



































highest British frequency of tuberculosis. Thus, there was a population-level associ-
ation between the disease (ulcers) and the putative selective agent (tuberculosis). One
may object that ulcers are positively associated with tuberculosis, as was formerly
claimed. In realidy, those ulcer patients who tend to get tuberculosis proved to be
gastrectomized ulcer patients who thereby lost the gastric barrier to ingested bacilli.
Tuberculosis patients tend to have low rates of acid secretion. In particular, people
under the age of two or over 50 are the ones most susceptible to tuberculosis, and
they are also the age groups with the lowest rates of acid secretion.

As for the mechanism of protection against tuberculosis from gastric acid secre-
tion, acid may provide a barrier against bovine TB bacilli ingested from milk, against
air-borne TB bacilli entering via the gut, and (perhaps most importantly) against the
secondary spread of TB bacilli coughed up from the lungs. By this reasoning, one
might also expect other bacilli sensitive to gastric acid to select for high acid secre-

tion. In fact, it has been noted that cholera as well as tuberculosis is associated with
low rates of acid secretion.

This putative link between tuberculosis and peptic ulcers is instructive as a possible
much more general paradigm of infectious disease. We routinely distinguish infec-
tious diseases from genetic diseases. The two types of conditions are the provinces
of different textbooks, different medical specialists, and different departments. Tuber-
culosis is considered a classical example of an infectious disease. However, it must
also have a genetic component, since there is a big difference between monozygotic
and dizygotic twins in their susceptibility to tuberculosis. Perhaps genetic factors
modulating the acid secretion rate provide part of that genetic susceptibility to tuber-
culosis. Thus, a classical infectious disease is in fact partly a genetic disease. Con-
versely, the rise in frequency of ulcers used to be attributed to environmental reasons,
but those environmental reasons may have been a genetic disease, in that ulcers were
selected by tuberculosis. The decline in frequency of tuberculosis may have occurred
because of the rise in genetic protection offered by uclers. Thus, the traditional dividing

lines between infectious diseases, genetic diseases, and environmentally triggered dis-
eases are becoming blurred.

As for the apparent paradox of the same gene providing advantages and disadvan-
tages to the same individual, note that ulcers tend to come at a post-reproductive
age, while tuberculosis can kill one in childhood. Thus, one may regard late-life ulcers

as a reasonable price to pay for the ability to survive childhood in a high-tuberculosis
area.

Finally, the ulcer/tuberculosis example is also interesting because, if confirmed, it
would represent an example of rapid recent evolution. Creationists like decry evo-
lution on the grounds that natural selection operates so slowly that/it can only be
inferred from historical examples, not witnessed directly. In fact; there are quite a
few examples of natural selection witnessed in modern times, but they mostly involve
creatures of little human interest, such as moths developing industrial melanism or
House Sparrows developing climatically adaptive morphs following their introduc-
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tion to North America one century ago. In the case of ulcers and tuberculosis, how-
ever, we may have an example of natural selection operating in the human species
within the past 200 years. A more rapid and spectacular example of natural selection
in humans may lie ahead of us, if exposure to AIDS becomes as widespread as feared
and if the enormous individual variability in susceptibility to AIDS infection and rate
of progression of the disease proves to have a genetic component. We may well have
the grisly opportunity to observe the genes of those genetically resistant to AIDS

increasing in frequency at the expense of genotypes lacking AIDS resistance factors
(Diamond 1987).

Prenatal advantage, adult disadvantage. In the next example of advantage and disad-
vantage accruing to the same individual, the fetus gains the advantage, while the born
child reaps the disadvantage. The disease in question is insulin-dependent diabetes
mellitus (IDDM), alias juvenile-onset diabetes (Vadheim et al. 1986).

The gene for IDDM is linked with the HLA alleles DR3 and DR4 and has a
penetrance of 20%. Thus, one can consider IDDM as an immune gene, or a gene
closely linked with an immune gene, that happens to cause diabetes. It turns out
that the HLA alleles DR3 and DR4 are preferentially transmitted from parents to
offspring in families of IDDM patients. From parents who carry a single DR3 allele,
one expects a 50% probability that the allele will be passed on to an offspring, but
in fact DR3 is transmitted from the father to 68% of his offspring, and from the
mother to 65% of her offspring. DR4 is similarly subject to selective paternal trans-
mission, from the father to 72% of his offspring, but is transmitted by the mother
to only 56% of her offspring, a value that does not differ significantly from 50%.
Thus, there is selective paternal and maternal transmission of DR3, but only selective
paternal transmission of DR4.

