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The Gal4-UAS system (Brand and Perrimon, 1993) for targeted expression of transgenes has
become a valuable tool in Drosophila molecular genetics. The expression pattern is defined
by the regulatory elements associated with the Gal4 driver. These regulatory elements are
derived either randomly by the enhancer-trap approach or by construction with enhancer
fragments. To simplify the latter approach, we generated a vector for convenient construction
of defined enhancer-driven Gal4 transgenes. This vector, pPTGAL (see Fig. 1), contains the
Gal4 coding sequences with a minimal promoter downstream of a multicloning site comprising
unique restriction sites for the introduction of enhancer fragments of interest. The entire
construct is already within a CaSpeR family P-element vector. This allows simple insertion of
enhancer fragments and immediate injection to generate transgenic lines. Here we demonstrate
the utility of this vector with two different enhancer fragments. Others have also used this
vector successfully (Emery et al., 1998; Park et al., 2000; Takaesu et al., 2002).

To test the vector, we wanted an enhancer fragment with a previously defined expression
pattern and that would also be useful as a Gal4 line. We chose the stripe 3 enhancer from the
even-skipped (eve) promoter (Small et al., 1993, 1996). Figure 2 details the staining patterns
that result from driving UAS-lacZ with two of the lines, line 8, which consistently stains more
intensely than the others, and line 18, which represents the remaining lines.

Staining was first noted in the 4–6-h period in which a vertical posterior band appears ventrally
at 62% embryo length (Fig. 2a,b,g). Previous work by Small et al. 1993, 1996 provides evidence
that this 500 bp enhancer regulates the expression of both stripes 3 and 7. Whether the posterior
staining we see corresponds to stripe 7 is unclear because the previous authors present only
cellular blastoderm stage embryos with both stripes apparent. We do not see both stripes
simultaneously, our expression being later, and the location of our posterior band at 62% egg
length deviates slightly from the 75–77% that we measured for stripe 7 from the figures of
Small et al. 1996. These differences could be imposed by peculiarities of the Gal4 system (see
below). Alternatively, the stripe 3 enhancer may contribute to the early broad band of eve
expression which appears in a band from 69–19% of the embryo length (from posterior) from
nuclear cleavage stage 10–13 as described by Harding et al. 1986 and MacDonald et al.
1986 using cDNA probes. Changes in staining pattern were next found among the 8–10-h
embryos (Fig. 2c,d,g), where a new band of staining at 40% embryo length is seen anterior to
the band found at 4 –6 h. This band extends from dorsal to ventral and likely represents the
third eve stripe, as suggested by its coincidence with the segmental pattern seen in Figure 1c.
At this stage, strain 8 shows additional ventral staining slightly anterior to the vertical band
and extending posteriorly. This could well be staining of the neural elements of the elongated
germ band because the most intense staining occurs in clusters, as expected in the nervous
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system (Frasch et al., 1987). There is also a suggestion of a new region of staining in the
posterior ventral and posterior dorsal regions (arrowheads Fig. 2c,d). Because these sites are
found on all lines whether they stain germ band or not, we think this may represent regions of,
or adjacent to, presumptive proctodeum staining described by others (Frasch et al., 1987) or
the presumptive Malpighian tubule region described by Harding et al. 1986. After 10 h, the
vertical stripes disappear and what appears to be dense staining of the salivary glands is
prominent (Fig. 2e,f). More than 50% of Gal4 lines express in salivary glands (Brand et al.,
1994). The strain 8 embryo in Figure 2e is shown from the dorsal view and shows extensive
staining between the putative salivary glands. No staining was seen in imaginal discs or other
larval tissues except for intense staining in salivary glands, which was first seen during
embryogenesis, nor was there staining in adult testes or ovaries, except apparent vector driven
patterns, as noted below.

All four strains were remarkably similar with respect to the positioning of the bands (Fig. 2g),
suggesting stable regulation of the enhancer at a variety of chromosomal locations.
Nevertheless, there were differences in staining intensity, with the most intensely staining line
(no. 8) also providing a more complicated staining pattern in the elongating germ band,
including possible expression in neural elements. It is not clear whether the additional pattern
elements in this line are mediated solely by flanking regulatory elements or by interactions
between elements in the flanking DNA with those in the vector or enhancer fragment.

Normal eve expression is usually seen first in syncytial blastoderm embryos (Harding et al.,
1986; MacDonald et al., 1986) and its role in segmentation is finished at the peak of germ band
elongation (about 4 h after fertilization). Our results suggest that the eve stripe 3 Gal4
expression is delayed by almost 3 h in producing the third stripe. Several explanations for the
initial delay in staining expression are possible. One attractive hypothesis is that it may be due
to inhibition of UAS response elements, as seems to be the case in the female germline (D.
Godt, pers. commun.). Perhaps eggs contain inhibitors that gradually decline during the first
stages of embryogenesis. This hypothesis is consistent with previous observations that Gal4-
mediated expression does not appear before about 3 h of embryonic development (Brand et
al., 1994); it is also consistent with the timeliness of later expression patterns because they
would no longer be subject to inhibition. Newer UAS constructs, which are insensitive to
germline inhibition, may also prove useful in generating expression from Gal4 drivers earlier
in development (D. Godt, pers. commun.).

