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Hybrid Dysgenesis in

Drosophila melanogaster

J. C. Bregliano, G. Picard, A. Bucheton
A. Pelisson, J. M. Lavige, P. L’Heritier

Drosophila geneticists have recog-
nized the occasional occurrence of dys-
genic traits such as mutation, chromo-
somal aberration, distorted segregation,
and sterility (/, 2). These traits were usu-
ally found in experiments with flies new-
ly caught in the wild. Male recombina-
tion has also been found under similar
conditions (3), generally associated with
other dysgenic traits, particularly with
mutator activity (2). These results had
been attributed to mutator genes appar-
ently widespread in natural populations,
but this interpretation led to an enigma.
It was difficult to understand how such
genes could be maintained in natural
populations since their effects would be
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expected to result in a drastic reduction
of population fitness (4).

The first contribution to clarification
was that of Kidwell (5) who, on the basis
of several crosses, suggested that high
frequencies of dysgenic events do not
occur under natural conditions but are
the result of genetic interactions between
strains newly derived from wild flies and
long-established laboratory stocks. This
idea was developed further, and the term
“‘hybrid dysgenesis’’ has been proposed
to designate a ‘‘syndrome of correlated
genetic traits that is spontaneously in-
duced in hybrids between certain mu-
tually interacting strains, usually in one
direction only’’ (6, 7).

Kidwell, Kidwell, and Sved @)
showed that the stocks they used fell into
two categories called P and M. It soon
appeared that strains established from
newly caught wild flies were of the P
type, whereas long-established labora-

0036-8075/80/0208-0606$01.50/0 Copyright © 1980 AAAS

72. V. K. Tkachenko, Sov. Phys. JETP 23, 1049
(1966).

73. W. A. Wheaton, S. Howie, A. Goldman, B. A.
Cooke, W. H. G. Lewin, Bull. Am. Astron. Soc.
10, 506 (1978); preprint (1979).

74. D. Q. Lamb, paper presented at the Symposium
on 40 Years of Stellar Energy, State University
of New York, Stony Brook, 1979.

75. G. Glen and P. Sutherland, preprint; D. Q.
Lamb and K. Van Riper, in preparation.

76. J. H. Swank, R. H. Becker, E. A. Boldt, S. S.
Holt, S. H. Pravdo, P. J. Serlemitsos, As-
trophys J. 212, L73 (1977); J. A. Hoifman Ww.
H. G. Lewin, J. Doty, ibid. 217, 123 (1977)

77. gw\éa)m Paradljs Nature (London) 274, 650

1978).

78. J. H. Swank, D. Eardley, P. J. Serlemitsos, As-
trophys. J., in press.

79. A.Toor and F. D. Seward, ibid. 216, 560 (1977).

80. This article is based on invited papers presented
at a conference on X-ray and Gamma-ray As-
tronomy in the 1980’s held at Spitzingsee, West
Germany, in October 1978, under the auspices
of the European Science Foundation and the
National Academy ot Sciences and at the
Workshop on Compact Galactic X-ray Sources,
held in Washington, D.C., in April 1979. I
thank my colleagues at both meetings for many
useful conversations, the National Science
Foundation for its support, the Aspen Cen-
ter for. Physics for its hospitality during the
writing of this article, and my colleagues
D. Q. Lamb and F. K. Lamb for a critical
reading of this manuscript.

tory strains were of the M type (8-10).

We have been investigating a specific
kind of female sterility (called SF sterili-
ty) which occurs in F, females obtained
from crosses between two types of mu-
tually interacting strains called inducer
and reactive; the reactive strains exist
only in laboratories. The sterility test
permits analysis of the genetic factors in-
volved in this phenomenon. The reactive
condition may be viewed as a particular
cytoplasmic state of the oocytes, which
is mainly maternally inherited. How-
ever, this state is ultimately controlled
by a chromosomal polygenic system.
The inducer condition is determined by a
chromosomal factor that is probably a
transposable element. Transpositions
may occur with high frequency but re-
quire a reactive cytoplasm.

The inducer-reactive interaction leads,
in addition, to other dysgenic traits, no-
tably to nondisjunction and mutation
(I1). Therefore, this system appears to
fall within the domain of hybrid dysgene-
sis. It is now established that Drosophila
melanogaster exhibits at least two caus-
ally independent systems of interacting
strains: I-R and P-M (/0). Most, if not
all, laboratory stocks or wild populations
belong to one category of both systems
and a dual designation is now possible
for all of them (10, 11). A review of the I-
R system may clarify the understanding
of hybrid dysgenesis and may be of par-
ticular interest because (i) the data ob-
tained on I-R interaction could stimulate
and facilitate comparative studies with
other similar systems already (or still to
be) described, and (ii) the various impli-
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cations of this system may be of interest
in both general genetic mechanisms and
population genetics.

Physiological Characteristics of
SF Sterility

The discovery of a specific kind of re-
duced fertility in F, females from crosses
between two categories of strains (I2)
provides a useful test for investigating
the genetics of this interaction. Since
most of our results have been obtained
on the basis of this criterion, it is neces-
sary to describe its main physiological

ruff (2), because of the precise timing of
the lethal stage and the lack of visible
chromosomal aberrations during the first
cleavage divisions. The most likely hy-
pothesis is that embryo death is the re-
sult of some specific biochemical defi-
ciency in the oocyte resulting in a thresh-
old effect.

