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Alignment-based RNA-Seq processing to generate the sheep gene expression atlas BAM 

files 

To complement the alignment-free gene expression atlas for the domestic sheep [1], 

we generated a parallel dataset using an alignment-based processing pipeline. This data can 

be used both as a confirmatory validation of Kallisto’s expression estimates, and because 

alignment-based – unlike alignment-free – methods can be used to identify novel, and revise 

existing, gene and transcript models. 

After screening with FastQC v0.11.2 [2], all raw reads were cleaned using 

Trimmomatic v0.35 [3] with parameters ‘TRAILING:20 SLIDINGWINDOW:4:20 MINLEN:100.’ 

These parameters, respectively, remove bases from the end of a read if they are below a 

Phred score of 20, clip the read if the average Phred score within a 4bp sliding window 

advanced from the 5’ end falls below 20, and specifies a minimum read length of 100bp 

(Phred scores are the logarithm of the probability that a base was called incorrectly, i.e., a 

score of 20 is equivalent to 99% accuracy). The parameter ‘HEADCROP:8’ was also used for 

the blastocyst samples as these were generated using the NuGen Ovation Single Cell RNA-Seq 

System (http://www.nugen.com/sites/default/files/M01363_v10 - User Guide, Ovation 

Single Cell RNA-Seq System.pdf). 
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These cleaned reads were then aligned against the reference genome (Oar v3.1) using 

HISAT2 v2.0.4 [4] with the parameter --dta (optimise for downstream transcriptome 

assembly) and default alignment scoring parameters. In brief, HISAT2 assigns scores to 

alignments equal to the sum of the scores for individual mates (i.e. two scores for paired-end 

alignments, one for single-end [unpaired] alignments). Reads are required to align in full and 

are scored according to successful matching and penalised for mismatching: +2 for each 

position where a base in the read exactly matches that of the reference, -1 for any ambiguous 

base (N) on either the read or the reference, -(5+3n) for any gap opening or extension (of 

length n) on either the read or reference, -(2 + floor(4 x min(Q,40)/40)) where Q is the Phred 

quality score for any non-N mismatch between the read and reference. The minimum 

alignment score for reporting is -18. If there are a set of multiple valid alignments, the primary 

alignment is considered the one whose score is greater than or equal to any other member 

of the set. In the case of equal scores, this primary alignment is assigned arbitrarily. 

Using SAMtools view v1.2 [5], the set of primary (uniquely highest scoring) alignments 

was obtained using parameters -F 256 (which removes non primary alignments) and -F 12 

(which removes all reads that are not mapped and whose mate is not mapped; this primarily 

– but not exclusively – retains those reads mapping in a proper pair, i.e. those located on the 

same chromosome, one on either strand, orientating towards each other and spanning a 

reasonable insert size). The set of singleton reads (which map but have an unmapped mate) 

was obtained using SAMtools view with parameters -F 4 -f 8 -F 256. Finally, these two subsets 

were merged using Picard Tools [6] to create a file of uniquely mapped reads. 

The tissue-specific transcriptome was assembled for this set of mapped reads using 

StringTie v1.2.3 [7] with default parameters, generating a corresponding GTF. In order to 

create a uniform, non-redundant set of transcripts for comparative purposes, these individual 
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GTFs were then merged using StringTie --merge. StringTie was then re-run for each sample 

with parameters -G, -b and -e, now specifying not the reference annotation 

(ftp://ftp.ensembl.org/pub/release-81/gff3/ovis_aries/Ovis_aries.Oar_v3.1.81.gff3.gz, 

downloaded 18th August 2015) but the merged GTF. Finally, gene-level expression estimates 

– comparable across samples produced by the same experimental protocol – were calculated 

using the R/Bioconductor package Ballgown [8]. 

By default, genes are assigned an ‘mstrg’ ID, a unique, StringTie-specific identifier. 

However, adjacent genes in the reference annotation may otherwise share an mstrg ID if 

reads map between them. This is not necessarily incorrect as multiple genes may be 

transcribed as a single operon, but it does introduce ambiguity into per-gene TPM estimates 

as there is not always a one-to-one correspondence of mstrg to Ensembl gene IDs. In these 

cases, we consider gene-level TPM to be identical for each gene assigned a single mstrg ID. 

That this occurs is because we retain the default StringTie parameter of -g 50 (minimum gap 

locus separation value = 50bp). In this case, StringTie will merge reads that map closer than 

50bp in the same processing bundle, closing coverage gaps so as to increase the number of 

full-length structures possible for lowly expressed genes. This is a trade-off between 

sensitivity and specificity and is most pronounced in gene-dense regions: if coverage gaps 

were not filled, the assembly will be more fragmented (although there will be fewer 

erroneous merges). 

The StringTie assembly is highly accurate with respect to the existing (Oar v3.1) 

annotation, successfully reconstructing almost all exon (96%), transcript (98%) and gene 

(99%) models. Nevertheless, StringTie also predicts many novel models, although in the 

absence of experimental verification, it is not easy to predict which are genuine, as opposed 

to stochastic noise in RNA processing or assembly artefacts [7]. The number of false positives 
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is also likely exacerbated by the merger of both mRNA-Seq and total RNA-Seq data. The latter 

measures nascent (ongoing) transcription [9] and consequently has a larger proportion of 

retained introns arising from incompletely spliced pre-mature (nuclear) mRNA [10]. In any 

case, in the context of transcript annotation, false positives are easier to identify and correct 

than false negatives. 
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