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Materials and Methods 

Data for demonstration

To demonstrate the functionality of the ExUTR pipeline, we obtained publically available RNA-Seq data from the NCBI SRA database. These RNA-Seq data covers six model mammalian species and six non-model mammals across diverse tissue types. See Table 1 for SRA accession numbers. In addition, to evaluate the accuracy of ExUTR, four human cell line 3P-Seq and their corresponding RNA-Seq data were also employed. See SRA accession numbers below.

Transcriptome assembly

Initially, the quality of the raw data was inspected and screened for each sample. Adaptors and low quality bases (less than Q20) were trimmed using cutadapt (version 1.7.1) [1]. The resulting reads, whose lengths were longer than 50 bp, were further retained for transcriptome assembly. We used both reference-based and de novo methods to assemble transcriptome for each species. For reference-based method, the genome sequences of each species were downloaded, and further indexed using bowtie2 (version 2.1.1) [2]. As the bat (Myotis myotis) genome is currently not available, we used the genome of its closely-related species, Myotis lucifugus, as a compromise. The post-processed reads were mapped to the genome references using Tophat2 (version 2.0.11) [3], and further assembled into transcripts by Cufflinks (version 1.3.0) [4]. Since Cufflinks automatically reports FPKM value for each transcript, the final set of assembled transcripts was determined by removing the lowly-expressed transcripts (FPKM < 0.1). For de novo method, the post-processed reads were assembled into transcripts using Trinity (version 20140717) [5]. Since the assembly contained some highly similar transcripts, the redundancy of these transcripts was removed by CD-HIT [6] with an identity cutoff of 95%, and only the longest transcript from each redundant cluster was kept. Followed by the redundancy removal, transcripts were quantified using Sailfish (version 0.7) [7]. We excluded the lowly-expressed transcripts (TPM < 0.1) from further analyses. The default parameter settings were applied for all tools.

3’-UTR prediction and analyses

For each model species, 3’-UTRs were predicted and retrieved from the reference-based and de novo assemblies, respectively, through the ExUTR pipeline whereas for each non-model species 3’-UTRs were only predicted using the de novo method. The completeness of transcriptome was assessed for each assembly using Core Eukaryotic Genes Mapping Approaches (CEGMA) [8]. For the species with well-annotated genomes available, the predicted 3’-UTRs were annotated and validated by comparing them to the characterized 3’-UTR sequences obtained from their respective genomes through Ensembl, using BLASTN [9] with the E-value cutoff of 10-10, while for the species lack of high-quality genomes, the predicted 3’-UTRs were annotated and validated by the UTRdb database [10] using BLASTN [9] with the same parameter settings. Subsequently, student’s t-tests were carried out to compare the length distributions of 3’-UTRs predicted from both assemblies for each species, and P-value < 0.01 was deemed significant. To obtain the common 3'-UTR predicted from both assemblies for each species, we compared their whole sets of 3’-UTR using reciprocal BLASTN [9], with the E-value cutoff of 10-10. Only 3’-UTRs, which showed reciprocal hit to each other from both two methods, were considered as common 3’-UTRs. 


Validation of ExUTR using 3P-Seq data

Four human cell line samples (HEK293, Hela, Hub7 and IMR90) that have both 3P-Seq data and corresponding RNA-Seq data were used to assess the accuracy of the ExUTR pipeline. The reference-based and de novo assemblies of each RNA-Seq sample were assembled as described above. The 3’-UTR candidates were predicted from these assemblies using ExUTR. The 3P-Seq data were subsequently mapped to these predicted 3’-UTRs correspondingly using sailfish [7] (kmer length: 15), and the 3P-Seq mapping rates and the percentage of 3’-UTRs that were covered by the 3P-Seq data were further investigated. The accession numbers used in this analysis are SRR1033823, SRR1033822, SRR1033821 and SRR1033820 for 3P-Seq, and SRR1032895, SRR1032890, SRR1032883 and SRR1032877 for RNA-Seq.
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