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Endogenous small interfering RNAs (endo-siRNAs) regulate diverse
gene expression programs in eukaryotes by either binding and
cleaving mRNA targets or mediating heterochromatin formation;
however, the mechanisms of endo-siRNA biogenesis, sorting, and
target regulation remain poorly understood. Here we report the
identification and function of a specific class of germline-generated
endo-siRNAs in Caenorhabditis elegans that are 26 nt in length and
contain a guanine at the first nucleotide position (i.e., 26G RNAs).
26G RNAs regulate gene expression during spermatogenesis and
zygotic development, and their biogenesis requires the ERI-1
exonuclease and the RRF-3 RNA-dependent RNA polymerase
(RdRP). Remarkably, we identified two nonoverlapping subclasses
of 26G RNAs that sort into specific RNA-induced silencing com-
plexes (RISCs) and differentially regulate distinct mRNA targets.
Class I 26G RNAs target genes are expressed during spermatogen-
esis, whereas class II 26G RNAs are maternally inherited and silence
gene expression during zygotic development. These findings im-
plicate a class of endo-siRNAs in the global regulation of transcrip-
tional programs required for fertility and development.

endogenous siRNA � germline � RNA interference

Small RNAs bind Argonaute/Piwi proteins in the RNA-
induced silencing complex (RISC) and, through base pairing,

guide RISC to silence their cognate targets. While the taxonomy
of small RNAs remains fluid, they can be defined in part by
nucleotide length, 5� nucleotide composition, chemical modifi-
cations, genetic requirements for biogenesis, mode of silencing,
and biological functions. For example, microRNAs are pro-
cessed from double-stranded hairpin precursors by the RNase
III-like enzyme Dicer to the �22-nt mature form containing a
5�-monophosphate nucleotide. The microRNAs associate with
Argonaute (Ago) proteins in RISC and mediate translational
repression and/or degradation of their target mRNAs (1). In
contrast, Piwi-interacting RNAs (piRNAs) are typically longer
than microRNAs, possess a uridine in the first nucleotide, and
are generated by a Dicer-independent self-amplification path-
way. The piRNAs bind to Piwi proteins in RISC and silence
transposons (2).

Endogenous small interfering RNAs (endo-siRNAs) repre-
sent an emerging class of small RNAs described and character-
ized in Caenorhabditis elegans by Ambros et al. (3). These
endo-siRNAs are perfectly antisense to target transcripts and
require the C. elegans Dicer, DCR-1, the RNA-dependent RNA
polymerase (RdRP) RRF-3, and the exonuclease ERI-1 for
expression (4, 5). By large-scale pyrosequencing, Ruby et al.
determined that other endo-siRNAs target transcripts associ-
ated with spermatogenesis and transposons (6). Therefore, C.
elegans endo-siRNAs appear to be a diverse class of small RNAs,
with distinct biological functions and genetic requirements for
biogenesis. The recent discovery of endo-siRNAs derived from
transposable elements, natural antisense transcripts, and hairpin
RNAs in Drosophila melanogaster and Mus musculus (7–12)

further supports their function in regulating endogenous gene
expression.

Mutations affecting small RNA pathways frequently are as-
sociated with defective gametogenesis (13, 14). In C. elegans,
mutation of dcr-1 results in severe defects in germline develop-
ment, malformed unfertilized oocytes, and sterility (14–16).
Similarly, mutation of prg-1 (piwi-related gene) abrogates the
expression of 21U RNAs (a piwi-interacting class of small
RNAs) and results in impaired germline proliferation and
sterility at elevated temperatures (17–19). Small RNAs also can
serve as heritable parental silencing factors to regulate filial gene
expression; in D. melanogaster, misregulation of maternally
inherited piRNAs results in activation of transposons and hybrid
dysgenesis (20). These observations underscore the essential
functions of small RNAs in germline development and cross-
generational epigenetic regulation.

