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157-B Overexpression of small noncoding RNAs and its effects on biofilm-related phenotypes in Escherichia coli
Geunu Bak!, Kwang-sun Kim?, Younghoon Lee!
"Department of Chemistry, KAIST, Daejeon 305-701, Korea; 2Systems and Synthetic Biology Research Center, KRIBB,
Daejeon 305-806, Korea

It is undoubted that noncoding RNA has been deeply involved in various metabolic pathways in organisms ranging from bacteria
to mammals many different organisms. Although nearly 100 small noncoding RNAs (sRNAs) have been experimentally verified in E.
coli, knowledge about their roles has been continuously expanded through identification of functions of newly identified SRNAs as well
as new roles of previously known sRNAs. Recently, roles of SRNAs in bacterial group behavior or pathogenesis have received a great
deal of attention. Biofilm, a surface-bound and self-aggregate structure of bacteria embedded within extracellular polymeric substances,
is one of their important group behaviors for survival in varying environmental challenges. In this study, a plasmid library expressing 99
experimentally verified E. coli SRNAs was constructed on IPTG-inducible RNA expression vector pHMB1/2. Using this SRNA-expressing
library, changes of biofilm related phenotypes upon overexpression of each SRNA were examined. Especially flagella-based motility and
cell surface appendages were analyzed in details.
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160-B An RNA Degradation Machine Sculpted by Ro Autoantigen and Noncoding RNA

Xinguo Chen!, David Taylor’, Casey Fowler?, Soyeong Sim', Jorge Galan®, Hong-Wei Wang®, Sandra Wolin'

"Department of Cell Biology, Yale University; 2Department of Microbial Pathogenesis, Yale University; *Department of
Molecular Biophysics and Biochemistry, Yale University

Although the functions of many RNA-protein complexes (RNPs) are well understood, the roles of others are still being elucidated.
One class whose function remains under investigation is the Ro class of RNPs. The major protein component, the ring-shaped Ro 60 kDa
autoantigen (Ro60), is present in many animal cells and also in ~5% of sequenced bacterial genomes. In all characterized species, Ro60
binds ~100 nt noncoding RNAs (ncRNAs) of unknown function called Y RNAs. Because Ro60 also binds misfolded rRNAs and snRNAs
in some animal cell nuclei, it is proposed to function in ncRNA surveillance. In the only bacterium in which Ro60 has been characterized,
Deinococcus radiodurans, the ortholog Rsr functions with 3' to 5' exoribonucleases during some types of environmental stress. Specifically,
Rsr and the exoribonucleases RNase I and RNase PH are required for efficient 23S rRNA maturation during heat stress. In addition, Rsr
and the exoribonuclease polynucleotide phosphorylase (PNPase) are involved in rRNA degradation during stationary phase.

To understand how a Ro60 protein can influence the function of an exoribonuclease, we purified the Rsr/PNPase complex from D.
radiodurans and examined its composition, molecular architecture and activity. We discovered that Y RNA tethers Rsr to PNPase to form
an RNA degradation machine. Single particle electron microscopy (EM), followed by docking Ro and PNPase atomic structures into
the three-dimensional reconstruction, revealed a double ring architecture, suggesting that Rsr channels RNA into the PNPase cavity for
degradation. Biochemical experiments revealed that Rsr and Y RNA specialize PNPase for degrading structured RNA. Specifically, the
Rsr/Y RNA/PNPase RNP is more effective than PNPase alone in degrading stemloop-containing RNAs, but is less active than PNPase
on single-stranded RNA. These studies identify a role for Y RNA and also show that ncRNA, by tethering a protein cofactor, can alter the
substrate specificity of an enzyme.

To determine if the role we identified for Rsr and Y RNA in D. radiodurans could be conserved in other bacteria, we examined
Salmonella Typhimurium. We found that S. Typhimurium Rsr associates with two novel ncRNAs encoded 3' to rs». One ncRNA, which
we call YrlA, appears to be highly conserved, as potential orthologs are encoded adjacent to the Rsr ortholog in more than 100 bacterial
genomes. Notably, by performing immunoaffinity experiments in S. Typhimurium, followed by glycerol gradient sedimentation, we found
that Rsr and YrlA also associate with PNPase in this bacterium. Thus, assisting degradation of structured RNAs is likely to be a conserved
role of bacterial Ro RNPs.
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163-B The microRNA pathway mediates expression of yolk lipoproteins in the Caenorhabditis elegans intestine
Robert Dowen', Gary Ruvkun'

"Department of Molecular Biology, Massachusetts General Hospital, Department of Genetics, Harvard Medical School,
Boston, Massachusetts, USA.

In the nematode Caenorhabditis elegans, yolk lipoproteins (VIT proteins) are synthesized in the hermaphrodite intestine, secreted,
and internalized by the oocytes where their associated lipids provide nourishment throughout embryogenesis [1]. Here, we show that
the microRNA (miRNA) pathway is required for proper production of the VIT lipoproteins, and consequently, for proper embryonic
development. An expression analysis of the vif genes revealed that the miRNA pathway functions upstream of vif transcription. Moreover,
two miRNAs, let-7 and lin-4, are specifically required for proper endogenous vit gene expression, as well as activation of a GFP-based
vit-2 transcriptional reporter. Using the vit-2 reporter, we have identified two gene inactivations that suppress the effects of a /ef-7 mutation
and partially restore vit-2 gene expression. These two genes, /in-14 and lin-41, are known targets of the /ez-7 and/or /in-4 miRNAs. We are
currently investigating whether let-7 and /in-4 function within the intestine to control vit gene expression, or alternatively, whether they act
in surrounding tissues to regulate intestinal development.

1. Kimble J, Sharrock WJ (1983) Tissue-specific synthesis of yolk proteins in Caenorhabditis elegans. Dev Biol 96: 189—-196.
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166-B Novel RNA Structures Controlling Rlbosomal Protein Biosynthesis in E. coli and Beyond
Yang Fu', Michelle Meyer!
"Boston College

The control of ribosomal protein biosynthesis is tightly coordinated in eubacteria. In E. coli there are over 10 different RNA structures
that act to autogenous regulate over half of the ribosomal protein genes. Each of these cis-regulatory RNAs interacts with a specific
ribosomal protein to inhibit transcription or translation of an entire operon encoding multiple ribosomal proteins. Despite the important
role these RNAs play in regulating the biosynthesis of an essential process, our recent work shows that many of them appear to be narrowly
distributed to a few groups of closely related bacteria. This, in combination with the discovery of several putative RNA structures associated
with ribosomal protein genes in different phyla of bacteria, suggests that there are numerous RNA structures responsible for regulation of
ribosomal protein biosynthesis that remain to be discovered.

Using comparative genomics we identified several RNA structures associated with ribosomal protein operons, including one that
precedes ribosomal protein genes rpsF and rpsR, encoding ribosomal proteins S6 and S18 respectively. This RNA structure is widely
distributed to many bacterial phyla (it is found in both E. coli and B. subtilis), and overlaps a potential Shine-Dalgarno sequence in many
organisms. Using in vitro assays we confirmed that this RNA interacts specifically with S18, and with an S6:S18 dimer suggesting that the
RNA is a novel autogenous regulatory element responsible for coordinating the levels of ribosomal proteins in bacteria. This work shows
that comparative genomic methodologies applied so successfully to identify riboswitch candidates may also be applied to the discovery of
RNA regulators for ribosomal protein biosynthesis that may have been overlooked using previous approaches.
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169-B RNA annealing activity of Hfq is sensitively modulated by various physical parameters
Wonseok Hwang', Véronique Arluison®, Sungchul Hohng®
1(1) Department of Physics and Astronomy, (2) National Center for Creative Research Initiatives, Seoul National
University, Seoul 151-747, Korea; 2(1) Department of Physics and Astronomy, (2) Department of Biophysics and Chemical
Biology, (3) National Center for Creative Research Initiatives, Seoul National University, Seoul 151-747, Korea; 3(1) LLB,
Commissariat a I’Energie Atomique, CNRS-UMR 12, CEA-Saclay, Gif-sur-Yvette Cedex F-91191, (2) Université Paris
Diderot, Sorbone Paris Cité, France

