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Abstract

Wnt protein forms a multigenic family secreting signaling
molecules important for various key developmental events
in animals. Wingless (wg) is the prototype member of Wnt
gene family, while DWnt4 has been identified recently from
a clonal library of proteins associated in vivo with Ubx
protein. DWnt4 has been reported to function in embryo
epidermis patterning, female gonade development, motor
neuron axon guidance.  In this study, validation was done
for some reported functions of DWnt4 with ectopic
expression and identified some novel functions using RNA
interference. Knockdown of DWnt4 caused in ventral
ectoderm reduced denticles with loss of one or two rows
or entire denticle belt. Loss of DWnt4 also loss of polarity
of wing hairs, loss of wing veins and notched wing
phenotype. All the bristles from adult abdomen were lost
when DWnt4 was driven with ubiquitous driver actineGal4.
Tissue specific drivers enGal4 caused loss of polarity of
dorsal tergite bristles and patches of tergites from adult
abdomen. Thus, the DWnt4 seems to function in the
cuticular differentiation of adult abdomen polarity of
tergites bristles in Drosophila.

Key words: DWnt4, RNAi, UAS-Gal4, wg, tergites, adult
abdomen, polarity

Introduction

Wnt genes (and proteins) belong to a family of secreted
signaling molecules that are homologues to the
wingless prototype gene of Drosophila and int1 gene
from mammary tumor virus. The wingless (wg) gene
was identified from EMS mutagen treated Drosophila
stock that lost one or both adult wings (Sharma and
Chopra 1976). Multiple Wnts has been identified
afterwards across entire animal kingdom. Wnt pathway
is one of the most important cell signaling pathways

for all eukaryotes which plays vital role from
embryogenesis to cell differentiation to adult
morphogenesis (Logan and Nusse 2004). Drosophila
has seven Wnt genes, out of which four Wnt genes
viz., DWnt4, wg, DWnt6 and DWnt10 are clustered in
cytogenetic interval 27E7 to 27F3 on left arm of second
chromosome (Adams et al. 2000).

DWnt4 gene maps 30 kb upstream of wg and
transcribes in opposite direction of wg. DWnt4 is not
an ortholog or paralog of wg, and shows 35% of
sequence similarity (Graba et al. 1995). It contains 22
cysteins found in all Wnt genes plus extra two cystein
residues, at position 90 and 103, which are not present
in wg (Graba et al. 1995). Functionally DWnt4 shows
segment polarity like pattern in ectoderm (Graba et al.
1995) and  have antagonistic and distinct activities in
ventral ectoderm patterning of embryo when compared
to wingless (Gieseler et al. 1999). During dorsal
ectoderm patterning of embryo, DWnt4 requires
hedgehog (Hh) for specification of 3o cells while wg
expresses independent of DWnt4 and hh and  specifies
4o cells (Buratovich et al. 2002). Ectopic expression
of DWnt4 in wing imaginal dics provides wg-like activity
and can give rise to ectopic wing blade by notum to
wing tranformation (Gieseler et al. 2001).

Semi - lethal and sterile DWnt4 mutants (Cohen
et al. 2002) demonstrated role of DWnt4 in ovariolar
sheath development and salivary gland migration
(Harris and Stevens 2007) through non canonical
pathway. DWnt4 is using planar cell polarity for giving
omanatidial polarity in ventral region of eye and it
interacts with four jointed(fj) which is a component of
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Frizzled (Fz)/PCP pathway (Lim et al. 2005), DWnt4
functions in motor neuron axon guidance, neural retina
development through non canonical Wnt signaling
(Sato et al. 2006). Till date no lethal allele of DWnt4 is
reported for embryonic cuticle patterning. DWnt4 can
antagonize canonical Wnt pathway by interacting with
PTK/Otk protein (Peradziryi et al. 2011). DWnt4/wg
are involved in long range directional input for hair
polarity of wings through Fz/Vang (Van Gogh) PCP
pathway (Wu et al. 2013).

Ectopic expression of gene has been used to
study functions of DWnt4 (Gieseler et al.1995, 1999,
2001). In this study, UAS-Gal4 system was used to
knockdown DWnt4 gene throughout different
developmental stages of Drosophila using different
Gal4 drivers. Ubiquitously expressed heatshockGal4
(hsGal4), actineGal4 (actGal4) and tissue specific
driver engrailedGal4 (enGal4) and patchedGal4
(ptcGal4) were used to study the functions of DWnt4
gene in the embryos of Drosophila during development.

