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Abstract 
Long non-coding RNAs (lncRNAs) has been studied in mammalian genome. However, it remains a 

challenge to uncover lncRNAs function in a newly assembled species. In the present study, we have 

predicted a computational pipeline for analysing lncRNAs extracted from public repository. We have 

applied our pipeline to a goat lncRNAs transcripts dataset, and discussed the possible functions of the 

lncRNAs transcripts. The lncRNAs transcripts were extracted from Ensembl database and filtered with 

length parameter (length >=200 nt) and coding potentiality, using a CPC2 tool. The filtered lncRNAs 

transcripts were further evaluated against MEME and TomTom tool for motif and transcription factors 

(TF’s) discovery. In addition, the lncRNAs transcripts were classified and annotated further using 

Infernal and blast tool, respectively. Using our stringent pipeline a total of 1304 lncRNAs transcripts 

were predicted. 3 motifs and 39 transcription factors were found to be regulating these lncRNAs 

transcripts. Moreover the lncRNAs studied here, belongs to different ncRNA families and also act as 

precursors for various microRNAs (miRNAs) such as chi-mir-23b, chi-mir-29a etc. In conclusion, our 

method can annotate lncRNAs transcripts in goat genome and the predicted pipeline can also be applied 

to other newly assembled genomes for understanding the function of lncRNAs.   
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1. Introduction 
The structure of eukaryotic genome is very complex, a large portion of genome is considered 

to be non-coding. Long non-coding RNAs are RNA transcripts, longer than 200 nt, and lack 

protein-coding capacity [1]. The involvement of lncRNAs in various biological processes [2, 3] 

and animal diseases [4] has led to intense interest in these transcripts. Moreover, the huge 

expansion in the non-coding genome and transcriptome in complex organisms, makes non-

coding RNA a natural candidate for the informational molecule underlying the increase in 

organismal complexity [5]. In the recent years, advances in transcriptome and deep sequencing 

technology led to the discovery of large amounts of non-protein coding transcription, 

particularly of long noncoding RNAs (lncRNAs) in mammalian genome. For example using 

next generation sequencing lncRNAs were identified in human [6], mouse [7], goat [8], cattle, pig 
[9] and sheep [10] species.  

Although thousands of lncRNAs have been identified in mammalian species but only a few of 

them were functionally characterized. Having a difficulty in experimentally characterize the 

biological function of the lncRNAs and the enormous flow of genomics data becoming 

available relevant to lncRNAs’ biological functions, it is interesting to predict lncRNAs’ 

functions computationally.  

In the present study, we have suggested a computational pipeline to elucidate the complex role 

of lncRNAs transcripts, yielded from newly assembled goat genome. The current research will 

provide a deeper functional annotation of the goat genome and can also be applied to other 

newly assembled genomes for understanding the function of lncRNAs. 

 

2. Material and Methods 

2.1 Long non-coding RNAs data retrieval 

lncRNAs sequences and their genomic coordinates were downloaded from the Ensembl 

database (release 95) [11]. To obtain long non-coding RNAs, only sequences classified as, 

lincRNA, were kept. Further, the transcripts were filtered according to transcript length ≥ 200. 

Finally, filtered transcripts were evaluated using coding potential calculator 2 (CPC2) [12]. 
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2.2 Transcription factors identification and binding 

affinity with lncRNAs 

To identify enriched transcription factor binding sites in the 

promoters of lncRNAs, the promoter sequences were 

extracted from Ensembl biomart database [13] and further 

examined for motif identification using the MEME suite 

(V5.0.5) [14]. The resulting motifs were searched for 

transcription factor identification against the JASPAR 

database [15] using TomTom [16]. To analyse the lncRNAs 

binding affinity with transcription factors, the 3'UTR target 

site of TF’s were extracted from Ensembl biomart database 

and analyzed in miRanda [17] tool to evaluate the strength of 

interaction using the parameters ΔG and total score value.  