Bacteria regulate their gene expression level in response to various environmental stresses. One of their regulation methods is small
non-coding RNAs (sRNA) which acts at the post-transcriptional level by base-paring with their target mRNA. For example, E. coli DstA
sRNA is expressed under cold shock and up-regulates RpoS (Sigma-S) transcription factor by base-paring with 7poS mRNA. It is well
know that this SRNA regulation process requires the RNA chaperone Hfq for efficient RNA duplex formation. However, how the RNA
annealing activity of Hfq is modulated under varying physical parameters due to various environmental stresses is ill-understood. Here
we investigate how the annealing activity of Hfq is modulated by various physical parameters by using single-molecule FRET assays.
We use dye-labeled synthetic RNA fragments obtained from E. coli DsrA sRNA and from its target mRNA, 7poS. Our results show that
low temperature increases the annealing efficiency by accelerating Hfq dissociation from DsrA:rpoS:Hfq ternary complex. Relative ratio
between RNA and protein is also important as an excess Hfq lowers annealing efficiency by inhibiting DsrA:rpoS:Hfq ternary complex
formation. The concentration of various salts greatly influences the annealing efficiency by increasing the turnover number of Hfq. Finally,
the molecular crowding, which Hfq may encounter in vivo, enhances the annealing efficiency by increasing effective concentration of RNA
and Hfq. Collectively, our results suggest that the activity of Hfq can be sensitively modulated by various physical parameters found in vivo.
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172-B Long ncRNA NEAT1-dependent SFPQ relocation between nuclear body paraspeckle and gene promoter
region mediates the transcription of IL8 gene in immune response

Katsutoshi Imamura’, Gen Akizuki’, Naoto Imamachi’, Michiko Kumakura?®, Atsushi Kawaguchi?, Kyosuke Nagata®, Akihisa Kato*,
Yasushi Kawaguchi’, Hiroki Sato’, Misako Yoneda’, Chieko Kai®, Tetsushi Yada®, Shinichi Nakagawa®, Kiyomi Kaneki’, Kenji
Inoue®, Tatsuhiko Kodama®, Youichiro Wada®, Kazuhisa Sekimizu', Nobuyoshi Akimitsu’
"Laboratory of Microbiology, Graduate School of Pharmaceutical Sciences, University of Tokyo, Tokyo, Japan;
Department of Infection Biology, Faculty of Medicine & Graduate School of Comprehensive Hyman Sciences, University
of Tsukuba, Tsukuba, Japan; *Department of Intelligence Science and Technology, Graduate School of Informatics, Kyoto
University, Kyoto, Japan; ‘Division of Molecular Virology, Department of Microbiology and Immunology, The Institute
of Medical Science, The University of Tokyo, Tokyo, Japan; SInternational Research Center for Infectious Diseases, The
Institute of Medical Science, The University of Tokyo, Tokyo, Japan; ‘Laboratory for Systems Biology and Medicine,
Research Center for Advanced Science and Technology, University of Tokyo, Tokyo, Japan; "Radioisotope Center, The
University of Tokyo, Tokyo, Japan; *RNA Biology Laboratory, RIKEN Advanced Research Institute, Saitama, Japan

Whole transcriptome analyses have revealed that novel classes of non-protein-coding transcripts, designated long noncoding RNAs
(IncRNAs), were transcribed from mammalian genome. As the ratio of non-coding to protein-coding genomic regions increased as a function
of developmental complexity, it has been assumed that the roles of IncRNAs transcribed from non-coding genomic regions are important
to understand the genome function in higher organisms. NEAT, a nuclear IncRNA, is essential for the formation of paraspeckle, one of
nuclear bodies. NEAT1 consists two isoforms, 3.7-kb NEAT1v1 and 23-kb NEAT 1v2, and the ratio between NEAT1v1 and NEAT1v2 are
regulated by alternative 3'-end processing. NEAT 1v2 but not NEAT1v1 is potent for the formation of paraspeckle, where NEAT1v2 interacts
with splicing factor, proline/glutamine-rich (SFPQ) protein. However, the function of paraspeckles and NEAT1v2 are largely unknown.

We found that the levels of NEAT1v2 and IL8 mRNA were raised by poly I:C transfection. Poly I:C transfection induced excessive
formation of paraspeckles without altered expression level of SFPQ. NEAT1 knock down decreased polyl:C-induced IL8 mRNA level.
Conversely, solo overexpression of NEAT1v2 increased IL8 mRNA level and excessive formation of paraspeckles. These results suggest
that NEAT1v2 regulates the expression of IL8§ mRNA under polyl:C stimulation. Next, we investigated the mechanism how NEAT1v2
regulates IL8 mRNA expression. SFPQ knock down increased the /L8 promoter activity as well as IL§ mRNA level, demonstrating that SFPQ
repressed the transcription of IL§ mRNA. To test whether SFPQ directly binds the promoter region of /L8 or not, we performed chromatin
immunoprecipitation. Quantitative PCR analysis of the purified immunoprecipitated DNA binding with endogenous SFPQ showed that
SFPQ bound the /L8 promoter region in naive cells. In addition, either poly I:C stimulation or solo overexpression of NEAT1v2 decreased
binding of SFPQ on the /L8 promoter. Finally, we tested whether virus infection induced up-regulation of NEAT1v2. Influenza virus or
herpes simplex virus 1(HSV-1) but not measles virus infection induced NEAT1v2. We confirmed that HSV-1 infection induced excessive
formation of paraspeckles. These findings suggested that viral infection increases NEAT 1v2 transcription and induces excessive formation of
paraspeckles where SFPQ is relocated from promoter region of /L8, consequently, up-regulates IL8. We propose that paraspeckles function
as a "molecular absorber" of paraspeckle proteins to regulate gene expression in response to stimuli.
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175-B Recognition of brain cytoplasmic 200 RNA by a human anti-RNA antibody
Euihan Jung!, Jungmin Lee!, Hyo Jeong Hong’, Insoo Parik? Younghoon Leel
"Department of Chemistry, KAIST, Daejeon 305-701, Korea; Department of Systems Immunology, College of Biomedical
Science, Kangwon National University, Chuncheon 200-701, Korea; *Molecular Imaging & Therapy Branch, National
Cancer Center, Goyang-si 410-769, Korea

It is known that diverse functional RNAs participate in a wide range of cellular processes. RNA structure plays an important role
in their functions by themselves and as complex forms with proteins or ligands. Therefore, monitoring RNA conformation in the cell is
essential for understanding their functional mechanisms, but any appropriate method is not established yet. Although hybridization is a
general method used for analyzing specific RNA molecules through their base complementarity, it would be difficult to apply for monitoring
RNA conformation because the hybridization requires partially denatured conditions, which could disturb their structural integrity. In the
current study, we developed an efficient strategy for screening human monoclonal antibodies binding to RNA from a naive antigen binding
fragment (Fab) combinatorial phage library, using brain cytoplasmic 200 (BC200) RNA as a bait. BC200 RNA is a neuron-specific non-
coding RNA that operates as a translational modulator, implicated in the inhibition of local synaptodendritic protein synthesis, in human
cells. The neuron-specific BC200 RNA has been reported to be also expressed at high levels in invasive carcinomas than benign tumors of
the breast. We biopanned a large human Fab combinatorial phage library (5x 10! recombinants), and isolated two antibodies that recognize
BC200 RNA, and one of them was selected for further affinity maturation by modifying residues in LCDR3. The best binding antibody,
MabBC200-A3, binds specifically to the two regions of BC200 RNA (residues 76 to 85 and 96 to 104) with dissociation constant of about
7 nM. In the secondary structure model, the two regions were separated by approximately one-half helix-turn so that they could be placed
in the same surface for interaction with the antibody. Various breast cancer cell lines were examined for their BC200 RNA expression using
conventional hybridization, and BC200 RNAs expressed in those cells were analyzed with MabBC200-A3. MabBC200-A3 discriminates
BC200 RNA from homologous 7SL RNA in purified total cellular RNA. The amount of BC200 RNA recognized by MabBC200-A3 in the
purified total RNA pool was proportional to the cellular level of BC200 RNA, but the amount of antibody-recognizable BC200 RNA in
the cell was not, suggesting that BC200 RNA can exist in distinct states in the cell. Our data show that anti-RNA antibody can provide a
novel tool for RNA-detecting and analyzing that hybridization cannot provide.
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178-B Roles for roX RNA and the RNA helicase MLE in the assembly of the dosage compensation complex in

Drosophila
Svlvain Maenner', Marisa Miiller!, Jonathan Fréohlich!, Diana Langer®, Peter B. Becker!
'Biomedical Center, Ludwig-Maximilians University, Munich, Germany; 2IGBMC, Strasbourg, France

Dosage compensation in Drosophila melanogaster involves the transcriptional activation of genes on the single male X chromosome
to match their expression levels to those in females, where both X chromosomes are transcribed.

