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With the available eukaryotic genome sequences, there are pre-
dictions of thousands of previously uncharacterized genes without
known function or available mutational variant. Thus, there is an
urgent need for efficient genetic tools for genomewide phenotypic
analysis. Here we describe such a tool: a deletion-generator tech-
nology that exploits properties of a double transposable element
to produce molecularly defined deletions at high density and with
high efficiency. This double element, called P{wHy}, is composed of
a "deleter” element hobo, bracketed by two genetic markers and
inserted into a “carrier” P element. We have used this P{wHy}
element in Drosophila melanogaster to generate sets of nested
deletions of sufficient coverage to discriminate among every
transcription unit within 60 kb of the starting insertion site.
Because these two types of mobile elements, carrier and deleter,
can be found in other species, our strategy should be applicable to
phenotypic analysis in a variety of model organisms.

major challenge in the model higher eukaryotes (1-5) is to

understand the biological contributions of each gene prod-
uct. Insights from sequence comparisons, structural analysis,
mRNA predictions and microarray expressions studies (6) must
be complemented by phenotypic analysis through gene-
disruption strategies that can be applied effectively on a global
basis.

Several basic strategies for gene-disruption and phenotypic
analysis are now available; in this report we will focus on a
technique that can be applied globally in Drosophila melano-
gaster. In addition to conventional random-mutagenesis tech-
niques, targeted approaches such as RNA interference (7) and
targeted gene knockouts (8) are available in D. melanogaster.
These techniques have the advantage that individual genes can
be focused on; they have the disadvantage that individual
constructs, injection series, and for some approaches stable
transgenic lines need to be produced. These disadvantages make
the techniques better suited to individual applications than to
global approaches, at least as far as disruptions of gene activity
in intact animals are concerned. Another approach is to use
mobile elements as mutagens, a strategy better suited to global
application, because an individual stable transgenic construct
can be transposed to many sites in the genome by a simple series
of genetic crosses. Problems with this approach are that as much
as half the genome is refractory to P element insertion at usable
rates, and that many mutations are leaky because of insertion-
site preference 5’ to the transcription start site (9).

An alternative approach is to inactivate gene function with
deletions by exploiting the intrinsic property of certain mobile
elements (such as the hobo or H element) to undergo homolo-
gous recombination with one another in the presence of a source
of transposase (10, 11). If the two mobile elements are in the
vicinity of one another, the recombination event resolves as a
deletion of the intervening genomic material. This recombino-
genic property has led to the suggestion that deletions can be
generated throughout the genome by appropriate selection of
pairs of P elements spanning a gene of interest (12, 13). Although
this approach is effective on an individual basis, it generally
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depends on the identification of marker genes in a particular
interval and is limited by the availability of P element insertion
sites.

Here we report an approach for deletion generation that can
be applied more readily to the genome as a whole, because the
deletion-detection system is contained entirely within the trans-
genic construct. Our example of this approach, using the P{wHy}
element in D. melanogaster, generates deletions as large as 400
kb and with a fine-grained distribution of nested deletions within
60 kb on either side of a single insertional starting point in the
genome. This deletion-generator system exploits the local trans-
positional and recombinational properties of the hobo mobile
element. Analogous components of P{wHy} are available in
other model organisms. Hence, we believe that this approach will
be applicable to genomewide phenotypic analysis in several
model systems.

Methods

Genetic Scheme for hobo-Mediated Deletions. All initial D. mela-
nogaster strains used for deletion generation had genetic back-
grounds devoid of hobo elements (E lines) as determined by
Southern analysis (10). hobo-mediated deletions were generated
by using two P{wHy} insertions on chromosome 2. Gy crosses
were matings of Df (I)w67c23, y! wo7¢23; P{wHy,w*y™} with Df
(Iw67c23, y! wo7¢?3; In (2LR)Gla, wg®“-!/CyO P{hsH\T-2}.
P{hsH\T-2} contains the hobo transposase gene placed under a
heat-shock promoter. Crosses were brooded three times every
other day. The progeny were heat-shocked three times during
development for 30 min at 37°C at 2-day intervals to elevate the
expression of the hobo transposase. Each Gy cross consisted of
two males of the genotype y’ w7¢23; P{wHy}/CyO, P{hsH\T-2}
and virgin females of the genotype y! w%¢%%; In (2LR)Gla,
wgCle-1/SM6a. G, matings consisted of one y! wo7¢23;
P{5'wHyw"y~} or P{3'wHy,w~y*}/SM6a male crossed to virgin
y! w7¢23; In (2LR)Gla, wg®"! /SM6a females. From these latter
crosses, stocks of the P{5'wHy} or P{3'wHy} derivatives were
established, balanced with SMéa.

