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Abstract. Background: Quality control (QC) assessment is the most critical step in the 
high-throughput RNA-seq data analysis to characterize the in-depth understanding of 
genome and transcriptome assembling to a given reference genome. It provides not only 
a quick insight into the RNA-seq data quality to allow early identification of good or bad 
RNA-seq data samples, but also to verify the alignment QC checks for further essential 
high-throughput bioinformatics analysis such as, identification of novel genetic variants, 
differentially expressed genes (DEGs), gene network and metabolic pathways.

Method: After isolation of total RNA from liver (n=15) and pituitary gland (n=15) tissues 
of young Hereford bulls, the pooled total RNA (n=30) were fragmented using GeneRead 
rRNA depletion kit (Qiagen, Hilden, Germany) and cDNA library preparation were pre-
formed using ScriptSeqTM v2 RNA-Seq library preparation kit (Epicentre, illumina, USA), 
followed by high-throughput sequencing of combined liver and pituitary transcriptome 
using MiSeq reagent kit v2 (illumina, USA) to obtain high quality of paired-end RNA-
seq reads of 251 base-pairs (bps). In this paper, the QC assessment of obtained RNA-seq 
raw data as well as post-alignment QC of processed RNA-seq data of combined liver and 
pituitary transcriptome (n=30) of Hereford bulls were performed using the strand NGS 
software v1.3 (Agilent; http://www.strand-ngs.com/) data analysis package. The reads were 
aligned with Bowtie using default settings against both Bull and Cow genome assembly.

Results: Using two runs of MiSeq platform, a total of over 60 million paired-end RNA-
seq reads were successfully obtained and submitted to NCBI SRA resources (https://www.
ncbi.nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=312148). Library com-
plexity plot results revealed 72.02% of duplicate reads with a low library complexity value 
of 0.28. The pre-alignment QC analysis of raw RNA-seq data revealed the sequence read 
lengths ranged from 35-251 bp size with more than 50% of all reads with length over 
200bp and 10% of reads below 100bp.

Conclusion: By testing the RNA-seq methodology on Illumina platform, two MiSeq se-
quencing runs yielded significantly high quality of 30 million sequencing reads per single 
MiSeq run. Our initial pre-alignment and post-alignment analysis of RNA-seq data analy-
sis revealed that mapping of the Hereford liver and pituitary gland transcriptome to refer-
ence Bos taurus genome was successfully performed, however, more than 50% of all reads 
with length over 200bp were recovered. Therefore, obtained results concludes that liver 
and pituitary transcriptome sequencing with rRNA depletion method is less effective than 
mRNA RNA-seq method.

Keywords: RNA-seq; NGS; quality control; Bos Taurus; cattle; liver; pituitary gland;  
Hereford; transcriptome; strandNGS.
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Introduction

Advancement in next-generation genome sequencing (NGS) technologies 
have greatly improved our ability to detect wide range of novel genomic 
and transcriptomic discoveries in the field of biomedical and veterinary 
science researches [1]. However, advancement in NGS technologies has 
also created significant challenges in bioinformatics and experimental de-
sign [2], particularly the major challenges is systematic evaluation of qual-
ity control of the RNA-seq data [3]. Monitoring and surveying QC metrics 
of NGS transcriptomic data provides unique and independent evaluations 
of RNA-seq data quality from differing perspectives [4]. Moreover, prop-
erly conducting of QC protocols and correctly interpreting the QC results 
are crucial to ensure a successful and meaningful RNA-seq study in vet-
erinary and biomedical sciences [5]. Recent studies have proposed several 
web-based bioinformatics workflow for QC analysis [6], namely: Quality 
Control for RNA-Seq (QuaCRS) [7], FastqPuri [8], RNA-QC-chain [9], 
and clinQC [10], NGSCheckMate [11], QC for illumina RNA-seq data 
[12], FastQ Screen [13], NGS-QC Toolkit [14] and SEQC/MAQC con-
sortium [15-16]. In this paper, we have evaluated a comprehensive QC 
analysis of liver and pituitary RNA-seq data of Hereford bulls using the 
web-based bioinformatics workflow of strandNGS software.

Materials and Methods

Experimental animals: After slaughtering, the liver (n=15) and pituitary 
gland (15) tissues samples from Hereford bulls were collected from Insti-
tute of Genetics and Animal Breeding, Polish Academy of Science (PAS), 
Jastrzębiec, Poland and the collected tissues were immediately kept in liq-
uid nitrogen, and finally stored in deep freezer at –80°C. All procedures 
involving handling of animals were in accordance with the guiding prin-
ciples of care and use of research animals. All experimental animals were 
reared in a closed herd with uniform feeding and environmental condi-
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tions, and were approved by the local ethics commission (permission No. 
3/2005) of Institute of Genetics and Animal Breeding, PAS, Jastrzębiec, 
Poland.