The regulatory dosage compensation complex (MSL-DCC) consists of five so-called male-specific lethal (MSL) proteins and two long,
non-coding RNA, 70X/ and roX2, whose function is enigmatic. RNA helicase maleless (MLE) is among the MSL subunits. It is crucial
for dosage compensation, but its role remains unclear. Due to its unwinding activity and its multiple RNA-binding domains, MLE is well
suited to play a key role in roX functionality and may be involved in regulating the association of 70X with the MSL components. Up to
now, biochemical analyses had found that MLE associates only weakly with the other MSL proteins in nuclear extracts and in vitro binding
studies failed to reveal any specific interaction of MLE with 70X RNA.

We report on the results of our recent efforts to characterize the interactions of MLE with roX RNA, combining by RNA pull-down
assays, RNA 2D structure analysis and footprint experiments. We found that MLE is able to recognize specific aspects of 70X RNA and to
change its 2D structure to form that is competent to initiate MSL assembly. Our data strongly suggest that the ATP-dependent remodeling
of roX RNA by MLE may be rate limiting for MSL-DCC assembly.
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181-B Fission yeast Cactin silences chromosome ends and retrotransposons and links heterochromatin

establishment to telomere length regulation
Martin Moravec!, Luca E Lorenzi', Amadou Bah!, Harry Wischnewski', Marco Santagostino’, Claus M Azzalin'
Tnstitute of Biochemistry, ETH Ziirich, Ziirich, CH-8093, Switzerland

Eukaryotic telomeres are transcribed by RNA polymerase II into diverse long non-coding RNA (ncRNA) molecules forming the
telomeric transcriptome. Among these ncRNA species, telomeric repeat-containing RNA (TERRA) is conserved in eukaryotes and remains
associated to telomeres post-transcriptionally, suggesting that TERRA is an evolutionarily conserved integral component of telomeric
heterochromatin. Still, the functions and the mechanisms of regulation of the telomeric transcriptome remain enigmatic. We have screened
a complete Schizosaccharomyces pombe gene-deletion collection and identified several mutants with increased TERRA cellular levels.
One of these strains is deleted for the gene encoding 'Fission yeast Cactin-like protein 1' (Fycl), the S. pombe member of the eukaryotic
Cactin protein family, which comprises poorly characterized polypeptides possibly involved in cell cycle progression and cell growth.
Consistently, fycIAyeasts grow slower compared to wild type counterparts and are sensitive to a cold environment. Fyc1 binds telomeric and
subtelomeric sequences at low levels in vivo, and fyc 1A mutants accumulate subtelomeric and telomeric RNA and fail to silence subtelomeric
reporter genes. Thus, Fycl is necessary to silence chromosome ends and to establish telomere position effect. In absence of Fyc1, telomere
elongation by telomerase is exaggerated and the telomeric G-overhang is longer, suggesting that telomere transcription may stimulate
telomerase-mediated telomere elongation. Intriguingly, cells deleted for fyc/+ also accumulate RNA deriving from all Tf2 retrotransposons
and numerous solo LTR elements scattered throughout the genome, implying that Fycl promotes concomitant silencing of telomeres and
elements of retroviral origin. Mechanistically, Fycl sustains establishment of heterochromatin at telomeres and retrotransposon-containing
loci by restricting the levels of acetylated histone H3 at lysine 9 (H3K9) and, conversely, promoting accumulation of trimethylated H3K9.
Our findings reveal that Fycl is a novel regulator of telomeric heterochromatin establishment and telomere length maintenance, and link
silencing of telomeres and retrotransposons. We are investigating whether and to what extent the different phenotypes observed in fyclA
cells are causally linked.
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184-B Malignant Transformation Changes Packaging and Targeting of Extracellular MicroRNAs

Jaime Palma!, William Pearse!, Mallory Havens®, Michelle Hastings’, Dominik Duelli’

"Department of Cellular and Molecular Pharmacology, The Chicago Medical School at Rosalind Franklin University,
North Chicago, IL, 60064 USA; 2Department of Cell Biology, The Chicago Medical School at Rosalind Franklin University,
North Chicago, IL, 60064 USA

Cells regulate each other remotely in many ways. An emerging mechanism is the exchange of microRNA (miRNA) packaged into
membrane-coated vesicles. We reported that several cellular processes associated with malignant transformation change the export of
extracellular miRNAs (ex-miRs) by affecting whether a particular miRNA species is released selectively or retained by the cell. We here
describe the basis of selective ex-miR release and transfer to target cells.

We show that ex-miRs are packaged mutually exclusively in different carriers released from breast cancer cells. miR-451, which is
selectively released from transformed cells associates with exosomes, miR-1246 with nucleosomes, and neutrally released miR-16 associates
with unconventional "L-" exosomes. In contrast, normal cells release these ex-miRs in a single type of vesicle. Stresses upon the donor
cells, including DNA damage, affect the export of miR-16. We further demonstrate that uptake of ex-miRs and its consequences are cell-
type and carrier-type specific. For example, T-cells accumulate ex-miR-16 and ex-miR-451, while megakaryocytes internalize miR-16 but
not miR-451. The received miR-16 represses BCL2 in T-cells, triggering apoptosis, but causes cell cycle arrest in megakaryocytes. Finally,
monocytes do not acquire miR-16 or miR-451 from the extracellular environment, and the cells differentiate.

Malignant transformation induces de novo extracellular vesicles, into which some ex-miRs are assorted mutually exclusively. This
separation is key in determining the cell-type specific delivery of extravesicular cargo, and can explain how ex-miRs can simultaneously
activate cancer-promoting cells and block anti-cancer cells. This relay is dynamic, as changes in the ex-miR population due to DNA damage
in the cancer cell of origin is relayed to other cells and affects their function. We propose a model wherein ex-miR-cell signaling occurs
similar to virus-cell interactions, including the need for ligand-receptor interactions, and subsequent cellular trafficking.



Non-coding and Regulatory RNAs 187

187-B Discovery of Hfg-binding nanoRNAs in Escherichia coli
Jennifer Patterson', Shugeng Cao?, Jon Clard)?, Cameron Mura’
"University of Virginia; >Harvard University

RNA-based regulation enables exquisite control over the extent and timing of gene expression, thereby enabling bacteria to rapidly
respond to their environment. The bacterial host factor Hfq acts as a post-transcriptional regulator of such changes in gene expression. This
cellular activity likely stems from the ability of Hfq to function as a generic RN A chaperone. Previous work has found that Hfq preferentially
interacts with A/U-rich RNAs. In this study, we discovered an Hfq that interacts with short U/C-rich nanoRNAs, when recombinantly
expressed in Escherichia coli. These Hfg-binding nanoRNAs interact with high affinities (nanomolar-scale) and feature specific RNA
end-chemistries (5'-monophosphate, 3'-hydroxyl). These unanticipated Hfq---nanoRNA associations may represent a novel mechanism by
which Hfq and HfqesRNA complexes modulate RNA-based regulatory circuits in vivo.
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190-B Integrated genome-wide in silico and capture array approach discovers a large spectrum of novel structured

RNAs associated to regulatory elements
Stefan E Seemann’, Claus Hansen', Claus H Bang-Berthelsen’, Aashiq H Mirza?, Mikkel Christensen-Dalsgaard’, Hui Xiao',
Zizhen Yao’, Elfar Torarinsson?, Flemming Pociot’, Henrik Nielsen!, Niels Tommerup', Walter L Ruzzo®, Jan Gorodkin'
!Center for non-coding RNA in Technology and Health, Univ. of Copenhagen; 2Center for non-coding RNA in Technology
and Health, Glostrup Hospital Copenhagen; ’Fred Hutchinson Cancer Research Center; “‘Univ. of Copenhagen; SUniv. of
Washington

Computational predictions and high-throughput sequencing techniques, such as RNA-seq, have recently given rise to the discovery
of many non-coding RNAS (ncRNAs). In silico methods have in particular focused on predicting RNA structure, which is a functional
characteristic of many ncRNAs. However, these screens have primarily searched in regions of high evolutionary sequence conservation
and lack of large scale experimental follow up analysis.