Additional Gal4 lines were generated with expression in chordotonal organs. We were
particularly interested in lines that express specifically in Johnston’s organ (JO), the antennal
chordotonal organ that mediates hearing (for review see Eberl, 1999). We screened many
enhancer trap lines with various constructs (data not shown) and found one hobo enhancer trap
line (Smith et al., 1993), J21.17, with very specific lacZ staining in JO neurons (Fig. 3a) but
nowhere else in the fly. To generate a Gal4 line with this pattern, we cloned the enhancer
fragment from the DNA flanking the insertion site and inserted it into the pPTGAL vector (Fig.
3). We recovered six independent transformed lines and found that all recapitulated the
J21.17 expression pattern with some variations. Five lines had additional expression either in
leg chordotonal organs or in specific muscles. The additional patterns in these lines were likely
caused by chromosomal position effects and therefore no further characterization was carried
out. The remaining line, JO15, was the most specific. It shows clear and strong expression in
JO neurons (Fig. 3b). In addition, a small number of scolopidia in the leg chordotonal organs
show sporadic expression (not shown). In the brain, we see variable expression in mushroom
bodies. Thus, all transformed lines showed the expected pattern in JO, although some
specificity was lost either through chromosomal position effects or through the effects of
sequential transcription of the Gal4 and UAS transgenes imposed by the Gal4 system.
Preliminary experiments with JO15 driving UAS-GFP suggest that JO15 is expressed only in
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a subset of JO neurons (data not shown); whether the original J21.17 enhancer trap line also
expresses in only a subset is not clear. Despite these caveats, the JO15 Gal4 line remains a
very powerful tool to answer a variety of important questions. For example, it can be used to
drive various GFP constructs that will illuminate the dendritic structure, the central projections
or the synaptic ultrastructure of JO neurons, not only to define the wild-type structures, but
also to determine the effects of mutant genotypes. The JO15 line may also become an important
reagent for distinguishing possible functional subtypes of chordotonal units in the JO by
expressing deleterious constructs.

In all the lines described above for both the eve stripe 3 construct and the JO construct, we find
certain cells that always express the reporter. These are likely to be vector-driven patterns.
First, a few cells (<10) stain in the sheath of the adult testis just before it transitions into the
testicular duct and the seminal vesicle. Second, in the adult ovaries some staining appears in
stage 9 egg chambers; these may be follicle cells near the anterior end of the oocyte. Third,
most of the lines show some level of expression, sometimes variegated, in the salivary glands.
Before using the pPTGAL vector to study these regions, we suggest that additional controls
be performed to distinguish enhancer-driven from vector driven patterns.

In summary, the pPTGAL vector is a convenient tool for the analysis of unknown enhancer
fragments or the generation of Gal4 lines with defined enhancers through one-step cloning.
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FIG. 1.
Map and construction of the pPTGAL vector. a: The pPT-GAL vector, based on CaSpeR3,
contains the Gal4 coding sequences driven by a minimal promoter downstream of a
multicloning site (MCS) for insertion of enhancer-containing fragments. Unique restriction
sites (asterisks) include StuI, XbaI, SstII, NotI, BglII, EcoRI, KpnI, and BamHI. b: Sources of
fragments in construction of this vector are indicated. References for source plasmids are:
pCaSpeR3 and pCaSpeR4 (Thummel and Pirrotta, 1992), pGaTB (Brand and Perrimon,
1993) and pHLw2 (Smith et al., 1993). c: DNA sequence around the multicloning site.
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FIG. 2.
Expression patterns of Gal4 lines generated with the even-skipped stripe 3 enhancer. The stripe
3 enhancer was a 500 bp BamHI/SstI fragment derived from pPB-500st.3 and inserted into
pGEM-3Zf(+) to acquire suitable restriction sites. The enhancer was then transferred as an
XbaI/EcoR1 fragment to pPTGAL. Four transformant lines were recovered after injection (as
described by Spradling, 1986) into early-stage embryos, three with insertions on the second
chromosome (lines DC, 1 and 8) and one on the third (line 18). Shown are X-gal stained
embryos of line 8 (a,c,e) and of line 18 (b,d,f) crossed to the second chromosome UAS-lacZ
reporter strain (Brand and Perrimon, 1993). Eggs from 2-h collections were aged to give 4–6-
h embryos (a,b), 8–10-h embryos (c,d), or 10–12-h embryos (e,f). g: Stripe position as a
percentage of embryo length was determined from microscopic images with ImagePro
software. Measurements were made from the anterior margin of the stripe to the anterior end
of the embryo. The positions of anterior stripes (black bars, n = 15 embryos per line) are very
consistent between insertion lines, as are the posterior stripes (gray bars, n = 16 embryos per
line). Error bars indicate standard deviations.
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FIG. 3.
Expression pattern of the JO15 Gal4 line. The J21.17 hobo enhancer trap shows very specific
staining in Johnston’s organ, the antennal chordotonal organ (a). To generate a Johnston’s
organ-specific Gal4 line, we plasmid-rescued (HindIII) 12 kb of genomic DNA flanking the
J21.17 insertion site (Smith et al., 1993) and used a 5.8 kb BamHI fragment about 0.4 kb from
the hobo insertion site as our putative JO-specific enhancer fragment. Comparing partial
sequence of this fragment with the genome sequence suggests that the hobo insertion caused
a complex rearrangement in this region, so the exact nature of this fragment has not been
determined. This fragment was ligated into pPTGAL digested with BamHI and BglII and
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colonies were selected that showed the correct orientation of the insert. After injection, six
independent lines were recovered. The most specific line, JO15, is shown here (b).
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