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Abstract

During Drosophila oogenesis, nurse cells undergo changes in chromosomal morphology, first
from the polytenic form to a transient condensed phase known as the five-blob configuration, then
into a diffuse polytenic-polyploid state for the remainder of oogenesis. The mechanism by which
nurse-cell chromosome dispersal is regulated remains elusive. Mutations in several genes,
including the heterogeneous ribonucleoprotein genes squid (sqd) and hrb27C, the alternative
splicing factor gene poly U binding factor 68 kDa (pUf68, also known as half-pint), and the germ-
line-specific gene ovarian tumor (otu), that produce defects in nurse-cell chromosome dispersal
also produce defects in oocyte polarity, suggesting a link between these two processes. here, we
characterize a novel gene named poly, which, when mutated in the germ line, disrupts nurse-cell
chromosome dispersal, as well as localization of anteroposterior and dorsoventral determinants in
the oocyte. We also show that poly interacts genetically with hrb27C and otu. We conclude that
poly is required for nurse-cell chromosome dispersal and oocyte polarization in the Drosophila
germ-line. In addition, our interaction data suggest that poly is probably a member of the
characterized mRNp complex that mediates both processes.
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Drosophila oogenesis serves as a versatile model for the study of spatiotemporal regulation
of transcription, translation and localization of discrete mRNAs and proteins in a
developmental context. The processes underlying oogenesis, from stem-cell differentiation
to maturation of the oocyte, occur sequentially in long tubes called ovarioles. Each ovary
includes approximately 16-20 ovarioles, and each ovariole has a germarium that contains a
repository of germ-line and somatic stem cells. Germ-line stem cells self-renew and produce
cystoblasts, which subsequently give rise to 15 nurse cells and 1 oocyte per egg chamber,
whereas somatic stem cells produce an epithelial layer of follicle cells that covers the germ-
line cells. The most prominent roles of nurse cells are the synthesis of enormous amounts of
mMRNAs and proteins that aid in oocyte differentiation and growth and the accumulation of
maternal stockpiles of products to be used during embryogenesis.! The follicle cells
communicate with the germ-line cells throughout ocogenesis to support the development and
differentiation of the oocyte.?
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The anteroposterior (AP) axis is established by localization of oskar (osk) mMRNA at the
posterior and bicoid mRNA at the anterior of the oocyte during stages 8-10 of oogenesis.3
Microtubule organization plays an important role in many steps in the establishment of
oocyte polarity; before stages 6—7 of oogenesis, the plus ends of the microtubules are spread
throughout the nurse cells, and the minus ends are focused in the posterior of the oocyte.* In
response to signaling from the posterior follicle cells, the microtubules are disassembled and
renucleate, producing a reversion of the polarity of the filaments, such that the plus ends of
the microtubules are oriented toward the posterior of the oocyte and the minus ends
aggregate at the anterior cortex.” During stage 9, osk mMRNA and Staufen (Stau) (a dsSRNA-
binding protein that colocalizes with osk MRNA) are both transported by Kinesin, a plus-end
microtubule motor, to the posterior of the oocyte.8” By stages 7-8, the oocyte nucleus is
located at the anterodorsal corner of the oocyte, where Gurken (Grk), an EGFR ligand, is
tightly localized, and is involved in dorsoventral axis polarity.8 Mutations that interrupt any
of these vital processes, through mutant somatic and/or germ-line cells, can potentially
disrupt the AP/DV axis polarities of the oocyte.342

Recent studies have indicated that heterogeneous ribonucleoproteins (hnRNPs) such as
squid (sqd) and hrb27C, the alternative splicing factor poly U binding factor 68 kDa (pUf68,
also known as half-pint), and the germ-line-specific gene ovarian tumor (otu) are required
for localization of grk mMRNA to the dorsoanterior and/or localization of osk MRNA to the
posterior of the oocyte.10-12 Intriguingly, these mutants also show chromosomal morphology
defects in the nurse cells from stage 6 of oogenesis onward. Nurse cells undergo an
asynchronous cell cycle regimen comprising 10-12 endocycles of continuous DNA
replication before programmed cell death. After the first five endocycles, the DNA coalesces
visibly into the characteristic five-blob structure during stages 4-5 of oogenesis. Each blob
represents one of the major polytenic chromosomal arms (X, 2L, 2R, 3L and 3R). Evidence
supports the hypothesis that a transient mitosis-like phase follows the fifth endocycle, during
which the polytene chromosomes disperse throughout the nurse-cell nucleus, resulting in a
loss of the visible five-blob structure in all nurse cells by stage 6 of oogenesis.13 Many of
the mutants in which the nurse-cell chromosomes fail to disperse after the five-blob stage
also show defects in localization of AP and DV axis determinants, but determination of a
functional relationship between this chromosome-dispersal event and formation of the AP/
DV axis polarities has been elusive. Nurse-cell chromosome dispersal has been suggested to
facilitate rapid ribosomal synthesis of proteins needed for the remainder of oogenesis from
stage 6 onward.13

