Introduction
Recent research indicate that RNA can play significant roles as extracellular signaling molecules [1, 2], existing not only in exosomes or other vesicles, but also outside vesicles bound to carrier proteins, such as Argonaute (Ago) proteins [3, 4]. RNA has been associated with autocrine, paracrine, and endocrine signaling [1], and is therefore of great potential significance to many biological processes. Most body fluids contain microRNAs (miRNAs) and other non-coding RNAs (ncRNAs) [5], some of which have been identified as markers for various biological functional states, including pathologies, cancers, and toxicity effects [6-9]. Despite previous observations of widespread signaling via extracellular RNA (exRNA), little is known about the regulatory machinery that determines whether vesicle mediation occurs, the mechanisms guiding transport of specific RNAs from source to target cells, and target-cell uptake and the nature of the signal transmitted. It is also unclear when and why exosomal inclusion is needed, and how inclusion affects biological function.
Fully addressing these mechanisms requires exploring the biophysical properties of exRNA communication. Many exRNAs are transported in exosomes. Exosomes are membrane vesicles, between 30 and 100 nm in size, that are secreted by most cells. The molecular composition of exosomes depends on their size and cell of origin, and includes a mixture of membrane and cytoplasmic proteins, RNAs, and lipids [10, 11]. Previous studies have identified over 200 types of proteins [10] and a significant amount of RNA [10] [e.g., ribosomal RNA (rRNA), messenger RNA (mRNA), miRNA, and small RNA] within exosomes. Even though the general molecular structure of the vesicles is similar to that of the plasma membrane of the producing cell, the composition of membrane proteins, such as tetraspanins, might not be the same [12, 13]. These proteins and associated molecules might determine exosome target cell selection. Additionally, proteomic studies have identified subsets of cellular components that are targeted specifically to exosomes [14]. The variety of cellular material found in exosomes and their role in cell-cell communication is one of the primary foci of our exRNA project.
Furthermore, in addition to endogenous exRNAs (en-exRNAs), recent studies have reported the presence of exogenous exRNAs (ex-exRNAs) in circulation in the blood [3, 4]. Exogenous oligonucleotides can be taken up by cultivated cells, making their presence in plasma even more significant [15-17]. Using next-generation sequencing technology, we have observed that a significant fraction of the circulating RNA appears to originate from exogenous species [18, 19], including bacteria and fungi, as well as from plants (for example, miRNAs from plant-based food) [20]. Some of these RNAs can also be detected in intracellular complexes in vitro and thus may affect cell function. We have discovered that some of these molecules form a selective pathway from the gut to blood, suggesting a role as signaling molecules mediating the human-microbiome interaction [18, 19]. Ex-exRNAs represent an important component of the spectrum of exRNA; thus, we expect them to significantly contribute to the total exRNA-seq signal. Although studies have observed or proposed the above sources of ex-exRNA, to our knowledge no large-scale comparative study of multiple sources has been carried out.
We have extensive experience in developing pipelines for analyzing exRNA-Seq data
We built the extracellular RNA processing toolkit (exceRpt), a standardized small RNA-Seq analysis pipeline of the NIH Extracellular RNA Communication Consortium (ERCC) optimized for exRNA analysis, by adapting existing RNA-Seq workflows for mRNAs and miRNA (Figure 1). We built the exceRpt pipeline to address the need for a standardized bioinformatics processing platform in exRNA research. The toolkit is structured as a principled, biologically driven series of alignment, filtering, and quantification steps in which unmapped reads are used as inputs for the next step. The prioritization of steps is biased in favor of conservative estimates for RNA quantifications, with higher-confidence RNA reference sets (by degree of expectation or annotation quality) having higher priority. Our pipeline combines analysis methods and tools targeting RNA-Seq data, connects contig assembly and alternative splicing workflows with modifications of processing of secondary structure of small RNAs, and assigns reads to their species of origin, whether human, microbial, or plant. We have also addressed detection biases in the accurate measurement of RNAs smaller than sequencing read lengths. To date, exceRpt has uniformly processed and applied QC standards to all of the datasets in the ERCC exRNA Atlas (http://exrna-atlas.org/) [21]. The exceRpt pipeline enables a variety of user-specified customizations, including RNA reference prioritization, random barcoding, spike-in support, and detailed quantification reports. The pipeline is available as source (at github.gersteinlab.org/exceRpt) or wrapped in a user-friendly, browser-based interface available at genboree.org.
[image: ]
[bookmark: _Ref531868542]Figure 1  exceRpt schema (A): exceRpt schema: Samples in FASTA, FASTQ or SRA file formats are used as inputs to exceRpt. Adapter and random barcode sequences are removed, followed by a read-quality filter, optional spike-in quantification and removal, and UniVec contaminant removal. High quality filtered reads then enter the endogenous quantification engine, with RNA library prioritization defined by the user. After a second-pass endogenous genome and repetitive elements filter, reads are mapped to the exogenous miRNA, rRNA, and genomic libraries. (B): Leave-one-out analysis: Running the pipeline multiple times with individual steps removed shows the effect of those steps on subsequent alignments. The sample used for this analysis was SRR822433, a plasma exRNA plasma sample. Low-quality and low-complexity reads and reads that align to UniVec or rRNA sequences account for a sizeable fraction of the total number sequenced. Removing the UniVec alignment step significantly increases the number of reads that, likely incorrectly, map to the exogenous genomes.

We have extensive experience in transcriptome and exRNA analysis
[bookmark: _GoBack]RNA-seq is essential for transcriptome studies. We have extensive experience in developing RNA-Seq processing pipelines [22] as part of the ENCODE and modENCODE consortia [23]25164755 [24]. These pipelines could work on RNA expression analysis, RNA variant-calling, and RNA fusion detection techniques. We have developed tools and methodologies for identifying non-coding transcripts and novel transcribed elements in the genome [24-28]. We have developed several tools and data formats to handle large quantities of data generated by RNA-Seq experiments [22, 24, 29]. We also developed statistical methods for data mining on the large-scale RNA-Seq datasets from ENCODE and modENCODE. In addition, privacy is receiving much attention with the unprecedented increase in the breadth and depth of biomedical datasets, particularly personal RNA-Seq datasets. To this end, we have developed methodologies to analyze sensitive information leakage from phenotype datasets [30, 31].We also have identified a set of disease-associated small exRNAs [32-34], and improved their functional annotations [35].
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