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Genome-Wide RNAi of C. elegans
Using the Hypersensitive rrf-3 Strain
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RNA-mediated interference (RNAi) is a method to inhibit gene function by introduction of double-stranded RNA
(dsRNA). Recently, an RNAi library was constructed that consists of bacterial clones expressing dsRNA, corresponding
to nearly 90% of the 19,427 predicted genes of C. elegans. Feeding of this RNAi library to the standard wild-type
laboratory strain Bristol N2 detected phenotypes for approximately 10% of the corresponding genes. To increase the
number of genes for which a loss-of-function phenotype can be detected, we undertook a genome-wide RNAi screen
using the rrf-3mutant strain, which we found to be hypersensitive to RNAi. Feeding of the RNAi library to rrf-3mutants
resulted in additional loss-of-function phenotypes for 393 genes, increasing the number of genes with a phenotype by
23%. These additional phenotypes are distributed over different phenotypic classes. We also studied interexper-
imental variability in RNAi results and found persistent levels of false negatives. In addition, we used the RNAi
phenotypes obtained with the genome-wide screens to systematically clone seven existing genetic mutants with
visible phenotypes. The genome-wide RNAi screen using rrf-3 significantly increased the functional data on the C.
elegans genome. The resulting dataset will be valuable in conjunction with other functional genomics approaches, as
well as in other model organisms.

Introduction

RNA interference (RNAi) is targeted gene silencing via
double-stranded RNA (dsRNA); a gene is inactivated by
specific breakdown of the mRNA (Fire et al. 1998; Mont-
gomery et al. 1998). It is an ideal method for rapid
identification of in vivo gene function. Initial studies on
RNAi used microinjection to deliver dsRNA (Fire et al. 1998),
but it was subsequently shown that dsRNA can be introduced
very easily by feeding worms with bacteria that express
dsRNA (Timmons and Fire 1998). Using this technique on a
global scale, an RNAi feeding library consisting of 16,757
bacterial clones that correspond to 87% of the predicted
genes in Caenorhabditis elegans was constructed (Fraser et al.
2000; Kamath et al. 2003). Upon feeding to worms, these
clones will give transient loss-of-function phenotypes for
many genes by inactivating the target genes via RNAi. By
feeding the clones in this library to wild-type Bristol N2
worms, loss-of-function phenotypes were assigned to about
10% of genes. However, RNAi phenotypes were missed for
about 30% of essential genes and 60% of genes required for
postembryonic development, probably because RNAi is not
completely effective (Kamath et al. 2003). Other global RNAi
screens have been recently performed in C. elegans using this
RNAi library or other techniques (Gönczy et al. 2000; Maeda
et al. 2001; Dillin et al. 2002; Piano et al. 2002; Ashrafi et al.
2003; Lee et al. 2003; Pothof et al. 2003). These screens were
done using wild-type worms.

We have already shown that mutation of rrf-3, a putative
RNA-directed RNA polymerase (RdRP), resulted in increased
sensitivity to RNAi (Sijen et al. 2001; Simmer et al. 2002).
There are four RdRP-like genes in C. elegans. Two of these,

ego-1 and rrf-1, are required for efficient RNAi, as apparent
from the fact that these mutants are resistant to RNAi against
germline or somatically expressed genes, respectively (Smar-
don et al. 2000; Sijen et al. 2001). A third gene, rrf-2, appears
to have no role in RNAi. The rrf-3 strain, mutated in the
fourth RdRP homolog, shows an opposite response to dsRNA;
this mutant has increased sensitivity to RNAi (Sijen et al.
2001).
A more detailed study of RNAi sensitivity of rrf-3 mutants

using a set of 80 genes showed that rrf-3 is generally more
sensitive to RNAi than wild-type worms (Simmer et al. 2002).
RNAi phenotypes in rrf-3 animals are often stronger, and they
more closely approximate a null phenotype, when compared
to wild-type. In addition, loss-of-function RNAi phenotypes
were detected for a number of genes using rrf-3 that were
missed in a wild-type background. For example, known

Received June 11, 2003; Accepted August 1, 2003; Published October 13, 2003
DOI: 10.1371/journal.pbio.0000012

Copyright: ! 2003 Simmer et al. This is an open-access article distributed
under the terms of the Public Library of Science Open-Access License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Abbreviations: Adl, adult lethal; Bli, blistering of cuticle; Bmd, body morphological
defects; Brd, low broodsize; Clr, clear; Dpy, dumpy; dsRNA, double-stranded RNA;
Egl, egg-laying defective; Emb, embryonic lethal; Gro, growth defect/slow
postembryonic growth; IPTG, isopropylthio-b-D-galactoside; Lon, long; Lva, larval
arrest; Lvl, larval lethality; Mlt, molt defects; Muv, multivulva; Prz, paralyzed; Pvl,
protruding vulva; RdRP, RNA-directed RNA polymerase; RNAi, RNA interference; Rol,
roller; Rup, ruptured; Sck, sick; Ste, sterile; Stp, sterile progeny; Unc, uncoordinated
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When faced with numerous articles on their
topic, how do scholars make the decision of
which articles to read?

•Topic, but also a mix of many other
things, including:
•Accessibility at no personal cost
•Top or good author
•Peer reviewed journal
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Identifying information in the 
PLoS ALM application

Source User role Category Comment

CrossRef article author Citation requires disambiguation

PubMed Central article author Citation requires disambiguation

ResearchBlogging blog author Citation

PLoS Comments comment author Comment

Twitter user Comment in testing

Facebook user Comment
Bookmark

comments, likes and 
shares are aggregated

CiteULike User user Bookmark

CiteULike Group group member Bookmark

Mendeley Group group member Bookmark
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