Distinction Between P{wHy}-Confined Events and Genomic Events by
PCR. A single PCR test was used to identify deletion events
confined to the P{wHy} element based on the retention of both
P element ends. The derivatives that failed to amplify a PCR
product by using the primers were classified as genomic events
and retained for further analysis. PCR tests were performed in
96-well plates by using single-fly DNA extracts. 5 and 3’

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database (P{wHy} transgene structure, accession no. AF516513; original P{wHy}01D01
insertion site, accession no. BH772818; derivative 07D07W deletion endpoints, accession
nos. BH770109-BH770205; original P{wHy}01D09 insertion site, accession no. BH772819;
derivative 071D09Y deletion endpoints, accession nos. BH770206-BH770318).
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Fig. 1. The hybrid transposon P{wHy} and its use for generating unidirec-

tional deletions. (A) Scheme for a general compound mobile element con-
taining two markers and a deleter inserted into a carrier element. (B) P{wHy}
consists of P5’-w[+mC]-hobo-y[+t7.7]-P3’ (hobo, oriented 5’ to 3’, and the
flanking white and yellow markers reside within P element ends). (C) General
scheme for P{wHy}-generated unidirectional deletions. A single P{wHy} inser-
tion is adjacent to genes transcribed from both strands of DNA (thick line).
After local hobo hopping followed by intrachromosomal recombination be-
tween the directly oriented hobo elements, one marker (in this case yellow)
along with two proximal genes is excised. The deletion is selected on the basis
of the expression of the remaining marker. If the orientation of the second
hobo were reversed, an inversion would occur (10).

reactions were run simultaneously to provide internal controls.
The primers were: P element, CGACGGGACCACCTTAT-
GTT; P{wHy}0I1D01 5' primer, TGTTCGCTAATGCT-
GAACC; P{wHy}01D0! 3’ primer, CCGGCGAGGAATTTG-
TACAT; P{wHy}0ID09 5' primer, CACTCAGCTGG-
TTGATTTCG; and P{wHy}01D09 3’ primer, TGAGTAA-
GACTGAGCCCACT.

Deletion Mapping. The inverse PCR protocol of J. Rehm of the
Berkeley Drosophila Genome Project for determining flanking
sequence is available at www.fruitfly.org/about/methods/
inverse.pcr.html. The protocol was followed except for the use of
the restriction enzyme and the primers. The restriction enzyme
was Alul, and the primers were: hobo 5’-end reaction primers,
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Table 1. Isolation and characterization efficiency for two P{wHys}
deletion sets

Characterization steps 01D09Y* 01DOTW?
Fertile G, crosses 1,539 1,870
hobo mobilization derivatives 404 363
Viable fertile derivatives 354 351
Genomic events 233 215
Genomic events mapped 153 164
Candidate deletions 127 119
Nonredundant deletions 114 105
Validated deletions 113 100
Deletions <60 kb 78 74

Numbers represent chromosomes recovered at each step.
*The insertion site of P{wHy}CG12930°7P% s at base pairs 20,246-20,253 in
GenBank accession no. AE003832.2, cytogenetic location 46A.
The insertion site of P{wHy}01DO01 is at base pairs 201,422-201,429 in
AE003456.1, cytogenetic location 52D.

ACGCAAAACACCGTATTGATTCGG and CGTAGG-
TAGTCGAGTCAAATGGC; 5'-sequencing primer, GATGT-
GCGTGGCGAGTAGCACCC, hobo 3'-end reaction primers,
AGGAGGCTATCTACAGATTTTGG and GATCGTT-
GACTGTGCGTCCACTCA; and 3'-sequencing primer, GAG-
TACCGAGTGTTTATCGGGTGG.

