PERSPECTIVES: GENETICS

Reversal of Fortune for
Drosophila Geneticists?

William R. Engels

rosophila geneticists love to talk
Dabout the advantages of their fa-

vorite research organism, and with
good reason. After all, flies have giant
polytene chromosomes, a wealth of chro-
mosome rearrangements, P elements as
multipurpose vectors, a freshly sequenced
genome (/), and witty gene names. These
characteristics make Drosophila a model
of a model organism. There is, however,
one important item missing from this list:
a universal way to create germ line muta-
tions when a gene is known by its position
or DNA sequence but not by its pheno-
type. This kind of mutagenesis is some-
times called “reverse genetics” and has
been used successfully in yeast and mice
for gene replacement and targeted gene
disruption. The high recombination fre-
quency in yeast and the use of embryonic
stem cells in mice make reverse genetics
feasible in these organisms, but Drosophi-
la has neither feature. Now, on page 2013
of this issue, Rong and
Golic (2) describe a
method for gene target-
ing in the fly. But some
questions remain to be
answered about the
molecular mechanism
that underlies their re-
verse genetics feat.

To date, there are two
principal strategies for
gene targeting in Dro-
sophila, both using a
family of transposable
elements called P ele-
ments. The first is site-
selected insertional mu-
tagenesis: P elements
are mobilized such that
they insert randomly in
the genome. Those lying
in or near the gene of in-
terest are selected in a
polymerase chain reac-
tion (PCR)-based screen. This can be ac-
complished by combining a PCR primer
within the P element with one in the target-
ed gene (3). Thus, only P inserts lying with-
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Breakage-induced replication from the

unresected free end results in an
integration type event (class II)

in a few hundred base pairs of the second
primer would permit amplification. By
combining flies into pools and then testing
them, large-scale screens are feasible. This
technique has been subsequently refined
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Breakage-induced replication. A single exchange between the free open circle and
the yellow gene of one of the two homologous chromosomes of Drosophila may be
initiated by invasion from one of the free ends of the open circle (top). After the ex-
change, the small telomere-containing fragment is lost, and the other fragment con-
tains a broken end (middle). This free end can invade the homolog or sister chro-
matid (lower left) to initiate synthesis, which extends to the telomere (red dashed
arrow). This results in an integration structure identical to the class Il events de-
scribed by Rong and Golic (2). Their class IV structure could also arise this way if the
free open circle forms dimers. Note that class IV can retain an endonuclease cutting
site, which would likely undergo additional rounds of breakage and repair. Such sec-
ondary breakage could be repaired by single-strand annealing or nonhomologous end
joining to generate classes |, I, or lIl. Finally, class | structures can come about if the
broken end is resected before invasion and synthesis (lower right).

but remains limited by the small size of the
gene target. Furthermore, P elements exhib-
it a finicky preference in their selection of
insertion sites. The rarity with which some
sites are hit makes screening cumbersome
even with the added benefits of pooling.

A significant improvement in the site-
selected insertion approach involves turn-
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Breakage-induced replication
from the resected free end leads
to a substitution event (class I)
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ing the process around. Instead of using
PCR to amplify only the insertions nearest
the target, amplification of flanking DNA
from all inserts is achieved by “inverse
PCR.” This amplified DNA is then hy-
bridized with a large probe containing the
targeted gene (4, 5). Thus, the effective tar-
get size is increased several hundred fold,
eliminating the problem of insertional site
specificity. Other limitations remain, how-
ever. The method is labor-intensive and is
efficient only when several genes are
screened simultaneously. In addition, in-
verse PCR—which requires cutting the
genome and making the fragments form
circles, thus allowing outward-
ly oriented primers to face
each other—has a low yield
when several P elements are
mobilized at once. A potential
improvement in this approach
is to replace inverse PCR by a
new technique, called TAIL-
PCR (6). Here, a nonspecific
primer is paired with two or
more specific ones, thus elimi-
nating the need to produce cir-
cular genomic fragments.

In the second strategy for
Drosophila reverse genetics, a
large collection of available P
insertions (7) is analyzed to
find one that happens to be
close to the targeted gene.
Then, one tries to coax that el-
ement to cause a mutation
nearby. In some cases, P ele-
ments have been seen to jump
“locally” such that targets near
the insertion site have an in-
creased frequency of new in-
sertions (&). This method still
requires a large screen, howev-
er, and has not always been
successful.

Fortunately, there are other
ways to make use of a conve-
niently situated P element.
Gene replacement (9) is an op-
tion for cases in which a P ele-
ment lies within about 2 kb of
the target. Excision of the ele-
ment makes a DNA double-
strand break. Repair of the
break results in replacement of
flanking sequences with an in
vitro modified version. This is
the method of choice when its conditions
are met. However, it is not always possible
to find a P element close enough to the
targeted site. In addition, a second copy of
the gene on the homologous chromosome
can compete with the in vitro modified se-
quence to make the process inefficient in
many cases.
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Less closely linked P elements can be
mobilized to remove the targeted gene
through flanking deletions. Such deletions
have been recovered by selection for marker
loss, but with sporadic success. A more sys-
tematic procedure to generate deletions is
the “hybrid element insertion” process (10),
which has been successful at several loci.
Here, the left end of a P element joins with
the right end of its twin copy on the sister
chromatid. The resulting “hybrid element”
can then insert into the homolog to yield a
pair of recombinant chromosomes—one
bearing a duplication and the other a defi-
ciency of flanking sequences. The lack of
meiotic recombination in Drosophila males
makes screening for these recombinants
easy. These deletion-based methods have
two principal limitations: the variable fre-
quencies for different P elements, and the
potential for “collateral damage” or loss of
other nearby or interstitial genes.

