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ABSTRACT

The CRISPR/Cas9 system, as a revolutionary
genome editing tool for all areas of molecu-
lar biology, provides new opportunities for re-
search on IncRNA’s function. However, designing a
CRISPR/Cas9 single guide RNA (sgRNA) for IncRNA
is not easy with an unwarrantable effectiveness.
Thus, it is worthy of collecting validated sgRNAs,
to assist in efficiently choosing sgRNA with an ex-
pected activity. CRISPRInc (http://www.crisprinc.org
or http://crisprinc.xtbg.ac.cn) is a manually curated
database of validated CRISPR/Cas9 sgRNAs for
IncRNAs from all species. After manually reviewing
more than 200 published literature, the current ver-
sion of CRISPRInc contains 305 IncRNAs and 2102
validated sgRNAs across eight species, including
mammalian, insect and plant. We handled the ID, po-
sition in the genome, sequence and functional de-
scription of these IncRNAs, as well as the sequence,
protoacceptor-motif (PAM), CRISPR type and validity
of their paired sgRNAs. In CRISPRInc, we provided
the tools for browsing, searching and downloading
data, as well as online BLAST service and genome
browse server. As the first database against the vali-
dated sgRNAs of IncRNAs, CRISPRInc will provide a
new and powerful platform to promote CRISPR/Cas9
applications for future functional studies of IncRNAs.

INTRODUCTION

Long non-coding RNAs (IncRNAs), which were once re-
garded as junk sequences, are defined as non-protein-
coding transcripts longer than 200 nt (1-3). Instead of be-
ing translated into proteins, IncRNAs exert their functions
in cellular processes (4-6), organismal development (7,8)

and diseases (9,10) directly in the shape of RNA. With an
enormous range of applications of next generation sequenc-
ing, a large number of IncRNAs have been found in human
(11,12), mouse (13,14), zebrafish (7,15,16), etc. At the same
time, a large number of IncRNA databases have been cre-
ated, and committed to large-scale collection and annota-
tion of IncRNAs for various species. For example, NON-
CODE contained more than 350 000 IncRNA genes across
17 species (17). IncRNAdb manually collected and anno-
tated about 300 functional IncRNAs that have been stud-
ied to date (18). However, due to the extremely complicated
and inconstant mechanisms when compared with protein-
coding genes, most of IncRNAs have not been well studied,
despite that a host of researches have extensively demon-
strated the significance and diversity of IncRNAs in regula-
tory functions.

CRISPR/Cas9 system, as a revolutionary gene edit-
ing tool for all the areas of molecular biology, can in-
duce site-specific DNA cleavage by an RNA-guided DNA-
endonuclease. CRISPR/Cas9 system can be used in the
unmodified form of ‘molecular scissors’ (wtCas9) to edit
parts of the genome by removing, adding or altering sec-
tions of the DNA sequence or to create a knockout geno-
type (CRISPRko) (19,20). After inactivating the nuclease
domain to create a dead Cas9 (dCas9) (21), accessional
function elements could conduce to branching out the
applications of CRISPR/Cas9 system, such as transcrip-
tional activation (CRISPRa) (22), transcriptional interfer-
ence (CRISPRi) (23,24), gene editing (CRISPRedit) (25)
and so on.

Unlike protein-coding genes, many IncRNAs are con-
fined to nucleus, and some exert their molecular functions
in a transcript-independent mode, meaning that the tran-
scribing event of IncRNA in itself could affect target genes.
Therefore, there are probably a lot of restrictions to use
RNAIi method for performing loss-of-function studies of
IncRNAs (26). Contrastively, CRISPR /Cas9 has a huge ad-
vantage in IncRNA researches, resulting from its in-cis reg-
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ulative function in cell nucleus. Hence, CRISPR /Cas9 pro-
vides new opportunities for deeply researching IncRNA’s
functions, and is receiving increasing attention in the field
of IncRNA studies.

