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Abstract

E. coli promoter recognition is an area of great
interest in bioinformatics. In this paper, we describe
the implementation of a feed forward neural network
to predict the E. coli promoter. According to the
sequence conservation, some sequences with 60 bases
are selected as positive samples and some
corresponding non-promoters from E. coli coding
areas are selected as negative samples, and a
classifier based on feed forward neural network is
trained. Results show that feed forward neural
networks can extract the statistical characteristics of
promoters more effectively, and that coding with four
dimensions for nucleic acid data is superior to two
dimensions. Another result demonstrated here is that
the number of hidden layers seems to have no
significant effect on E. coli promoter prediction
precision. The research results in this paper can
provide reference for promoter recognition research.

1. Introduction

Currently, there are more than 142 organisms that
have been sequenced and annotated. However, a large
number of promoter regions in these organisms, which
are important transcriptional control points, have not
been determined. To date, an additional four more
sequencing tasks for E. coli strains have been
completed but there still exists many vague promoter
regions that need to be further explored and annotated.
In this paper we describe the implementation of a feed
forward neural network to predict E. coli promoter
regions.

2. Feed-Forward Neural Network

Neural Networks have several unique advantages
and characteristics as research tools for the molecular
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sequence analysis problem. A very important feature
of these networks is their broad adaptive nature, where
“learning by example” replaces conventional
“programming on a case-by-case” basis for solving
problems!™. For the promoter prediction problem, this
feature makes neural networks very appealing.

The proposed new solution uses a feed forward
neural network, which has three layers: input layer,
hidden layer, and output layer, trained using a back
propagation supervised training algorithm. The input is
used as activation for the input layer and is propagated
to the output layer. The received output is then
compared to the desired output and an error value is
calculated for each node in the output layer. The
weights on edges going into the output layer are
adjusted by a small amount relative to the error value.
This error is propagated backwards through the
network to correct edge weights at all levels.

3. Design/Methods

The positive training sets consist of 471 promoter
patterns obtained from promoter databases with
experimentally determined and validated
transcriptional start sites, each of which is 60 bps long
spanning from -55 to +5.1°' Comparing with [7] where
only a set of 80 known promoter sequences combined
with different numbers of random sequences was
trained, more training sets in this paper are used.

The negative training sets are 365 promoter patterns
from the coding region of E.coli K12 data available in
g}e NCBI database, each of which is also 60 bps long.

For a neural network to function properly, the input
data has to be transformed into binary or numerical
data. Two kinds of encoding schemes for nucleic acids
are tested. First we use a four dimensional encoding
scheme; that is to say, A=1000, C=0100, G=0010,



T=0001. Then we also apply a two dimensions
encoding scheme: A=00, C=01, G=10, T=11.

In the four dimensional encoding scheme, the input
layer has 240 nodes, the hidden layer 80 nodes, and the
output one node.

In the two dimensional encoding scheme, the input
layer has 120 nodes, the hidden layer 80 nodes, and the
output one node.

For positive training sets, the output is +1, and for
negative training sets, the output is -1. If the output is
greater than or equal to zero, we say the input is a
promoter sequence. And if the output is less than zero,
we say the input is not a promoter sequence.

4. Results

Training is performed using the back propagation
algorithm for the two kinds of encoding schemes and
various hidden layer numbers.

For the first encoding scheme, a learning rate of 0.5,
a momentum constant of 0.95 maximum number of
epochs to train of 5000 and sum-squared error goal of
0.1 are used. When the hidden layer number is
changed, the network training parameters are kept
unchanged.

For the second encoding scheme, a learning rate of
0.25, a momentum constant of 0.95 maximum number
of epochs to train of 5000 and sum-squared error goal
of 0.1 are used. When the hidden layer number is
changed, the network training parameters are kept
unchanged.

The four dimensional encoding scheme training is
shown in figure 1, and the two dimensional encoding
scheme training in figure 2.

The four dimensional encoding scheme error rate is
shown in table 1, and two dimensional encoding
scheme error rate in table 2. Comparing figure 1 and
figure 2, and table 1 and table 2, we can conclude that
the four dimensional encoding scheme training is
superior to two dimensions.

For the four dimensional encoding scheme, the
error rate responding to the hidden layer number is
shown in figure 3. And for the two dimensional
encoding scheme, the error rate responding to the
hidden layer number is shown in figure 4. Comparing
figure 3 and figure 4, it can be seen that the number of
hidden layers seems to have no significant effect on E.
coli promoter prediction precision.

5. Conclusion

Neural networks are useful for prediction problems.
Their ability to capture and model information from
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non-linear systems and generalize information from
learned data makes them suitable for E coil promoter
prediction.

The feed forward neural network described in this
paper is capable of determining the position of E. coli
promoters. Although other techniques may prove
accurate at the same task, the neural network seems to
be a suitable and sufficiently accurate choice. The use
of a neural network in this manner makes it possible to
automatically detect the location of E. coli promoters.
Thus, algorithm can more easily determine multiple
promoters in different sequences.

The results in this paper also showed that for
nucleic acid data, coding with four dimensions is
superior to two.

Another result demonstrated here is that the number
of hidden layers seems to have no significant effect on
E. coli promoter prediction precision.
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