Here we report that, from a flipase-flipase recognition-target (FLP-FRT) mosaic screen, we
isolated a new allele of poly (poly?) that caused prominent defects in Stau-GFP localization
and nurse-cell chromosome dispersal in germ-line clones. poly is a novel gene that was
originally identified for the aberrant nuclear morphology it produces in the brains of third-
instar larvae (Heck A, Dros Res Conf 36, Flybase; named polyl). We conclude that the
novel gene poly is required for nurse-cell chromosome dispersal and oocyte polarity and
suggest that poly can interact with members of the MRNP complex that are involved in
similar processes.

poly is required in the germ-line for efficient Stau localization and nurse-cell chromosomal
dispersal. To uncover new genes that are involved in oocyte polarity formation, we
performed an FLP-FRT mosaic screen for Stau-GFP localization with approximately 400
FRT mutant lines containing P-element insertions, across the right arm of the third
chromosome.1415 Stau-GFP colocalizes with osk mRNA at the posterior of the oocyte in
wild-type stage-9 egg chambers (Fig. 1A and data not shown).16 One of the lines that
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affected the localization of Stau-GFP in egg chambers with mutant germ-line clones was
8131 (an FRT-containing P-element line from Szeged stock center); out of 66 stage-9 8131
germ-line clones examined, 24% displayed complete mislocalization (center of oocyte; Fig.
1B), 53% displayed partial mislocalization (center and posterior of oocyte), and 23%
retained wild-type localization (posterior of oocyte). An additional phenotype observed in
8131 germ-line clones was the alteration of nurse-cell chromosomal morphology (compare
Fig. 1C and D). Normally, wild-type egg chambers in early oogenesis possess polytenic
chromosomes that progress to a distinct five-blob configuration at stage 4, before dispersing
into a diffuse state during stages 4-5. By stage 6, all of the nurse-cell chromosomes exhibit a
diffuse state. The polytenic nurse cells of early-stage 8131 germ-line clones are
indistinguishable from those of the wild type, but after stage 5 8131 germ-line clones remain
in the five-blob configuration (Fig. 1E and F). The nurse-cell chromosomal dispersal defect
is completely penetrant in poly? clones; all of the 66 stage-8 and stage-9 poly? germ-line
clones examined maintained the nurse-cell dispersal defect.

To identify the target gene disrupted by the P-element in the 8131 line, we used inverse PCR
to amplify the regions flanking the P-element; sequencing determined the site of insertion in
the sole intron of the gene poly (naming based on Flybase nomenclature; Fig. 1G). This
finding is supported by complementation analysis of the 8131 (designated poly?) allele with
poly, which also resides in the only intron of poly; poly? failed to complement poly?,
resulting in decreased viability, similar to that of poly? homozygous mutants (Table 1). In
addition, both poly? homozygous and polyY/poly? transheterozygous larvae exhibited
delayed development, reaching third-instar and pupal stages later than their heterozygous
siblings. To ensure that mutations in poly are responsible for the phenotypes seen in poly?
germ-line clones, we performed rescue experiments in which we overexpressed UASp-
polyGFP specifically in the germ-line with a maternal-a-tubulin GAL4-VP16 (mat-GAL4)
driver (Fig. 2A) in the background of poly? germ-line clones.1” While the overexpression of
PolyGFP may not reflect the endogenous localization of wild-type Poly, we have found
PolyGFP to be ubiquitous in the germ-line and localized in nurse-cell nucleoplasm, as well
as nurse-cell and oocyte cytoplasm. During midoogenesis, overexpression of PolyGFP was
also enriched in the nurse-cell chromatin and oocyte cortex (Fig. 2A). Overexpression of
PolyGFP in poly? germ-line clones fully alleviated Stau localization and nurse-cell
chromosomal dispersal defects in all stage-9 and stage-10 egg chambers (Fig. 2B—F; n=
21), indicating that AP axis defects and nurse-cell chromosomal dispersal failure are caused
by loss of poly function.