These unusual characteristics indicate
that it is easy to distinguish SF sterility
from any other kind of female sterility
occurring in the same species, allowing
unambiguous reading of the experimen-
tal- results. This situation is different
from that existing in studies where mu-
tator activity is investigated by scoring

Summary. Several dysgenic traits may occur within the Drosophila melanogaster
species as a result of crosses between different strains. Crossing two mutually inter-
acting categories, named inducer and reactive, may lead, among other abnormalities,
to a specific kind of female sterility that has proved useful for investigating the genetic
factors involved in the interaction. The reactive state appears to result from a cyto-
plasmic state ultimately controlled by a chromosomal polygenic system. The inducer
character is determined by a chromosomal factor that exhibits all characteristics of a
transposable element. Overall, the data contribute to clarification of mutator activities
in D. melanogaster and open new opportunities to investigate unusual genetic mech-

anisms.

characteristics. Sterility occurs in the
progeny of crosses made in one direction
only, that is, when the mother is of the
reactive type and the father is of the in-
ducer type. It is independent of the
mates of the F, females and exhibits the
following features (/3).

1) Sterile F, females (SF females) lay
normal quantities of eggs but a certain
percentage of these do not hatch. These
unhatched eggs are fertilized and initiate
mitosis, but their development is
stopped between the fifth and eighth
cleavage. No other female sterility
known in D. melanogaster exhibits such
a uniform timing of embryo death at late
cleavage.

2) The hatching percentage increases
regularly as SF females age and can
eventually reach control values. This un-
usual aging effect provides an easy test
for identifying SF sterility.

3) Short-term thermic treatment (30°C)
of egg-laying SF females leads to a tem-
porary increase in fertility. However,
heat treatments have opposite effects de-
pending on the period when they are ap-
plied (/4). During nearly all stages of the
development, including early oogenesis,
they reinforce SF female sterility, late
oogenesis being apparently the only peri-
od when they have a curative effect.

The biological causes of embryo death
are still not known. It is unlikely that
death occurs by chromosome breakage,
as suggested by Thompson and Wood-
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mutations or male recombination. In
these latter cases, one cannot easily dis-
tinguish between events produced by dif-
ferent biological agents, such as genes,
viruses, or bacteria. Therefore, it is nec-
essary to demonstrate that male recom-
bination obtained by injection (I5) is due
to the same causal agent as that observed
in genetic crosses. This uncertainty may
be one possible explanation for the con-
flicting results obtained in injection ex-
periments (2, 15, 16).

Distribution of Inducer and

Reactive Strains

So far more than 200 strains of various
geographical origins have been tested
and classified on the basis of SF sterility
tests. In addition to the two classes of in-
teracting strains, inducer and reactive, a
third class, called neutral, also exists but
it consists of only a few strains.

In F, females, reduced fertility ap-
pears only from a cross between reactive
females and inducer males. The recipro-
cal cross produces normal fertile daugh-
ters (RSF females), as do crosses in-
volving a neutral strain or crosses within
one class (/2). Hybrids from all I x I and
R X R crosses were fertile.

The inducer and reactive conditions
show wide variation. On the basis of the
hatching percentage of young SF fe-
males, we can distinguish strong and

weak stocks in both categories, giving,
respectively, low and high hatchabilities
when crossed with a standard stock of
the interacting category. The ordering of
strength obtained in each category is in-
dependent of the choice of the standard
strain of the other category (/7). Several
lines of evidence indicate that neutral
strains represent one extreme limit of
variation of the reactive condition, their
reactivity being too weak to produce any
detectable reduction in fertility (/8).

The distribution of these categories
can be summarized quite simply (9). All
stocks established from flies recently
caught in the wild have been found to be
of the inducer type, whatever their geo-
graphical origin (Table 1), and they are
generally strong inducers. Long-estab-
lished laboratory stocks are distributed
among all three classes.

With the reservation that this environ-
mental distribution must be confirmed by
further study, we can conclude that, un-
der natural conditions, dysgenic traits
cannot be produced by the I-R inter-
action. Therefore this system does not
agree with the hypothesis proposed by
Thompson and Woodruff (2), according
to which explosive mutational events
would occur after hybridization between
wild populations.

Reactivity: A Complex Genetic Condition

The wide variation existing in the reac-
tive class has been used to unravel the
rules of inheritance of this character.
The hatching percentage of eggs of
young SF females provides a measure of
the reactive strength (or level of reactiv-
ity) of their mothers when crossed with
males from a standard inducer stock. In
reactive stocks in which no selection has
been made, there may be a wide varia-
tion in the level of reactivity among indi-
vidual flies; but, by a selective procedure
(12), homogeneous strong or weak
strains that remain stable over several
years may be obtained.

Using crosses between genetically
marked strong and weak reactive strains,
we have studied the hereditary transmis-
sion of reactivity, without any interfer-
ing action of inducer factor. The most
important results may be summarized as
follows. Reactivity is an extrachromo-
somal state that is transmitted main-
ly by maternal inheritance from one
generation to the next, but a minor
chromosomal influence is regularly ob-
served. In fact, the reactive state is de-
pendent ultimately on the genotype, as
may be demonstrated by replacing the
chromosomal genotype of a strong strain
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by that of a weak one. The lines thus ob-
tained originate maternally from a strong
strain and have a genotype of weak ori-
gin. They may be maintained by in-
breeding (20). Initially these lines show a
strong mean level of reactivity with a
wide variation, but this level regularly
decreases over generations and finally
reaches the low level of reactivity corre-
sponding to their genotype. More than
ten generations may be necessary to
reach this new equilibrium. The three
major chromosomes are involved in this
genotypic control, and they have addi-
tive effects. Therefore, the reactive cyto-
plasmic state appears to be a quantitative
character determined by a polygenic sys-
tem with a delayed effect.