In this study, we identified two classes of germline-generated
endo-siRNAs, the class I sperm 26G RNAs and the class II
oocyte/embryo 26G RNAs, that regulate the expression of
distinct sets of genes during spermatogenesis and zygotic devel-
opment, respectively. Our findings indicate that the 26G endo-
siRNAs not only exert a profound influence over male game-
togenesis, but also are maternally inherited and act as epigenetic
agents to control gene expression during zygotic development in
the progeny.

Results
Deep Sequencing Revealed Germline-Enriched, eri-1-Dependent 26G
endo-siRNAs. Small RNAs expressed in purified male sperm,
hermaphrodite oocytes, and embryos were size selected (18–32
nt) and sequenced by high-throughput deep sequencing (Roche/
454 and Illumina/Solexa). After excluding sequences corre-
sponding to microRNAs, 21U RNAs, and putative degradation
products derived from abundant noncoding RNAs (e.g., rRNAs)
(Fig. S1 and SI Methods in SI Appendix), we identified 2.45
million putative endo-siRNA reads (14.8% of the total se-
quences) (Dataset S1). These endo-siRNAs display a bimodal
length distribution with one peak clustered at �21 nt and the
second at 26 nt (Fig. 1A). Notably, while the �21-nt endo-
siRNAs have a first nucleotide bias for uridine observed for
piRNAs in other organisms (21–23), the 26-nt endo-siRNAs
preferentially start with a guanine nucleotide (Fig. 1B). There-
fore, we refer to them as 26G RNAs (6).
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Although 26G RNAs previously have been identified by deep
sequencing of small RNAs isolated from mixed-stage N2 worms
(6), little is known about their biogenesis or role in gene
regulation. Mapping to the genome reveals that most 26G RNAs
target protein coding genes (i.e., exons, introns, and UTRs)
(77%) and exhibit a strong antisense bias (73% antisense vs. 4%
sense) (Fig. 1C and SI Methods in SI Appendix). In addition, the
majority of 26G RNAs are derived from exons or introns of
coding transcripts target exons (97.2%) or span exon-exon
junctions (0.7%), suggesting that mature mRNAs are the main
targets of 26G RNAs. (Fig. S2C in SI Appendix). We also mapped
independently the small RNA sequences using National Center
for Biotechnology Information (NCBI) AceView (24) (www.
aceview.org), a database incorporating experimentally validated
transcriptome data, and show that mapping of the 26G RNAs
agrees well with the analyses above (Fig. S3 and SI Methods in
SI Appendix).

We next used deep sequencing to compare the endo-siRNA
profiles of N2, glp-4(bn2) (25), and eri-1(mg366) (26) whole
animals. The glp-4(bn2) mutant fails to proliferate its germline
at nonpermissive temperature (25 °C) and therefore lacks germ-
line-derived small RNAs. The glp-4 mutant exhibits an approx-
imately 50% decline in 21-nt siRNA expression, but a complete
loss of 26G RNAs, suggesting that 26G RNAs are exclusively

derived from the germline (Fig. 1D). The eri-1(mg366) mutant
also completely lacks 26G RNAs without globally affecting 21-nt
endo-siRNA levels (Fig. 1D). Interestingly, we found a small
fraction of �21-nt endo-siRNAs (4.5% total 21-nt endo-
siRNAs) that appear also to be eri-1-dependent. These small
RNAs largely overlap with 26G RNAs, starting with the same
5�G nucleotide (Fig. 1F). Yet, they are markedly less abundant
than 26G RNAs (6.6% of the total number of 26G RNAs) (Fig.
1F). These findings suggest that, while �21-nt endo-siRNAs, as
a whole, constitute a genetically diverse population of small
RNAs, 26G RNAs represent a class of germline-enriched endo-
siRNAs that exclusively depends on both germline development
and eri-1 for their expression.

