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ABSTRACT

BioEdit is a user-friendly sequence alignment editor and
analysis package that is offered free of charge for Windows
95/98/NT systems. BioEdit is a full-featured nucleic
acid/protein alignment editor that offers several modes of
easy hand-alignment, split-window views, user-defined
colors, information-based shading, auto-integration with
ClustalW (1), local/internet BLAST (2), restriction-
mapping, annotatable plasmid-drawing, box-shading with
full color-capability, several built-in analysis options, and a
graphical interface for configuring further interfaces to
automatically run external analysis programs. BioEdit is
also customizable to user preferences with user-defined
menu shortcuts and correct handling of all fonts. Among
the built-in analyses offered are a set of RNA comparative
analysis tools including covariation (3, 4), potential-pairings
(3, 4) and mutual information (5) analysis. BioEdit offers
the tools required to create and manipulate an alignment,
run comparative analyses from the edit window, and view
and analyze the data through interactive 2-D graphical
matrix plots, area plots, and a rich-text editor. The
following note describes a rough sample analysis of the
secondary structure of bacterial RNase P RNA (excluding
the high G+C Gram-Positive group) by mutual information
probing. An initial scanning of mutual information data
via the graphical analysis tools reveals all major helices that
exist in the E. coli structure (6, 8).

INTRODUCTION

Biological sequence data is becoming available at a
quickly increasing rate. It is now commonplace for researchers
to analyze biological sequences and sequence alignments on a
daily basis. Lagging behind the availability of sequence data,
however, is software available to academic researchers for
manipulating, formatting and analyzing that data in a
convenient manner on their own desktop computers.
Particularly lacking in this area is comprehensive software for
PC-compatible computers (barring packages that cost $500+
per user license). BioEdit offers a user-friendly interface with
wide variety of features, including comparative analysis tools
for probing RNA secondary structure (using methods
developed by Robin Gutell, 3, 5).

SAMPLE ANALYSIS

Described herein is an example of a mutual information
analysis of ribonuclease P RNA from Bacteria. Mutual
information refers to the amount of information shared by two
positions in an alignment. It is a measure of the degree to

which the residues at two positions in an alignment are not
independent of eachother (5). A high degree of mutual
information suggests a high degree of interdependence and
may be a sign that two bases interact. Combined with an
analysis such as “potential pairings” (3, 4), this is a method for
quickly identifying probable base pairs for constructing a
secondary structure model of an RNA. Mutual information
(M(x,y)) describes concerted variation between positions.
M(x,y) is implemented as described in Gutell, 1992 (5).
Briefly, M(x,y) = H(x) + H(y) - H(xy). H(x) referes to the
“entropy” (variability) of position x. H(x) = -Zfb,*In(fb,), H(y)
= -Zfb,*In(/b,) and H(xy) = -Efb.b,*In(fb,b,), where fb, and 1oy
refer to the frequencies of each base b at positions x and y,
respectively, and fbb, is the frequency of each base
combination at positional pair x,y. In addition to M(xy),
BioEdit also calculates R1(x,y) and R2(x,y) (for a description,
see 5).

The most important starting point for phylogenetic
comparative analysis is the alignment of homologous positions
(4). The starting alignment for this sample analysis was the
bacterial type A RNase P RNA alignment from the RNase P
Database (7, http://www.mbio.ncsu.edw/RNaseP/). Recently
BioEdit was used to add 40-50 sequences to this alignment
(later refined by J.W. Brown) to bring the total number of
sequences to 145. The BioEdit alignment window (Fig 1)
offers functions to select and drag blocks of residues,
dynamically grab and drag residues (residues slide in real-time
with the mouse), insert or delete gaps in or around a sequence,
and/or edit on screen or in an single-sequence edit box (Fig 2).

Prior to running a mutual information analysis, user
preferences are set (Fig 3). Here, the mutual information
preferences have been set to generate an M(x, y) matrix as well
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Figure 1. the basic BioEdit alignment window. Shown above is part of the type A
bacterial RNase P RNA alignment (http://www.mbio.ncsu.edw/RNaseP/). The
window is split vertically. Residues may be slid back and forth with the mouse, or
sequences may be edited on-screen like in a word-processor.
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Figure 2. Single sequence edit window. If a sequence or alignment is saved in
GenBank or BioEdit format, GenBank field data will be retained (LOCUS,
DEFINITION, ACCESSION, PID or NID, DBSOURCE, KEYWORDS,
SOURCE, REFERENCES, COMMENT and FEATURES fields will be stored).
Pressing the red arrow expands the view to include these fields.
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Figure 4. Mutual information plot of the type A bacterial RNase P RNA alignment
showing the positions of the 18 helices found in the E. coli structure (Fig. 5). Helix
labels have been added only to illustraie the structure compared 1o Figre 5. BioEdit
does not add helix labels
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in the matrix plotter (Fig 4 ). Probable helices are seen as
strings of high information running perpendicular to the
diagonal. Helices labeled in Figure 4 are shown in the E. coli
RNase P RNA secondary structure in Figure 5. The data
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Figure 5. Secondary structure of E. coli RNase P RNA. Compare helix
locations to the labeled strings of high mutual information in Figure 4.