poly encodes a 251-amino-acid protein with no known domains. In an effort to deduce the
function of poly, we used ClustalX to find putative homologs of poly in other model
organisms (Fig. 3). Virtually identical poly coding sequences were found in all other
Drosophila species; homologs in the Aedes aegypti mosquito and Bombyx mori silkworm
show 53% and 47% sequence similarity, respectively, to Drosophila melanogaster Poly.
The Poly protein sequence displays an extensive divergence from putative homologs from
mammals, including Homo sapiens and Mus musculus, which retain 22-25% sequence
identity and are known collectively as TMEM103 (transmembrane protein 103) or ATP1
(Angiotonin-transactivated protein 1) proteins and have unknown functions. The lengths of
these proteins range from 211 to 256 amino acids, suggesting that, despite significant
divergence between Poly and mammalian TMEM103 proteins, Poly still possesses similar
functions in Drosophila species.

poly affects the localization of gurken and microtubule integrity

To characterize further the involvement of poly in oocyte polarity, we examined the
expression of Grk, a determinant of DV polarity of the egg chamber, in poly® and poly?
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germ-line clones. Wild-type egg chambers displayed a dense localization of Grk at the
dorsoanterior corner of the oocyte, tightly associated with the oocyte nucleus during stages
7-10 (Fig. 4A).8poly and poly? stage-8 and stage-9 germ-line clones exhibited a weak Grk
mislocalization phenotype (Fig. 4B), in which a small amount of Grk mislocalized to the
ventral corner and/or aggregated into foci in the periphery of the oocyte nucleus. Although
the Grk mislocalization phenotype was less pronounced than that in hrb27C and sqd
mutants,1? it was consistently present. Out of 67 stage-8 and stage-9 poly? germ-line clones
examined, 42.4% showed wild-type Grk localization; 13.6% showed a reduced amount of
Grk at the dorsoanterior corner of the oocyte, 27.3% showed some Grk foci, and 16.7%
showed a trail of Grk toward the dorsoventral corner. The extent of Grk's effect on eggshell
formation is not known, because both poly? mutant mothers and poly? germ-line-mutant
mothers derived from the dominant female sterile technique both failed to deposit eggs.

Localization of Stau and Grk depends on an intact microtubule network in the germ-line
cells. To determine the microtubule integrity in poly germ-line clones, we examined the
localization of Kinesin::p-Galactosidase (Kin::B-Gal), a microtubule plus-end marker in the
oocyte.1® Kin::p-Gal in stage-9 wild-type egg chambers localized at the posterior of the
oocyte (Fig. 4C). In poly? germ-line clones, Kin::B-Gal was frequently absent from the
posterior or, occasionally, present in only low amounts, implying defective microtubule
organization (Fig. 4D). Overall, our data suggest that poly is required in the germ-line for
proper microtubule organization and oocyte polarity.

poly interacts with hrb27C and otu

poly germ-line clones display oogenic phenotypes reminiscent of some characterized
members of the mRNP complex, including hrb27C. We therefore performed genetic-
interaction experiments, using hrb27C alleles with poly? homozygous flies; poly! is fully
recessive lethal, but poly? homozygous adults can be recovered and display many of the
same oogenic phenotypes described above for poly germ-line clones (Fig. 6A). These
studies did not produce conclusive results for ovarian phenotypes, because of the extremely
small ovaries found in poly? homozygous mutants, but evidence of genetic interactions was
revealed by modification of additional external phenotypes found in poly mutants.
Specifically, poly? homozygotes and polyY/poly? transheterozygotes display notching of the
wing margin, although the severity varies (Fig. 5B); P-element hop-outs of poly? yielded
precise excision lines that showed intact wing-margins (data not shown). The wings of
hrb27C377/+ flies are wild-type in appearance (Fig. 4C), whereas a single copy of the
hrb27C377 mutation in the poly? homozygous mutant background strengthens the wing
margin phenotype over that of poly? homozygosity alone (Fig. 5D). To ensure further that
loss of poly caused the wing-margin loss in homozygous mutants, we successfully alleviated
the wing-margin loss in poly? mutants by expressing a UASp-poly transgene with the actP-
GAL4 driver (Fig. 5E).

