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A short history of RNAi
-1990 Napoli et al., van der Krol et al.,  odd 

transgene results in petunia.

-1992 Similar ‘co-suppression’ events in Neur-
ospora (Macino et al.,). C. elegans (unpub)

-1995  RNA injection blocks expression of par-1.
(Guo and Kemphues)

-1995-1996  Silencing is inherited/Systemic. 
(RNAi named) 
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Sam Driver, June 1996
East Coast Worm Mtg.

1996 Models for RNAi
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-1997 dsRNA is a potent activator of inter-
ference against somatic genes (Andy Fire)

-Even targeting germline genes dsRNA is at
least 10X to 100X more potent.

-Synergy requires injection within 10 min 
interval.

-After 1998 publication many begin to re-
interpret all silencing phenomena as 
triggered by dsRNA.
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RNA-dependent
RNA-degradat ion

Accumulat ion of RNAi act ive molecules
        in the target  t issue

pre - mRNA

Cat alyt ic model of RNAi

Inject ed dsRNA

Degradat ion

Transport  into the cellsTarget  t issue

Foreign
dsRNA Recognition

Transport

Silencing

Inheritance

guided

Genetic screens were initiated to identify cellular factors 
that mediate the events shown in red
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P0

F2

F3

F4
15°C

20-22°C

SENSITIVE TO RNAi AT 
15°C

Screen for 
ts mutants

RESISTANT TO RNAi AT 
~20°C
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Analysis of Hiroaki’s RNAi Deficient Mutants
# alleles                Other Phenotypes

rde-2     3 sterile/him/mutator
rde-3     3 sterile/him/mutator
rde-4     2 NONE
rde-5     1 sterile/him/mutator
rde-6     2 sterile/him/mutator

rde-1     6 NONE

mut-7    1 sterile/him/mutator
rde-7     5 NONE
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RNAi

Transposons

What about RDE-1 
& RDE-4?
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RDE-1 Homologs in gene silencing

C. elegans Arabidopsis Neurospora

RDE-1

RNAi

AGO1 QDE-2 

PTGS quelling
(Tabara et al.,1999) (Cogoni& Macino,2000)

(Fagard et al.,2000)

plant architecture

(Bohmert et al., 1998)
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RDE-4 Encodes a dsRBM containing protein
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dsRNA targetting
essential maternal genes

uninjected

carrier
oocytes

unaffected
embryos

carrier
oocytes

F1 F1

dead
eggs

X

F2 affected

dead
eggs

F3

F1 carriers

P0

F2

RNAi Inheritance

rde/mut(+)

rde/mut (-)

rde/mut (-)

Genetic crosses were used to determine when rde(+) 
activities were required.
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rde-1(+) and rde-4(+)

rde-2(+), mut-7(+), rde-6(ts), rrf-1(ts)

Inheritance (extra-genic)

Interference

dsRNA
rde-1&4 are required only  during initiation of 
RNAi when dsRNA is present.

Interference is mediated by extragenic agents,
e.g. the target locus need not be present in the 
gamete that transmits the interference effect to
the next generation.

Other rde factors function downstream.  For rde-6
and rrf-1, placement downstream relied on the use
of new ts alleles.
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ds RNA

repetitive genes

Stimuli {
Initiators

Effectors

Transposons,

rde-1 X Y

Threshold of
sense RNA?

Secondary
extragenic

agents

Gene copy-
number?

rde-4
ds RNA?

‘aberrant
RNA’

rde-3

Distinct stimuli are thought to induce silencing, but 
appear to share common downstream factors.  Based
on work in other systems it seems likely that one form
of stimulus that may maintain transposon silencing is
modification of the associated chromatin.  Transcription
within repressed chromatin may in turn lead to production
of “aberrant” transcripts that are recognized by RdRP and 
are then processed by Dicer to produce siRNAs.  Whatever
the precise mechanism it is clear that a genetic distinction
exists in that rde-1 and rde-4 are not required for transposon
silencing.
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RDE-4

trigger dsRNA

RISC

unwinding target ing

ds siRNA

AAAAAAAAAAAAAAAA

DCR-1 RDE-4

target mRNA

RDE-1
Homolog?