Could these instances of selective transmission arise from selective survival of zygotes
bearing the DR3 or DR4 alleles, as compared to other zygotes? Or could the ex-
planation instead be in-utero selection for a DR3- or DR4-bearing fetus over a fetus
carrying neither allele? The latter interpretation appears to be the correct one, because
there is an increased incidence of miscarriage in diabetic families with a DR4 father
and 2 DR3 mother. Evidently, a fetus lacking the DR3 or DR4 allele is more likely
to be rejected by the mother than a fetus with the diabetogenic alleles. Thus, the
diabetogenic gene is favored because its bearer is more likely to survive to birth than
bearers of normal alleles.

If all bearers of the diabetogenic alleles proceeded to die of IDDM, a condition
that was virtually fatal until the advent of modern medicine, preferential prenatal sur-
vival would have done the gene bearers no good. But recall that IDDM has only
20% penetrance: 80% of those genetically predisposed will never come down with
the illness. Given the numbers that 20% of the gene bearers will/die or fail to reproduce
while 80% survive, and given the observed 65% selective fransmission of the dia-
betogenic genes, one can calculate that this preferential transmission suffices to main-
tain the gene’s frequency in the face of the removal of 20% of the gene bearers.
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Thus, insulin-dependent diabetes mellitus involves genes that are good for fetuses
but bad for children and adults. Prenatal advantages may similarly account for the
persistence of some other genetic diseases, such as cleft lip and palate (Dronamraju
et al. 1984).

Advantage or disadvantage dependent on the environment. My remaining example is of

a genotype that may either benefit or harm its bearer, depending upon the environ-
ment. The condition in question is non-insulin-dependent diabetes mellitus (NIDDM,
alias “adult-onset diabetes”), which has a genetic basis, as illustrated by the 100%
concordance for NIDDM between monozygotic twins within the same society. Despite
this genetic basis, it is obvious that there is also a heavy influence of the environment
upon whether people with the appropriate genotype exhibit diabetic symptoms. For
example, the frequency of diabetes rose within 10 or 15 years to high levels in Yemenite
_Jews, Pima Indians, and Micronesians when they switched from their formerly spar-
tan subsistence diet onto a westernized diet. Among Pima Indians the frequency of
diabetics reached 50% (Knowler et al. 1983)! Thus, there was something about a west-
ernized diet or associated living conditions that fostered the expression of diabetes.

A hypothesis to account for these findings is the so-called thrifty gene theory of
Neel (1982). His argument is that a quick release of insulin in response to dietary
carbohydrate intake might have been advantageous under the conditions prevailing
throughout most of human evolution, when food was hard to obtain and when periods
of near-starvation alternated with occasional gluts. However, when the spartan diet
was replaced by a regularly generous diet including large quantities of carbohydrate,
the quick insulin release led to insulin resistance and symptoms of diabetes. Thus,
the genotype responsible for quick insulin release would be adaptive under one set
of dietary conditions but harmful under another set. An animal model that supports
this interpretation is the diabetic rat, which survives starvation better than control
rats, presumably because the diabetic rat is able to convert more of its food intake
into energy reserves while on an adequate diet and thus is better buffered against

starvation.

One can think of numerous other predispositions that today express themselves
as diseases but that might have been favorable under formerly prevalent conditions.
For example, the genes that dispose towards hypertension on the high-salt diets com-
mon today could be highly advantageous under conditions of extremely restricted
salt availability, such as prevailed in the mountainous interior of New Guinea until
recently. Similarly, while hyperlipidemias and familial hypercholesterolemia are today
considered diseases, there may also be dietary or environmental conditions under which
accumulation of lipid or cholesterol would be valuable rather than harmful.

/

Conclusions

Let us now return to our original question regarding what permits human genetic
diseases to persist in the face of natural selection. We have seen that some deleterious
genes are maintained at equilibrial low levels by mutations, which generate new copies
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