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ABSTRACT

The expected numbers of different categories of polymorphic sites are derived for two related models
of population history: the isolation model, in which an ancestral population splits into two descendents,
and the size-change model, in which a single population undergoes an instantaneous change in size.
For the isolation model, the observed numbers of shared, fixed, and exclusive polymorphic sites are
used to estimate the relative sizes of the three populations, ancestral plus two descendent, as well as the
time of the split. For the size-change model, the numbers of sites segregating at particular frequencies
in the sample are used to estimate the relative sizes of the ancestral and descendent populations plus
the time the change took place. Parameters are estimated by choosing values that most closely equate
expectations with observations. Computer simulations show that current and historical population param-
eters can be estimated accurately. The methods are applied to DNA data from two species of Drosophila

and to some human mitochondrial DNA sequences.

ISTORICAL events such as the formation of two
species from a common ancestor or drastic
changes in population size manifest themselves in the
DNA of organisms by structuring the genealogies of
nucleotide sites. Consider a situation where a single
ancestral population splits into two descendent popula-
tions, and after the split no genetic exchange occurs
between the two. Figure 1 depicts this isolation model
and shows examples of two possible genealogical histor-
ies of a site in the sample. The branches in Figure 1
represent ancestral lineages of the sampled sequences,
If the per-site mutation rate is small, which we will as-
sume is true, then each branch presents opportunities
for the creation of a particular kind of polymorphic
site. When a mutation has occurred on one of these
ancestral lineages, it appears as a polymorphic site that
divides the sample into two groups: one that shows the
ancestral nucleotide and one that shows the new, mu-
tant nucleotide.

For example, a mutation on the long internal branch
of the genealogy in Figure la will divide the sample
into two groups that correspond exactly to the two pop-
ulation samples. This type of polymorphism is com-
monly referred to as a fixed difference (Hey 1991). In
contrast, the genealogy in Figure 1b does not allow for
the possibility of a fixed difference because there is no
branch that divides the sample appropriately. Instead,
a mutation on the smallest internal branch of that gene-
alogy yields a different type of polymorphism: one that
is shared by both populations. A mutation on any other
branch than these two in either Figure la or b will
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produce a site that is polymorphic in only one of the
two population samples. Thus, Figure 1 illustrates the
relationship between population history and classes of
segregating sites, as mediated through sites’ genealo-
gies. If the time of separation of the two descendent
populations is short, then genealogies will likely resem-
ble the one in Figure 1b and shared polymorphisms
may appear in the data. If the time of separation is
long, the most probable genealogies will, like Figure
1a, have an internal branch on which fixed differences
can accumulate.

For any given time of separation, every possible gene-
alogy will have an associated probability. However, in
the absence of recombination, all sites in a particular
sample will share the same genealogy. The particular
one observed will be a single draw from the universe
of possibilities. As single observations, individual gene-
alogies are not likely to contain enough information to
make accurate and general statements about popula-
tion-level processes. On the other hand, if there is re-
combination or if multiple loci are sampled, then differ-
ent sites may have different genealogical histories. In
the case of a sample from two populations, some sites’
genealogies may resemble the one in Figure la and
others may be like the one in Figure 1b. In large data
sets, many of the possible genealogies will be realized
in the histories of sites in the sample and will be repre-
sented in proportion to the relative likelihood of ob-
serving each.

A similar picture can be drawn of the size-change
model, which is like the isolation model but with only a
single descendent population. Here, polymorphic sites
can be partitioned according to the frequencies of mu-
tant and nonmutant bases, as, for example, TajiMA
(1989b) and Fu and Lt (1993) have done. Again the






