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Long non-coding RNAs (IncRNAs) play important roles in many biological processes. Knocking out or
knocking down some IncRNAs will lead to lethality or infertility. These IncRNAs are called essential
IncRNAs. Knowledges of essential IncRNAs are important in establishing minimal genomes of living cells,
developing drug therapies and early diagnostic approaches for complex diseases. However, existing data-
bases focus on collecting essential coding genes. Essential non-coding gene records are rare in existing
databases. A comprehensive collection of essential non-coding genes, particularly essential IncRNA genes,

Iéggiir:ls :lncRN A is demanded. We manually curated 207 essential IncRNAs from literatures for establishing a database on
Database essential IncRNAs, which is named as dbEssLnc (Database of essential IncRNAs). The dbEssLnc database
Knockout has a web-based user-friendly interface for the users to browse, to search, to visualize and to blast search
Knockdown records in the database. The dbEssLnc database is freely accessible at https://essinc.pufengdu.org. All data
dbEssLnc and source codes for mirroring the dbEssLnc database have been deposited in GitHub (https://github.-

com/yyZhang14/dbEssLnc).

© 2022 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In human genome, only less than 3 % genes encode proteins.
Most genes are non-coding genes [1]. These genes were once
regarded as “junks” or “dark matters” in the genome [2]. Most of
the non-coding genes can be transcribed into RNAs, which have lit-
tle or no potential to be further translated into proteins. These
RNAs are termed as non-coding RNAs. Over the past few years,
functional analysis of non-coding RNAs, including long non-
coding RNAs(IncRNAs), microRNAs(miRNAs), small interfering
RNAs(siRNAs) and many others [3], receives overwhelming
attentions.

LncRNAs are non-coding RNAs with more than 200nt in length
[3,4]. Several studies have revealed that IncRNAs play crucial roles
in transcriptional regulations [5], epigenetic regulations [2], post-
transcriptional regulations [6] and translational regulations [7].
LncRNAs are involved in various biological process through their
interactions with proteins and other types of molecule [8,9]. Many
complex diseases, like cardiovascular disease [10], osteosarcoma
[11] and neurological disease [4], are related to dysregulation of
IncRNA genes [12,13].
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Some IncRNA genes are critical to normal cellular activities.
Knocking out or knocking down such IncRNA genes would lead
to lethality or infertility [14,15]. These genes are regarded as essen-
tial IncRNA genes. According to the literature [16], knowledge of
essential genes are critical in understanding genome organization
and evolution, identifying and prioritizing drug targets, elucidating
cellular networks and defining minimal genome in synthetic biol-
ogy. Particularly, essential IncRNAs act as regulators for regulating
stem cell pluripotency [17,18]. In addition, IncRNA genes, which
are essential in tumor cells but not in adjacent normal tissues,
can be used as potential therapeutically targets to treat cancers
[19]. Essential IncRNA genes also facilitate studies on the minimal
requirement of a genome for living cells, which will eventually
allow the artificial synthesis of complicated genomes [20]. They
also regulates gene expressions governing hallmarks of cancer
metastasis [21].

Several experimental efforts have been made in pinpointing
essential IncRNA genes. For example, Sauvageau et al. find that
knocking out of Fendrr, Peril, and Mdgt in mouse genome will result
in perinatal and postnatal lethal phenotypes [22]. IncRNA Brave-
heart play critical roles in the establishment of the cardiovascular
lineage during mammalian development [10]. Besides these exper-
iments for identifying essential IncRNA genes following traditional
definitions, cancer cell-line based experiments also provide
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insights in essential IncRNA genes. Since gene essentiality may be
defined in different levels with different context [16], several onco-
gene and tumor suppressors can also be recognized as essential
IncRNA genes. For example, knockdown of the oncogene
MIR4435-1HG inhibits cell proliferation, and suppresses the
migrating and invasive capacity of renal carcinoma cells [23]. In
the context of cancer cellular level essentiality, it can be regarded
as an essential IncRNA. Similar reports can also be found in gastric
cancer for the oncogene LINC00461 [24]. For another example, the
IncRNA PDCD4-AST1 is a tumor suppressor gene. Over-expression of
which will effectively attenuate triple-negative breast cancer cell
proliferation, migration and invasion, and will increase the apopto-
sis rate [7]. Therefore, this gene can be regarded as an essential
IncRNA gene in the context of avoiding tumors.

