
The Open Door Workshop                                             Module 9: Non-coding RNA resources 
___________________________________________________________________________________ 
 

 

293 

Module 9: Non-coding RNA resources 
Aims 

• Introduce several non-coding RNA databases 

• Focus on regulatory microRNAs and resources that catalogue their 

genomic targets 

• Human annotated nc-RNAs 

• Outline the use of RNACentral, a database of non-RNA sequences 

 
Introduction 
The central paradigm of molecular biology is that DNA is transcribed into RNA 

and RNA is translated to protein.  However, biology is never that simple! 

There has been tremendous growth in the number of reported sequences of 

non-coding RNAs (ncRNAs). Large-scale genome sequencing has enabled 

the identification of new representatives of well-known functional classes and 

many new types of ncRNA to be defined, including piRNAs and circRNAs. 

Consequently, the role of RNA in regulatory and functional processes has 

received an increasing amount of attention. Notably microRNAs have been 

found to have important roles in development and cancer.  Due to the 

increase in experimentation, several database have emerged that catalogue 

non-coding RNAs, but typically with a single resource dedicated to a particular 

type/class of ncRNA.  In this module we will investigate some of these 

resources that describe different non-coding RNAs. 

 

To achieve their function, most functional non-coding RNAs adopt a defined 

structure. Unlike protein sequences, the secondary structure (formed by base 

pairings) can be more conserved than the primary sequence.  This is 

illustrated below for a series of stem loops (modified from Chapter 9, 

Annotating functional RNAs in genomes using Infernal, by Eric Nawrocki, in 

RNA Sequence, Structure and Function: Computational and Bioinformatic 

Methods).  
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In the highlighted alignment section (orange box) the sequences show little 

sequence conservation. However, in all cases the secondary is conserved 

(shown on the right panel), with the standard Watson-Crick base pairing 

present.  Covariance models, similar to profile HMMs, model the sequence 

conservation and additionally any secondary structure.  Below shows a graph 

(taken from the same book chapter) that indicates how different RNA families 

benefit from modelling the secondary structure.   

 
 
 

Secondary Structure

170 Eric P. Nawrocki

Table 2
continued

Eukaryotes

Candida
dubliniensis [50]

Sanger Institute
UK

Unknown 101 0 Unknown 11

Leishmania
braziliensis [51]

Sanger Institute
UK

0 0 Unknown 6

Arabidopsis thaliana
[52]

multiple centers tRNAscan-SE,
tRNAscan

688 BLASTN 14 Unknown 689

Mus musculus [53] multiple centers tRNAscan-SE 509a Unknown 5 Unknown 4059a

a Numbers from NCBI (shown here) are inconsistent with explicitly mentioned counts given in the
referenced publication for this genome

Fig. 1 Information in a sequence-only versus a sequence and structure profile.
The eight sequence alignment for a fabricated RNA family used to build both of
the profiles is on the left. The struct line denotes the consensus secondary
structure of the family, with basepaired columns indicated by matching nested
< and > characters and connected by lines at top of the figure. The structure
is ignored by the sequence-only profile but used in the sequence and structure
profile to define dependencies between basepaired columns. The eight individual
secondary structures, defined by imposing the consensus structure on each
sequence, are shown on the right. Boxes with internal numbers at top and bottom
of the alignment indicate the number of bits per position from the sequence
(black ), or per basepair from the structure (white). This figure is similar to one
from [54]

eight known homologs at every position, then it is considered a
match, otherwise it is a mismatch. In this scenario, the specificity of
positions is defined by their conservation in the known homologs.
For example, alignment positions 4–7 are completely conserved,

Narwrocki, Methods in Molecular Biology 1097, 2014, pp 163-197

Additional information from structure
172 Eric P. Nawrocki

Fig. 2 Additional information (in bits) gained by sequence and structure profiles (CMs) versus sequence-only
profiles (HMMs) for various RNA families. Sequence and structure profiles are most advantageous for families
with less primary sequence information (towards left ) and more secondary structure information (towards
top), so Rfam families that gain the most from including secondary structure terms in a homology search are
those toward the upper left quadrant. Data shown for the 95 Rfam release 9.1 [55] families with 50 or more
sequences in the seed alignment. For each family, the seed alignment was used to build two profile models,
a CM and a profile HMM. From each model, 10,000 sequences were generated and scored, and the average
score per sampled sequence was calculated. Several of the outlying points are labeled by the name of RNA
family as given by Rfam. Note that the x-axis is drawn on a log scale. Models were built and sequences were
generated and scored using Infernal version 1.0 programs cmbuild, cmemit, and cmalign

profile (reducing 16 possibilities to 1), thus contributing the same
amount of information to either a sequence-only or a sequence and
structure profile.

