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ABSTRACT 
With advancements in in omics technologies, the range of biological processes long non-coding 

RNAs (lncRNAs) are involved in is expanding extensively [1, 2). The accelerating rate of evi

dence discovery of lncRNAs' role in various critical biochemical, cellular, and physiological 

processes is necessitating a robust platform of lncRNA annotation resources. Available resources 

with lncRNA ontology annotations are rare: despite a plethora of resources for annotating genes, 

and an extensive body of lncRNA literature. Here, we present a lncRNA annotation extractor and 

repository (Lantern), was developed using PubMed's abstract retrieval engine and NCBO's rec

ommender annotation system [3]. Between 1-150 abstracts were extracted per lncRNA , which 

were subsequently used for extracting annotations with respect to each ontology by querying 

NCBO's recommender system via Application Programming Interface (API). To evaluate the 

quality of annotations in Lantern, benchmarking analysis was performed by deploying Lantern's 

pipeline over 182 lncRNAs from lncRNAdb [ 4) and compared the extracted annotations against 

annotations mapped onto the lncRNAdb's manually curated free text. Benchmarking analysis 

suggested that Lantern has a recall of 0.62 against lncRNAdb for 182 lncRNAs and precision of 

0.8 based on manual verification of ontology annotations for 50 lncRNAs. Additionally, ln

cRNAs were also annotated with multiple omics information, like: RBP-interaction, tissue spe

cific expression, protein c-expression, coding potential, sub-cellular localization and SNPs for 

around 11000 lncRNAs; retrieved and analyzed by robust NGS tools and pipelines. The extract

ed annotations for 11000 lncRNAs are available at http://www.iupui.edu/~sysbio/lantern/. 

OBJECTIVES 
• Develop an automated pipeline for annotating lncRNAs with multiple ontologies.
• Extract up to date annotations for multiple ontologies using latest literature.
• Develop a lncRNA annotation resource with a web interface.
• Annotate lncRNAs with high quality controlled multiple omics annotations for improving the

annotation of the noncoding transcriptome.

MA 
• LncRNA relevant literature extracted using PubMed API.
• Ontology annotations from the literature were extracted using NCBO ontology recommender.
• Extracted ontologies were benchmarked against annotations extracted from lncRNAdb.
• The following formulae were used to calculate precision and recall:

Recall= Number of annotations common across extracted annotations and �old standard annotations 

Total number of annotations extracted 

Precision was calculated based on manual verification of GO annotations for 50 randomly se

lected lncRNAs. The formula used to calculate precision is as follows: 

lncRNA RBP INTERACTIONS 

ENCODE eCLIP profiles 
for 140

RNA Binding Proteins 

"' 
LncRNA RBP Interaction 

profile 

LncRNA TISSUE SPECIFIC 
EXPRESSION 

Tissue specific expression 
GTEx 

,. 

lncRNA expression 

extraction 
across tissues 

LncRNA PROTEIN CO·EXPRESSION 

Protein level lncRNA expreuion 

abundance from from 

Human pro1eome map GT&: data portal 

Co--expression Analysis 
across 14 tissues 

,. 

• 

• 

Precision = Number of true annotations extracted 

Total number of annotations extracted 

ONTOLOGY ANNOTATION EXTRACTION 

BENOIMARKING ANALYSIS 

LncRNA from lncRNAdb 

locRNA 
relawnt 
Abstracts 

from 
PubMed 

Lnc:RNA 
free text 

descriptions 
rrom 

lncRNAdb 

>>>>>>>>>>>> 

NCBO recommender )-.... annotations 
� 

�""--.
GO 

annotilltioni; 

.,, 
PubMed
abstracts 

GO 
•nnotations

.,, 
descriptions 
"� 

lnc:RNAdb 

PRECISION 11 RECAU I,., 

lncRNA RBP INTERACTIONS 

LncRNA TISSUE SPECIFIC 

Precision & 
Recall 

improving 
factors 

V 

COMPLETE IMPLEMENTATION 

GENCODE 
Y'RJRl.};f}.Y 

l lK lncRNAs from
GENCODE 

' 

NCBO recommender 

annotations 

Gene 

Ontology 

Disease 
Ontology 

' 

Human 
Phenotype 
Ontology 

SNOMEOCT 
ontology 

• 

ONlOLOGY ANNOTATION 

• 

EXPRESSION 
-

LANTERN .... LncRNA·SNP ANNOTATIONS

LncRNA PROTEIN 
CO-EXPRESSION 

__ /",'\,. 
LncRNA COOING P0TENTIAL 

& 
ln<RNA SUB-CELWLAR 

LOCALIZATION 

. 