With thousands of IncRNA being discovered in various species,
great efforts have been made in establishing databases for deposit-
ing IncRNA gene records and annotations. For example, LNCipedia
[25], which collected over 100 thousand human IncRNA transcript
records with annotations from various sources. The NONCODE
database v6 [26] is a comprehensive database of all types of non-
coding RNAs. It recorded 173,112 human IncRNAs with annota-
tions. The LncRNAWiki[27] is a knowledgebase of human IncRNAs
with experimental evidences. Other examples include deepBase
[28], IncRNAdb[29], LncBook[30], IncRNome[31], NRED[32], Cancer
LncRNA Census[33], and IncRNAKB|[34].

However, none of the existing database focused on the essen-
tiality of IncRNA genes. Existing essential gene databases, like
DEG[35] and OGEE [36], focus on collecting essential protein-
coding genes in bacteria, archaea, single cell eukaryotic organisms
and cell-line experiments. Only a handful of essential non-coding
gene records can be found in these databases. These records are
still mainly in prokaryotic organisms. Most of the essential IncRNA
records are still scattered in various literatures.

To this end, we developed a database system for essential IncRNA

genes, which is named as dbEssLnc (https://essinc.pufengdu.org).
The dbEssLnc database has a web-based user-friendly interface,
which allows users to browse, to search, to BLAST, to visualize and
to download essential IncRNA gene information. We have deposited
201 essential IncRNA records in the dbEssLnc database. Since gene
essentiality can be defined at different level with different context
[16], we included reports not only from the direct gene knockout
or knockdown experiments, but also from cell line-based
tumor-related studies. Besides the general essential IncRNAs, the
oncogenes and the tumor suppressors are also recorded as two addi-
tional categories. We believe that the dbEssLnc database will be a
useful resource in computational biology, oncology and synthetic
biology.

2. Materials and methods
2.1. Data curation

We collected the essential IncRNA data records manually from
literatures. We searched PubMed database using keywords like
“knockout or knockdown IncRNA”, “IncRNA lethality”, “long non-
coding RNA”, and “essential IncRNA”. A total of 201 full texts of lit-
eratures were downloaded. We manually screened the literatures
to find out details of essential IncRNAs, including the gene name
and the source organism. We mapped the gene name to other data-
bases, including NONCODE [26], HGNC [37], MGI [38] and Ensem-
ble [39], to scratch related annotations, like NCBI gene id,
NONCODE gene id, full gene name alias, IncRNA transcript
sequences, and gene ontology annotations. These annotations are
recorded along with the basic information of each essential

2658

Computational and Structural Biotechnology Journal 20 (2022) 2657-2663

IncRNA. The literature that report the essential IncRNA originally
was linked using the PubMed ID.

Tissue specific expression profiles were collected from the
NONCODE database for visualization purpose. The NONCODE data-
base uses public RNA-seq data of human and mouse to estimate
IncRNA expression levels. Human BodyMap 2.0 data from 16
human tissues (PRJEB2445) and mouse RNA-seq data set from six
different tissues (PRJEB2476) were downloaded from the European
Nucleotide Archive [40]. The expression level unit is FPKM/TPM.
The expression profile of each IncRNA gene in various tissue types
is presented by ECharts.

The gene name aliases vary in different reports. We manually
mapped different aliases to standard names. However, in some
cases, it is not possible to determine the exact mapping of records
in related databases, such as the NCBI Genes and the NONCODE
database. We keep this kind of reports as records in our database
with annotations as N.A. The flowchart for the process of data cura-
tion and dbEssLnc website architecture are illustrated in Fig. 1.