Two Subclasses of 26G RNAs Exhibit Different Expression Patterns.
Strikingly, hierarchical clustering reveals that 98.9% of the 26G
RNAs fall into two distinct classes (Fig. 2A, Fig. S1, and SI
Methods in SI Appendix). Class I 26G RNAs are present in
purified sperm (1,102 unique sequences; 5,960 total reads), but
are not detectable in oocytes or embryos. By comparison, class
II 26G RNAs are highly enriched in oocytes and embryos (2,441
unique sequences; 148,594 total reads), but are not readily
detected in sperm. Both classes of 26G RNAs are present at
lower levels in mixed-stage N2 and are severely depleted in
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Fig. 1. 26G RNAs are germline-enriched endogenous siRNAs. (A) Length distribution of endo-siRNAs exhibits a bimodal pattern, peaking at both 21 and 26
nt length. Small RNA libraries of mixed-stage N2 animals and purified male sperm [him-8(e1489)], oocytes [fer-1(hc1)], and N2 embryos were sequenced by
Solexa/Illumina; libraries of N2 young adults, sperm, and oocytes were sequenced by Roche/454. The him-8(e1489) mutation increases the percentage of XO males
to approximately 37% of the population (44) versus approximately 0.2% males in the N2 wild-type strain; the fer-1(hc1) mutation results in nonfunctional sperm
at 25 °C (45), enabling purification of unfertilized oocytes. (B) First nucleotide identity of endo-siRNAs. endo-siRNAs (26-nt) have a strong preference for guanine
as the first nucleotide (83%). (C) The majority of 26G RNAs are antisense to known and predicted coding transcripts. (D) Normalized length distribution of
endo-siRNAs in N2, eri-1(mg366), and glp-4(bn2) young adult libraries sequenced by 454/Roche. The abundance was normalized to 100 K effective small RNA
reads (excluding putative degradation products of abundant ncRNAs). (E) Northern blotting validates the lack of 26G RNA expression in eri-1(mg366) and
glp-4(bn2) mutants. Total RNA from N2, eri-1(mg366), and glp-4(bn2) adult worms was probed for a 26G RNA (26G-S5) and a 21U RNA (21UR-1). The expression
of the germline-derived 21U RNA (21UR-1) is not eri-1-dependent. 5S rRNA serves as the loading control. (F) endo-siRNAs were classified as 26G RNA-linked
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sequence counts in N2 vs. eri-1.
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glp-4(bn2) and eri-1(mg366) animals. We analyzed the expres-
sion profiles of four relatively abundant sperm 26G RNAs
(26G-S1, -S4, -S5, -S6) and four oocyte/embryo 26G RNAs
(26G-16, -O1, -O2, -O3) by Northern blotting and/or RT-qPCR
assays (Taqman; Applied Biosystems). The stem-loop structure
of the Taqman primers specifically recognizes the 3� ends of the
26G RNAs for reverse transcription and, therefore, allows
discrimination from the �21-nt endo-siRNAs that start with
the same 5�G as the 26G RNAs. Northern blotting demon-
strated that the expression of 26G RNAs is dependent on eri-1
in purified oocytes and embryos as well as in male animals (Fig.
2B). In addition, clear temporal separation in the expression
of these two classes of 26G RNAs was observed (Fig. 2 C and
D). The class I sperm 26G RNAs (denoted 26G-S) are only
detectable in late larval (L4) and young adult stages in N2
hermaphrodites and males (Fig. 2C, top panel); furthermore,
a finer time course revealed class I sperm 26G RNA expression
occurs in a relatively narrow window, consistent with expres-
sion during spermatogenesis (Fig. 2D). Conversely, expression
of class II oocyte/embryo 26G RNAs (denoted 26G-O) (Fig.
2C, bottom panel, and Fig. 2D) initiates during oogenesis,
peaks in embryos, and progressively declines throughout the
four larval stages. Consistent with the deep sequencing data,
Northern blotting indicates cross-hybridization of the 26G
RNA probes to a shorter �21-nt species (Fig. 2 B and C).

