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I.  A very short introduction to RNA-mediated interference
"RNA-mediated interference" (or "RNAi") describes the use of exogenous RNA to interfere with the function of an endogenous gene.  RNAi technology for C. 

elegans grew out of early attempts to use antisense-mediated genetic interference as a tool to study gene function [4,5].  Two surprising discoveries concerning the nature 
of this genetic interference have greatly changed our view of this process [6].  

First, double stranded RNA is substantially more effective at producing interference than either sense or antisense.  Our observations suggest that dsRNA is at least 
two orders of magnitude more effective than either single strand in producing interference (quantitation for unc-22 [6]).  

Second, the effect can cross cell boundaries.  This is manifest in that the interfering dsRNA can be injected anywhere into the body and yield strong interference in 
both somatic tissue and in the animals of the next generation.  This remarkable property (initially discovered by Sam Driver) suggests that cells in C. elegans may have 
the ability to take in dsRNA from their extracellular environment.  

We believe that these observations points to a novel and exciting set of genetic regulatory mechanisms.  We don't know what these mechanisms are: they are 
currently under active study in the Mello and Fire labs.   

This document represents the current view of the Fire Lab concerning RNA-mediated genetic interference in C. elegans.  This is based on our experience with RNAi 
over the last year.  The data described is that of SiQun Xu, Mary K. Montgomery, Andrew Fire, Brian Harfe, Mei Hsu, Bill Kelly, Jenny Hsieh, Kelly Liu, and Steve 
Kostas.  We have also benefited greatly from discussions with Sam Driver and Craig Mello and from information shared by the Mello group (for additional information 
on RNAi from Mello group see their web site [address in section XI below]).  The RNA synthesis protocols in this document are the ones currently being used in the 
Fire lab [SiQun Xu (full protocol) and Mei Hsu (abbreviated)].  The L1 injection protocol is from Brian Harfe.  

This document is not a publication, and all information herein should be treated as personal communications (see sect XII).

II. Use of dsRNA versus older procedures involving ssRNA preparations: 
We recommend retrying using dsRNA any RNAi experiment that has previously been tried with ssRNA (particularly the negative ones).  

Crude ssRNA preparations have been used successfully for several years in many RNAi applications [4].  These preps generally contain a low-to-moderate level of 
dsRNA.  We think that contaminating dsRNA might be responsible in some or all cases for the observed interference.  Although these "crude ssRNA" preparations can 
be effective for genetic interference, results may be confusing in the long term.  In particular, we would be concerned that different "ssRNA" preps contain different (and 
not always reproducible) amounts of dsRNA.  

The level of dsRNA present in "crude ssRNA" preps depends critically on reaction conditions and the enzyme used to cut template.  Templates cleaved with 3' 
overhang enzymes tend to allow polymerase initiation at ends, thus yielding higher levels of dsRNA contamination.  T3 and T7 RNA polymerase initiation will also 
occur at ends of templates that have been synthesized by PCR with Taq polymerase (which leaves a single base 3' extension). 

With both maternal and zygotic target transcripts we find that dsRNA is substantially more effectivethan ssRNA in producing interference.  Because maternal 
mRNAs are more directly exposed to the injected RNA, maternal effect genes are more likely to have been suceptible with earlier ssRNA injection protocols.  For many 
maternal mRNAs, crude ssRNA had a strong enough effect to give essentially the null phenotype.  In these cases, dsRNA apparently produces the same effect (not a 
more severe effect).   There are some maternal-effect genes which had shown minimal RNAi effects in previous experiments (e.g. mom-1 [Will Downs]); it will be 
interesting to see if these results are improved with dsRNA.  

III.  Is the RNAi effect heritable?
From our experience, truly heritable RNAi effects must be rare. The genes that the Fire lab has tested extensively for heritability [unc-22, unc-54, gfp, lacZ, fem-1] 

show strong interference effects in the F1 generation [progeny of injected adults], but no effects in the F2 and beyond.  
In cases where apparent inheritance of an RNAi phenotype is observed, it is critical to consider the possibility that template DNA in the injected material has formed 

an extrachromosomal heritable array.  Some such arrays are transcribed indiscriminately [3] with the result being interference with the endogenous gene (perhaps by a 
dsRNA-dependent mechanism).  This type of template-dependent "cosuppression" phenomena would not generally complicate the interpretation of F1 phenotypes, but 
certainly should be taken into account in reporting apparent RNAi heritability for specific genes.. 

