
markedmales (Fig. 1) andwere serially transferred
into oviposition vials in groups of three individuals
every 2 days for 12 days. A total of 87 control and
69 wasp-infection replicates were used in this ex-
periment, which yielded a total of 50,140 progeny
(table S1).
We used a generalized linear model to test the

effects of treatment and time on themean recom-
bination fraction. We found a significant effect
of treatment (P = 0.0002, c2 test), with wasp-
infected flies producing a greater proportion of
recombinant offspring (0.238) than uninfected
controls (0.222). There was no significant effect
of time or the interaction between treatment and

time (P=0.15,P=0.38, respectively, c2 test).When
analyzed separately for each 2-day egg-laying pe-
riod, the recombination fraction was significantly
increased in wasp-infected flies for the post-
mating time periods spanning days 3 to 4 and 5
to 6 (Fig. 4B) (P = 0.02, both comparisons, two-
tailed t test).Nonparametric comparisons ofmeans
verified these findings (table S2). These data in-
dicate that wasp infection of larval flies, like bacte-
rial infection of adults, leads to a plastic increase
in recombinant offspring, once again consistent
with the Red Queen model.
This result is surprising given that Drosophila

larvae contain only primordial ovaries. Ovarioles

inD.melanogaster females donot begin to develop
until after pupariation (26); differentiation of the
germarial regions (in which crossing-over occurs)
within each ovariole takes place in the 24 hours
after puparium formation, and synaptonemal com-
plexes (structures required for crossing-over in
wild-type Drosophila) in the first pro-oocytes be-
come visible in the developing ovaries at 36 hours
after puparium formation (26). The marked delay
between wasp infection and the onset of oocyte
formation, coupled with the observation that the
recombinational response to the wasp attack is
sustained for up to 12 days after mating, shows
that the signal underlying the infection-associated
increase in recombination fraction can be trig-
gered in the absence of fully developed ovaries
and can be sustained across development.
Our data indicate that the proportion of recom-

binant offspring in D. melanogaster plastically
increases in response to a variety of parasite
pressures. The onset of the response can be both
rapid and prolonged, as infected adults increase
their recombination fraction within 1 to 4 days
after bacterial infection, and wasp-infected lar-
vae develop for several days and undergo meta-
morphosis before they begin laying eggs at all.
Data from both bacteria and wasp-infection trials
show that the increased production of recom-
binant offspring lasts for several days and, for
bacterial infection, is significantly stronger than
any effect induced by a sterile wound. Because
female flies exposed to heat-killed bacteria only
show a weak, nonsignificant elevation in recom-
bination fraction relative to wounded flies (0.189
versus 0.178; P = 0.28, two-tailed t test, fig. S1
and table S2), active parasite signals or host im-
mune signaling pathways that specifically respond
to live parasites appear to be required for the full-
blown recombination response. Furthermore, the
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Fig. 2. Recombination fraction for four wild-type strains of D. melanogaster mock-infected (wounded)
or infected with S. marcescens. Error bars represent standard error.

Fig. 3. Box plots illustrating the distribution of recombination fractions inD. melanogaster strain RAL73 after one of four treatments: no treatment, sterile
wound, infection with S. marcescens, or infection with P. rettgeri.The median is marked with a black line; the first and third quartiles are represented as the
lower and upper edges of the box, respectively. The whiskers extend to the most extreme data point no farther from the box than 1 times the interquartile range.
Jittered, individual data points are presented as gray circles. Recombination was estimated separately for eggs laid (A) days 1 to 4 after infection and (B) days 5 to
12 after infection. Pairwise comparisons of transformed data that are statistically significant based on a two-tailed t test at P ≤ 0.05 are marked with an asterisk.
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