Two Subclasses of 26G RNAs Silence Distinct Sets of Targets. The 26G
RNAs are perfectly complementary to their predicted gene

targets, suggesting that they may act as canonical siRNAs to
direct the cleavage of their mRNA targets. Importantly, 26G
RNAs largely target a different set of genes from those targeted
by shorter length (20–24 nt) endo-siRNAs (Fig. S4 in SI Appen-
dix). Because the expression patterns of the two classes of 26G
RNAs are mutually exclusive, we next asked if they differentially
regulate nonoverlapping, discrete classes of target genes. Indeed,
based on existing germline gene expression profiles (27), we
found that predicted targets of class I sperm 26G RNAs are
enriched 7-fold for genes expressed during spermatogenesis,
whereas targets of class II oocyte/embryo 26G RNAs are
depleted of all three classes of germline genes (spermatogenesis,
oogenesis, and germline-intrinsic) (Fig. 3B). Because mutations
in eri-1 abolish the expression of both classes of 26G RNAs, we
used RT-qPCR to analyze the relative expression of putative
26G RNA targets in eri-1(mg366) and N2 at the following five
developmental time points: embryos, and 8 h (L1), 30 h (L3),
42 h (L4), and 70 h (adult) post-hatching (Fig. 3A). While
transcript levels of genes not targeted by 26G RNAs were similar
in eri-1(mg366) and N2 animals (Fig. 3A, bottom panel), tran-
scripts corresponding to 11 of the 12 genes that are targeted by
class I sperm 26G RNAs and all 11 genes targeted by class II
oocyte/embryo 26G RNAs are significantly elevated in eri-
1(mg366) animals relative to N2 controls (Fig. 3A; see SI
Methods in SI Appendix for target selection criteria). Consistent
with the temporal expression pattern of class I sperm 26G RNAs,
target silencing occurs in a relatively narrow window that
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corresponds to spermatogenesis through young adulthood (Fig.
3A and Fig. S5 in SI Appendix). By comparison, although class II
oocyte/embryo 26G RNA levels steadily decline during larval
development, their silencing effects persist throughout develop-
ment (Fig. 3A).

We next asked if the eri-1-dependent regulation of 26G RNA
targets could be observed at the whole-transcriptome level.
Using previously reported whole-genome microarray data that
compared transcript expression profiles of L4 stage eri-1 and N2
worms (28), we found that predicted targets of 26G RNAs are
significantly upregulated in the eri-1(mg366) mutant (P �
0.0001, t-test) (Fig. 3C). Conversely, genes upregulated in the
eri-1 mutant background also were 9-fold enriched for 26G RNA
targets (SI Methods in SI Appendix). Taken together, the highly
correlated expression patterns between 26G RNAs and their
putative targets at the whole-transcriptome level further support
the hypothesis that 26G RNAs directly regulate target gene
expression in an eri-1-dependent manner.

To determine if target de-repression in eri-1(mg366) results in
misexpression of target mRNAs in inappropriate tissues, we
performed RNA in situ hybridization for select, relatively abun-
dant targets (C04G2.8 and ssp-16) in dissected gonads (27).
While the class I sperm 26G RNA targets C04G2.8 and spp-16
are upregulated in the eri-1 mutant (Fig. 3D), they exhibit similar
expression patterns in the male spermatogenic gonads of both

the him-8 and eri-1; him-8 strains (Fig. 3E). Thus, target de-
silencing by class I sperm 26G RNAs in the eri-1 mutant remains
restricted to the male gonad and does not result in inappropriate,
ectopic expression in either the male gonads or in the oogenic
gonads of eri-1 hermaphrodite animals (Fig. 3E), indicating that
26G RNAs repress target expression in their cognate cell types.

