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ABSTRACT: Next generation sequencing - RNA-seq 
technology is a powerful tool which creates new 
possibilities in whole transcriptome analysis. The proper 
reads quantification, is an essential element of receiving the 
relevant analysis results. The aim of the present work was 
to illustrate the post alignment reads quantification as an 
important element in RNA-seq pipeline. As an example, we 
considered 22 samples selected from 4 pig breeds (Polish 
Landrace, Polish Large White, Pietrain and Pulawska) to 
analyse global changes in transcriptome form the muscle 
tissue. Bowtie2 output alignments for each sample were 
subjected to RNA-SeQC quality control before continuing 
with differential expression analysis. Considering changes 
between the mean coefficient of variation and the mean per-
base coverage for genes with low, middle and high 
expression, two samples were excluded from the further 
analysis. 
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INTRODUCTION 
The RNA-seq method is an accurate and high-

throughput sequencing technology, however, the 
complicated experimental procedures during sample 
preparation, sequencing and data analysis may cause some 
errors and biases. Variability in sequencing data quality 
may be related with both technical and biological variation 
(Bullard et al. 2010). In RNA-seq experiments, the 
transcript abundances are quantified by counting the 
number of reads that are mapped to each gene or transcript. 
Technical variations, including any errors which occurred 
during RNA isolation, library preparation and sequencing, 
lead to the non-uniformity of the coverage and as a result 
can affect expression estimates (Wang et al. 2009). 
Therefore, to obtain the most reliable gene expression 
measurements it is important to select an appropriate data 
normalization approach and a reliable statistical method for 
differential expression analysis (Bullard et al. 2010). 

In RNA-seq analysis, the uneven coverage may be 
a result of sequence – specific biases introduced during 
preparation of the library (Hansen et al. 2010) or sequence-
specific biases associated with some fragment preferences 
for sequencing (Oshlack and Wakefield, 2009). Thus, post 
alignment reads quantification and normalization of read 
counts is a critical step in the analysis of RNA-seq data that 
is required to control the differences in sequencing depths. 
The gene expression measurements performed without 
correcting the bias may lead to the incorrect interpretation 
of the obtained results and false positive predicting of 
differentially expressed genes. 

The objective of this study was to illustrate the 
post alignment reads quantification as an important element 

to indicate the most suitable approach for differential gene 
expression analysis in RNA-seq experiments. In this study, 
we consider four different pig breeds as treatment for 
modelling gene expression in muscle tissues. 
 

MATERIALS AND METHODS 
Animals. The study was performed on 22 sows 

represented by four breeds: Polish Landrace (PL) (n=4), 
Polish Large White (PLW) (4), Pietrain (PIE) (6) and 
Pulawska (PUL) (8) (Ropka-Molik et al., 2014). Animals 
were maintained in the Pig Test Station of the National 
Research Institute of Animal Production in Chorzelów 
under the same housing and feeding conditions (according 
to SKURTCh procedures). All pigs (prepubertal, with an 
average weight of 100 kg) were fasted 48h before the 
slaughter. Immediately after the slaughter muscle tissues 
(m. semimembranosus) were collected in tubes with 
RNAlater solution and stored at -20°C. 

NGS library construction and sequencing. The 
total RNA from muscle tissue was isolated using TRI-
Reagent RNA and purified using lithium chloride 
precipitation. The quantity of extracted RNA was assessed 
with the NanoDrop 2000 and RNA quality was verified 
with 2% agarose gel electrophoresis. The 300 ng of total 
RNA was used with the TruSeq RNA Sample Preparation 
Kit v2 to prepare cDNA libraries. Quantification of the 
DNA libraries was performed on Qubit® 2.0 Fluorometer. 
Sequencing – by –synthesis was performed on a HiScanSQ 
System with 50 single-end and 100 paired-end cycles using 
TruSeq SR Cluster Kit v3-cBot-HS. 

