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In plants and in the nematode Caenorhabditis elegans, an RNAi
signal can trigger gene silencing in cells distant from the site where
silencing is initiated. In plants, this signal is known to be a form of
dsRNA, and the signal is most likely a form of dsRNA in C. elegans
as well. Furthermore, in C. elegans, dsRNA present in the environ-
ment or expressed in ingested bacteria is sufficient to trigger RNAi
(environmental RNAi). Ingestion and soaking delivery of dsRNA has
also been described for other invertebrates. Here we report the
identification and characterization of SID-2, an intestinal luminal
transmembrane protein required for environmental RNAi in C.
elegans. SID-2, when expressed in the environmental RNAi defec-
tive species Caenorhabditis briggsae, confers environmental RNAi.

dsRNA � transmembrane � intestine lumen

Translocation of nucleic acids across cellular membranes is
associated with viral infection, bacterial conjugation, and

transport of nuclear encoded tRNAs into mitochondria (1–3). In
these cases, specific machinery acts to translocate a specific RNA
or DNA across one or more membranous barriers. However,
observations in plants suggest the routine intercellular transport
of cellular mRNAs as well as processed, likely short, dsRNAs
associated with RNAi-related phenomena that mediate systemic
virus resistance (4, 5). In the nematode Caenorhabditis elegans,
RNA-induced gene silencing is also systemic, spreading from the
site of injection or expression to silence the targeted gene
throughout the animal and in its progeny (6, 7). Furthermore,
RNAi can be initiated by soaking animals in solutions of dsRNA
or feeding worms bacteria expressing dsRNA (8, 9). Thus
dsRNA can enter the animal from the environment. RNAi
triggered by environmental exposure to dsRNA has also been
documented in planaria, moth, tick, hydra, and numerous par-
asitic nematodes (10–15), suggesting that many invertebrates
possess mechanisms to transport sequence nonspecific dsRNA
into and between cells.

To identify cellular components required for systemic RNAi
in C. elegans, we isolated systemic RNAi defective (Sid) mutants
defective for spreading of RNAi (7). The first characterized
gene, sid-1, encodes a transmembrane protein expressed in all
cells sensitive to systemic RNAi and is required for uptake of
dsRNA (7, 16). Furthermore, SID-1 expressed in Drosophila S2
cells is sufficient to mediate passive uptake of dsRNA from the
growth media, indicating that SID-1 most likely acts as a channel
for diffusion of dsRNA into cells (16). These observations
provide strong support for the notion that dsRNA is systemically
transported in C. elegans.

A SID-1::GFP fusion reporter construct that rescues sid-1
mutant worms was expressed at highest levels in cells directly
exposed to the environment (7). This observation suggested that
environmental dsRNA might enter the animal via these sid-1
expressing cells. Here we describe sid-2, a gene specifically
required for uptake of silencing information (hereafter assumed
to be dsRNA) from the environment. We find that SID-2 is a
transmembrane protein expressed in the intestine and localized
to the apical (luminal) membrane, indicating that the gut is the
only significant route of entry for dsRNA into the animal.
Remarkably, SID-2 function is not conserved in the related

nematode Caenorhabditis briggsae, but expression of C. elegans
SID-2 is sufficient to confer environmental RNAi on C. briggsae.
Based on our analysis of the roles of sid-1 and -2, we propose that
environmental RNAi in C. elegans is composed of at least two
distinct steps: sid-2-dependent uptake of dsRNA from the
environment and sid-1-dependent spreading of dsRNA through-
out the animal.

Results and Discussion
sid-2 Is Required for Environmental RNAi but Not for Spreading
Among Cells. sid-2 mutants were isolated as animals resistant to
bacteria-mediated systemic RNAi of a GFP reporter but sensi-
tive to transgene-mediated systemic RNAi of the same reporter
(7). One sid-2 mutant (qt13) was selected for initial analysis,
mapping, and cloning. We found that sid-2(qt13) worms were
completely resistant to bacteria-mediated RNAi targeting en-
dogenous somatic and germ-line-expressed genes (Tables 1 and
2 and data not shown) and strongly resistant to soaking-mediated
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Fig. 1. sid-2 worms are capable of spreading transgene-initiated RNAi. (A)
Wild-type expression of GFP in the pharynx (ph) (myo-2::gfp) and body-wall
muscle nuclei (bm) (myo-3::gfp) of an HC46 worm. (B) Expression of dsRNA
(myo-2::gfp) in the pharynx causes incomplete silencing of pharynx and
body-wall muscle GFP in the HC57 strain. (C) A sid-2(qt13) worm expressing the
same transgenes as HC57 is capable of spreading transgene-initiated RNAi
from the pharynx to the body-wall muscle. GFP images were taken at equal
exposures. Anterior is upper left. (Scale bar, 0.1 mm.)
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RNAi of the same genes. However, similar to wild-type and in
contrast to sid-1 mutants, sid-2(qt13) worms were fully sensitive
to systemic RNAi initiated by injection or transgenic expression
of dsRNA targeting somatic and germ-line-expressed genes
(Tables 1 and 2; Fig. 1). Thus, sid-2 is required for the uptake of
environmental dsRNA but, unlike sid-1, is not required for the
subsequent spread of dsRNA between cells.

