To identify the MIWI2/MAEL and MILI nuages, we used
immuno-EM. When we used an anti-MAEL antibody, we found
gold particles labeling characteristic perinuclear, membrane-free
organelles of 0.5to 1.5 nm in diameter (Figure 1F). These structures
were reminiscent of chromatoid bodies in that they contained
sponge-like networks of moderately electron-dense material with
numerous pores in between. As was the case for MAEL localization
within the chromatoid bodies of round spermatids, MAEL-targeted
gold particles were most often associated with the dense material of
the organelle. In contrast, MILI-targeted gold particles were
predominantly found to localize to smaller electron-dense patches
positioned between adjacent mitochondria (Figure 1G). These areas
appeared similar to the intermitochondrial cement (IMC) observed
over 35 years ago in rat gonocytes [29]. These results show that
MAEL/MIWI2 and MILI localize to different types of nuages
suggesting their functional specialization in piRNA biogenesis and
RNA metabolism.

Compartmentalization of the Fetal piRNA Pathway

Additional germ cell-specific components of germinal
granules

To aid in our understanding of the nature and function of MILI
and MIWI2-MAEL granules, we examined the location of other
proteins implicated in RNA metabolism or that have been shown
to have granular localization patterns in germ cells. The germ-cell
specific RNA helicase, VASA, is a known component of nuage and
pole plasm in Drosophila and has recently been shown to be
functional in the piRNA pathway [34]. Mouse VASA homolog
(MVH, MGI: DDX4) is required for IMC formation and
spermatogenesis [35,36]. By probing E18.5 gonocytes with anti-
MVH antibody, we found that MVH localizes to cytoplasmic
granules of different sizes (Figure 2A and 2B). Double-labeling
with anti-MAEL (Figure 2A) or anti-MILI (Figure 2B) antibodies
identified MVH as a component of both MIWI2-MAEL- and
MILI-positive granules. However, MVH was found in MAEL
granules at a slightly lower frequency compared to MIWI2 (85%

Figure 2. Localization of germ cell specific proteins to granules. (A-E) Localization of germ cell specific proteins MVH (A, B), TDRD1 (C, D) and TDRD9
(E) combined with MAEL (A, C, E) or MILI (B, D). DNA is labeled with DAPI (blue). (A) MAEL and MVH co-localize in larger granules. MVH additionally localizes to
smaller granules. (B) Double labeling with MILI and MVH reveals the latter to be a component of IMC. (C) TDRD1 is a known component of IMC. It localizes to
numerous smaller granules that are frequently adjacent to MAEL granules. (D) MILI and TDRD1 co-localize to IMC. (E) TDRD9 co-localizes with MAEL in granules.

d0i:10.1371/journal.pgen.1000764.g002
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co-localization and 15% adjacent, N =135, n=60). These results
demonstrate that VASA, a universal germ cell specific marker
across the animal kingdom, localizes to both types of nuage in
mouse fetal gonocytes thus underscoring their related functions in
RNA metabolism.

MVH is required for the correct localization of Tudor repeat
domain-containing protein 1 (TDRDZ1) [37], which is required for
efficient piRNA production [38,39]. TDRD1 has been reported to
localize to IMC and is essential for its formation [40]. Consistent
with that, we did not find overlap between TDRD1- and MAEL-
containing granules of E18.5 gonocytes (Figure 2C) whereas a
complete co-localization of MILI and TDRD1 was observed
(Figure 2D). These results corroborate our IEM result that
identifies MILI as a component of IMC.

Another mouse Tudor domain protein, TDRD?9, is a homolog
of Spindle-E that is essential for VASA and MAEL localization,
and production of piRNAs in Drosophila [28,34]. Recently, we
found this Tudor domain protein to specifically immunopurify
with MIWI2 and not MILI [39]. Consistent with this data, in
E18.5 gonocytes, we observed that TDRD9 resides exclusively in
MIWI2-MAEL granules but is absent from MILI-TDRD1
granules (Figure 2E). Considered together, the results of our
localization studies revealed elaborate spatial compartmentaliza-
tion of two modules of the ping-pong cycle of piRNA biogenesis,
MILI-TDRD1 and MIWI2-TDRD9-MAEL, into distinct cyto-
plasmic bodies thus implying their functional specialization in
metabolism of transposon MRNAs.