2.2. System design and implementation

All essential IncRNA gene data are deposited in a MySQL data-
base. A user-friendly web-based interface was provided with
dynamic web effects, which allows the user to browse, to search,
to BLAST, to download and to visualize the data of essential
IncRNAs. The web-based user interface of the dbEssLnc database
is completely implemented using JavaScript, on both the frontend
and the backend. The backend is driven by the Node.js engine with
Express framework. The frontend is implemented using the Vue
framework.

3. Results and discussions
3.1. Statistics of data records

We have a total of 207 essential IncRNAs records in the
dbEssLnc database, including 40 general essential IncRNAs, 69
IncRNA tumor suppressor genes, and 98 IncRNA oncogenes. These
statistics can be found in Tables 1 with details of organism and cat-
egory distributions.

3.2. Coverage analysis on human essential IncRNA genes

The number of the essential coding genes are usually recog-
nized as about 10 % of all protein coding genes in human cells
[14,16]. Non-coding genes are usually thought to be less indispens-
able [41]. Therefore, we assume that the number of essential non-
coding genes is less than 10 % of all non-coding genes. According to
the most recent assemble of human genome [42], the number of
genes in the human genome is about 60000, while almost 20,000
are coding genes. This makes the number of all non-coding genes
about 40000. Previously, the number of IncRNA genes was esti-
mated to be about 30000 [43,44], which makes a majority of all
non-coding genes. Combining all above numbers, we estimate
the number of essential IncRNA genes in human genome should
be roughly 3000 in various contexts. This number generally con-
sists with a recent genome-wide computational estimation based
on systems biology [45].

Based on the above estimations, dbEssLnc currently only covers
a very small part of all essential IncRNA genes. This is due to the
fact that gene essentiality was usually defined and discussed for
protein-coding regions of the genome. Essentiality of non-coding
regions was discussed mostly as computational prediction results
based on datasets from coding regions [41,45-47]. Experimentally
characterized essential IncRNA genes are rarely reported. Although
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Fig. 1. The work flow of data curation process and the architecture of dbEssLnc. (A) The work flow is divided into 5 steps. Step1: use keywords to collect essential IncRNA data
in PubMed. Step2: screen details of essential IncRNA from literatures. Step3: map gene names to other databases to get annotations. Step4: category essential IncRNAs, as
general essential IncRNAs, IncRNA tumor suppressors and IncRNA oncogenes. Step5: mark “N.A.” for missing information. (B) Architecture of dbEssLnc website. dbEssInc has
four functional pages, including “Browse”, “Search”, “BLAST”, and “Download”. An additional “Help” page provides instructions on how to use the dbEssLnc database. Users
may click the gene name in the “Browse” and the “Search” page to jump to the “Gene” page for annotations of the gene. By clicking gene transcript id on the “Gene” page, the

“Visual” page would provide information about IncRNA transcripts.

Table 1

Statistics of essential IncRNA records.
Organism General essential IncRNA Tumor suppressor Oncogene Total
Human 8 67 98 173
Mouse 32 2 0 34
Total 40 69 98 207

the CRISPR-Cas9 screening have provided very promising results
on finding functional IncRNAs that affect cell growth in cell line
experiments [48,49], depositing these results in the dbEssLnc
requires massive amount of manually curation and cross-
reference verification works. These works are planned in the very
near future.

3.3. Categories of essential IncRNA genes

In the dbEssLnc database, we divide all records into three cate-
gories: general essential IncRNAs, IncRNA oncogene and IncRNA
tumor suppressor.

The general essential IncRNA are IncRNAs that are determined
by direct gene knockout or knockdown experiments in vivo. They
follow the traditional definition of essential genes. For example,
the essentiality of Fendrr, Peril, and Mdgt in mouse [22] were deter-
mined in this way.

Since gene essentiality is a dynamic concept, which can be
defined on both cellular level and organism level, and with differ-
ent conditions and contexts [14,16], cancer cell line experiments
should be considered as gene essentiality evidences. Many litera-
tures studied the functional roles of IncRNAs using cell line-
based experiments in tumor cells [50,51]. Screening essential
IncRNA in human cancer cell line not only explain the differences
between each cell line and cancer type, but also reflect the devel-
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opmental origin, oncogenic drivers, paralogous gene expression
pattern, and chromosomal structure [52].