SID-2 Is an Intestinal Luminal Transmembrane Protein. To analyze the
molecular basis of dsRNA uptake from the environment, we
identified and characterized the sid-2 gene. sid-2(qt13) was
mapped to a small genetic interval on Linkage Group III and
rescued by injection of amplified genomic DNA fragments
[supporting information (SI) Fig. 5]. A fragment that contained
the predicted gene ZK520.2 rescued the mutant phenotype, and
injection of ZK520.2 dsRNA into wild-type worms produced
worms resistant to bacteria-mediated RNAi (data not shown).
Sequence analysis identified point mutations in each of five sid-2
alleles tested, confirming the identity of sid-2 as ZK520.2 (Fig.
2A). One of these (qt41) creates a stop codon before the
predicted transmembrane domain, which is likely a null allele,
and has a stronger environmental RNAi defect than sid-2(qt13)
mutants, but was otherwise indistinguishable from wild type.
sid-2 complementary DNA (cDNA) was amplified by RT-PCR,
and one splice form was identified. sid-2 encodes a 311-aa
transmembrane protein with sequence similarity only to a ho-
mologous protein in C. briggsae and in Caenorhabditis remanei
(17, 18) (Fig. 2 A).

To determine the spatial expression pattern of SID-2, we
generated animals expressing a fusion of SID-2 to GFP
(sid-2::gfp), which rescued the environmental RNAi defect of
sid-2(qt13) animals, indicating that it was functional and there-
fore likely properly expressed and localized. SID-2::GFP local-
ized to the intestinal lumen (Fig. 2B) and was also detected at
much lower levels in excretory duct cells (data not shown), which
are secretory cells of the excretory system (19). Consistent with
the restricted expression, mosaic analysis of sid-2 confirmed that
sid-2 activity is not required in muscle cells for uptake of
silencing information into muscle cells (SI Fig. 6). These results
suggest that sid-2 enables import of ingested dsRNA from the
intestinal lumen.

SID-1 and SID-2 Are Both Required for the Import of Environmental
dsRNA into Intestinal Cells. We previously showed that SID-1
functions as a channel for dsRNA, and that a SID-1::GFP
reporter was expressed at high levels in cells directly exposed to
the environment, including intestinal cells, suggesting that
dsRNA may enter the animal via these sid-1-expressing cells (7,
16). To determine whether SID-1, in the absence of sid-2, is
sufficient to import dsRNA into and to initiate RNAi in intes-
tinal cells, we assayed GFP silencing in sur-5::gfp transgenic lines,
which express GFP in all cells. In wild-type animals, this GFP
expression is efficiently silenced in nonneuronal cells by gfp
RNAi (Fig. 3 and data not shown). sid-2(qt13); sur-5::gfp worms
fed or soaked in gfp dsRNA were fully resistant to GFP silencing
in intestinal cells and all other cells, but when a single intestinal
cell (or the body cavity) was injected with gfp dsRNA, the entire
worm was fully sensitive to RNAi in all nonneuronal cells (Fig.
3 and data not shown). These results show that SID-1, in the
absence of sid-2, can mediate uptake of dsRNA into intestinal
cells from the body cavity, but not from the intestinal lumen.
Similar to sid-2 mutants, sid-1(qt9); sur-5::gfp worms fed or
soaked in gfp dsRNA were fully resistant to GFP silencing in all
cells; however, unlike sid-2 mutants, sid-1 mutants injected with
gfp dsRNA were fully resistant to GFP silencing, except in the
injected intestinal cell (Fig. 3 E and F). These results suggest that
both sid-1 and -2 are required for the initial import of dsRNA
into intestinal cells from the lumen. However, the import of
dsRNA into intestinal cells from the body cavity and the spread
of dsRNA between intestinal cells as well as the subsequent
dissemination of dsRNA throughout the animal does not require
sid-2.

