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 Many studies showed that long intergenic non-coding RNAs (lincRNAs) have 

multifaceted roles in various biological processes. However, roles and profiles of 

lincRNAs in clinical ketosis of dairy cows are still poorly understood. In this 

study, blood samples of both nine cows affected with clinical ketosis (i.e., case 

group) and ten healthy ones as control group at 2 weeks before as well as 2 weeks 

after parturition were collected for genome-wide analysis of lincRNA 

transcriptome. A total of 2154 novel intergenic transcripts were obtained from all 

the 38 RNA-Seq libraries, with 795 lincRNAs were identified. By comparing to 

protein coding transcripts, the characteristics reported in long non-coding RNAs 

were observed in our identified lincRNAs, such as shorter in transcript length, 

lower expression level, and fewer exons. Furthermore, we found thirteen 

differentially expressed lincRNAs (DELs) between case and control group. The 

cis- and trans-regulatory analysis obtained 124 target genes for these 13 DELs that 

were functionally involved in metal ion binding, cation binding, biological stress 

response, and energy metabolism. This study provides a comprehensive expression 

profile of lincRNAs associated with the progression and onset of clinical ketosis in 

transition dairy cows, which will facilitate further researches on the functional 

roles of non-coding RNAs on cow ketosis biology. 
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INTRODUCTION 

 

The transition from late pregnancy to early lactation 

is known to be the most challenging period for dairy 

cows. During which, reduced feed intake and, at the same 

time, increased nutrient requirement for milk production 

induces a physiological state of negative energy balance 

(Esposito et al., 2014). One of the main causes of negative 

energy balance is lipid mobilization from stored body fat, 

and which may predispose the animals to fatty liver and 

ketosis (García et al., 2011). It is widely known that 

ketosis is associated with hepatic lipid accumulation and 

increased concentration of biofluid hydroxybutyrate while 

blood glucose concentration is decreased. In addition, 

inappetence, rapid weight loss, and dry manure also 

characterize the ketotic state (Gordon et al., 2013). 

Recently, alterations in transcriptome, metabolome and 

proteome between ketotic and non-ketotic cows have been 

described, although the mechanism of the incidence and 

progression of ketosis is not completely understood. 

Several publications so far have focused on the detection 

of the associated coding genes and gene regulatory 

networks involved in ketosis (Kroezen et al., 2018; Parker 

Gaddis et al., 2018). However, few have focused specially 

on non-coding genes. 

Previous study has revealed that the vast majority of 

eukaryotic transcripts are non-coding RNAs (ncRNAs) 

(Lander et al., 2001). Generally, ncRNAs are arbitrarily 

defined by the length of mature transcripts, which 

conventionally divides ncRNAs into long non-coding 

RNAs (lncRNAs) that exceed 200 bp in length and the 

remaining ones that are called short ncRNAs (Ma et al., 

2013). Based on the location in the genome compared to 

their nearby protein coding RNAs, lncRNAs can be 

categorized into senses, antisense, intronic, and intergenic 

lncRNAs (lincRNAs) (Ma et al., 2013). Of the various 
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lncRNAs classes, lincRNAs do not cover protein-coding 

genes or other types of genes. It is easier to identify and 

study their functions than those of transcripts with regions 

shared by other gene classes (Ulitsky and Bartel, 2013). A 

rapidly growing number of lincRNAs are reported to play 

key roles, including epigenetic modification, mRNA 

splicing, transcriptional regulation, and other post-

transcriptional regulation (Dykes and Emanueli, 2017). 

In the past few years, lncRNAs have been discovered 

in large diversity of species, including Homo sapiens, rat, 

chicken, goat, pig, and bovine. It is likely that lncRNAs 

contribute significantly to economic production traits and 

phenotypes in livestock, such as milk performance (Cai et 

al., 2018), metabolic efficiency (Nolte et al., 2019) and fat 

metabolism (Yu et al., 2017). However, limited studies 

that have addressed the associations between global 

lincRNAs and cow ketosis. Therefore, in this study, we 

employed RNA-Seq analysis from blood samples 

collected at prepartum and postpartum to explore not only 

potential mechanisms that are associated with postpartum 

onset of clinical ketosis, but also the profile changes from 

prepartum to postpartum for ketotic cows, which would 

provide a useful resource for lincRNAs involved in 

ketosis and lay the foundation to investigate their functions. 