Although cellular essential genes [16], which are determined in
cancer cell lines, may be largely different to the set of organism
essential genes in different conditions [14], it still provides us an
opportunity to reveal essential genes in human, where direct gene
inactivation experiments are obviously hampered. In addition, the
OGEE database has already taken essential protein coding gene
information from the CRISPR-Cas9 screening results on human
cancer cell lines [36]. Therefore, we include the IncRNA oncogenes
and IncRNA tumor suppressors as two additional categories in the
dbEssLnc. Most information in these two categories are derived
from cancer cell line experimental reports.

The IncRNA oncogenes, which have high level of expression and
are required for cancer cell proliferation and survival, can be
defined as essential IncRNA genes on the cellular level in the con-
text of cancer cell line. Inactivation of these IncRNA genes will lead
to a decrease in cancer cell proliferation, invasion and migration,
and an increase in apoptosis [54]. Therefore, we include the IncRNA
oncogene as a category of essential IncRNAs in the dbEssLnc data-
base. For example, BRAF gene V600E mutation is a critical diagnos-
tic, prognostic, and predictive biomarker in melanoma [55],
primary brain tumors [56] and many kinds of cancers. The IncRNA
BANCR, which is a BRAF-activated IncRNA, suppresses the prolifer-
ation, migration and invasion of cancer cells, and further induces
apoptosis of hepatocellular carcinoma cells [57]. We include
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Table 2
Human and mouse homology IncRNA gene in the dbEssLnc database.

Human essential IncRNA Mouse essential IncRNA

FENDRR Fendrr
MEG3 Meg3
MIAT Miat
NEAT1 Neat1
LINC-PINT Lncpint
TP53COR1 Trp53corl
JPX Jpx

GAS5 Gas5

BANCR in the dbEssLnc database as an essential IncRNA oncogene.
The curation of these records requires not only large-scale screen-
ing results, but also reports on functional characterizations.

In the case of IncRNA tumor suppressors, it should be noted that
suppressing expression of these genes may result in lethal pheno-
type of the organism due the progression of cancers. Tumor sup-
pressor genes have negative regulatory effects on cell
proliferation, including inhibiting cell proliferation, regulating cell
cycle checkpoints, promoting apoptosis and participating in DNA
damage repair [58]. These genes are essential for a normal organ-
ism in the context of avoiding tumors. For example, the importance
of the TP53 gene as a tumor suppressor has been highlighted in
human cancers for many years [59]. LncRNA MEG3 induces accu-

(A) ﬁ Browse all

i Reason

General
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mulation of p53 (TP53) protein, and selectively regulates p53 tar-
get gene expression [60]. Therefore, we define MEG3 as an
essential IncRNA tumor suppressor.

3.4. Comparative analysis between human and mouse essential
IncRNAs

Although dbEssLnc covers only very small part of all essential
IncRNA genes, it still allows us to perform some simple compara-
tive analysis between human and mouse essential IncRNAs.

8 homologous between human and mouse were found within
the dbEssLnc database (Table 2). Although gene essentiality may
not be conserved across species, orthologs sharing essentiality is
a phenomenon that has been reported [45,61]. However, whether
this sharing of essentiality is a common phenomenon for IncRNA
genes across species is still an open question.

3.5. Case study

We take the Meg3 gene in mouse as an example to show how to
use the dbEssLnc database to extract related information.

We provide four pages for users to access the dbEssLnc database
functions, with an additional page for instructions and a home