SID-2 Function Is Not Conserved in C. briggsae. To examine how the
SID-2 protein mediates environmental RNAi, we first deter-
mined the topology of SID-2. We assayed transgenic lines
expressing SID-2::�-Gal fusion proteins and found that SID-2 is
a single-pass transmembrane protein with an intracellular C
terminus (SI Fig. 7; Fig. 2A) (20, 21). SID-2 homologs are
detected only in the closely related nematodes, C. briggsae and
C. remanei. The degree of amino acid sequence conservation in
the three domains of SID-2 is similar among the three species:
23% N-terminal (190 amino acids), 86% transmembrane (21

Table 1. Characterization of sid-2 deficiency on RNAi of a germ-line-expressed gene

dsRNA delivery Hours after injection

Percent embryonic lethality (n)*

Wild-type N2 sid-2(qt13) sid-1(qt2)

Bacteria-mediated NA 100 (152) 0 (113) 1 (535)
Soaking-mediated NA 100 (435) 8 (402) ND
Anterior gonad 7–22 80 (748) 84 (254) 49 (728)
Intestine cytoplasm 7–22 80 (834) 77 (650) 2 (782)

Progeny of worms exposed to mex-3 dsRNA by various methods were scored for embryonic lethality. Two or
three anterior intestinal cells or the majority of a gonad arm were filled with dsRNA. Worms were maintained at
25°C.
*Data from ref. 4. NA, not applicable; n, number of progeny scored; ND, not determined.

Table 2. Characterization of sid-2 deficiency on RNAi of an embryonically expressed gene

dsRNA delivery Hours after injection

Percent twitching progeny (n)*

Wild-type N2 sid-2(qt13) sid-1(qt2)

Bacteria-mediated NA 100 (299) 1 (362) 0 (363)
Anterior gonad 11.5–23.5 74 (685) 80 (834) 0 (981)

Progeny of worms exposed to unc-22 dsRNA by various methods were scored for the Unc-22 twitching
phenotype. Two or three anterior intestinal cells or the majority of a gonad arm were filled with dsRNA. Worms
were maintained at 25°C.
*Data from ref. 4. NA, not applicable; n, number of progeny scored.
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amino acids), and 53% C-terminal (100 amino acids), despite the
relatively recent divergence of C. briggsae and C. remanei (Fig.
4). To determine whether the divergent C. briggsae SID-2
supports environmental RNAi, we targeted an essential gene by
soaking C. briggsae worms in dsRNA. The C. briggsae animals
were strongly resistant to silencing (Table 3). Injection of this

same dsRNA caused efficient RNAi in C. briggsae that was
indistinguishable from that observed in C. elegans (data not
shown). A C. briggsae SID-2::GFP fusion protein expressed in C.
briggsae showed intestinal expression localized to the luminal
membrane, indicating that changes in gene expression and
protein localization are not likely to account for the different
sensitivity to environmental dsRNA (data not shown). Given the
relative lack of sequence conservation between C. elegans and C.
briggsae SID-2 (Fig. 2), we suspected that C. elegans SID-2 had
gained or C. briggsae SID-2 had lost the ability to support
environmental RNAi. To determine whether the sequence
divergence between the SID-2 homologs explained the lack of
environmental RNAi in C. briggsae, we transformed the C.
elegans sid-2::gfp construct into C. briggsae. The transgene was
expressed and localized as in C. elegans (data not shown) and
conferred sensitivity to soaking initiated RNAi (Table 3 and SI
Table 4). These results suggest that C. elegans sid-2 is sufficient
to enable the uptake of environmental dsRNA by C. briggsae.

A

B

Fig. 2. SID-2 is a predicted membrane protein conserved in C. briggsae and
C. remanei, and SID-2::GFP is expressed in the luminal intestinal membranes.
(A) Translated sequence of C. elegans sid-2 cDNA aligned with a conceptual
assembly of the homologous C. briggsae and C. remanei genes. Identical
amino acids are marked with an asterisk and similar amino acids are marked
with a colon or period. The predicted signal peptide and transmembrane
domain are underlined. The positions and amino acid sequence changes for
five sequenced alleles are shown above the sequences (*, stop). (B) Localiza-
tion of SID-2::GFP expression to intestinal lumen. Fluorescent, white light, and
overlay respectively at low (Upper) and high (Lower) magnification. (Scale
bars, 0.1 mm and 10 �m.)

