Research News

A “Mitey” Theory for Gene Jumping

A tiny mite may have transferred the DNA sequences known as P elements into the common
fruit fly from another Drosophila species about four decades ago

ACCORDING TO THE CLASSICAL TENETS OF
biology, genes aren’t supposed to jump from
one species to another—you need sex to
exchange genes. But molecular geneticists
noticed that sometime around 1950, Dro-
sophila melanogaster, the common lab fruit
fly, had apparently acquired movable bits of
DNA, known as P elements, from some
other species. Since then, these “jumping
genes” have spread like wildfire so that to-
day, essentially all fruit fly populations, ex-
cept those maintained in isolation in the lab,
carry P elements. But while the spread is no
doubt attributable to sexual mating, how
did P elements jump into that first fruit fly?

Now, new results from Marilyn Houck,
Margaret Kidwell, and their colleagues at
the University of Arizona, Tucson, may pro-
vide an explanation—and one with contro-
versial evolutionary implications. On page
1125, they report that P elements may have
been transferred into D. melanogaster from
another Drosophila species, D. willistoni, by
a tiny parasitic mite that lives in association
with both species. “It’s an exciting finding,
and not just in terms of the P element,” says
evolutionary biologist John McDonald of
the University of Georgia in Athens. While
there have been other reports of possible
gene transfer between species, principally by
viruses, this is, he notes, the first indication
that “a mite or anything like that” can do it.
And in a related article on page 1110, Wil-
liam Engels’ group at the University of
Wisconsin, Madison, describes new findings
that may not only help explain how P ele-
ments were able to spread through natural
fruit fly populations in such a short time, but
should also provide a major improvement in
the techniques for introducing new genes
into Drosophila (see box).

Transfer of genetic material, especially P
elements, between species might have a ma-
jor impact on evolution. The elements are
“transposons,” DNA sequences that can
move around in the genome, causing muta-
tions if they happen to land in genes or their
regulatory sequences. “Invasion of a new
transposon could be a major source of diver-
sity,” says P element expert Allan Spradling
of the Carnegie Institution of Washington
in Baltimore. Although Spradling points out
that the idea is controversial, the elements

1092

could, he notes, help create new species—or
eliminate existing ones. And all this could
happen, “on a time scale evolutionists don’t
think about.”

If lateral transfers of genetic material be-
tween species occur frequently, however,
they could complicate the lives of research-
ers who are trying to.work out the evolu-
tionary relationships among species by com-
paring their gene se-
quences. Those stud-
ies assume that genes
are inherited, while
slowly accumulating
changes. But, says mo-
lecular evolutionist
David Hillis of the
University of Texas in
Austin, “with lateral
gene transfer, that’s
not the case. It could
mislead about gene history.” Nevertheless,
Hillis points out that nobody knows how
frequent such lateral transfers are, and the
Kidwell group’s work might help in that
regard by providing a system that would
allow the question to be tackled experimen-
tally for the first time.

Kidwell, who is a pioneer of P element
research, zeroed in on the mite her group has
implicated as the vector that introduced the
elements into D. melanogaster largely, she
says, by the process of elimination. Evidence
from several groups, including her own, had
already pointed to D. willistoni as the prob-
able donor species. P elements from the two
species have nearly identical sequences, for
example, even though D. willistoni and D.
melanogaster diverged about 50 million
years ago—ample time for the sequences to
have undergone numerous mutations. What’s
more, the geographical ranges of the two
Drosophila species overlap, a necessity for
gene exchange.

But since the two organisms can’t breed,
the material had to have been transferred by
some agent. “It just couldn’t float through
the air,” as Kidwell puts it. Her first efforts to
identify the agent focused on insect viruses,
but those efforts didn’t turn up any candi-
dates, apparently because the viruses are too
host-specific to infect both fruit fly species
and so couldn’t transfer genes between them.

Several different mites infest lab Dro-
sophila cultures, however, and Kenneth
Peterson, then a postdoc in Kidwell’s lab,
turned to Houck, a mite expert who is now
at Texas Tech University in Lubbock, for
help in identifying the best candidate from
among them. The researchers chose Procto-
laelaps regalis DeLeon partly because it feeds
on fruit fly eggs, often moving from one to
another—behavior that
might enable it to pick
up and inject new ge-
netic material into the
eggs, much as human
researchers do in their
gene transfer experi-
ments. P. regalis had
something else going
for it as well. The origi-
nal P element transfer is
thought to have oc-
curred in North America, spreading from
there to the rest of the world. And the mite
habitat overlaps with those of the two Dros-
ophila species in North America.

Kidwell and her colleagues have now wo-
ven the web of circumstantial evidence im-
plicating the mite even tighter. They have
shown that the mite is able to pick up P
element DNA when grown in culture with a
D. melanogaster strain known to carry the
elements. “We’re not claiming that we have
shown that the mite is the mechanism of
transfer,” says Kidwell, “but we’ve shown
that the conditions are right. We do defi-
nitely say it’s possible.” And since the mite
also picked up sequences of a Drosophila
gene encoding a ribosomal RNA, it may
transfer other genes besides P elements.

Kidwell and her colleagues are already set-
ting up experiments in which they hope to
catch gene transfer in the act. They will grow
mixed populations of D. melanogaster and
D. willistoni, with and without P. regalis, to
see whether the mite is indeed capable of
carrying P elements from one to the other.
Kidwell expects that such transfers will be
relatively rare, and that the mixed cultures
may have to be maintained for several fruit fly
generations to establish their existence. But if
all goes well, she may be able to duplicate in
the lab an evolutionary event that happened
in nature 40 years ago. m JEAN MARX
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