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The aim of this study was to evaluate plots showing a linear correlation between the parameters characterising protein content in the spots obtained
using two-dimensional electrophoresis (scatter plots). The correlation coefficient of normalized spot volume may be used to determine regions with
increased reproducibility. In our experiment, conducted using pea seed proteins, the correlation coefficient reached 0.980 in such regions, compared
with 0.917 noted for the entire gel surface. The correlation coefficient calculated based on scatter plots may serve as a tool for the preliminary selection

of regions characteristic of a given proteome.

INTRODUCTION

Two-dimensional polyacrylamide gel electrophoresis
(2D-PAGE) is a basic separation technique applied in pro-
teomic studies including application for food and nutri-
tion science [Hamdan & Righetti, 2003; Kvasni¢ka, 2003;
Gorg et al., 2004; Manso et al., 2005; Bendixen, 2005; Sky-
las et al., 2005; Wang et al., 2006a; Fenselau, 2007]. When
the application of 2D-PAGE is followed by mass spectrom-
etry, spots occurring on several gels are usually analysed.
The reproducibility of gel images is a crucial factor in such
experiments. Gel images may also be classified and dis-
criminated using sophisticated statistical and chemometri-
cal algorithms [Pietrogrande et al., 2006; Marengo ef al.,
2007; Jacobsen et al., 2007]. Reproducibility estimation and
the identification of factors causing gel-to-gel variation is
a significant area of interest [Choe & Lee, 2003; Gustaffson
et al., 2004; Almeida et al., 2005; Grove et al., 2006; Horgan,
2007; Valcu & Valcu, 2007; Schroder et al., 2008]. The rou-
tine use of two-dimensional electrophoresis requires a rapid
test to estimate image reproducibility. Such a test should be
as simple as possible. A scatter plot, i.e. a plot highlighting
a linear correlation between such parameters as spot inten-
sity, spot area, spot volume, normalized intensity or normal-
ized volume for matched spots found on two gels [Image
Master Manual, 2005] appears to be a simple and fast tool
to compare the properties of images. The aim of the pres-
ent experiment was to evaluate the so-called “scatter plots”,
the option provided by software for gel image processing as
a tool for image reproducibility estimation and to highlight
some consequences of its use.

MATERIALS AND METHODS

Seeds of pea (Pisum sativum L.) cv. Ramrod, harvested
in 2005, were supplied by the Plant Breeding Station in Pias-
ki-Szelejewo (Poland). Seeds were dehulled and milled into
flour using a WZ-1 laboratory mill (Spomasz, Znin, Poland)
and a Fack S-2601 tecator (Hoganas, Sweden) with a grid
diameter <150 wm. Flour was stored in hermetically closed
plastic containers at a temperature of around 5°C. Only elec-
trophoresis-purity reagents were used.

Protein extraction was performed by the method proposed
by Wang ez al. [2003; 2006b]. Protein concentration was mea-
sured according to Bradford [1976] using the Bio-Rad Pro-
tein Assay (Bio-Rad, cat. No. 500-0006) and bovine serum
albumin (Bio-Rad, cat. No. 500-0007) as a standard protein.

2D-PAGE was carried out according to Gorg [2004].
Samples of the resultant solutions (350 uL, containing ca.
300 ug of protein) were loaded onto IPG Dry Strips; 18 cm;
pH 3-10 linear gradient (Bio-Rad, cat. No. 163-2032). Isoelec-
tric focusing (IEF) was carried out using Ettan™ IPGphor™
(GE Healthcare). The strips were then transferred to 12.5%
polyacrylamide gels (215 x 276 x 1 mm) and covered with
a 0.5% agarose solution in the Ettan™ DALTsix (GE Health-
care) apparatus. 2-D SDS-PAGE Standards (Bio-Rad, cat.
No. 161-0310) were used.

SDS-PAGE gels were stabilized and stained using Roti®-
Blue solution (Colloidal Coomassie G-250, Roth, cat. No.
A152.1, Germany). After staining the gels were washed
to destain the background. Gels were finally rinsed with
deionized water and scanned. The analysis was performed
in five replications.

Author’s address for correspondence: Prof. Dr. Jerzy Dziuba, Chair of Food Biochemistry, University of Warmia and Mazury in Olsztyn, Plac Cieszyfski
1, 10-726 Olsztyn-Kortowo, Poland; tel.: (48 89) 523 35 85; e-mail: jerzy.dziuba@uwm.edu.pl

© Copyright by Institute of Animal Reproduction and Food Research of the Polish Academy of Sciences



142

J. Dziuba et al.

Gel images were processed using the Image Master™ 2D
Platinum 6.0 program [Image Master Manual, 2005]. Spots
were detected based on the following parameters selected ar-
bitrarily: minimum area 20; smooth 10; saliency 150. Manual
processing was restricted to remove artifacts (e.g. bubbles,
dust, damages of gel surface) recognized as spots. Appar-
ent pI was calculated using markers identifying the location
of both ends of an IPG strip (Figure 1). Apparent molecular
weights were calculated on the basis of standards labeled as
shown in Figure 1. pI markers and molecular weight standards
were used as anchors for matching gel images. Scatter plots
of % volume were constructed for matched spots with the ap-
parent pl and MW ranges presented in Table 1. pI markers
and MW standards were not taken into account during calcu-
lations regarding the entire gel surface.

The statistical significance of differences between param-
eters describing scatter plots obtained for selected pIl and MW
ranges and for entire gel was estimated using Student’s t-test.

