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PERSPECTIVE

Multiculturalism is good for flies, too
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Drosophila melanogaster has been used for several decades as a proxy to study human disease;
in particular, flies are ideal for modeling neurological disorders (e.g., epilepsy, neurodegenera-
tion, ataxia), as flies utilize the same neural circuitry components [1]. For example, both excit-
atory and inhibitory neurons form elaborate neural circuits that function through conserved
ion channels, neurotransmitters, receptors, etc. Perhaps more remarkably, flies have also been
used to study genes associated with intellectual disability and autism, using genetics coupled
with learning assays to functionally validate genes implicated in these neuropsychiatric disor-
ders [2]. Collectively, these studies have shown that many of the genes involved in vertebrate
learning and memory are playing similar roles in flies. But what about aspects of cognitive
function as it relates to social communication, processes that are mostly attributed to verte-
brates with more complex nervous systems and insects such as ants and honey bees that are
highly social [3,4]? Fruit flies certainly have the ability to learn (and remember what they’ve
learned), but can they teach vital information to other members of their own species? What
about members of different Drosophila species? How might information be conveyed in spe-
cies that are separated by significant evolutionary distances? If communication exists, what
parts of the brain are required, what gene functions are involved, and to what extent does neu-
ral plasticity play a role? In the current issue of PLOS Genetics, Kacsoh and colleagues [5] now
demonstrate that flies not only can convey a threat from a predatory wasp to members of their
own species but can convey that threat to members of several diverged species, provided that
the flies are cohabitated and can learn each other’s dialect (even if multiple species are included
in the cohabitation period). These data reveal a level of behavioral complexity in flies that has
not been recognized until now.

Flies use visual cues to convey a threat, resulting in a
physiological response

Confirming results from their previous study, Kacsoh and colleagues first show that female
flies exposed to predator wasps (which lay eggs into and kill the offspring of the female flies)
physiologically trigger apoptosis of oocytes in the germline of adults, leading to reduced egg
laying (oviposition) and a robust reduction in the wasp threat to the fly population. Interest-
ingly, female flies that have experienced this threat can teach naive “student” female flies (who
have never been exposed to wasps) that there is a threat, resulting in the student flies then trig-
gering apoptosis of their own germ cells. This threat is conveyed using visual cues from the
teacher flies, more specifically, wing movements. These results are remarkable for three rea-
sons. One, this is the first example in flies of visual cues promoting a robust, physiological
response to a threat. Two, laboratory cultures that have not experienced a wasp threat for hun-
dreds of generations can still mount a vigorous response to the threat. Three, the apoptosis
occurs at the midoogenesis checkpoint rather than during both midoogenesis and early
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oogenesis (the points where apoptosis has been correlated with nutritional deprivation stress)
[6], suggesting that there is a specificity to the information that is conveyed and that wing
movement-encoded information for a wasp stressor appears to activate a different pathway
than for nutritional stress. Although not included in the study, it would be interesting to assess
whether nonparasitoid wasps (or other potentially threatening insects dissimilar to fruit flies)
would elicit an apoptotic response in the fruit fly teachers. If not, this would strengthen the
conclusions and suggest that the kind of information conveyed from teacher to student is not
simply a “high stress” signal but a signal that can convey the type of stress in order to mount a
specific physiological response.

Related fly species communicate using a conserved “fly language”

How evolutionarily conserved is this response from species to species? Studying 15 different
species that widely differ in their evolutionary relatedness, Kacsoh and colleagues found strong
conservation of the response for all species tested, resulting in apoptosis and depression of egg
laying after exposure to a wasp. Each species could also teach the threat to other female mem-
bers of that species, once again resulting in depressed egg laying. Moreover, a wasp-exposed
female from one species could teach students from a related species, although the ability to
teach was somewhat diminished. In contrast, significantly diverged species could not teach the
threat to one another. Collectively, these data suggest the existence of a “fly language” that has
been conserved across evolutionary time, although communication depends on a certain level
of evolutionary relatedness.

More distantly related fly species learn each other’s language
dialect in order to communicate

Previous work in bees has shown that social learning helps bees teach their hive mates how to
obtain a reward or achieve a task [7,8]. However, bees are “social” and known to work in
groups, unlike fruit flies that tend to work in isolation. Could the cohabitation of two different
diverged fly species actually improve (or even enable) these species to talk to one another,
allowing one species to convey the wasp threat to the other? Kacsoh and colleagues now show
this to be the case and refer to this process as “dialect” learning. Remarkably, cohabitation of
several diverged species together results in student flies learning and remembering each
unique dialect, suggesting that flies can simultaneously learn from multiple species (Fig 1).
Trained flies can then be taught there is a wasp threat by teachers of any of the other diverged
species (provided that the evolutionary distance between teacher and student is not too great).
What is most intriguing about this cohabitation training period is that none of these flies have
previous experience with the predator, so whatever exchange of information is occurring dur-
ing a dialect training period, it appears to be sensitizing different species to more efficient com-
munication of future and yet unknown events.