LncRNA·SNP ANNOTATIONS 

GWASSNPs GTEx eQTLs 

BEOTools intersect with 
lncRNA coordinates 

Lnc:RNA-SNP annotations 

lnCRNA COOING POTENTIAL 

GENCODE 
y� 

LncRNA FASTQs from GENCOOE 

Coding Potential Calculator 2

( lncRNA Coding Potential

lncRNA SUB-CELLULAR 
LOCALIZATION 

LncRNA Sub.Cellular local• 
lzation expression from 

lncATLAS 

Visualization of LncRNA 
Sub-Cellular localization 

expression from lncATLAS 

' 

Figure I :  Lantern workflow overview. Flow chart show various NGS and ontology extraction pipelines merging to 

annotate lncRNAs with multi-level omics and ontology information. All the annotation pipelines were integrated, and 

the extracted annotations are hosted on the online resource. The ontology annotation extraction pipeline showing two 

part work flow, first part benchmarks the pipeline developed, and the annotations extracted, second part shows the 

implementation of the developed pipeline over all the human lncRNAs from GENCODE. Respective flowcharts on 

either side showing data resources and steps involved in extracting diverse set of omics data for annotating lncRNAs. 
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RESULTS 
• Lantern currently hosts annotation information for 11,290 lncRNAs.
• Around 26% of all the lncRNAs with gene ontology annotations extracted using our novel

pipeline were benchmarked.
• Users can search and visualize various levels of lncRNA annotations, information like:

• where a lncRNA localizes in the cell,
• which tissue is more representative of which lncRNA,
• which RBPs interact with which lncRNAs,
• SNPs on lncRNA specific to a tissue and phenotype and
• Controlled ontology annotations (gene ontology, disease ontology, human phenotype on

tology and SNOMEDCT ontology annotations). 

Annotation 

Ontology 

RBP-interactions 

Tissue specific expression 

Protein co-expression 

Coding Potential 

Sub-cellular localization 

GTEx eQTL SNPs 

GWAS SNPs 

Number of 

lncRNAs with this 

annotation 

769 

7942 

9982 

5331 

9898 

11290 

6714 

2569 

Features 

Gene ontology, human phenotype ontology, disease 
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Across 53 tissues. 

Across 14 tissues. 

For 27907 transcripts. 
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Across 48 tissues. 
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Table I: Various components on Lantern with number of lncRNAs with the respective annotations, along with 

the domain feature. 

Benchmarking of predicted lncRNA annotations from Lantern pipeline reveals high 

recall and precision 
• Recall was computed for the extracted gene ontology annotations of 182 lncRNAs with anno

tations both sources (PubMed and lncRNAdb)
• Recall was calculated to be 0.62 for gene ontology annotations across 182 lncRNAs.
• Precision was calculated in a non-traditional manner, by randomly selecting 50 lncRNAs, and

manually curating annotations. From which the precision was calculated with equation to be 0.8.
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Figure 2: Boxplots showing the distribution of recall values across lncRNAs categorized based on the number of 

abstracts retrieved per lncRNA from PubMed. The analysis suggests that if more abstracts are available for a 

lncRNA: annotations extracted by Lantern will have a higher recall. The data shows an optimal peak of recall at 

I 00 to 150 abstracts extracted per lncRNA. 
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Figure 3: lncRNA ontology annotation network on Lantern. LncRNA and ontology annotation interaction 

network showing robust ontology annotations of Inc RNA SNHG I, extracted from recent literature. 
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Figure 4: Tissue specific expression of lncRNAs. A: boxplots showing global expression of putative lncRNA 

MALATI across tissues. B: boxplots showing liver specific expression of lncRNA HULC, observed to highly up

regulated in liver tissue. 
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Figure 6: Lantern web interface screenshot 

showing various lncRNA and annotations 

searchable options. Box no. I showing default 

search lncRNA by lncRNA name, Box no. 2 

showing lncRNA search by ENSG options. Lan

tern also enable user to browse ontologies and 

respectively annotated lncRNAs, Box no. 3 

highlighting the button for ontology based 

search. Box no. 4 highlights all the available an

notations dropdown. 
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Figure 5: Sub-cellular localization of ln

cRNAs across cell lines. Figure showing en

riched abundance of lncRNA MEG3 in nu

clear and chromatin compartments as ob

served in previous literature. 

lncRNA onlology annotation ex1ractor and repository. 

ln�RNA • RBP in1e1ac1om; 

l-:lnlllffl ,s '1 S ln�'ltJA - Co,:o,g WI•"""' and SJb-:ellular local!Zal·<H'l ;.do, and Hlpos41,:,Y 
<IIM!loped ••� Pu 11onsystern. We <1>.IJ"ac.t&d 

lncRtJA · oSNPs and GWAS art'ot:11_,,,1 
l>HNNn ,. 1 50 �b nnol•lion• with ,.,,peel 

10 each onlology y quoryng s ,ecommen er ,r,1em v,a ,:;it.on ,ogrammi-,g lnt,:,,ia¼ (API� 

CONCLUSION 
• A semi-automated pipeline for annotating lncRNA with ontology information using litera

ture mining was developed.
• The extracted ontology annotations were benchmarked against a manually curated

lncRNAdb.
• All the extracted ontology information is reposited onto a web interface to easily navigate

and retrieve ontology annotations for lncRNA . 
• A molecular level interaction profile of lncRNAs was put together, along with tissue specific

expression, eQTLs and SNP information utilizing contemporary NGS data analysis pipelines.
• Subsequently, a public resource with high quality-controlled ontology annotations and com

prehensive omics annotations was developed for improving the annotation of the non coding

transcriptome .
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