On the basis of the wing-notching enhancement seen with reduction of hrb27C in the
background of poly? homozygotes, we further studied the genetic interaction between otu
and poly. The majority of alleles of identified mMRNP components with germ-line functions
phenocopy nurse-cell dispersal defects seen in heterozygous otul! and otul3 mutants.
Because mutations in a few of these components have been shown specifically to affect the
Otu-104 kDa isoform, we performed genetic interaction studies with otu mutants and poly?
germ-line clones. We detected no prominent changes in nurse-cell chromosomal dispersal in
otul3/+; poly? germ-line clones (data not shown), but multiple copies of the otu-104
transgene facilitated further development of poly? homozygous ovaries. poly? mutant
ovaries were small and displayed a wide variety of defects, including egg-chamber fusion,
apoptosis and nurse-cell chromosome morphology defects (Fig. 6A and B). The
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enhancement of phenotypes in poly? mutant egg chambers in comparison to poly? germline
clones is most likely due to loss of Poly function in the somatic tissue in conjunction with
loss of Poly in the germ-line, as induction of poly? follicleclones frequently undergo
apoptosis (data not shown). In addition, poly/poly? transheterozygotes and poly?/Df6168
hemizygotes also presented similar defects in egg-chamber fusion and nurse-cell nuclei
dispersal defects. In poly? mutant ovaries with four copies of the otu-104 transgene, egg
chambers progressed further in development, and the five-blob-configuration phenotype was
rescued (Fig. 6C), but in poly? homozygous ovaries, nurse-cell chromosomal morphology
defects persisted that were distinct from the five-blob configuration, and egg chamber fusion
was still frequently seen (Fig. 6C—). We conclude that poly functions downstream of otu
and those higher levels of the Otu-104 kDa protein can partially suppress poly phenotypes.

Discussion

Methods
Fly stocks

In addition to hrb27C, sgd and pUf68, mutations in genes encoding transcription factors
E2F1 and DP, the chromo-domain protein Rhino, the RNA helicase P68, and Spoonbill all
affect nurse-cell chromosome dispersal and grk mRNA localization.19-23 Similar ovarian
phenotypes displayed in mutants for these genes suggest a significant spatiotemporal link
between nurse-cell chromosomal organization and oocyte polarity. The great functional
diversity represented by these genes highlights the complexity of this essential yet poorly
understood process. Here, we report that the novel gene, poly, is required for nurse-cell
chromosome dispersal and AP/DV polarity. Our evidence of genetic interactions among
poly, hrb27C and otu suggests that Poly is involved in processes similar to those of these
previously characterized proteins. The otu-104 transgene (containing a large genomic
fragment of otu that contains exon 6a) alleviates the Grk mislocalization and nurse-cell
chromosome-dispersal failure defects of pUf68, sqd and hrb27C.11 Overexpression of
Otu-104 partially rescues the poly mutant ovarian phenotypes, but the persistent fusion of
egg chambers and nurse-cell nuclear defects in this rescue experiment suggest that poly
mutations affect the expression of additional genes that mediate nurse-cell chromosome
architecture and oocyte polarity formation/maintenance.

The interactions among different members of the mRNP complexes in Drosophila oogenesis
cataloged to date are either protein-protein (such as cup-el F4E)2*4 or RNA-dependent
(hrb27C-sqd).1! The lack of any known protein domains in Poly prevents formation of a
clear idea of Poly's possible functions in Drosophila oogenesis. From our results, we
conclude that poly mutations affect the expression of genes independently or downstream of
otu. Further studies are needed that can reveal the molecular mechanisms of poly and can
identify the downstream targets that are affected by loss of poly function.

Fly stocks bearing the following mutations were used: poly648 (a P-element insertion allele
from the Bloomington stock center that was recombined to the FRT82B chromosome;
designated polyl) [FBal0035465], poly? (known as P-element insertion 8131; from the
Szeged stock center, Hungary) [FBal0190755], P[otu-104] (ovarian tumor 104-kDa isoform
on the third chromosome, a gift from Dr. Lillian Searles; on the second chromosome, a gift
from Dr. Trudi Schupbach) [FBtp0004944]. The kin-lacZ line (a gift from Dr. Hannele
Ruohola-Baker)18 [FBti0002915] was used to determine the integrity of microtubules in
poly germ-line clones. Although it is not known if poly! is a null allele, the complete larval
lethality of the poly? line, as well as the difficulty in creation of stage-9 poly! germ-line
clones, allows classification of poly? as a hypomorph allele.
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To generate poly germ-line clones, we used hsFLP, aTub67C-GFP-Stau;2526 FRT82B ubi-
GFP/TM6B Hu Th or TM3 Sb, and hsFLP; FRT82BarmlacZ/TM6B Hu Th stocks (original
FRT82B-ubiGFP and FRT82BarmLacZ stocks with FBIDs FBst0005188 and FBst0008218,
respectively). For overexpression of poly, a full length cDNA, kindly supplied by Dr.
Margarete Heck, was cloned into a pUASp vector by the FSU Molecular Cloning Facility,
with or without the eGFP tag at the amino terminus, and injected into embryos according to
standard procedures (performed by Duke University Model System Genomics). The P[mat-
a-tubulin-GAL4VP16] driver [FBst0007062] on the second chromosome was used for
germ-line—specific overexpression of poly. The P[actin-GAL4] driver [FBst0004414] on the
second chromosome was used for ubiquitous overexpression of poly.

