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ABSTRACT

Modifier gene models are used to explore the evolution of features of organisms, such as the
genetic system, that are not directly involved in the determination of fitness. Recent work has shown
that a general “reduction principle” holds in models of selectively neutral modifiers of recombination,
mutation, and migration. Here we present a framework for models of modifier genes that shows these
reduction results to be part of a more general theory, for which recombination and mutation are
special cases.—The deterministic forces that affect the genetic composition of a population can be
partitioned into two categories: selection and transmission. Selection includes differential viabilities,
fertilities, and mating success. Imperfect transmission occurs as a result of such phenomena as
recombination, mutation and migration, meiosis, gene conversion, and meiotic drive. Selectively
neutral modifier genes affect transmission, and a neutral modifier gene can evolve only by generating
association with selected genes whose transmission it affects.—We show that, in randomly mating
populations at equilibrium, imperfect transmission of selected genes allows a variance in their marginal
fitnesses to be maintained. This variance in the marginal fitnesses of selected genes is what drives the
evolution of neutral modifier genes. Populations with a variance in marginal fitnesses at equilibrium
are always subject to invasion by modifier genes that bring about perfect transmission of the selected
genes. It is also found, within certain constraints, that for modifier genes producing what we call
“linear variation” in the transmission processes, a new modifier allele can invade a population at
equilibrium if it reduces the level of imperfect transmission acting on the selected genes, and will be
expelled if it increases the level of imperfect transmission. Moreover, the strength of the induced
selection on the modifier gene is shown to range up to the order of the departure of the genetic

system from perfect transmission.

7 MODELS of modifier genes have been developed
over the last 20 yr to extend the synthetic
theory of evolution to features of organisms which fall
outside of the classical purview of heritable variation
for fitness. The biological phenomena encompassed
in modifier gene models are diverse, and include
features of the genetic system such as recombination
and mutation, features of the mating system such as
selfing, and ecological features such as migration
rates.

A principle for the evolution of neutral modifier
genes, the “reduction principle,” has been developed
by FELDMAN, CHRISTIANSEN and Brooks (1980), Li-
BERMAN and FELDMAN (1986a,b; 1987) and FELDMAN
and LIBERMAN (1986). In models of recombination,
mutation and migration modification in which the
modifying gene is multiallelic, LIBERMAN and FELD-
MAN have shown that there is a reduction principle
that holds under a wide variety of conditions, and
they suggest that complete reduction of each of these
has the property of “evolutionary genetic stability”
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 (EsHEL and FELDMAN 1982). The possibility that these

parallel results reflect an underlying unity among
modifier gene models is the motivation for the current
work.

We introduce here a theoretical approach to the
evolution of modifier genes that partitions the forces
of evolution, other than drift, into two classes, selec-
tion and transmission. Transmission is the determi-
nation of offspring types by parental types. Imperfect
transmission occurs whenever the gametes in off-
spring are different from those in their parents. Selec-
tion occurs when different types in the population
differ in their relative contributions to the next gen-
eration. A large class of modifier gene models can be
unified once they are seen to involve genetic variation
for transmission processes. In contrast to genes that
produce differences in fitness, neutral modifier genes
produce differences in transmission processes. Modi-
fiers of recombination, mutation, segregation distor-
tion, and migration are in this class.

We investigate the initial increase properties of
modifier alleles introduced into randomly mating dip-
loid populations near genetic equilibrium for a set of










































