
 

 

 Short Technical Reports 
DNAOPT: A Computer 
Program to Aid Optimi-
zation of DNA Gel 
Electrophoresis and SDS-
PAGE 

ABSTRACT 

Several methods and computer programs 
have been developed for estimating the size 
of DNA fragments from gel electrophoresis. 
However, methods are lacking that may 
facilitate in optimization of gel conditions. 
In this article, a computer program called 
DNAOPT is described, which was developed 
to assist researchers in tuning the gel 
conditions of gel electrophoresis. The DNA 
OPT program fits the reciprocal of the 
migration distance vs. the size of the DNA 
fragments using the hyperbolic regression 
method and computes the hyperbolic 
parameters such as signal, flatness and 
capacity (optimization parameters). The 
program further manipulates these 
parameters obtained by running gel elec-
trophoresis under various conditions (i) to 
determine the relationship between the gel 
conditions (temperature, buffer concentra-
tion, electric field strength, etc.) and opti-
mization parameters; (ii) to demonstrate gel 
electrophoresis curves and optimization 
parameters graphically; and (iii) to 
represent the optimizing parameters at dif-
ferent gel conditions in tabular form. The 
above-mentioned program options aid the 
users in selecting optimum gel conditions by 
running the gel repeatedly under various 
conditions in which the agarose con 
centration, electric field strength, tempera-
ture, buffer concentration and so on are 
varied in a systematic way for each set of 
gel conditions. Similarly, this program can 
also be used to optimize gel conditions of 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis. 

INTRODUCTION 

Electrophoresis has become an im-
portant tool for studying macromole-
cules, DNA, RNA and proteins. It is 
most commonly used for determining 
the length of DNA fragments from their 
electrophoretic mobilities. DNA frag-
ment size is estimated by comparing 
the migration distance of the unknown 
fragment with those of known size 
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(standards). Several methods have been
proposed for approximating the relationship
between the migration distance and the
DNA fragment size, such as the (i)
semilogarithmic method; (ii) Southern
method, based on reciprocal relationship
(1,9); (iii) global method, based on
reciprocal relationship (8); (iv) hyperbolic
regression method (10,11); and (v) graphical
method (4,6). Based on these
approximations, many computer programs
have been developed for computing
fragment lengths from gel electrophoresis
data (2-4). 

One of the common problems faced by
researchers who run gel electrophoresis is
adjusting gel conditions so that (i) the large
fragments can be measured; (ii) bands of
fragments having marginal size difference
can be distinguished; and (iii) usable
dynamic ranges can be increased. Presently,
available programs on gel electrophoresis
are not appropriate to overcome the above
problem. Thus, there is need to develop a
program that may support the researchers in
optimizing gel conditions. 

In this report a computer program is
described that facilitates the researchers 

in optimizing gel conditions by running the 
gel repeatedly under various conditions in a 
systematic way. The optimization of gel 
conditions is accomplished by using the 
hyperbolic regression, which calculates 
optimizing parameters, such as signal, 
capacity and other characteristics of the 
response curve. In addition, the program 
computes the relationship between gel 
conditions and optimizing parameters so 
that users may select gel conditions 
according to their requirements. The 
program also has options to graphically 
express electrophoresis curves on the screen 
or on an HP-GL-compatible plotter. 

ALGORITHM 

Computation of Optimizing 
Parameters 

DNAOPT used the hyperbolic regression 
method for fitting the standard data, which 
is the efficient method for determining the 
relationship between the migration distance 
and the size of DNA fragments over the 
entire range 

 

Figure 1. Graphical representation of rectangular hyperbola for DNA gel electrophoresis with new 
mathematical origin at (Xo,Yo), where Xo and Yo represent capacity and signal, respectively. 
Flatness of the curve is shown by shadow area. 
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(10, 11). The program fits the size of the 
DNA fragments vs. the reciprocal of the 
migration distance using the hyperbolic 
regression method and derives a hyperbolic 
equation. The simplest hyperbola is 
described by the equation XY = Co, where 
Co is a constant, and it has asymptotes 
at X = 0 and Y = O. The equation (X - 
Xo) (Y - Yo) also represents a hyperbola 
that has asymptotes at (Xo,Yo). The 
reciprocal of the migration distance vs. 
the size of the fragments of the gel 
electrophoresis hyperbolic curve is 
shown in Figure I, which illustrates the 
graphical significance of terms such as 
signal, capacity and flatness. 

