As described in Figure 1, the Gerstein lab has developed a sophisticated toolkit called exceRpt that preprocesses, aligns, and quantitates small and long RNA-seq datasets. As an input, exceRpt accepts “.fq” and “.sra” files. In the first step, the toolkit maps the raw reads to UniVec contaminants and to 45S, 5S, and mitochondrial ribosomal RNAs. The unmapped reads are then aligned (STAR alignments) to the human and mouse genome, as well as to small RNA databases such as miRbase, gtRNAdb, and RNAdb. After the raw reads are mapped onto endogenous genomes, repetitive elements, and endogenous and exogenous small RNAs, the remaining unmapped reads are mapped to all genomes in Ensembl and NCBI. These genomes include vertebrates, fungi, bacteria, and viruses. The exceRpt output reports both the discovered exogenous species and the respective sequences found in the sample.
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Figure 1. Analysis of non-human RNA across different tissues and individuals. exceRpt -a mapping pipeline that has been developed by the Gerstein lab- considers reads in FASTQ format. After filtering for contaminants and low-quality reads, exceRpt consequently maps raw reads across different categories of mitochondrial, small, long, endogenous or exogenous RNA, including all genomes in ensemble and NCBI.

To explore the detection capabilities of our pipeline, we applied exceRpt on the EN-TEx dataset. EN-TEx consists of 91 total RNA-seq assays from 31 human tissues and four individuals. Overall, after filtering for contaminants and low-quality reads, around 5% of raw reads remain unmapped to the human genome and small RNA libraries. From these reads, about 0.5% of the total reads would consequently map to exogenous genomes. Considering that our input raw reads consist of about 50,000,000 reads, the exogenous genome reads correspond to ~250,000 reads per sample. Using two pair-end fastq files for two technical replicates, exogenous reads correspond to about 1,000,000 reads per tissue, per individual. Similar to other publications, our preliminary results indicate that RNA microbial sequences can be detected in RNA samples. For stomach tissues, our preliminary analysis identified ~380 different species, whereas for intestine tissues we identified 402 species. Additionally, we identified the presence of ~60 viruses. As an example, in the stomach tissue of a 37-year-old male individual, we identified 248 raw RNA sequences of Human herpesvirus 7.
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To test the LDA-link algorithm preliminarily, we analyzed samples collected from human bodies. LDA-link identified connections between genes and microbes reported elsewhere in the literature as well as novel observations. A bipartite graph summarizing a subset of the connections between genes and microbes shows that in most cases several genes are linked to each microbe. Several of the observed links showed strong literature precedence. For example, the gene lactotransferrin was linked to Aeromonas (1), Burkholderia was linked to gene MUC6 (2), Haemophilus was linked to NFKB Inhibitor Zeta (3), and Pasteurella was linked to IL1B (4). To the best of our knowledge, several novel links were also found, such as between Haemophilus and IL1B, and between Candida and GCSAML. In addition to gene-microbe pairs, we layered on pathway and cell deconvolution data to identify larger-scale effects of microbes. 
Microbes were linked to genes that are enriched in pathways relating to auto-immunity and inflammation as well as cytokine receptors and their interactions. The microbes associated with cytokine pathways included Synechococcus, Lactococcus, Dialister, Psychrobacter, Moraxella, Brenneria, Proteus, Haemophilus, and Pasteurella. In addition, we related the cell-type signatures to identify the immune cell types that are related to each microbe. We observed the Haemophilus-IL1B link in monocytes and mast cells. Samples containing Haemophilus triggered more activated mast cells according to its cell fraction (5-8). Similarly, the fungal genus Candida was linked to the gene GCSAML, which was highly expressed by eosinophils. The presence of Candida was associated with increased numbers of Eosinophils in the airway. 
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