Tumor suppresser gone Name NCBIGeneID  Organism  Detailed Reason Description PubMediD  Details
— Meg3 17263 Mousa Maternal dsletion of the Meg3 gene in mica rasuls n skaeletal muscle defects and parinatal death 2303162
5 Organism NONMMUG0099623
— matemally expressed 3,GU; G2, R74756; R75304; Al425046; AN106224, K
Mouse
Tnis gene n from the. it generat long non protein-coding RNAS that overlap with the microRNAS
MIr770 and Mirt906-1. Transcripts from this gene functi tive reguiators of in tumor cells. Thi d in a reciproca pattem from the n
earby DIk (delta-ike 1 which is pate Delation of his locus disrupts imprinting in thi
Detail information of Meg3
NONCODE TRANSCRIPTID
NONMMUTO15694.2 2
NONMMUTO15095.2
Meg3
NONMMUTO15606 2
NONMMUG009962.3
NONMMUTOTS697 2 ¢
17263
NONMMUTO15698.2
matemally expressed 3,GH Gii2, R74756; R75304; Al425046; AW108224
NONMMUTO15699.2 =
mice resuls n skeletel and perinatel death,
NONMMUTO15700.2
Mouse
NONMMUTOT57032 ¢
NONMMUTO15706.2
T from the matemal allele. It generates altematively-splic
NONMMUTO16707.2
NI770 and Mir1906-1, Transcripts from this gene funct
NONMMUTO15708.2
on as negative regulators of growth and may tumor cels, Ths gene ed in a reciprocal patte
NONMMUTO157002 2
m from the neerby DIk (deltelke 1 which Detetion of
NONMMUTO157102
i this genomic region and resuls in perinetel morbidly.
NONMMUTO16711 20
Detail information of NONMMUT015695.2
000753629 16e-148 34010 0034459 34907 153014

Meg3
Mouss
NONMMUGO099623
NONMMUTO15695.2

1410

SNONIBIITO15695. 2

Expression profile of NONMMUT015695.2 in Mouse tissues
FPRMITPM
0035

- -
3

o= e et g P ey

Fig. 2. The “Browse”, “Gene” and “Visual” page. (A) The “Browse” page have a sidebar for navigation and five tables; (B) The “Gene” page for gene annotations; (C) The “Gene”
page for IncRNA transcript IDs; (D) The “Visual” page for IncRNA information; (E) The “Visual” page for IncRNA tissue specific expression profile.
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(A)

Meg3

Name NONCODE Gene ID Aliase

maternally expressed 3;Gtl; Gti2; R74756; R75394; Al425946; AW108224; D12

Meg3 NONMMUG009962.3

Bwg1266e; 2900016CO5Rik; 3110050007Rik; 6330408G06RIk

17263

General

This gene is paternally-imprinted and thus expressed predominantly from the matemal allele. It generates
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Q Search from Database

Search results

Organism Detailed Reason Description PubMedID Details

Maternal deletion of the Meg3 gene in mice results in skeletal muscle defects a

22393162
nd perinatal death.

Mouse

pliced long non protein-coding RNAS that overlap with the microRNAS Mir770 and Mir1906-1. Transcripts from this gene f

unction as negative regulators of growth and may be down-regulated in tumor cells. This gene is expressed in a reciprocal pattern from the nearby DIk1 (delta-like 1 homolog) gene, which is patemally-expressed. Deletion of this locus disrupts

imprinting in this genomic region and results in perinatal morbidity.

(B)

1 El Blast

>NONMMUTO15695. 2

AGCACAGAAGACGAAGAGCTGGAATAGAGCTCGCCTCGGCTCTGCTGGCCTTGGCTGCAGCTCTTCCAGAAACCCGGGGCGCCCACAGAAGAATCTCTTACCTGGCTCTCTCTTCAGGGATGACATCATCGGCTCACACCAGTCTTCCAGGA
CCACCTTCTGGATGCCAAGGCTGCTGCTCGAGTACCTGCTGTGCACCTCTACCTCCTGAGCCAAGGAGCACGGATTCCAGGAACCCACTACCATACAGAGCAACTCCTTGTGGACCCCCCTGGGATCAGGACAGCGAGGGACAAGCGACAAA
GAGGATCATCAGTGGCCAGCTAGTTTCTCTGGGGTTCAAACCTTGAACCAGTGCCCTAGTGAGGGGGCACTGGCCATGGCCCTTGACCTTTGCTCTGCTTGTGTCTTGAGTCTGAGCCCTTTCCTGTACATCTGTGCTCGTGTTCATCTGCT
AGTGAACTGGAGTGCTGCCCTCCCCGAGGAGGGTCGTCCCTTGTGACTGATCATGCTGTCCTAACAATGTCCTGAGCAAAAGGGTCCCTTTGGGAACCTCTCAGGAGGGGGACCCGGG TCAGGGGCGACCAGCATCTTGCTGGCAACTCCGT