Additional investigations have been
performed with crosses between reactive
and inducer strains. The reactive state
may be brought by paternal gametes into
oocytes of an inducer strain (I8, 21, 22).
The most demonstrative result in this
area has been provided from lines that
bear chromosomes of a strong reactive
strain but which originate maternally
from an inducer stock. Initially the level
of reactivity of these lines is low but in-
creases in the course of generations and
may reach a high level (23). Such lines
are rather difficult to obtain because all
the reactive chromosomes contaminated
by the inducer factor must be eliminated
(see below).

The effects of aging and thermic treat-
ments are other features of this cyto-
plasmic state. The reactivity of females
decreases regularly with their age (Fig.
1); this decrease is partly inheritable, and
a cumulative effect may be obtained over
several generations (24). Thus, it is pos-
sible to shift a reactive stock from strong
toward weak reactivity by producing
each generation from old egg-laying fe-
males. However, this change is always
reversible; if young reproductive flies are
used again, reactivity progressively re-
turns to the strong level.

The effects of thermic treatments are
more complex. When they are applied
during late oogenesis, treated oocytes
give rise to less reactive females (24).
But when thermic treatments are applied
during any other stage of development,
including early oogenesis, they result in
an increased reactivity (/4)." As in the
case of aging, these effects are partially
inherited and always reversible.

Two hypotheses may account for all
the available data on reactivity.

1) The direct genetic determinants of
reactivity may be an intracellular popu-
lation of extrachromosomal genetic ele-
ments, symbionts, or organelles. This
population would be liable to undergo
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Table 1. Geographical and environmental dis-
tribution of the three classes of strains: induc-
er (I), reactive (R), and neutral (N). See also
the 35 stocks tested by M. G. Kidwell (10).

Origin I R N
Laboratory strains

France 33 30 4
Germany 1 1 0
Spain 0 2 0
Finland 0 1 1
United Kingdom 1 11 2
Italy 0 2 0
Sweden 2 7 0
U.S.S.R. 4 0 0
United States 8 1 2

Total 49 55 9

Wild populations

France 69 0 0
Yugoslavia 1 0 0
Spain 1 0 0
West Indies 8 0 0
Central Africa 7 0 0
North Africa 2 0 0
Réunion 2 0 0
U.S.S.R. 2 0 0
United States 1 0 0

Total 93 0 0

quantitative or qualitative variations
through the action of nuclear genes.

2) The reactivity may involve only
chromosomal determinants. In this hy-
pothesis, the main difficulty lies in ex-
plaining the delayed effects observed.
We are led to assume that the products
of the genes exert some kind of complex
control on the expression of the genes
themselves. This could perhaps be
achieved by way of structural inher-
itance (25).

Biochemical investigations may per-
mit a choice between these two hypothe-
ses. Preliminary results do not appear to
support the first. Several assays de-
signed to relate the reactive state to the
presence of viruses or bacteria (electron
microscopic examinations, injections,
feeding, action of antibiotics) have led us
to negative conclusions (26).

There are similarities with other
known phenomena. The delayed effect
of genotype and temperature changes
bears striking analogies to those occur-
ring for the extrachromosomal element
delta studied by Minamori (27) and oth-
ers. However, a common basis for the
two systems seems excluded by the
available data. In other organisms, the
most striking similarities are found with
some nuclear mutants in Paramecium
(28) and in Saccharomyces cerevisiae
(29) where a delayed effect of genotype
on mitochondrial expression has been
demonstrated.

The effect of nongenetic factors, par-
ticularly thermic treatments, also shows
similarities with those observed for
many years in various organisms and

named ‘‘dauermodifications’’ (30). The
molecular basis for such phenomena is
still unknown.

The Inducer Factor:

A Transposable Element?

The genetic determinant of the inducer
character (called I factor) is chromosom-
al but exhibits very unusual features. In
inducer stocks, this I factor may be
linked to any of the four chromosomes
(31-33). A single chromosome of a
strong inducer strain may be sufficient to
induce the maximum sterility possible
for the level of reactivity of the females
used as mates.

In heterozygous males bearing both in-
ducer and reactive chromosomes, the I
factor is transmitted with a Mendelian
pattern. This is not true for heterozygous
females, where a phenomenon called
chromosomal contamination occurs (37).
In such females, all chromosomes of re-
active origin may acquire I factor, with a
probability that can reach 100 percent.
The presence of a single inducer chromo-
some is sufficient to allow contamination
of heterologous as well as of homologous
chromosomes. This transformation is ir-
reversible, and a contaminated chromo-
some exhibits subsequently all known
characters of true inducer originating
chromosomes. It seems likely that the
contaminating chromosome remains un-
changed (34).

Concerning the mechanism of this
phenomenon, two main hypotheses may
be suggested. It may imply either an in-
sertion of genetic elements or a derepres-
sion of genes carried by all chromosomes
but active only on those which are induc-
er. Several lines of evidence favor the
first hypothesis. One of these was sug-
gested by the contamination of reactive
chromosomes from the same origin with
the use of inducer chromosomes dif-
fering by their efficiency (that is, by their
ability to induce a more or less important
reduction of fertility). The contaminated
chromosomes generally show stronger
inducer efficiency when contaminated by
strong inducer chromosomes than when
contaminated by weak ones (35).

