
Planning the Genome
Institute’s Future

ELIZABETH PENNISI’S ARTICLE “GENOME

institute wrestles mightily with its future”
(News Focus, 29 Nov., p. 1694), on the
National Human Genome Research Institute’s
recent meeting to unveil its draft plan for its
future, missed the mark in capturing the
accomplishments and tenor of the meeting.
Approximately 200 participants with diverse
areas of expertise were invited to critically
assess and provide input on all aspects of
NHGRI’s ambitious, comprehensive, and far-
reaching draft plan. The dissension over the
plan had less to do with the content and more
to do with the format of the presentation. The
attendees were excited about the vision of the
future that was described but argued that there
needed to be a clearer articulation of the prior-
ities, timeline, and NHGRI’s degree of
involvement. The draft plan centered around
three pillars: (i) Genomics to Biology:
Elucidating the Structure and Function of
Genomes, (ii) Genomics to Health:
Translating Genome-Based Knowledge into
Health Benefits, and (iii) Genomics to
Society: Promoting the Use of Genomics to
Benefit Society. There was consensus that the
representation of the plan as pillars did not
work—pillars were viewed as overly rigid and
noninteracting. During the meeting, this
representation of the plan was successfully
reworked. The pillars became three floors of a
house, resting on a foundation of the Human
Genome Project, with “Genomics to Society”
on top. Key components then stretched across
multiple floors: “ELSI and Policy,”
“Education,” “Workforce,” “Technology and
Methods,” “Information Science,” and
“Resources.” NHGRI is to be commended for
seeking input from a diverse group of stake-
holders. It is only through such discussions
and thoughtful strategic planning that society
will realize the scientific and public health
benefits of the Human Genome Project. 
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Response
THE NATIONAL HUMAN GENOME

Research Institute (NHGRI)
wisely develops long-term plans
with input from researchers from
many walks of science. It has
been a genome community tradi-
tion since before there was a
Human Genome Project, and
NHGRI should indeed be
commended for it.

The format of the NHGRI draft
presented to the November 2002
meeting was very confusing,
however. Conference organizers
made clarifying it a top priority.
After working almost all night,
they came up with a new format—
the metaphor of floors in a
building that Ullmann and her
colleagues describe—that was
“inspirational” in that it better
communicates what NHGRI and
its constituents propose to do. 

What were not fixed, and not really fully
addressed by the group, were the issues
covered in my article, such as how far into
clinical research NHGRI should venture, or
if the institute can really take on all that it
proposes to do in the next 5 years. Those
questions were raised by many participants
both in public and private. Their resolution,
not how the plan will look on paper, is what
will determine NHGRI’s effectiveness in the
post–human genome era. 

ELIZABETH PENNISI

Consensus and Ancestral
State HIV Vaccines

THE REVIEW BY B.GASCHEN ET AL. (“DIVERSITY

considerations in HIV-1 vaccine selection,”
28 June, p. 2354) describes two computa-
tional methods (consensus and ancestral
state) being considered for developing
vaccine antigens against HIV. These
methods attempt to minimize the amount of
sequence divergence (distance) between the
antigen and contemporaneously circulating
viruses. Both methods do well at mini-
mizing these distances when the sequences
used to estimate the potential vaccine come
from a symmetric phylogeny (panels A and
B of the figure), similar to those examined
in their Review. However, if sequences used
to estimate the potential vaccine come from

asymmetric phylogenies (panels C and D),
then both methods generate sequences that
poorly minimize these distances, making for
a potentially poor vaccine antigen.

We have proposed and championed the
ancestral state method (1–3), believing that it
has an advantage over a consensus vaccine
because the ancestral state is an estimate of
an actual sequence that existed in the past
(i.e., it comes directly from the reconstructed
history), whereas the consensus sequence
need not be, and most likely is not, such an

Anc Con COT

A B

C D

Four possible phylogenetic shapes and the resulting

reconstructed sequences. The Ancestor (Anc) and the

Center Of the Tree (COT) can only fall on an evolutionary

path (i.e., on a branch of the phylogeny), whereas the

Consensus (Con) may not.
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entity. It is likely that the protein generated
from an ancestral sequence will have native
folding and function (4, 5), and the ancestral
sequence is unlikely to change much as new
sequences are added to the sample.

We have developed a third, complemen-
tary means of developing a vaccine antigen
that has all of the desirable
properties of the ancestor but
is less sensitive to phyloge-
netic outliers (e.g., Fig. 1 of
Gaschen et al., seq. ZA). This
new method identifies a point
called point C, Center of the
Tree (COT), on the unrooted
phylogeny, where the average
evolutionary distance from C
to each tip on the phylogeny is
minimized. Because the COT
is a point on the phylogeny,
the estimated COT sequence
will have the same advantages
as the estimated ancestral
sequence. In the table, we
show that, using the subtype C
data presented in Gaschen et al., the COT is
at least as similar to sampled amino acid
sequences as the ancestor or the consensus,
in the gag and env genes. Although the COT
method is as good as either of the other

methods at minimizing the differences in the
context of subtype C, a real benefit from its
use may accrue under different and equally
important evolutionary scenarios. By
design, the COT will be more similar than
the ancestor to viral lineages or clades that
have evolved more rapidly than other line-

ages, perhaps through strong diversifying
selection, while maintaining similarity to
more slowly evolving lineages. Thus, it may
have a particular advantage when phyloge-
nies are found to be more asymmetric, as in

the case of trees involving multiple subtypes
or recombinant forms. 