Genetic Requirements for 26G RNA Biogenesis and Function. Because
small RNAs that start with a guanine nucleotide are thought to
be products of an RdRP (29), we asked if RdRPs could play a
role in biogenesis of 26G RNAs. The C. elegans genome encodes
four RdRPs (rrf-1, 2, 3, and ego-1) (30). We examined 26G RNA
expression in mutants for three viable RdRPs, rrf-1(pk1419),
rrf-2(ok210), and rrf-3(pk1426). Since mutations in ego-1 result in
lethality (31), we used RNAi to deplete the ego-1 transcript from
N2 animals. While rrf-1(pk1419), rrf-2(ok210), and ego-1(RNAi)
express normal levels of 26G RNAs, both classes of 26G RNAs
are abolished in rrf-3(pk1426), which results in significant up-
regulation of both classes of targets (Fig. 4A and Fig. S6 in SI
Appendix). However, we note that RNAi-inactivation of ego-1
does not completely abolish ego-1 expression, and therefore we
cannot definitively conclude that the 26G RNAs are strictly
ego-1-independent. If 26G RNAs are bona fide RdRP products,
then transcripts they target should serve as templates for 26G
RNA production. We determined that the expression of a 26G
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Fig. 3. Two classes of 26G RNAs silence nonoverlapping sets of mRNA transcripts. (A) Gene targets of 26G RNAs are desilenced in the eri-1(mg366) background.
Differential gene expression profiles between N2 and eri-1(mg366) for 12 targets of class I sperm 26G RNAs, 11 targets of class II oocyte/embryo 26G RNAs, and
13 nontargets were measured by RT-qPCR. The level of fold upregulation is represented according to the red-green color scheme indicated in the top panel. (B)
Gene class analyses of class I sperm and class II oocyte/embryo 26G RNAs. Targets of class I sperm 26G RNAs (573 genes) are significantly overrepresented in genes
expressed during spermatogenesis, while targets of class II oocyte/embryo 26Gs (243 genes) are depleted of germline enriched genes. (C) Genes targeted by class
I sperm 26G RNAs are upregulated in the eri-1(mg366) mutant. Each point indicates the fold change in probe intensity corresponding to predicted targets of
26G RNAs (728 probes corresponding to 589 genes). Randomly selected probes do not show significant upregulation in the eri-1(mg366) mutant. (D) Two sperm
26G RNA target mRNAs, C04G2.8 and ssp-16, are upregulated in eri-1(mg366); him-8(e1489) males relative to him-8(e1489) males. mRNA levels were quantified
by RT-qPCR and normalized to act-1. (E) Loss of 26G RNA expression does not induce inappropriate ectopic expression of targets. RNA in situ hybridization of
dissected gonads was performed with probes for the class I sperm 26G RNA targets C02G2.8 and ssp-16. In both wild-type and eri-1 backgrounds, mRNA expression
of these two genes remained restricted to the spermatogenic gonad. No ectopic expression of the class I 26G RNA targets was observed in the hermaphrodite
oogenic gonads. (Scale bar, 50 �m.)
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RNA (26G-S4) is dramatically reduced when its target deps-1 is
mutated and degraded by nonsense-mediated decay (see SI
Results and Fig. S7 in SI Appendix). Interestingly, although 26G
RNAs require the RRF-3 RdRP, they appear to possess a
5�-monophosphate, as opposed to the 5�-triphosphate of other
known RdRP products (see SI Results and Fig. S8 in SI Appen-
dix). In addition, with notable exceptions (21U RNAs), the
presence of a 5�-monophosphate on a small RNA is a signature
of Dicer processing. Expression analysis in the dcr-1(ok247)
mutant indicates that the 26G RNAs likely require DCR-1 for
biogenesis (see SI Results and Fig. S9 in SI Appendix).