In some inducer stocks there may ex-
ist a polymorphism for inducer chromo-
somes (called i*) and others which show
no detectable inducer efficiency (called i°
(31). These i® chromosomes are relative-
ly stable in their originating strain; how-
ever, they can be contaminated if they
are present in SF or RSF females with i+
chromosomes (33). This means that
chromosomal contamination does not
occur with a detectable frequency in in-
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ducer stocks; as is discussed below, it re-
quires reactivity. Some i® chromosomes
have been found to bear a very weak I
factor, which leads to a slight decrease in
fertility when brought into SF females
through strong reactive oocytes (36).
Thus, the question of existence of
chromosomes really lacking the I factor
in inducer stocks remains open. These i°
chromosomes are of experimental inter-
est because they allow the mapping of
the I factor (37). Only a single locus has
been found on an X chromosome and on
a second chromosome (approximate lo-
cations 1-33 and 2-16); probably two in-
dependent loci exist on a third chromo-
some. These results show that inducer
chromosomes may have only a few I ele-
ments. They do not, however, resolve
the question of how many possible sites
_can exist on these chromosomes. Prelim-
inary results indicate that I factor lies
at different locations on homologous
chromosomes from different inducer
strains.

The behavior of the I factor shows
some similarities with other known sys-
tems, such as the ‘‘controlling elements’’
in maize, the various transposable ele-
ments already known in Drosophila (I,
38), and bacteriophage mu (39). The
analogies with the latter and with other
viruses led us to perform several trials in
order to detect any infectious property of
the I factor by injection or ovary trans-
plantation, all of which gave negative re-
sults (26). Matthews et al. and Slatko
40) have found a chromosomal con-
tamination-like phenomenon with the
male recombination factor of the T-007
chromosome. This poses the problem of
relatedness between this factor and hy-
brid dysgenesis systems (/1).

The Inducer-Reactive Interaction

Before surveying the various phenom-
ena produced by the I-R interaction, we
draw attention to the incompatibility be-
tween these two genetic conditions. We
noted above that a change in genotype
induces a corresponding change in the
level of reactivity but with a long delay.
However, this is true only for reactive or
neutral genotypes. An inducer genotype
leads to a different result, abruptly re-
moving any detectable reactivity. The
same result is obtained when contami-
nated chromosomes of reactive origin
are used instead of inducer originating
chromosomes although the change
would be less rapid. It is therefore easy
to transform any reactive stock into an
inducer stock without any change in its
genotype, except those involved in the
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Fig. 1. Changes in reactivity of the female par-
ents of SF female offspring with aging and
thermic treatment. The age of reactive
mothers is plotted as a function of the hatch-
ing percentages of eggs laid by the corre-
sponding young SF females.

contamination process (22). We have no
information about how the reverse trans-
formation might occur; perhaps it needs
an i° genotype as intermediate.

Concerning the phenomena produced
by the I-R interaction, the most evident
is the SF sterility, but chromosomal con-
tamination, too, is the result of the I-R
interaction. This appears from the three
following lines of evidence.

1) Contamination does not occur with-
in inducer strains (33) nor in crosses be-
tween stocks of this category.

2) In SF females, contamination fre-
quency increases with the reactive level
of the maternal strain (/8).

3) Contamination occurs at a low level
in RSF females (I/8) and it is known that
a low level of reactivity is brought by the
parental male gamete in these females
23, 24).

This dependence of contamination on
reactivity suggests that neutral strains
may be very weak reactive strains. The
Paris stock, which is the only neutral
stock that has been extensively studied,
gives rise to a low level of chromosomal
contamination when crossed with an in-
ducer strain (/8).

We have shown (/1) that I-R inter-
action also produces a high level of X
chromosome nondisjunction and muta-
tions in the female germ line. In that the
frequency of nondisjunction is strictly
correlated with the hatching percentage
of eggs from SF females, their produc-
tion by the I-R interaction is undoubted.
Because only the visible ones were
scored, a similar quantitative study of
mutations was not possible in our study.
However, they were found only in cross-
es where the I-R interaction occurs; and,
since all strains used in these experi-
ments were M or neutral in the P-M sys-
tem, these mutations were undoubtedly

related to the I-R system. Some of the
mutations were scored in female progeny
at specific loci on the X chromosome,
others were scored in male progeny at
many different loci. Of 15 visible muta-
tions recovered in females, 14 were asso-
ciated with recessive lethal mutations,
an indication that they are not point mu-
tations but rather small deletions. Some
of the mutations recovered in male prog-
eny and therefore not associated with re-
cessive lethality appear to be unstable
with a reversion frequency ranging from
1073 to 1072; the revertants, also, are un-
stable (36). This instability bears many
common features with those reported by
Green (41) or by Golubovsky and Ero-
khina @2), which are assumed to be due
to insertion elements.

More recently, Prudhommeau and
Proust (43) have shown that high fre-
quencies of X recessive lethal mutations
in the female germ line are also quan-
titatively correlated with the I-R inter-
action. The mapping of these mutations
shows that they are not randomly distrib-
uted and that several of them are associ-
ated with short deletions or inversions
visible on salivary gland chromosomes.

The above results show striking simi-
larities to those on transposable ele-
ments in prokaryotes, such as inserting
sequences, transposons, and bacterio-
phage mu (39, 44). Therefore, we may
suppose that these mutational events re-
sult from insertion of mobile genetic ele-
ments, perhaps the I factor itself.

