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Abstract In this study we set to explore the potentialities of the inter-genomic
symbols distance for finding the coding regions in DNA sequences. We use the
distance between STOP symbols in the DNA sequence and a chi-square statistic to
evaluate the nonhomogeneity of the three possible reading frames. The results of
this exploratory study suggest that inter-STOP symbols distance has strong ability
to discriminate coding regions.
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1 Introduction

It is well known that DNA sequences present a nonhomogenous distribution along
the sequence (e.g. coding regions have a tendency to reveal three-base periodicity
[1, 2, 3]). There are many published algorithms for coding regions location (e.g.
[3, 4, 5, 6, 7]). However, their accuracy needs improvement [5, 6] and there is room
for improvement.

In previous work, we explored the inter-nucleotide and inter-dinucleotide dis-
tance, i.e., the distance to the first occurrence of the same nucleotide (dinucleotide),
to perform a comparative analysis between species [8, 9]. In this work, we extend the
concept and explore the inter-STOP symbols distance over different reading frames
in the DNA sequence.
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It is well known that the distributions of STOP symbols in coding regions and
noncoding regions are different. In the correct reading frame of coding regions the
STOP symbols occur only at the end [5]. Motivated by the expectation that the
distance between STOP symbols has higher values in the correct reading frame than
in the other reading frames, we study, in this work, the potentiality of inter-STOP
symbols distance distribution for DNA segmentation.

2 Methods

2.1 Inter-STOP symbols distance sequence

The inter-STOP symbols distance sequence is a special case of the inter-trinucleotide
distance sequence. It is possible to generate three trinucleotide sequences, one for
each reading frame, from a single genomic sequence.

As an illustrative example consider a genomic sequence starting by

AAACAAACTGACACAAAACACTAATAGTTTAAAATAATAATGA . . . .

Then, the three trinucleotide reading frames (R1, R2 and R3) produce the following
trinucleotide sequences,
R1: AAA︸︷︷︸CAA︸︷︷︸ACT︸︷︷︸GAC︸︷︷︸ACA︸︷︷︸AAA︸︷︷︸CAC︸︷︷︸TAA︸︷︷︸TAG︸︷︷︸T T T︸︷︷︸AAA︸︷︷︸ATA︸︷︷︸ATA︸︷︷︸AT G︸︷︷︸A · · ·
R2: AAAC︸︷︷︸AAA︸︷︷︸CT G︸︷︷︸ACA︸︷︷︸CAA︸︷︷︸AAC︸︷︷︸ACT︸︷︷︸AAT︸︷︷︸AGT︸︷︷︸T TA︸︷︷︸AAA︸︷︷︸TAA︸︷︷︸TAA︸︷︷︸TGA︸ ︷︷ ︸ · · ·
R3: AAACA︸︷︷︸AAC︸︷︷︸TGA︸ ︷︷ ︸CAC︸︷︷︸AAA︸︷︷︸ACA︸︷︷︸CTA︸︷︷︸ATA︸︷︷︸GT T︸ ︷︷ ︸TAA︸︷︷︸AAT︸︷︷︸AAT︸︷︷︸AAT︸︷︷︸GA · · ·

The distance sequence for each trinucleotide is a vector containing the distances
between consecutive occurrences of that trinucleotide. In this work we are interested
in the inter-STOP symbols distance, i.e. the distance between consecutive stop sym-
bols: TAA, TAG, TGA. Any of these three symbols signals the end of genes.

As an example, and using the previous nucleotide sequence, we present the be-
ginning of inter-STOP distance sequences for each of the three reading frames:

dSTOP
R1

= (1, · · ·)
dSTOP

R2
= (1,1, · · ·)

dSTOP
R3

= (7, · · ·)

2.2 Chi-square statistic

We use the chi-square statistic to measure the lack of homogeneity of the inter-
STOP distance distribution between the three possible reading frames. In order to
compute the chi-square statistic along the trinucleotide sequences we use a sliding
window of fixed length (w) in each frame, and the distances within each window
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are classified into 2 categories: short distance and long distance. The value used to
separate the short and long distances was called cut-off (note: the long distances
include the distance corresponding to the cut-off value). We also include an extra
category with the number of non stop symbols within the window.

For each DNA sequence we construct contingency tables at each trinucleotide
with a window of w trinucleotides. Table 1 shows the structure of the contingency
tables.

Frame 1 Frame 2 Frame 3 Total
non STOP n11 n12 n13 n1·

short distance n21 n22 n23 n2·
long distance n31 n32 n33 n1·

total n·1 n·2 n·3 N

Table 1 Contingency table for each window. Note: n·1 = n·2 = n·3 = w and n1 j = w−n2 j−n3 j .

The chi-square statistic is given by

X2 = ∑
i

∑
j

(
ni j−

n· jni·
N

)2

n· jni·
N

.

