The “Small RNA World”

‘“Ancient history”

A vexing phenomenon - different independent transgenic
lines carrying the same transgene, and carrying identical
(as few as one) copies of the transgene exhibit a range of

expression levels (3-4 orders of magnitude)

Anti-sense RNA expression causes a decrease in levels of
the target RNA (as opposed to other effects such as
translational repression)

““Sense suppression’ - in some transgenic lines expression
a “sense’ version of a transgene, expression of the
transgene is very low AND expression of closely-related
genes in the genome is also decreased

Many observations, no unifying picture

eimperfect correlation of sense suppression (and
antisense silencing) with the presence of multiple, tandem
copies of the transgene in the genome

*DNA methylation of the target genes often observed, but
not always

*Often (but not always) correlated with high
transcription rates (measured by nuclear run-off
experiments)



A Species of Small Antisense
RNA in Posttranscriptional
Gene Silencing in Plants

Andrew ). Hamilton and David C. Baulcombe*

Posttranscriptional gene silencing (PTGS) is a nucleotide sequence-specific
defense mechanism that can target both cellular and viral mRNAs. Here, three
types of transgene-induced PTGS and one example of virus-induced PTGS were
analyzed in plants. In each case, antisense RNA complementary to the targeted
mMRNA was detected. These RNA molecules were of auniform length, estimated
at 25 nucleotides, and their accumulation required either transgene sense
transcription or RNA virus replication. Thus, the 25-nucleotide antisense RNA
is likely synthesized from an RNA template and may represent the specificity
determinant of PTGS
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T1.1 - T5.3 are five independent tomato
transformants containing a 35S-ACC

oxidase (ACO) gene *ACQO is in the A
sense orientation; this is supposed to be B
an overexpression construct using the
tomato ACO cDNA

30-,
A. RT/PCT blot showing ACO mer
(transgene + endogenous gene) mRNA >
levels
B. RNA blot showing of fractionated c
small RNAs, probed with sense ACO
DNA

C. RNA blot showing of fractionated
small RNAs, probed with antisense ACO
DNA

»PTGS-dependent snese and anti-sense
ca 25 nt RNAs can be seen



The “Small RNA World”

Paying attention to details - small RNAs and gene silencing

Small RNAs (<50 nts, running at the lower resolution limit
of typical agarose gels) seem to accumulate in ‘“‘silenced”
plants

breakdown products?

in vivo? (silencing may stimulate nuclease
production, ‘“leakage” of nucleases, etc.)

in vitro? (silencing may make it harder to isolate
intact RNAs, because plants may be more fragile, have
more nucleases)

Hybridization studies, clone and sequence small RNAs

> They are related only to silenced genes, not to the global
set of mRNAs!

Cause or effect?

Genetics, biochemistry, molecular biology combine to
answer the question...



The “Small RNA World”

Small RNAs
First discovered in C. elegans (lin4, let7)

In plants, first associated with silenced genes
(transgenes)

Endogenous small RNAs were discovered later, found to
be associated with morphological and/or developmental
phenotypes, and derived from endogenous (as opposed
to trans) genes

Many classes of small RNAs:
edistinct sizes, 22-26 nts (one nt makes a difference!)

edifferent origins - transgenes, endogenous microRNA
genes, endogenous genes, endogenous silencing/silenced
loci

Different phenomena involving small RNAs:
*Transgene silencing

*Regulation of gene expression

*Controlling invasive DNA elements
eChromatin maintenance

*Viral defense



An overview of small RNA
biogenesis and function

The basic pathway: Enzyme “players”

Precursor RNA (may be
endogenous, non-host, double-
stranded, single-stranded)

polll, pollV, Rdrp (6)

Processing to 21-26 nt small RNAs

7 Dicer-like (4)
Incorporation into RISC complexes

Targeting, action Ago (10)

[amplification] Rdrp (6)

Multiple isoforms of the different
enzymes -> subfunctionalization?



Posttranscriptional Gene Silencing
(antisense, inverted repeat-mediated)
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Dcl3 produces 24 nt siRNAs, these are also
methylated and mediate formation of silenced
chromatin domains
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Posttranscriptional Gene Silencing (sense

suppression)
(b)
“aberrant’ RNAs are S-PTGS pathway
RNA e Aln
produced (structure, ! R
origins unclear; polll?) Averrant [ STITTTTTIT €oxANY
mRNA ﬁ — (A)n = De r;dat'on
3 T e g
Aberrant RNAs are n:nmmﬂnntnr >
“converted” to ds form s | wex
SDES3 '
by Rdré6 dsRNA ITTTTIVTITTIVTITIO
o DCL4 »
Dcl4 produces 21 nt | WX
Y
siRNAs — SN S —
o CH3 CH3 cH3L pirer gependert
21nt L transitivity
Henl (methylates 3’-end o
of the processed small ABoEn
RNA) |
i l - B Aberrant RNA
A g 01 pathway
" Degradation.

Rdr6 promotes amplification of the siRNA,
and transitivity

Broderson and Voinnet, Trends Genetics 22, 268-280, 2005



Transitivity - “spreading” of the silencing to parts
of the gene not initially targeted or affected
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miRNA pathway

miRNA precursors
produced by polll

Dcl1 produces miRNA
(different strands are
differentially stable ->
preferential production of
the “proper” strand”

Henl (methylates 3’-end of
the processed small RNA)

Transport (HASTY)
Agol
Action - RISC complex
(Agol-containing) recruits

efefctors (translational
inhibitors, Xrn4, exosome)
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Trans-acting siRNAs

Precursor RNA is
targeted and primed by a
different miRNA

Processed precursor
RNAs are “converted” to
ds form by Rdr6

Dcl4 produces 21 nt
siRNAs

Henl (methylates 3’-end
of the processed small
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“phasing” is essential for proper targeting by Agol
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Chromatin silencing

“dedicated”’ components (subfunctionalization): Dcl3 (24 nt
RNASs), pollV, Rdr2, Ago4
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PTGS is mobile

o

| Silencing trigger
FPSH=GEP): |

Unsilenced

2%
RDR6 ¥
AN e S
I
SDE3'  siRnA

—— amplification  €P

\ cycle RISC
A /
Dicer & D——— —

GFP siRNAs

Silencing

Silencing
i signal

signal

Nature Reviews | Genetics

From Voinnet, Nat. Rev. Genet. 6, 206-221, 2005