In Rong and Golic’s new approach, most
of the work is done by a pair of site-specific
DNA-modifying enzymes from yeast. One
is a recombinase whose action is to loop out
a circular copy of the gene of interest. This
copy comes from a transposon that was pre-
viously constructed and placed at a random
site in the genome. The second enzyme is an
endonuclease that opens the circle by cut-
ting within the gene. This linear fragment
can now find the targeted gene and recom-
bine with it to produce a mutation.

There are some surprising aspects to
Rong and Golic’s results. The first is that
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their method works at all, given that an-
other group (/1) has recently tried a simi-
lar approach without success. The second
is that two-thirds of the structures pro-
duced by Rong and Golic’s method are
not of the expected integration class, that
is, they are not structures in which the lin-
earized fragment is inserted into the tar-
geted gene [see Fig. 4 in (2)]. A third sur-
prise is that the frequency of mutations is
much higher in females than in males.
The authors suggest possible reasons
for these surprises, but there are alternative
explanations that should be considered. A
single exchange between the free DNA
fragment and the chromosomal gene could
lead to a double-strand break (see the fig-
ure). Repair of that break could make use
of the homologous chromosome, especially
if the event occurred before chromosome
replication, when no sister chromatid is
available for the job. This would explain
the male-female difference, because the
targeted gene (yellow) lies on the X chro-
mosome and would have only one copy in
males. Furthermore, yellow lies near the tip
of the X chromosome, suggesting that the
break could be repaired by “breakage-
induced replication,” as previously ob-
served in yeast (/2). In breakage-induced
replication, a broken end is restored by
synthesis from the homologous template
all the way to the chromosome end. That
would explain most of the structures ob-
served by Rong and Golic (see the figure)
as well as the lack of success in previous

attempts where the targeted gene was not
near a chromosomal tip (17).

The breakage-induced replication ex-
planation can be readily tested. It implies
that most mutational events are accompa-
nied by recombination for outside markers,
and that genes far from the telomere (end
of the chromosome) would be refractory to
mutation. If breakage-induced replication
proves to be involved, Rong and Golic’s
findings will provide a valuable way to
study this interesting repair pathway in
Drosophila. Unfortunately, another impli-
cation is that the technique is unlikely to
provide a broadly applicable approach to
reverse genetics, because most Drosophila
genes are not close to telomeres. On the
other hand, if Rong and Golic’s interpreta-
tion is correct and breakage-induced repli-
cation does not occur, then Drosophila ge-
neticists will have a powerful and universal
tool for reverse genetics at hand.
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PERSPECTIVES: ECOLOGY

Weather Ruins Winter Vacations

Bernt-Erik Saether

ur world is warming up (7). Cli-
Omate models predict that this in-
crease in mean annual temperature

will continue for the rest of the 21st centu-
ry (2). Whatever the reasons for the tem-
perature increase,

Enhanced online at there is accumulat-
www.sciencemag.org/cgi/ ing evidence that
content/full/288/5473/1975 ¢limate change may
have a stronger im-

pact on ecological processes than previ-
ously realized (3). Further evidence now
comes from the report of Sillett et al. (4)
on page 2040 of this issue. They show that
large-scale regional variations in climate
have a twofold effect on the demographics
of a migratory bird species, affecting both
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its survival in the tropics as well as its re-
productive performance in the north. One
frightening consequence of these findings
is that they illustrate how difficult it will
be to reliably predict the effects of large-
scale regional climate change on ecologi-
cal systems.

The El Nifio Southern Oscillation
(ENSO)—a quasi-periodic annual varia-
tion in global atmospheric and oceanic cir-
culation patterns—influences rainfall
worldwide (5). A quantitative measure of
ENSO is provided by the Southern Oscil-
lation Index (SOI), which is a standardized
measure of the difference in atmospheric
pressure between Tahiti in the South Pacif-
ic and Darwin in Australia. El Nifios, as-
signed a low (negative) SOI value, gener-
ate milder and drier winters in the South-
ern Hemisphere. In contrast, high (posi-
tive) SOI values indicate La Nifia condi-
tions with more rainfall.

There has been an alarming decline in
many migratory bird species that travel
long distances to their tropical wintering
grounds (6). It is well established that cli-
mate conditions at the wintering grounds
may affect population fluctuations in long-
distance migrant bird species. For instance,
the size of the Dutch population of the pur-
ple heron, which winters in West Africa, is
directly related to the annual variation in
water discharges of the Senegal and Niger
rivers (7). Small heron populations predom-
inate after dry years when the rivers have
little water. Another example is the British
population of the sedge warbler. This in-
creased after several winters of heavy rain
in their West African wintering grounds,
most likely because of higher survival rates
among adult birds owing to an increase in
the food supply (8). Such evidence suggests
that unfavorable climate conditions at win-
tering grounds may explain the decline in
many long-distance migratory bird species.
The study of Sillett et al. (4) provides the
first evidence that the demographics of a
migrant bird, the black-throated blue war-
bler, may be strongly influenced by large-
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