For this example, we gain three additional bits of information
from considering structure, decreasing our chances of finding a
match in a random database by a factor of 23 = 8, from once every
214 = 4,096 nucleotides to once every 217 = 32,764 nucleotides.
For real functional RNAs the additional amount of information
gained from modeling structure varies widely. Figure 2 shows the
information in a sequence and structure profile (CM) versus a
sequence-only profile (HMM) for about 100 RNA families. Some
RNAs, like tRNA, include about as much information in their
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7.1 Non-Coding RNA Families 
Rfam – The largest collection of non-coding RNAs families is Rfam, which is 

produced by the same laboratory as the Pfam database.  Rfam contains a 

wide-ranging catalogue of non-coding RNA families, with each entry 

containing an alignment, consensus secondary structures that are used to 

construct a co-variance model. The co-variance model is used to identify new 

instances of the Rfam entry on new sequences.  Rfam has similar concepts to 

Pfam and is available on the web at the following URL: http://rfam.xfam.org 
 
Rfam can allow you to: 

1) Find out the function of RNA genes and elements 

2) Identify secondary structure and sequence variation of RNA genes 

and elements 

 

Exploring an Rfam entry 

 

 
 
 
 
 
 
  

STEP 1 - 
Go to the Rfam homepage, click 

‘view an rfam family’. Enter 
“yybP-ykoY” into the  textfield 
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The sequences tab contains up-to the first 300 hits in the family, with the 

complete list of full hits downloadable. If you want to align all of these 

sequences you will have to download the CM and Internal and run cmalign. 

 

Now we will see how to get the seed multiple sequence alignment for the 

RNA family, to help understand the sequence variation present in the family. 

 

STEP 2 - 
Click on ‘Alignments’ 
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Mouse over to reveal 
location and score. 

Use ‘Toogle’ button to 
alternate between 

species and sequence 

Base pairs 
are coloured 

 

Link to EMBL 
entry 

 

STEP 3 - 
Select ‘Seed’ and ‘HTML’, 

then click ‘view’ 
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Note the letter coding on these structures.   This is because they use the 

IUPAC ambiguity codes.  The following table provided you with the 

designation of the different letters. 
Symbol Meaning Origin of designation 
G G Guanine 
A A Adenine 
T T Thymine 
C C Cytosine 
R G or A puRine 
Y T or C pYrimidine 
M A or C aMino 
K G or T Keto 
S G or C Strong interaction (3 H bonds) 
W A or T Weak interaction (2 H bonds) 
H A,  C or T not-G, H follows G in the alphabet 
B G, T or C not-A, B follows A 
V G ,C or A  not-T (not-U), V follows U 
D G, A or T  not-C, D follows C 
N G, A,T or C aNy 
 

Compare the predicted secondary structure with that on the Wikipedia page. 

Do they differ? Are they the same? 

 

 

These larger secondary structures can often be broken down into smaller 

structural components, or motifs.  Rfam now tries to show these motifs on the 

STEP 4 - 
Select ‘Secondary 

structure’ tab 
 

Use the different 
tabs to explore 

different properties 
of the family 
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secondary structure. However, due to their small size, they can be very 

difficult to predict in the absence of a known 3D structure.   

 

 

This will list three different motif matches.  None of these matches are 

particularly strong, so should be treated with caution, however, they do 

provide clues to how the secondary structure element function. 

 
 

 
The page above describes the motif and contains the alignment used to build 

the CM for the motif prediction, know 3D structures, references and curation 

details, similar to a family page. It also lists all ‘Family matches’, which 

contains all Rfam entries that contain the GNRA tetraloop. 

STEP 5 - 
Select ‘Motif Matches’ tab 

STEP 6 - 
Select ‘GNRA tetraloop’ 

motif 
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In your own time, go to the secondary structure page for Rfam entry 

RF00005, tRNA. Compare the sequence conservation (seqcons) and base 

pair conservation (bpcons).  Where is the region of strongest sequence 

conservation (colours closer to red are more strongly conserved)?  Does this 

correlate with the base pair conservation? Why do think this is? 

 

7.2 Long non-coding RNAs 
LncRNA are non-coding transcripts (>200 bp) thought to be involved in 

various aspects of gene regulation.  The precise number of lncRNAs is still of 

much debate, as the definition is largely arbitrary and the evidence limited to 

sequence data. To date, it appears that most lncRNAs have little sequence 
or secondary conservation, with typically only a few patches of sequence 

conservation. Consequently, database such as Rfam do not model lncRNAs 

very well.  The lncRNADB curates lncRNAs from the literature, to provide 

details about their function. 

