Chapter 19

NONCODEv4: Annotation of Noncoding RNAs with Emphasis
on Long Noncoding RNAs

Yi Zhao, Jiao Yuan, and Runsheng Chen

Abstract

The rapid development of high-throughput sequencing technologies and bioinformatics algorithms now
enables detection and profiling of a large number of noncoding transcripts. Long noncoding RNAs
(IncRNAs), which are longer than 200 nucleotides, are accumulating with important roles involved in
biological processes and tissue physiology. In this chapter, we describe the use of NONCODEwv4, a data-
base that provide a comprehensive catalog of noncoding RNAs with particularly detailed annotations for
IncRNAs. NONCODEv4 stores more than half million transcripts, of which more than 200,000 are
IncRNAs. NONCODEWV4 raises the concept of IncRNA genes and explores their expression and functions
based on public transcriptome data. NONCODEv4 also integrated a series of online tools and have a web
interface easy to use. NONCODEv4 is available at http://www.noncode.org/ http://www.bioinfo.
org/noncode.

Key words Sequencing, IncRNA, IncRNA gene, Expression, Function

1 Introduction

Noncoding RNAs (ncRNAs) participate in many biological pro-
cesses such as translation [1], RNA splicing [2], and DNA replica-
tion [3]. It has been recognized that the number of ncRNAs is
much larger than expected. Although long noncoding RNAs
(IncRNAs) which refer to ncRNAs longer than 200 nucleotides [4]
form a group, they have diverse functions and mechanisms [4].
The continuously developed high-throughput sequencing tech-
nology has resulted in an explosion of transcriptome data [5, 6].
Through exploring these data resource, NONCODEv4 identified
a large number of IncRNAs from both qualitative and quantitative
perspective [7].

In the situation that more and more interest has been focused
on IncRNAs, NONCODEv4 provides a platform that would felici-
tate and benefit researches into IncRNAs for both traditional biolo-
gists and bioinformaticians. In order to provide a reliable list of
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ncRNAs with detailed annotation, NONCODEv4 integrated
information following a pipeline described below:

1. Collecting ncRNA sequences from literature, the latest version
of specialized databases [8, 9] and the third version of
NONCODE [10] following redundancy elimination, exclusion
of protein coding transcripts, and mapping to various genome.
Currently, NONCODEv4 contains more than half million
ncRNA sequences from more than 1000 organisms. Of them,
the majority comes from model organism: human, mouse, nem-
atode, and fly. The genomic location for some short sequences
that could not be mapped to unique position is not shown.

2. Defining IncRNA genes and classifying IncRNA genes into
four categories according to their position relationship with
protein coding genes. A IncRNA gene is region of genome
which  encodes  overlapping  IncRNAs.  Currently,
NONCODEv4 defines IncRNA genes for only human and
mouse. 56,018 and 46,475 IncRNA genes of human and
mouse are further classified into four categories: intergenic,
antisense, sense non-exonic, and sense exonic [11].

3. Constructing expression pattern of IncRNA transcripts and
IncRNA genes respectively based on public RNA-Seq data
from different tissues of human and mouse. Expression profile
is represented as a bar graph.

4. Predicting functions of IncRNA genes based on expression
correlation between IncRNA genes and protein coding genes
inferred from public RNA-Seq data.

All data curated in NONCODEV4 are available for browse and
download. There is also an online pipeline named “iLncRNA”
incorporated in order to provide an access to deal with their own
raw RNA-Seq data for users to identity novel IncRNAs.
NONCODEW4 also encourages users to submit their own discov-
eries of novel IncRNAs to facilitate future updates. Other tools
have been incorporated to make NONCODEvV4 more friendly to
use, such as Genome Browser by which users could check neigh-
boring genes and isoforms of the IncRNA they are interested in
and an ID conversion tool which quickly convert accessions of
NONCODE to those of other databases.