The upper dotted line in Figure I is 
defined as a signal which is the maxi-
mum size of a DNA fragment that can 
be measured for that set of conditions. 

The capacity of the gel represents the shape 
of the response curve whether the curve 
becomes easily saturated or not. The 
flatness of the curve is the product of signal 
and capacity. In the general equation of 
rectangular hyperbola, the variables that 
represent the experimental data values are 
X (for reciprocal of migration distance) and 
Y (for fragment size), 

(X - Xo)(Y - Yo) = Co [Eq.l] 
The regression constants that define the

curve are Xo, Yo and Co representing
capacity, signal and flatness. The constants
can be determined by fitting standard data
to rectangular hyperbola using the least-
squares curve-fitting method. The detailed
derivation of the hyperbolic interpolation
formula has been described previously
(5,7,10,11). 

 
 

Figure 2. The optimization curves of Ie DNA digested with HindIII, electrophoresed in gels of different agarose 
concentrations. The line (- . '), (- -) and (- -) represent the standard curve and signal of Ie DNA electrophoresed on 
0.8%, 1.0% and 1.2% agarose gels, respectively. The curves were fitted using the hyperbolic regression method and 
plotted on an HP-GL-compatible plotter using the DNAOPT program. 
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Relationship Between Optimizing 
Parameters and Gel Conditions 

The program exploits the linear re-
gression method for computing the 
relationship between optimizing pa-
rameters and gel conditions. It first cal-
culates the optimizing parameters from 
equation 1 for various gel conditions; 
then it fits the optimizing parameters 
vs. the gel conditions data by following 
linear equation: 

P=AO+AIX(G), [Eq.2] 

where P, G, Ao and Al represent the op-
timizing parameter, gel condition, the 
constant and slope of the curve, respec-
tively. The values of Ao and Al were 
calculated by fitting the data using the least-
squares curve-fitting method from the 
computer program. Equation 2 represents 
the linear interpolation formula that 
determines the relationship between gel 
conditions and optimizing parameters. 

COMPUTER PROGRAM 

DNAOPT computer program was 
developed to run on an IBM@-compatible 
computer under the MS-DOS@ operating 
system. It is written in the C language and 
compiled using TURBO C. This is an 
entirely menu-driven program and provides 
the following major options: (i) Input/edit: 
The program has its own editor to 
enter/update the unknown/standard (DNA 
marker) data and can import data from the 
ASCII file. (ii) Optimization: DNAOPT 
computes the optimization parameters by 
fitting the standard data using the hy-
perbolic regression method and then 
compares these optimization parameters for 
different sets of gel conditions. The 
program has the ability to demonstrate the 
electrophoresis curve and to graphically 
optimize the parameters. These curves can 
be shown on the screen and can be plotted 
on the HPGL-compatible plotter (Figure 2). 
(iii) Fragment size estimation: This option 
allows the user to determine the size of 
DNA fragments of unknown samples by 
using the standard data file. The program 
fits the standard data (reciprocal of mobility 
vs. fragment size) by using hyperbolic curve 
fitting and calculates 
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igure 3. (A) Shows the percentage of agarose gel concentration vs. signal (maximum size of DNA fragments having sufficient resolution). (B) Shows the percentage of agarose gel 
oncentration vs. capacity (absolute). 

he DNA fragment size of unknown 
ragments. (iv) Relationship between 
ptimizing parameters and gel conditions: 
he program fits the optimizing parameters 
s. the gel conditions by using the linear 
egression method as described in the 
lgorithm section and computes the 

nterpolation formula (equation 2)'0 This 
ption assists the user in estimating the 
ost appropriate gel conditions according 

o the user's requirements. (v) Print the data: 
his option allows the user to print the data 

ile on the printer. The user should enter the 
ld filename (previously saved in the 
tandard data file) from the directory 
isplayed on the screen when the program 
sks for the file name. 