 

MATERIALS AND METHODS 

 

Animals management: The animals and experimental 

design were previously described by us (Wu et al., 2020). 

Briefly, seventy-four pregnant Holsteins at 3 weeks before 

the expected parturition were raised in the same 

environment. Clinical ketosis case was determined as 

whose β-hydroxybutyrate (BHBA) concentration exceed 

2.60 mM and control with under 1.0 mM at 2 weeks after 

parturition, respectively. Out of the 74 animals, only 9 

were ultimately developed into clinical ketosis and 10 

remained controls at 2 weeks after parturition. For which, 

blood samples from both prepartum (2 weeks before 

parturition) and postpartum (2 weeks after parturition) 

were collected and then classified into four different 

groups: case (CK; BHBA=2.79±0.12mM; N=9) and 

whose blood at prepartum (PCK; BHBA=0.36±0.05mM; 

N = 9) and control (HC; BHBA=0.65±0.22mM; N = 10) 

and whose blood at prepartum (PHC; BHBA=0.42±0.08 

mM; N = 10), respectively. 

 

Blood collection, RNA-Seq library construction and 

sequencing: Before the morning feeding, blood was 

sampled via coccygeal vein using vacutainer tubes 

containing EDTA-K2. RNA sample was isolated from 

blood using TRIzol Reagent (TaKaRa, Dalian, China) and 

then purified using RNeasy Midi Kit (Qiagen, Valencia, 

CA, USA) according to manufacturer’s protocol. The 

sequencing libraries were created from approximately 1 

μg high quality total RNA using Illumina NEBNext Ultra 

RNA Library Prep Kit (NEB, Ipswich, MA, USA). The 

library quality was assessed on an Agilent Bioanalyzer 

2100 System and the sequencing was performed on an 

Illumina Hiseq X Ten platform that generate >15G 150bp 

paired-end raw reads per sample. 

 

Reads mapping and transcript assembly: The adapter 

sequences removal and low-quality filtering for raw reads 

were performed to get the clean reads using fastp software 

(Chen et al., 2018). Clean reads were then aligned to the 

bovine reference genome (ARS-UCD1.2.95) using 

HISAT2 (Kim et al., 2015). Next, StringTie software 

(Pertea et al., 2016) was enrolled to assemble the mapped 

reads, and Cuffmerge was used to merge the assembled 

transcripts together to build a consensus set of transcripts 

across samples. To identify new transcripts, the merged 

transcripts were compared to the reference annotation 

GTF file, by which, only the novel transcripts (those 

annotated by “u”) were subjected to further analyses. 

Fragments per kilobase per million mapped reads (FPKM) 

was applied to measure transcript expression level. 

 

Screening of lincRNAs and differential expression 

analysis: The novel transcripts were filtered and 

assembled in order to get the putative lincRNAs, the 

multi-step pipeline was followed as Yang et al. (Yang et 

al., 2018) described with little modification. (1) Only 

novel intergenic transcripts were retained; (2) transcripts 

with only one exon or shorter than 200 nt were discarded; 

(3) transcripts with protein-coding potency were removed 

with the CPC, Pfam, CNCI, and CPAT software; (4) 

transcripts whose maximal FPKM <0.5 among all samples 

were removed; The remaining transcripts were considered 

as lincRNAs and then were compared to the NONCODE 

version v5.0 database (http://www.noncode.org/index. 

php) using BLASTN with P-value < 1e-06. The 

differentially expressed lincRNAs (DELs) between two 

groups were identified using DESeq2 R package (Love et 

al., 2014), under the criteria of |log2 fold change| >1 and 

Bonferroni-corrected p-value <0.05. 