2 Materials

NONCODEW4 is available online via the URL http://www.non-
code.org/. A Web browser is needed by a workstation of UNIX,
Windows, or Macintosh with an Internet connection. In addition,
decompression software is required since files provided for down-
load is compressed.
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3 Methods

3.1 Browsing

The methods presented in this chapter describes how to use the
NONCODEv4 Web interface to obtain information for a specific
IncRNA (Subheading 3.1), how to navigate the record of'a IncRNA

of interest (Subheading 3.2),
NONCODEW4 server (Subheading 3.3).

and how to submit data to

Access to the data content of NONCODEv4 may be performed by

Information browsing the list of all IncRNAs which provides a quick overview
for a Specific IncRNA about the dataset. The following steps describe how to browse the
list of all IncRNAs and the detailed information:

1. Click “Browse DB” on the home page to open the browse
page. A user who is interested in specific organism might first
select it from the list of species (Fig. 1). By default, IncRNA
transcripts are listed. It could be switched to the list of IncRNA
genes by selection through the check box followed by clicking
“Display”. An accession designated by NONCODEv4,
genomic coordinates, exon number, length and CNCI score
suggesting coding potential are all listed in the shown table.

R rorcoo: | [T T N e Tonwiws [ 1rc_
Whatls NETWATCH E")
Browse NONCODE e :
NONCODE p— Sciemqe NG_I# Brnfet
What is ncRNA
DAS Filters (or Click here to view the transcripts with no genome position got )
Help Species:  Human ;;IGene: Transcript [j I’Disulay | 115 items per page
SOAP API
MOMNCODE News | With Expression Profile:
Site Map | Page | 1 Total Page:9689 Total amount:145331 first page|previous page|next page|last page
Links to the World -EE-
Authors NONHSAT000001 chr1 11868 14409 1657 -0.0595617
NONHSATO00002 chr1 11871 14412 + 3 1653 -0.0871273
G g NONHS. chri 11873 14409 + 4 1483 -0.0909892
W EiocTools NONHSAT000004 chrl 12008 13670 + 6 632 -0.0415077
ncFANS NONHSATO00005 chri 14777 16668 & 507 -0.2468852
CNCl NONHSAT000006 chr1 15602 29370 2 1213 -0.2869570
cPC NONHSATO00007 chr1 15602 29370 3 1271 -0.2869570
NONHSATO00008 chri 16857 17751 2 77 -0.1812693
" NONHSAT000009 chri 16996 20348 1 B30 -0.1965167
:f.‘\ Related NONHSATO00010 chri 17606 29370 - 7 868 -0.3184266
Databases NONHSAT000011 chri 29563 31097 . 3 712 -0.0930418
NP{rtér NONHSAT000012 chri 30266 31109 + 2 535 0.5111472
LncRNADisease NONHSAT000013 chri 34553 36081 3 1187 -0.0102261
RMNAcentral NONHSATO00014 chri 35244 36073 2 590 -0.0473680
GeneCards NONHSATO00015 chri 36272 50281 7 2373 -0.0672186
NCBI
Ensembl
GENCODE

Fig. 1 A screenshot of browse page. The species of interest might be selected by check box. It is optional to
browse IncRNA transcript list or InCRNA gene list. ncRNAs have no exact genomic coordinates might be
browsed by clicking “here” above the check box
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3.2 Navigating
to the Record
for a Specific IncRNA

2. Click on the accession listed on the first column of the table to
launch a detailed page providing further information on that
IncRNA transcript or gene (Figs. 2 and 3).

3. The detailed information for a specific IncRNA transcript
includes five sections (Fig. 2):

(a) In the section for general information, clicking the
“NONCODE Gene ID” will link to the webpage of the
IncRNA gene encoding the IncRNA transcript described
at present page.

(b) In the second section, the full length of sequence is pro-
vided in a fasta format [12].

(c) In the third section, the expression pattern of the IncRNA
transcript across different tissues is given by both numeri-
cal value and bar graph.

(d) Inthe section for isoforms, the accessions of other IncRNA
transcripts encoded by the same IncRNA gene are listed.

(e) In the section for data resources, accessions of Ensembl,
RefSeq, or NONCODE v3 might be listed to indicate the
origin of the IncRNA transcript.

4. The detailed information contained in the page of IncRNA
gene (Fig. 3) includes four sections. The first three sections are
similar to those of IncRNA transcript. Notice that the category
of the IncRNA gene is classified into (intergenic, antisense,
sense non-exonic, or sense exonic) is provided in the section
for general information. The last section listed predicted func-
tion of the IncRNA gene by the software ncFANs [13].

