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Human expression patterns

Genetic differences between
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are different. Indeed, some observers

have gone further to suggest that this
diversity exists between people from
different parts of the world, or of
different ethnic groups, and it is heredi-
tary. This latter observation has led to a
certain amount of contention over time.
As a result, many geneticists have been
wary about asserting that such differ-
ences exist.

Of course, this does not mean that no
differences exist. Evidence for variation
is presented in a recent article by Spiel-
man et al. (2007). They looked at gene
expression in cell lines derived from
two populations: one of European ori-
gin (actually sampled in UT, USA), and
the other an amalgam of two very
similar Asian populations, from China
and Japan. When they looked at the
expression of 4197 genes, they found
that 1097 of them showed significant
differences between the two popula-
tions even when conservative statistical
tests were used. Most of the variation
between the two populations was small,
with less than a twofold difference in
mean expression levels between popu-
lations in all but 35 genes.

It may be surprising that over a
quarter of the genes show differences
between populations, but can these be
explained away? It seems difficult to do
this statistically: the P-values were
corrected for the many tests that were
carried out, and the authors carried out
a couple of other tests, getting similar
results.

It could also be that the differences
are artefacts of the sampling. However,
the authors checked that the results
were replicable by examining expres-
sion in 24 individuals of Han Chinese
descent from Los Angeles. Of the 35
genes that showed different expression
with the original samples, only one
showed a difference from the Asian
population, but 32 showed a difference
from the European-derived population.
So, the results are not a quirk of
the populations sampled, they can be
replicated.

Another explanation is that the differ-
ences are an environmental effect. Well,

I t has often been observed that people

the authors went on to ask whether they
could find loci that would explain the
variation in expression. They carried
out a genome-wide association analysis
with about 2 million single-nucleotide
polymorphisms, and for the two popu-
lations independently, tested whether
they could explain the variation in
expression levels. From these tests, 104
markers showed a significant associa-
tion in the European-derived popula-
tion, and 89 in the Asian population
(about 55 significant markers would be
expected by chance as type I errors). Of
these markers, 11 were common to both
populations. All were cis-regulators (i.e.
they were close to the expressed gene).
Although there was evidence for trans-
regulation, this was not consistent be-
tween populations. Because the authors
were being conservative throughout, it
seems reasonable to expect that some of
these are actual genuine effects: this will
lead to the inevitable call that more
research is required.

So, there are differences between
populations of cell lines derived from
different human populations, and some
(almost certainly more than the 11 the
authors found) are under genetic con-
trol. Perhaps, we can use the standard
complaint about laboratory studies, and
argue that the populations came from
cell lines that have been cultured in the
laboratory, rather than directly from
humans. But it is difficult to see why
so many genes would react differently,
unless they were all (or almost all)
regulated in the same way. This seems
unlikely, as the genes cover a wide
range of activities.

Thus, while the exact numbers of
differences could be debated, the data
at least suggest that there should be
considerable variation in actual hu-
mans. But, does this matter? One pro-
blem with establishing the importance
of microarray results is that they only
tell about gene expression, not about the
physiological effects of the gene. Earlier
studies on the dynamics of metabolic
pathways have shown that fluxes
through the pathways may be relatively
insensitive to changes in the concentra-
tion of many of the enzymes in a

pathway (e.g. Fell, 1992). This theory
provides one explanation for domi-
nance (Kacser and Burns, 1981): alleles
that result in a lack of function of an
enzyme are often recessive, which im-
plies that a reduction in half of the
concentration of the enzyme has no
observable effect on the phenotype.
Most of the differences in expression
in the study were smaller than the
twofold difference that would be seen
in dominance, so many of the differ-
ences in expression may have little or no
effect on physiology. Of course, many
effects would still remain, either be-
cause the gene is an enzyme that is rate
limiting, or because it codes for a
protein with another function, where
the concentration is more important.
Overall, it is not clear how the variation
in gene expression relates to phenotype,
and fitness (Townsend et al., 2003).

In this study, we can see some of both
the strengths and weaknesses of micro-
array studies. One of their strengths is
that they can produce a large amount of
data, by screening a large number of
genes. The weakness is that these data
have to be interpreted, which can be
difficult when the significance of differ-
ences between genes has to be assessed.
Finding out what all this means for real
humans, for their biochemistry, their
physiology and their health, will require
more detailed investigation of the genes
that differ, and the roles they play in the
body. This will require hard work in the
laboratory, going beyond expression to
looking at how it translates into varia-
tion between people. Perhaps, Heredity
is not the best place to declare this,
but there is more to life than genes.
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