
less its present high rate. Not surprising
ly, their model of core-mantle inter
action shows some significant differences 
from Larson's, which directly relates 
heat loss from the lower mantle to simul
taneous stabilization of the core. From 
their evidence, slow TPW - that is, 
reduced convective activity - corres
ponds to a decreasing reversal rate. Con
versely, fast TPW is accompanied by an 
increasing reversal rate, so, as in Lar
son's model, increased mantle activity is 
somehow related to core stabilization. 
But as the figure shows, some substantial 
time-lags have to be built into Courtillot 
and Besse's model, with events in the 
mantle significantly preceding changes in 
the core. 

There is no doubt that the issues 
under discussion are of supreme import
ance to the earth sciences. If the coup
ling of core, mantle and surface events 
(including climatic) can be firmly estab
lished, a substantial unifying framework 
will be available for the study of most 
major geological processes, though 
events of extraterrestrial origin may yet 
muddy the waters. The comparison of 
Larson's and Courtillot and Besse's pap
ers, however, illustrates some of the 
obstacles to further progress. 

First, at present it is permissible to 
postulate many different things about 
the physical nature of happenings at the 
core-mantle boundary, within the man
tle itself, and within the core. The gener
ally acceptable theoretical models, 
against which the observational facts 
ultimately have to be tested (because 
many of the phenomena are outside the 
range of direct observation), do not yet 
exist in sufficient detail. Superplumes 
demand supercomputers. 

Second (within the observational field) 
is the problem of correlation of events in 
time, which is so often (and not always 
wisely) the basis of geological hypo
thesis. Larson, for example, demons
trates a superb one-to-one correlation, 
but unfortunately there is only one 
period of increased production of 
oceanic crust to correlate with one 
period of geomagnetic stability. What is 
the level of significance? Ultimately, 
if time correlation is the key to the 
argument, we need to define as many 
separate volcanic events as possible, or 
whatever other events are used to mea
sure mantle convective activity. D 
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IMMUNOLOGY--------------------------------------

Disease and evolution 
J. C. Howard 

"Now every species of mammal and bird 
so far investigated has shown a quite 
surprising biochemical diversity revealed 
by serological tests. The antigens con
cerned seem to be proteins to which 
polysaccharide groups are attached. We 
do not know their functions in the organ
ism, though some of them seem to be part 
of the structure of the cell membrane. I 
wish to suggest that they may play a part 
in disease resistance, a particular race of 
bacteria or virus being adapted to indi
viduals of a certain range of biochemical 
constitutions, while those of other con
stitutions are relatively resistant" (J. B. S. 
Haldane, 1949; ref. 1). 
Tms passage is typical Haldane - clear, 
original, synthetic, precocious. But was 
he right? Haldane was aiming to explain 
not the existence of membrane-bound 
glycoproteins as such, but rather their 
polymorphic diversity. By virtue of their 
overwhelming advantage in rate of 
evolution, microbes seemed always to 
have the upper hand against host 
attempts to evolve a resistance mechan
ism common to all members of the 
species. Haldane conceived of a form of 
equilibrium in which host resistance fac
tors vary from individual to individual. 
Infectious pathogens would then tend to 
learn to deal with the commonest type, 
leaving the way clear for rare types to 
persist, and eventually flourish for a 
time. 

The membrane glycoproteins coded by 
the major histocompatibility complex 
(MHC) were some of the main contri
butors to Haldane's "quite surprising 
biochemical diversity". We now know 
that the MHC indeed seems to function 
as a resistance system, apparently exact
ly as Haldane conceived it. Polymorphic 
glycoproteins encoded by the MHC play 
a central role in the immune system; 
peptide fragments of infectious origin 
can be captured in the peptide-binding 
grooves of both class I and class II MHC 
molecules and presented by them to the 
T-cell immune system. Furthermore, the 
astonishing polymorphism of MHC 
molecules largely centres upon those 
residues which interact with peptides2

, 

and the large excess of coding substitu
tions at exactly these positions3 suggests, 
exactly as Haldane's theory predicts, 
that there is strong selective pressure in 
favour of variation. 