Statistical analyses. The Illumina raw sequences 
were quality controlled using FastQC software. The Flexbar 
software (Dodt et al. 2012) was used for adapter removal 
for trimming. The reads shorter than 32 bp and reads with 
quality lower than 20 were removed from the dataset. 
Trimmed sequences were aligned to Sus scrofa genome 
assembly annotated in the Ensemble database. The 
alignment to reference sequences was conducted using 
Bowtie2 software (Langmead and Salzberg, 2012) 
implemented in RSEM software pipeline (Li and Dewey, 
2011). Next, the aligned sequences were quality controlled 
using methods applied in RNA-SeQC (DeLuca et al., 
2012). This step was critical to experiment design and 
differential expression (DE) analysis which was conducted 
as an example by using DESeq2 package. Two separately 
DE analysis were conducted: first for the data with (POST) 
and the second without (noPOST) post alignment 
quantification. 

 
RESULTS AND DISCUSSION 

Raw reads quantification and alignment. The 
number of raw reads obtained from Illumina HiScanSQ 
ranged from 5 to 48 million for individual samples. The 



largest group of animals (8 PUL) was characterized by the 
lowest number of reads with a mean of 7 million reads per 
sample. According to Flexbar software, more than 5% of 
the reads per sample were removed from further analysis 
due to low quality of reads and the presence of adapters. 
The percentage of reads aligned to the reference sequence 
using Bowtie2 ranged from 80% to 90%. 

Post alignment statistics. Approximately 80% of 
aligned reads were mapped to annotated exons, 17% to 
introns and the remaining reads mapped to genomic space 
between genes (intergenic regions). Two samples (PUL2 
and PUL3) were characterised by the significant deviation 
from the mean of the identified fraction of genes. The 
distribution of the mapped reads was shown in Figure 1. 
Due to the low level of gene annotations of the pig genome 
and the presence of a large number of novel transcripts 
located in the intergenic regions in comparison to human or 
mouse genome, it was hard to assess the general impact of 
identified fraction of genes. Therefore, the post alignment 
quantification might be based on the deviation in each 
fraction within the considered group of samples. During the 
analysis,, the significant decrease of mean per base 
coverage and mean CV (coefficient of variation) parameters 
for all samples were also observed. Although, some of the 
samples (PIE1, PIE6, PLW4, PUL1 and PUL7) differed 
significantly from others in the case of both presented 
values: the same mean per base coverage across bottom, 
middle and top expressed transcripts and the highest mean 
CV when compared to other samples was shown. The mean 
coefficient of variation for bottom, middle and top 
expressed genes was presented in Figure 2. It may be a 
result of some sample-specific bias generated during library 
preparation and thus, this sample was excluded from 
differential expression analysis. 

Deferential expression analysis. The additional 
DE analysis of global changes in transcriptome form the 
muscle tissue was conducted to show the impact of post 
alignment quantification on DE genes identification. 
Results of the DE analysis for data without post alignment 
quantification showed the presence of false positives. For 
example, comparison of two breeds (PIE and PLW) showed 
differences of more than 20 genes in noPOST data, in 
contrast to POST data analysis. The presented discrepancies 

in the number of identified genes may lead to incorrect 
indication of significantly differentially expressed genes . 

 
CONCLUSION 

Results of this study consists of post alignment 
reads quantification and their impact on differential 
expression analysis indicating the importance of additional 
analysis of the RNA-seq pipeline. Especially, if the tested 
species reveal low level of annotated genes and the 
presence of a large number of novel transcripts, as is the 
case of livestock and/or poultry. Furthermore, the proper 
data preparation at the stage of their qualification results in 
the DE analysis and identification of genes. Moreover, the 
identification of false positives could lead to indication of 
incorrect genes pathways. 
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Figure 1. The percentage fraction of reads that mapped 
within exons, introns and intergenic regions. 
 

 
Figure 2. The mean coefficient of variation for bottom, 
middle and top 1000 expressed transcripts estimated for 
considered samples. 