To overcome these limitations, we introduce a genome-wide (on all regions covered by MAF blocks) in silico screen for ncRNAs based
on structural RNA alignments (of corresponding sequence from vertebrates) in direct combination with the design of a capture array for
expression analysis. The in silico screen resulted in ~600,000 highly structured candidate regions in the human genome of an estimated false
discovery rate of 26%. For the top ~60,000 regions the FDR is less than 10%. We also predict a genome-wide coverage by conserved RNA
structures of around 14%. The identified regions are primarily intergenic and are enriched for untranslated regions (UTRs) in mRNAs. We
observe good overlap to known ncRNAs and recently identified long ncRNAs. The study reveals that structured RNAs are most adequately
predicted from structural alignments and, interestingly, comprise RNA structures of down to 20% sequence identity.

Functional indications of the conserved RNA structures are given by their location adjacent to many regulatory features such as
transcription factor binding sites and the evidence for their negative selection. To provide further confidence on the in silico predictions
we performed the first large-scale experimental analysis of structured ncRNA candidates by probe design of ~80,000 structured candidate
regions. The designed capture array reveals the expression of ~8,000 of these regions. The chosen strategy of RNA capture array and high-
throughput sequencing found a number of low expressed ncRNAs and RNA structures in extended UTRs which have not been found by
ordinary RNA-seq experiments. Further experiments (qQPCR, RACE and structure probing) in human and mouse support our hypothesis
of transcripts weakly conserved in sequence but with a highly conserved RNA structure.
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193-B Uncovering novel microRNAs involved in homeostatic plasticity

Mariline M. Silva" 2?3, Joana Fernandes”*, Sandra D. Santos’, Ana Luisa Carvalho' >

!Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal; 2Doctoral Program in Experimental
Biology and Biomedicine, University of Coimbra, Coimbra, Portugal; *Doctoral Program in Experimental Biology

and Biomedicine, University of Coimbra, Coimbra, Portugal; “Faculty of Pharmacy, University of Coimbra, Coimbra,
Portugal; SDepartment of Life Sciences, University of Coimbra, Coimbra, Portugal

Synaptic scaling is a homeostatic mechanism responsible for the adjustment of the overall synaptic strength in a neuron's synapses to a
set point, in order to stabilize neuronal firing. Dendritic protein synthesis is crucial for synaptic scaling but the mechanisms that regulate the
de-repression of mRNAs are still unclear. MicroRNAs, well known posttranscriptional regulators, are modulated upon changes in neuronal
activity, which indicates that miRNAs may have a role in the regulation of homeostatic plasticity. Our main goal is to unveil novel miRNA
players during synaptic scaling and to further investigate their role in this form of plasticity.

We performed a gene expression microarray analysis of rat hippocampal neurons under chronic blockade of activity and submitted the
results to biological interpretation using the GoMiner tool. Several gene categories, relevant for synaptic events, were selected and miRNA
target sites were predicted for those genes using the following algorithms: miRanda, TargetScanS and MirTarget2. Focusing on a restricted
group of altered genes with a crucial role in synaptic scaling and/or in synaptic function, we identified a group of 18 predicted miRNAs,
and performed a screening panel for their expression levels in primary cultures of rat hippocampal neurons subjected to synaptic scaling
up conditions. This analysis revealed that several miRNAs present altered expression in scaling up conditions and therefore suggests an
important role for these miRNAs in synaptic scaling mechanisms.
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196-B A link between long intervening noncoding RNAs and microRNA regulation
Igor Ulitsky!, Alena Shkumatava', Hazel Sive!, David Bartel’
'"Whitehead Institute; *Whitehead Institute for Biomedical Research, Howard Hughes Medical Institute and Department of
Biology, MIT

Thousands of long intervening noncoding RNAs (lincRNAs) have been identified in mammals. To better understand the evolution and
functions of these enigmatic RNAs, we identified more than 550 distinct lincRNAs in zebrafish. Although these shared many characteristics
with mammalian lincRNAs, only 29 had detectable sequence similarity with putative mammalian orthologs, typically restricted to a single
short region of high conservation. Other lincRNAs had conserved genomic locations without detectable sequence conservation. Morpholinos
targeting conserved regions of two zebrafish lincRNAs caused developmental defects. Morpholinos targeting splice sites caused the same
defects and were rescued by adding either the mature lincRNA or its human or mouse ortholog. In one of the lincRNAs, called cyrano, the
conserved region extensively pairs to miR-7, and this pairing has been essentially unchanged since the dawn of vertebrates. Our experiments
confirm that the conserved site is a bona fide microRNA target site that is bound by argonaute proteins and confers regulation by miR-7.
This regulation is part of a larger network of miRNA-lincRNA regulations, which is revealed by multiple types of experimental evidence.
We also demonstrate how direct comparison of lincRNA sequences across distant species can uncover miRNA complementary sites and
other conserved elements that are missed in whole-genome alignments.
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199-B HEN1-directed labeling of small non-coding RNAs
Giedrius Vilkaitis', Alexandra Plotnikova', Aleksandr Osipenko’, Viktoras Masevicius', Saulius KlimaSauskas'
"Department of Biological DNA Modification, Institute of Biotechnology, Vilnius University, LT-02241 Vilnius, Lithuania

MicroRNAs and siRNAs are 21-25 nucleotides long non-coding RNAs described in viruses, unicellular eukaryotes and a broad range
of multicellular organisms, ranging from plants and insects to mammals. microRNAs control a variety of biological pathways including
development, apoptosis, metabolism or immunological response by inhibiting protein translation and, in some cases, leading to degradation
of mRNA transcripts. In view of numerous functions the connection of microRNAs with a wide range of human diseases comes as no
surprise. Differences in microRNA expression patterns are significant in cancer, diabetes, heart malfunctions, neurodegenerative diseases
etc. For this reason detection techniques for high-throughput microRNA profiling need to be developed. The novel small RNA labeling
technology recruits the HEN1 methyltransferase to attach the extended side chains with functional group towards 3'-end of microRNA or
siRNA. The method provides two strategies: quick and effortless one-step labeling through the direct attachment of the relevant reporter
group which is embedded in the transferred radical. Alternatively, the two-step approach extends a choice of coupling strategies for manifold
label conjugation to functional group.
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202-B A short guide to human long non-coding RNA gene nomenclature

Matt Wright', Ruth Seal', Elspeth Bruford'

"THUGO Gene Nomenclature Committee (HGNC), EMBL-EBI, Wellcome Trust Genome Campus, Hinxton, Cambridge,
CB10 1SD, UK