 

Target gene prediction and functional enrichment 

analysis: To reveal the potential functions of our 

lincRNAs, the protein coding genes located in 100kb 

upstream and downstream of a lincRNA were screened 

and selected as DELs potential cis-regulated genes, and 

the LncTar bioinformatics software (Li et al., 2014) was 

enrolled to predict trans-target genes of the DELs. Gene 

Ontology (GO) and KEGG enrichment analysis were 

performed using KOBAS 3.0 online tool (http://kobas.cbi. 

pku.edu.cn/). 

 

RESULTS 

 

Summary of sequencing data: A total of 626.15 G raw 

sequencing data were produced among all samples, which 

ultimately produced 581.22 G clean data with an average 

of 15.30 G per sample after quality filtering. 

Approximately 92.68% of the total reads were mapped to 

the bovine reference genome by HISAT2. Of these, 88.77% 

(range: 83.16-91.91%) were uniquely mapped reads and 

3.90% (3.03-7.05%) were multi-mapped reads 

(Supplementary Table 1). All the mapped reads were 

considered in further analysis. 

 

Identification and characterization of lincRNAs: 

Transcripts of each sample were assembled and then 

merged using StringTie merge functionality, resulting in 

84,528 nonredundant transcript isoforms. After removing 

the annotated transcripts in the reference annotation GTF 

file, a total of 2154 intergenic transcripts were determined. 

http://www.noncode.org/index.php
http://www.noncode.org/index.php
http://kobas.cbi.pku.edu.cn/
http://kobas.cbi.pku.edu.cn/
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Table 1: The differentially expressed lincRNAs between CK and HC group 

LincRNA transcript Chromosome Start End Base Mean Log2 (Fold Change)  pvalue 

MSTRG.13328.3 29 43,671,609 43,678,849 148.75 27.18 7.73E-17 1.64E-13 
MSTRG.5513.3 17 5,124,476 5,221,483 7.97 23.22 2E-08 9.92E-06 
MSTRG.13328.5 29 43,671,610 43,678,827 22.24 21.92 1.7E-07 6.09E-05 

MSTRG.5513.6 17 5,126,634 5,203,388 9.26 15.34 0.000254 0.036089 
MSTRG.19978.8 X 94,560,195 94,610,650 303.97 12.84 5.24E-05 0.010176 
MSTRG.12485.4 26 43,825,465 43,834,484 398.87 2.42 9.8E-05 0.017454 

MSTRG.16598.1 5 61,167,398 61,174,123 101.86 2.29 1.64E-06 0.000465 
MSTRG.3049.3 12 84,535,837 84,547,749 847.74 2.14 0.000292 0.039645 
MSTRG.5427.2 16 75,638,996 75,640,384 21.08 -22.50 7.21E-19 2.38E-15 

MSTRG.16046.11 5 101,472,480 101,516,247 39.20 -22.38 2.22E-11 2.53E-08 
MSTRG.19167.1 NKLS02000125.1 1,983 153,026 14.46 -16.81 5.38E-05 0.010316 
MSTRG.3623.3 13 65,178,885 65,184,020 346.82 -9.87 1.23E-05 0.002993 

MSTRG.17342.1 7 19,551,335 19,552,741 25.52 -4.57 0.000346 0.045324 

 

 
 

Fig. 1: Genome characterization of novel intergenic transcripts. 
 

 
 
Fig. 2: Identification and characterization of long intergenic non-coding 
RNA (lincRNA). (A) Venn diagram showing the lincRNAs identified by 
four softwares of CPC2, CPAT, Pfam and CNCI; (B) Boxplot indicating 
transcript length of lincRNAs and protein-coding RNAs by log2(length); 
(C) The exon number of lincRNAs compared to protein-coding RNAs; 
(D) Expression level of lincRNAs and protein-coding RNAs based on 
log2(FPKM+1). 
 

The genome characterization of those transcripts was 
shown in Fig. 1. The results revealed that the majority of 
these transcripts (71.82 %) have 2-5 exons. More than half 
of these transcripts are in lengths shorter than 1750 bp, 
and about 30% of such transcripts are in lengths shorter 
than 1000 bp. Moreover, chromosome 10 contains the 
highest number of novel intergenic transcripts (137), 
while chromosome 27 contains lowest number of novel 
intergenic transcripts (5) (Fig. 1). 