The nonoverlapping identities of the two classes of 26G RNAs
and the disparate targets they regulate suggested that they might
be sorted into distinct RISCs. Argonaute proteins are central
components of RISC and possess two conserved domains, PAZ
and PIWI. Argonautes directly bind small RNAs (via both
domains) and may possess target cleavage (‘‘slicer’’) activity via
the PIWI domain (32). C. elegans encodes 27 potential Argo-
nautes with diverse functions, several of which have been found
to be enriched during spermatogenesis or oogenesis (27, 33). We
found that an Argonaute encoded by ergo-1 (33), whose tran-
script is enriched during oogenesis (27), is required for the
expression of class II oocyte/embryo 26G RNAs, but not for class
I sperm 26G RNAs (Fig. 4B). Consistent with this finding, only
targets of class II oocyte/embryo 26G RNAs were upregulated
in the ergo-1(tm1860) mutant (Fig. S6 in SI Appendix). The
expression of two Argonautes, T22B3.2 and its close paralog,
ZK757.3 (93.1% amino acid sequence identity), are enriched
during spermatogenesis (27). Although the single mutant of
either t22b3.2(tm1155) or zk757.3(tm1184) maintains wild-type
expression levels of both classes of 26G RNAs, mutations in both
T22B3.2 and ZK757.3 abrogate the expression of class I sperm
26G RNAs, but not class II oocyte/embryo 26G RNAs (Fig. 4B).
Similarly, only targets of class I sperm 26G RNAs are de-
repressed in the double mutant (Fig. S6 in SI Appendix). ER-
GO-1, T22B3.2, and ZK757.3 all possess the Asp-Asp-His cat-
alytic ‘‘slicer’’ motif (33, 34), suggesting that they are capable of
directly mediating endonucleolytic cleavage of their targets.
Taken together, our data suggest that distinct RISCs guide the
class I and class II 26G RNAs to their cognate targets for
silencing.

What are the biological functions of 26G RNA-mediated
target regulation? eri-1 and rrf-3 mutants, which lack both class
I and class II 26G RNAs, are temperature-sensitive (ts) sterile
due to defective spermatogenesis (26, 35). While the single
Argonaute mutants of T22B3.2 and ZK757.3 exhibit near wild-
type levels of fertility, the double mutant, which is specifically
defective in the expression of class I sperm 26G RNAs, is
completely sterile at 25 °C and can be fully rescued by crossing
with wild-type males (Fig. S10 A–C in SI Appendix). In contrast,
the ergo-1 Argonaute mutant, which is defective in the expression

of class II oocyte/embryo 26G RNAs, displays near wild-type
fertility. These findings suggest that class I sperm 26G RNAs play
an essential gene regulatory role during spermatogenesis. Loss
of class II oocyte/embryo 26G RNAs does not result in any overt
developmental phenotypes, as we did not observe any somatic
defects in the eri-1, rrf-3, or ergo-1 mutant. This is consistent with
the finding that endo-siRNAs recently identified in fly soma and
mouse oocytes appear to be dispensable for viability and repro-
duction (7–11). Interestingly, mutants of eri-1, rrf-3, and ergo-1
all exhibit an enhanced response to exogenous RNAi (26, 33, 35),
whereas the t22b3.2; zk757.3 double mutant does not (Fig. S10E
in SI Appendix), suggesting that class II 26G RNAs may compete
with the exogenous RNAi pathway for limiting common
factors (4, 5).

Discussion
In this study, we characterized a class of germline-enriched
endo-siRNAs that are generated by a template-dependent mech-
anism and require the RRF-3 RdRP and the ERI-1 exonuclease
for their biogenesis. In our model, class I and class II 26G RNAs
are sorted into distinct, gamete-specific RISCs during germline
development and differentially target discrete classes of target
genes (Fig. 4C). Class I 26G RNAs repress their target genes
during spermatogenesis and mutations that abrogate their ex-
pression lead to male sterility. Class II 26G RNAs are maternally
loaded and appear to be responsible for the clearance of
maternal transcripts during zygotic development. In zebrafish,
miR-340 clears hundreds of maternal mRNAs during the ma-
ternal-zygotic transition (36). In our model, the class II 26G
RNAs not only begin to clear a subset of target maternal mRNAs
that are deposited, but also act to ensure that the maternal load
of mRNAs continues to be cleared during filial development.
The fact that the loss of class II 26G RNAs leads to enhanced
RNAi phenotypes suggests that ongoing transcript clearance
competes with exogenous RNAi for limiting factors.