The simplest hypothesis to account for
all the data is that I-R interaction has two
consequences. The first would be a bio-
chemical deficiency in the oocytes re-
sulting in a halt in development. The sec-
ond effect would be an amplification of I
factor, allowing reinsertions at several
places on any chromosome. These in-
sertions might lead either to deletions,
inversions, or unstable mutations by
mechanisms similar to those proposed
for bacterial transposable elements ¢4).
Chromosomal contamination would be
the direct cause of mutational events and
nondisjunctions would be secondary
consequences of these rearrangements.
If this hypothesis is correct we might ex-
pect to find I factor closely linked with
loci that had undergone mutation. Pre-
liminary attempts to detect the inducer
character at such loci have yielded nega-
tive results, but this may only mean that
insertion leads in some cases to defective
I factors or that the I-R interaction pro-
motes transposition of other genetic ele-
ments undetected by our methods.

Another question concerns the pos-
sible link existing between the amplifica-
tion of I factor and a biochemical defi-
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ciency in the oocytes. Several hypothe-
ses are possible at present, and the defin-
itive answer can be provided only when
we know the biochemical mechanism of
I-R interaction; that is, when we under-
stand the molecular basis of reactivity
and the biochemical function of I factor.
Relevant to this problem is that the I-R
interaction does not occur in males. We
have already mentioned that no chromo-
somal contamination has been detected
in hybrid males. This is also true for dys-
genic traits such as nondisjunction, mu-
tation, and male recombination ¢5).
This is evidence that the biochemical
events involved in I-R interaction are re-
lated to the biochemistry of oogenesis.
Further evidence may be found in the
strong effect of thermic treatments on
late oogenesis in SF and in reactive fe-
males.

Comparison Between I-R and
P-M Systems

We have mentioned the existence of
another system of mutually interacting
strains denoted P (paternal) and M (ma-
ternal). Here too, a neutral category
seems to exist and is denoted Q (10). The
interaction appears in F; progeny from
crosses in one direction only (MQ X
P3). It leads to a specific kind of sterili-
ty called gonadal dysgenesis (GD), and
to several other dysgenic traits. We must
be careful in comparing the two systems
because the P-M system has not been
studied as extensively as the I-R system,
and many uncertainties remain concern-
ing the genetic control and the geograph-
ical distribution of strains. For this rea-
son, the following comparison deals with
the principal lines only.

The available data on the P-M inter-
action reveal some similarities as well as
differences with the I-R system. One im-
portant difference concerns the physio-
logical characteristics of the sterility.
The P-M interaction leads to a gonadal
atrophy in both F, males and females, re-
sulting from an early blockage in devel-
opment of germ cells. This blockage is
effective only at temperatures above
24°C (6).

Another important difference is that
the P-M system, in contrast to the I-R
system, causes several dysgenic traits in
males as well as in females. Production
of male recombination, for example, is
one of the characteristics of P-M inter-
action (10, 47).

Similarities between the two systems
may be found in the distribution of
strains and in the behavior of the genetic
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determinants. The first analogy lies in
the existence of two main, widespread
categories of strains whose interaction
leads to several dysgenic traits. The sim-
ilarity is strengthened by the fact that, in
both systems, one category has been
found only in the laboratory. However,
further study on the distribution of P and
M strains is required before it is certain
whether or not M populations may exist
in the wild. The second analogy lies in
the genetic control of the two categories
of strains. The P condition, like the
inducer condition, is controlled by
chromosomal factors that may be linked
to any of the three major chromosomes
48). Similarly the M condition, like the
reactive condition, involves a cyto-
plasmic state which is ultimately con-
trolled by the chromosomal genotype
“8, 49).

More data on P and M inheritance are
necessary, before further comparison.

The most important gap is the lack of
direct evidence for the occurrence of
chromosomal contamination in the P-M
system. It may only be assumed from an
analysis of Engels results ¢8) that if con-
tamination by P does occur, its frequen-
cy is lower than contamination by I even
when a strong M strain is used. Also the
mode of inheritance of M condition has
not been ascertained. Data from crosses
between P and M strains (¢8) indicate in-
teractions between the M cytoplasm and
the P chromosomes. Such an interaction
is very complex in the I-R system, in-
volving both the change of reactive
chromosomes into inducer chromo-
somes and an incompatibility between
the reactive cytoplasmic state and I fac-
tor. If such complex interactions also oc-
cur in the P-M system, they could dis-
turb the hereditary transmission of M
cytoplasm. Study of this inheritance
without the disturbing interference of P
factor would require appropriate crosses
between strong and weak M strains.
Concerning the M condition it would al-
so be interesting to determine whether
some kind of nongenetic factors such as
aging and thermic treatments have ef-
fects similar to those that they have on
reactive state.

Engels has produced a very unstable
mutation at the singed locus by P-M in-
teraction (50). He shows that the insta-
bility itself is under the control of P-M
interaction: the mutation is unstable in
flies where this interaction occurs and
stable in flies where it does not occur. In
contrast, all attempts to show a correla-
tion between instability and I-R inter-
action gave negative results (//). The
three mutations tested, including a singed

mutation, were unstable in all condi-
tions, notably in males in which no I-R
interaction takes place. In view of the
small number of mutations tested in each
case, the difference between our results
and those of Engels may mean either that
both systems produce unstable mutants
by two different mechanisms or that each
of them produces a special kind of un-
stable mutant.