The HUGO Gene Nomenclature Committee (HGNC) is the only organisation authorised to assign standardised nomenclature to human
genes. Of the 34,000 approved gene symbols in our database (www.genenames.org) the majority represent protein-coding (pc) genes;
however we also name pseudogenes, phenotypic loci, some genomic features, and to date have named over 5,000 human non-protein coding
RNA (ncRNA) genes and ncRNA pseudogenes. We have already established unique names for most of the small ncRNAs by working with
experts for each class: for example we have named the ~1,500 human microRNA genes in collaboration with miRBase. Small ncRNAs
can be defined into their respective classes by their shared homology and common function. In contrast long non-coding RNA (IncRNA)
genes represent a disparate set of loci related only by their size, over 200 bases in length, share little conserved sequence homology, and
have variable functions. As with pc genes wherever possible IncRNAs are named based on the known function of their product, e.g. 'XIST’
'X (inactive)-specific transcript' is involved in transcriptionally silencing one of the pair of X chromosomes in females. We have currently
named ~100 IncRNA genes that encode a transcript with published evidence of function. There are, however, potentially thousands of
IncRNAs, and for the vast majority their function remains unresolved. Such IncRNA genes are named based on their genomic context. If
there is a proximal pc gene then the IncRNA genes are given a gene symbol beginning with the pc symbol and assigned a suffix according
to whether they are: antisense (AS) e.g. BACEI-AS; intronic (IT) e.g. SPRY4-ITI; or overlapping (OT) e.g. SOX2-OT. Whereas long
intergenic IncRNAs (lincRNAs) that lie between pc gene loci are named with a common root symbol (LINC: "long intergenic non-coding
RNA") and an iterated, numerical suffix. We present a short guide to the nomenclature of IncRNA genes and provide examples of some of
the genes named to date. For further information on ncRNA nomenclature please see the HGNC RNA webpage: www.genenames.org/

rna or email us at hgnc@genenames.org
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717-B Maintenance of adult beta—cell identity by microRNAs and transcription factors
Amitai Mandelbaum, Sharon Kredo-Russo, Tal Melkman-Zehavi, Eran Hornstein
Hornstein lab, Department of Molecular Genetics, Weizmann Institute of Science

Normal physiology depends on defined functional output of differentiated cells. A century of Developmental-Biology studies revealed
diverse mechanisms for differentiation, however once ‘terminally’ differentiated, cells are thought to naively stay put. However differentiated
cells are surprisingly fragile, for example, phenotypic collapse and de—differentiation of beta—cells was recently discovered in pathogenesis of
type 2 diabetes. These discoveries necessitate investigations of mechanisms for maintenance of robust cell-type identity over decades in the
adult organism? microRNAs, which are small non-coding RNAs, are known to impart robustness to development. Our investigations reveal
that microRNAs are providing means for continuous maintenance of adult beta—cell identity and therefore are important genetic components
in metabolic disorders including in diabetes. This provides a new framework for miRNA function in adult tissues and in human disease.
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205-B Towards improved shRNA inhibitors with a Dicer-independent processing route
Ben Berkhout'
"University of Amsterdam

Towards improved shRNA inhibitors with a Dicer-independent processing routeBen Berkhout Laboratory of Experimental Virology,
Academic Medical Center, University of Amsterdam, The Netherlands (b.berkhout@amc.uva.nl) Short hairpin RNAs (shRNAs) are widely
used to induce RNA interference (RNAi). The shRNA is processed by the Dicer endonuclease into an siRNA duplex. One strand of the
duplex instructs the RNA-induced silencing complex (RISC) with the catalytic AGO2 protein to mediate cleavage of the complementary
mRNA target. Although shRNAs can potently and specifically suppress target genes, RNAi may also cause serious side-effects, which is an
siRNA-sequence and dose-dependent phenomenon. Thus, there is a need to select potent shRNAs in order to reduce the required shRNA
concentration. To date, only few shRNA designs have been tested. We tested a variety of ShRNAs that differed in stem length and terminal
loop size and revealed strikingly different RNAi activities and shRNA processing patterns. Interestingly, we identified a specific sShRNA
design that uses an alternative Dicer-independent processing pathway, which also resulted in potent knockdown of the target gene. Detailed
shRNA analyses indicated that a short stem length is critical for avoiding Dicer processing and activation of the alternative processing
route, in which the shRNA is incorporated into RISC and processed by the AGO2-mediated slicer activity. Such alternatively processed
shRNAs (AgoshRNAs) yield only a single RNA strand that effectively induces RNAi, whereas conventional shRNA processing results in
an siRNA duplex of which both strands can trigger RNAi. These results have important implications for the future design of more specific
RNAI therapeutics.
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208-B Endogenous RNA interference is driven by copy number
Cristina Cruz', Jon Houseley'
'The Babraham Institute

A plethora of non-protein coding RNAs (ncRNA) are produced throughout eukaryotic genomes, many of which are transcribed antisense
to protein-coding loci. A direct interaction between antisense ncRNA and protein-coding mRNA would form double-stranded RNA that could
instigate an RNA interference (RNA1) response, resulting in mRNA down-regulation. However, this occurs very rarely and the variables
controlling such an RNAIi response remain undefined. Here we use a minimal reconstituted RNAi system in budding yeast to show that
gene copy number is a key factor controlling the RNAi response to transcripts from endogenous loci, and that increasing copy number is
sufficient to cause the degradation of both sense and antisense RNA by RNAI. This is observed for loci expressing ncRNA or mRNA, and
occurs even with rare or unstable antisense transcripts. Importantly, increased RNA abundance does not account for this effect as multi-copy
loci produce more small interfering RNAs (siRNA) than single-copy loci with equivalent RNA expression. The difference can instead be
explained by the ability of multi-copy loci to simultaneously transcribe sense and antisense RNA. Cells are able to identify high-copy DNA,
which is an essential step in the suppression of newly evolved transposable elements; our experiments clearly demonstrate that identification
of the products of high-copy DNA is an emergent property of a minimal RNAi system. Efficient surveillance of high-copy sequences by
RNAIi would however require genome-wide transcription, suggesting a function for the pervasive transcription of eukaryotic genomes. We
propose that pervasive transcription is part of a defence mechanism capable of directing a sequence-independent RN A1 response against
transposable elements amplifying within the genome.
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211-B Single-molecule view on the action of Drosophila Dicer-2
Anna C. Haagsma, Mohamed Fareh, Chirlmin Joo
#N/A

RNA interference is a novel gene regulation process which involves small interfering RNAs (~20-30 nucleotides). The small interfering
RNAs contribute to a multitude of cellular processes including development, metabolism and stress responses. The RNase III family
enzyme Dicer is a specialized class of endonucleases that cleave double-stranded RNAs into small interfering RNAs [1, 2]. Despite the
importance of the enzyme in RNA interference, the mechanism of Dicer is not yet fully understood. Drosophila has two types of Dicer
with distinct biological functions. Among these two, Dicer-2 plays a critical role in transposon control and defense against viral infection.
Dicer-2 processes a long double-stranded RNA into many short interfering RNAs. For efficient processing of a long double-stranded RNA,
Dicer-2 may utilize a translocation mechanism through its helicase domain [3, 4]. By pulling down Dicer-2 out of insect cell extracts and
immobilizing on a single-molecule imaging surface [5], we attempt to visualize the putative translocation process of the Dicer-2 protein
for the first time.
References
1. Carthew & Sontheimer (2009) Origins and mechanisms of miRNAs and siRNAs. Cell, 136: 642-655.
2. Jinek & Doudna (2009) A three-dimensional view of the molecular machinery of RNA interference. Nature, 457: 405-412.
3. Cenik et al. (2011) Phosphate and R2D2 restrict the substrate specificity of Dicer-2, an ATP-driven ribonuclease. Mol. Cell., 42:
172-184.

4. Welker et al. (2011) Dicer's helicase domain discriminates dsRNA termini to promote an altered reaction mode. Mol. Cell., 41:
589-599.