In exogenous RNAi, primary siRNAs derived from Dicer
processing of an exogenous dsRNA trigger initiate unprimed
synthesis of secondary siRNAs mediated by RdRPs (37, 38).
Unlike the primary siRNAs that possess a 5�-monophosphate,
these secondary siRNAs contain a 5�-triphosphate modification.
Similarly, we speculate that 26G endo-siRNAs might function as
5�-monophosphorylated primary endo-siRNAs, whose biogene-
sis is likely dcr-1-dependent, to guide target cleavage and initiate
the production of �21-nt secondary endo-siRNAs that further
silence the 26G RNA targets. Interestingly, these �21-nt puta-
tive secondary siRNAs also appear to be 5�-triphosphorylated
(Fig. S8 in SI Appendix) and, therefore, would be underrepre-
sented in our deep sequencing data sets that enrich for RNAs
possessing a 5�-monophosphate group.

Our study raises other interesting questions. Why are certain
genes targeted by 26G RNAs? How do ERI-1 and RRF-3
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participate in the biogenesis of 26G RNAs? Why do the loss of
sperm 26G RNAs and consequent upregulation of targets lead
to ts sterility? Further genetic and biochemical analysis may
reveal additional factors and mechanisms that mediate the
biogenesis, sorting, differential stability, target silencing, and
developmental functions of the class I and class II 26G RNAs.

Materials and Methods
Strains and Sperm, Oocyte, and Embryo Purifications. The Bristol N2 was used
as the reference wild-type strain. Mutant alleles used in this study include: LG
I: glp-4(bn2), fer-1(hc1), rrf-1(pk1417), rrf-2(ok210), deps-1(bn121), deps-
1(bn124), smg-1(r861); LG II: rrf-3(pk1426); LG III: zk757.3(tm1184), dcr-
1(ok247); LG IV: him-8(e1489), eri-1(mg366), t22b3.2(tm1155); LG V: ergo-
1(tm1860). Sperm and oocytes from him-8(e1489) and fer-1(hc1), respectively,
were purified as described (39) with some modifications. See SI Methods in SI
Appendix for additional details.

RNA Analysis. Total RNA isolation was carried out using TriReagent (Ambion)
following the vendor’s protocol. 5�-Monophosphate-bearing small RNA li-
braries were constructed as described (40). Due to limitation in sensitivity,
relatively abundant 26G RNAs were selected for Northern blotting as de-
scribed (41) using 5–10 �g total RNA and Starfire DNA probes (IDT). For
RT-qPCR analysis of small RNAs, custom small RNA Taqman assays (Applied
Biosystems) were performed following the vendor’s protocol. For quantifica-

tion of mRNAs, 250 ng to 1 �g total RNAs were converted into cDNAs with
Multiscribe Reverse Transcriptase (Applied Biosystems) following the vendor’s
protocol. See SI Methods in SI Appendix for additional details.

Germline RNA in Situ Hybridization. RNA in situ hybridization was performed
with dissected gonads according to Lee and Schedl (42). Antisense cDNA
fragments labeled with DIG DNA labeling mix (Roche) for C4G2.8 (547 bp) and
ssp-16 (102 bp) were used as probes.

RNA Interference. Gene inactivation by RNAi was performed as described (43)
using clones from the Ahringer RNAi library.

Computational Methods. See SI Methods in SI Appendix.
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