The universal fast-walking method, developed in our labora-
tory during the course of this project, is a more effective
alternative to inverse PCR for primer-based amplification of
sequences adjacent to the P element or hobo-element termini
(14). For hobo the 5'-flanks universal fast-walking primers, listed
in their order of use, were: h5-1, ACTACCTACGAGAC-
CACTCG; h5-2, TTTAGGCACTGTGTGAGCGGNNNNN-
NNNNN; h5-3, TAACGGTATACCCACAAGTG; h5-4, ACG-
CAAACACCTATTGATTCGG; and h5-5, GATGTGCGTG-
GCGAGTAGCACCC. For hobo the 3'-flanks universal fast-
walking primers were: h3-1, CCGAATCAATACGGT-
GTTTTGCGT; h3-2, CGAGTGGTCTCGTAGGTACT-
NNNNNNNNNN; h3-3, CACTTGTGGGTATACCGTTA;
h3-4, GATCGTTGACTGTGCGTCCACTCA; and h3-5, ACA-
CAACGTCGGTAAAACACTCGA. The first-strand/final ex-
tension-time combination was 15/90 s for all 5’ flanks and the
3’ flanks, 70/150 s for some samples, and 15/40 s for others.

A Genomic deletion

whitet hobo

region deleted
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W

region
deleted

Fig. 2.  Distinguishing between mobilization events confined to the P{wHy}
transgene and deletion events extending into the adjacent genomic region. (A)
A genomic event extends from one end of the hobo element, removes one of the
marker genes, one P element terminus, and some adjacent genomic material
(indicated with crosshatching). (B) An event confined to the P{wHy} transgene: a
small deletion extending from one end of the hobo element and removing part
of the yellowtransgene, thereby inactivating it. The approximate positions of the
two PCR primers that are used to screen for a PCR product diagnostic of P{wHy}-
confined events are indicated by the two arrowheads.
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Diagrammatic representation of deletion complementation results. Molecularly mapped genes within the 350-400-kb regions subject to analysis are

shown at the top of A and B. Tester mutations used for lethal complementation analysis are shown in boldface. The maps are not to scale; discontinuities are
indicated by diagonal breaks. Deletions were grouped according to complementation behavior into subsets |-V for each deletion series. Results of the
complementation tests are shown at the right as + (viable), +/— (semilethal), or — (lethal). Vertical lines relate the complementation groups to the molecular
map. (A) Complementation tests with P{3'wHy} 01D09Y deletions. The two lethal P insertions are Uba 153484 and dap?4454. Relative to the insertion site, the second
deletion endpoints map as follows: subset | from 455 to 78,060 bp, subset Il from 82,399 to 101,979 bp, subset Il from 103,627 to 263,393 bp, and subset IV from
329,337 to 353,318. The semilethality phenotype of /(2) dap4454 null allele is confirmed (15). A total of 114 nonredundant deletions have been assayed, and 113
are classified as validated. One exception, an endpoint that maps with subset IlI, is viable over dap%¥4>4. (B) Complementation tests with P{5'wHy}01D0TW
deletions. The two P lethal insertions are dve?’738 and EP(2)2600 (inserted between the predicted genes CG3633 and CG6339). Relative to the insertion site, the
second deletion endpoints map as follows: subset I, from 216 to 42,756 bp, subset Il from 46,123 to 46,658 bp, subset Il from 53,165 to 211,901 bp, and subset
IV from 247,344 to 398,322. A total of 105 nonredundant deletions have been assayed, and of these, 100 deletions are classified as validated deletions. Five

exceptions that are viable over both dve®’732 and EP (2)2600 have been found. These exceptional cases may represent complex mobilization events.

Complementation Tests. The lethality of the P insertions dap?#**
(15), dve®738 (16), EP(2)2600 (17), and UabI*3*%* (9) were
verified with independent deletions, all of which were obtained
from the Bloomington Stock Center (Bloomington, IN). The
complementation crosses were performed by using males car-
rying the hobo-induced deletions with female testers. All the
progeny were scored, and crosses producing fewer than 100
progeny were repeated.

GenBank Accessions. The sequences described here are available
from GenBank as follows: the P{wHy} transgene structure,
accession no. AF516513; the original P{wHy}0ID0I insertion
site, accession no. BH772818; the derivative 01D01W deletion
endpoints, accession nos. BH770109-BH770205; the original
P{wHy}01D09 insertion site, accession no. BH772819; and the
derivative 01D09Y deletion endpoints, accession nos.
BH770206-BH770318. Three 01DOIW deletion endpoint se-
quences were below the acceptable limit for GenBank: 01D01W-
L204, GCCAGAGCGATCCTTAATTGCGTAAGAAACGA-
GAAAACATTAAGCT; 01D0IW-L205, GGTCTGGAGCT-
GCGCCTTCATCTCGACTCACTTCATGTCAAGCGCATT-
TAA; and 0ID0IW-L206, CCCTAAAGTGCTGAGATCAC-
CTGTGCAAATGTTTATTCCAGCT.