Experimental design and methodological procedures of NGS and 
QC bioinformatics analysis: Isolation of Total RNA were performed 
from 50–60 mg of frozen liver and pituitary tissues (n= 30) of Hereford 
bulls using TRIzol reagent (Thermo Fisher Scientific Inc., Waltham, MA, 
USA) and according to the guanidinium thiocyanate method [17]. Iso-
lated total RNA were purified to remove the genomic DNA contamination 
using the RNase-free DNase clean-up kit (Thermo Fisher Scientific Inc., 
Waltham, MA, USA). The integrity of RNA were assessed using Bioana-
lyzer 2100 with RNA 6000 Nano Lab-chips according to manufacturer’s 
instructions (Agilent Technologies, Palo Alto, CA, USA). The RNA integ-
rity number (RIN) values of all investigated Hereford bulls were ranged 
from 7.5 to 8.5 After the quality check, total RNA were pooled in a single 
tube and fragmentation of pooled total RNA were performed using Ge-
neRead rRNA Depletion Kits (Qaigen, Germany) and M220 Focused-
ultrasonicator™ (Covaris, Inc. USA). The library preparation of liver and 
pituitary samples were performed using ScriptSeq™ v2 RNA-Seq library 
preparation kit (Epicentre, Illumina, USA). At the end of NGS laboratory 
procedure, two runs of MiSeq illumina sequencing of liver and pituitary 
transcriptome of Hereford bulls were performed using MiSeq® reagent se-
quencing kit v2 (Illumina, USA) and 251 bp paired-end sequence reads 
were generated. Finally, the obtained paired-end sequencing data (Liv-Pit 
transcriptome) generated from MiSeq Illumina instrument were loaded 
to the StrandNGS workbench to perform the quality control (QC) assess-
ment of the RNA-Seq data of liver and pituitary transcriptome of Hereford 
bulls using StrandNGS software. The overall workflow of QC procedure is 
illustrated in Figure 1.
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Hereford bulls were performed using MiSeq® reagent sequencing kit v2 (Illumina, USA) and 

251 bp paired-end sequence reads were generated. Finally, the obtained paired-end sequencing 

data (Liv-Pit transcriptome) generated from MiSeq Illumina instrument were loaded to the 

StrandNGS workbench to perform the quality control (QC) assessment of the RNA-Seq data of 

liver and pituitary transcriptome of Hereford bulls using StrandNGS software. The overall 

workflow of QC procedure is illustrated in Figure 1. 

 

Figure 1. Overall workflow of quality control (QC) analysis of the generated RNA-seq data of 

bovine liver and pituitary gland transcriptome of Hereford bulls 

 

 

Results 

 

Raw RNA-seq data and NCBI submission: After two MiSeq run, raw RNA-seq data of 

7.11GB with an average of 72% duplicate reads were obtained from liver and pituitary 

transcriptome of Hereford bulls (Table 1). The raw RNA-seq FASTQ sequencing data were 

deposited in the NCBI database under submission BioProject: PRJNA312148 

(http://www.ncbi.nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=312148). 

 

Table 1. The QC matrices of the generated RNA-seq data of bovine liver and pituitary gland 

transcriptome of Hereford bulls 

 

Figure 1. Overall workflow of quality control (QC) analysis of the generated RNA-
seq data of bovine liver and pituitary gland transcriptome of Hereford 
bulls

Results

Raw RNA-seq data and NCBI submission: After two MiSeq run, raw 
RNA-seq data of 7.11GB with an average of 72% duplicate reads were ob-
tained from liver and pituitary transcriptome of Hereford bulls (Table 1). 
The raw RNA-seq FASTQ sequencing data were deposited in the NCBI 
database under submission BioProject: PRJNA312148 (http://www.ncbi.
nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=312148).

Table 1. The QC matrices of the generated RNA-seq data of bovine liver and pitui-
tary gland transcriptome of Hereford bulls

RNA-seq matrices 
parameters

First Miseq run RNA-seq 
data

Second Miseq run RNA-seq 
data

RNA-seq data size 3.62 GB 3.49 GB

Paired end reads length 251bp 251bp

Total clusters PF 15,477,651 14,736,047

Total reads raw data 30,955,302 29,472,094

Duplicate reads (%) 72.02 71.69

NCBI SRA submission BioProject: PRJNA312148 BioProject: PRJNA312148
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Assessment of Library QC (Figure 2): The Library QC section includes 
metrics that pertain to the sequence library. This makes it possible to de-
termine if all the targeted regions are represented in the sequence library 
and that there is no redundancy in all aligned reads. The library QC met-
rics results presented as library complexity plot illustrated the distribution 
of uniquely mapped reads to the total set of mapped paired-end reads 
(Figure 2). The plot displayed an X = Y line (slope m = 1) to verify the 
complexity of the library. Results revealed a lot of duplicate reads in the 
RNA-seq library, resulting in low library complexity (0.28) in the NGS 
experiment (Figure 2).