gestegegtegsgtaggataCTTCCTTCTCCAATCAGCACGTCGCTCACCCCCCAAGGCATGTCCCCTCCCCCTCCTCCACCCACCTTCTCGGAGATGTCCCTTTTCCCC Tagtegggacat taggagcaacctectaggsttattatgaga
attaaatgaactGCAGCAGCCTGAGGCAGGGCTCOGCAGAGACCTCAGCACATGTTTG TTGAAAGG TTTGCAGG TGGATCTAGTCCTCCCGTTCATGGCTCATG TG TCTCAACCATTCTCTCGCAGACTCCTGCAGCCCCTATGCCCAGGGE
TCTCCTTGCOCCAGAGG TAGGTCCCAAAGAGAACTGCCAGAGCCCGCACTCACTCATGACATTGAACTTAAATTCACACGGAGGACACTTCGACTCTTGCCACATTAGCCCCOGCTTCTCGAGGCCTGTCTACACTCGCTGCTTTCCTTCCT
CACCTCCAATTTCCCCTCCAACCCACTGCTTCCTGACTCGCTCTTCTCCATCGAACGGCTCTCGCTCAGGCCTGTCGCGTCTTCCTGTGCCATTTGCTGTTGTGCTCAGG TTCCACGAGCTGCCCATCTCCACAGAAGAGCAGCTGGCATTG
CCCACCGGCCATGCCGGCTGAAGAAAAGAAGACTGAGGACCCCAGGATGCCCAGCGCGAGGACCCCAGGAAGCCCAGCGCGAGGACTCCACCCACGACGCCCAGCGCGAGGACTTCACGCACAACACGTTGCAACCCTCCTGGATTAGGCCA

e-value: 1e-7 word size:

(C) Meg3 Mouse NONMMUT141635.1 100.000

Meg3 Mouse NONMMUT141635.1 100.000

Meg3 Mouse NONMMUT015708.2 100.000

Meg3 Mouse NONMMUT015707 2 100.000

Meg3 Mouse NONMMUTO015707.2 100.000

MEG3 Human NONHSAT233961.1 83.163

MEG3 Human NONHSAT233961.1 74.627

MEG3 Human NONHSAT233961.1 90.000

MEG3 Human NONHSAT233961.1 79.861

"

317 2.70e-166 586
116 1.47e-54 215
317 2.70e-166 586
282 7.71e-147 521
99 4.13e-45 183
588 3.59%-145 516
871 5.02e-89 329
90 1.53e-24 115
144 1.19e-20 102

Fig. 3. The “Search” page and the “Blast” page. (A) Select mouse from the selection box and search using the name Meg3 on the “Search” page; (B) users can copy a part of the
mouse Meg3 sequence in FASTA format to the clipboard and paste it in the query box. After clicking the “Blast” button, dbEssLnc would find similar essential IncRNAs
sequences in the database. (C) users can find that human MEG3 gene is in the list of similar essential IncRNA sequences.

page. These four pages include “Browse”, “Search”, “BLAST”, and
“Download”.

On the “Browse” page, all IncRNA records are categorized into
groups, according to their reasons of essential and organism. Users
can choose the category using the expandable sidebar on the left
side of the page. Five different tables of records are displayed on
the right side according to users’ choices (Fig. 2A). These records
are provided with links to external databases. In the category of
general essential IncRNA, gene Meg3 is recorded to have NCBI gene
ID 17,263 with detailed reason description: “Maternal deletion of
the Meg3 gene in mice results in skeletal muscle defects and peri-
natal death”. The PubMed ID is linked to its original reports [60].
When the detail arrow is clicked to expand, gene name aliases,
the NONCODE gene ID and gene ontology annotations are dis-
played. When the name of the gene is clicked, users are directed
to a page called “gene”. On this page, all details of the gene will
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be displayed along with all gene transcript IDs and different splic-
ing isoforms in NONCODE (Fig. 2B and 2C). Users can click NON-
CODE transcript ID to jump to the “visual” page. This page shows
IncRNA information including IncRNA sequences in the FASTA for-
mat and the tissue specific expression levels (Fig. 2D and 2E). Click-
ing the three dots at the end of the sequence can expand or
collapse the full sequence view.