All this is good physiology and good 
genetics, but does it constitute proof of 
Haldane's theory? Surely, what is 
needed is explicit evidence that MHC 
allele frequencies are driven by 
pathogens? On pages 595 and 619, 
Nature now publishes two outstanding 

studies on the selective pressures operat
ing on MHC polymorphism in the 
wild4

•5, and they reach what at first sight 
seem to be opposed conclusions, one 
wholly for Haldane, the other wholly 
against. I shall try to reconcile these two 
studies, and will argue that they should 
in fact both be seen as strengthening 
rather than weakening the generalization 
that infectious disease is the principal 
motor for polymorphism. 

First, for Haldane, Hill and 
colleagues4 face the problem directly. 
Find a disease associated with a high 
mortality in the wild, a disease having a 
high prevalence and in a species in which 
it is possible to identify most histocom
patibility alleles with precision. In addi
tion, it must be possible to assess 
disease-related mortality at all stages in 
the life cycle. The species is the chal
lenge of course. Only the human qual
ifies. The disease is falciparum malaria, 
hyperendemic in West Africa, a potent 
killer of the young and already estab
lished as the exemplar for natural selec
tion through its effect in elevating the 
frequency of HbS, the sickle cell 
haemoglobin allele6 (still, after more 
than 30 years, the only balanced poly
morphism in man for which we have an 
explanation). 

Hill et al. compared human leukocyte 
antigen types in children desperately ill 
with severe malarial anaemia or cerebral 
malaria against a number of control 
groups. This was a brave and correct 
analysis, for the story is about natural 
selection, and natural selection in this 
context means life-threatening illness. 
Out of 45 class I alleles (assayed first by 
serology, then confirmed in a different 
sample by the polymerase chain reac
tion), one alone, HLA-Bw53, was signi
ficantly reduced in frequency in the sev
erely ill children. The hypothesis that 
HLA-Bw53 is indeed a protective allele 
against the severest forms of malaria is 
confirmed by its geographical distribu
tion; vanishingly rare elsewhere in the 
world, HLA-Bw53 reaches a frequency 
as high as 25% in malarial regions of 
Africa. Out of 13 class II haplotypes 
assayed, again one, DRB1 *1302-
DQB1 *0501, was significantly reduced in 
frequency in one category of the severely 
ill children, namely those with severe 
malarial anaemia. The class I and class II 
protective mechanisms are presumably 
different, and suggest new approaches to 
vaccine development. 

Although the degree of protection 
conferred on an individual by the protec
tive HLA alleles was less than that 
provided by HbS, the higher frequency 
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of the HLA alleles means that, overall, been known for some time10
•
11

• Dif- hypothesis is in fact a special case of the 
their protective effect must be greater, ferent MHC alleles are associated with second, where the relevant locus for 
representing a total equivalent to about distinct urinary odours which are a basis inbreeding avoidance is the MHC, and 
15% of all severe malaria cases in the for mating preference, though the pat- the deleterious consequences are de
Gambia, against 12% for HbS. The tern of preference has not been formally creased resistance to infectious disease. 
population of West Africa has been established. It is striking that the effect Furthermore, although a single-locus 
dense enough for efficient malarial trans- of the MHC should so predominate, in marker for genome-wide diversity can 
mission for no more than 10,000 years; Potts et al.'s study, that it could not be work, it is most effective at loci linked 
presumably HLA-Bw53 has reached its overridden by segregation at the many to, or identical to, the incompatibility 
25% frequency from close to zero in that hundreds of other loci by which the mice locus itself. The simple teleology of the 
time by simple directional selection. Its must have differed from each other. matter therefore suggests that the MHC 
now-known selective advantage in a What does this result mean? It can be is itself the genomic locus whose heter
malarial environment is easily large reconciled with Haldane's theory by ozygosity is of principal evolutionary 
enough to achieve this incidence. concern. 

