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The Problem with Being Short
Theodore de Macedo Soares
After phylogenetic analyses of the two earliest HIV-1 sequences from 1959 (ZR59) and
1960 (DRC60) and other HIV, Worobey et al.1 estimated that the HIV-1 M-group originated
from a common ancestor “near the beginning of the twentieth century.” Their key analyses,
however, are based on just 163 matching envelope gene sites, less than 2% of HIV’s genome,
which raises questions about the validity of their results.2, 3, 4 Analyses of all DRC60 segments
do not support their conclusions.
Worobey et al. states that the 11.7% nucleotide difference between DRC60 and ZR59
“indicates that the HIV-M group founder virus began to diversify [in humans]…decades
before 1960.” Applying a 95% confidence interval (CI) of the population proportion (applied
here, to my knowledge for the first time, to gauge the reliability of sequence sample prior to
phylogenetic analysis), results in a difference of 11.7% with wide CI ranging 7.6% - 17.5%.

Figure1| Adjusted Wald Interval5, 6 with Finite Population Correction7
DRC60/ZR59 Confidence Interval: zα/2 =1.96 (for 95% CI), X=19 (# differences), n=163, N=9719 (Genome size of
the reference HIV1-HXB2 sequence). Finite Population Correction [(N-n)/(N-1)]1/2 negligible when sampled
population is less than 5% of population.7

A 7.6% difference between the two samples is much less the average HIV-1 M-group
between-subtypes p-distance of 12.9% and would be consistent with a recent common
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ancestor. A 17.5% difference would either place the common ancestor much further back in
time (inconsistent with an epidemic beginning in the late 1970’s) or would be consistent with
recent separate transmissions of SIVcpz from different chimpanzees as the three most closely
related SIVcpz (LB7, MB66, MB897), differ by 19.8%.

The 95%CI applied to differences ranging 0.6%-19% between each of all the sequences
analyzed by Worobey et al., result in the true difference varying 517%-28%, 205%-17%,
119%-12%, for their alignments consisting of 163, 492, 994 nucleotide sites respectively, than
measured (the smaller measured difference resulting in the larger variance). A measured
difference of 8% would necessitate a sample size of 3,000 nucleotides to result in the true
difference varying by about ±10%. If care is taken to assure that the sampling methodology
results in a phylogenetically representative sample of HIV’s genome then the Adjusted Wald
Interval proposed here serves to estimate the margin of error and confidence interval
associated with sample size. If as here, there is no such assurance (the author’s alignment
determining DRC60 and ZR59 chance convenience samples were recovered from randomly
degraded DNA); the width of this confidence interval functions as a minimum estimate.
As the true differences in the author’s alignments range widely and as these CI nucleotides are
unknown, a large variation in possible branch lengths and time to most recent common
ancestor result from a character-based phylogenetic method such as used by them. As this
confidence interval affects variability and not length, phylogenetic method sensitivity to short
sequence lengths2, 3, 4 would additionally apply.

Neither do analyses of all DRC60 (507bp) segments added to 235 full-length HIV-1 M
sequences including the theoretical M group ancestor8 at the approximate center of HIV’s
radial phylogeny, supports their conclusions. P-distance between DRC60 (501 sites after gapstripping) and the ancestor of 7.2% (CI 5.3-9.8) was found longer than 53 (8 subtype A [as is
DRC60]) other HIV sequences by an average of 8.9% (2.9-28.6). Corrected distances, using
NJ Maximum Composite Likelihood methods9, 10 determined 58 other sequences closer to the
ancestor.
2
Copyright © 2009 Theodore de Macedo Soares. All rights reserved.
Permission granted to Nature to publish

SUBMISSION TO NATURE Communications Arising
Illustrating the problem with being short: p-distance calculations for the 163bp sites used by
the authors determined 206 of 234 sequences closer to M-ancestor than DRC60 by a median
of 74.9%. Just as 163 sites are found not to be representative of 501 sites, 501 or 994 sites are
not necessarily representative of ~10,000 HIV sites. The wide 95% confidence interval
associated with the short 163bp alignment supports conclusions ranging from a recent to
ancient common ancestor. DRC60 is found amidst modern sequences. DRC60’s upper
95%CI—exacerbating this finding—further undermines its probative value and indicates that
even all 507 sites of DRC60 is too short for dependable phylogenetic analyses. These
findings caution against the use of such short sequences in phylogenetic analysis as they may,
as here, lead to overconfident results.

Methods
The 2004 HIV group M ancestor was downloaded from Los Alamos National Laboratory
(LANL), aligned using ClustalX(1.83), manually adjusted, and fitted to 234 HIV-1 M group
sequences (named recombinants excluded) downloaded pre-aligned from LANL. The average
between-subtype distances were determined from the 234 HIV sequences containing 7668
sites after gap-stripping. SIVcpz distances were determined from an alignment containing
8816 sites after gap-stripping. All analyses were conducted using Mega4.10 The NJ distances
used Maximum Composite Likelihood with heterogeneous setting between lineages and
gamma (0.85)11 distributed along sites.
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NOTES:
1. For the reviewers/referees: All analyses and sequence alignments used will be made
immediately available upon request.
2. Although the modified version submitted to Nature on December 14, 2008 is accurate
and, if necessary, suffices, this version reflects the following improvements:
a. Directly references all of the authors’ alignments.
b. Better explains the use of the Modified Wald Interval.
c. Uses the 2004 HIV-1 M group ancestor which is better annotated by LANL in
their website.
d. Deletes reference to ZR59 alignment distances to the ancestor, as additional
research indicates this alignment biases ancestor distances towards the B/D
node.
e. Incorporates analyses using 234 full-length HIV sequences that provide robust
supporting data. (The authors had supplied 153 concatenated sequences 994
nucleotides in length).
Note: This submission has been reviewed by two university professors who are teaching or
have taught statistics—one with a PhD in statistics the other with a PhD in physics—and two
professors teaching and working in the biosystematics and bioinformatics fields. Their helpful
comments assisted the fine-tuning of this submittal.
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