When n· jni·
N = 0, we consider X2 = 0, with i, j ∈ {1,2,3}. This value means that the

inter-STOP symbols distributions in the three reading frames are homogenous.

2.3 DNA data

We used genomic data files obtained from the European Bioinformatics Institute site
(http://www.ebi.ac.uk/genomes/) for 5 bacteria and the 16 chromosomes of Saccha-
romyces cerevisiae S288c. The bacteria were: Aster yellows witches-broom phyto-
plasma AYWB; Borrelia burgdorferi B31; Buchnera aphidicola (Cinara tujafilina);
Candidatus Carsonella ruddii CE isolate Thao2000; and Mycoplasma gallisepticum
CA06 2006.052-5-2P.

We extract the genomic sequences and the information of the position of the
coding regions from the data files. This information is used to compare with the
results of the chi square statistic and to evaluate its discrimination capacity.

We only considered the 5’ to 3’ strand and consequently we did not use the
information for the genes on the complement strand.
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2.4 Procedure

We obtain the chi-square statistic for each symbol of the three reading frames for a
sliding window with fixed length (1000 symbols) and we vary the cut-off distance
from 50 to 350 symbols. We use the ROC (receiver operating characteristic) curve
and compute the area under the ROC curve (AUC) to evaluate the discrimination
accuracy of the chi-square statistic. The procedures with higher AUC have better
performance. Note that if the AUC is 1 the discrimination is perfect, and if the AUC
is 0.5 the discrimination is worthless.

3 Results

Figure 1 shows the position of the coding regions in each of the trinucleotide read-
ing frames and the inter-STOP symbols distances at the positions where the STOP
symbols occur. As can be seen from the figure, there is a long inter-STOP distance
close to the beginning of most of the contiguous coding regions in one (and only
one) of the reading frames.

Fig. 1 Plot of the inter-STOP symbols distances for 10000 trinucleotides of the Saccharomyces
cerevisiae chromosome I in the three frames. The coding regions are marked with thick lines.

We used a sliding window of length 1000 (corresponding to 1000 trinucleotides)
which is a reasonable compromise for the genomic sequences considered in this
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work. In all the genomic sequences used in this study, the percentage of contiguous
coding regions whose length ≤ 1000 (trinucleotides) is at least 90%.

As mentioned previously, we varied the cut-off distance that separates the short
and long distances. Table 2 shows the AUC for the various cut-off distances stud-
ied. In order to reduce the size of the table, we show only the mean and standard
deviation (sd) of the AUC for the Saccharomyces cerevisiae chromosomes and the
bacteria under study.

cut-off

Species 50 100 150 200 250 300 350
mean (sd) mean (sd) mean (sd) mean (sd) mean (sd) mean (sd) mean (sd)

Saccharomyces
cerevisiae (16 Chr) 62% 3% 67% 2% 76% 2% 79% 1% 80% 1% 80% 1% 79% 1%
Bacteria (5) 67% 6% 79% 5% 82% 4% 82% 2% 80% 2% 78% 5% 75% 8%

Table 2 Area Under the ROC Curve (AUC) to discriminate coding regions using the inter-STOP
distance and the chi-square statistic.

The discrimination capacity of the chi-square procedure varies with the cut-off
distance; it has a maximum around 250 for the Saccharomyces cerevisiae and around
200 for the bacteria.

Figure 2 shows, as an example, the behavior of the chi-square statistic in a section
of the Saccharomyces cerevisiae chromosome I. The coding regions are highlighted
with a thick line. The method seems to have some difficulty in separating coding
regions that are very close together. However, the chi-square statistic has non zero
values in most of the coding regions showing heterogeneous inter-STOP distance
distributions for the three reading frames .

4 Conclusion and future work

In this work we evaluated the possibility of the inter-STOP symbols distance for
discriminating coding and noncoding regions in DNA sequences.

We conclude that the inter-STOP symbols distance combined with the chi-square
statistic has potential for discriminating coding regions. We believe that this ex-
ploratory study may be extended to improve the performance of the procedure pre-
sented. In the future, we intend to study the effect of various parameters (e.g., win-
dow length, cut-off distance, number of categories in the chi-square statistic) on the
discrimination accuracy of the procedure. We also intend to study the association
between the coding regions lengths and the parameters of the procedure. The diffi-
culty in separating very close coding regions may be limiting the overall quality of
the results. Consequently, we intend to implement a multi-scale procedure based on
chi square statistics and the variation of the window length and the cut-off distance.
For eukaryotes with genes whose nucleotide number is not a multiple of 3, the algo-
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Fig. 2 Plot of chi-square values at each trinucleotide position for part of the Saccharomyces cere-
visiae chromosome I DNA sequence. The thick lines highlight the positions corresponding to cod-
ing regions.

rithm will have to be improved to account for the change of phase in the 3 reading
frames.

We expect that the inter-STOP symbols distance will be able to complement
existing methods to increase the overall performance of gene finding algorithms.
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