The MIWI2/MAEL granule is a modified P-body

Previously, we have reported that MAEL localizes to the
chromatoid body in round spermatids [26]. This structure
contains a large number of proteins including MVH, TDRD1,
TDRD6, TDRD7 and TDRD9, MILI, and MIWI [31]. Although
the precise function of the chromatoid body is not clear, it is now
generally recognized that it serves as an RNA processing center
[32,33,41]. This is, among others, indicated by the presence of
components of Processing bodies (P-bodies). P-bodies are struc-
tures in which non-translating mMRNA can be either degraded or
stored [42,43]. Since the chromatoid body and MILI, and MIWI2
granules share several components we asked if P-body components
are also present in these organelles.

We focused on four canonical P-body proteins: RNA helicase
DDX6/p54, DCP1a, a subunit of decapping enzyme, XRN1 59to
39exonuclease and GW182 (MGI: TNRC6a), a component of the
canonical RNAi-induced silencing complex [44-46]. Simulta-
neous detection of DCPla, XRN1 and GW182 in gonocytes
showed that, just as in somatic cells, these factors co-localized
(99%, N =230) (Figure 3A-3D).

The overall appearance and size of P-bodies was very similar to
MIWI2/MAEL granules suggesting that these might be one and
the same. Labeling experiments with MAEL indeed identified
these four P-body proteins as components of the MIWI2/MAEL
granule (Figure 3E-3H). To determine if all P-bodies contained
MAEL we performed double staining for MAEL and DCP1a. The
majority of MAEL granules (95%, N =503, n=60) contained
DCP1a, and by extension DDX6, XRN1 and GW182. However,
a substantial portion of P-bodies identified by DCP1a labeling did
not contain MAEL (39%, N =774, n=60). These results revealed
that the canonical RNA degradation machinery and the piRNA
pathway exhibit significant cytoplasmic co-localization in the fetal
germline.

Furthermore, closer examination of co-localization of MAEL
with P-body proteins revealed that MAEL and MIWI2 occupy the
core of the granule while GW182 was found in the surrounding
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Figure 3. The MIWI2/MAEL granule is a modified P-body. (A-D)
Localization of P-bodies in gonocytes. Cross section seminiferous tubule
from wild-type testis (E18.5) were probed with antibodies against XRN1
(B), GW182 (C) and DCP1a (D). (E-H) Co-localization of MAEL and P-body
components DCP1a (E), DDX6 (F), XRN1 (G), and GW182 (H) in piP-bodies.
doi:10.1371/journal.pgen.1000764.g003

shell (Figure 3 and Figure S1). Similarly to GW182, DCP1a was
also observed to coat the MAEL/MIWI2 core (Figure 3E). In
contrast, 59to 39exonuclease XRN1 was found in the core of the
granule (Figure 3G).

Overall, our studies demonstrate that nuages are major
cytoplasmic sites of accumulation of piRNA pathway proteins
and serve to spatially and functionally compartmentalize two
modules of the ping-pong cycle of piRNA biogenesis. Based on our
data, we proposed to name MILI-TDRD1 nuages ‘“pi-bodies’”” and
MIWI2-TDRD9-MAEL nuages “piP-bodies” to indicate simulta-
neous presence of piRNA pathway and P-body components in the
latter structure.
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Loss of MAEL results in ultrastructural changes of piP-bodies

To address the role of MAEL in piP-body structure and function,
we examined wild-type and Mael-mutant gonocytes at the
ultrastructural level. In EM images of wild-type E18.5 gonocytes,
we could readily identify piP-bodies based upon their sponge-like
appearance, rounded shape, size, and proximity to mitochondria
(Figure 4A and 4A’, and Figure S2). Similarly, we were able to
identify piP-bodies in Mael-mutant gonocytes, however, their
morphology was visibly changed (Figure 4B and 4B’, and Figure
S2). Specifically, piP-bodies had lost their sponge-like appearance,
and instead of a network of electron-dense, fuzzy canals, they
appeared as parallel stacks of thick electron-dense smooth barrels
that lacked obvious connections with each other. Despite these
changes, this organelle has retained features characteristic of piP-
bodies that distinguished it from P-bodies observed in somatic cells
[47,48]. Thus, lack of MAEL has a dramatic effect on ultrastruc-
tural organization of the piP-body but does not seem to completely
prevent accumulation and/or assembly of some of its components.