The implications of causal indepen-
dency of the two systems cannot be un-
derestimated, as pointed out by Kidwell
(10), who found that inducer strains may
be either P, M, or Q. Her results together
with ours show also that M strains may
be either strong or weak inducers, strong
or weak reactives, or even neutral in the
I-R system. Therefore, it seems impos-
sible that the two systems have the same
basis. It seems that the only restriction,
preventing a total distributional indepen-
dency, is that all P strains found so far
are also inducer strains. Probably this re-
flects only that the P condition seems re-
stricted to strains caught more or less re-
cently in the wild while reactive strains
are only found among long-established
laboratory stocks.

The model proposed by Sved (7) to ex-
plain hybrid dysgenesis in terms of spa-
tial organization of chromosomes does
not fit easily with the existence of two
different systems. Moreover, even con-
sidering only the I-R system, we do not
see how this model might account for all
the available data.

I-R System in Relation to Other

Mutator Systems in Drosophila

Most of the earlier work on indigenous
mutator genes under natural conditions
consisted of measuring the extent of
some dysgenic traits in hybrids from
crosses between wild flies and long-es-
tablished laboratory stocks; therefore,
the data obtained do not provide any in-
formation on frequencies actually occur-
ring in the wild. We have pointed out
that it is no longer possible to neglect the
I-R and P-M classifications of strains
used in all studies bearing on mutator ac-
tivity or sterility in D. melanogaster. It is
necessary to distinguish between results
related to the I-R system, to the P-M sys-
tem, and to other agents. A clear deter-
mination of strains is a requisite for in-
vestigating one genetic system without
any confusing interference. Confusion
can be caused by I-R or P-M interactions
in studies of independent genetic factors
also producing dysgenic traits. This may
be the case for the extrachromosomal
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element delta 27, 57) and perhaps also
the segregation distorter system (52) al-
though the latter seems to be genetically
different from both I-R and P-M systems
and is, therefore, less confusing. In any
case, the knowledge of the P-M and I-R
classifications of the stocks used is es-
sential to exclude the possibility that
some experimental results might be pro-
duced by several interactions. Kidwell
(10) has proposed that a dual terminol-
ogy might be useful for indicating all
Drosophila stocks: IP; IM; 1Q; RM;
NM.

I-R System and Natural Populations

The environmental distribution of in-
ducer and reactive strains is not consist-
ent with the hypothesis that this system
might be responsible for high frequencies
of dysgenic traits in the wild. This of
course requires confirmation by a more
extensive survey of natural populations.
However, with the existence of chromo-
somal contamination and incompatibility
between inducer and reactive condi-
tions, we may reasonably predict that re-
active populations can exist in the wild
only as isolates. Because of the uncer-
tainties already mentioned, it is not yet
possible to be sure that the same con-
clusion is valid for the M strains of the P-
M system.

Although the I-R interaction does not
seem to intervene in natural conditions,
female sterility and other dysgenic traits
eventually lead to complete isolation of
the two types of strains from each other.
We can reasonably assume, along with
Kidwell and Novy @6), that in hybrid
dysgenesis we are seeing the first steps
of a speciation process. Therefore, pre-
cise knowledge of the molecular basis of
the I-R interaction and the steps of trans-
formation of one category into another
might be of interest to population geneti-
cists.

Even though most natural populations
apparently carry strong I factors, the
adaptative role of these is not known.
Studies on the frequency of i° chromo-
somes have been made on stocks bred in
the laboratory for several years, but they
do not provide any information on their
relative fitness under natural conditions.
The same is true for the studies of
Kearsey et al. (53) if they also worked
on SF sterility. Knowledge of the equi-
librium of i® level chromosomes in the
wild would clarify somewhat the fitness
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of the inducer condition. However, the
problem of the adaptive role of I factor
can be resolved only when the biochem-
ical function of this element is deter-
mined.

Little is known about the possible oc-
currence of hybrid dysgenesis systems
among other species. Drosophila mela-
nogaster exhibits at least two inde-
pendent systems, and there is no reason
why this species should be an exception.
We favor the concept that this kind of sit-
uation may be of general occurrence,
even though there are no supportive re-
sults. Other cases of nucleocytoplasmic
interactions in the genus Drosophila (54)
or in mosquitoes (55) may be distin-
guished from I-R and P-M systems by
several features, notably by the lack of
two widespread interacting categories
and by the available data on the rules of
inheritance. However, the results on the
extrachromosomal suppressor of male
crossing-over in D. ananassae (56) show
important similarities with hybrid dys-
genesis systems. Some interesting analo-
gies may also be pointed out with a re-
cently discovered ‘‘mutator system’’ in
maize (57).

References and Notes

1. M. M. Green, in The Genetics and Biology of
Drosophila, M. Ashburner and E. Novitsky,
Eds. (Academic Press, New York, 1976), vol.
1b, pp. 929-946.

2. J. M. Thompson and R. C. Woodruff, Nature
(London) 274, 317 (1978).

3. Y. Hiraizumi, Proc. Natl. Acad. Sci. U.S.A. 68,
268 (1971).

4. R. A. Voelker, Mutat. Res. 22, 265 (1974); M.
G. Kidwell and J. F. Kidwell, J. Hered. 66, 367
(1975); B. Slatko and Y. Hiraizumi, Genetics 75,
643 (1973); O. Yamaguchi and T. Mukali, ibid.
78, 1209 (1974); O. Yamaguchi, Mutat. Res. 34,
389 (1976); G. Yannopoulos and M. Pelecanos,
Genet. Res. 29, 231 (1977); M. D. Golubovsky,
Yu. N. Ivanov, M. M. Green, Proc. Natl. Acad.
Sci. U.S.A. 74, 2973 (1977).