Materials and methods

Drosphila stocks

Canton S was used as wild type. UASDWnt4 (obtained
from Marta Llimargass) and UAS DWnt4RNAi  (BDSC
stock No. 29442) ordered from Bloomington Drosophila
Stock Center (USA) and were used as Gal4 responsive
stocks with  heatshock Gal4 (hs Gal4), actineGal4
(actGal4), daughterlessGal4 (daGal4), engrailed Gal4
(enGal4) and patched Gal4 (ptcGal4) driver lines. Gal4
driver lines were used as female and crossed with
either UASDWnt4 or UASDWnt4RNAi according to
experiment.

Crosses set were as follows: daGal4 X UAS
DWnt4; daGal4 X UAS DWnt4RNAi; hsGal4 X UAS
DWnt4; hsGal4 X UAS DWnt4RNAi; enGal4 X UAS
DWnt4; enGal4 X UAS DWnt4RNAi; ptcGal4 X UAS
DWnt4; ptcGal4 X UAS DWnt4RNAi

In order to check possible OTEs (Off Target
sites) (Hinno and Gotto 2013) of the RNAi constructs
we examined the sequence of  JF03378 construct,
which forms double stranded RNA forming hairpin loop
against DWnt4 gene in the DWnt4RNAi line, (BDSC
29442)  using the dsCheck software.

The crosses were set as mentioned above and
embryos were collected for 4 hours and allowed to
grow at 25oC. Unhatched embryos were collected after
24-30 hrs. For heat shock Gal4 driver, embryos were
collected overnight at 25oC and heat shocked for 1 hr

at 37oC in waterbath. Cuticles of embryos were made
according to Stern and Sucena (2000).

For mounting the wings, the crosses were set
as above and allowed to lay eggs overnight at 25oC
and further shifted to 29oC; the latter provides better
expression of UAS constructs. The wings of the flies
which emerged from these crosses were removed in
ethanol and mounted in DPX mountant for observation
under microscope for any deviation from wild type wing
phenotype. Abdominal cuticles were made both from
eclosed adult flies and pharate adults. Flies were
dissected from pupae and transferred to 70% ethanol/
30% glycerol. Prior to examination, the adults were
dissected to separate abdomen, rehydrated and
transferred to Hoyer’s medium for clearing of soft
tissues, the slides were cleared at 50oC.

Results

Effect of over expression DWnt4 on ectopic
denticles

Over expression of DWnt4 resulted in ectopic denticles
in ventral cuticles of embryos. When UASDWnt4
transgene was over expressed with any of the Gal4
i.e., daughterless (da) or engrailed (en) or heatshock
(hs), the ectopic denticles were formed in the region
of naked cuticle (Fig. 1c) and showed embryonic
lethality of 14 to 25%, larval lethality of 4 to 7% and
pupal lethality of 15 to 30%. It was observed that naked
cuticles became decorated with denticles when
expression of DWnt4 was increased by shifting the
developing embryos to 29oC. The diversity and identity
of the segment belts remained unaltered.

Effect of over expression of DWnt4 on wings and
abdominal segment

The DWnt4 was over expressed using engrailed Gal4
(enGal4) and patched Gal4 (ptcGal4). The enGal4
expresses in the posterior wing compartment and the
(ptcGal4) expresses at A/P compartment boundary of
wing imaginal disc. Similarly, heatshock Gal4 (hsGal4)
was used to ubiquitously over express DWnt4. Pupal
lethality was 15-30% for all the three Gal4 drivers and
around 70% of the adults and pharate adults showed
open wings or wings perpendicular to the body axis
except for hsGal4. Similarly, the ectopic wing veins
and ectopic bristles were observed on scutellum and
notum of the flies. Loss of wing hair polarity particularly
in the posterior compartment of the wing was observed
when DWnt4 was expressed with enGal4.
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Effect of loss of DWnt4 on denticles on ventral
ectoderm

Down regulation of DWnt4 during embryo development
gave opposite phenotype to the over expression of
DWnt4 (Fig. 1). Over expression of DWnt4 caused loss

Loss of DWnt4 also lead to loss of polarity of
wing hairs (trichomes) and notched wing margin (Fig.
4). The notched wing manifested in 3-5% flies with
enGal4 and ptcGal4 but not with hsGal4 or actGal4.

