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Supplemental Experimental Procedures

Generation of UAS-osk and UAS-osk-Stop Lines

A BamH1 and Hinc2 genomic DNA fragment containing the osk gene

was cloned from the I4.1 cosmid (kindly provided by A. Ephrussi)

into the BamH1 and Pst1 sites of the pUAS-p transformation vector

[S1]. For making a nonsense version of the same construct, in vitro

mutagenesis was used to change A860 to T, which introduces a pre-

mature stop codon in place of K178. The resultant transgenes were

introduced into flies through standard germline transformation

techniques.

Fly Strains and Germline Clones

oskar mRNA overexpression was performed with w2; P [w+; mat-a4-

tub-GAL4VP16 V32a]/CyO, or w2; ;P [w+; mat-a4-tub-GAL4VP16

V37] as GAL4 drivers (D.StJ. and J.-P. Vincent, unpublished data).

Other strains used were as follows: y, w-, P [w+; mat-tub-a4:GFP

Staufen], [ry+; hs:FLP]; Pr, Dr/TM6B, Tb [S2]; w2 ;P[w+, tub-Btz

GFP-24A2] /TM6B [S3]; w2 ;P[w+, GFPMago17.1]/CyO [S4]; osk54

and a deficiency that uncovers osk, Df(3R)pXT103 [S5]; w2, P[w+,

UASp-Tau:GFP] [S4]; par-16323, par-16821 [S6]; w2, P[KZ503, Kin:b-

GAL], P[ry+; hs:FLP] [S7]; and w2; P [w+, UAS-GFP-dDyn ]/CyO [S8].

Antibodies and Immunofluorescence

Ovary and embryo fixations and antibody stainings were performed

according to standard procedures. In situ hybridizations were per-

formed with RNA probes labeled with Digoxigenin-UTP (Roche),

and anti-DIG secondary antibody coupled to Cy-3 (Jackson Immu-

noresearch).

Primary antibodies and their dilutions were as follows: polyclonal

rabbit anti-Osk (1:2000) [S9], rabbit anti-Stau (1:1000) [S10], rabbit

anti-Par1 [S11] (1:5000), rabbit anti-Btz [S3] (1:500–1:1000), rat

anti-Vasa [S12] (1:1000), mouse anti-b-GAL (1:2000, Sigma), and

rabbit anti-Khc (1:250, Cytoskeleton company).

Microtubules were stained with FITC-conjugated monoclonal a-

tubulin antibody (Sigma) at a 1:250 dilution in PBST as described

in [S13].

Figure S1. oskar mRNA Overexpression Causes Severe Defects in the Anterior-Posterior Patterning of the Embryo

(A–D) Cuticle preparations (A, B, and D) and a phase-contrast image (C) of embryos from wild-type (A), UAS-osk (B and C), and UAS-osk-Stop (D)

mothers. Overexpression of oskar mRNA causes a bicaudal phenotype with a mirror-image duplication of posterior abdominal segments and of

the telson (B). The majority of UAS-osk embryos develop an extreme bicaudal phenotype, in which embryos have a large expansion of the foregut

and hindgut, which protrude from the ends of the embryo. These embryos still have duplicated telsons at each end (not seen in the phase con-

trast image), but lack all other cuticular structures (C). UAS-osk-Stop embryos display slightly weaker patterning defects, with fewer extreme

bicaudals and more embryos with a symmetric bicaudal phenotype or a weak bicaudal phenotype, in which the head is replaced by a duplicated

telson.

(E) Northern blot showing the levels of oskar mRNA in wild-type, Gal4/UAS-osk, and Gal4/UAS-osk-STOP ovaries. The blot was reprobed with rp49

as a loading control (lower panel). The relative overexpression of oskar mRNA compared to wild-type ovaries is shown beneath each lane.



Texas-Red-, FITC-, and Cy5-conjugated secondary antibodies

were used at 1/100 (Molecular Probes). Rhodamine- or TRITC-con-

jugated Phalloidin was used to visualize the actin cytoskeleton (Mo-

lecular Probes).

Northern Blotting

RNA was prepared from 30–50 fly ovaries dissected in RNA-Later

(Ambion) and purified with RNA Easy minikit (Qiagen). After electro-

phoresis with standard methods, RNA was blotted onto Zeta-Probe

membrane (Bio-Rad) and hybridized sequentially with probes for the

oskar coding sequence and the ribosomal protein rp49. Probes were

labeled with [a-32P] dCTP with the DECA Prime labeling system (Am-

bion). After exposure on a phosphorimager plate, blots were

scanned and quantitated on a FLA-5000 scanner and Image Gauge

4.0 (FujiFilm).
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Figure S2. oskar mRNA Overexpression Does Not Affect Minus-End-Directed Processes

(A and B) Fluorescent in situ hybridization for bcd mRNA in wild-type (A) and UAS-osk flies (B). bcd mRNA localization to the anterior pole is not

affected by oskar mRNA overexpression (B).

