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Supplementary Fig. 1: Endogenous GFP- and FLAG-tagged Tudor show
characteristic expression in Drosophila. a, b Western blots showing expression of
GFP- and FLAG-tagged endogenous Tud generated with CRISPR-Cas9 methodology in
the ovary detected with anti-GFP and anti-FLAG antibodies (a and b respectively). In b,
extract from non-tagged wild-type ovaries was used as a negative control. ¢ Live imaging
shows GFP-tagged endogenous Tud characteristic localization to perinuclear nuage in
nurse cells (arrow) in the egg chamber (left panel). Also, the accumulation of Tud in the
early-stage oocyte at the egg chamber’s posterior is seen (arrowhead). Subsequent
localization of the GFP-Tud to the late-stage oocyte’s posterior germ plasm is shown on
the right panel. d Western blot showing Tud expression in Drosophila brain with anti-



Tud antibody. Tud was immunoprecipitated from the wild-type (wt) fly brain lysates with
anti-Tud antibody and detected using western-blot technique with the same antibody. As
expected, no Tud was detected in the brain lysates from fud null (tud") flies (tud mut); top
images from the same gel are shown. The same total protein concentration in both wt and
tud null brain lysates was used in these experiments as confirmed by western-blot
procedure using anti-B-Tubulin (Tub) antibody. e Brain immunostaining with anti-Tud
antibody does not provide adequate signal-to-noise ratio to detect Tud expression.
Staining of wild-type (wt) and fud null mutant brains with anti-Tud (green channel) and
anti-Fasciclin II (Fas II, red channel) antibodies. Anti-Fas II antibody labels the
mushroom body (MB) neurons in both wt and fud mutant brains. Scale bars in left and

right panels in ¢ are 10 um and 30 wm respectively, and in e 50 um.
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Supplementary Fig. 2: Details of Tudor expression in cortex glia. Optical sections
show cortex glial cells labeled with anti-Wrapper antibody (cortex glial cell membrane



and cortex glial processes, green channel) and anti-Repo antibody (glial cell’s nuclei,
gray). DAPI stains nuclei and Repo-negative/DAPI-positive nuclei are those of neuronal
bodies tightly surrounded by cortex glial processes labeled with anti-Wrapper. Tudor
granules are labeled with anti-FLAG antibody (red channel). In different rows, the
images are different optical sections from central brain cortex indicated in Fig. 1b and for
a section presented in each row, right panel includes Repo signal in addition to that of
Tud/Wrapper/DAPI shown in the left panel. Glial nuclei are indicated with “g” and
neuronal bodies are indicated with dotted line and “n”. Tud granules are located either
within the cortex glia processes (arrowheads) or close to cortex glia nucleus (arrows).

Scale bars are 2 wm.
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Supplementary Fig. 3: All transposable elements that are differentially expressed in
tud mutant brains. 62 transposable elements are upregulated (red bars) and one is
downregulated (green bar) in fud mutant brains based on a p-value of 0.05 (a subset of
the most highly differentially expressed transposable elements is shown in Fig. 2a). X-



axis shows log; values of changes in the transposon levels in fud mutants versus wild-
type control. FC, fold change (source data are included in Supplementary Data 3).
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Supplementary Fig. 4: Contrary to ovarian piRNAs, piRNAs differentially
expressed in fud mutant brains are downregulated to a higher degree than the
upregulated piRNAs, and are mainly mapping to exons and 3' UTRs. a Pie charts
show percentage distribution of piRNAs differentially expressed (DE) in fud mutant
brains (left panel) and ovaries (right panel) mapped to non-transposon genes (genic
piRNAs) or LTR and LINE transposons. In addition, a small fraction of ovarian DE
piRNAs was mapped to satellite DNA. b Pie charts show the distribution of genic DE
piRNAs within 5" UTRs, exons, introns and 3’ UTRs in brains (left) and ovaries (right). ¢
Most of the piRNAs differentially expressed in fud mutant brains are downregulated to a
higher degree compared to upregulated piRNAs (left panel). This strong effect of fud
mutation on the piRNA production in the brain is in contrast to a generally stronger effect



of tud mutation on the piRNA upregulation compared to the downregulation of piRNAs
in the ovary (right panel). Log,FC values (fold change, FC) for all 49 upregulated
piRNAs and top 100 downregulated piRNAs in tud mutant brains and for top 100
upregulated and downregulated piRNAs in fud mutant ovaries are plotted. DE piRNA
names, sequences, Log,FC values and exact p- and FDR-values for each piRNA are
provided in Supplementary Data 1 and 2.
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Enriched GO BP terms for DE genes in tud mutant brains
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Enriched GO BP terms for DE genes in tud mutant ovaries