RDE-1

DRH1/2

Dicer

PPD family
(Adapted from Cerutti et al., 2000)

RDE-1
Biochemical studies indicate that RDE-4 interacts
with RDE-1, and that both factors interact with 
Dicer and the dicer-related helicase proteins DRH-
1 and DRH-2.  This complex may be analogous to 
the RISC-loading complex recently described in
Drosophila.
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ds siRNAPrimary siRNAs
(low levels)

targetting

R d R p

AAAAAAAAAAAAA
target mRNA

RDE-1
Homolog?

R d R p

Secondary siRNAs
(High levels)

D ig e s t io n

DCR-1 RDE4

RDE-1

DRH1

Unwinding and Searching

Amplification or Retention
of Successful siRNAs

Cleaved ta
rget

R
d R

p

DCR-1
DRH1 RDE4

RDE-1

However, C. elegans differs from Drosophila in
that downstream of the initial processing of 
dsRNA, the siRNAs that find a target are either
amplified or stabilized.  Members of a conserved
RNA-dependent RNA polymerase (RdRP) gene
family may amplify the RNAi response in any 
several possible ways, as illustrated.
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D2030.5 PRG-1
C01G5.2 PRG-2

PIWI
AUBERGINE
HIWI

ZK757.3a

ALG-1
ALG-2

PPW-1

PPW-2

T23D8.7
R09A1.1

C16C10.3

T22H9.3
Y49F6A.1

T22B3.2

R04A9.2
F20D12.1

C04F12.1
F56A6.1

K12B6.1
M03D4.6

C16C10.4
F58G1.1

R06C7.1

C14B1.7

F55A12.1

EIF2C
AGO1

PINHEAD

QDE-2

AGO1
RDE-1

germline function/Sterile

miRNA pathway

RNAi & choromosome seg?

RNAi (soma)
cosuppression

embryonic lethal?

RNAi (germline/soma)

RNAi (germline)

Null alleles obtained forNull alleles obtained for
nearly allnearly all

Thanks to Thanks to Shohei MitaniShohei Mitani!!

Our genetic studies suggest that RDE-1 is not part of
the worm effector complex (RISC), that mediates
silencing.  Instead we propose that other members
of this gene family are involved and may function
at a downstream step in silencing.  To find these
genes we have begun to systematically knock out
all of the 26 RDE-1 homologs.  The worm genes are
in blue and those that are not yet knocked out are 
shaded. 

Utah's Peter Reddien put piwi dsRNA in the planaria's food. Although the stem cells continued to function, "regeneration failed once piwi was 
disabled,"



17

RNAi

RDE-1
dsRNA

siRNA
C18/F56

Cosuppression

PPW-2?

F20?

Transposons/transgene?

siRNAs ?

DCR-1

Development

miRNA

?

Chromosome seg?

ALG-1, 
/ALG-2

PPW-2?

F20?

RNA?

siRNAs ?

C06/F58

?

?

F55?

ALG-1, 
/ALG-2

F55?

How does Dicer function in multiple pathways?

An important future question.  How does the single Dicer protein found in C. elegans mediate its activities in multiple different pathways?
Perhaps one answer to this puzzle is that distinct RDE-1 homologs interact with Dicer and recruit it into complexes that are dedicated to 
each pathway.  
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Return to the RNA world

We shall never cease from exploration
And the end of all our exploring
Will be to arrive where we started
And know the place for the first time.
T. S. Eliot (1888 - 1965)

QuickTime™ and a
None decompressor

are needed to see this picture.
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QuickTime™ and a YUV420 codec decompressor are needed to see this picture.