From the browse page, it might not be easy to quick navigate to
the right webpage for the IncRNA of interest. Navigating to the
exact webpage for a specific IncRNA might be performed via three
options summarized below.

1. Click “Search” on the home page to open the search page,
which enables users to search ncRNAs by keywords or acces-
sions. Single word or multiple words separated by whitespace
might be entered into the blank box, “HOTAIR” for example
(Fig. 4). Multiple types of terms, including accessions from
NONCODEv4, NONCODEv3, RefSeq, and Ensembl,
IncRNA name, and other keywords, are supported. Click
“Search” to view the search result. Selecting and clicking an
accessions from the list in the result page would direct a new
page for browsing annotations for the IncRNA transcript.

2. For a ncRNA of which none information except sequence is
known, search based on keywords might not work. Sequence
alignment [14] is a solution for this situation. Click “Blast” on
the home page to open the blast page, which enables users to
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Bl NoncoDE

What is NONCODE
What is ncRNA
DAS

Help

SOAP APL
NONCODE News
Site Map

Links to the World
Authors

| [

Keyword Search 151 Web of Kno NETWATCH ! _:_4

Sdence |Md grr

W™ Bio-Tools
ncFANs

CNCI

CPC

-_EA. Related Databases

NPInter
LncRNADisease
RMNAcentral
GeneCards
NCBI

Ensembl
GENCODE

HOTAIR

This page allows you to search All, unig-ncRMNA and reference in NONCODE by keywords. You can enter multiple words separated by
whitespace into the box and these will be implicitly joined with a logical AND. Here is the query tips.

Wb W

. Search NONCODE, you can use NONCODE id as keywords.

Search Refseq, you can use refseq id as keywords.

Search Ensembl, you can use ensembl id as keywords. [Note: Search Ensembl supports only transcripts. ]
. Search Name, you can use name as keywords.

. Search NONCODEv3, you can use NONCODEv3 id as keywords.

Fig. 4 A sample screenshot of search page. It is recommended for users to follow the query tips listed to
determine their keywords

search ncRNAs by sequences (Fig. 5). Enter the sequences in
fasta format into the blank box or upload the file containing
sequences in fasta format from local disk. Click “Search” button
to start the search. Parameters for BLAST might be adjusted
through check boxes below. In the result page of BLAST out-
put, the top NONCODEv4 accessions with highest score might
match the input sequence. If there are no match records with
score high enough according to the length of input sequence,
then the sequence might not be curated in NONCODEv4.

. Another option is navigating to the record for a specific IncRNA

based on its genomic coordinates. NONCODEv4 provides
Genome Browser, a visualization tool, to quickly navigate to a
specific genome region. Click “Genome” on the home page to
open the Genome Browser page. Select the genome of interest
as described above, and then type the genomic coordinate of
the IncRNA of interest into the “genomic position” text box.
Click “submit” button. In the display page (Fig. 6), all IncRNA
transcripts and genes overlapping the submitted genomic
coordinates are shown, as well as annotation from other tracks
within the region. Clicking a track item within the browser
launches a detailed page providing further information on that
item. The width of the displayed coordinate range could be
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B\ noncoDE
Whatis NONCODE
Whatis ncRNA
DAS

| | | [ sinet |

Blast in NONCODE 151 Web of Kn

NETWATCH

Science

-~

NEM  Bmice

Help

SOAP API
NONCODE News
Site Map

FAQ

Links to the World

Choose program to use and database to search:
Program | blastn T] Database NONCODEw T

Enter sequence below in FASTA format

Orload itfrom disk [LFFILPE | ik 531

Setsubsequence: Fram To
The querysequence is fillered for low complexty regions by default.
Filter ¥/ Low complexity Mask for lockup table only

Expect 10 E‘ Matrix BLOSUM&E‘ Perform ungapped alignment
Query Genetic Codes (blastxonly) Standard (1) 3
Database Genetic Codes (tblastin only) Standard (1) [~]
Frame shift penalty for blastx Mo OOF :ZI
Other advanced options:
4| Graphical Ovendew Alignmentview Pairwise E
Descriptions 100 3 Alignments | 50 z‘ Coler schema | No color schema E

 Clear sequence | [ Search |

[ and to:< blast-h bi.nlm.nih.gov >

Last medified: Jan 11, 2002

Fig. 5 A screenshot of BLAST page. Query sequence could either be entered into the blank box in format or

uploaded in a file from |

3.3 Submitting Raw
Data to NONCODEv4
Server

ocal disk. Parameters for blast could be adjusted

adjusted by clicking the “zoom out” or “zoom in” button. The
genomic coordinates could also be shifted to the left or right by
clicking “move left” or “move right” button. Custom tracks
might be uploaded to compare it with tracks on NONCODEv4
server. Optionally, it could be custom determined which track
should be shown of hidden through the track option track.