Knockdown of DWnt4 caused loss of abdominal
tergites and polarity of abdominal bristles

The abdomen of adult Drosophila is made up of cuticular
structures. The dorsal surface is made of tanned
cuticles called tergites and the ventral surface is
covered with cuticles called sternites. Tergites bear
different types of bristles namely macrochaetae,
microchaetae and trichomes. Between the tergites and
sternites trichomes (pleura) are present. Spiracular
opening are present at lateral edge of each tergite (Fig.
6A,a). Ectopic tergite bristles were found near
spiracles upon over expression of DWnt4 (Fig. 6B,b).
When DWnt4 was knocked down with enGal4 and
hsGal4, adult and pharate adults with loss of tergite
bristles, patches of missing abdominal bristles and
loss of polarity of bristles (Fig. 5) were seen. When
RNAi for DWnt4 was driven with actGal4(actinGal4),

Fig. 1. Effects of DWnt4 over expression and
knockdown on ventral ectoderm of embryonic
cuticle a. Wild type b. hsGal4>UASDWnt4RNAi
c. hsGal4>UASDWnt4

Table 1. Embryonic defects due to knock down of DWnt4

Cross Segment absent Denticle row missing Reduced denticles No. of dead embryos
(%) (%) (%) observed

daGal4>UASDWnt4RNAi 21.8 (120/455) 24.8 (137/455) 36 (198/455) 10% (455/4550)

hsGal4>UASDWnt4RNAi 27 (135/500) 20.6 (103/500) 40 (200/500)  12.4% (440/3532)

enGal4>UASDWnt4RNAi 23 (138/600) 19.8 (119/600) 31 (186/600) 19.5% (443/2,271)

(a) (b) (C)

of naked cuticle while down regulation increased naked
cuticle. About 25-30% embryonic lethality was
observed with different degree of denticle deformities
which were classified as (A) Denticle reduced, (B) row
missing + denticle reduced, and (C) segment missing+
row missing + denticle reduced (Fig. 2). The frequency
of these phenotypes is summarized in Table 1.

Effect of DWnt4 knockdown on wings

To see the effect of absence of DWnt4 expression on
wing development, UASDWnt4RNAi line was over-
expressed using enGal4. The hsGal4 was used to
knock down DWnt4 from entire wing disc. Heat shock
was given to third instar larva at 37oC and then shifted
to 29oC for further development. For experiments using
enGal4 and ptcGal4, the egg laying was done at 25oC
and embryos were reared at 29oC till adult stage. The
enGal4 driven down regulation of DWnt4 resulted in
flies (2-4%) with  only one fully developed wing while
the other wing was absent (Fig. 3a). Similarly, 12.5%
of flies with hsGal4 driven down regulation and 4.8%
of flies with enGal4 driven down regulation showed
unequal wing development (Fig. 3b and 3c). Pharate
adult showed the same phenotypes.

Fig. 2. Ventral ectoderm pattern of embryos after down
regulating DWnt4 using RNAi line. Different
degrees of           cuticular defects  classified into
three classes (A and a) ) wild type ventral
epidermis (B and b) Reduced           denticle size
(C and c) Reduced denticles + row missing from
each belt (D and d)  reduced denticles + row
missing + segment missing
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Fig. 3. Wing phenotype induced after knock down of DWnt4 transcript, a) one wing missing, b) Wing reduced (inset
wing mount from reduced wing of respective fly, c) unopened wing blade and d) wing mount from unopened
wing phenotype

Fig. 4. Effect of loss of DWnt4 on wing blades; a) Wild type wing blade A for anterior and P for posterior wing
compartment; b) A notch in the wing  blade is observed  in a cross with enGal4>UASDWnt4RNAi