poly population analysis

Multiple vials of poly? stocks were expanded, transferred repeatedly, and kept at 18°C, 25°C
or 29°C for population analysis of poly2 homozygotes for one generation. Multiple vials of
poly! flies crossed to poly? flies were given identical experimental treatment and examined
for the presence of polyY/poly? transheterozygotes for one generation as well. The
percentage of viability was defined as the actual number of poly mutant flies scored, divided
by the expected number of poly mutant flies, which is half of the number of balanced
siblings. SE stands for standard (sampling) error and is related to standard deviation, i.e., the
probability that data collected from the sample size is inaccurate. For the standard error of
poly homozygote/transheterozygote viability, the following formula was used:

(SE=SD (standard deviation)of sample) /(square root of n (total sample size))

where the standard deviation for 1 out of the 4 possible genotypic classes of progeny is the
square root of (0.25 x 0.75), approximately 0.433.31 Subsequent calculation of the standard
error from standard-deviation values demonstrated that the smaller the SE value was, the
more statistically significant the data collected from the sample size was; this result provides
additional evidence that the sample size was adequate to demonstrate temperature-sensitive
viability in poly homozygotes/transheterozygotes.

Generation of mosaic clones by the FLP-FRT technique

Fly crosses and rearing were performed under standard conditions.2” The FLP-FRT system
was used to induce mitotic recombination and produce clones in the ovary through the heat-
shock flipase (hsFLP) on the X chromosome. To obtain germ-line clones, we heat shocked
second- and third-instar larvae for 2 hours on two consecutive days; the larvae were then
reared at 25°C for eight days, sorted and moved to fresh vials with yeast for two additional
days before dissection.28 Clones were marked by the absence of ubi-GFP29 or arm-lacZ.

Genetic interaction studies

hrb27C377 (located on the second chromosome) was crossed to a Sp/CyO; poly?TM6B
stock and crossed to poly?/TM6B again to produce poly? escapers with heterozygous loss of
hrb27C in the background. Progeny were reared at 18°C, a temperature that maximized
number of escapers for study.

Inverse PCR

Inverse PCR was performed according to the standard BDGP protocol with primers for
amplifying flanking sequences of the P{LacW?} element. Recovery of flanking sequence
data for the 8131 insertion revealed the insertion in the sole intron of the poly gene.
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Immunocytochemistry

Immunocytochemistry was performed under standard conditions.3? The antibodies used
were mouse anti-Gurken (1:20; Developmental Studies Hybridoma Bank), rabbit anti-
Staufen (1:2,000; a gift from D. St. Johnston), and mouse anti-p-galactosidase G4644 at
1:1,000 dilution (Sigma-Aldrich).

Multiple alignment analysis

poly coding sequences from other species of Drosophila and putative homologues from
nondipteran species were aligned with ClustalX 2.0.10 and modified in Adobe Photoshop
Cs2.
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Abbreviations

armLacZ armadillo-lacz
eGFP enhanced GFP
GFP green fluorescent protein
Hu humeral (marker)
kDa kilodalton
PCR polymerase chain reaction
Sb stubble (marker)
TM3 third multiple three (balancer)
TM6B third multiple six, B structure (balancer)
Th tubby (marker)
UASp upstream activation sequence P-element construct
ubi-GFP ubiquitin-GFP
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Figure 1.