Results and Discussion

We have developed a technology (Fig. 1) that can rapidly
generate nested deletion arrays starting with the insertion of a

9950 | www.pnas.org/cgi/doi/10.1073/pnas.142310099

single-copy transgenic construct at any location in the genome.
The general features of this system (Fig. 1A4) are that it contains
two independent mobile-element systems that are incapable of
cross-mobilization. The outer “carrier” element contributes
mobile-element termini sufficient to transport the entire trans-
genic construct to alternative genomic locations in the presence
of the enzymes necessary to catalyze its mobilization. The inner
“deleter” mobile element is one that has a high frequency of
replicative mobilizations to nearby genomic sites (hereafter
referred to as “local hops”) catalyzed by its mobilization en-
zymes. Further, when a local hop inserts in the same 5'-to-3’
orientation as the starting deleter element, then there is a high
probability of recombination between the two copies of the
element, leading to the production of genomic-deletion and
tandem-duplication events. The genetic markers A and B brack-
eting the deleter element allow directional detection of the
deletion events through the loss of one of the two genetic
markers.

We have implemented this general strategy in D. melanogaster
by constructing an element that we term P{wHy} (Fig. 1B) in
which the P element serves as the carrier, the hobo element
serves as the deleter, and the genetic markers w™* (the engineered
derivative of a wild-type allele of the white eye-color gene) and
y* (the wild-type allele of the yellow body-color gene) provide
the detection system for the directional detection of deletion
events. The carrier P element can be mobilized only in the
presence of a source of P transposase within the genome, and

Huet et al.
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Fig. 4. Distribution of the extents of the validated and nonredundant
deletions of P{3'wHy}01D09Y (113 deletions) and P{5'wHy}01D0TW (100 de-
letions). The solid bars represent deletions (length in kb). (See Methods for
GenBank accession nos. of the deletion endpoints.)

similarly, the deleter hobo element can be mobilized only in the
presence of a source of hobo transposase. Based on work we
carried out on hobo transposase-mediated mobilizations of a
preexisting single defective hobo element located within the
decapentaplegic (dpp) locus in Drosophila (ref. 10 and L.R.B.,
M.A.C., and W.M.G., unpublished data), deletion events in
which one endpoint of the deletion falls exactly at the end of a
hobo element can be obtained readily through introduction of a
source of hobo transposase. The interpretation of the origin of
these events is a two-step process that occurs at sequential times
within the divisions of a single germ line: (i) local hops of hobo
are generated at a high rate after exposure to hobo transposase
followed by (i) transposase-mediated intrachromosomal recom-
bination between the original hobo and the transposed copy
residing nearby in the same orientation (10, 18, 19). By brack-

Huet et al.

eting the hobo element in P{wHy} with functional transgenes for
w* and y*, recombinational events following local hop of hobo
in the same orientation into a nearby genomic location result not
only in the loss of the intervening genomic material but also of
the w* or y* marker gene on that side of the P{wHy} element
(Fig. 1C). Thus, deletions can be detected purely on the basis of
the markers internal to P{wHy} without regard to the extent of
the genomic deletion.

For the P{wHy} system to be useful for global deletion
analysis, three criteria need to be met: (i) distribution (deletions
must occur over a broad size range), (if) granularity (deletions
typically must have different end points, reflecting a broad
distribution of insertion sites produced by local hopping), and
(iii) frequency (the system must be efficient enough to produce
a large number of deletions with reasonable effort).

To investigate the ability of this system to meet these criteria,
we have generated several single-copy P{wHy} autosomal insert
lines. Of these, we chose for intensive analysis the first two lines
we encountered that, at that time, were inserted into a large
contiguous block of finished genomic sequence deposited in
GenBank. Flies from these lines, P{wHy} CG12930°/P% and
P{wHy} 01D01, were crossed to a source of hobo transposase as
described in Methods. The progeny of this cross containing
P{wHy} and hobo transposase were test-crossed to y! wé7<?3 flies.
Their progeny were scored for the two phenotypic classes, wy~
and wy", expected for deletion events. For each line, we
recovered these two phenotypic classes. We will focus on the
characterization of the two nested deletion series for which we
have the most extensive data sets (Table 1). The hobo mobili-
zation frequencies encountered in the two cases, 404/1,539
(26%) and 363/1,870 (19%), respectively, of the male germ lines
tested (Table 1) are typical for other P{wHy} lines (ref. 21 and
F.H.,J.T.L., T. Martin, M.A.C., and W.M.G., unpublished data).