On the “Search” page, users can choose to search human or
mouse essential IncRNAs, or a specific category of essential rea-
sons. This is a full text search function. It offers a fuzzy search func-
tion that can automatically complete the user’s input with the first
few letters matching an existing name in the database. The query
box supports wildcards queries with ’_’ and "%’, where ’_’ matches
any single character, and "%’ any number of characters. After the
gene name Meg3 is entered, clicking the search icon will return a
record of Meg3 with the gene name, NONCODE ID, gene name
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aliases and detailed reason description fields. Clicking the details
arrow will display the records details like in the “Browse” page
(Fig. 3A). Copy the word “skeletal” and paste it in the query box,
switch the search type to “General” and click the search icon again.
Three genes, including “Dnm3os”, “Meg3” and "RMRP* are dis-
played, all with the word ”skeletal“ in the detailed reason
description.

On the “Blast” page, users can copy a part of the mouse Meg3
sequence in FASTA format and paste it in the query box (Fig. 3B).
After properly adjusting the e-value and word size parameters,
clicking the “Blast” button will start a BLAST search using the
Meg3 sequence. The result will be shown several seconds later.
The human MEG3 gene is in the list of similar essential IncRNA
genes (Fig. 3C). Therefore, we find that the IncRNA gene MEG3 in
human and Meg3 in mouse are both essential. Detail information
of the alignment can be displayed by clicking the detail arrow on
the left side.

In addition to the above pages, on the “Download” page, all
essential IncRNA information and the source code of dbEssLnc
can be downloaded. Users can click the corresponding file name
to download the data tables. Source code can be obtained from

the GitHub repository (https://github.com/yyZhang14/dbEssLnc),
which allows the user to host their own mirror of dbEssLnc data-
base on their own servers.

Finally, the “Help” page provides instructions on how to use the
web interfaces of dbEssLnc. Step-by-step instructions were pro-
vided in the “Tutorial” section. The “Statistics” section gives the
data distribution in the dbEssLnc. The “Contact” provides the
approach to contact the authors of the database.

We have tested the website of dbEssLnc on both Windows and
MacOS platform with mainstream web browsers, including IE, Fire-
fox, Google Chrome and Safari. All these browsers can view and
operate the website normally.

4. Conclusion

Distinguishing essential genes from non-essential genes has
been a long-standing question in genetics. With the advancement
of technology, a big progress has been made in performing
genome-wide essentiality screening among diverse species. Most
existing studies focused on the essentiality of protein-coding
genes. The essentiality of non-coding genes are much less dis-
cussed due to various technical reasons [14]. The essentiality of
IncRNA genes can be defined on both cellular and organism levels.
Particularly, IncRNA gene essentiality is useful in cancer related
studies. However, existing IncRNA databases do not highlight
essentiality information. This is the primary reason that we
develop the dbEssLnc database. Although large scale CRISPR-Cas9
screening have provided very promising information in cancer cell
lines [62], computational prediction approaches, like GIC [46] and
SGII [45] cannot efficiently utilize these results. A database like
dbEssLnc will facilitate the development of these computational
prediction approaches.

As far as we can tell, dbEssLnc database is the first data resource
focusing on collecting essential IncRNA information. We provide a
relatively comprehensive and accurate collection of essential
IncRNAs with a flexible web-based user interface. The establish-
ment of dbEssLnc will promote the study of the minimal genome
for living cells. These essential IncRNAs will also provide insights
on developing therapeutic and early diagnostic approaches for
tumors and other complex disorders. It is also expected that com-
putational prediction methods will be developed for identifying
essential IncRNAs. More records will be deposited in the dbEssLnc
database in the very near future. We will keep tracking newly dis-
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covered essential IncRNA reports and update the dbEssLnc data-
base in time.
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