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Abstract. Background: Metabolic disorder is a major health problem in dairy cattle, par-
ticularly to high milk producing dairy cattle. It is worthily emphasized that metabolic dis-
eases have a very complex etiology and pathogenesis, and the impact of these diseases on 
hepatic and pituitary gland gene expression and organism oxidative balance is not fully 
described. The presented study was aimed to determine and predict the hepatic and pitu-
itary gland expression of potential candidate genes in context to maintenance of oxidative 
balance, negative nitrogen balance, as well as ketosis in Polish HF and Polish Red cattle.

Methods: Based on the RNA-seq experimental data, we investigated the candidate 
genes (SOD1, SOD2, SOD3, GPx2, GPx3, GPx5, GPx6, GPx7, GPx8, BDH1, FN1, ACSL3, 
HMGCL, HMGCS2, BDH2, ACSL6, ACAT2, IDH3B, ACAT1, HMGCS1, ACSL4, ACSL1, 
PC, CPT1A, OXCT1 and ACSL5 respectively) expressions in liver and pituitary gland tis-
sues of  Polish HF and Polish Red cattle. The RNA-seq experimental design comprised 
of young bulls aged between 6 to 12 months were investigated. For each breed, six liver 
and six pituitary gland tissues were sequenced using Next-seq 500 illumina platform. The 
RNA-seq expression data were normalized by the reads per kilobase of exon per million 
reads mapped (RPKM) method.

Results: By comparing the RNA-seq data of liver and pituitary gland tissues, the in-
vestigated candidate genes were highly expressed in the hepatic tissues than to pituitary 
gland in investigated cattle breeds. However, by comparing the Polish HF and Polish Red 
cattle breeds, results revealed a similar trend of gene expression profiling of all investigated 
candidate genes for both metabolic tissues. In case of hepatic gene expression profiling, 
the SOD1, FN1, HMGCL, HMGCS2, ACAT2, ACAT1, HMGCS1, ACSL1 and ACSL5 were 
highly expressed (FPKM values of >40), followed by SOD2, GPX3, IDH3B, PC and BDH2 
as moderately expressed (FPKM values: >10 to <40), and averagely expressed SOD3, 
GPX5, GPX6, GPX7, GPX2, GPX8, BDH1, ACSL3, ACSL6, ACSL4, CPT1A and OXCT1 
respectively, in Polish HF and Polish Red breeds. In case of pituitary gland gene expres-
sion profiling, the SOD1 and GPx3 were highly expressed (FPKM values of >40), followed 
by SOD2, GPX8, IDH3B, ACAT1, ACSL4 and PC as moderately expressed (FPKM values:  
>10 to <40), and averagely expressed SOD3, GPX3,GPX5, GPX6, GPX7, GPX2, BDH1, 
BDH2, ACSL3, ACSL6, CPT1A, OXCT1, FN1, HMGCL, HMGCS2, ACAT2, ACAT1, 
HMGCS1, ACSL1 and ACSL5 respectively, in Polish HF and Polish Red breeds.

Conclusions: Based on this presented results on hepatic and pituitary gland gene 
expression, a further research plan is an essential pre-requisite to validate the identified 
candidate genes. Study indicated the understanding the genetic factors that predispose 
metabolic disorders in  cattle would benefit the dairy industry as a whole by providing 
producers, breeding services, and veterinarians a tool to forecast a cow’s susceptibility to 
metabolic disorders.

Keywords: RNA-seq; liver, pituitary gland; cattle; breeds; ketosis; SOD; GPx; antioxidants; 
bioinformatics.
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Introduction

Metabolic diseases and disturbances of oxidative balance (oxidative stress) 
are constantly current threats to the health and welfare of dairy cows as 
well as the profitability of dairy farms and dairy industry all around the 
world [1–2]. The breeding selection and the increasing intensification 
of  milk production made the high-yielding dairy cow an animal with 
a huge metabolic burden and susceptibility to metabolic diseases, such 
as ketosis [3–4]. High-yielding animals due to the very high rate of num-
ber of metabolic processes are also more susceptible to oxidative balance 
disturbances [5]. Both metabolic diseases and negative effects of oxida-
tive stress contribute to shortening the life of animals or the need of cull-
ing them from the herd, and thus generate enormous economic losses 
in  the dairy industry [6–7]. In recent year increased interest in  ketosis 
and genetic studies have been observed in several manuscripts published 
in most reputable journals [8–13]. Furthermore there is increased interest 
in breed differences in transcriptome of Bos Taurus [14]. Ketosis in dairy 
cow is a multifactorial disease that is the result of a maladaptive response 
to negative energy balance (NEB) in early lactation. While essentially all 
cows undergo NEB after calving, not all cows develop ketosis. Recent 
study observed variable metabolic loads and differential gene expression 
in the liver of cows that had been pre-selected for high milk fat; despite 
being selected for high F:P, an indicator of ketosis, the susceptibility to ke-
tosis was different for cows within this group [15]. Moreover, some other 
studies suggest that altered metabolic regulation that contributes to ke-
tosis differs at the cow level [16–20]. Trait-association analyses that have 
been conducted for metabolic traits – energy balance, F:P, GPC:PC, blood 
BHB, BCS, milk metabolites, EBV  – have identified regions of  the ge-
nome, candidate genes and probable quantitative trait nucleotides (QTN) 
that explain some of the gene expression variation between cows [21–27]. 
However, further exploration of  candidate genes for ketosis could con-
tribute to our understanding of the genetic architecture of this trait. The 
construction of a custom designed array of candidate genes specific to the 
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trait of interest would allow for the investigation of many key genes simul-
taneously, as well as identify probable QTN with biological significance. 
In the paper, we investigated the gene expression variations of  the GPx 
and SOD gene families involved in the maintenance of oxidative balance, 
as well as, gene expression variations among recently identified candidate 
genes for ketosis using the RNA-seq data of liver and pituitary gland tis-
sues.