Craig Mello has shown at least two cases in which a pure RNAi effect is inherited.  These genes are of great interest and may greatly illuminate the RNAi process.  
Craig (and we) would be interested in additional examples where a highly purified RNA can produce a heritable effect, and also in cases in which heritability has been 
looked for and not seen.  

IV.  Interpreting RNAi results
A.  How effective is RNAi? 

Although RNAi is effective for many genetic disruption applications, it not a guaranteed means to obtain null phenotypes.  The effectiveness of RNAi 
will depend on several variables: The target tissue, the target gene, the delivery point, the amount of RNA delivered, and the magnitude or interference required for a 
phenotypic effect (i.e., what fraction of cells need to be affected and what fraction of activity needs to be eliminated).  In preparing to interpret RNAi results, investigators 
should also consider the possibility that homeostatic mechanisms for a given gene might allow the animal to compensate for RNAi through autoregulation or post-
translational modulation. 

The RNAi-target tissues for which there is the most accumulated experience in the literature are (a) the adult hermaphrodite germline and (b) the newly fertilized 
embryo.  RNAi can be carried out extremely effectively in these tissues.  In general, RNAi effects equivalent to a complete gene knockout are observed.   Within the 
injected animal (I0), somatic tissues can are also affected by RNAi [6].  I0 effects depend on the ability of injected RNA to cross cellular boundaries, and thus on tissue 
boundaries and site of injection.  The spectrum of non-mesodermal tissues accessible to I0-RNAi has yet to be characterized. 

In most of our experiments, we have focused on interference in F1 animals following adult injection.  These F1 animals presumably start life with some amount of 
interfering material.  We would like to know the nature of this material present in the F1s: perhaps the material is some of the injected dsRNA... perhaps it is some sort of 
genetic imprint on the genome or cytoplasm.  In any case, the effects of RNAi appear to be somewhat diluted as the F1 animals develop.  

We have carried out a number of titrations to determine the relative sensitivity of different muscle lineages to the RNAi effect in the progeny of injected adults  [see 



ref [6] for some pictures of this].  At the highest doses of dsRNA injected, we see effective F1 interference in almost-all (or all) of striated muscles born in embryonic and 
early larval development.  By contrast, the vulval muscles (born late in larval development) are only rarely affected in these experiments.  This suggests that the RNAi 
effect has somehow been diluted out by the time the vulval muscles are born.  This is not due to a general resistance of vulval muscles to RNAi: dsRNA injected during 
larval stages can produce interference in these cells (S. Xu, B. Harfe, and AF, unpub). 

RNAi is concentration dependent.  As the amount of injected RNA is decreased (or alternatively with progeny fertilized later in the F1 brood), we see an increasing 
number of striated muscle cells that resist the RNAi effect.  In F1 progeny of injected adults, the most likely muscles to resist RNAi are the 14 striated muscles born 
during postembryonic development.  Among the remaining cells, we see a surprising trend for resistance in the MS-derived embryonic muscle in the head (as compared 
to striated muscle of the C and D lineages).  Cells that resist RNAi tend to show near-wild-type expression levels, as if the cell had completely escaped the RNAi effect.  
Conversely, cells that fail to escape RNAi in the early embryo tend to remain affected throughout life of the animal (i.e. the effect persists even as the cells grow with the 
animal.)  

At successively lower concentrations of injected RNA, we see a continued decrease in the fraction of affected cells.  This can generate a mosaic pattern with a small 
fraction of muscle cells showing strong or complete interference, while the remainder appear to have escaped RNAi.  The mosaic nature of RNAi and escape from RNAi 
should be considered when interpreting interference phenotypes.

Even within a given cell types, it is possible that different genes will have different sensitivity to RNAi.  We don't have any direct data demonstrating this, but there is 
considerable anecdotal suggestion.  Before the use of dsRNA, Craig Mello had compared the two basement-membrane collagen genes (emb-9 and let-2) for their 
susceptibility to RNAi.  He found with the preparations that he was using that let-2 was quite susceptible to RNAi but that emb-9 was not.  We have subsequently 
repeated the emb-9 experiments with high concentration of dsRNA and obtained a fully penetrant Emb9-like embryonic/larval arrest phenotype.  Nonetheless, it seems 
that the two genes have different degrees of susceptibility to RNAi.  Since we don't know the mechanism of RNAi, it is difficult to speculate on why some genes may be 
more susceptible than others.  One conceivable determinant of sensitivity is the time course of transcriptional activation: how rapidly a gene is turned on and its transcripts 
are used for translation.  Other conceivable factors include secondary and tertiary structures and chromatin context.  We would be very interested in hearing about 
experiences of other researchers with genetically defined genes for which RNAi with a large region of coding sequence was not effective.  