RESULTS 

Lambda DNA was digested with 
HindIII, and the gel was run at a 0.8% 
agarose gel concentration at room tem-
perature. In the second set of gel condi-
tions, 'A DNA was digested with 
HindIII, and the gel was run at a 1.0% 
agarose concentration keeping the 

Vol. 18, No.2 (1995) 

other conditions intact. Similarly, in the 
third set of gel conditions, the gel was 
run at a 1.2% agarose concentration 
keeping the other conditions intact. The 
fragment size was determined exactly 
by the GMAP program (6) from known 
sequences, and migration distances 
were measured as closely as possible 
with a ruler. 

DNAOPT was used to analyze the 
electrophoresis data corresponding to 
each set of gel conditions. The electro-
phoresis curve and optimization pa-
rameters are shown in Figure 2, repre-
senting three sets of gel conditions, 
which are examples of the output of the 
DNAOPT program that is plotted on 
the HP-GL-compatible plotter. This 
figure demonstrates the impact of the 
agarose concentration on the electro-
phoresis curve. The program automat-
ically computes the optimizing parame-
ters, which were used for finding the 
relationship between the optimizing pa-
rameter and agarose concentration. 
Figure 3A shows the signal (maximum 
size of a DNA fragment that can be 
measured by a particular set of gel con-
ditions at sufficient resolution) vs. the 

agarose gel concentration, which indicates 
that the signal is inversely proportional to 
the agarose gel concentration. The user may 
calculate the gel concentration required for 
measuring the large fragment of DNA using 
the interpolation formula (equation 2). 
Figure 3B shows the capacity vs. the 
agarose gel concentration, which 
demonstrates that the capacity (or slope) of 
the curve is proportional to the agarose gel 
concentration. The user can calculate the 
agarose concentration for obtaining the 
desired capacity using equation 2; for 
example, the user needs a high capacity to 
distinguish bands of the fragment having a 
marginal size difference. On the basis of 
equation 2, described in the Algorithm 
section, the user can adjust the agarose gel 
concentration for the required capacity. 
Similarly, the user can regulate other gel 
conditions depending on the requirements. 

DISCUSSION 

The main purpose for developing 
the DNAOPT program is to provide an 



 

 

 

efficient, reliable and fast technique for 
optimizing gel conditions. The optimi-
zation of gel conditions is a prerequisite 
for utilizing the full efficiency and 
sensitivity of gel electrophoresis. To 
enhance the sensitivity and usable dy-
namic range of gel electrophoresis, it is 
mandatory to adjust the experimental 
conditions, namely, buffer concentra-
tion, electric field strength, temperature 
and agarose concentration. Hyperbolic 
regression is a mathematical technique 
that gives the researcher a quantitative 
analysis of gel electrophoresis data and 
could be utilized to fine-tune gel condi-
tions. 

To optimize gel conditions, the user 
should run the electrophoresis for dif-
ferent sets of conditions, and then use 
the program to analyze the data. The 
program provides the relationship be-
tween gel conditions and optimizing 
parameters that could be utilized to tune 
gel conditions according to the user's 
requirements. The program also 
computes the interpolation formula for 
gel conditions using equation 2, de-
scribed in the Algorithm section, that 
allows the user to calculate gel condi-
tions for using gel electrophoresis for a 
specific use. Thus, the user may tune 
the gel conditions using this program by 
running the gel repeatedly under 
various conditions in which the agarose 
concentration, electric field strength, 
temperature and buffer concentration 
are varied in a systematic way for each 
set of gel conditions. It has been shown 
earlier that the protein molecular weight 
standard data obtained from sodium 

dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) at differ-
ent experimental conditions of poly-
acrylamide gel, temperature, width of 
gel, etc., fit the hyperbolic curve very 
well so that this method can be applied 
to optimize SDS-PAGE (4,10,11). 

The program is written in TURBO 
C and can be run on an IBM-compat-
ible computer under MS-DOS Version 
2.0 or higher and requires a CGA or 
EGA or VGA card. It runs without a 
math co-processor, and a hard copy of 
the graph can be obtained on an HP 
GL-compatible plotter or printer. A 
copy of the DOS version of DNAOPT 
program can be obtained from net-
server at EMBL, from author (raghava 
@imtech.emet.in), or by downloading 
the program from BioTechNet@. 
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