Fig. 5. Effect of loss of DWnt4 on abdominal patterning  and polarity of bristles; a) actGal4>UASDWnt4RNAi  causes
loss of abdominal segments and tergites; b) magnification of (a); c)  enGal4>UASDWnt4RNAi  results in
eclosion of flies with perturbed dorsal abdomen where distinct bands of abdominal tergites are not formed,
the polarity of bristles is not uniformaly posterior but instead some of bristles are oriented perpendicular, a
clear patch of bristleless cuticle is visible d) wild type abdomen (female)
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25-30% of pupal lethality was observed. The pharate
adults had normal development of wings, thoracic
bristles but were lacking of tergite bristles. However
the microchaetae and bristle precursors were present
on the abdomen of pharate adults (Figs. 5 and 6D,d).
Patches of bristleless tergites and stermites similar
to enGal4 driven knock down were also observed.
These patches had well patterned cuticle and bristle
precursors but no bristles (Fig. 6 C,c),

Discussion

This study was carried out to see the effects of DWnt4
over expression and knock down throughout the fly
development starting from ventral ectoderm patterning
of embryo till adult fly morphogenesis. The UAS-Gal4
system and RNAi has offered an unequivocal tool to
study the functions of gene in the absence of lethal
mutations. The study could identify novel functions of
DWnt4 during patterning of adult abdomen in fly
development.

DWnt4 expresses in segment polarity in pattern
similar to wg in ventral ectoderm, only difference being
DWnt4 expresses in middle of each parasegment and

anterior to stripes of wg. DWnt4 forms ectopic denticles
on over expression (Gieseler et al. 1999). Similar
observation was made in this study. Compromising
DWnt4 activity using RNAi led to different degree of
loss of denticles from embryonic cuticles (Table 1).
These phenotypes are quite contradictory to that of
wg where overexpression lead to formation of naked
cuticles (Noordermeer et al. 1992). Again, wg loss of
function leads to formation of ectopic denticles in the
region of naked cuticles (Bejsovec and Martinez Arias
1991). In early phase, wg maintains en (engrailed)
transcription in adjacent two cell rows of parasegment,
and during late phase maintains the denticle diversity
of anterior half of parasegment (Bejsovec and Martinez
Arias 1991). Looking at the ectopic expression
phenotypes in ventral epidermis of embryos, it became
clear that DWnt4 was functioning during late phase of
wg expression as knocking down of DWnt4 resulted in
development of embryos with only one or two rows of
denticles. Majority of embryos had six rows of reduced
denticles, however, the denticle diversity was lossed.
Denticle diversity remained unchanged on over
expression of DWnt4. Loss of DWnt4 also led to missing
of rows of denticle belts from each segment of ventral

Fig. 6. Adult abdominal cuticles after over expression and knock down of DWnt4 (A and a) wild type (B and b) over
expression of DWnt4 causes ectopic tergite bristles near spiracle (arrow) (C and c). Down regulation of
DWnt4 results in patches of missing tergites, trichomes are formed but no micro or macrochaetae (D and d)
Dorsal bristles are absent but cuticular structures are trichomes are present after knock down of DWnt4
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ectoderm. The rows were missed at random, sometime
the anterior rows (Gieseler et al. 1999) and  sometimes
the middle two rows were lost from each denticle belt
(Fig. 2). Graba et al. (1995) reported that DWnt4
transcript appears in segmental pattern after rapid
extension of germ band elongation. This stage
specifies the late phase of wg function in ectoderm
patterning where function of wg and en become
independent of each other.  The DWnt4 and wg
transcript got reduced in null mutants of hh and gsb
(gooseberry), the genes which are necessary for
activation of wg signaling. Results of the knock down
experiments are supporting the hypothesis that DWnt4
and wg are sharing common regulatory and  signaling
cascasde and DWnt4 can antagonize wg by either
substituting its function or interacting with other
segment polarity gene like hedghog.

DWnt4 can induce supernumerary wing, haltere
and bristles formation when over expressed strongly
under the control of ptcGal4. The supernumerary wings
are formed at the expense of notum, with ectopic D/V
(Dorsal-Ventral) boundary and quite high levels of
expression of Wg, En and Vg (Vestigial) while
supernumerary bristles are formed at the expense of
scutellum (Gieseler, et al. 2001). It is well documented
that Wg protein has intrinsic capacity to form a new
wing margin (Ng et al. 1996), formation of ectopic D/V
boundary for future wing blade, (Baker, 1988), and
specification of wing margin bristles (Couso et al.
1994).