B.  Interpreting RNAi phenotypes.
1.  What if you carry out RNAi and see no phenotype?

Don't Panic [8].  Interpreting subtle phenotypes in development, cellular organization, morphology, and behavior is a long-term process that may not initially bear 
fruit.  Many functions that are critical the "worm in the wild" are likely to be difficult to see in the lab.  Even for the trained eye, it is difficult to convincingly say that an 
animal is "normal" even if it is healthy under laboratory conditions and fertile.  

If you don't see a phenotype after dsRNA injection for your gene, the first thing you should do is check that there is indeed dsRNA in the injected material.  Second, 
you should ensure that you are injecting the RNA at the highest possible concentration.  If you are studying a gene for which a properly-expressing gfp (or lacZ) fusion 
is available, you can check the susceptibility of the tissue to different types of injection by injecting dsRNA corresponding to gfp (or lacZ).  Any clone of gfp or lacZ 
coding segments in Bluescript or equivalent vectors should be sufficient for preparing the dsRNA.  For gfp, pPD79.44 in the 1995 FireLab vector kit [or virtually any 
commercially available gfp vector] can be used to produce dsRNA.  

To follow phenotypes derived from injection with maximal care, we recommend cloning the individual animals after injection (in case some are better injected than 
others) and transferring at close intervals (e.g., 6-12 hours) for the first day after injection.  This also has the effect of synchronizing the progeny animals.  A control set 
of injections (e.g. with dsRNA for gfp) should serve as a side-by-side standard to determine the relative health of the experimental animals.  If available, antibodies to the 
target gene product should be used to stain the progeny of injected animals as late embryos or early larvae.  This should serve to confirm the effect of the RNAi on 
protein levels, and as an added bonus can be used to confirm the specificity of the antisera.

What genes will still not show a phenotype?  One set of problematic genes are those whose expression is primarily required during mid-to-late larval development.  
These will be resistant to RNAi carried out in an adult parent, but may be susceptible to RNAi following larval injection (see sect X below).  As noted above, there may 
be genes that can resist RNAi for alternate reasons.  

Finally, it is possible that the worm is just fine in the laboratory without your gene.  If you still don't have a phenotype, don't despair, you have company.  For 
organisms in which genes can easily be knocked out by targeted gene disruption (e.g. bacteria, yeast, mice, and now worms), gene disruption phenotypes are frequently 
difficult to see or absent.  In surveys of C. elegans genes with "interesting motifs or homologs", we have found quite a few with no evident RNAi phenotype.  So cheer 
up, there are 16,000 other genes in the genome and only half of them have been patented by your competitors.
2.  What if you carry out RNAi and see a phenotype?

When RNAi gives an embryonic phenotype, it is generally very highly penetrant.  For genes like unc-22 and unc-54, affected broods of young animals show a null 
or near-null phenotype in 100% of animals.  If you see a phenotype in a comparably large fraction of progeny with a gene of interest, that phenotype is very likely to be 
specific to the RNA segment used for interference.  You should of course have some kind of injection control (e.g. an unrelated dsRNA  prepared in parallel).  

Even with a phenotype that is present at high fraction of progeny, there are still a few concerns.   If the gene has a close homolog in the worm genome, then you may 
be knocking out both genes at once.  We don't know the degree of homology required for cross-reaction in this manner, but suspect that this is only a problem for genes 
that are very closely related at the DNA sequence level.  From an operational viewpoint, one straightforward control if a homologous gene presents a potential unintended 
target is to use different (non-overlapping) segments of the intended target gene for RNAi.  This procedure should allow definitive assessment of the RNAi target, unless 
the two potential targets are very close homologs through their entire length.

In cases where a embryonic or early larval phenotype is seen only rarely (<20% in the best broods), there should be considerable skepticism about the nature of the 
effect.  In particular, arrested embryos and sick larvae can be the result of impure injected material or rough injections.  Thus, parallel injections with control RNAs 
become a critical control.  With later larval phenotypes, a low frequency of interference is more to be expected from the lessened effects of RNAi at these stages.  Still, it 
is critical to ensure that the effect is specific to the injected RNA.
V. Will double stranded RNA be useful for interference in other organisms?