The recovered hobo mobilization derivatives were subjected to
a three-step characterization procedure. The first step culled the
hobo mobilization events in which the white or yellow marker
genes are inactivated or deleted by events occurring solely within
the P{wHy} element (Fig. 2B). Derivatives that pass this first step
are classified as “genomic events” (Fig. 24). Although the
occurrences of P{wHy}-confined events are substantial (~1/3 of
the total transmitted events), they are detected readily and
eliminated at an early stage of analysis and thus do not detract
from the overall efficacy of the system.

The second step of characterization of the genomic events
consisted of sequence mapping of the DNA adjacent to the
relevant hobo terminus. By means of two primed genomic
sequencing techniques (inverse PCR and universal fast walking;
see Methods), the sequence flanking the terminus of the hobo
adjacent to the genomic event was obtained for ~70% of the
genomic events (Table 1). Each flanking sequence then was
aligned to the Drosophila genomic sequence (1) by using BLAST
(20). “Candidate deletions” were selected on the basis of the
following criteria: (i) the hobo-flanking genomic sequence is
located in the vicinity of the original insertion site, (if) the
flanking sequence is on the expected side of the original
insertion relative to the phenotypic marker lost, (iii) the flanking
sequence is in the proper orientation relative to the hobo end,
(iv) hobo is detected in only one copy, and (v) hobo is not
flanking a transposon or repetitive sequence. Candidate dele-
tions turned out to be the bulk of genomic events: 83% for
P{3'wHy,w y*}0ID09Y (hereafter termed 0/D09Y) deletions
and 72% for P{5'wHy,w*y~}0IDOIW (hereafter termed
01D01W). The loss of one of the two phenotypic markers thus is
an excellent predictor of deletions among genomic events.

Very few of the candidate deletion endpoints are identical in
extent. Only 14 /127 and 14 /119 endpoints occur more than once
in the 0ID09Y and 01D0IW series, respectively (Table 1). We
conclude that multiple occurrences of the same deletion end-
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Deletions within 60 kb of the P{wHy} CG12930°7°%9 and P{wHy} 01D01 insertions discriminate among all transcription units. This diagram zooms in on

Fig. 4. The distribution of deletion endpoints (solid bars) and mRNAs (arrows) are compared. The thick line denotes the DNA. The vertical divisions are provided
to indicate the number of endpoints falling within (and between) mRNAs based on current knowledge of gene boundaries in the region. The horizontal axis
is calibrated every 10 kb. The diagram was made by using GenBank annotation and the Vector NTI Suite program. The intron-exon structure is not shown. (A)
Diagram of a gene-poor region near P{wHy} CG12930°7P%9 The 80-kb map fully spans CG1794. (B) A gene-rich region near P{wHy} 01D01. Endpoints located in
the untranslated terminal regions of the ari-2 and CG3380 transcripts are indicated also.

points arise with a sufficiently low frequency that they do not
hinder implementation of this system. In other words, local
hopping produces many different sobo insertion sites and leads
to a broad series of nested deletions.

If the candidates identified by these molecular analyses are
true deletions and are of sufficient extent, they should uncover
genetic markers within the deleted regions. Therefore, for the
third step of characterization, complementation tests with mo-
lecularly localized recessive mutations were performed. Four
recessive lethal P element insertion mutations were used:
Uba 1°3%4 and dap®** for the 01D09Y deletion set (Fig. 34) and
dev?1738 and EP(2)2600 for the 01D0OIW deletion set (Fig. 3B). As

9952 | www.pnas.org/cgi/doi/10.1073/pnas.142310099

expected, candidate deletions predicted to uncover these mutant
transcription units fail to complement these mutants (Fig. 3).
Only 1 exception of 114 01D09Y deletions and 5 exceptions of
105 0IDOIW deletions were encountered (Table 1). These
exceptions may have been generated by a double event, a small
deletion confined to the P{wHy} transgene, and a secondary
local hobo insertion. We conclude that for the two sets of
deletions, the vast majority of the candidate deletions behave as
expected in the complementation tests and thus are validated
deletions.

One of our key objectives was to assess the ability of this system
to achieve “nested deletion saturation,” which produces deletion

Huet et al.



sets with endpoints staggered such that the transcription units in
the flanking region are separable genetically. The molecular
extent of recovered deletions ranges from 216 bp to 400 kb of
adjacent genomic DNA. The overall size distribution (Fig. 4) of
the validated deletions is consistent between the two reported
sets (and among other less extensive sets, data not shown). The
density of deletions falls off with distance, resulting in a higher
number of deletions in the vicinity of the insertion site.

