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In addition to unique sequences, eukaryotic genomes
contain a surprisingly large fraction of dispersed
copies of repeated sequences – transposable elements
(TEs). In Drosophila melanogaster, for example, there
are over 50 different families of TEs with an average
of 20 copies per family, which in total constitute
approximately 10% of the genome (Finnegan, 1992).
Since the rate of TE transposition generally exceeds
the rate of excision (Nuzhdin & Mackay, 1995),
one or more forces must act to counter the spread
of TE copies. One obvious hypothesis is that TE
insertions can cause deleterious mutations and that
purifying natural selection against the mutations
will contain the spread of TEs. An equilibrium
copy number will be achieved when the loss of TE
copies from selection balances their gain from trans-
position (Charlesworth & Charlesworth, 1983).
However, it is also possible that the copy number
of each TE family is autonomously controlled by
the elements themselves. Under this model, equilib-
rium copy numbers would be achieved if the rate
of transposition decreases or the rate of excision in-
creases, as copy number increases (Charlesworth &
Langley, 1986). Montgomery et al. (1987) conduct
an elegant population genetic test to differentiate
between selection and self-regulated transposition
as mechanisms containing TE copy number, and pres-
ent a new ‘ectopic exchange’ hypothesis to explain
their results.

Montgomery et al. (1987) argue that these two
hypotheses can be discriminated by comparing
the distribution of TE copy numbers between the
X chromosome and autosomes. Selection against
recessive or partially recessive effects of TEs on
fitness predicts a lower copy number on the X

chromosome, since deleterious mutations are fully
exposed to selection in hemizygous males. The self-
regulation hypothesis predicts that TE copy numbers
will be in proportion to the size of the chromosomes.
Here, previous theory (Charlesworth & Charles-
worth, 1983) on the population dynamics of TEs
was extended to predict the relative abundance of
TE copies on the X and autosomes under the two
hypotheses. The predictions were that the X chromo-
some is expected to contain 11 and 17% of the
total number of copies under the selection and self-
regulation hypotheses, respectively. The authors
determined copy numbers of roo, 297 and 412 TEs
on homozygous X, second and third chromosomes
from 20 lines derived from a single natural popu-
lation, by in situ hybridization to polytene chromo-
somes. The chromosomal distribution of the three
element families was not the same for the three el-
ement families. There was a deficiency of 412 elements
on the X chromosome, consistent with the prediction
of the selection model. However, the chromosomal
copy number distribution for the roo and 297 el-
ements was as predicted by the self-regulation
hypothesis. This latter observation was puzzling, be-
cause available information on the distribution
of insertion sites of TEs in natural populations of
Drosophila was consistent with some control of copy
number by a selective mechanism, since individual
insertion sites are rare (Montgomery & Langley,
1983).

These observation led to the proposal of the
‘ectopic exchange’ hypothesis of unequal or non-
homologous recombination between TE copies :
‘Recombination between insertions at different sites
would lead to chromosome rearrangements that
are generally dominant lethal, or so deleterious that
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in subsequent generations is substantially reduced
when compared with that of a simple insertional
mutation’. This alternative selection model is one
of selection against dominant mutations, which is
equally effective on the X chromosomes and auto-
somes, but will still yield a skewed site frequency dis-
tribution towards rare insertions. Stabilization of
copy number under this model occurs because the rate
of induction of rearrangements will increase with
square of copy number. This model also makes a
testable prediction of more TE copies in chromo-
somal regions of reduced recombination, provided the
rate of non-homologous recombination is correlated
with the rate of homologous recombination. Prelimi-
nary data on X-linked roo element insertion sites as
well as increased accumulation of TE copies near the
breakpoints of segregating inversions, where recom-
bination is absent, supported the ectopic exchange
hypothesis. This paper stimulated much empirical
and theoretical research on the population genetics
of TEs.
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