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count for 0.50 of the variance in general cog-
nitive ability, shared environmental agents
account for 0.33, nonshared environmental
agents 0.17, and error of measurement 0.10.
Thus, genetic agents are indeed important
in the determination of intellect and its
closely related traits (such as working
memory and spatial skills), but environmen-
tal and experiential agents are also critical.

Such a conclusion about the contributions
of genetics to intellectual function validates
and empowers the search for QTLs that under-
lie the genetic agents for complex traits (7).
The figure is an adaptation of a cartoon from
the work of Charlie Sing that originally de-
scribed the contributions of genes to the differ-
ences among individuals in developing coro-
nary artery disease (7). It substitutes a different
end point—intellect—for coronary artery dis-
ease and shows the general relation among
genes, the environment, and the passage of
time in determining human traits. An article
was published in 1996 with the title “Molecular
genetic research on IQ: Can it be done? Should
it be done?” (8). The answer to both questions
was yes, and the authors went on to start the
study with an association strategy, fully aware
of the odds against finding genes that underlie
IQ. But rapid improvements in the numbers of
identified genes and markers permit a dense
map of the human genome, a minimum re-
quirement for identifying any gene that by itself
may account for as little as 1% of the pheno-
typic variance, as is the case for the genetic
determinants of variation in intellect. A strin-
gent statistical conscience must be in place for
such expeditions into the causes of complex
diseases and traits (9) so as to avoid false prom-
isesand disappointments; statistical allowances
must be made for genomewide scans, whether
conducted or only implied.

What do we know so far about the specific
genes? The genes in the cartoon, depicted as
contributing to cognition, are from a larger set,
all implicated by linkage or association strate-
gies in humans, mouse, or Drosophila in some
aspect of brain functioning relevant to cogni-
tive abilities. Some appear to have a role both
in single major locus conditions as well as be
potential QTLs for IQ or cognitive decline
(10). Various hypothetical “endophenotypes”
are shown that mediate the impact of gene
products on emergent systems and set the stage
for being expressed on the “reaction surface”
(11). Each person and each confirmed facet of
cognitive ability will require its own such blue-
print, but the constancy of heritability for g
after adolescence reflected in the new informa-
tion about octogenarian twins suggests that in
this case we may not need to concern ourselves
with marked age-dependent effects (12) that
would frustrate QTL searching. Data from twin
studies for complex traits can be used to screen
for “candidate traits” that can become the focus
for connecting to candidate genes. The high
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heritabilities of traits such as general cognitive
abilities and diseases such as schizophrenia tell
us where to invest our efforts first.

Galton is credited with the enduring allit-
erative phrase “nature versus nurture,” likely
inspired by The Tempest, wherein Prospero
says of Caliban (13): “A devil, a born devil,
on whose nature nurture can never stick, on
whom my pains, humanely taken, all, all lost,
quite lost” (4.1.187-190). The true genetic
nature of humans has still not been defined,
but if you are looking for a place to invest
your intellectual capital and have a high tol-
erance for risk, then the search for QTLs for
complex behavioral traits and diseases can be
recommended as a long-term buy—but be-
ware of the near-term volatile oscillations in
your investment.
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Polymers and liquid crystals
http://plc.cwru.edu/

Two of world’s most important
human-made materials—polymers and
liquid crystals—are featured in this
Web site at Case Western Reserve
University. With a rich assortment of
graphics, animations, and hypertext,
the PLC Virtual Textbook guides the
user through explanations of polymer
properties. The material is available
in both low- and high-bandwidth ver-
sions for users with a range of comput-
ing power and is supplemented by an
excellent bibliography and well-designed
downloadable simulations.

Swiss sequences
http://expasy.hcuge.ch/

Molecular biology is a field of such
breadth that it would be nearly impos-
sible for any one Web site to do it justice.
The ExPASy site hosted by the Geneva
University Hospital fulfills an important
part of this aim where protein and
nucleic acid sequence data are con-
cerned. Included are access points to nu-
merous sequence databases, structural
images, and software tools. ExPASy also
features an electronic version of the well-
known “Biochemical Pathways” index of
Boehringer Mannheim Corp., a impres-
sively detailed map of metabolic path-
ways and enzyme biochemistry.

Space science site
http://ispec.ucsd.edu/intro.html

Space physics is the study of how
charged particles behave in the dynamic
electrical and magnetic environment
outside Earth’s atmosphere. The Interna-
tional Space Physics Educational Consor-
tium is a group of researchers at institu-
tions involved in space science research.
Their Web page collects a range of re-
sources under one electronic roof, includ-
ing a Virtual Leamning Center with a
clickable map of the solar system leading
to related Web links.
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Readers are invited to suggest excellent scientific
Web sites by e-mail to science_editors@aaas.org.
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