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parts, these devices tend to be reliable and
simple. But their usefulness is so limited by
poor efficiency that the widespread applica-
tion of thermoelectricity has been called 
“a breakthrough that never came”2. During
the past few years, however, progress in 
the theory of electrical and heat transport,
together with the discovery of new materials,
has renewed interest in this field2–6.

For good efficiency, a large thermoelec-
tric effect, by itself, is not enough. Undoped
semiconductors, for example, have large S
values, but the low electrical conductivity s
makes them unable to carry high currents
and supply much power. Similarly, a material
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of large P can pump the heat out of a refriger-
ator, but a high thermal conductivity k in the
same material will let too much heat back in.
The real usefulness of a compound is best
measured3 by the ‘coefficient of merit’, Z =
sS2/k. Notice that s and S are entirely due to
the motion of electrons, but the heat is con-
ducted by both the electrons and the lattice
vibrations.

The efficiency of a device depends2,3 on
the dimensionless product ZT. There is no
strict theoretical upper limit here, and a ZT of
about 3 would make a Peltier refrigerator
competitive with the traditional, compres-
sor-based systems. For pure elements ZT is
much greater than 1, and the compounds 
in use today have a ZT of about 1. Can we
improve the coefficient of merit by clever
design? The key is to minimize the lattice 
contribution to thermal conductivity. Lattice
vibrations cannot be eliminated, but they can
be localized by introducing lattice defects, 
up to a limit set by amorphous materials7. (In
truly amorphous materials, the electrical
conductivity and thermoelectric effect are
too small to be useful.) As far as the electrons
are concerned, high mobility and near-
perfect crystal structure are preferred. 

A class of compounds called skutteru-
dites may be able to provide these contradic-
tory properties. Skutterudites, such as CoAs3

and IrSb3, have a crystal structure with
unusually large, empty cavities. A ‘filled
skutterudite’ is obtained when lanthanide
atoms are introduced into some of these gaps

relationship between the corresponding
materials parameters: S = P/T, where T is 
the absolute temperature, and the Seebeck
coefficient S and the Peltier coefficient P
are defined as the ratio of the voltage to the
temperature difference and the heat flow to
the electric current, respectively.

Thermoelectricity is used in all kinds 
of devices: in thermometers, in compact
nuclear energy sources on satellites, for 
corrosion protection of pipelines, to transfer
heat away from computer chips, and as a
cooling element in portable refrigerators,
night vision scopes and infrared sensors.
Because of the lack of chemicals and moving

Figure 1 A piece of skutterudite (a), and the atomic arrangement of a filled skutterudite (b). 
Rare-earth atoms (yellow) are thought to rattle in the cages formed by iron or cobalt (blue) and
antimony or arsenic (red), disrupting lattice vibrations and so reducing thermal conductivity. That
could make these compounds ideal candidates for thermoelectric applications. These local vibrations
have now been demonstrated, but they are unexpectedly complicated.

The picture on the left depicts
neurodegeneration in the fruitfly
Drosophila melanogaster, caused by
expression of a human protein in its
compound eye. Mutations in this protein
are responsible for the inherited
neurodegenerative disorder Huntington’s
disease, and these flies should be a useful
animal model for the human condition.

In fact, there is already a mouse model
for Huntington’s disease, so why do we
need another? Writing in Neuron (21,
633–642; 1998), George R. Jackson et al.
explain that, whereas mutant mice do not
show much in the way of neuronal cell
death, the flies show many of the same
symptoms as humans.

Huntington’s disease is caused by long
tracts of the amino acid glutamine in a
protein called huntingtin. In healthy people
this protein contains a run of 37 or fewer
glutamine residues. But in patients with
Huntington’s disease that number can
exceed 150. Protein fragments containing
the glutamine tracts are toxic to nerve cells,
killing them through the formation of
nuclear aggregates.

Might long glutamine tracts also cause
neurodegeneration in Drosophila? To test
this, Jackson and colleagues expressed
fragments of human huntingtin
complementary DNA containing 2, 75 or
120 consecutive glutamines in adult fly
eyes. Drosophila eyes consist of an array of
cell clusters called ommatidia (pictured
right), each containing eight photoreceptor
neurons. The authors found that
expression of the 120-glutamine tract leads
to rapid (within ten days) degeneration of

the photoreceptor cells (pictured left). The
75-glutamine tract caused much less severe
disruption after ten days, consistent with
the human condition — the longer the
repeat, the sooner the disease takes hold.

Jackson et al. also show that death is not
blocked by expression of an anti-apoptotic
protein, p35, suggesting that the death
pathway is distinct from those already
known in flies. But what could this pathway
be? Perhaps the Drosophila model will help
to answer these questions. Alison Mitchell

Neurodegeneration

A fly’s eye view of Huntington’s disease
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make the routine less difficult, for it gives the
positions of more than 30,000 genes along
the human DNA molecule, starting with the
genes at one end and stopping at the other. At
a stroke this doubles the number of genes in
known positions. 