The first step of CRISPR /Cas9 gene editing is to design
a single guide RNA (sgRNA) to target your gene of inter-
est. However, because sgRNAs vary widely in their activity
and action models, designing a sgRNA is not easy due to an
unwarrantable effectiveness. Thus, it is worthy of collecting
validated sgRINA sequences, to assist in efficiently choosing
sgRNA with an expected activity. For example, Varshney et
al. had constructed CRISPRz to collect validated sgRNAs
for zebrafish coding-genes (27). However, CRISPR /Cas9
applications for IncRNAs are much different from coding-
genes, as indicated by many known works (26,28,29). For
instance, it is not necessary for IncRNA to maintain an in-
tact open reading frame for functioning. Besides, IncRNA
as well as their surrounding coding/noncoding neighbors
had complicated genomic architecture, like sense/antisense,
intergenic/intragenic etc. Therefore, a validated sgRNA
database specifically for IncRNAs is profoundly valuable for
the relevant academic community.

In this study, we constructed CRISPRInc (http://www.
crisprinc.org or http://crisprinc.xtbg.ac.cn)}—a manually
curated database of validated sgRNAs for IncRNAs. Af-
ter manually reviewing more than 200 published literature,
the current version of CRISPRInc contains 305 IncRNAs
and 2102 validated sgRNAs across eight species, includ-
ing mammalian, insect and plant. We handled the ID, po-
sition in the genome, sequence and functional description
of these IncRNAs, as well as the sequence, protoacceptor-
motif (PAM), CRISPR type and validity of their corre-
sponding sgRNAs. In CRISPRInc, we also provided the
tools for browsing, searching and downloading all of the
data covered, as well as online BLAST service and genome
browse server. As the first database against the validated
sgRNAs of IncRNAs, CRISPRInc will give an efficient as-
sistance when employing CRISPR/Cas9 system as tools
for IncRNA genome editing. Moreover, the high-quality
integrated information of validated sgRNAs for IncRNAs
could be used as a gold standard dataset to guide the design
of sgRNAs themselves.

DATA COLLECTION AND DATABASE CONTENT

As shown in Figure 1, to exhaustively collect the val-
idated data associated with CRISPR/Cas9 applications
into IncRNA functional interrogation, first, we searched
PubMed (30) to retrieve all relevant literature upon a list
of keywords, such as ‘IncRNA’, ‘long noncoding RNA’ and
‘lincRNA’. Next, the preliminary screening results were fur-
ther traversed in title or abstract via our own in-house
python script to extract those containing ‘CRISPR’, ‘Cas9’,
‘Knockout’ or ‘Knockdown’. As a result, more than 200 ar-
ticles are reserved. To ensure the high quality of our data,
we manually checked and read over these papers. For each
collected IncRNA, its ID, genomic position, nucleotide se-
quence and functional description are filed, along with the
resources of its corresponding sgRNAs (including targeting
sequence, PAM, CRISPR type and validity). Given the dif-
ferential designation for the same gene between literatures,

we normalized the gene ID and transcript ID of these IncR-
NAs in line with NCBI and Ensembl. The position of sgR-
NAs and IncRNAs in genome was obtained by aligning the
consensus sequence to the reference genome using BLAT
(31). Besides, in consideration of the positions of sgRNA
that often link its functional effect—for example, the sgR-
NAs for CRISPRa or CRISPRi usually located near the
transcription start sites of IncRNA (32,33)—and the expres-
sional specificity of IncRNA in different tissues as well as
the varying activity of CRISPR across different cell lines
(32), we also integrated the information of ‘the location of
sgRNA relative to IncRNA’ and ‘the effective cell line of
sgRNA’ in our database.

Based on the original CRISPR /Cas9 system, researchers
had developed a variety of technological innovation
to satisfy differentiated intervention on gene function.
Therefore, in this work, we collected data upon differ-
ent CRISPR/Cas9-based systems, including CRISPR
knockout (CRISPRko), CRISPR activation (CRISPRa),
CRISPR interference (CRISPRi) and CRISPR edit
(CRISPRedit). To assist in efficiently choosing sgRNA
with an expected activity, we further divided our data into
three types according to the sgRNA validity as stated
in the corresponding literature: (i) recommended high-
activity sgRNAs, referring to those that had been either
clearly demonstrated as powerful executors in one study
or, multi-employed by several studies; (ii) experimentally
validated sgRNAs, which has some low-throughput ex-
periments to verify effectiveness; (iii) sSgRNAs with partial
experimental validation are those designed by experts with
high-throughput experimental validation—for example,
using a high-throughput genomic deletion strategy, 51
IncRNAs were found to be capable of regulating human
cancer cell growth when knocked out via a CRISPR system
which constructs thousands of targeted sgRNAs in a
lentiviral paired-guide RNA library (34).