. M. G. Kidwell, Genetics 80, 47 (1975).

and J. F. Kidwell, ibid 84, 333 (1976).

. J. A. Sved, Aust. J. Biol. Sci. 29, 375 (1976).

M. G. Kidwell, J. F. Kidwell, J. Sved, Genetics

86, 813 (1977).

. M. G. Kidwell, J. F. Kidwell, P. T. Ives, Mutat.

Res. 42, 89 (1977).

. M. G. Kidwell, Genet. Res. 33, 205 (1979).

. G. Picard, J. C. Bregliano, A. Bucheton, J. M.
Lavige, A. Pelisson, M. G. Kidwell, ibid. 32,
275 (1978).

12. G. Picard and P. L’Heritier, Drosophila Infor-
mation Service 46, 54 (1971); G. Picard, A.
Bucheton, J. M. Lavige, A. Fleuriet, C. R.
Acad. Sci. Ser. D 275, 933 (1972).

13. G. Picard, J. M. Lavige, A., Bucheton, J. C.
Bregliano, Biol. Cell. 29, 89 (1977).

14. A. Bucheton, ibid. 34, 43 (1979).

15. J. H. M. Sochacka and R. C. Woodruff, Nature
(London) 262, 287 (1976).

16. J. A. Sved, D. C. Murray, R. E. Schaefer, M. G.
Kidwell, ibid. 275, 457 (1978).

17. A. Bucheton, J. M. Lavige, G. Picard, P.
L’Heritier, Heredity 36 (No. 3), 305 (1976).

18. G. Picard, Mol. Gen. Genet. 164, 235 (1978).

, A. Bucheton, J. M. Lavige, A. Pelisson,
C. R. Acad. Sci. Ser. D 282, 1813 (1976).

20. A. Bl)xcheton and G. Picard, Heredity 40, 207
(1978).

21. G. Picard, Biol. Cell. 31, 235 (1978).

,ibid., p. 245.

—S v ®Now

——

24.
25.

26.
27.
28.

39.

40.

41.
42.

43,
. P. Starlinger and M. Saedler, Curr. Top. Micro-

45.

47.
., ibid., p. 219.
49.

50.
s1.

52.

53.
54.

5s.

56.

57.
58.

. A. Bucheton, thesis, Université de Clermont-
Ferrand II (1979).

, Heredity 41, 357 (1978); Genetics, in
press.
J. Beisson, in Cell Biology: A Comprehensive
Treatise, L. Goldstein and D. M. Prescott, Eds.
(Academic Press, New York, 1977), vol. 1, pp.
275-421.
J. C. Bregliano, J. M. Lavige, N. Plus, J. Proust,
unpublished data.
S. Minamori, Genetics 62, 583 (1969); ibid. 70,
557 (1972).
J. Beisson, A. Sainsard, A. Adoutte, G. H.
Beale, J. Knowles, A. Tait, ibid. 78, 403 (1974);
A. Sainsard-Chanet, Mol. Gen. Genet. 145, 23
(1976).
. G. Barrere and J. C. Mounolou, Mutat. Res. 35,

39 (1976).
. J. L. Jinks, Extrachromosomal Inheritance
(Prentice-Hall, Englewood Cliffs, N.J., 1964).

. G. Picard, Genetics 83, 107 (1976).

. A. Pelisson, C. R. Acad. Sci. Ser. D 284, 2399

(1977).

. G. Picard and A. Pelisson, Genetics 91, 473

(1979).
. G. Picard, ibid. 91, 455 (1979).

)
. A. Pelisson, Genet. Res. 32, 113 (1978).

, in preparation.

and G. Picard, Genetica 50, 141 (1979).
. B. McClintock, Brookhaven Symp. Biol. 18, 162
(1965); J. R. S. Fincham and G. R. K. Sastry,
Annu. Rev. Genet. 8, 15 (1974); G. Ising and C.
Ramel, in The Genetics and Biology of Droso-
phila, M. Ashburner and B. Novitski, Eds. (Ac-
ademic Press, New York, 1976), vol. 1b, pp.
947-954; S. S. Potter, W. J. Brorein, P. Duns-
muir, G. M. Rubin, Cell 17, 415 (1979).

A. 1. Bukhari, Annu. Rev. Genet. 10, 389 (1976);
A. Toussaint, M. Faelen, A. I. Bukhari, J. A.
Shapiro, S. L. Adhya, in DNA Insertion Ele-
ments, Plasmids and Episomes (Cold Spring
Harbor Laboratory, Cold Springs Harbor, N.Y.,
1977), p. 275.

K. A. Matthews, B. E. Slatko, D. W. Martin, Y.
Hiraizumi, Jpn. J. Genet. 53, 13 (1978); B. E.
Slatko, Genetics 90, 105 (1978).

M. M. Green, Proc. Natl. Acad. Sci. U.S.A. 74,
3490 (1977).

M. D. Golubovsky and I. D. Erokhina, Genetika
13, 1210 (1977).

C. Prudhommeau and J. Proust, in preparation.

biol. Immunol. 75, 111 (1976); N. Kleckner, Cell
11, 11 (1977); P. Nevers and M. Saedler, Nature
(London) 268, 109 (1977); A. Ahmed and E. Jo-
hansen, J. Mol. Biol. 121, 269 (1978); N. Kleck-
ner, K. Reichardt, D. Boststein, ibid. 127, 89
(1979).