examiner may be used to view the data interactively with the
mouse (Fig. 4). Also, a point may be selected on the plot with
the mouse, and the X, Y position and data value are displayed
on the control bar. The threshold scrollers may be used to set
low or high thresholds. Any point below the low threshold is
shaded as “0.0000” (background), while any point above the
high threshold is shaded light blue. The zoom function allows
zooming in from 25% to 800% (max depends on original size,
actually). Figure 6 shows a zoomed view with the low
threshold set to bring out helices P8, P9, P12, P13 and P14.
The plotted image may be saved to disk or copied to the
clipboard as a bitmap.

Individual rows of matrix data may be quickly
scanned for high scoring pairs by area plots (Fig 7). A position
may be selected on the matrix, and the area plot will reflect the
currently selected row. Likewise, when the rows are scanned
via area plots, the current selection on the matrix is updated
accordingly. The data for any pair may be viewed by clicking
the mouse over the corresponding peak on the plot. Figure 7
shows a base triple interaction where nucleotide 316 from L18
interacts with base-pair 94/104 of P8 (8, 9). The area plot may
also be zoomed.

A detailed summary of information may be obtained
for any pair from the alignment window using the “mutual
information examiner” (Fig. 8, concept stolen directly from
J.W. Brown, 4). The examiner may also also be directed to
reflect the positional numbering of a mask sequence. A
printable, copyable text summary may be obtained from this
window as well.

GENERAL DESCRIPTION OF THE PROGRAM

In addition to simple comparative analysis tools,
BioEdit offers a diversity of simple sequence manipulation and
analysis tools for both nucleic acids and proteins, and for both
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Figure 6. View of the matrix plotter zoomed to 300% and with the low
threshold set to 0.4912. The same base pair (512, 165) is being viewed
as in Fieure 4.
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Figure 7. An area plot of matrix row 316 of the M(x,y) matrix. A base triple
interaction can be seen between nucleotide 316 and base pair 93/105. This base triple
has previously been proven by an in-depth comparative analysis (8) and by intra-
molecular chemical cross-tinking (9).

+ Mutual Information: 36, 102

Base Pair Frequencies:
145 Sequences Included in Analysis
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Figure 8. Summary of data for positional pair 96, 102. Pressing the button labeled
“Text->" causes a formatted text summary to be displayed in the text editor.

alignments and single sequences. Sequence alignments may be
shaded according to user preferences and with a choice of
similarity tables to produce print-quality metafile figures
suitable for pasting directly into a manuscript or onto a slide
background for presentation. BioEdit reads and writes several
formats, retains GenBank field data, and offers its own binary
file format for fast read and write of very large files (the 6205-
sequence prokaryotic 16S rRNA alignment will open and save
in only a few seconds once converted to BioEdit format). An
HTML 2.0 compliant Web browser is built-in, but BioEdit also
auto-links to your favorite browser with its own bookmarks.
Included NCBI BLAST tools allow for local database creation
and searching, or searching GenBank via a BLAST 2.0 client
or the WWW, For ~more information, see
http://www.mbio.ncsu.edu/RNaseP/info/programs/BIOEDIT/
bioedit.html.

SYSTEM REQUIREMENTS

BioEdit runs on Windows 95/98/NT systems (or on a
very fast Macintosh running Virtual PC, but then a little
slowly). Any i486+ with Win95+ should run BioEdit, but a
Pentium 166+ (or equivalent) with 32 Mb+ of memory is
recommended. The full install takes about 13.9 Mb of disk
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space, but a smaller version (no local BLAST) is available
which takes about 8.4 Mb.

PROGRAM AVAILABILITY

BioEdit is currently offered free of charge to anyone
anywhere by anonymous download. Installation requires
agreement with license and disclaimer terms (presented before
installation). BioEdit fully installs itself and no confusing
configuration or accessory systems are required of the user.
BioEdit may be obtained from the RNase P database:
http://www.mbio.ncsu.edu/RNaseP/info/programs/BIOEDIT/
bioedit.html. Documentation (in Adobe Acrobat format) may
be obtained from the same location.
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