 
STEP 1 – Go to the lncRNADB home page: http://lncrnadb.org 
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From the search results, find the XIST entry and click on it to produce the 

following entry page. 

 
 Go through the lncRNA database entry for XISTs and write a brief summary 

about the function of this lncRNA.  How many functionally important regions 

does it have?  What is the taxonomic distribution? 

 

Another major source of non-coding RNAs come from human annotation of 

genomes (e.g. HAVANA team), which identify non-coding RNAs.  These 

normally arise when there is excellent transcript evidence, yet no apparent 

Enter the term “XIST” in the search box 

This details the characteristics, 
expression, function etc. of the 
XIST lnc-RNA 
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protein coding evidence.   Some ncRNAs are supported by literature; others 

are not and are annotated based on the sequnec/transcript evidence. 

 
VEGA  
 

 
Use the VEGA website to investigate the non-coding RNA of TSIX. 

 

 

STEP 1 – Go to the VEGA home page: http://vega.sanger.ac.uk  
 

STEP 2 – Enter TSIX onto the Vega search box and 
select the human gene: OTTHUMG00000184725 
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TSIX is the antisense counter part to XIST. Use the Vega website to 

investigate the supporting and external references.  Which publication is 

associated with this Vega entry? 

 

Use the Vega website to produce an alignment of the human and mouse XIST 

genes. 

 

 

STEP 3 – Click on ‘Genomic alignments’ (left 
side menu) 
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From the drop down list of alignments, select Mouse (Mus_musculus).  

 
 

From the graphical view, zoom out to see both the XIST and TSIX genes in 

human.  Are both genes syntenic between human and mouse? 

 

STEP 4 – Click on ‘graphical view’ of the alignment 
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7.3 MicroRNAs and their targets 
miRBase, TarBase and mircoCOSM 
MicroRNAs are short regulatory RNAs that affect gene expression and 

translation. Currently miRBase lists nearly 700 human microRNAs, each of 

which might regulate tens or hundreds of protein coding transcripts (stored in 

microCOSM).  Clearly microRNAs are important and so it is useful to 

understand how to get the latest information about known and predicted 

microRNAs and the genes that they target.  MiRBase, TarBase and 

microCOSM are great starting places for analysis. 

 
 
 
 

STEP 1 – Go to the mirBase home page 
http://www.mirbase.org 
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STEP 2 
Type in mir-34 and press go 

 

STEP 3 - Click on link for the miRNA of 
interest, hsa-mir-34b (half way down) 
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The top two sections contain a wide variety of information on the microRNA 

including comments on previous nomenclature of the sequences.  You can 

also see what the predicted targets are for this miRNA with a variety of 

software systems. 

 
The two mature sequence sections show that there is evidence that a mature 

miRNA is expressed on the miR* strand, which means both arms of the 

precursor might become mature miRNAs. 

Finally a wide variety of useful search options are provided linked from the 

search tab at the top of the page. 

 
 The top two sections contain a wide variety of information on the microRNA 

including comments on previous nomenclature of the sequences.  You can 

also see what the predicted targets are for this miRNA with a variety of 

software systems. 

 

The top two sections contain a wide variety of information on the microRNA 

including comments on previous nomenclature of the sequences.  You can 

See related miRNAs and make alignments  
 

See genomic context with nearby genes  
 

Predicted structure of miRNA precursor  
 

Information about predicted targets 
by different algorithms 
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also see what the predicted targets are for this miRNA with a variety of 

software systems. 

 
The two mature sequence sections show that there is evidence that a mature 

miRNA is expressed on the miR* strand, which means both arms of the 

precursor might become mature miRNAs. 

Finally a wide variety of useful search options are provided linked from the 

search tab at the top of the page. 

 
 

 
This interface allows you to carry out several useful analyses quickly, such as 

find all the microRNAs on human chromosome 1. You can also find clusters of 

STEP 4 -  
Click on search tab 
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microRNAs that are close on a genome and might be expressed from a single 

transcript. 

 

From the mirBase example shown above, there can be both validated and 

predicted targets.  In the following worked examples, we will look at two 

resources, one that contains validated targets and one that provides 

computational predictions.  TarBase contains validated targets, where as 

MicroCOSM has computational predictions. 

 

TarBase worked example – in this example, find the genes that are 

regulated by mmu-miR-20a-5p. 

 

 

 

 
 
 

STEP 1 - Go to TarBase 
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index 

 

STEP 2 – enter mmu-miR-20a-5p in the search textfield.  
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The resulting page indicates the different genes that are regulated by the 

miRNA and the methods that have been used to establish the target of the 

microRNA.  Uses the filters to determine which gene is ‘up’ regulated by this 

microRNA (Regulation type)?   

