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It is now clear that many intergenic regions in eukaryotic genomes give rise to a range of processed and regulated transcripts
that do not appear to code for functional proteins. A subset of these are long (>200 nt), capped, and polyadenylated RNAs
transcribed by RNA polymerase II and collectively called long noncoding RNAs (lncRNAs). Given the growing number of
lncRNAs implicated in human disease or required for proper development, fundamental questions that need to be addressed
are: Which lncRNAs are functional? How is functional information encoded in the lncRNA sequence? Is this information
interpreted in the context of the mature or the nascent RNA? We are tackling these questions by combination of experimental
methods with a  focus on lncRNA functions in  early cell  fate  decisions and computational  methods focused on lncRNA
evolution. 

We developed methods based on RNA sequencing (RNA-seq) data to annotate the transcriptomes of 16 vertebrates and the
echinoid sea urchin, uncovering thousands of previously unannotated lncRNAs (Hezroni et al., Cell Reports 2015). Although
in each species, >70% of lincRNAs cannot be traced to homologs in species that diverged >50 million years ago, thousands of
human lincRNAs have homologs with similar expression patterns in other species. Over a thousand human lincRNAs are
likely to have conserved functions in mammals, and hundreds beyond mammals, but those functions require only short patches
of specific sequences and can tolerate major changes in  gene architecture.  I  will  describe how we recently used refined
synteny-based methods to trace the origins of those lncRNAs that are conserved in mammals and not beyond, and found that
up to 5% of those were derived from protein-coding genes that lost their coding potential (Hezroni et al.  Genome Biology
2017). 

I will also present a recent high-throughput screen that we conducted for elements that can drive nuclear retention in both long
noncoding RNAs and mRNAs. The screen identified a short sequence derived from Alu elements and found in many mRNAs
and lncRNAs that increases nuclear accumulation and reduces overall expression levels. We measured the contribution of
individual bases and short motifs to the element functionality and identified a combination of HNRNPK binding site, which we
show can contribute to substantial nuclear enrichment in both lncRNAs and mRNAs in human and mouse.Synthetic gene
circuits that 'compute' in situ with endogenous molecular inputs, have the potential to control and reprogram cell behavior in
complex fashion. Our group works predominantly in mammalian cells with the goal to develop circuits for biotechnology and
biomedical applications. In the talk I will describe some of the work we have done to establish circuit design platforms in
mammalian cells. Specifically, I will talk about circuits that sense microRNA (1) and transcription factor (2) signatures in order
to target specific cell  states (3).  I  will  also touch upon a number of approaches we developed recently to control circuit
dynamic range (4) and reduce the size of redundant DNA encoding (5). Lastly, I will describe some of the open questions and
challenges that still need to be addressed before such circuits can gain a widespread acceptance.
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