Fig. 3. Injection of dsRNA bypasses sid-2 defects in nonneuronal cells. (A and
B) Injection of gfp dsRNA (1 mg/ml) into the pseudocoelom (A) or anteriormost
intestinal cell (B) of sid-2(qt13); sur-5::gfp adult hermaphrodites results in
complete silencing of GFP in nonneuronal cells. (C and D) Injection into the
pseudocoelom (C) or anterior intestine (D) of control sur-5::gfp worms yields
comparable results. (E and F) sid-1(qt9); sur-5::gfp worms are completely
resistant to RNAi after injection into the pseudocoelom (E) and show silencing
in only the injected intestinal cell (arrow) (F). Animals were photographed 48 h
after injection at 20°C. Insets are bright-field photomicrographs of the same
worm. GFP images were taken at equal exposures.
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C. elegans Sensitivity to Environmental dsRNA Is Rare Among Caeno-
rhabditis Nematodes. To determine whether environmental RNAi
sensitivity arose in C. elegans or had been lost in C. briggsae, we
undertook a broad analysis of systemic RNAi among a selection
of extant Caenorhabditis species (Fig. 4). We generated a set of
species-specific RNA polymerase II subunit dsRNA that pro-
duced a similar early embryonic arrest phenotype among the
progeny embryos (cell cycle arrest around gastrulation) when
injected into the gonad of each species, showing that the dsRNA
effectively initiated RNAi in each species. To test for systemic
RNAi, we measured embryonic lethality among the progeny of
intestine- or body-cavity-injected mothers, and to test for envi-
ronmental RNAi, we measured embryonic lethality among the
progeny of mothers soaked in dsRNA overnight. All but one
species were sensitive to intestine- or body-cavity-injected
dsRNA, showing that systemic RNAi is broadly conserved
among Caenorhabditis (SI Table 4). In contrast, only C. elegans
and one distantly related unnamed species were sensitive to
environmental RNAi. This suggests that sensitivity to environ-
mental RNAi may be rare, or that sensitivity may be regulated,
perhaps in ways absent in the Bristol N2 strain. Notably, a wild
C. elegans isolate shows reduced RNAi sensitivity (22). Never-
theless, our phylogenetic analysis shows that environmental
RNAi has either arisen independently at least twice or been lost
independently at least four times within the Caenorhabditis
clade; thus this trait appears to have been subject to strong
positive and/or negative selection.

It will be interesting, once DNA transformation techniques
are developed for these more distant nematodes, to determine

whether expressing C. elegans SID-2 in these species can similarly
impart environmental RNAi. In an attempt to directly assess
SID-2 transport activity, we measured dsRNA uptake in Dro-
sophila S2 cells transfected with SID-2 expression constructs.
Similar experiments with SID-1 enabled rapid and robust uptake
of dsRNA (16). However, expression of induced SID-2 in S2 cells
resulted in only a minimal increase in dsRNA internalization
compared with noninduced cells and an indistinguishable in-
crease compared with cells expressing a transport defective
mutant version of SID-1 (D. de Jong, personal communication).

Conclusions
Our results delineate two steps in systemic RNAi, whereby sid-2
functions in the intestine to bring dsRNA into the animal, and
sid-1 functions to distribute dsRNA into peripheral cells. How-
ever, sid-1 is also required for environmental RNAi-mediated
silencing in intestinal cells. Therefore, it is probable that SID-2
does not directly mediate transport of dsRNA into the cytoplasm
of intestinal cells. This may reflect SID-2-dependent endocytosis
of intestinal dsRNA coupled to SID-1-mediated dsRNA efflux
from endosomes into the intestinal cytosol, from which it can
then be disseminated. Alternatively, SID-2 may mediate trans-
cytosis of dsRNA from the lumen through the intestinal cell to
the pseudocoelomic space for subsequent SID-1-mediated trans-
port into pseudocoelom-exposed cells. SID-2 is unlikely to be
required generally for endocytosis, because animals depleted for
core endocytotic machinery are dead. sid-2 mutant animals are
indistinguishable from wild type in development, morphology,
and fertility and show no readily apparent defects in intestinal
morphology.