MAEL is required for localization of germ cell factors to
P-bodies

The overall change in piP-body morphology prompted us to
examine which of its components depend on MAEL for their

Compartmentalization of the Fetal piRNA Pathway

normal localization. By probing gonocytes with corresponding
antibodies we observed no effect of the mael mutation on the
localization of the P-body components XRN1, DCPla, DDX6
and GW182 (Figure S3). These proteins co-localized with each
other at frequencies similar to those observed in wild-type
gonocytes. Hence, MAEL is not required for P-body formation
in germ cells. However, we did notice the absence of very large
piP-bodies (as in Figure 3A), possibly indicating the loss of other
components.

Indeed, mael mutation had a profound effect on MIWI2
localization (Figure 4C and 4C’). First and foremost, MIWI2
failed to accumulate in the piP-bodies and instead was distributed
more or less evenly throughout the cytoplasm of mutant cells.
Second, nuclear accumulation of MIWI2 was delayed, with the
protein becoming detectable in the nucleus at E18.5 rather than at
E16.5 (compare left panels in Figure 4C and 4C’). The effect of the
mael mutation extended to TDRD9 as this protein completely
failed to accumulate in cytoplasmic granules (Figure 4D).

To address the question whether loss of MAEL affected protein
composition of pi-bodies, we examined the localization of MILI
and TDRD1. We did not see any effect on their appearance
(Figure S4 and data not shown). Likewise, MVH localization did
not seem to change dramatically in the absence of MAEL since

GW182

Mvh

Mael | Miwi2 /= ' "Mael

Figure 4. Altered structure of piP-bodies in the absence of MAEL. (A-B’) EM images of piP-bodies in E18.5 wild-type (A, A’) and Mael-mutant gonocytes
(B, B). Magnified regions (A, B') are indicated in red in (AB). Mael-deficient gonocytes exhibit change in overall appearance of the MIWI2/MAEL granule
(indicated with black arrow, compare (A’, B")). Association with mitochondria (indicated with asterisks in (D', E')) was not affected. (C-E’) The effect of Mael
deficiency on (C-C’) MIWI2, (D-D’) TDRD9 and (E-E’) MVH localization in gonocytes. In wild-type testes, MIWI2 localizes to cytoplasmic granules and becomes
nuclear at E16.5 (C, left panel). Later (E18.5, middle panel and P2, right panel), MIWI2 localization in the nucleus becomes more pronounced. (C') In absence of
MAEL, MIWI2 does not localize to cytoplasmic granules and nuclear localization is delayed (E16.5, left panel, E18.5, middle panel and P2 right panel). (D-D’) In
wild-type gonocytes TDRD9 co-localizes with GW182 in piP bodies. No TDRD9 accumulations are observed in the Mael mutant. (E) In wild-type gonocytes, MVH
and DCP1a frequently co-localize in large granules. (E') In absence of MAEL this association is lost. (F—H) MAEL localization in wild-type (F), Miwi2-deficient (G),
and Mili-deficient (H) testes. In Miwi2-mutant animals, MAEL is still recruited to piP-bodies but cytoplasmic levels are significantly higher than in wild-type
gonocytes. MAEL localization in Mili-mutant animals is largely disrupted. Virtually no MAEL granules are observed and no nuclear localization is detected.
doi:10.1371/journal.pgen.1000764.g004
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MVH granules persisted in the cytoplasm (Figure 4E and 4E’).
However, because MVH was found to be present in both piP-
bodies and pi-bodies in wild-type gonocytes, we performed MVH
and DCP1a double-labeling and quantified the number of DCPla
granules that 1) co-localized with MVVH, 2) associated with MVH
granules or 3) were free from MVH in wild-type and Mael-mutant
E18.5 gonocytes (for visual representation see Figure S5). We
observed a sharp reduction in MVH-DCP1a labeled piP-bodies in
Mael-mutant gonocytes [39% in the wt (N =660) vs. 3% (N =974)
in the mael KO, Figure 4E’]. Mael-deficient gonocytes also show a
small increase in DCPla and MVH associated granules (40% in
wt vs. 48% in the mael KO) and a major increase in solitary
DCP1la granules (21% in the wt vs. 49% in the mael KO). These
observations suggest that loss of MAEL did not affect MVH
localization to pi-bodies but had blocked its entry into piP-bodies.
Cumulatively, these results suggest that MAEL plays essential
role in the formation piP-bodies by facilitating MIWI12, TDRDS,
and MVH localization to these granules. In contrast, pi-body
formation is unaffected by the lack of MAEL and piP-bodies.