The RNAi process occurring in C. elegans is likely to occur in some other species.  We don't know how far is this likely to extend, but a subset of plant transgene 
literature suggests tha process might be rather widespread. 

An extensive literature in plants on the process called "cosuppression" [7].  This term refers to the ability of some transgenes designed to express "sense" RNAs to 
interfere with a homologous gene at a distinct locus.  This is similar in principal to the observations that sense RNA expression [4] or injection [5] can lead to interference 
in C. elegans.  We propose that some or all cosuppression phenomena in plants are similar to RNAi in C. elegans.  In particular, we propose that plant cosuppression 
might work though the production of low levels of dsRNA.  This would account for several observations in the plant literature [7].
1. An unexplained aspect of plant cosuppression has been an inability to predict which transgenes will cause the effect and which will not.  We would expect that low 
levels of "spurious" opposite-strand transcription might occur from plant transgenes, and that the low levels of dsRNA formed might be effective in producing genetic 
interference.  If this were the case, one could easily explain the apparently-capricious nature of the plant cosuppression effect, since the level of opposite-strand 
transcription from a transgene would depend on he integration site, as well as on the details of promoter and enhancer sequences used.  
2. Inverted repeat structures have been implicated in a subset of plant cosuppression phenomena.  If these inverted repeats were transcribed, they would produce a 
partly double-stranded hairpin RNA.  We have found that deliberately formed hairpin RNAs produce highly effective RNAi in C. elegans  (S.X. and AZF unpub.).
3. A new technology for genetic interference in plants involves the insertion of a gene into an engineered virus, then infection of cells [7b].  Since the viruses used for 
these experiments replicate as dsRNA, this viral-dependent interference might be comparable in mechanism to the dsRNA injections that we use in C. elegans.  
4. Plant cosuppression phenomena have recently been shown to spread from the site of gene expression [7c]. This is similar to the ability of injected dsRNA in C. 
elegans to affect cells away from the site of injection.

We hope in the near future to learn whether dsRNA can produce interference in a variety of other biological systems, and whether this interference can spread from 
the site of RNA injection or synthesis.  Stay tuned.



VI.  Choosing a target region for RNAi

A. How long a region to use: 
1. We recommend segments between 0.5-2.0kb (for ease of RNA synthesis)
2. We have worked with larger and smaller regions.  
3.  Regions <0.5 kb can be used, but the efficiency of RNAi may decrease
4. Regions >2.0kb can be used: RNA yields may be lower with early termination products more common. 

B. Use of cDNA versus genomic sequence: 
1. cDNA segments [or equivalent] are most straightforward if available. 
2. Genomic segments can also be used: we look for a 0.6-1.5 kb region with the highest concentration of exon sequences.  Introns can be included within the 

interference segment but apparently don't contribute to RNAi. 
3. Sequences anywhere within the mRNA can apparently be used for RNAi (We have routinely used translated regions and 3' UTR sequences; 5' UTR sequences are 

generally short in worms and haven't yet been tested).  
4. We have not observed polarity effects (i.e., differences in effectiveness between promoter-proximal and promoter-distal sequences), although a quantitative effect of 

position can't be ruled out.  
5. We frequently use PCR to amplify an interference segment from genomic DNA.  Adding linkers to PCR oligos allows facile cloning into Bluescript or equivalent 

vectors.  We most often use KpnI(ggggtacc), XbaI(gctctaga), ClaI(ccatcgat), EcoRI(ggaattc), BamHI (cgggatcc) and BglII (gaagatct) linkers.
C. Single stranded tails can be left on interfering molecules: 
1. We have found that hybrid RNA molecules with a double stranded region linked to single stranded tails can cause effective interference.  Only genes with homology 

to the double stranded portion of the injected RNA are subjected to interference. 
2. Frequently, it is convenient to synthesize RNA hybrid molecules for interference which have short single stranded tails at each end.  These ss tails don't contribute to 

interference but are compatible with interference by the dsRNA region.
3. Hairpin molecules with different genes represented in the stem (double strand) and loop (single strand) cause interference with gene corresponding to the stem region 

but not gene corresponding to the loop.  
VII.  Should you get rid of the DNA before injection?

The good news is that you generally don't need to remove DNA from the injection mix if you just want to look at the interference phenotype for a single gene.  
Removing the DNA template is not trivial: we find that DNA persists after a single DNase treatment.  Therefore, in cases where complete DNA removal was desirable, 
we carry out a second round of DNase treatment followed by purification on LGT-agarose.  