To define the region within which nested deletion saturation
can be achieved, we compared the deletion boundary distribu-
tion and transcription unit locations in the vicinity of the two
P{wHpy} insertions. For the two sets of 100 and 113 validated
deletions, it seems that ~60 kb represents a reasonable range
within which a high density of deletions is recovered (Fig. 5). The
01D09Y 60-kb region has only three putative genes in 60 kb (low
gene density; ref. 1; Fig. 54). All three transcription units in the
01D09Y 60-kb region are separated by deletion breakpoints. In
the 01DOIW 60-kb region, each transcription unit is separated by
at least one deletion boundary from the neighboring transcrip-
tion unit, which is true even within a genetically dense 23-kb
subregion containing eight transcription units (Fig. 5B).

Conclusions

The P{wHy} technique should make significant contributions to the
phenotypic annotation of the Drosophila genome. In the two
regions that we investigated in detail here, we see features that are
very encouraging regarding the general application of this meth-
odology. Specifically, we find that hobo transposase-mediated
P{wHy?} deletions are recovered at sufficient frequencies to enable
the detailed dissection of the molecular vicinity of an insertion.
Within 60 kb of an insertion site, a collection of 100 deletions (a
reasonable collection that could be generated from ~1,000-2,000
initial mobilization crosses) would produce a nested deletion series
in which endpoints would be staggered every 1-3 kb. Beyond this
60-kb distance, there would be occasional deletions as well, but the
distances between adjacent endpoints would be considerably larger.
Thus, for most regions of the genome, we would expect deletions
to separate transcription units reliably within ~60 kb on either side
of the initial P{wHy} insertion site.

There are two obvious applications of P{wHy} deletions for
phenotypic annotation of the genome. In one, nested deletions
can be used for complementation of known recessive mutations
that have been localized to a specific cytogenetic (or molecular)
region. In the other, nested deletions from P{wHy} inserts in the
vicinity of one another are generated, and through inter se
crosses transheterozygous pairs of deletions are produced that
remove both allelic copies of one or a cluster of transcription
units. This approach would allow the association of phenotype
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with elimination of a specific genomic region in a systematic way.
The same set of nested deletions could be used to assess the null
phenotypes produced by loss of many transcription units in a
given region, independent of the existence of other genetic
reagents in that region. We have established that both the
complementation test and overlapping deletion assay systems
can be exploited effectively with the P{wHy} system (21).

The P{wHy} system has the additional feature that phenotypes
are associated with the deletion of a specific set of base-pair
locations in the genome; thus, even if the transcription unit models
in a given genomic region are revised (as many inevitably will be
over the next several years), these genomically defined phenotypic
data will migrate easily forward to the new annotations. Further,
this technique will allow the discovery of important functions in
noncoding sequences in general and, in particular, noncoding
transcripts and small transcripts such as micro-RNAs (22). Gene
clusters of related function (23) can be eliminated, allowing studies
of their aggregate contributions to phenotype.

Given the ability to recover finely staggered deletion end-
points within 60 kb of an insertion site, ~2,000 P{wHy} inser-
tions regularly spaced over the genome would be sufficient to
produce a comprehensive set of deletions covering the entire
euchromatic genome.

Finally, this technology should be applicable to a broad set of
eukaryotic genomes for which carrier and deleter elements are
already available. The carrier element that can be moved in single
copy to many integration sites throughout the genome can be the
Mos element in Caenorhabditis elegans (24), Minos and piggyBac in
a variety of dipterans and other insects (25), Minos in human cells
(26), transfer DNA in plants (27), gene-trap vectors (28) and the
transposon Sleeping Beauty (29, 30) in mouse, and several retrovi-
ruses and transposons in zebrafish (31). The second essential
component, the deleter hobo-like element, belongs to the hAT
superfamily of transposable elements (18, 32) found in plants (Ac
and Tam3), fungi (Tfol), fish (Tol2), and mammals (Tramp). Ac is
known to undergo mainly local transposition in Arabidopsis (33) and
tobacco (34). Offset recombinational events were described first in
maize as triggering the classical breakage—fusion—bridge cycles (35)
and also have been illustrated in bacteria (36). All these data suggest
that sobo or other hAT members can be used as deleter elements
in non-Drosophila eukaryotes. Overall, because of the existence of
comparable deleter and carrier elements, we anticipate that the
deletion-generator strategy will have applications in many model
organisms.
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