GO:BPID | Description P-value ]
G0:0007304 |chorion-containing eggshell formation 2.96530730212885e-05
G0:0030431 |sleep 0.0282782633273288
G0:0097305 |response to alcohol 0.029224173135073
G0:0035075 |response to ecdysone 0.0302569154186064
G0:0036314 |response to sterol 0.0302569154186064
G0:1901654  |response to ketone 0.0302569154186064
G0:0014070 |response to organic cyclic compound 0.0305498253481701
GO:0006635 |fatty acid beta-oxidation 0.0339574133945106
G0:0071478  |cellular response to radiation 0.0347159239260851
G0:0044712  |single-organism catabolic process 0.0405250389252069
G0:0030258 |lipid modification 0.0470151248572474

Supplementary Fig. 5: Functional classification of genes which are differentially
expressed in fudor mutant brains and ovaries. a-d Most significantly enriched gene
ontology (GO) biological process (BP) terms for differentially expressed (DE) genes in



tud mutant brains (a, ¢) and ovaries (b, d) are shown. In a and b the enriched GO terms
names are listed on the Y-axis and corresponding -log;oP values are plotted on the X-
axis. In ¢ and d, the enriched GO BP IDs are shown with the corresponding exact P-
values.
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Supplementary Fig. 6: A gallery of Tud-, Vasa- and Piwi-containing glial granules.
Overlays of super-resolution microscopy optical sections for different glial granules
labeled with anti-FLAG (Tudor, magenta) and anti-Vas (a) or anti-Piwi (b) (green) are



shown in the left panels. Corresponding 3D reconstructions of Tud (magenta), Vas (a) or
Piwi (b) (green) granule clusters (middle panels) and a composite granule (right panels)
are shown. Scale bar shown in the first optical section (top left) is the same for all other
granules’ sections and is 2 um.
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Supplementary Fig. 7: Tudor/Polar granule component-containing glial granules
and quantification of co-occurrence of granule proteins in the same granule. a
Overlays of super-resolution optical sections for two different glial granules labeled with
anti-FLAG (Tudor, magenta) and anti-Pgc (green) are shown in the left panels.
Corresponding 3D reconstructions of Tud (magenta) and Pgc (green) granule clusters
(middle panels) and a composite granule (right panels) are shown. Scale bar is 2 um.

b Quantification of co-occurrence of Tud with Pgc, Vasa, Piwi and Ago3 in the same
glial granules. Y-axis is the percentage of Tud granules that also contain a given protein



indicated on the X-axis (49%, 31%, 19% and 18% for Tud granules containing Pgc,
Vasa, Piwi and Ago3 respectively). The number of granules used for the quantification is
indicated for each protein.
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Supplementary Fig. 8: Piwi antibody used in the study shows the characteristic
nuclear distribution in the egg chambers in the ovary and the genomic transgene
GFP-Piwi labels the Dpn-positive cells in the adult brain. a Anti-Piwi antibody (green
channel) shows characteristic labeling of nurse and follicle cell nuclei (DAPI, blue
channel) in the developing egg chambers in the ovary. b Genomic transgene GFP-Piwi
(green) labels Dpn-positive (magenta) cells in the adult brain similarly to anti-Piwi
antibody (Figs. 4 and 5). Scale bars in a and b are 20 and 5 um respectively.
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Supplementary Fig. 9: Piwi/Dpn-positive cells in other Drosophila species suggest
their evolutionary conservation. a Phylogenetic tree of different Drosophila species
used in this study. Divergence time from the common ancestor of these species is
estimated at 25-55 million years. b Brains from D. simulans (left), D. yakuba (middle)
and D. pseudoobscura (right) co-stained with anti-Piwi (green) and anti-Dpn (magenta)
antibodies. In addition to Piwi-positive cells at the dorsal side, D. yakuba’s brains show
ventrally located cells (arrow). Anti-Dpn antibody against D. melanogaster protein
showed less reactivity toward D. yakuba and D. pseudoobscura Dpn, however, Dpn in
the Piwi-positive cells was also detected in these species (c¢). Scale bars in b and ¢ are 50

and 3 wm respectively.