In several experiments, we have added excess amounts of template DNA to the RNA before injection; in these cases, we saw no effect on the ability of the RNA to 
interfere.  

The only major concern in cases where DNA has been included in the reaction comes from the potential for DNA-mediated transformation of some of the progeny.  
In C. elegans, some transcription of injected DNA occurs even without a promoter sequence or an initiation site.  Recall that DNA injected into C. elegans is ligated at 
some frequency to form heritable extrachromosomal arrays.  If these arrays are transcribed randomly from promoter and non-promoter sequences to produce a sense-
antisense combination, you may get a heritable interference effect that is similar to that of injected RNA (It's the DNA in these cases that is heritable, not the RNA).  This 
DNA-dependent "cosuppression" phenomenon is relatively rare.  This type of effect was observed for large fragments of unc-22 and unc-54, but is not observed with the 
majority of other DNA fragments that we have injected.   
VIII. Two synthesis and annealing protocols for production of dsRNA

The full RNA synthesis protocol (from SiQun Xu) should be useful in cases where the effects of ssRNA and dsRNA are to be compared, and in cases where 
removal of the DNA is critical.  Mei Hsu has worked out an abbreviated version of this protocol, which results in the production of dsRNA with a minimum of steps.  
The abbreviated protocol does not include removal of the template DNA (see VII above).

Full RNA Synthesis protocol  (SiQun Xu)
A. DNA Template Preparation 
  All operations are carried out in 1.5ml microcentrifuge tubes
  We use a CTAB minipreps for the original plasmid DNAs [3].  Other standard preps should also be effective.
  Underlined numbers are convenient pause-points after which reactions can be stored at -20°C (or -70°C)

1. Digest DNA (about 5µg) in 100 µl reaction mix with proper restriction enzyme.
2. Add 300µl 1x Stop (1M NH4Ac,10mM EDTA,0.2% SDS) + 0.3µl glycogen (20mg/ml).
3. Add 200 µl phenol/chloroform (1:1), mix vigorously, quick spin.
4. Transfer upper (aqueous) phase to a new tube with 200 µl chloroform, mix, quick spin.
5. Transfer the upper (aqueous) phase to a new tube with 1ml EtOH
6. Mix very vigorously and spin at top speed 10 min. Carefully dump the supernatant.
7. Add 1 ml EtOH to wash the pellet.  Invert gently. Spin at top speed, dump ethanol.
8. Dry the pellet.  Resuspend in 16 µl TE.
9. Concentration of DNA can be checked by running 1µl on a standard agarose gel.
B. RNA Synthesis: All solutions and manipulations from here on should be RNase-free.
10. Take 1µg of cut DNA (4µl as prepared above): Incubate 1-1/2 hr with the following

4.0 µl 5x TSC buffer (We obtain polymerases, RNasin and TSC buffer from Promega)
4.0 µl 5xrNTPs (1µl each 100mM rATP, rGTP, rCTP, rUTP+36.0 µl of RNase-free TE).
1.0 µl RNasin
2.0 µl 100mM DTT 
4.0 µl ddH2O
1.0 µl T3 or T7 RNA polymerase (we run T3 reactions at 25°C, T7 reactions at 37°C)

11. Add 1.0 µl RNase-free DNaseI, 37°C for 15 min. (can omit for simple gene disruption)
12. Add 380 µl 1xstop (1M NH4Ac,10mM EDTA, 0.2% SDS) + 0.3 µl glycogen (20mg/ml).
13. Add 200 µl phenol/chloroform (1:1), mix vigorously, quick spin.
14. Transfer upper (aqueous) phase to a new tube with 200 µl chloroform, mix, quick spin.
15. Transfer the upper (aqueous) phase to a new tube with 1 ml EtOH.
16. Mix very vigorously and spin at top speed 10 min. Carefully dump the supernatant.
17. Add 1 ml EtOH to wash the pellet.  Invert gently. Spin at top speed, dump ethanol.
18. Dry the pellet.  Resuspend in 10 µl RNase-free TE.
19. Concentration of RNA can be checked by running 1µl on a standard TAE agarose gel 
C. Second RNA Cleanup (not necessary for simple gene-disruption experiments)
20. Add 10 µl DNase mix to each tube from last step.  Incubate 37°C for 1-1/2 hours.

