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SUMMARY

A myth about the relation between monomorphism and heterozygosity is
dispelled: the observed relation provides no evidence for (or against) neutral
mutations.

1. INTRODUCTION

Random monomorphism M is the probability that a population has no gene
frequency in the range 001 to O99 at a random locus. Random heterozygosity
H is the probability that a random individual be heterozygous at a random
locus. Clearly both parameters lie in the unit interval and include the two
points (0, 1) and (1, 0). It is intuitively obvious that the regression of M
on H is concave, since M must approach zero as H approaches . Such a
relation, shown in fig. 1, can be approximated by a function like

= pH/(1_H) (1)

where /3 is a small fraction. This argument does not depend on any assump-
tions about the evolutionary forces which maintain polymorphism, the
number of alleles at a random locus, or whether the population is at equilib-
rium.

Kimura and Ohta (1971) considered the special case of an infinite
family of neutral alleles at equilibrium and showed that equation (1) holds.
Moreover, it could be fitted to seven populations reported by Selander et al.
(1970). We will now show that equation (1) is a good approximation under
a more general hypothesis and therefore provides no evidence for neutral
polymorphism.

2. THEORY FOR H AND M

To investigate equation (1) further, we applied the general formula for
the distribution of gene frequency q at equilibrium under linear systematic
pressure in an array of independent panmictic populations (Wright, 1931).

r(A+B) qA_I(1_q)B_l (2)
T(A)F'(B)

where A = 4Xv and B 4ifu. Here X is the effective population size, and
the systematic flux is defined by

Aqmv(1—q)—uq (3)
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where u and v depend on selection, mutation, and migration. The linearised
systematic pressure is

(4)
8q

and the gene frequency Qat equilibrium is the solution of (3),

Q_V (5)u+v
Therefore

A=4NkQ
(6)

B =4Nk(1—Q).
The probability of monomorphism is

('1 —

m=1_J
(7)

= çb(q)dq
Jo .Ji—

where is conventionally taken as OOl.
The probability of heterozygosity is with sufficient accuracy

h=2Q(l_Q)(1_ 4Nk+1)
= 2Q(1 —Q)(A+B) (8

A+B+1
Then

M = E(m)
(9)

H = E(h)
where the expectation is taken over all loci.

This argument makes the simplifying assumption that systematic pressure
is linear, which is exact for neutral mutation. Linear systematic pressure is
realised to a good approximation for heterosis or other selective equilibrium
if 41ST/c is large enough so that all populations are clustered near the equilib-
rium value Q. This was derived by Malécot (e.g. 1966, p. 146) and follows
from the general equation

= —k(q—Q)+O(q—Q)2.
A second point which must be justified is the distribution of q among loci

under selection. Intermediate gene frequencies are in excess for two alleles
and rarer for multiple alleles. The resultant is that gene frequencies have a
roughly uniform distribution on both selective and neutral hypotheses. This
argument is of course not exact, but it holds well enough so that selective and
neutral equilibria cannot be convincingly discriminated by gene frequency
distributions. We have therefore tabulated m for equally spaced values
of q.

Rao and Morton (1973) have presented a method to calculate m from
A, B, and ; which is easily expressed in terms of Q and 4Vk = A +B.
Table 1 gives the results for = OO1 and various values of Q and 41ST/c
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together with h by equation (8). The fit to equation (1) is remarkable
(fig. 1).

TABLE 1

Values of monomorphism (m) and heteroygosity (h) as a function of Q and 4Nk for x = 001

Since the report of Selander et al. (1970), a number of populations have
been examined for M and H (table 2). Fitting equation (1) to the accumu-
lated data, by a method originally developed for isolation by distance
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Fm. 1.—Relationship between monomorphism and heterozygosity ratio.
—, M = (O.Ol)Su/(1'f); 0, observed; •, mean at 4X/c.

(Morton et al., 1969), we find that fi is not significantly different from
001 ( = 018). Agreement is closest for values of H/(l —H) less than 02,
where most observations lie. There is less good agreement for high values
of H/ (1 —H), where monomorphism is strongly dependent on the mean gene
frequency. Two sibling species in the Drosophila willistoni group (willistoni

Systematic
force,
4W/c

00l

Gene frequency at equilibrium, Q

001, 099 01, 09 02, 08 03, 07 04, 06 05 Mean
m 0999l0 099184 098549 098095 097823 097733 098549
h 0•00020 000178 000317 000416 0•00475 000495 0'00317

005 m O99573 096l22 093107 090956 089665 089235 0931l0
h 000094 0•00857 001524 002000 0•02286 00238l 0•01524

01 m 099196 092697 087034 082998 080580 079774 087046
h 0•00180 001636 002909 0'03818 0'04364 004545 002909

05 m 097l46 0.74799 056361 043819 036545 034163 057139
h 000660 0•06000 010667 0•14000 016000 016667 0•10666

1 m 095494 062243 037845 023046 015199 012754 041097
h 0•00990 009000 016000 0•21000 024000 025000 016000

5 m 087788 0230125 003940 000535 000060 000011 019224
h 001650 015000 0•26667 035000 04000O 0•41667 0•26664

10 m O8237O 008648 OOO344 000008 0 0 015228
h 001800 0l6364 0•2909l 038182 043636 045455 029088

0. busckii
H. sapiens

D. paulistorum

0 .1 .2 .3 .4 .5
Hoterozy9osity rcl {H/(1-H))
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and equinoxialis) have lower than expected monomorphism, but a third
sibling species (paulistorum) agrees with expectation.

TABLE 2

Mononwrphism (m) and heterozygosity (h) in natural populations

Number of
localities No. of loci

Species studied studied M* H
D. robusta (1) 8 40 0606 0.110
D. pseudoobscura (2) 10 24 0570 0128
D. busckii (3) 20 30 0834 0044
D. melanogaster (4) 1 19 0580 01l9
D. simulans (4) 1 18 0390 0160
D. persimilis (5) 1 24 0750 0l06
D. obscura (6) 3 30 0470 0108
D. subobscura (7) 6 31 0530 0076
D. willistoni (8) 10 20 0l84 0l39
D. equinoxialis (9) 27 27 0l24 0218
Limuluspolyphemus (10) 4 25 0750 O061
D. paulistorum (11) 24 17 0330 0210
Peromyscuspolionotus (12) 18 32 0770 0058
Mus musculus musculus (13) 4 41 0710 0.091
Mus m. brevirostris (14) 1 40 0700 0.110
Mus m. domesticus (13) 2 41 0800 0056
Homo sapiens (15) 1 71 0720 0067

J'fote: The number in parentheses following the species column indicates the reference:
(1) Prakash (1973a); (2) Prakash et al. (1969); (3) Prakash (1973b); (4) Kojima et al. (1970);
(5) Prakash (1969); (6) Lakovaara et al. (1971a); (7) Lakovaara et al. (1971b); (8) Ayala
(1972); (9) Ayala et al. (1972); (10) Selander et al. (1970); (11) Richmond (1972); (12)
Selanderetal. (1971); (13) Selanderetal. (1969); (14) SelanderandYang (1969); (15) Harris
and Hopkinson (1972).

* We have tried to apply consistently the definition of monomorphism given in the text,
but some reports were so brief that approximation was unavoidable.

Since the parameters Q and 4iVk were taken arbitrarily, without any
biological assumptions, the goodness of fit reported by Kimura and Ohta
does not favour neutrality, equilibrium, or any other evolutionary property
of populations, but could easily be a consequence of assuming a Beta distri-
bution of gene frequencies.
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