This remarkable feat was achieved by
combining something old and something
new. The old is an idea first explored in 1975
(ref. 3) and the new is the information
streaming from the cutting edge of the
human genome project. The authors have
used radiation hybrids, first described in the
1975 paper, to assign locations to human
genes along the strand of DNA. The details
are given in the box below, “Radiation
hybrids and gene order”, but there is no need
to understand the technicalities. All that
needs to be grasped is that gene sequences
have been taken from the publicly available
DNA databases (particularly those of the
complementary DNA sequences such as
dbEST; ref. 4) and, using the methods
detailed in the box, genes have been grouped
together on the DNA strands. 

This has enabled the researchers to estab-
lish a linear order of 30,181 genes in all. The
location is not quite perfect, in that the genes
are not organized 1,2,3,4 … 30,181; rather,
they are ordered in clusters, 1–4 coming
before 5–7, which come before 8–12 and so
on. Because of the statistical methods used 
in mapping radiation hybrids, there is also 
a possibility that some orders are wrong.
Fortunately, this imprecision is overcome by
the types of experimental analyses geneti-
cists routinely carry out. 

What’s the point of all of this? Why not
wait for the full, continuous DNA sequence
from the genome project due in the first few
years of the new millennium? The answer is
that knowing where a gene is located in our
DNA is the key to identifying genes that
cause disease. The standard approach is to
use large-scale DNA analyses to identify
roughly where in our DNA the gene causing
a genetic disorder is located. Each gene in
the vicinity then has to be identified, which
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Twenty-five years ago we could only
dream of identifying human genes
that, when perturbed in some way,

cause disease. Today it is a routine but 
difficult process. Newly published work1, or
rather the associated website2, is going to

Human genetics

A map for cyberspace
Peter Little

(Fig. 1). But as the cavity is larger than the
atom, the lanthanide is not confined to a
well-defined position. According to Glen
Slack and V. G. Tsoukala3,4, as it rattles
around in its cage it may destroy the large-
scale coherence of the lattice vibrations that
carry heat, localizing the vibrations instead.
Yet because the conduction electrons do not
overlap much with the lanthanide, electrical
transport processes are barely disturbed. 

Keppens et al.1 have now proved the exis-
tence of such localized rattling in several
experiments. Specific-heat measurements,
ultrasonic spectroscopy and inelastic neu-
tron scattering confirm the existence of a
low-energy resonance that can only be
ascribed to the rattling of the lanthanide
atom in its cage. The full story, however,
proves to be more complex than expected.
Instead of seeing just one resonance, the
authors find two, the second being broader
and at higher energy. Furthermore, the 
old description of this system in terms of 
Einstein oscillators — a relatively simple
mathematical model — is not satisfactory.
Quantum mechanical tunnelling between
atomic configurations, already seen in the
physics of amorphous materials, seems to
play an important part here as well. 

A complete  interpretation of these exper-
iments will certainly tax existing theories of
lattice vibrations. The results of Keppens et al.
have no direct implications for the design of
better thermoelectric devices, but as our
understanding of the basic physics of filled
skutterudites deepens, the hunt for a higher
coefficient of merit should intensify. Many
laboratories tooled for materials research on
high-Tc superconductors are ready to expand
into the re-emerging field of thermoelectric
compounds. So perhaps in the not-too-
distant future we will be able to have an air-
conditioned car without making the worri-
some hole in the ozone layer8 even larger.
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The figure shows how 30,181
human genes have been put
in order, in clusters, along
the human DNA strand1,2. 
a, Human cells are treated
with X-rays, breaking the
DNA (green) into fragments
of 2.5–25 million base pairs.
This kills the cells, but
before they disintegrate 
they are fused with 
recipient hamster cells
which can continue to grow.
b, Each recipient hamster
cell takes up 15–25% of the
pieces of human DNA. The
recipients are viable and
called radiation hybrids. A
total of 176 single cells,
chosen to fit into two 96-well 
plates (a robotic standard),

are isolated and separately
grown in bulk — each 
cell line has a different
complement of fragments
but each has 15–25% 
of human DNA. c, DNA
analysis: all of the 176
radiation hybrids are tested,
using the polymerase chain
reaction, for the genes 
A–D to see if the original 
cell contained their DNA.
Because only 15–25% of
DNA was taken up by each
hybrid, only a subset will
contain A, B, C or D. If A 
and D are a long way 
apart in normal, untreated
DNA, then the chances are
high that they will be on
separate X-ray-induced

fragments and will not 
often be found in the same
hybrid cell. In contrast, if 
A and B are close together,
they will always occur 
on the same fragment 
and therefore in the same
radiation hybrids. So we 
can say A, B, C, D is the 
likely gene order based
upon the frequency of 
co-occurrence of A+B,
A+B+C and A+B+C+D. Note
that two genes, A and D,
even though far apart, could
still be found, by chance, in
the same cell. This means
that the new map1,2 is based
on a statistically, not
absolutely, defined order of
genes. P.L.
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