Knocking down of DWnt4 can cause loss of wing.
However, in this experiment, flies were obtained with
one wing absent, notched wing margin, loss of wing
veins and loss of polarity of wing hair.  This can be
attributed to the endogenous activity of wg functioning
to pattern the wing. Flies without wings did not show
any transformation of notum, although sometimes
reduced scutellum was observed.

DWnt4 transcript down regulation resulted in
reduced wing blade size or unequal size of wing blades.
Wing hair showed loss of polarity both on over and
reduced expression of DWnt4. No Wnt gene has been
assigned for planner cell polarity (PCP) function in
Drosophila (Chen et al. 2008). Results of this study
indicated that DWnt4 is functioning in PCP for wing
hair polarity and wing size variation. Size of the organ
is attributed to cell’s perception for proliferation and
cell death which was controlled by gradient of
concentration of polarizing factor. (Day and Lawrence,
2000). The PCP pathways in Drosophila are regulated

globally by Fz/PCP pathway (Carvajal-Gonzalez and
Mlodzik 2014, Shulman et al. 1997). The double mutant
for wg-DWnt4 showed loss of polarity of wing hair and
this loss of polarity was caused by interaction of wg-
DWnt4 with Fz/vang PCP pathway (Wu et al. 2013).
DWnt4 interacts with four jointed (fj) to induce
ommatidial polarity in ventral domain of eye (Lim et
al. 2005). PTK7 and otk (Drosophila ortholog) are
Frizzled co receptors and they activate non canonical
Wnt pathway by forming Wnt/Fz/PTK7 or Wnt/Fz/otk
comple (Peradziryi et al. 2011). These reports support
the fact that DWnt4 can be a member of Wnt gene
family which is functioning in non canonical Wnt
pathway and PCP pathway. Occurrence of notched
wing on knockdown of DWnt4 with en or ptcGal4,
invokes the question, is DWnt4 able to form the wing
hair margin like wg (Couso et al. 1994) or is it interacting
with Notch signaling pathway during wing patterning?
Further experiments need to be done to find the answer
for this question.

The abdomen of Drosophila consists of
segments which are subdivided into anterior (A) and
posterior (P) compartments. The selector gene
engrailed (en) acts in P (posterior) compartment and
Hh acts on A (anterior) compartment, The gradient of
Hh actually gives rise to different bristle fate in each
segment in A compartment of abdomen which are
called tergites (Struhl et al. 1997a). Hh activates wg
in A compartment and then wg spreads back in P
compartment to pattern it (Lawrence et al. 2002). Lack
of wg leads to lack of bristle formation from sternite
and tergite, similarly ectopic expression of wg leads
to formation of ectopic bristles on abdomen and
expansion of sternite and tergite (Shirras and Couso
1996).

DWnt4 over expression with ubiquitous Gal4
drivers like actGal4 or hsGal4, or with tissue specific
driver like enGal4 results in ectopic bristles near
spiracles (Fig. 6). When DWnt4 was removed using
RNAi, with  same drivers showed loss of tergites and
polarity of abdominal bristles (Figs. 5 and 6). It may
be hypothesized that DWnt4 might be functioning in
adult abdomen patterning and was involved in planer
polarity of abdominal bristles. It is well established
that wg is necessary for determination of bristle
precursor 18-28 hr after puparium formation (Shirras
and Couso, 1996). Working model given for patterning
of Drosophila abdomen suggests that there is Factor
X which determines the polarity and size of bristles
and it may be induced by Hh (Lawrence et al. 2002).



310 Prachi Yadav et al. [Vol. 77, No. 2

DWnt4 interacts with hh in both ventral and dorsal
ectoderm patterning of embryo (Gieseler et al. 1995;
Buratovich et al. 2000). Hedgehog is the gene which
patterns the dorsal abdomen in adult (Struhl et al.
1997b). It may be possible that Hh is patterning
abdomen indirectly through DWnt4 and giving polarity
to bristles when wg has already decided the cell fate
for bristle precursor and onset of their differntiation.
Thus DWnt4 can be candidate of Wnt family of gene
as a link between patterning the adult abdomen and
giving polarity to the bristles.
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