The identification of the novel gene poly isolated by a flipase-flipase recognition-target
mosaic screen for mutations affecting anteroposterior axis polarity. (A) In wild-type stage-9
egg chambers, stau is localized at the posterior of the oocyte, and nurse-cell chromosome
morphology is diffuse (c). (B) stau localization is disrupted in the majority of poly? germ-
line clones; complete mislocalization of stau is seen in the center of the oocyte, and nurse-
cell chromosomes fail to disperse (D). The wild-type ovariole displays a polytenic
configuration in the very early stages before rearrangement to a five-blob configuration that
precedes dispersal to a diffuse state in stages 5-6 of oogenesis (early stages at the anterior/
left and later stages at the posterior/right). (e and F) An ovariole that contains poly? germ-
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line clones, early stages at the anterior/left and later stages at the posterior/right. poly? germ-
line clones, before stage 5, are indistinguishable from wild-type polytenic configurations.
The wild-type egg chamber that precedes the posteriormost germ-line clone has dispersed
nurse-cell chromosomes (arrow), whereas the germ-line clone maintains a five-blob
configuration, indicating a failure to disperse (arrowhead). (G) poly is a partially nested
novel gene that encodes a 251-amino-acid protein and has been cytologically mapped to the
87e region. All three p-elements are inserted in close proximity to each other in the sole
intron of poly.
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Figure 2.

In poly germ-line clones, stau localization and nurse-cell chromosome-dispersal are affected
and are rescued by germ-line-specific over-expression of UAsp-polyGFp. (A)
Overexpression of UAsp-polyGFp transgene with the mat-GAL4 driver in a stage-9 egg
chamber reveals ubiquitous expression of polyGFp in the nurse-cell nuclei and cytoplasm, as
well as the oocyte, with enrichment around the oocyte cortex. Overexpression of polyGFp
frequently causes a modest granulation of the nurse-cell nuclei in ovaries from older
females. (B) Overexpression of UAsp-polyGFp in the background of poly? germ-line clones
fully alleviates the five-blob-arrest phenotype and stau mislocalization. (c) stau is localized
to the posterior of the oocyte. (D) UAsp-polyGFp overexpression in the egg chamber, with
concurrent stau-GFp localization at the posterior of the oocyte (arrowhead). polyGFp protein
is not enriched at the posterior of the oocyte. (e) Germ-line clone marked by the absence of
arm-lacZ. (F) DApI channel revealing the diffuse nature of the nurse-cell chromosomes.
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Figure 3.

Clustalx alignment of poly with putative homologues. Drosophila melanogaster poly is
virtually identical to homologues in other drosophilids and displays moderate sequence
homology to those in other insect species; it diverges most greatly from mammalian
homologues. each protein sequence is labeled by genus and species and the name of the
protein; for drosophilids, the genus is denoted as D and the first three letters of the species
name are added. In the alignment, the bar graph under each amino acid delineates the
conservation of that amino acid in the alignment of all protein sequences.
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Figure 4.

In poly germ-line clones, Grk and kin-lacZ localization are affected during oogenesis. (A)
Grk is localized at the dorsoanterior corner of the oocyte in wild-type stage-8 and stage-9
egg chambers. (B) poly! stage-8 and stage-9 germ-line clones display weak Grk
mislocalization that consists of trails of Grk protein to the ventral corner. (¢) Kinesin also
localizes at the posterior of the oocyte in wild-type stage-9 egg chambers, as evidenced by
kin-lacZ staining. (D) In poly? stage-9 germ-line clones, Kin::p-gal localization is also
disrupted, and Kin::p-gal levels are occasionally reduced (arrowhead points to mislocalized
Kin::B-gal in the center of the oocyte).
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Figureb5.

The wing-margin-loss phenotype of poly? mutant adults is strengthened by reduction of
hrb27C. (A) Light microscopy of a wild-type Drosophila melanogaster wing. (B) Variable
wing-margin loss is present in all poly?/poly? escapers. (c) hrb27C377/+ flies show no
defects in the wing margins. (D) A single copy of the hrb27C377 mutation strengthens the
wing-margin loss of poly? homozygotes. (e) Overexpression of UAsp-poly with the act-
GAL4 driver in the background of poly? mutant flies alleviates the wing-margin loss defect.
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Figure®6.

Multiple copies of the otu-104 transgene can partially rescue poly? mutant ovaries. (A) poly?
mutant ovary displaying apoptosis, egg chamber fusion, and nurse-cell chromosome
morphology defects. (B) poly? egg chamber retaining the five-blob configuration in the
nurse-cell nuclei. (c) egg chamber fusion of multiple egg chambers in a poly? ovariole with
overexpression of Otu-104. (D) stage-6 4x otu-104, poly? mutant egg chamber displaying
nurse-cell chromosomal abnormalities distinct from the five-blob configuration. (e and F)
Rare stage-8 and stage-9 poly? egg chambers with overexpression of Otu-104 with

granulated nurse-cell morphology defects.
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