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Time and rate of evolution are the key to establish transmission cases
Recent controversy has been expressed in this journal on
the adequacy of single gene phylogenies to establish
confidently true relationships in transmission cases [1,2].
The initial analysis by Stürmer et al. [3] of the pol and env
regions in strains derived from the two case patients and
several controls, both local and from the databases, led the
authors to conclude that the pol sequence on its own did
not provide enough information to clarify the rela-
tionship between the two patients. This conclusion was
questioned [1] on the basis of the use of one single
phylogenetic method, neighbour joining on the Kimura
two-parameter substitution model, to obtain the corres-
ponding phylogenetic trees. Stürmer et al. [2] subse-
quently verified that their conclusions held after a range of
methods was applied to the original data set. As Posada
and Crandall [4] have already shown the necessity of
applying a correct model of substitution for the inference
of relationships by using HIV sequences, we will concen-
trate here on the original question, that of the feasibility of
using one single gene for inferring relationships in trans-
mission cases.

All methods of phylogenetic reconstruction from
nucleotide sequences are based on the molecular clock
hypothesis [5], according to which mutations occur at
random and independently at a roughly constant rate
since the divergence of any two sequences from a
common ancestor. As there are a limited number of
nucleotide positions available for comparison in all cases
and there is also a limited number of alternative states (the
four bases) at each nucleotide site, there is an upper limit
on the number of substitutions that can be detected,
which leads to a saturation effect with longer times since
divergence. The real amount of divergence can only be
inferred from the observed differences between two
sequences after the application of an evolutionary model
that will correct for superimposed, undetected substi-
tutions. The absolute number of substitutions per site, the
basic parameter computed in methods that reconstruct
phylogenies from pair-wise distances such as neighbour-
joining or minimum evolution, depends on the product
of the rate of evolution and the time since divergence.
The longer this time, the larger the amount of differences
actually produced and the closer we get to the saturation
point, at which the linear relationship between diver-
gence time and genetic differentiation is lost [6].

One important feature of HIV-1 is its high evolution-
ary rate, but this is heterogeneous along its genome [7].
In consequence, the determination of phylogenetic
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relationships has to be based on the analysis of a region
with an adequate level of evolution for the time scale of
the problem. Recent transmissions have to be analysed
with fast evolving regions (e.g. env or vpu), because
otherwise there would be no or little variation to
distinguish two recent events from older events in the
same population, whereas older events can only be
studied with more slowly evolving genome regions (e.g.
pol, gag or vif ), as fast evolving regions may have already
reached or be close to the saturation point and will no
longer provide enough resolution power. This is
illustrated in the discordant results obtained by Stürmer
et al. [3] for the two regions studied with patients R004
and R016. In our interpretation, the analysis of the C2V3
region in the env gene did not show significant bootstrap
support because enough time had elapsed since the
transmission for these two sequences to accumulate
almost as many differences as any two control sequences.
In contrast to Stürmer et al. [3], we conclude that the
C2V3 region is inappropriate for resolving the trans-
mission event implicated in patients R004 and R016.

We have developed an alternative methodology for the
forensic analysis of transmission events based on
nucleotide sequences of RNA viruses [8–10], which
involves the study of a number of clones derived from
each patient in the appropriate genome region. Although
these cases corresponded to hepatitis C virus transmission,
the methodology and principles also apply to HIV. The
main advantage of this method is that it allows for an
individual assessment of the chances of two patients being
implied in a transmission case without resorting to the
interpretation of bootstrap support values.
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