 

2.3 lncRNAs classification and functional prediction 

Filtered lncRNAs were classified into different non-coding 

RNAs (ncRNAs) families using INFERNAL (V1.0), which 

categorizes ncRNAs and their conserved primary sequence 

and RNA secondary structure through the use of multiple 

sequence alignments (MSAs), consensus secondary structure 

annotation and covariance models (CMs) [18]. For Potential 

involvement of lncRNAs as a precursors of miRNAs, the 

lncRNAs were aligned with the precursors of known miRNAs 

in the mirbase database [19] using BLAST with default 

parameters [20]. In house Perl script was written to extract only 

goat precursors sequences. The lncRNAs homologous to 

miRNAs with >=90% coverage were eventually defined as 

miRNA precursors. The present study was conducted at CBG 

lab, IVRI, Izatnagar, Bareilly, in the session 2018-2019. 

 

3. Results 

3.1 Long non-coding RNAs data analysis 

The schematic representation of lncRNAs annotation is 

shown in Figure 1. A total of 4675 lncRNAs transcripts were 

extracted from Ensembl database. Among them, 4558 

transcripts were filtered with length >=200. These filtered 

lncRNAs transcript were subjected to CPC2 tool to reconfirm 

their coding potentiality. Of these 4558 filtered transcripts, 

1304 transcripts were identified as non-coding with coding 

potentiality score >=0.1.  

 

3.2 TF’s identification and interaction with long non-

coding RNAs and miRNAs 

In this study we have identified TF’s among the 1304 

lncRNAs that contribute to the transcriptional control of the 

lncRNAs genes. A total of 39 TF’s were predicted from 3 

overrepresented motifs. Of these 39 TFs, 16 unique TFs 

(KLF4, TCF7L2, ZNF263, E2F6, SP1, STAT5A, E2F4, 

COG1, IRF3, KLF9, STAT3, ID1, GATA4, RELB, RREB1 

and SOX10) were found to have a high binding affinity (ΔG 

value >= −291 kCal/Mol and total score >= 300) with two 

lncRNAs- ENSCHIG00000000537 and 

ENSCHIG00000000546. The top ten TF’s interaction with 

lncRNAs are shown in Table 1 

It has also been known that miRNAs and TF’s are often 

highly interacted in a dependent or independent manner [21]. A 

total of 15 TF’s were found interacting with 23 miRNAs with 

ΔG value >= −22 kCal/Mol and total score >= 152. 

Interestingly, these miRNAs regulating TFs were found to be 

common among lncRNAs regulating TF’s. 

 

3.3 Classification of lncRNAs into non-coding RNA 

families and analysis 

To better annotate lncRNAs from an evolutionary point of 

view, we classified the predicted lncRNAs into different 

ncRNA families using INFERNAL tool. Based on a 

consensus secondary structure annotation using a covariance 

model, we identified 13 unique non-coding sequences 

belonging to 3 conserved lncRNA families: - rRNA. tRNA 

and miR (Table 2). Among the conserved lncRNA families, 

one familiy (tRNA) accounted for more than 10 members. In 

total, 58 lncRNAs were detected as precursors for the 55 

unique miRNAs. In addition three miRNA precursor- chi-mir-

1271, chi-mir-23b and chi-mir-29a with 100 % coverage 

could be aligned with more than one lncRNAs:- 

ENSCHIG00000007630, ENSCHIG00000003605, 

ENSCHIG00000004052, ENSCHIG00000003530, 

ENSCHIG00000004553, ENSCHIG00000005287, 

respectively. 