MILI is required for correct localization of MAEL

To assess whether the dependency of MIWI2 on MAEL was
symmetrical we determined the localization of MAEL in Miwi2-
mutant mice. Disruption of Miwi2 had only a minor effect on
MAEL, apparent as a decrease in the intensity of the signal of
piP-bodies and an increase in uniform staining in the cytoplasm
(Figure 4G). Previously, a requirement for MILI for MIWI2
localization to cytoplasmic granules has been shown [10]. The
asymmetrical dependency for localization of MIWI2 and MAEL
prompted us to determine the localization of MAEL in absence of
MILI. A complete loss of MAEL accumulation to piP-bodies and
nuclei was observed in Mili-mutant gonocytes (Figure 4H). These
results suggest that molecular processes in pi-bodies are essential
for piP-body formation.

PiRNA production is perturbed in the absence of MAEL
To examine directly the performance of the piRNA pathway in
Mael-mutant gonocytes, we performed deep sequencing of 19-33 nt
small RNASs, a size range that includes both miRNAs (20-22nt) and
PiRNAs (25-30nt) (Figure 5 and Table S1). We examined two time
points - E16.5 corresponding to the period of robust de novo DNA
methylation and P2 that immediately follows completion of TE
silencing. This analysis revealed that miRNAs appeared unaffected
by the mael mutation at both examined time points, permitting
normalization of small RNA libraries derived from different samples.
In contrast to MiRNAs, we observed a dramatic difference in
piRNA production between wild-type and Mael-mutant E16.5 testes
(Figure 5A). Firstly, unlike in the wild-type, sequencing of the Mael
mutant revealed virtual absence of piRNAs (see Table S1 for details).
When normalized to miRNASs, transposon-derived small RNAs were
100-fold less abundant in the Mael mutant than in the wild type.
Secondly, transposon-derived small RNA in Mael mutant lacked
characteristic sequence features of fetal piRNAs — preferential 59
uridine (1U), a signature of primary piRNA processing, and adenine
at position 10 (10A), a signature of secondary piRNA processing by a
ping-pong mechanism [10]. For example, in contrast to wild type L1
piRNAs 72.5% of which had 59 uridine, only 36% of small RNAs
started with 1U in the Mael mutant. Likewise, the 10A fraction
decreased from 46% in the wild-type piRNAs to 24% in the
transposon-derived small RNA in Mael-mutant testes suggesting a
complete lack of amplification by the ping-pong mechanism. Finally,
the size distribution of these small RNAs sequences lacked the peak
at 25-30 nt characteristic of genuine piRNAs but was evenly
distributed across all size ranges (Figure S6). This analysis suggested
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that piRNA production has not commenced in the absence of
functional MAEL in E16.5 gonocytes. This finding agrees with the
results of protein localization studies at E16.5 that showed absence of
MIWI2 and TDRD?9 in piP-bodies and in the nucleus.

