantitative analysiswith Empiria Studiowasmore reproducible than local and global background
subtraction.Multiple users analyzed the designated bands on each blot (arrowheads on images) using local,
global/user-defined, and Empiria Studio ABS background subtraction. Variability of background-corrected
band intensity, expressed as the mean %CV of the quantitative results for that image, was compared for each
background subtraction method. A) Blot A displayed oddly shaped bands and smeared trails in sample lanes.
Graph shows the mean CV of quantitative analysis for each background method (error bars show standard
deviation, n = 6). B) On Blot B, faint bandswere surrounded by background in sample lanes. Graph shows the
mean CV for each method (error bars show standard deviation, n = 6). C) The designated bands on Blot C
were smeared and misshapen. Graph shows the mean CV for each method (error bars show standard
deviation, n = 5).
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Figure2. Repeated analysisofbandswith Empiria Studio produced nearly identical results. A) The upper and
lower bands in this image (arrowheads) were analyzed twice by the same user. For the second analysis, lanes
and bandswere placed independently on the raw image. B) Correlation of results from repeated analysis of the
upper band (R2 = 0.9994). C) Correlation of results from repeated analysis of the lower band (R2 = 0.9996).
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