 
Table 1: lncRNAs binding with transcription factors 

 

lncRNA-ID TF’s total score ΔG value 

ENSCHIG00000000537 TCF7L2 331 -318.71 

ENSCHIG00000000537 SP1 301 -344.67 

ENSCHIG00000000537 ZNF263 300 -348.97 

ENSCHIG00000000537 STAT5A 335 -366.67 

ENSCHIG00000000537 KLF9 310 -379.39 

ENSCHIG00000000546 STAT3 340 -564.8 

ENSCHIG00000000546 COG1 362 -577.77 

ENSCHIG00000000546 E2F4 303 -580.45 

ENSCHIG00000000546 IRF3 347 -586.66 

ENSCHIG00000000546 SOX10 301 -609.07 

 
Table 2: Classification of lncRNAs in to different non-coding RNAs 

family 
 

lncRNAs-ID Family_Name Family_Accession 

ENSCHIG00000000806 tRNA RF00005 

ENSCHIG00000001136 tRNA RF00005 

ENSCHIG00000001303 tRNA RF00005 

ENSCHIG00000001454 tRNA RF00005 

ENSCHIG00000001542 tRNA RF00005 

ENSCHIG00000002007 tRNA RF00005 

ENSCHIG00000002048 tRNA RF00005 

ENSCHIG00000003530 tRNA RF00005 

ENSCHIG00000006842 tRNA RF00005 

ENSCHIG00000007078 tRNA RF00005 

ENSCHIG00000007766 tRNA RF00005 

ENSCHIG00000003816 LSU_rRNA_eukarya RF02543 

ENSCHIG00000006842 miR-563 RF00005 
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Fig 1: Annotation pipeline of long non-coding RNAs 

 

4. Discussion 

In the past years bioinformatics analysis has became the 

mainstream method for the analysis of lncRNAs. Herein we 

describe, a comprehensive lncRNAs analysis pipeline, which 

takes advantages of the annotation of lncRNAs retrieved from 

public repositories. However, there are many other methods 

besides the ones used in this study to improve the annotation 

accuracy of lncRNAs. For instance, the RNA-Seq method 

such as PLAR 

(http://webhome.weizmann.ac.il/home/igoru/PLAR/) and 

UClncR [22] could also be used to obtain a more stringent 

result in the analysis process.  

Long non-coding RNAs are known to execute their functions 

through interacting with other types of molecules such as 

TF’s [23, 24]. In the present study, 39 TF’s were identified and 

16 of them were found highly interacting with two lncRNAs- 

ENSCHIG00000000537 and ENSCHIG00000000546. These 

highly interacting transcription factor such as IRF3, known to 

have a role in immune response [25]. IRF3 also found to be 

regulated by long non-coding RNAs [26]. STAT3, another 

highly interacting immune regulating transcription factor [27] 

was found to be governed by lncRNA-UICC [28]. Similarly, 

SOX10 was regulated by lncRNAs in various studies [29, 30]. 

On the basis of above findings, the lncRNAs- 

ENSCHIG00000000537 and ENSCHIG00000000546 might 

work as immune regulators via TF’s IRF3, STAT3 and 

SOX10. Further, long non-coding RNAs were classified into 

different ncRNAs family such as tRNA. Consistent with our 

result, it is possible that goat lncRNAs might serve as 

precursors for different types of functional tRNAs.  

Studies also suggest that long non-coding transcripts in 

eukaryotes function as precursors for miRNAs [31, 32]. In our 

study, lncRNAs- ENSCHIG00000004052 and 

ENSCHIG00000004553 act as precursor for chi-mir-23b and 

chi-mir-29a, respectively. miR-23b is a central regulator of 

inflammation during autoimmunity [33], while miR-29a 

regulate apoptosis [34], thus ENSCHIG00000004052 and 

ENSCHIG00000004553 may involved in immune response 

and apoptosis. 

 

5. Conclusion 

The above observations might open the possibilities that the 

functions of lncRNAs can be inferred through their 

interactions with other molecules –TF’s and miRNAs. In 

addition, the predicted pipeline just relieves the daunting 

work of initial analysis of lncRNAs, however researchers 

need to spend more time on further analysis and interpretation 

of these findings. 
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