C. elegans SID-2 functions in the intestine to mediate uptake
of luminal dsRNA and the divergent extracellular portion of
SID-2 is likely critical to this activity. The relative sequence
divergence of the luminal domain compared with the transmem-
brane and cytoplasmic domains between the environmental
RNAi enabling CeSID-2 and the nonenvironmental enabling
homologs from C. briggsae and C. remanei suggest that this
protein may function as an environmental sensor, perhaps
sensing niche-specific information or acquisition of sequence-
specific resistance to pathogens (23, 24). A dietary source of
dsRNA could be dsRNA released from ingested and partially
digested virions with dsRNA genomes. Alternatively, contact
with tissues of infected animals (host, dead nematodes, or
infected mother) may mediate sequence-specific immunity to
viruses (25), because cells infected with viruses of many types
produce abundant dsRNA (26).

Fig. 4. Phylogenetic relationship of select Caenorhabditis species and systemic
and environmental RNAi proficiency. Phylogeny from ref. 30. Only C. brenneri
(31) was conclusively deficient for systemic RNAi, whereas only C. elegans and C.
sp. 1 (SB341) were proficient at environmental RNAi. nt, not tested.

Table 3. C. elegans sid-2 confers sensitivity to soaking RNAi to C. briggsae

Species and genotype

Percent embryonic lethality Percent affected adults

pal-1
dsRNA

Buffer
only

pal-1
dsRNA Buffer only

C. elegans
sid-2(qt13) 55 (1,251) 0 (455) 69 (29) 0 (9)
sid-2(qt13); sid-2::gfp 99 (968) 2 (122) 100 (27) 0 (5)

C. briggsae
Wild type 5 (716) 1 (276) 4 (27) 0 (10)
Wild type; sid-2::gfp 96 (775) 5 (628) 100 (22) 0 (19)

L4 hermaphrodites were soaked in species-specific pal-1 dsRNA for 24 hr and then transferred to culture plates.
The fraction of progeny laid during the subsequent 24 hr that hatched (left two columns) and the fraction of
strongly affected adults (right two columns) are shown. pal-1 is a more potent environmental RNAi trigger than
the other genes we have tested, perhaps reflecting its dual maternal and zygotic functions (28, 29). Furthermore,
two nonsense alleles, qt21 and qt32 (Fig. 2), and a deletion allele, gk505, show a stronger environmental RNAi
deficiency than qt13 (M.S. C.P.H., and A.M.J., unpublished data). The majority of nonhatched embryos showed
posterior defects characteristic of pal-1(RNAi).
*Percent of adults that produced �10 progeny and �30% embryonic lethality.
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Materials and Methods
Strains. See SI Table 5 for details of strains used in this study. All
mutants were generated and characterized in the N2 Bristol
background.

sid-2::gfp. The sid-2 promoter and coding region was amplified
from N2 genomic DNA by PCR by using the primers A1 and A3
and digested with AvrII (see SI Table 6 for primer sequences).
GFP coding and unc-54 3� UTR sequences from pPD95.75 were
amplified by PCR by using the primers A4 and A5 and digested
with SpeI. The two fragments were then ligated in the presence
of T4 DNA ligase, AvrII, and SpeI by using NEB buffer 2 (New
England Biolabs, Ipswich, MA) and 10 mM ATP. Ligation was
done by thermocycling: 20°C for 20 min and37°C for 10 min for
12 cycles. The desired 9.5-kb fragment was gel-purified (Zymo-
clean; Zymo Research, Orange, CA), reamplified by using
primers A1 and A5, and injected at 20 mg/ml into N2 worms.
Transformants were identified by GFP expression. A spontane-
ous integrated line (HC123) was identified.

C. briggsae Expressing C. elegans sid-2::gfp. C. briggsae strain AF16
was injected with 10 ng/�l sid-2::gfp rescuing fragment along with
20 ng/�l pEON2 [rol-6(su1006)]. F2 lines were established by
selecting Rol animals that expressed GFP in the gut lumen. All
soaking experiments were performed with transgenic line
HC189, which segregated �95% Rol in each generation. The C.
elegans transgenic line HC188 (sid-2(qt13); sid-2::gfp) was con-
structed similarly but segregates 80% Rol in each generation.

Determination of SID-2 Membrane Topology. sid-2::lacZ fusion con-
structs were generated, injected, and scored as described for
sid-1 (16). Primers A1 and either L1 or L2 were used to amplify
sid-2 fragments truncated following the signal sequence and
predicted transmembrane, respectively. These were fused to one
of two lacZ PCR products, one of which was preceded by a
synthetic transmembrane domain. Diluted sid-2 fragments and
lacZ products were mixed, reamplified by using nested primers
L3 and L4, gel purified, and injected.

