
recorded mammalian mutation rate is in 
an allele of a class I gene from the 
mouse MHC (ref. 15), probably 
achieved by a specialized mutational 
mechanism? He did not, however, refer 
to the ultimate extension of his position, 
namely, that although infectious disease 
may be the principal cause of poly
morphism, it would be virtually ineffec
tive in the absence of segregation and, 
for multiple loci, independent assort
ment. In other words, the sexual 

mechanism itself is an essential ingre
dient of the resistance system. Which 
came first? Most of us have been 
brought up with the idea that sex causes 
disease. A longer term view, and one for 
which there is increasing support, is that 
the boot belongs on the other foot16

•17. 0 
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TmNK of what we could deduce if we 
knew the DNA base-pair sequence of 
every human now alive. We could recon
struct much of the history of modem 
human populations in terms of prehis
toric migrations and founder effects. We 
could study the social structure of human 
populations, the frequencies and types of 
human mutations, and natural selection 
in humans along environmental gra
dients. We could understand our differ
ing genetic susceptibility to many dis
eases. Although that goal of completely 
sequencing everyone is unfortunately not 
feasible, a flurry of papers shows that a 
much lesser enterprise could yield a 
great deal of information1- 3 . 

The immediate impetus comes, of 
course, from the Human Genome Pro
ject, which seeks to sequence completely 
what amounts to one Caucasian's 
genome. That endeavour does not in 
itself address the questions outlined 
above, but Cavalli-Sforza et a/. 1 argue 
that with a mere one per cent of extra 
effort and expense it could. Two practi
cal issues arise: how to allocate resources 
among populations (for example do we 
learn more by sequencing the genomes 
of 500 individuals from each of 20 
populations, or those of 20 from each of 
500?); and how large a fraction, and 
which specific fractions, of each indi
vidual's genome to sequence. If we had 
already sequenced everybody, we could 
then with hindsight design an efficient 
sampling strategy. The dilemma is that 
we don't know the results, yet we have 
to guess at them to design the strategy. 

An essential consideration that 
Cavalli-Sforza et a/. point out stems from 
the main pattern of human history for 
the past 10,000 years. By virtue of ac
quiring plants and animals suitable for 
domestication, certain groups that 
formerly constituted only tiny fractions 
of the world's human population have 
overrun much of the globe. Prime exam
ples are the expansions of Anatolian 
farmers and proto-Indo-European 
speakers over Eurasia, of Austronesians 
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over Indonesia and the Australian 
realm, of Bantus over sub-Saharan Afri
ca, and of modem Europeans over Au
stralia and the Americas. Conversely, 
other populations that once accounted 
for much of human diversity and popula
tion numbers are now close to vanishing, 
overrun by the expansions of others. 
Cavalli-Sforza et a/. answer the first of 
the two practical issues by proposing a 
crash programme for collecting samples 
(permanent cell lines, DNA or both) 
from these vanishing populations. With 
that material secured, the matter of how 
to study it could then be addressed at 
leisure. 

Any geneticist or anthropologist could 
quickly come up with a wish-list of 
declining human populations to sample. 
High on anyone's list would come the 
!Kung of Namibia and Botswana, rem
nants of the population that occupied 
most of southern Africa until a few 
millennia ago, and located at the deepest 
branches in the world tree of mitochond
rial DNA (mtDNA)4; scattered tribal 
peoples of southeast Asia and Indonesia, 
probably remnants of that area's former 
population related to native Australians 
and Melanesians and swamped by the 
Austronesian expansion; and Japan's 
Ainus, remnants of who-knows-what. 
Other relict populations persist in re
gions protected by mountainous terrain 
such as the Pyrenees and Caucasus. Still 
other priorities would be areas of high 
genetic diversity such as New Guinea, 
home to one-fifth of all the world's 
languages and (especially in the high
lands) to an unknown fraction of the 
world's genetic diversity. 

This wish-list begs the question of 
whether to sample a few dozen areas in 
detail or else hundreds in less detail. 
Here, too, the best strategy depends on 
the incompletely known patterns of 
genetic diversity that we seek to discov
er. For example, mtDNA sequencing 
detected no geographical variation with
in the peoples of the Middle East, but 
abundant variation in those of the New 
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Guinea highlands and among African 
pygmies2

'
4

'
5

• Similarly, the number of 
people to sample from each population 
depends on intrapopulation variability, 
which surely differs not only among 
populations but also among the genetic 
loci studied. 

Hence one's sampling scheme will de
pend on the particular problem to be 
tackled. For instance, at one extreme 
mtDNA is especially variable, the con
trol region of mtDNA is hypervariable, 
and the first 400 base pairs of that region 
contains most of its hypervariability. Of 
88 mtDNA types from the control region 
derived from 117 Caucasian people, only 
12 were shared by two or more indi
viduals, and 10 of those 12 shared types 
were shared between Sardinian indi
viduals or between Middle Eastern 
individuals2• Again, identical mtDNA 
types were shared between individual 
!Kung or Biaka Pygmies or Mbuti Pyg
mies, but not between two or more of 
those populations4

• At the opposite ex
treme, a study of nuclear DNA in Pyg
mies, Europeans, Chinese and Melane
sians identified a polymorphism (HPI 
BamHI) whose gene frequency ranged 
only from 0.35 (in Chinese) to 0.46 (in 
Zaire pygmies )3

• A larger population 
would be required to study variation in 
HP!BamHI than in the mtDNA control 
region. 

By analogy, imagine trying to recon
struct the evolution of the animal king
dom if some species such as pigeons and 
house mice had undergone a population 
explosion, but if most terrestrial animals 
weighing over ten kilograms and most 
organisms inhabiting tropical rainforest 
had just vanished (which indeed may 
come to be the case before too long; the 
argument for sampling the genomes of 
such species is also compelling). The 
human problem is partly similar, but 
only partly. Although some threatened 
human populations may vanish because 
of the deaths of most members, more 
will vanish as their members become 
absorbed into other populations6• But 
attempts to sample the genomes of anim
als and humans have in common a need 
to reconcile our intellectual desire to 
know with our ethical desire to preserve. 
Above all, both share a sense of urgen
cy, because so little time remains before 
it will be too late. D 
Jared M. Diamond is in the Department of 
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