 

 

 
 

This lists the details of the publication and method uses to establish the 

microRNA target. 

 
 

STEP 3 – Select the Stat3 gene (right down arrow)  
 



The Open Door Workshop                                             Module 9: Non-coding RNA resources 
___________________________________________________________________________________ 
 

 

311 

MicroCOSM worked example - In this example you will be identifying 

microRNAs that might regulate your protein of interest. In this case we’ll look 

at the important cancer gene P53.  

 
 
 

 
 
 
 

 
 

STEP 1 - Go to microCOSM http://www.ebi.ac.uk/enright-
srv/microcosm/htdocs/targets/v5/ 

 

STEP 2 - 
Click on search button 

STEP 3 
Select species “Homo 

sapiens” and enter gene name 
“TP53” 
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Two ensembl transcripts are found. 
 

  
 

The results of the microCOSOM predictions are shown above.  The prediction 

of microRNA target sites remains a difficult problem and all prediction 

methods are prone to false positives.  So these require extensive manual 

inspection to decide if they are likely to be important.  There are a small 

number of known microRNA binding sites 

 
 

STEP 4 - 
Click on view 

Organisation of 3’ 
UTR, coloured blocks 
show predicted 
miRNA binding sites 

Alignment of miRNA sequence 
to predicted miRNA binding 
sites in 3’ UTR 
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Recently David Corney et al. published a paper in Cancer Research 

suggesting that miR34b and miR34c are regulated by P53.  These two 

microRNAs were not predicted to regulate P53.   

 
 
7.4 A database of non-coding RNA sequences 
 

Up until 2014, there was no centralised repository for RNA sequences.  Prior 

to this, researches would have to go to each individual specialist database to 

get the information.  However, these databases do not reflect all non-coding 

information and further information may have been directly deposited in the 

ENA database (part of the INSDC).  To provide help to this situation, 

RNACentral was set up to bring non-coding RNA sequence data from 

different databases.  To avoid duplication of sequences in RNACentral, the 

database groups identical sequences into a single entry, and assign an 

Unique RNA Sequence identifier, regardless of source database or organism. 

 

 

 

STEP 1 - Go to the RNACentral home page http://rnacentral.org 
 

STEP 2 – Entry URS00000478B7 into the search box 
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This shows the RNACentral page for URS00000478B7. 

  
But if you did not know the URS identifier for the human how might you find all 

SRP RNAs where these five databases agree? RNACentral has a very 

powerful faceted search interface, where you can select different features to 

quickly drill down to the sequences of interest. 

 

 

This will provide a list of all sequences contained in RNAcentral.  

This shows the SRP RNA from human 
from 5 different source databases.  In this 
instance they all agree. Note, a single 
URS identifier can contain more than one 
species. 

STEP 3 – Enter “RNA” in the search text box 
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Use the left panel to refine the search 

 
 

 
There is only on sequence in RNACentral where these 5 databases all agree 

on an SRP RNA annotation. 

 

For some organisms, it is possible to view the non-coding RNAs in genomic 

context.  Using the search interface, search for the following: 

 
 

STEP 4 – Select ‘SRP RNA’ and the five expert databases (not PDBe) 
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STEP 5 – Enter ‘HOTAIR’ into the search box and select the expert 
database VEGA 

 

STEP 6 – Select to top match (URS000011D1F0) 
 

STEP 7 – Click on ‘View genomic location’ 
 



The Open Door Workshop                                             Module 9: Non-coding RNA resources 
___________________________________________________________________________________ 
 

 

317 

This launches a basic genome browser and allows the RNACentral 

annotations to be displayed along side the gene annotations and transcript 

data from Ensembl.   

 
Use this browser to identify the genes either side of the long HOTAIR gene. 

 
To illustrate how RNACentral groups identical sequences in a single entry go 

to the URS000047C79B entry. 

 

 

How many species have been grouped together in this entry? Click on the 

taxonomy tab to show the distribution of these species. 

 

STEP 7 – Enter URS000047C79B in the search box 
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Finally, it is also possible to search RNACentral using a query sequence. 

Click on ‘Sequence search’ in the menu: 

 
Paste the following sequence into the sequence search box: 
>Query 

AGTTACGGCCATACCTCAGAGAATATACCGTATCCCGTTCGATCTGCGAA 

GTTAAGCTCTGAAGGGCGTCGTCAGTACTATAGTGGGTGACCATATGGGA 

ATACGACGTGCTGTAGCTT 

 
How many alignments are returned? What ncRNA does this sequence 

represent? 