Mapping. sid-2(qt13) was mapped to the right arm of linkage
group III by using standard methods and phenotypic markers,
chromosomal deficiency tDf10, and single-nucleotide polymor-
phisms (27) (SI Fig. 5).

Sequencing and Rescue. The sid-2 rescue fragment (16 kb) was
amplified from N2 genomic DNA with primers A1 and A2 and
injected at 15 �g/ml with 25 �g/ml pRF4 [rol-6(su1006)] into
HC105 worms. F1 worms were scored for sensitivity to bacteria-
mediated RNAi of gfp. Successful rescue was also seen with a
7.8-kb fragment amplified with B2 and B6. To sequence mutant
DNA, template was amplified from mutant genomic DNA by
using primers CF1 and A6. Two independent amplifications were
sequenced by using primers CF1, CF2, CF3, CF4, CF5, and CR1.

cDNA. cDNA corresponding to the 5� end of sid-2 was amplified
from oligo dT primed first-strand cDNA by using primers SL1
and A6 and to the 3� end by using primers A7 and dT (21).

Amplified fragments were gel-purified and cloned into pCR4.1
(Invitrogen, Carlsbad, CA) for sequencing using Big Dye ter-
minator ready reaction mix (Applied Biosystems, Foster City,
CA), and M13 forward and reverse primers.

Genetic Mosaics. sid-2 rescue fragment (amplified with primers B2
and B6) (15 �g/ml), pRF4 (15 �g/ml), and pHC183 (7) (50
�g/ml) were injected into HC105 worms and F2 lines recovered.
To obtain sid-2 mosaics exposed to gfp hairpin RNA, five young
adult rollers were picked to small drops of Escherichia coli strain
OP50, eggs were laid overnight, and then bacteria expressing gfp
hairpin RNA was added. The resulting adults were scored for cell
autonomy of sid-2 function.

RNAi Methods. Double-stranded mex-3 RNA was made by in
vitro transcription with T7 RNA polymerase and PstI linear-
ized pHC170 [mex-3 hairpin in pCR4.1 (Invitrogen)]. Double-
stranded unc-22 hairpin RNA was made by in vitro transcrip-
tion with T7 RNA polymerase and HindIII linearized
pPD128.117. Double-stranded GFP hairpin was made by in
vitro transcription with T7 polymerase, and PmeI-linearized
pPD126.25. pPD128.117, and pPD126.25 were gifts from A.
Fire (Stanford University, Palo Alto, CA). Double-stranded
pal-1 RNA was made by in vitro transcription with a PCR
product made with T3 and T7 chimeric primers PALT3 and
PALT7 from early embryo cDNA, prepared as described in
Hill et al. (32). ZK520.1 (primers B1, B2), ZK520.2 (B3, B4),
ZK520.3 (B5, B6) RNAi templates were amplified with prim-
ers containing T7 RNA polymerase. C. briggsae pal-1 dsRNA
corresponding to the 3� UTR was made by in vitro transcription
with T7 and SP6 polymerases and pHC97. All dsRNAs were
injected at 1 mg/ml unless otherwise noted. Bacteria-mediated
RNAi was performed as described in Winston et al. (7), and
soaking-mediated RNAi was performed as described in Maeda
et al. (33). mex-3 dsRNA was resuspended in soaking buffer at
�4 mg/ml and pal-1 and gfp dsRNA at �5 mg/ml; 0.5 �l
dsRNA solution was placed in the cap of a 0.2-ml PCR tube,
and �20 young L4 animals were placed in the drop. Five
microliters of soaking buffer was placed in the bottom of each
tube to maintain humidity inside the tube during incubation.
Tubes were sealed and incubated at 20°C for 21–24 h. After
incubation, animals were placed on OP50-seeded plates, al-
lowed to lay eggs for �24 h at 20°C, and assayed for embryonic
lethality at 25°C and GFP expression at 20°C.

RNAi of body-wall-expressed GFP initiated by expression of
gfp dsRNA in the pharynx is best viewed after starvation, likely
because of the perdurance of GFP in normally growing worms,
although starvation-delayed development may provide an addi-
tional time period for RNAi to spread. Five L4s were placed on
an OP50 E. coli-seeded 60-mm NG plate at 20°C. Two days after
bacteria were depleted, a chunk from the starved plate was
transferred to a fresh plate at 20°C. The starved larvae (L1–L2)
that became adults were observed.

We thank Andy Fire for plasmids, Celera Genomics for the sur-5::nls-gfp
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