Figure 2. Library complexity plot of the generated RNA-seq data of bovine liver and pituitary 

gland transcriptome of Hereford bulls 

 

Figure 2. Library complexity plot of the generated RNA-seq data of bovine liver and 
pituitary gland transcriptome of Hereford bulls
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Assessment of QC of RNA-seq reads before alignment (pre-align-
ment) using Strand NGS software (Figure 3): The QC assessment of over 
60 million raw RNA-seq reads before alignment were measured based on 
the histogram plot of number of bases against the base-quality as shown 
in Figure 3A and histogram plot of number of read count against the aver-
age base quality in read as shown in Figure 3B.
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Figure 3. Showing the histograms of numbers of bases against base quality (Fig-

ure 3A) and read count against average base quality in read (Figure 3B) 
histogram before alignment of the generated RNA-seq data of bovine 
liver and pituitary gland transcriptome of Hereford bulls

Assessment of QC of RNA-seq reads after alignment (post-align-
ment) using Strand NGS software (Figure 4): The post-alignment QC as-
sessment were performed based on the number of QC RNA-seq paired-end 
reads to Bos Taurus reference genome. After alignment of QC paired-end 
reads to Bos Taurus reference genome, the obtained post-alignment QC re-
sults of liver and pituitary RNA-seq data were presented in five histograms 
figures and a pie chart figure (Figure 4A-F): i) the number of paired-end 
reads against alignment score (Figure 4A); ii) the number of paired-end 
reads against mapping quality (Figure 4B); the number of paired-end reads 
against report match count (Figure 4C); iv) the match status displayed as 
a pie chart (Figure 4D) representing the proportion of reads with different 
read statuses for paired alignment data; v) the number of paired-end reads 
against read length (Figure 4E); and the number of paired-end reads against 
read quality (Figure 4F).



 

Figure 4. Post-alignment QC results based on the number of QC RNA-seq paired-
end reads to Bos Taurus reference genome. Figure representing number 
of reads against alignment score (Figure 4A); against mapping quality  
(Figure 4B); against match count (Figure 4C); against match status in pie 
chart (Figure 4D); against read length (Figure 4E); against read quality 
(Figure 4F), respectively
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Figure Legends color indicates: 
Light blue: One mate flip: One member of the read pair has an orientation flip, indicating 
an inversion.
Blue: Translocated: The read’s mate is present on a different chromosome.
Red: Mate missing: The read’s mate is not present in the sample.
Grey: Normal: The read is within its mate, and orientation of the reads agrees with the 
model.
Pink: Both mate flip: Both members undergo an orientation change.
Light grey: Unaligned: not assigned.

Discussions

The QC of RNA-seq data before and after alignment is an essential pre-
requisite in any NGS experiments because of experimental biases in nu-
cleotide composition, library preparation issues, PCR biases – all of which 
influence the RNA-seq analysis [2-6].Therefore, before any RNA-seq 
analysis or sequence alignment is done, a read-level analysis of RNA-seq 
data must be performed in all NGS experiments as the first essential step 
to start the bioinformatics analysis. In literatures, several bioinformatics 
tools that are publically available to conduct the QC analysis on raw FastQ 
files viz., Musket [18], HiTEC [19] and SHREC [20] and FastQC pack-
age developed by the Babraham Institute bioinformatics group (https://
www.bioinformatics.babraham.ac.uk/projects/fastqc/). In our study, we 
utilized the commercially available StrandNGS v1.3 tools (Agilent; http://
www.strand-ngs.com/) to perform the QC analysis of combined liver and 
pituitary transcriptome (n=30) of Hereford bulls. In pre-alignment QC 
analysis, StrandNGS tool was successfully performed to check the library 
complexity, base quality and nucleotide distribution, the average base 
quality score per read, identification of the most duplicated reads (PCR 
artefact, same fragment read twice or excessive presence of a fragment), 
unique reads and all reads mapped to the targeted region (Figure 2–3). 
The library complexity plot (Table 1) helps to identify the percentage of 
total aligned reads that are unique and also to identify the reads represent 
the entire range of targeted regions. Alternatively, this plot also informs if 
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there is a redundancy of reads in the sequenced data. Furthermore, in the 
context of library complexity plot, duplicate reads are those that map to 
the same location with same orientation. However, in the post-alignment 
QC analysis (Figure 4), StrandNGS tool was successfully performed the 
alignment or mapping of the processed pre-alignment RNA-seq data on 
the Bos Taurus reference genome to identify the number of aligned reads, 
uniquely aligned reads, which was very critical and crucial for the genetic 
variants or single nucleotide polymorphisms (SNPs) discoveries [21, 22] 
and identification of DEGs, gene network and metabolic pathways in bo-
vine liver and pituitary tissues [23, 24].

Conclusion

By testing the RNA-seq methodology on Illumina platform, two MiSeq 
sequencing runs yielded significantly high quality of 60 million sequenc-
ing reads. Bioinformatics QC analysis on raw RNA-seq data of Hereford 
bulls revealed that the pre-alignment and post-alignment analysis of raw  
RNA-seq data were successfully performed to align and assemble the Her-
eford liver and pituitary gland transcriptome to the Bos Taurus reference 
genome, However, only more 50% RNA-seq data generated from total 
RNA library rRNA depletion kit were mapped. Based on the obtained 
results one can conclude that liver and pituitary transcriptome sequenc-
ing with rRNA depletion method is less effective than mRNA RNA-seq 
method.
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