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A statistical method for estimating average het-
erozygosity and genetic distance from a smalf
number of individuals was developed. It was
shown that, as long as the number of genetic
loci examined is large, the number of individ-
uals to be used can be very small. {The SC/®
indicates that this paper has been cited in over
490 publications.]
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In the mid-1960s protein electrophoresis
revolutionized the study of population fenet-
ics and evolution. This technique revealed an
extensive amount of genetic polymorphism
existing in natural populations and, at the same
time, provided a powerful tool to examine the
evolutionary relationships of closely related
species.2 In 1972 1 developed a statistical
method by which one can measure the genetic
distance between populations in terms of the
number of gene substitutions per locus.3 This
method immediately became popular among
investigators. However, it was based on a
large-sample theory of statistics, reflecting the
then prevailing notion that a large sample size
is required to estimate allele frequencies.

However, to determine allele frequencies for
a large number of loci, electrophoresis was a
time-consuming and 1uite expensive tech-
nique. So, experimentalists often used a very
small number of individuals. In some extreme

cases, only one or two individuals were used
from each species. Previously, Arun K. Roy-
choudhury and | had shown that for estimating
enetic distance a large number of loci should
examined even if the number of individuals
per locus is small,* but we did not anticipate
that experimentafists would use such a small
number. Naturally, experimentalists using a
very small number were criticized by fellow
investigators and theoreticians, and a contro-
versy arose over the number of individuals to
be used.5 e

In 1977 | became interested in this problem
and decided to solve it from the theoretical
point of view. The results of my study showed
that a very small sample size is indeed suffi-
cient if the average heterozygosity (a measure
of genetic variation within populations) is low
and a large number of loci are examined.
When the average heterozygosity is high, how-
ever, more individuals (say more than 10) are
necessary. So, this paper put an end to a con-
troversy that was going on in evolutionary bi-
ology. At the same time, 1 developed a statis-
tical method for obtaining unbiased estimates
of average heterozygosity and genetic distance
and their standard errors from small samples.

{ believe the reason for the frequent citation
of this paper is that it provided a theoretical
justification for the use of a small number of
individuals at a time when electrophoretic
study of evolutionary relationships of organ-
isms was popular. The simpilicity of the statis-
tical method presented was also welcomed by
experimentalists. Mathematically, it is a rela-
tively simple extension of my paper with Roy-
choudhury,* but it is useful for practical pur-
poses, In biometry, simplicity and utility
usually go together.

When | published this paper, | thought that
future researchers would cite it more often
than my 1972 paper. This prediction proved
to be wrong. Altm!)ugh this paper has been
cited reasonably well, researchers have cited
the 1972 paper more often. it seems that they
want to cite the first original paper, even if
they are actually using a method given in a

fater paper.
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