DNase mix: 2.0 µl 10 x NEB buffer 2



0.2 µl 100 mg/ml BSA
0.2 µl 10 mM CaCl2
1.0 µl RNasin
1.0 µl RNase-free DNase I
5.6 µl H2O

21. Add 380 µl 1xstop (1M NH4Ac,10mM EDTA,0.2% SDS) + 0.3 µl glycogen (20mg/ml).
22. Add 200 µl phenol/chloroform (1:1), mix vigorously, quick spin.
23. Transfer upper (aqueous) phase to a new tube with 200 µl chloroform, mix, quick spin.
24. Transfer the upper (aqueous) phase to a new tube with 1 ml EtOH.
25. Mix very vigorously and spin at top speed 10 min. Carefully dump the supernatant.
26. Add 1 ml EtOH to wash the pellet.  Invert gently. Spin at top speed, dump ethanol.
27. Dry the pellet.  Resuspend in 10 µl RNase-free TE.
28. RNA Can be further purified by electrophoresis on LGT-agarose followed by extraction. 
D. Making Double Stranded RNA for injection
29. Mix equal volumes sense RNA, antisense RNA, and  3x Injection buffer  ("3xIM") 

3xIM=(20mM KPO4 pH7.5, 3mM KCitrate pH7.5, 2% PEG 6000) 
30. Incubate at 68°C for 10 min, then 37°C for 30 min.  Can be stored at -20°C or -70°C
31. Examine RNAs by running 1µl of each strand and 3µl of the mix on a standard TAE gel.

Abbreviated dsRNA synthesis protocol (Mei Hsu) 
Proceed through step 10 (above) then--
11. Remove 1µl of each sense and antisense RNA (store this at -20°C as later gel marker)
12. Combine the remainder of the sense and antisense RNAs (19µl each) in the same tube
13. Add 380 µl 1xstop (1 M NH4Ac,10mM EDTA,0.2% SDS) + 0.3 µl glycogen (20mg/ml).
14. Add 200 µl phenol/chloroform (1:1), mix vigorously, quick spin.
15. Transfer upper (aqueous) phase to a new tube with 200 µl chloroform, mix, quick spin.
16. Transfer upper (aqueous) phase to a new tube.  
17. Incubate at 68°C for 10min then at 37°C for 30 min.
18. Add 1 ml EtOH.
19. Mix very vigorously and spin at top speed 10 min. Carefully dump the supernatant.
20. Add 1 ml EtOH to wash the pellet.  Invert gently. Spin at top speed, dump ethanol.
21. Dry the pellet.  Resuspend in 10 µl RNase-free TE.
22. RNA concentration can be checked by running 1µl on a standard TAE agarose gel, use the 1µl of sense and antisense RNA that you saved at -20°C as a marker to 

confirm formation of double stranded material
23.  RNA can be loaded into a needle and injected immedaitely without further treatment, or can be stored at -20°C or -70°C until needed. 

IX. Handling injected adults 
1. Animals can be injected anywhere in the body cavity or gonad [6]; for adults, our lab still prefers the gonad syncytia 
2. After recovery, injected animals lay a few unaffected progeny (eggs fertilized before injection), then a few partially affected progeny.   The next broods (starting 2-6 

hour after recovery) are likely to be the best for RNAi.  The effect may decrease slightly in later broods (24-60hr).  
3. We transfer animals 4-6 hr post recovery, then at 16-24 hour intervals.  If injections are variable, it may help to have just a single worm per plate. 

X. Interference during larval development: injecting young larvae 
(Original L1 RNAi observation: Craig Mello.  These Protocols: Brian Harfe, SiQun Xu)
1. We and Craig Mello have both had some success with injection of RNA into the body cavity of younger animals, including L1's.  
2. The resulting animals develop into adults in which expression of the target gene (at least in the mesoderm) is dramatically affected.  
3. We have seen interference in body wall muscles, vulval muscles, and in the M lineage (tested because those are the tissues that we study here).  We have not looked 

at interference in other tissues.
4.  L1 animals can be scooped up with a glob of bacteria from their growth plates, then smeared onto a thin agar pad similar to those used for standard injection of 

adults.  
5. The bacteria lend some hydration to the surrounding larvae, which can survive long enough on the pad to allow recovery after injection.  
6. Injection is carried out anywhere (directly into the body cavity), with no concern for cell boundaries.
7. It is difficult to inject all the animals on a pad, so it may not be clear that all animals are affected.  Cloning survivors after injection is recommended.
8. The RNAi effect is generally absent in the following generation.
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