The premise of Haldane's theory So we return to infectious dis-
is that parasites always out-evolve ease, but now at one remove. Not 
their hosts. Will Plasmodium falci- only does infectious disease 
parum therefore soon take avoiding apparently directly drive poly-
action? If not, should we expect morphism in the MHC by differen-
HLA-Bw53 to carry on increasing tial mortality, but we must now 
in frequency at the expense of .. ~... conclude that it also regulates 
other HLA alleles? Presumably mating preference in order to maxi-
(but it now seems a fair presump- mize heterozygosity at these all-
tion), other pathogens will take important loci for disease resist-
advantage of Bw53 as its frequency ance. Heterozygotes may well 
rises, though whether, in a modern . flourish at the expense of homo-
medical context, we shall ever see zygotes, as a direct result of the 
the consequence is open to doubt. ravages of disease; however, by 
In any event, the results of Hill et ~ disassortative mating, wild mice 
al. clearly demonstrate the essential seem to be achieving the same goal 
validity of Haldane's claim, and . at a lower cost. Not only that, but 
reinforce other evidence in its · rodents may even have hijacked 
favour both in human infectious the infectious micro-organisms 
disease7 , and also, in one well- themselves in order to provide the 
documented case, in chickens8•

9
• volatile urinary odorants that serve 

The argument for infectious dis- to identify MHC alleles12
• There is 

ease as the driving force for MHC evidence that the urine of germ-
polymorphism now seems over- free rats of different genotype can-
whelming. So when Potts and not be distinguished13, but contrary 
colleagues5 established populations results have been obtained in 
of half-wild mice carrying known A Spanish cock in full plumage, with a fine fat comb and rnice14 and the relevance of these 
histocompatibility types at known wattles (from Darwin's Variation of Animals and Plants observations to MHC-related mat
frequencies in an enclosed but under Domestication). A lot of what is on display between ing preference is yet to be estab
naturalistic environment, they can animals indicates health status - 'feeling off colour', lished. If the pressure of infectious 
hardly have anticipated what would 'bright-eyed and bushy-tailed', 'i~ the pink of_ con~ition', disease can influence olfactory pre
happen. Essentially right away these phrases all _tell u~ how quickly "!e perceive dlse~se terence in mating perhaps it can 

typ fr . d rt d' and health. Infectious d1sease may dnve sexual selection aff t th ' geno e equenCles epa e tool.S. ec o er cues as well. It no 
radically from expectation, with far longer seems implausible to sup-
too many MHC heterozygotes being Potts et al.'s own suggestion that female pose that well-developed secondary 
found in the progeny. Were MHC disassortative mating preference, by en- sexual characters (see figure) may pri
homozygotes peculiarly susceptible to in- suring MHC heterozygosity, confers en- marily indicate freedom from infectious 
fectious disease, and dying young? Potts hanced fitness on the progeny through disease. 
et al. showed that this was definitely not increased disease resistance. Their Haldane saw, of course, that the selec
so, and that the whole excess of heter- alternative proposal is that the MHC is tion pressures of infectious disease 
ozygotes arose from mating choices serving as a polymorphic marker in a would be strong enough to bring other 
made by the females. Not only did genetic incompatibility system for avoid- adaptation in tow. He proposed, for 
females initially tend to establish territo- ing the generalized deleterious conse- example, that polymorphic resistance 
rial relationships with males differing at quences of genome-wide inbreeding. loci would tend to have high mutation 
the MHC, but they also devoted more One should note, however, that the first rates. Is it an accident that the highest 
than half of their reproductive activity tO 1. Haldane, J. B. S. La Ricerca Scientifica 19 Suppl. 19, 10. Yamazaki, K. et al. J. exp. Med. 144, 1324--1335 
contracting extraterritorial liaisons with 68-75 (1949). (1976). 
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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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POPULATION GENETICS----------------

A way to world knowledge 
Jared M. Diamond 

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 
NATURE · VOL 352 · 15 AUGUST 1991 

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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