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Understanding human diversity

David B. Goldstein and Gianpiero L. Cavalleri

The first edition of a massive catalogue of human genetic variation is now complete. The long-term task is
to translate these data into an understanding of the effects of that variation on human health.

When, as a medical student, the author W.
Somerset Maugham could not find a nerve
where it was supposed to be, his anatomy
instructor uncovered the hidden nerve and
explained that “the normal is the rarest thing
in the world”". On page 1299 of this issue?, in a
paper from the International HapMap Con-
sortium, we find a detailed account of one of
the primary reasons why there is no ‘normal’
human type.

The human genome has about 10 million
‘polymorphisms), defined as genetic variants
in which the minor gene forms occur at
least once out of every 100 forms. Any two
unrelated humans have millions of genetic
differences, making them look and even be-
have differently. This variation is the magnifi-
cent legacy of our evolutionary past, but it
comes at a price. Along with making us differ-
ent in benign and interesting ways, genetics
also influences health.

Modern geneticists have been hugely
successful at tracking down the genetic abnor-
malities that lead to diseases that are inherited
in a simple way in families, such as cystic fibro-
sis or Tay-Sachs disease. These abnormalities,
however, are comparatively uncommon. The
genetic disorders to which most of us will

succumb are more complex ones, such as
cancer, or cardiovascular and neurodegenera-
tive diseases. Indeed, there seems to be a
grim inevitability about these common genetic
diseases — as some of the ones that kill early
in life are increasingly better treated, certain
later killers, such as dementia, seem set to
skyrocket.

The complexity of these common diseases
has made them, until now, largely impervious
to genetic analysis. That genetics plays an
important role, however, is beyond question
— as illustrated by countless studies demon-
strating, for example, that genetic variation
explains more than 40% of the variation of
most common diseases in a population and
more than 70% for some disorders such as
schizophrenia®®.The difficulty is that gene
variants predispose us to, but do not invariably
cause, common diseases. And they predispose
in combination with other gene variants and
with the environment.

How do we determine which of the
10 million polymorphisms influence disease?
Thankfully, it is not necessary to directly
assay all 10 million sites and assess their
associations with disease. This is because
polymorphisms in the human genome are
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often not independent of one another. When a
mutation arises, it is associated with particular
variants present on the same chromosome
(variants that associate together are known as
a ‘haplotype’). For this and other reasons, there
are often strong statistical associations
between polymorphisms, such that the pres-
ence of a particular variant at one site on a
chromosome can predict or ‘tag’ the presence
of a particular variant at another site.

The principal goal of the HapMap Consor-
tium was to discover these associations among
variants (hence the name of the project), and it
has succeeded in a spectacular way. The first
phase of the project, reported in this issue,
consisted of compiling data on the genetic
make-up, or genotype, of groups of individu-
als representative of four populations for more
than a million single nucleotide polymor-
phisms, or SNPs. (SNPs are one of the most
common types of variant in our genome, as
opposed to, for example, insertions and dele-
tions.) The aim was to ensure that one SNP
was assayed for every 5,000 bases of sequence.
The second phase, not yet complete, will
considerably increase the SNP coverage.

Using a conceptually easy and reliable
way to select tags, the HapMap group has
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