Surprisingly, despite the severe defect in piRNA biogenesis at
E16.5, piRNA populations had largely recovered in the P2 Mael
mutant yielding only , 1.5-fold differences between Mael mutant
and wild-type samples (Figure 5A and Table S1). To gain insight
into the mechanisms by which loss of MAEL impacts piRNA
production, we examined sequence features of small RNA
populations in Mael mutant animals at P2. piRNAs bound to
MILI and MIIW2 have characteristic sizes, being respectively 26
and 28 nucleotides long. This holds true for piRNAs from both
E16.5 and P2 wild-type samples (Figure 5B). The relative
abundance of these two species is altered in the Mael mutant at
P2 due to specific reduction of 28 nt piRNAs. Thus, despite the
overall recovery of piRNA levels in P2 gonocytes, MIWI2-
interacting piRNAs were underrepresented in the Mael mutant.

MIWI2 is preferentially associated with antisense piRNAs,
which are enriched for secondary species emerging from the ping-
pong cycle. In the Mael mutant, the relative abundance of
antisense piRNAs corresponding to L1 is reduced by 2.5 fold,
while more modest effects are seen on IAP antisense/sense ratios
(Figure 5C). For both 1AP and L1, secondary piRNAs are depleted
(Figure 5D). Considered together, these observations point to a
preferential effect of the mael mutation on MIWI2 complexes and
to a corresponding disruption of the efficient operation of the ping-
pong cycle. This results in a delay in the accumulation of piRNA
populations and a shift in their character overall.

Gonocytes in the Mael mutant are not delayed in their

cell cycle arrest

To eliminate the possibility that the impacts that we observed
resulted from a developmental delay in Mael-mutant gonocytes, we
examined the entry of these cells into the cell cycle arrest phase
that characterizes the period of de novo DNA methylation.
Heterozygote mael mice were mated and pregnant females injected
twice with nucleoside analog 5-ethynyl-29deoxyuridine (EdU) to
label replicating DNA in maternal and fetal tissues [49]. One
group of animals was injected at 15 and 16 dpc (days post coitum),
while the other was treated at 16 and 17 dpc (Figure S7). Wild-
type and Mael-mutant gonocytes (identified by MVH staining)
were indistinguishable in their arrest at both time points.
Moreover, the localization of DNMT3L and DNMT3A2
exhibited similar patterns in wild-type and mutant E13.5-E16.5
gonocytes (Figure S8). We concluded that the effects of mael
mutation on the piRNA pathway likely indicate a direct,
functional relationship.

de novo DNA methylation in Mael-mutant testes

Lesions of Mili or Miwi2 lead to defects in the de novo DNA
methylation of transposable elements. Mutation of Mael delayed
the onset of piRNA production but at P2 levels were only , 1.5
time less than in wild type. To determine whether this delay and
partial loss affects de novo DNA methylation of L1 elements we
determined their methylation status. To obtain pure gonocytes, we
prepared testicular cell suspensions and sorted them manually
after staining for MVH. Genomic DNA from wild-type and
mutant gonocytes was treated with sodium bisulfite and used as a
template for amplification of L1 fragments using primers designed
to the 59regions of the element consensus sequences. Sequencing
of individual amplicons (Table 1) and analysis by QUMA software
[50] revealed reduced methylation of L1 at E16.5 but modification
was substantially recovered by E18.5. In neonatal gonocytes of
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on MAEL function. Third, even following the incorporation into
the piP-body, MIWI2 does not appear to form aggregates or stable
complexes with P-body proteins as none of these were identified in
our recent proteomic analysis of MIWI2 [39]. Finally, the
ultrastructural appearance of the piP-body in MAEL-deficient
gonocytes is clearly different from that of P-bodies and suggests
presence of other component(s) in the piP-body independent of
MAEL, MIWI2, TDRD9 and MVH. Together, these observa-
tions suggest the existence of a coordinated interplay of the
MIWI2-TDRD9-MAEL module of the piRNA pathway with
MRNA degradation/translational repression machinery. MAEL
appears to play a crucial (direct or indirect) role in regulating this
process.