 
 

Fig. 3: GO annotation of target genes for differentially expressed 

lincRNAs (DELs) between case and control group. 
 

A rigorous filtering listed in Materials and Methods 

was used to detect lincRNAs. Among them, 795 

lincRNAs were finally identified from the 2154 novel 

intergenic transcripts (Figure 2A). Next, a total of eleven 

low expressed lincRNAs were filtered out due to the fact 

that extremely low expression was generally considered to 

be transcriptional noise, and therefore, the remaining 784 

lincRNAs were robustly expressed (Supplementary Table 

2). Using the BLASTN algorithm, a total of 489 

lincRNAs were found in the bovine NONCODE database 

and 295 novel lincRNAs were obtained. To further 

examine structural characteristics of our identified 
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lincRNAs, the transcript length, exon number and 

expression level were compared between the lincRNAs 

and protein-coding RNAs. As shown in Figure 2, the 

bovine lincRNAs were shorter in length than protein-

coding RNAs, and the lincRNAs had, on average, fewer 

exons per transcript (~3.04) than protein-coding RNAs 

(~11.73). Further, the average expression of protein-

coding RNAs was more than 7.10-fold that of lincRNAs. 

 

Differentially expressed lincRNAs between cows 

diagnosed with clinical ketosis and controls: To study 

the key lincRNAs involved in the bovine clinical ketosis, 

differentially expressed lincRNAs (DELs) between cows 

diagnosed with clinical ketosis and controls, and ketotic 

cows at prepartum and postpartum were examined. A total 

of 13 DELs were identified between the CK and HC 

group, with 8 up-regulated and 5 down-regulated in the 

CK group (Table 1). On the other hand, we found 14 

DELs between the CK and PCK group, which would help 

to reveal the profile changes from prepartum to 

postpartum for ketotic cows. Complete list of those DELs 

can be found in Supplementary Table 3. 

 

Target gene prediction and function analysis: To 

investigate the potential function of these DELs, their 

potential target genes were predicted in cis- and trans- 

roles. The potential target genes for those 13 DELs from 

case and control group that corresponded to 124 protein-

coding genes (Supplementary Table 4). Our GO 

annotation indicated that target genes were significantly 

enriched in cellular process, metal ion binding, cation 

binding, biological stress response (such as “cellular 

response to stimulus”, “cellular response to chemical 

stimulus”, “regulation of response to stimulus”, “cellular 

response to amino acid stimulus and endogenous 

stimulus”, etc.), and energy metabolism (such as “primary 

metabolic process”, “lipid digestion”, “phospholipid 

transport”, and “triglyceride catabolic process”) (Figure 3 

and Supplementary Table 5). As for the pathways, target 

genes for those lincRNAs were involved in several KEGG 

pathways such as cell adhesion molecules (CAMs), 

MAPK, PI3K-Akt, NF-kappa B, metabolic pathways, and 

disease-related pathways (Supplementary Table 6). 

Meanwhile, we predicted the potential target genes 

for the DELs from CK vs. PCK, and found that those 14 

DELs corresponded to 122 protein-coding genes 

(Supplementary Table 7). GO functional annotation 

showed that there target genes were enriched in different 

categories, such as biological processes of positive 

regulation of protein kinase B signaling, biological 

regulation, cellular process, biosynthetic process, 

molecular function of transporter activity, ion binding, 

metal ion binding, calcium ion binding, cation binding, 

cellular component of hemoglobin complex, vesicle 

membrane, intracellular (Supplementary Table 8). In 

addition, these target genes were involved in AMPK, 

FoxO, NF-kappa B, TCA cycle, RIG-I-like receptor 

signaling pathway (Supplementary Table 9). 

 

DISCUSSION 

 

In the current study, a total of 795 lincRNAs were 

identified, which are distinct from protein-coding RNAs 

as to length profiles, exon numbers and expression levels. 