(C and D) Tau:GFP labeling of microtubules in living wild-type (C) and UAS-osk oocytes (D). The overall organization of the microtubule cytoskel-

eton appears normal in UAS-osk egg chambers (D).

(E–I) grk mRNA is localized to the anterior-dorsal corner of the oocyte in wild-type (E) and in UAS-osk-STOP (J) egg chambers, but is often par-

tially mislocalized to the posterior of UAS-osk oocytes (G). Grk protein, however, is only translated at its normal position at the anterior-dorsal

corner of the oocyte in wild-type (F), UAS-osk (H), and UAS-osk-STOP (I) egg chambers.
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Figure S3. A Model for an Oskar-Dependent Positive Feedback Loop that Amplifies Oocyte Polarity

(A) By stage 8 of oogenesis, the microtubule cytoskeleton has partially repolarized in response to the signal from the posterior follicle cells. The

microtubules (green) are nucleated from the anterior and lateral cortex, but their plus ends have not been recruited to posterior and direct the

localization of oskar mRNA (red) to the middle of the oocyte. The follicle-cell signal recruits the N1 isoforms of PAR-1 (blue) to the posterior cortex

of the oocyte.

(B) The posterior PAR-1 recruits some microtubule plus ends to the posterior, and this allows the localization of small amount of oskar mRNA to

the posterior pole.

(C) oskar mRNA is translationally derepressed at the posterior, resulting in the synthesis of Oskar protein, which recruits a second population of

PAR-1 to the posterior (shown in purple to indicate the association of PAR-1, Oskar protein, and oskar mRNA).

(D) The additional PAR-1 generates a positive feedback loop by stabilizing more microtubule plus ends at the posterior, leading to an increased

posterior localization of oskar mRNA and protein, which in turn recruit more PAR-1.

(E) In an oskar protein null mutant, the second population of PAR-1 is not recruited to the posterior by Oskar protein, and the plus ends of the

microtubules show only partial and unstable recruitment of to the posterior pole.

(F) Overexpression of oskar mRNA leads its premature translation in the middle of the oocyte. The resulting ectopic Oskar protein recruits PAR-1,

which induces the mispositioning of some microtubule plus ends in the center of the oocyte.
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Table S1. Embryonic Phenotypes Observed in UAS-osk, UAS-osk-STOP, and UAS-osk30UTR Flies

Wild-type

Patterning Defects, Head

Structures Are Not Affected Bicaudals

Total

5–7 Denticle

Belts

0–4 Denticle

Belts

Asymmetric

Bicaudals

Symmetric Bicaudals

with Denticle Belts

Extreme Bicaudals,

No Denticle Belts

w2 100% — — — — — 39

GAL4 / TM3a 68% 32% — — — — 164

UASosk / GAL4b 0.5% 0.5% — 1% 3% 95% 247

UASosk-Stop / GAL4b 17% — — 13% 41% 29% 328

osk54/osk346 0.4% 99.6% — — — 225

UASosk-stop/ GAL4;

osk54 or osk346/ +

67% 27% 1% 4% 1% — 92

UASosk-stop/ GAL4;

osk54/osk346

— — 100% — — — 76

a mat-tub-a4-GAL4VP16 V37 line used in this experiment has been reported to have nonspecific patterning defects [S14].
b Similar phenotypic classes were observed in two independent transgenic lines.

Table S2. Kin:b-GAL Localization in Osk Protein-Null Conditions and in btz2 and Khc27 Mutant GFP Germline Clones

Wild-type

Reduced Localization

to the Posterior

No Localization to

the Posterior Pole Total

w- 88% 12% — 40

osk54/Df 16% 72% 12% 100

btz2 25% 55% 20% 20

Khc27 15% 62% 23% 13

Table S3. oskar mRNA Overexpression Enhances the Polarity Defects in Flies Heterozygous for Two Hypomorphic Alleles of par-1

Wild-type

Posterior Stau

Ectopic Stau Localization

with Some Enrichment at

the Posterior Pole

No Enrichment of Stau

at the Posterior Pole Total

w2 100% — — 31

par-16323/ par-16821 32% 56% 12% 136

UAS-osk /Gal4vp16 23% 77% 0% 52

par-16323/ par-16821; UAS-osk/Gal4vp16 0% 27% 73% 37

The table gives the percentage of oocytes of each genotype that show a wild-type posterior localization of Staufen, localization of Staufen to the

posterior and an ectopic dot, or no posterior localization with one or more ectopic sites of Staufen localization.
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