5.Yeom et al. (2011) Single molecule approach to immunoprecipitated protein complexes: insights into miRNA uridylation. EMBO
reports, 12: 690-696.
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214-B Investigating the potential role of an archaeal Argonaute in the subtype llI-B CRISPR system of M. piezophila
Emine Kaya', Jennifer A. Doudna’

"University of California, Berkeley; 2Department of Molecular and Cell Biology, Howard Hughes Medical Institute,
Department of Chemistry, University of California, Berkeley, California 94720, USA and Physical Biosciences Division,
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

Members of the Argonaute protein family are found in all higher eukaryotes and have important functions in translational regulation of
gene products, as well as defense against viruses or transposable elements. In processes known as RNA interference (RNA1) and microRNA
(miRNA) mediated silencing, Argonaute proteins associate with small non-coding RNAs and use them as guides to bind to complementary
RNAs. (1) Instead of using RNAI as a defense mechanism against non-self genetic elements, archaeal and many bacterial genomes contain
Clustered Regularly Interspaced Short Palindrome Repeats (CRISPR) and variable arrays of the CRISPR-associated (cas) genes, which
together form the CRISPR-associated system (CASS).(2) In a manner analogous to RNAI, this adaptive immune system uses small RNAs
to specifically target and degrade foreign genetic elements derived from phages and/or plasmids.

Despite the absence of homologous RNAi pathways, Argonaute proteins have been identified in prokaryotes. The crystal structures of
several bacterial and archaeal Argonautes revealed the same domain architecture as their eukaryotic homologs. Furthermore, catalyltically
active prokaryotic Argonautes have been shown to bind small nucleic acid guides for endonucleolytic cleavage of complementary targets
in vitro. However, the biological function of prokaryotic Argonaute proteins remains unknown.(3)

Recent phylogenetic analyses by Makarova et al. revealed the genomic colocalization of members of the Argonaute family and
CASS in archaea.(4) Potentially active Argonaute proteins are encoded in the CRISPR subtype I1I-A and I1I-B loci in the archaeal species
Methanopyrus kandleri and Marinitoga piezophila, respectively. In both genomes, the Argonaute protein is in the same operon as Casl
and Cas2, which are likely to be responsible for spacer acquisition. Here, I present my recent efforts towards characterizing the CRISPR
subtype III-B operon of M. piezophila and elucidating the role of Argonaute in this system.

1. M. Jinek, J. A. Doudna, Nature 457, 405 (2009).

2. B. Wiedenheft, S. H. Sternberg, J. A. Doudna, Nature 482, 331 (2012).

3.a)Y. Wang et al., Nature 456, 921 (2008). b) J. S. Parker, S. M. Roe, D. Barford, Nature 434, 663 (2005). ¢) J. B. Ma et al., Nature
434, 666 (2005). d) Y. R. Yuan et al., Mol. Cell 19, 405 (2005).

4. K. S. Makarova, Y. I. Wolf, J. van der Oost, E. V. Koonin, Biol. Direct 4,29 (2009).
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217-B P body-associated RNA silencing complex PRSC of Cryptococcus effects transposon suppression
Prashanthi Natarajan', Joshua Dunn', Jonathan Weissman', Phillip Dumesic', Hiten Madhani’
"University of California San Francisco

We recently described a novel RNA silencing system in the yeast Cryptococcus neoformans (Dumesic, Natarajan et al., Cell, 152,
957-968, 2013), in which stalled spliceosomes serve as a signal for RNAi-mediated genome defense. In addition to the nuclear SCANR
complex required for siRNA accumulation, we described PRSC, a P body-associated RNA silencing complex. PRSC is dispensable for
siRNA accumulation, suggesting it is an effector complex. PRSC contains two subunits: the Argonaute, Ago1 and a glycine-tryptophan(GW)
motif protein, Gwol. Gwol and mammalian GW 182 family members are best reciprocal protein search hits suggesting they are orthologs.
Together with their similar association with Argonaute proteins and their localization to P-bodies, the effector complexes from the yeast and
mammalian systems appear to be striking similar. Consistent with this view, PRSC physically associates with mRNAs targeted by small
RNAs in a siRNA-dependent manner. To probe the biological function of RNA silencing, we developed a quantitative in vivo transposon
mobilization assay using a marked Harbinger DNA tranposon. We found PRSC and SCANR are both required for suppression of transposon
mobilization in vivo: specifically, we observed a 1000-fold increase in the frequency excision events in null mutants in either complex,
supporting the view that PRSC is a genome defense effector complex. Despite the magnitude of its effect on transposon mobilization, cells
lacking PRSC display only modest increases in target RNA levels. This raised the possibility that that PRSC, like mammalian GW182-
Argonaute complexes, controls the translation of targets mRNAs. To probe the mechanistic role of PRSC, we successfully implemented
ribosome profiling in Crypfococcus to examine the impact of PRSC on transcriptome-wide ribosome occupancy. Insights into the role of
PRSC obtained from these experiments will be described.
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220-B Distinct activities of the Dictyostelium discoideum RNA-dependent RNA polymerases in post-transcriptional
gene regulation

Stephan Wiegand'!, Carsten Seehafer!, Marek Malicki', Patrick Hofmann’, Annika Schmith?, Thomas Winckler’, Balint Foldesi®,

Benjamin Boesler’, Wolfgang Nellen®, Johan Reimegdrd®, Lotta Avesson®, Fredrik Soderbom’, Christian Hammann'

1Jacobs University Bremen; 2Friedrich-Schiller-Universitit Jena; 3Garvan Institute of Medical Research; “‘KTH Royal

Institute of Technology; STU Darmstadt; *University of Kassel; "Uppsala University

Cellular RNA dependent RNA polymerases (RARPs) are involved in various processes of gene regulation and different mechanisms
for their action have been proposed. To study the function of the three RARPs in the amoeba Dictyostelium discoideum, we have deleted
the encoding genes 77pA, rrpB and rrpC in all possible combinations. We show that the two RARPs RrpA and RrpC of the amoeba exert
specific, non-overlapping roles in the regulation of retrotransposons and microRNAs.

Strains lacking RrpC strongly accumulate transcripts of the centromeric retrotransposon DIRS-1 and show a dramatic loss of DIRS-1
small RNAs, which are asymmetrically distributed in the wild type, as shown by deep sequencing. We report the discovery of an hitherto
unknown long antisense DIRS-1 transcript that is driven by the promoter activity of the right inverted long terminal repeat. Fluorescence
in situ hybridization shows both this long antisense transcripts and the sense RNA in nuclear spots. We propose that in wild type cells,
both DIRS-1 transcripts are generated, but post-transcriptionally degraded by the action of RrpC, possibly with the help a Dicer-related
nucleases in the amoeba. By this, RrpC apparently serves to prevent retrotransposition, as we observe a strong accumulation of DIRS-1
copies in the genome of the rrpC gene deletion strain.

In contrast to this, the silencing of another retrotransposon, Skipper, appears to be mediated by RrpA and the Dicer-related nuclease
DrnB. Deletion strains of the respective genes display strongly increased Skipper transcript levels, but here, surprisingly, also small RNA
levels are elevated. Such increased RNA levels in strains lacking RARPs were also observed for other types of small RNAs, including
microRNAs.

To study the activity of the RARPs molecularly, we have investigated in the rrp gene deletion strains the appearance of small RNAs
derived by antisense or hairpin RNA constructs against the transgene lacZ. Both types of constructs led to a similar reduction of the
enzymatic activity of B-Galactosidase. However, only in 77pC knock out strains, low levels of B-gal small interfering RNAs (siRNAs) could
be detected in antisense RNA expressing strains. In contrast to this, and at considerably higher levels, all hairpin RNA expressing strains
featured B-gal siRNAs. Spreading of the silencing signal to mRNA sequences 5' of the original hairpin trigger was observed in all strains,
except when the 77pC gene or that for the Dicer-related nuclease DrmB was deleted, indicating that transitivity of an RNA silencing signal
exists in D. discoideum and that it requires the two enzymes RrpC and DrnB.