Our data showed that bovine lincRNAs were shorter in 

length than protein-coding RNAs, consistent with a 

previous study conducted in bovine mammary gland 

tissue (Zheng et al., 2018). We also found that the 

lincRNAs had fewer exons per transcript and lower 

expression level than protein-coding RNAs. These values 

are similar to those estimated for bovine and the other 

mammalian lncRNA (Gao et al., 2017; Du et al., 2020). 

Our results provided supplemental evidence for future 

research into bovine lincRNA. 

Emerging evidence supports the view that lincRNAs 

participate in the regulation of numerous foundational 

biological processes. For example, knockdown of dozens 

of lincRNAs on mouse embryonic stem cells suggested 

that lincRNAs are required to maintain pluripotency 

(Guttman et al., 2011), and mouse lincRNA knockout 

models revealed that lincRNAs play critical roles in peri- 

and postnatal lethal phenotypes (Sauvageau et al., 2013). 

So far, functionally characterized lincRNAs have been 

found to work in cis or trans (Guttman et al., 2011; Tan et 

al., 2017). In this study, we found 13 DELs between case 

and control group, for which, we got their cis-regulated 

target genes based on the threshold of 100 kb and trans-

regulated target genes using LncTar bioinformatics 

software. These target genes may provide supplementary 

evidence for underlying potential mechanisms associated 

with onset of clinical ketosis. To this end, we performed 

GO enrichment analysis of the target genes for these 13 

DELs from CK vs. HC. We found that these genes were 

enriched in different GO categories including cellular 

response to stimulus, cellular response to endogenous 

stimulus and amino acid stimulus, and those pathways 

have been shown to be linked with ketosis in our previous 

work (Wu et al., 2020). It was also revealed by GO 

analysis that lipid digestion, phospholipid transport, and 

triglyceride catabolic process were enriched. Most 

recently, Wang et al (Wang et al., 2016) and Shahzad et 

al (Shahzad et al., 2019) have suggested that pathways 

associated with carbohydrate metabolism, lipid 

metabolism, amino acid and vitamin metabolism were 

induced in ketotic cows. Besides, some genes involved in 

hepatic glucose metabolism, carbohydrate, lipid, 

carbohydrate, glycan biosynthesis and metabolism are 

associated with ketosis (Shahzad et al., 2019). In the 

present study, some of these target genes were involved in 

several KEGG pathways, such as cell adhesion molecules, 

MAPK, PI3K-Akt, NF-kappa B, metabolic pathways, and 

disease-related pathways. These results suggest that 

lincRNAs may play crucial role in the onset of clinical 

ketosis by mediating various biological responses and 

pathways, but further works are required to understand the 

function of both these lincRNAs and whose target genes. 

It is clear that the expression of hepatic lipid 

metabolic genes involved in fatty acid uptake, transport, 

activation, oxidation, synthesis, and esterification were 

mainly regulated by PPARα and SREBP-1c (Li et al., 

2015). More important, the expression disorder of 

lipogenic genes and triglycerides synthesis genes may 

participate in the development of ketosis (Zhu et al., 

2019). However, very few works have been done to 

determine their role in the development of ketosis. 

Previous studies have shown that ketosis is a multifactorial 
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disease, and which is controlled by multiple genetic loci. 

Genetic evaluations showed that ketosis has a low 

heritability of 0.02-0.06 (Kroezen et al., 2018), which 

limits the genetic selection for ketosis resistance. Our 

current study hopefully provides interesting insight into 

the lincRNAs and their potential target genes related to 

cow ketosis. Of course, other deeply techniques as well as 

more researches on ncRNAs will help to further 

understanding the mechanism of ketosis and finding more 

candidate genes for ketosis resistance. 

 

Conclusions: In summary, our results comprehensively 

revealed the lincRNA profiles associated with clinical 

ketosis in the transition dairy cows. The functional 

enrichment analysis revealed that the lincRNAs may 

influence multiple pathways in relation to metal ion 

binding, cation binding, biological stress response, and 

energy metabolism. This study would provide a source for 

bovine genetic study involving in ketosis biology. 
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