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Abstract
Summary: This program compares sequence sets to
a reference sequence, tallies G → A hypermutations,
and presents the results in various tables and graphs,
which include dinucleotide context, summaries of all
observed nucleotide changes, and stop codons introduced
by hypermutation.
Availability: www.hiv.lanl.gov/HYPERMUT/hypermut.
html
Contact: pxr@t10.lanl.gov or btk@t10.lanl.gov

Occasionally among viral sequences an extreme form of
mutation is observed, with extensive, monotonous G → A
substitutions (Vartanian et al., 1991; Wain-Hobson, 1996);
this is defined as hypermutation. The program HYPER-
MUT identifies hypermutated sequences in a sequence
alignment. It was first written in the context of a study
of HIV sequence evolution during anti-viral therapy
(Zhang et al., 1999). The current version provides detailed
analysis, graphical output and a web-based interface.
www.hiv.lanl.gov. Hypermutation is not limited to HIV,
but has been observed in many other viruses, including
CAEV (Wain-Hobson et al., 1995); HBV (Gunther et al.,
1997; Ngui et al., 1999); and even TTV, a DNA virus
(Ball et al., 1999).

Hypermutation can result in premature stops (Cheynier
et al., 1997; Wain-Hobson, 1996), when Tryptophan
(UGG) changes to a stop codon (UAG, UAA or UGA)
and are often riddled with stop codons and not viable.
There is ample opportunity in vivo for recombination,
however, which would allow short stretches of hyper-
mutated sequences to become incorporated into a viable
background, and provide an additional mechanism for
viral diversification (Fitzgibbon et al., 1993). Two mech-
anisms have been proposed to explain hypermutation.
The first is a faulty RT which misincorporates As for Gs
(Fitzgibbon et al., 1993). There is a naturally high A con-
tent (35% A) in HIV which may be the result of a tendency
for HIV RT to make such substitutions even under normal
circumstances. The second is an imbalance in nucleotide
pools, in particular a suboptimal dCTP concentration

Fig. 1. The output of HYPERMUT is shown for two hypermutated
sequences compared to a reference sequence from the same patient
(patient1.ref), and to an additional non-hypermutated sequence from
another patient. (The example sequences were from the study Zhang
et al., 1999). Top: summary of the substitutions between the refer-
ence sequence and the other sequences. The ‘observed changes’ list
the substitutions between the sequence and the reference sequence,
and would help a user pick out a hypermutation pattern other than
G → A. Center: the hash marks indicate the physical location of
each mutation in the sequence, colored hashes are G → A mutations,
with dinucleotide context represented by four distinct colors; black
hashes are non-G-to-A mutations; and yellow hashes mark indels.
The comparison of patient 1 with patient 2 shows non-hypermutated
sequence comparison, dominated by black hashes. Comparison with
sequence 1.1 shows a hypermutated sequence where 13.5% of the Gs
in the reference sequence were mutated, and the substitutions were
almost exclusively in the dinucleotide context GpG. Sequence 1.2
shows a hypermutated sequence where the dinucleotide context is
dominated by the dinucleotide context GpA. Bottom: illustrations
from a fragment of the output where hypermutation results in stop
codons. The top sequence is the reference sequence, with all Gs high-
lighted. The red boxes in the lower sequence indicate stop codons
that were introduced by hypermutation in sequence 1.2.

(Vartanian et al., 1991). Hypermutation can be forced in
vitro and in vivo by deliberate introduction of asymmetric
dNTP concentrations (Julias and Pathak, 1998).

The program is designed to highlight and quantify

400



Detecting hypermutations in viral sequences

G → A hypermutations among the background of muta-
tions that regularly occur. The overall analysis compares
every sequence in an alignment to the first sequence.
Several tables and graphs are produced, which focus
on particular issues of interest. Dinucleotide context is
an important feature of G → A hypermutation, with
GpA and GpG being most susceptible (Wain-Hobson,
1996). HYPERMUT provides tallies of the four types of
dinucleotide context of G → A mutations and a detailed
graph depicting the types of mutations with their relative
physical location in the sequence (Figure 1). To detect
hypermutation against a background of normal mutations,
the G → A/A → G ratio and a summary of all mutations
is provided (Figure 1). As stop codons are frequently
introduced through hypermutation, the program tallies all
stop codons in a specified reading frame and highlights
their position in the sequence relative to G → A substitu-
tions. A user can restrict the analysis to a region of interest
within the alignment as hypermutation may be limited to
a region within the sequence.

Sequences are treated as character arrays where each
nucleotide is separately compared with the same location
in the reference sequence. The program identifies the
changes, compares them with their neighboring locations
for dinucleotide and codon context, lists them in a table
and passes the coordinates on to XYPlot for the graphics.
The user is provided an interactive setting with options
and can submit aligned sequences in any common format.
Graphs or tables resulting from the analysis can be down-
loaded in multiple image formats. XYPlot coordinates
of the graphs can be obtained to integrate into other
graphic-design software.
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