In summary, our data indicates that the RARPs RrpA and RrpC have specific endogenous targets in D. discoideum and that gene silencing
triggered by antisense RNA and hairpin RNA works through different mechanisms despite an overall similar efficiency.
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223-B Characterization of small RNAs that contribute to ribosomal RNA gene silencing through the siRNA

machinery

Blake Atwood', Keith Giles’
"University of Alabama at Birmingham

Cellular growth and division is limited by the number of ribosomes actively translating mRNA in the cell. The ribosomal RNA gene is
highly transcribed making up to 80% of total RNA transcribed in the cells with the deregulation thereof leading to abnormal cellular growth
and cancer. In normal human haploid cells there are approximately 200 copies of the ribosomal RNA gene of which half are maintained in
a silent and heterochromatic state. Maintaining the ratio of active to silent ribosomal DNA loci seems to be critical in maintaining normal
cellular homeostasis. The major Polymerase that transcribes the ribosomal DNA locus is RNA Pol I. Data suggest that Pol 11 is also localized
to the ribosomal DNA locus and that the low level of transcription by Pol II aids in maintaining the silent loci in a heterochromatic state.
These Pol II transcripts of the ribosomal DNA locus provide Argonaute 2 with small RNAs which allow it to be in turn targeted to the
ribosomal DNA. Argonaute 2 then recruits the necessary silencing machinery to maintain the silent loci in their heterochromatic state thus
maintaining a normal cellular growth rate. The major goal of this work is to characterize the small RNAs transcribed by Pol II and how
they feed into the ribosomal DNA silencing pathway.
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226-B Human Argonaute Suppresses Cryptic RNA Polymerase Il Transcription and Chromatin Structure of the Silent

rRNA Genes.

Keith Giles!, Gaelle Lefevre?, Blake Atwood', Mariana Saint Just Ribeiro’, Gary Felsenfeld’
"University of Alabama at Birmingham; 2NIDDK/NIH

Eukaryotic cells package much of their genome into a heterochromatic structure in order to facilitate the proper regulation of gene
expression and nuclear organization. In S. pombe, the initiation of heterochromatin structure is mediated by the highly conserved RNAi
machinery but it remains unclear if RNAi performs a similar function in humans. To examine this question, we performed a genome-wide
analysis of the chromatin binding sites of hAgo2 in the human erythroleukemia cell line, K562. Our results suggest that hAgo?2 is found
almost exclusively within repetitive DNA sequences, with a strong preference for the coding region of the silent ribosomal DNA loci
(Figure 1, below). This localization is Dicer-dependent, and correlates with Dicer-processed, hAgo2- bound, small RNAs. Knockdown
of hAgo2 causes a ~10% increase in the synthesis rate of the mature 28S and 18S rRNAs. However, a knockdown of hAgo2 causes a ~3-
fold increase in synthesis of cryptic RNA species originating from the rRNA gene body. This increase corresponds with a 3-fold increase
in Pol-II localization. Ago2 is needed to maintain the proper histone modification pattern, as a loss of hAgo2 causes a loss of H3K9me?2
and an increase in H4ac throughout the locus. This change in histone modification pattern is likely a consequence of the loss of Suv39H1
recruitment in hAgo2 KD cells. Consistent with a role in regulating only the silent rRNA genes, hAgo2 does not localize within the nucleolus
and has no effect on the recruitment of the RNA Polymerase I transcription factor, UBF1. This interaction is cell cycle specific; hAgo2
is lost from the rRNA genes during M-phase. We present our model of cooperation between hAgo2 and Pol-II in maintaining the proper
chromatin structure among the silent rRNA genes.

position (kb): 5 .’L|D 1|5 20 2|5 3‘0 3‘|.5 4I|D
hAgo2 peaks s e~
Millipﬂre " alkd =y ke kl_'. 'Y P .,|.1_].Il.|.:. il mipraele gyt el -[._
Abcam e ol i b i e i e it
IgG bt s . N D (e P |
Input

.y S
185 5.85 28S

455 primary transcript Intergenic Spacer (IGS)



RNA and Epigenetics 229

229-B Single cell analysis reveals aspects of antisense RNA regulation and mode of action in PHO84 transcription
repression

Samir Rahman', Manuele Castelnuovo®, Elisa Guffanti’, Francoise Stutz’, Daniel Zenklusen'

"Université de Montréal; 2University of Geneva

A large number of non-coding RNAs (ncRNAs) are transcribed in yeast; many of them are rapidly degraded by the nuclear exosome.
The function of most of these ncRNAs, however, is still largely unknown, although a subset has been implicated in modulating transcription
regulation. Loss of nuclear exosome component Rrp6 results in the accumulation of long PHO84 antisense RNAs and repression of sense
transcription in a mechanism that involves PHOS84 promoter deacetylation by the Hdal/2/3 histone deacetlylase complex. Moreover, the
Setl H3K4 methyl transferase stimulates antisense RNA production, correlating with PHOS84 repression, the precise mechanisms that
orchestrates PHOS84 transcriptional silencing however is still not fully understood. Here, we use single molecule resolution fluorescent in
situ hybridization (smFISH) to further investigate ncRNA mediated transcription regulation of PHOS84 at the single cell level. We show that
PHOS84 AS transcription acts as a bimodal switch in PHOS84 regulation, where low frequency PHOS84 AS transcription efficiently represses
sense transcription within individual cells. Surprisingly, PHO84 AS RNAs do not accumulate at the PHOS84 gene but are exported to the
cytoplasm where they are degraded by the 5'-3' RNA degradation machinery. Furthermore, we show that loss of Rrp6 promotes antisense
production by reducing early transcription termination by the Nrd1/Nab3/Sen1 complex, rather than by stabilizing the PHOS84 AS RNA, and
that loss of Setl enhances early termination by promoting Nrd1 recruitment. These observations suggest that antisense-mediated repression
is regulated, at least in part, at the level of antisense early termination, and that PHOS84 silencing results from low frequency yet constant
antisense transcription through the promoter rather than its static accumulation at the repressed gene.
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232-B Introns of plant pri-miRNAs are required for proper biogenesis and function of miRNAs
Dawid Bielewicz!, Malgorzata Kalak!, Maria Kalyna®, David Windels®, Andrea Barta®, Franck Vazquez®, Zofia Szweykowska-
Kulinska', Artur Jarmolowski’
"Department of Gene Expression, Faculty of Biology, Adam Mickiewicz University, Poznan, Poland; Botanical Institute of
the University of Basel, Ziirich-Basel Plant Science Center, Part of the Swiss Plant Science Web, Basel, Switzerland; *Max
F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria

Plant MIR genes are independent transcription units that encode long primary miRNA precursors which usually contain introns. For two
miRNA genes, MIR163 and MIR161, we show that introns are crucial for the accumulation of proper levels of mature miRNA. Removal of
the intron in both cases led to a drop-off in the level of mature miRNAs. We demonstrate that the stimulating effects of the intron mostly
reside in the 5'ss rather than on a genuine splicing event. Our findings are biologically significant since the presence of functional splice sites
in the MIR163 gene appears mandatory for pathogen-triggered accumulation of miR163 and proper regulation of at least one of its targets.
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235-B miRNA profiles characterise distinct states of cellular pluripotency
Jennifer Clancy', Hardip Patel', Nicole Cloonan®, Andrew Corso®, Mira Puri®, Pete Tonge’, Andras Nag)y®, Thomas Preiss’
1John Curtin School of Medical Research, Australian National University, Australia; >’Genomic Biology Laboratory,
Queensland Institute of Medical research, Australia; *Samuel Lunenfeld Research Institute, Mount Sinai Hospital,
Toronto, Ontario, Canada