An effective AIDS vaccine will need to
provide broad protection against multiple
HIV strains, particularly rapidly evolving
ones. Minimizing the number of antigens,
while maximizing the breadth of their reac-

tivity, increases the feasi-
bility of development and
successful implementa-
tion of such a vaccine. To
this extent, the COT may
address the resulting
trade-offs more equitably
than either the consensus
or the ancestor.
Designing a vaccine
capable of dealing with
the extensive diversity of
circulating HIV-1 strains
worldwide is a daunting
task, particularly in light
of recent reports of inter-
subtype HIV superinfec-
tion (6). We believe the

COT method provides an additional
approach to vaccine design that could bridge
the gap between highly specific monovalent
and multivalent HIV vaccines. 
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Artificially generated sequences

Protein C-Center of the Tree C-consensus C-ancestral

p24 96.0 (97.6–90.5) 94.3 (95.6–91.2) 95.3 (98.0–92.2)

gp160 92.1 (94.8–82.0) 92.4 (95.0–82.0) 90.9 (92.7–83.4)

Percentage similarities for the three candidate vaccine sequences, correspon-

ding to Table 2 in Gaschen et al. COT, consensus, and ancestral sequences were

estimated for HIV-1 subtype C using the same phylogenies and sequences as

those in Gaschen et al. These artificially generated sequences were then

compared with a set of protein sequences from contemporary subtype C

isolates and the mean (and range) of divergences reported. Note that differ-

ences between these values and those reported in Gaschen et al. resulted from

different gap stripping criteria.
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Response
THE COT METHOD, LIKE THE CONSENSUS AND

ancestral strategies (1), produces a central

sequence suitable for testing as a vaccine
candidate. All of these approaches reduce
the average distance between a vaccine
antigen and circulating HIV-1
proteins. For HIV-1 subtype-
specific vaccine strategies, the
three derived sequences will be
only slightly different, each
subject to different biases. The
biological properties of vaccines
derived from such artificial
sequences cannot be predicted.
Experiments directly comparing
artificial and natural vaccines are
needed to test their immuno-
genicity and extent of cross-reac-
tive protection. 

Within-clade HIV-1 sequences
tend to give very short internal
branch lengths near the basal node
of the clade and long branch
lengths from the tips to the interior
nodes of the tree. In an idealized
version of such “star” phylogenies,
as illustrated in panel B of Nickle
et al.’s figure, the ancestor and the
COT coincide. In reality, there is some struc-
ture near the base of HIV-1 subtype trees (1,
2), resulting in slight differences between the
within-clade consensus, COT, and ancestral

sequences. The COT and consensus
sequences favor heavily sampled sublineages
and deemphasize outliers. But in cases where

the evolution of the virus is not time-
symmetric—e.g., the accumulation of escape
mutations in CTL epitopes presented by
common HLA types in a given population—
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Broad cross-clade reactivity of the M group consensus

gp120 with patient sera of different clades. The same

amount of M group consensus (CON6), clade B (JRFL), and

clade C (96ZM651) gp120 proteins were denatured and

bound with HIV-1 subtype B or C sera in a Western blot

assay. Four representative examples of eight reactions are

shown. Nondenatured gp120 proteins were also tested

using ELISA (5), and seven subtype B or C sera bound the M

group consensus comparably to within-clade proteins (4).
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the consensus may produce a sequence
bearing epitopes more relevant to the current
epidemic than either the COT or ancestral
state.

Nickle et al. write that “the ancestral
state method… has an advantage over a
consensus vaccine because the ancestral
state is an estimate of an actual sequence
that existed in the past.” We reemphasize (1)
that one should be cautious about supposing
that reconstructed sequences are meaning-
fully similar to viral genomes that once
existed. Ancestral and COT sequences are
both artificial, defined as the most likely
state, at a particular interior point in the tree,
consistent with the observed data given the
evolutionary model. Discordance between
biological reality and the evolutionary
model can lead to faulty inference of ances-
tral states. Evolutionary models generally
capture the “average” evolutionary pattern
over a region under consideration, rather
than the nuances of individual sites and line-
ages, and models generally ignore recombi-
nation (3), correlation between sites, differ-
ences in mutational patterns induced by
neighboring bases, and differing selective
pressures in different regions and lineages.
Such problems are apt to be most severe at
sites with the greatest immunological signif-

icance, because these sites will be evolving
under positive selection and are subject to
between-site correlations, whereas the
models assume neutral evolution and inde-
pendence of sites. Also, the most likely
ancestral state is, in fact, not very likely. For
example, even ignoring errors in the evolu-
tionary model and the tree, the probability
that there are no errors in the C-subtype
ancestor envelope sequence in our recon-
struction (1) is 5 × 10−15, and the expected
number of errors is 28 of 2379 sites (1.2%).
The difference between the ancestor,
consensus, and COT is of the same order as
the expected number of errors (1.2%), indi-
cating that there may be little statistical
weight to the differences between the three
sequences. 

The bottom line for incorporating any
sort of central, derived protein sequence
into vaccines is experimentally determined
preservation of key antigenic domains,
cross reactivity, and immunogenicity. T cell
epitopes are short processed peptides, and
so the question of natural versus artificial
proteins is of less concern in that context.
Antibody epitopes, however, are often
conformationally sensitive. We have
recently found that a consensus M group
gp120 protein bound to soluble CD4 as

well as to neutralizing (b12 and 2G12) and
conformation-sensitive (17b and A32)
monoclonal antibodies (4). Furthermore,
this M consensus protein exhibited
enhanced interclade antigenic cross reac-
tivity (see figure). These results indicate
that it is premature to exclude any of the
possible central immunogen approaches
without rigorous and comparative testing. 
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