Our data demonstrate that MAEL ensures robust defensive
response to transposon derepression during DNA methylation
reprogramming of the male germline. In the Mael mutant, MIWI2
fails to translocate to the nucleus by E16.5. This coincides with
lack of piRNAs and lagging de novo DNA methylation in E16.5
gonocytes. However, eventual accumulation of MIWI2 in the
nucleus parallels significant recovery of piRNA levels and
completion of de novo DNA methylation during the E18.5 - P2
window. These results suggest that MAEL functions to facilitate
MIWI2-dependent steps of the piRNA pathway. In contrast to the
recovery of its nuclear localization, MIWI2 completely fails to
localize to piP-bodies in the absence of MAEL. This defect in piP-
body formation is accompanied by a prolonged accumulation of
L1 ORF1p in mael postnatal prospermatogonia even after the
completion of de novo DNA methylation. This result suggests that
MAEL and the piP-body play an important role in efficient
downregulation of transposon expression.

Our results further refine the relationship between MAEL with
MILI and MIWI2. Consistent with our prior results, MILI is
absolutely required for normal localization of MIWI2 and MAEL.
Interestingly, lack of MIWI2 has only minor effect on MAEL
localization and instead it is MAEL that is required to ensure
normal MIWI2 localization and function. From this perspective,
MAEL occupies an intermediate position between PIWI proteins
in the fetal piRNA pathway.

Considering our data as a whole, our study reveals elaborate
cytoplasmic compartmentalization of the piRNA pathway during
the critical developmental window of DNA methylation of
transposable elements in mouse fetal gonocytes. Future studies
will be needed to further elucidate mechanistic relationships
between PIWIs and their partner proteins TDRDs, MVH, MAEL
and a recently described GASZ [51] in biogenesis and function of
piRNASs.

Materials and Methods

Animals

The Miwi2 and Mili knock-out strains are described in [12] and
[15], respectively. 3xMyc-MIWI2 transgenic animals were de-
scribed previously [10]. The Mael knock-out strain was described
in [26].

Immunofluorescence detection of protein localization

Immunofluorescence detection of protein localization on
paraffin-embedded testicular sections was performed for Mili and
Miwi2 KO animals and respective controls as described previously
[10]. For MIWI2 co-localization with MAEL, DDX6, TDRD1
and MVH, 3xMyc-MIWI2 transgenic animals and the same
protocol were used. For Mael KO and control animals as well as
other co-localization studies, frozen sections and the protocols
described below were used.
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Testis were fixed in freshly prepared 4% PFA for 2-3 hours at
4°C. After fixation, samples were washed in PBS and placed in
30% sucrose overnight at 4°C. Tissues were imbedded in OCT
blocks and stored at 2 80°C. Sections were cut at 8 nm thickness.
Testicular sections were washed for 15 minutes in PBS 0.05%
Triton-X-100 and incubated for 1 hour at 37°C with blocking
solution (PBS 0.05% Triton-X-100, 10% NGS, 3% BSA).
Antibodies were applied (diluted in blocking solution) and
incubated at room temperature overnight. The next day, slides
were washed in PBS plus 0.05% Triton-X-100 for 5 minutes,
followed by a 10 minute wash in PBS. Primary antibody labeling
was followed by incubating for 2 hours at 37°C with the
corresponding secondary antibody. After incubation, slides were
washed in PBS and counterstained with DAPI. Vectashield
(Vector) was used as anti-fading mounting solution. The Zenon
kit (Invitrogen; Z-25306) was used for direct labeling of antibodies
in case multiple rabbit derived antibodies were used. For imaging,
a laser-scanning confocal microscope (SP2 or SP5; Leica, Exton,
PA or Zeiss) was used.

Immunoelectron microscopy

Testes were fixed at 4°C overnight in 4% paraformaldehyde;
0.2% picric acid; 2% Sucrose in 0.1M PBS, washed in PBS
(3x10 min), dehydrated with ethanol, embedded into LR Gold
and polymerized with UV at 4°C (2 days) and room temperature
(2 days). Ultra thin sections were cut, collected on parlodion
coated grids, stained with anti-MAEL [26], MILI antibody
(Abcam, ab36764) or normal rabbit serum and 10 nm gold
particle-conjugated secondary antibodies (Aurion), counterstained
with uranyl acetate and visualized with an FEI Tecnai 12 electron
microscope.

