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ABSTRACT

Summary: Analysis of K-string composition
of long DNA sequences including complete
genomes is a natural extension of G+C con-
tent, i.e., K = 1, study. Using K > 1 (K ≤ 9
at present) takes into account short-range cor-
relations of nucleotides and enhances species-
specific features in the sequence. Visualization
of the K-string composition of a long DNA is
especially useful for exploring short palindromic
structures in the sequence. The SeeDNA pro-
gram runs on Red Hat Linux with GTK+ sup-
port. It displays two-dimensional (2D) or one-
dimensional (1D) histograms of the K-string dis-
tribution of a given sequence and/or its random-
ized counterpart. It is also capable of showing
the difference of K-string distributions between
two sequences.

Availability: The C source code using
the GTK+ package is freely available un-
der the GNU General Public License at:
http://www.itp.ac.cn/∼hao/SeeDNA.tar.gz
Installation and running information as well as
references are included as separate files in the
above release package.

Contact: hao@itp.ac.cn

ALGORITHM

In order to count the frequency of occurrence
of K-strings a total of 4K counters are needed.
To visualize the frequency distribution these
counters are allocated in a 2K × 2K square ma-
trix and a color code is used to show the range
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of counting. The allocation of counters is real-
ized by taking the direct product of K copies of
the 2 × 2 matrix (Hao et al., 2000)
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We put g and c in the first row to make the
effect of G + C content readily visible. What
obtains is a 2D histogram or a “portrait” of
the DNA sequence. Examples of bacterial “por-
traits” were given in the above reference. Some
combinatorial problems raised by these pictures
have been solved rigorously (Hao, 2000). The
species-specific “avoidance signature” of com-
plete bacterial genomes has eventually led to a
new way of inferring phylogenetic relationship
of prokaryotes without sequence alignment (Qi
et al., 2004; Hao and Qi, 2004).

An 1D histogram is constructed by putting
the counts along the abscissa from a minimal
(may be zero) to a maximal count and the num-
ber of string types within a narrow range (a bin)
of counts along the ordinate.

To provide a reference for comparison the pro-
gram can randomize the input sequence keep-
ing the number of each type of nucleotide un-
changed. A seemingly surprising effect was the
appearance of fine structures in some random-
ized genomes with significant G + C bias. This
phenomenon has been understood (Xie and Hao,
2002). Studies of the 1D histograms of ex-
tant complete genomes in contrast to their ran-
dom counterparts have revealed the existence
of universal length in complete genomes that
can be explained by a simple universal model
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for genome growth and evolution (Hsieh et al.,
2003; Chang et al, 2004).

FEATURES

The program takes one or more DNA se-
quences in either GenBank or FASTA format
as input. The user may form a list of sequences
and then work with them to conduct compara-
tive studies.

SeeDNA displays 2D as well as 1D histograms
of the designated sequence or its reverse-
conjugate or both (by concatenating them) us-
ing the original input or its randomized coun-
terpart. The string length K can be changed
within the range 1 ∼ 9 (K > 9 would extend
the picture beyond the screen of most present-
day computers).

Both the 2D and 1D histograms are interac-
tive. Moving and clicking the cursor will cause
the designated string and its count (2D) or the
count range and the number of string types
whose counts fall in that range (1D) to be dis-
played.

Two 2D histograms may be compared by dis-
playing the difference of counts for each string
type. To put the comparison on equal footing
the counting results are normalized to that of 1
million bases. This feature is experimental for
the time being and the way of showing the dif-
ference of “portraits” will be improved as more
applications are implemented.

Some advanced options are also provided. For
example, the user may change the color code or
determine how many times the randomization
procedure would be applied to the sequence be-
fore it is treated.

At the user’s choice a screen figure may be
exported to a GIF file under a separate name
for later manipulation.

IMPLEMENTATION

A very limited version of the 2D histogram
was implemented at the European Bioinformat-
ics Institute (EBI, 2000) and the National Insti-
tute for Standard and Technology (NIST, 2000)
without randomization, 1D histogram and many
other features.

The full-fledged SeeDNA program is written
in C using the GTK+ graphic package. A user-
friendly interface makes the choice or combina-
tion of features a matter of clicking on buttons.

The 2D histograms, if shown only in
black/white, look similar to the Chaos Game
Representation (CGR) of DNA sequence (Jef-

frey, 1990). The chaos program in the free EM-
BOSS package (Rice et al., 2000) implements
the CGR algorithm. The consistency of the
“limiting measure” of CGR and SeeDNA algo-
rithms has been analyzed by Tinó (2003). How-
ever, the SeeDNA realizes the visualization in
one pass, keeps the resolution K fixed, and re-
veals additional information by using color code.
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