Reprogramming of fibroblasts through induction of the Yamanaka factors (Myc, Sox2, KIf4 and Oct4) is a powerful approach to
delineate the molecular characteristics of the pluripotent cellular state. We used an efficient secondary reprogramming system to monitor
whole culture reprogramming over time, allowing us to characterise intermediate states as well as to identify several distinct pluripotent
cell states. As part of this investigation we measured the miRNA profiles of these cell states by next-generation sequencing, which feature
marked changes in the expression of many of the previously described core miRNA-mediators of pluripotency. We uncover the timing
of their involvement in the process of pluripotent cell generation, which sheds light on their individual roles in the process, as well as on
how miRNAs are regulated during reprogramming. We describe the miRNA processing variants that exist in these cell states, including 5'
and 3' isomiRs, non-templated addition, editing and unusual strand bias. Many of the core reprogramming miRNAs have isomiRs, which
can alter their targeting spectrum and lead to reinterpretation of their specific roles. Broader analysis of the dataset also suggests that other
small RNA species may be involved in pluripotency as, like the miRNA population itself, the small RNA profile changes markedly after
induction of the Yamanaka factors. This work is part of a larger collaborative study, which co-ordinately measured protein, miRNA, mRNA,
DNA methylation and histone modification in this model of pluripotent cell generation and related data will be discussed in the context
of miRNA regulation and function.
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238-B Positive regulation of inflammation by miR-19
Michael Gantier!, H. James Stunden?, Bryan Williams'
"Monash Institute of Medical Research, Monash University, Clayton, Victoria, Australia; *Institute of Innate Immunity,
University Hospitals, University of Bonn, Bonn, Germany

microRNAs (miRNAs) are critical for normal cell function, and several miRNAs (e.g. miR-146a) have already been found to be involved
in the repression of inflammation. To identify miRNAs that enhance inflammation, we performed in silico bioinformatic analyses of several
known negative regulators of NFxB activity. Putative targeting by miRNAs from the oncogenic miR-17~92 cluster was enriched in such
genes. Selective inhibition of each member of the miR-17~92 cluster demonstrated an important role for miR-19b in the positive regulation
of NF«B signaling. We confirmed direct targeting of several key negative regulators of NFkB signaling by miR-19b, including A20 and
its partner RNF11. Specific depletion of miR-17~92 in primary mouse macrophages of miR-17~92 conditional knock out mice resulted in
dampened production of pro-inflammatory cytokines following innate immune activation. In addition, transfection of rheumatoid arthritis
primary synovial fibroblasts with miR-19b mimics resulted in increased IL-8 production by these cells, establishing a pro-inflammatory
effect of miR-19b in the context of disease. Our results thereby establish the coordinate regulation of a network of regulators of NFxB
activity by miR-19, promoting inflammation.
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241-B Temporal expression of tRNA fragments in development of Triops cancriformis (Tadpole shrimp)
Yuka Hirose', Kahori lkeda', Emiko Noro', Kiriko Hiraoka', Masaru Tomita', Akio Kanai'
Tnstitute for Advanced Biosciences, Keio University

It is well known that microRNAs, which are 18-24 nucleotide (nt) regulatory RNAs, are deeply implicated in development, especially in
morphogenesis. However, the relationship between other sizes of small RNAs (sSRNAs) and development remains obscure. In this research,
we chose Triops cancriformis (Tadpole shrimp) for target organisms since its morphology changes dramatically during the development,
and focused on stage-specific SRNAs range in sizes from 25 to 45 nt.

In order to find the stage-specific SRNAs, we performed deep sequencing analysis of SRNA libraries constructed from each six
developmental stage (egg, 19-4" instar larvae, and adult) of 7. cancriformis. After removing unreliable sequencing reads, novel SRNA
candidates of 25-45 nt long were extracted. Based on the analysis of their gene expression (read counts) as well as comparative genomics
between the candidate SRNAs and known non-coding RNAs in other species, many putative tRNA fragments were detected in any one of six
developmental stages. To reveal the exact origin of these tRNA fragments, it is necessary to know the mature tRNA sequences. Therefore,
we also conducted deep sequencing analysis of genomic DNA isolated from 7. cancriformis and predicted a set of tRNA genes using
tRNAscan-SE. As aresult, at least five tRNA fragments were found to be derived from either tRNASY(CCC), tRNAS(CUU), tRNASH(CUCQC),
tRNAAP(GUC), or tRNAP(GAA). Moreover, northern blot analysis showed that these tRNA fragments were actually expressed in 7.
cancriformis. Interestingly, in the case of the tRNA®S(CUU), several tRNA fragments in different length were produced depending on the
developmental stages. These results suggest that tRNA fragments are not random degradation products, but may have some important role(s)
in eukaryotic development. Recently, it has been demonstrated that tRNA fragments are generated by endonucleolytic cleavage of tRNAs
under specific conditions such as age, cancer, oxidative stress and amino-acid-starvation in various cell types. The possible function(s) of
tRNA fragments in the development of 7. cancriformis are discussed in the conference.
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244-B A Specialized Mechanism of Translation Regulation in Quiescence
Sooncheol Lee!, Samuel Truesdell’, Syed Irfan Bukhari', Ju Huck Lee', Olivier Le Tonqueze!, Shobha Vasudevan'
!Center for Cancer Research, Massachusetts General Hospital, Harvard Medical School, Boston, USA

Quiescence (G0) represents an assortment of reversible, proliferation-arrested states, implicated in the persistence of clinically resistant
cancer cells, dormant stem cells and other distinct, arrested cells in development and in the body. The GO state involves a discrete gene
expression program with selective mRNA expression while decreasing general translation. One subset of such transcripts includes select
mRNAs recruited by a distinct microRNP (microRNA-protein complex) containing Argonaute 2 (AGO2) and a specific isoform of Fragile
X-mental-retardation-related protein 1, isoform-a (FXR1a). The AGO-FXR1a microRNP lacks the repressor, GW 182, and promotes translation
of associated mRNAs in G0 mammalian cells and in GO-like immature Xenopus laevis oocytes. Our data reveal that microRNA-mediated
upregulation is dependent on nuclear entry of the microRNA in immature oocytes; cytoplasmic injections result in repression. FXR1a
overexpression rescues translation upregulation of cytoplasmically-injected RNAs and in low density, proliferating cells. Consistently, in
vivo crosslinking-coupled nuclear-cytoplasmic fractionation and immunoprecipitation demonstrate significant interaction of AGO with
FXR1a in the nucleus compared to the cytoplasm. MicroRNA targets for upregulation, Mytl and TNFa mRNAs and reporters bearing their
target sequences, are associated with the nuclear AGO-FXR1a microRNP. mRNAs that are repressed or lack target sites are not associated
with this nuclear microRNP, indicating the importance of a compartmentalized AGO-FXR1a microRNP for selective mRNA recruitment
for translation upregulation. The AGO-FXR1a microRNP interacts with a specialized translation factor in GO and in immature oocytes,
thereby connecting mRNAs recruited by this microRNP with the translation machinery for selective expression. Importantly, disruption of
this mechanism in GO abrogates microRNA-mediated translation upregulation and decreases GO cell viability, indicating its relevance for
maintenance of the quiescent state.
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247-B Competition between spliceosome and microprocessor complex regulates processing of Splice site
Overlapping (SO) 34b pri-miRNA

Franco Pagani', Chiara Mattioli’, Giulia Pianigiani’
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Several coding or non-coding Poll precursor transcripts are processed into both spliced mRNAs and micro RNAs (miRNA) but
the mechanism that coordinates the spliceosome and the Drosha-DGCRS8 Microprocessor complex (MPC) activities are not completely
understood. We have explored the functional relationships between these two machineries in a peculiar class of miRNAs, we named
Splice site Overlapping (SO)-miRNA, whose pri miRNA hairpins overlap with splice sites. We found 17 pri-miRNA hairpins overlapping
with splice sites, 11 SO pri-miRNAs contain a 3'ss, 6 a 5'ss and 8 are evolutionarily conserved among vertebrates. We focussed on the
evolutionarily conserved SO miR-34b whose non-canonical 3'ss lacks a polypyrimidine tract. miR34, originally identified as a tumour
suppressor miRNA, is involved in several physio-pathological conditions including spermatogenesis, neurodegeneration, central stress
response and neural stem cell differentiation.

SO pri-miR-34b hairpin is located in the last exon of a non-coding transcript and we show that the embedded non-canonical acceptor site
is correctly spliced in vivo in human tissues and in minigene systems. Through mutational analysis we identify two indispensable elements
for the recognition of the non-canonical site: a strong branch point located in the hairpin, 18 bp upstream of the 3'ss AG dinucleotide, and
a downstream purine-rich exonic splicing enhancer (ESE). Interestingly, in minigene systems