There is continuing emergence of high-throughput sequencing
data. NONCODEv4 provides an online pipeline named “iLn-
cRNA” to help users with identification of novel IncRNAs based

on their own deep-sequencing data.
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T\ noncoDE | | | | |

What is NONCODE NETWATCH | [,

iLncRNA(Identification of LncRNA)

What is ncRNA Scdience NG—I# Brmicc
DAS

Help Mame:

SOAP AP

NONCODE News nsiitse:

Site Map ACCESSIONS:

Links to the World -
Organsim: Mouse({mmé) Ll

Authors
Select your file:
Wi Bio-Tools BED Format | #hardl: | ik #ct
e GTF Format [l ] Ak 4 H ©
e *E-mail:
cPC
[ submit | [ clear |

‘f‘ Related Databases

NPInter
LncRMNADisease
RMAcentral
GeneCards
NCBI

Ensembl
GENCODE

Fig. 7 A screenshot of iLncRNA webpage. The species of interest should be selected. User supplied files should
be either bed format or gtf format. An e-mail address is needed for receiving message when analysis is done

1. Click “iLncRNA” on the home page to open the webpage for
iLncRNA pipeline (Fig. 7).

2. Enter information including name, institute and accessions of
the user into the corresponding boxes. Select organism
(human or mouse) in the check box and upload the file in bed
format or gtf format generated by assembly software or other
tools. User’s e-mail is necessary for receiving feedback when
the analysis is done.

3. After reading user supplied files, the iLncRNA server would
first extract sequences with length more than 200 nucleotides.
Then transcripts completely matching known protein coding
transcripts from RefSeq or pseudogenes from Ensembl would
be discarded. CNCI [15] would be used to judge whether the
sequences which have passed the previous filtration have cod-
ing potential. Sequences with no coding potential are kept
for further annotation by Cuffcompare [16]. Sequences
which do not completely match IncRNA transcripts curated
in NONCODEv4 would be classified as novel IncRNAs.
The result would be sent to the email address which user filled
in the check box.
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4 Notes

1. NONCODEw4 is under periodically update. There would be
statement of the latest modification highlighted in red on the
home page. In turn, it is encouraged for users to report their
problems regarding to usage of NONCODEv4 or interpret-
ing annotations made by NONCODEwv4 to the group work-
ing for NONCODEv4 by e-mail.

2. It is supported to search accessions from Ensembl or RefSeq
on the search webpage (se¢ Subheading 3.1). Besides,
NONCODEv4 provided an online tool named “ID
Conversion”. It enables quick conversion between accessions
of NONCODEv4 and other resources including Ensembl,
RetSeq, and NONCODEv3. Batch conversion is supported.

3. All data of NONCODEvV4 are stored in relational tables of
MySQL database. Accessions of ncRNAs in NONCODEv4
are designated systematically. Take human as an example,
IncRNA transcripts of human are designated with accessions
from NONHSAT000001 to NONHSAT148172. The prefix
of “NON?” stands for “noncoding”. The following “HSA”
stands for “Homo sapiens”. Similarly, it should be replaced by
other letters for other organisms, such as “MMU?” for “Mus
musculus”. The next letter “T” stands for “transcript”, which
should be replaced by “G” in accessions of IncRNA genes. By
default, the numeric string with which NONCODEv4 acces-
sions end is according to the order of transcripts or genes
sorted by chromosome. Additionally, it is a little different for
ncRNAs with unclear genomic coordinates, with “NOBED”
in the middle. For example, NONHSANOBEDTO000001
denotes a ncRNA sequence form human which could not be
uniquely mapped to human genome.
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