Both visual and olfactory cues are required for dialect learning

Since students can learn from teachers using exclusively visual cues, is this also true for dialect
learning? Although visual cues were shown to be required (specifically, wing movements), so
were olfactory cues, making dialect learning different from teacher-student learning. Interest-
ingly, if one species is blind, the sighted species cannot learn from it, suggesting that communi-
cation is bidirectional in that perception of other species must be necessary to elicit behaviors
or signals required for dialect training. In addition to visual and olfactory components, both
sexes are also required to be present for dialect training another species, making this process
all the more complex.
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Fig 1. Generalized schematic for dialect learning. (A) Female flies cannot efficiently communicate a wasp threat if “teacher” and
“student” are from different diverged species. (B) Cohabitation of diverged species allows for each species to learn the language
“dialects” of the others; once dialects are learned, a female teacher now can communicate a wasp threat to a female student from a
diverged species. Different diverged Drosophila species are highlighted in different colors (orange, green, blue, brown). Wasp is
highlighted in black.

https://doi.org/10.1371/journal.pgen.1007480.g001

Neuroplasticity is critical for dialect learning

To explore whether the fly learning and memory center of the brain, the mushroom body (MB),
is required for dialect training, Kacsoh and colleagues inhibit MB function only during the
training cohabitation period, and although the MB-inhibited flies cannot learn the dialect from
the other species members, those with normal MB function can learn from the MB-inhibited
flies. Knockdown of long-term memory proteins produces similar results, with learning only
possible in one direction (in the species for which long-term memory proteins are not affected).
The requirement of long-term memory functions and an intact fly learning and memory center,
coupled with the results described above, suggest that in addition to hardwired components,
neuroplasticity is critical for dialect learning. These observations also suggest that continual and
real-time interactions between different species are sufficient for eliciting signals required for a
productive training cohabitation period in a manner independent of MB learning and memory
functions and that memory is necessary only after the training period is complete.
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This study reveals that fruit flies may not only have a language with which to communicate

but also have natural variants akin to dialects associated with different closely related species
and that those dialects can be learned, thereby facilitating communication of critical informa-
tion that can influence the survival of multiple species. These interesting new observations
were enabled by the simple experiment of mixing different species together, something that in
nature occurs all the time but is rarely done in the laboratory. Maybe the “lowly” fruit fly,
when studied closer to its natural environment, can teach us all something about the benefits
of multiculturalism, namely, that by communicating with one another and working together,
we can create a more productive and safe society.

References

1.

Jeibmann A, Paulus W. Drosophila melanogaster as a model organism of brain diseases. Int. J. Mol.
Sci. 2009; 10: 407—440. https://doi.org/10.3390/ijms 10020407 PMID: 19333415

Stessman HA, Xiong B, Coe BP, Wang T, Hoekzema K, Fenckova M, et al. Targeted sequencing identi-
fies 91 neurodevelopmental-disorder risk genes with autism and developmental-disability biases. Nat
Genet. 2017; 49(4): 515-526. https://doi.org/10.1038/ng.3792 PMID: 28191889

Yan H, Opachaloemphan C, Mancini G, Yang H, Gallitto M, Mlejnek J, et al. An Engineered orco Muta-
tion Produces Aberrant Social Behavior and Defective Neural Development in Ants. Cell2017; 170(4):
736-747. https://doi.org/10.1016/j.cell.2017.06.051 PMID: 28802043

Gould JL. Honey bee cognition. Cognition 1990; 37: 83—103. PMID: 2269009

Kacsoh BZ, Bozler J and Bosco G. Drosophila species learn dialects through communal living. PLoS
Genet. 14(7): e1007430. https://doi.org/10.1371/journal.pgen.1007430

Drummond-Barbosa D, Spradling AC. Stem cells and their progeny respond to nutritional changes dur-
ing Drosophila oogenesis. Dev. Biol. 2001; 231:265-278. https://doi.org/10.1006/dbio.2000.0135
PMID: 11180967

Alem S, Perry CJ, Zhu X, Loukola OJ, Ingraham T, Sgvik E, et al. Associative mechanisms allow for
social learning and cultural transmission of string pulling in an insect. PLoS Biol 2016; 14(10):
€1002564. https://doi.org/10.1371/journal.pbio.1002564 PMID: 27701411

Loukola OJ, Perry CJ, Coscos L, Chittka L. Bumblebees show cognitive flexibility by improving on an
observed complex behavior. Science 2017; 355(6327):833-836. https://doi.org/10.1126/science.
aag2360 PMID: 28232576

PLOS Genetics | https://doi.org/10.1371/journal.pgen.1007480 July 19, 2018 4/4


https://doi.org/10.3390/ijms10020407
http://www.ncbi.nlm.nih.gov/pubmed/19333415
https://doi.org/10.1038/ng.3792
http://www.ncbi.nlm.nih.gov/pubmed/28191889
https://doi.org/10.1016/j.cell.2017.06.051
http://www.ncbi.nlm.nih.gov/pubmed/28802043
http://www.ncbi.nlm.nih.gov/pubmed/2269009
https://doi.org/10.1371/journal.pgen.1007430
https://doi.org/10.1006/dbio.2000.0135
http://www.ncbi.nlm.nih.gov/pubmed/11180967
https://doi.org/10.1371/journal.pbio.1002564
http://www.ncbi.nlm.nih.gov/pubmed/27701411
https://doi.org/10.1126/science.aag2360
https://doi.org/10.1126/science.aag2360
http://www.ncbi.nlm.nih.gov/pubmed/28232576
https://doi.org/10.1371/journal.pgen.1007480