Small RNA libraries
Small RNA isolation, library construction and annotation were
performed as described previously [11].

Bisulfite sequencing

Cell suspensions of wild-type or knockout embryos testis were
made by incubating them in 500 ml GBSS (supplier) comple-
mented with 5 mg trypsin (Worthington) for 10 minutes at 37C.
Afterward, the tissue was carefully resuspended with P200 tips and
filtered through a 40 nm filter (BD Falcon). An equal volume of
serum was added as well as 150 ml 16% PFA (EMS). Cells were
fixed for 15 minutes at 37C while gently shaking, after which they
were spun down (1500 rpm, table centrifuge) for 10 minutes. Cells
were resuspended in PBS (containing 4% FCS, 0.3% saponin
and 0.05% sodium azide) and stored overnight at 4°C. Cells
suspensions were stained with anti-MVH antibody and DAPI and
around 300 gonocytes were manually selected with an epi-
fluorescence-equipped blastocyst injection microscope setup. DNA
was converted by using the EZ DNA methylation kit (D5020). For
PCR amplification of pan-Line-1gf and pan-lAP sequences,
primers as described in [13]. Product of the first PCR was purified
by using QIAquick PCR purification kit (Qiagen). The second
PCR was run on a gel and the band of corresponding size was
collected. DNA was obtained by spinning down in GenElute spin
columns (Sigma). PCR fragments were cloned into pGEM-T easy
plasmids (Promega), transfected into Top10 cells (Invitrogen) and
plated. Individual colonies were picked and sequenced.

EdU labeling

Pregnant mice were injected with 150 ng of EdU dissolved in
300 nl saline at either day 15.5 and 16.5 or 17.5 and 18.5 days
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after detection of a vaginal plug. Mice were sacked 2 hours after
the last injection and embryonic gonads were collected and
processed as described above. EJU detection was performed prior
to antibody staining, as described in the manual (Invitrogen).

Antibodies

ORF1p (S.L. Martin; 1:500), MILI (Abcam ab36764, 1:750) and
[11] (1:200), MIWI2 ([10] 1:750), MAEL [10], 1:1000), TDRD1
and TDRD9 (S. Chuma, 1:1000), MVH (Abcam ab13840, 1:1000),
DDX6 (Bethyl Lab. A300-460A,1:250), GW182 (E.K. Chan),
XRN1 (Bethyl Lab. A300-443A, 1:250), DCP1a (Abnova, 55802-
MO06, 1:500), DNMT3L and DNMT3A2 (S. Tajima,1:1000), myc
(Upstate clone 4A6, 1:300).

Supporting Information

Figure S1 GW182 forms an outer shell of the piP-body.
Found at: doi:10.1371/journal.pgen.1000764.s001 (2.16 MB TIF)

Figure S2 Electron micrograph images of piP-bodies in wild-
type and Magl-mutant gonocytes. Examples of piP-bodies in wild-
type (A) and in Mael-mutant (B) gonocytes. Regions indicated in
red boxes are shown magnified below the overview.

Found at: doi:10.1371/journal.pgen.1000764.s002 (5.89 MB TIF)

Figure S3 Co-localization of P-body components in the Mael-
mutant gonocytes. In Mael-deficient gonocytes, XRN-1, GW182,
and DCP1a co-localization remains intact.

Found at: doi:10.1371/journal.pgen.1000764.5003 (4.93 MB TIF)

Figure S4 MILI localization in Mael-mutant gonocytes. Loss of
MAEL does not affect the localization of MILI.
Found at: doi:10.1371/journal.pgen.1000764.5004 (2.45 MB TIF)

Figure S5 Associations of MVH and DCPla in wild-type and
Mael-mutant gonocytes. In wild-type gonocytes, 3 types of MVH-
DCP1a localizations were observed: 1) overlapping, 2) associated
granules, or 3) solitary granules. In the Mael mutant, virtually only
associated or solitary DCP1a granules were present.

Found at: doi:10.1371/journal.pgen.1000764.s005 (1.18 MB TIF)
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