J. C. Bregliano, M. G. Kidwell, J. Proust, C.
Prudhommeau, unpublished data.

. W. R. Engels and C. R. Preston, Genetics 92,

161 (1979); M. G. Kidwell and J. B. Novy, ibid.,
p. 1127; R. E. Schaeffer, M. G. Kidwell, A.
Fausto-Sterling, ibid., p. 1141.

W. R. Engels, Genet. Res. 33, 137 (1979).

M. G. Kidwell, J. Hered. 69, 417 (1978).

W. R. Engels, Proc. Natl. Acad. Sci. U.S.A.
76, 4011 (1979).

S. Minamori, Y. Inoue, K. Ito, A. Shimizu, Jpn.
J. Genet. 52, 87 (1977).

D. L. Hartl and Y. Hiraizumi, in The Genetics
and Biology of Drosophila, M. Ashburner and
E. Novitski, Eds. (Academic Press, New York,
1976), pp. 615-666.

M. J. Kearsey, W. R. Williams, P. Allen, F.
Coulter, Heredity 38, 109 (1977).

R. P. Kernaghan and L. Ehrman, Chromosoma
29, 291 (1970); M. Levitan and D. L. William-
son, Genetics 52, 456 (1965).

J. H. Yen and A. R. Barr, Nature (London) 232,
657 (1971); J. W. Wright and R. Pal, in Genetics
of Insect Vectors of Disease (Elsevier, New
York, 1967).

C. W. Hinton, in Mechanisms of Recombination
R. F. Grell, Ed. (Plenum, New York, 1974), pp.
391-397; C. W. Hinton, Genetics 92, 1153
(1979).

D. S. Robertson, Mutat. Res. 51, 21 (1978).
We thank Dr. M. G. Kidwell for stimulating dis-
cussions and advice and Drs. A. Fleuriet, M.
Gans, R. Rosset, and A. Toussaint for com-
ments on the manuscript. Supported by grants
from the University of Clermont-Ferrand II, the
Centre National de la Recherche Scientifique
(ERA 692) and the Fondation pour la Recherche
Médicale.

611



	Article Contents
	p. 606
	p. 607
	p. 608
	p. 609
	p. 610
	p. 611

	Issue Table of Contents
	Science, Vol. 207, No. 4431, Feb. 8, 1980, pp. 573-688
	Front Matter [pp. 573-596]
	Letters
	Psychotherapy: Assessing Methods [p. 590]
	Amazon Warfare [pp. 590-593]

	Erratum: Book Reviews [p. 593]
	Erratum: Aborginal Indian Residence Patterns Preserved in Censuses and Allotments [p. 593]
	The Eagle and the Bear [p. 595]
	Accreting Neutron Stars, Black Holes, and Degenerate Dwarf Stars [pp. 597-606]
	Hybrid Dysgenesis in Drosophila melanogaster [pp. 606-611]
	Edison and the Pure Science Ideal in 19th-Century America [pp. 612-617]
	News and Comment
	Science Gains Slightly in 1981 Budget [pp. 618-622]
	Fusion Energy in Our Time [pp. 622-624]
	A New Call for Abolishing the NRC [pp. 624-626]

	Briefing
	U.S. Scientists Protest Punishment of Sakharov [p. 625]
	No ``Humane'' Executions, Boston Doctors Say [p. 625]

	Research News
	Explorer: Can Oil and Science Mix? [pp. 627-628]
	Osteoporosis: New Help for Thinning Bones [pp. 628-630]

	Book Reviews
	General Relativity since Einstein [pp. 631-632]
	Zooarcheology [p. 632]
	Primate Behavior [pp. 632-634]
	Developmental Psychology [pp. 634-635]

	Reports
	Nitric Oxide in Seawater [pp. 637-639]
	Radioactive Plume from the Three Mile Island Accident: Xenon-133 in Air at a Distance of 375 Kilometers [pp. 639-640]
	Lead Isotope Identification of Sources of Galena from Some Prehistoric Indian Sites in Ontario, Canada [pp. 640-643]
	Benjamin Franklin and Timothy Folger's First Printed Chart of the Gulf Stream [pp. 643-645]
	$\beta $-Adrenergic Regulation of $\alpha _{2}$-Adrenergic Receptors in the Central Nervous System [pp. 645-647]
	Hemoglobin Switching: A Cellular Model [pp. 647-649]
	Postsynaptic Transmission Block Can Cause Terminal Sprouting of a Motor Nerve [pp. 649-651]
	Angiotoxicity of Oxygenated Sterols and Possible Precursors [pp. 651-653]
	$\gamma $-Glutamyl Transpeptidase in Isolated Brain Endothelial Cells: Induction by Glial Cells in vitro [pp. 653-655]
	Electrophysiological Signs of Split-Second Decision-Making [pp. 655-657]
	Buprenorphine Suppresses Heroin Use by Heroin Addicts [pp. 657-659]
	Amino Acid Acylation: A Mechanism of Nitrogen Excretion in Inborn Errors of Urea Synthesis [pp. 659-661]
	Distribution of Active Gene Sequences: A Subset Associated with Tightly Bound Chromosomal Proteins [pp. 661-662]
	Sound Playback Experiments with Southern Right Whales (Eubalaena australis) [pp. 663-665]
	Genetic Variation in Social Mammals: The Marmot Model [pp. 665-667]
	Visual Effects of Auditory Deprivation: Common Intermodal and Intramodal Factors [pp. 667-668]

	Back Matter [pp. 635-688]





