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The genome contains more than protein coding genes
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The genome contains more than protein coding genes
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Transcriptional activation promotes mRNA and protein production
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Transcriptional silencing reduces mRNA and protein production
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PTGS and proteasome guide mRNA and protein repression
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small RNA-mediated TGS and PTGS is referred to as RNAIi
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There are different types of small RNA

mMiRNA and siRNA derive from dsRNA intermediates
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There are different types of small RNA

mMiRNA and siRNA derive from dsRNA intermediates
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There are different types of small RNA

secondary sRNA, piRNA and 21-U RNA do not involve dsRNA intermediates
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Diversification of small RNA pathways in plants

Sequencing of > 1 million Arabidopsis small RNAs revealed:

MIRNA - 21 conserved families (1-14 members/family)
- ~70 unique non-conserved (many additional candidates)
- ~150 RNA targets

Rajagopalan et al, 2006, Genes & Dev
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Diversification of small RNA pathways in plants

Sequencing of > 1 million Arabidopsis small RNAs revealed:

Posttranscriptional regulation

MIRNA - 21 conserved families (1-14 members/family)
- ~70 unigue non-conserved
- ~150 RNA targets

ta-sIRNA - 1 conserved cluster (—20 ta-siRNAs per cluster)
- 5 non-conserved clusters

- ~20 RNAtargets

nat-siRNA - 2 sense-antisense pairs
- 2 RNA targets (—1000 potential sense-antisense pairs)

24-nt sIRNA - > 400 000 uniqgue sequences
- target heterochromatic regions, transposons, repeats, genes

Transcriptional regulation




microRNA regulate protein-coding genes posttranscriptionally

MIRNA target gene - MIR gene and play essential regulatory roles
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Functions of conserved plant microRNA targets

Transcription factor genes (10 miRNA families)

156 11 SPB

159 8 MYB
JAW/319 S5 TCP >80% of conserved plant miRNA
160,167 5 ARF targets are transcription factors

Developmentf 164 6 NAC
166 5 HD-ZIP
169 7 CCAAT binding factor
171 3 SCARECROW-like
172 5 AP2-like
396 7 Growth Regulating Factors (GRL)

828 2 MYB

F-box genes (2 miRNA families)

393  TIR1 and 3 TIR1-like _
394 1 Unusual Floral Organs (UFO)-like

‘ RNAI related genes (2 miRNA families)

Development

162 DICER-LIKE1
168 ARGONAUTE1

“Other” genes (4 miRNA families)
395 3 ATP-sulfurylases
397 3 Laccases
398 2 Superoxide dismutases Rhoades et. al Cell 2002

. . . Xie et al., Plos Biology 2003
399 UbIQUItln-ConJUgator (UBC) J(:nes-Rhoades elt al%\)/iol Cell 2004

Homeostasis

Stress
response



Individual impairment of miRNA regulation

Silent mutations that introduce
mismatches between miRNA
and mRNA complementary site
without changing the protein sequence
disrupt miRNA-guided mRNA cleavage,
resulting in developmental alterations

Mallory et al, 2004, Curr Biol
Mallory et al, 2004, EMBO J
Mallory et al, 2005, Plant Cell




miRNA make trans-acting siRNA that regulate leaf development
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nat-siRNA regulate stress responses
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nat-siRNA regulate stress responses
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nat-siRNA regulate stress responses
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24-nt siRNAs regulate heterochromatin structure
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dcl2 dcl3 mutants accumulate stochastic defects over generations

B 1st generation

3rd generation

—> A correct balance among the various small RNA pathways

is required for proper genomic stability and expression

Gasciolli et al, 2005, Curr Biol



DCL2 acts antagonistically to DCL1 and DCL4
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RNAI is now known as an essential regulatory mechanism for:
- development
- biotic and abiotic stress responses

- genome surveillance

The discovery of RNAI explains:
- transgene silencing
- intriguing mutant phenotypes

- recovery from viral infection



Silencing allowed the regeneration of the first transgenic plant
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Silencing resulting from the duplication of endogenous genes

« Red star » 35S-CHS (RNA1)



Developmental abnormalities resulting from
mutations in miRNA genes

Wild type . Wild type
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Silencing explains recovery from virus infection
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Open questions:

Inventory:
- how many small RNA are there ?
- are there types of small RNA that remain to be discovered ?

- what are the roles of each type of small RNA ?

Regulation:
- how many small RNA pathways exist ?
- how are these pathways interconnected ?

- how are small RNA networks kept in check ?

Evolution:
- are small RNA a driving force in genome evolution ?

- are small RNA contributing to interspecies incompatibilities ?



Laboratoire de Biologie Cellulaire

Institut Jean-Pierre Bourgin
INRA Versailles

Julien Curaba
Taline Elmayan
Virginie Gasciolli
Isabelle Gy
Vincent Jauvion
Dominique Lauressergues
Gersende Lepere
Christophe Leroy
Allison Mallory
Hervé Vaucheret

Collaborators and contributors of materials:
D. Bartel, X. Chen, P. Crété, N. Fedoroff, I. Furner, O. Mittelsten Scheid,
J. Paszkowski, S. Poethig, E. Richards, N. Roberston, V. Vance, P. Waterhouse



nat-siRNA regulate stress responses
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