Materials and methods

Animals: The RNA-seq experimental design comprised of  young bulls 
aged between 6 to 12 months were investigated. For each breed, six liver 
and pituitary gland tissues were sequenced using Next-seq 500 illumina 
platform (Figure 1). All procedures involving animals were performed 
in accordance with the guiding principles for the care and use of research 
animals. The investigated liver and pituitary gland tissues from Polish-
HF and Polish Red cattle were approved by the local ethics commission 
of IGAB, PAS, Jastrzębiec, Poland (permission No. 3/2005).

RNA-seq laboratory work: Isolation of  total RNA from liver and 
pituitary gland tissues were prepared from 50–60 mg of frozen tissues 
using the guanidinium thiocyanate method [28] (TRIzol reagent: In-
vitrogen, Carlsbad, CA, USA). All RNA samples were evaluated with 
the Agilent BioAnalyzer using the Nano RNA Kit with RNA Integrity 
Number (RIN) > 7.0. For the library preparation 5μg were total RNA 
and two biological replicates were used for each investigated tissue. The 
mRNA isolation was carried out by using the Dynabeads® mRNA Direct™ 
kit (Thermo Fisher), and followed by dUTP directional mRNA libraries 
preparation, according to the NEBNext Ultra Directional RNA library 
preparation Kit for Illumina (New England Bio Labs). The cDNA frag-
ments were end-repaired, A-tailed, and ligated to the TruSeq y-tail single 
indexes from Illumina TruSeq DNA kit (Figure 1). Indexed libraries were 
cut with USER enzyme, and PCR amplified for 12 cycles. To achieve the 
highest quality data on Illumina sequencing platforms, optimum cluster 
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deposition was made by quantitation of libraries using qPCR according 
to the Illumina Sequencing Library qPCR Quantification Guide (Kapa 
Biosciences). Finally, 156x156 bp paired-end sequence reads were gen-
erated using the Illumina NextSeq 500 platform High Output/300 cycle 
kits from Illumina.

Bioinformatics analysis: For all investigated liver and pituitary gland 
tissues (n=12), the minimum overlap length was set to 10 and error rate 
was set to 0.05 at cutadapt software [29]. After cutting adaptor, the low 
quality bases were trimmed from 3’- end. The processed short paired 
end reads were aligned, or mapped to the reference genome Ensembl75_
UMD3-1.1 plus the Chromosome Y from Btau_4.6.1 assembly, by using 
BWA version 0.7.5-r404 [30]. The HT-Seq framework, version 0.5.3p9, 
was used to count the aligned reads in genes using the STAR BWA tools 
[31]. Finally, the RNA-seq expression data were normalized by the reads 
per kilobase of exon per million reads mapped (RPKM) method [32] to 
identify the gene expression variations of the candidate genes of ketosis 
in bovine liver and pituitary gland transcriptome.

Results and discussion

Based on the RNA-seq data, we have screened and investigated the known 
CGs for liver and pituitary gland transcriptome as presented in Table 1. 
By comparing the RNA-seq data of two metabolic tissues, study revealed 
that the investigated candidate genes were highly expressed in the hepatic 
tissues than to pituitary gland in cattle breeds (Table 2 and Table 3). How-
ever, by comparing the Polish HF and Polish Red cattle, results revealed 
a similar trend of gene expression profiling of all investigated candidate 
genes for both metabolic tissues (Table 2 and Table 3). Furthermore based 
on the obtained results, we have categorized gene expression profiling 
as: highly, moderately and averagely expressed candidate genes. In case 
of hepatic gene expression profiling, the SOD1, FN1, HMGCL, HMGCS2, 
ACAT2, ACAT1, HMGCS1, ACSL1 and ACSL5 were highly expressed 
(FPKM values of >40), followed by SOD2, GPX3, IDH3B, PC and BDH2 
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as moderately expressed (FPKM values: >10 to <40), and averagely ex-
pressed SOD3, GPX5, GPX6, GPX7, GPX2, GPX8, BDH1, ACSL3, ACSL6, 
ACSL4, CPT1A, and OXCT1 respectively, in  Polish HF and Polish Red 
breeds. In case of pituitary gland gene expression profiling, the SOD1 and 
GPx3 were highly expressed (FPKM values of >40), followed by SOD2, 
GPX8, IDH3B, ACAT1, ACSL4, and PC as moderately expressed (FPKM 
values: >10 to <40), and averagely expressed SOD3, GPX3,GPX5, GPX6, 
GPX7, GPX2, BDH1, BDH2, ACSL3, ACSL6, CPT1A, OXCT1, FN1, 
HMGCL, HMGCS2, ACAT2, ACAT1, HMGCS1, ACSL1 and ACSL5 re-
spectively, in Polish HF and Polish Red breeds.

Conclusions

Understanding the genetic factors that predispose metabolic disorders 
in cattle would benefit the dairy industry by providing producers, breed-
ing services, and veterinary practitioners a tool to forecast a cow’s suscep-
tibility to metabolic disorders. Considering presented results on hepatic 
and pituitary gland gene expression profiling study, a further research is 
an essential pre-requisite to validate the identified candidate genes. 
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