HIV Quasispecies and
Resampling

Human immunodeficiency virus (HIV)
behaves as an evolving quasispecies in in-
fected individuals. When the populations
of genetic variants that make up this qua-
sispecies are characterized, it is common
practice to obtain a number of nucleotide
sequences by amplifying a region of the
viral genome from a small amount of in-
fected tissue [typically 1 microgram (pg)
of DNA] by using the polymerase chain
reaction (PCR), cloning the amplified
products, and selecting a number of clones
for sequencing (I). However, if the num-
ber of target molecules in the original
sample is low, it is unlikely that all the
sequences will have been derived from
different input templates, and hence esti-
mates of genetic diversity will often be
below the true value (2). The controversy
[reviewed by Barton F. Haynes et al. (Ar-
ticles, 19 Jan., p. 324)] over whether slow
or fast progressors to AIDS achieve higher
levels of diversity may be rooted in this
phenomenon.

Suppose N target molecules are sub-
jected to PCR so that each is amplified to
K molecules. Subsequently, the PCR prod-
ucts are cloned with equivalent efficiency,

and r clones are randomly selected for
DNA sequencing. K is very large in a
typical PCR relative to r; hence, the prob-
ability distribution representing the fre-
quency of selecting one particular clone
follows a binomial function. The average
number of distinct clones among r sampled
clones is given by
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The probability of reéampling at least one
original template is given
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For a given number of clones selected, the
higher the input number of target molecules,
the higher the average number of unique
clones chosen and the lower the probability
of resampling. The average number of
unique templates that the selected clones
represent can also be estimated by formula 1
if the input copy number is known.
Analysis of HIV quasispecies from a
commonly sampled source, such as uncul-
tured peripheral blood cells (PBMCs) that
typically contain 1 to 100 copies of provi-
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ral templates per microgram of DNA (3),
can result in a high probability of resam-
pling, especially for cases in which the
copy number is low, for example, in slow
or nonprogressors (4). For example, if 10
clones are to be sequenced, 25 input tem-
plates would give 88% probability of re-
sampling at least one of the original tem-
plates. The dilemma of resampling is also
evident when other techniques, such as
heteroduplex mobility assays (HMAs) and
heteroduplex tracking assays (HTAs) (5),
are applied to HIV and other biological
samples with low copy numbers of target
molecules.

To avoid the resampling problem, each
clone to be sequenced could be obtained
from an independent PCR, which could be
an expensive and laborious approach. Al-
ternatively, proper estimation of quasispe-
cies diversity will require quantitation of
target templates performed by endpoint
dilution (3) or other methods, and consid-
eration of the issue of resampling.
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Response: Liu et al. point out the inherent
difficulties in determining quasispecies di-
versity, particularly under circumstances
where the sample size of target molecules
is low. We agree that this might in fact
contribute to the discrepancies in the lit-
erature regarding the levels of viral diver-
sity in HIV-infected slow versus fast pro-
gressors.

As pointed out by Liu et al., the sample
size may play a critical role in evaluation of
HIV quasispecies diversity. It is conceivable
in reports of long-term nonprogressors that

viral diversity was underestimated. Such

technical constraints should be kept in

mind when results are interpreted concern-

ing patient populations with extremely low
viral burdens.
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Gene Therapy Chronology

Eliot Marshall states in his response to
Robert J. Levine (Letters, 24 May, p.
1085) that I “told Levine in June 1995
that [I] did not foresee any possibility of a
human trial,” although this is clearly con-
tradicted by Levine’s statement “that the
[New York Times] story was premature and
exaggerated . . . but that as soon as [Dur-
ing] could foresee any possibility of ex-
tending [his] work to involve human sub-
jects, [he] would contact [me] promptly.”
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