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The use and misuse of various measures
of genetic “distance” in electrophoretic
studies of systematics have recently been
the subject of considerable attention
(Mickevich and Johnson, 1976; Throck-
morton, 1978; Baverstock et al., 1979;
Avise et al., 1980; Farris, 1981; Mickevich
and Mitter, 1981; Patton et al., 1981; Sites
et al., 1981; Thorpe, 1982). Despite the
problems associated with the use of ge-
netic distances in the construction of phy-
logenetic trees, the convenience and gen-
eral utility of such measures have resulted
in their continued and widespread appli-
cation. The most commonly-used such dis-
tance is Nei's D (Hedrick, 1983). This mea-
sure purportedly assesses the “accumulated
number of gene substitutions per locus” if
“the rate of gene substitution per locus is
the same for all loci” (Nei, 1972:283).
However, the assumption of equal rates of
gene substitution at all loci is rarely, if
ever, considered by investigators before
employing Nei’s D. Because this assump-
tion is probably never met in an interspe-
cific electrophoretic survey that involves
more than one locus (Sarich, 1977; Thorpe,
1982), it is important to examine the ef-
fects of not meeting this assumption.

Nei (1972) defined the normalized iden-
tity between two randomly mating dip-
loid populations as

L= 2Zxy:/V Zx22Yy>,
where x; and y, are the frequencies of the

ith allele at the jth locus in populations X
and Y, respectively. He then defined the

normalized identity of genes between X
and Y with respect to all loci as

I = ]xy/ V ]x]yl

where J,,, J., and ], are the arithmetic
means of 2xy,;, 2x%, and 2y over all loci,
respectively. Nei’s distance is then de-
fined as

D = —log,l.

Nei (1972:284) further stated that “theo-
retically it is possible to compute the
arithmetic mean of [; rather than the above
quantity [I], but the genetic interpretation
of the arithmetic mean is not simple.” Nei
(1972) suggested that, “when the rate of
gene substitution varies with locus and all
I/s are large, a more appropriate measure
of genetic distance is given by” employ-
ing the geometric means (rather than the
arithmetic means) of Zxy; Zx%, and 2y
This distance measure was named D’ by
Nei (1972).

Consider a case involving the electro-
phoretic examination of two species, X and
Y (Table 1). It is found that, at one locus,
X and Y share the same alleles (either at
identical or varying frequencies), whereas
at a second locus X and Y share none of
the same alleles. This situation is encoun-
tered in interspecific electrophoretic stud-
ies, because virtually all such analyses in-
clude examination of enzymes that differ
in substitution rate by an order of mag-
nitude or more (Sarich, 1977; Thorpe,
1982). Table 1 shows three possible varia-
tions on this situation. In the first case, X,
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TaBLE 1. Three hypothetical cases of allelic fre-
quencies of two taxa at two gene loci.

Case 1 Case 2 Case 3

TABLE 2. Genetic distances for the three cases in
Table 1. All of these distances are between pairs of
taxa that have identical allelic frequencies at one lo-
cus and no alleles in common at a second locus.

allele X1 Y1 Xa Yy X3 Y3
M Case 1 Case 2 Case 3

1la 1.0 1.0 1.0 1.0 0.5 0.5
b _ _ _ _ 05 05 D 0.69 0.41 1.10

D' o oo oo
2a 10— 05— L0~ Dy 0.50 0.35 0.50
. *

c _ 1.0 - 0.5 _ 1.0 D 0.69 0.69 0.69

d — — — 0.5 — —

and Y, are fixed for the same allele at locus
1 and are fixed for different alleles at locus
2. In the second case, X, and Y, are also
fixed for the same allele at locus 1; at locus
2, both X, and Y, are polymorphic but
share none of the same alleles. In the third
case, X; and Y; share a polymorphism at
locus 1 and are fixed for different alleles
at locus 2.

In all three of the comparisons in Table
1, species X shares with Y the same alleles
at locus 1 and none of the same alleles at
locus 2. In other words, I; for the first locus
is 1 and for the second locus is 0 in all
three cases. Given these situations, there
is no basis on which to consider X more
recently diverged from Y in case 1, 2, or
3. Yet Nei’s D ranges from 0.41 for case 2
to 1.10 for case 3 (Table 2). This range en-
compasses approximately the average dif-
ference between genera within a family
on the one hand and between sibling
species on the other (Ayala, 1975; Avise,
1976; Thorpe, 1982). The reason for this
discrepancy is the unmet assumption of
equal rates of change for loci, as required
by Nei (1972). That this assumption is not
met is obvious in that one locus has re-
mained unchanged while a second has be-
come diagnostic. Nei’s D' (1972) is also
useless in this situation, because I; for lo-
cus 2 is smaller than the 0.7 suggested by
Nei as a lower limit for this measure.

The problem outlined above is not lim-
ited to Nei’s genetic distance measure. The
other index of genetic distance that is
commonly used in systematic applica-
tions, Rogers’ (1972) Dy, also varies de-
pending on the amount of polymorphism
present in the two species (Table 2). As

noted by Wright (1978), Rogers’ Dy de-
creases between two species with no al-
leles in common as polymorphism in-
creases. Because of this characteristic, it is
possible for two species with no alleles in
common to have a smaller Dy than two
species which share half of their alleles.

Because of the above problems, two al-
ternatives seem practical with regard to
electrophoretic studies in which Nei’s
(1972) assumption of equal rates of change
for all loci is not met. The first is to ignore
Nei’s D entirely. The second is to modify
Nei’s D so that it is not adversely affected
by varying rates of change at different loci.
This can be accomplished by redefining
genetic identity as

I*=E_II
LI

where L is the number of loci, and genetic
distance as

* = —log,I*.

D* is not distorted by shared or unshared
polymorphisms as is D when Nei’s as-
sumption is not met, and D* is not dis-
torted by small I/s as is D'. In the examples
in Table 1, although Nei’s D ranges from
0.41 to 1.10, Rogers’ Dy ranges from 0.35
to 0.50, and Nei’s D’ is distorted to infin-
ity, D* remains at 0.69 (the same as D
without any polymorphisms) for all three
cases. Without any additional informa-
tion, the time since divergence must be
assumed to be equivalent for all of these
cases. Whereas D, D’, and Dy all fail in this
regard, D* meets this qualification. Be-
cause Nei’s assumption of equal rates of
change for all loci is rarely (if ever) met
in systematic evaluations of electropho-
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retic data, D* is a more appropriate mea-
sure for use in systematic applications.

Although the modification of genetic
distance presented herein does solve one
of the problems of applying Nei’s D to sys-
tematic studies, some of the other prob-
lems raised against genetic distance mea-
sures remain. For instance, D* does not
account for multiple-step allelic changes,
does not differentiate between derived
versus ancestral similarities, and is not a
metric distance. However, for those who
wish to use a summary statistic, D* ap-
pears to eliminate some of the problems
of Nei’s D, without violating its basic for-
mulation.
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