RESULTS AND DISCUSSION

An example of a 2D-PAGE image of pea proteins is pre-
sented in Figure 1. A characteristic feature of the image is
the presence of abundant proteins in the region corresponding
to pl in a neutral and slightly acidic pH range and to the ap-
parent molecular weight range between ca. 30 and ca. 80 kDa.
The value of 80 kDa exceeds the highest molecular weight
of standard proteins (Figure 1), thus the region with cutoff
70 kDa was selected for calculations. Most spots in this region
are arranged into the so-called “spot trains” containing spots
of proteins with similar molecular weights and different pl val-
ues. The occurrence of “spot trains” is attributed to the post-
translational modifications of proteins and considered to be
a characteristic element enabling to identify 2D electrophore-
grams [Pietrogrande er al., 2006]. The pattern of spots is
similar to that observed in electrophoregrams of soybean seed
proteins obtained by Zarkadas et al. [2007a, b].
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FIGURE 1. Example of an image of a 2D-PAGE electrophoregram of pea

seed proteins.



Gel images of pea seed proteins

143

% Vol Sample 2
B
&4
4+
a2
1.5 *x+-0.091
Corr: 0.945
1 Count: 22
Ry T
1] 2 4 ] g
% Vol Sample 1

FIGURE 2. Example of a scatter plot for two images within the apparent
pl range of 5-7 and the apparent molecular weight range of 40-70 kDa.

An example of a scatter plot is presented in Figure 2.
An ideal linear correlation gives correlation coefficient = 1,
slope = 1 and offset = 0. The deviation of individual data
points from the straight line may be caused by two reasons.
The first one is spot overlapping [Pietrogrande et al., 2006].
Overlapped spots may be recognized as one spot in one
gel and as two or more in another. The other reason may be
the local geometrical distortion of gel [Aittokalio et al., 2005]
leading to the incorrect matching of two spots differing in vol-
ume. The parameters characterising scatter plots are presented
in Table 1. The calculations provided two data sets, with a slope
higher than 1 and lower than 1. Only the first one is presented
in Table 1. Values from the second set are the inverses of those
from the first one. Offset values and correlation coefficients as-

sociated with the slopes higher than 1 are presented in Table 1.
The program used in the study offers scatter plot calculation
for the following parameters: spot intensity, spot area, spot vol-
ume, normalized intensity, normalized volume. The last one has
given the highest correlation coefficient measured for the entire
gel surface, as compared with the other parameters (data not
shown). Normalized volume (% volume) is intuitionally the best
approximation of the relative protein content of a complex mix-
ture. Among the three measures of correlation between two gels,
the correlation coefficient seems to show the most interesting
properties. The narrowing of the area covered for spot matching
leads to statistically significant changes of this measure (Table
). It implies that gel images contain areas with reproducibility
higher than that of the entire gel image. In our samples, the slope
and offset did not point to the fact that some fragments of a gel
image show higher reproducibility than others. There was no
statistical significance between the values obtained for the entire
gel surface and for narrower areas, with one exception (Table
D). In contrast to the correlation coefficient, the slope and off-
set of normalized spot volume in a narrow area are affected by
the volume of all spots in gel. Exceptionally high slopes for data
based on matching in the pI range of 6.5-7.0 and in the molecu-
lar weight range of 65-70 kDa reflect low robustness of data due
to a too low number of spots matched.

The results of this study confirmed that “spot trains”
containing intense spots [Pietrogrande et al., 2006] can be
recommended for the identification and classification of 2D
electrophoresis images.

The correlation coefficients calculated for scatter plots
could be a useful tool for the preliminary selection of marker
regions indicating changes in proteomes. Regions of increased
reproducibility could be selected for further, more sophisti-
cated, analyses.

CONCLUSION

Images obtained by two-dimensional electrophoresis con-
tain regions with reproducibility higher than the overall repro-
ducibility of gels. Linear correlation coefficients calculated for
scatter plots may serve as a quantitative measure for the se-
lection of such regions.

TABLE 1. Parameters characterizing scatter plots of normalized spot volume over the entire gel surface and in a selected area.

Apparent pl range Apparent MW range | Number of matches® | Correlation coefficient Slope Offset
(kDa) Mean+SDP Mean+SDP Mean+SDP Mean+SDP

Entire gel surface Entire gel surface 341+42 0.917+0.019 1.10£0.06 -0.028+0.014
5.0-7.0 30-70 99+15 0.948+0.028¢ 1.15£0.12 -0.027+0.044
5.0-7.0 40-70 7848 0.953£0.023¢ 1.15£0.12 -0.050+0.026
6.0-7.0 40-70 576 0.963+0.027¢ 1.18+0.12 -0.044+0.067
6.0-7.0 50-70 43+5 0.980+0.005¢ 1.17+0.08 -0.018+0.050
6.0-7.0 60-70 26+3 0.968+0.011¢ 1.17+0.08 -0.013+0.060
6.0-7.0 65-70 1942 0.974+0.011¢ 1.17£0.08 -0.016+0.058
6.5-7.0 65-70 10+1 0.914+0.024 1.40£0.28¢ -0.031£0.022

aMean number of matches between two individual gels. "n = 6; it is possible to obtain six independent scatter plots on the basis of four gel images.
“Difference between this value and the value obtained for the entire gel surface is significant at p <0.05. “Difference between this value and the value
obtained for the entire gel surface is significant at p <0.01. Difference between this value and the value obtained for the entire gel surface is significant

atp <0.001.
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