The current version of CRISPRInc contains 305 IncR-
NAs and 2102 validated sgRNAs across 8 species, in-
cluding mammalian, insect and plant. The statistics of
CRISPRInc is summarized in Figure 2. Figure 2A shows
the sgRNA distribution in various species. The collected
sgRNA data are mainly from human (Homo sapiens,
1777 in total), mouse (Mus musculus, 79 in total) and fly
(Drosophila melanogaster, 233 in total). Figure 2B shows
the type of these data, most of which are CRISPR inter-
ference (CRISPRi, about 52.1%); while the minimum type
is CRISPRedit (about 0.2%). According to the Top10 IncR-
NAs possessing the designed sgRNAs (Figure 2C, regard-
less of type 111 sgRNAs supported by high-throughput ex-
periments), CRISPR/Cas9 applications for IncRNAs are
currently focused on some potentially important IncRNAs
in human, such as NEAT1 (Nuclear Enriched Abundant
Transcript 1), PVT1 (Plasmacytoma variant translocation
1)and MALATI (Metastasis Associated Lung Adenocarci-
noma Transcript 1). We also calculated the localization ten-
dency of sgRNAs on IncRNAs, including up/downstream
region of gene and gene body near 5'/3’ end (Figure 2D).
Our results revealed that the collected sgRNAs were more
likely to locate at gene body near 5’ end (61.4% in 5’ end ver-
sus 12.6% in 3’ end), as well as more likely at gene upstream
as opposed to downstream (20.0% versus 5.9%).
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DATABASE ORGANIZATION AND WEB INTERFACE
Database structure and implementation

The CRISPRInc database is running on an Ubuntu Linux
server (version 18.04), while Nginx (version 1.14.0) as the
web server and SQLite (version 3.22.0) as the database
server. The website is developed using Python based on
Django web-framework (version 1.11). The web-frontend is
developed using the Bootstrap framework (version 4.1.1).
The GBrowser function is developed using Biodalliance
(version 0.13.8) (35). The BLAST function is developed
using django-blastplus (version 0.4.0), which is a simple

Django app to conduct web-based homology search with
blast+ (https://pypi.python.org/pypi/django-blastplus/).

USER INTERFACE

For biologists to better access the information of
CRISPRInc, we established a user-friendly website.
As shown in Figure 1, in CRISPRInc, we provided the
tools for browsing, searching and downloading all data, as
well as online BLAST service and genome browse server.
Each section contains sufficient help materials to ensure an
easy use without any prerequisite knowledge or experience.
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In ‘Browse’, user can retrieve all IncRNAs and sgRNAs
in CRISPRInc (Figure 3A). User can find the basic anno-
tations on the ‘Browse’ page, such as gene ID, sgRNA se-
quence, PAM motif, CRISPR type and validity. The de-
tailed information page for a specific gene can be accessed
by clicking on the gene ID. The linked page is mainly
containing IncRNA’s information (Gene 1D, transcript ID,
genome location, sequence and function description), and
a sgRNA table which contains all validated sgRNA infor-
mation related to this IncRNA (Figure 3C). In the sgRNA
table, each sgRNA is marked with a source of literature, so
you can backtrack to the original documents.

In CRISPRInc, we also provided some user-friendly web
services. In ‘GBrowse’, you can view IncRNAs, sgRNAs
and other genomic annotation according to their loca-
tions in genome (Figure 3B). The sgRNAs from some
genome-scale CRISPR /Cas9 screens (32-34) were placed
in a GBrowse track. For a IncRNA with a given genomic
location, we recommend you use ‘GBrowse’ to find out
whether it has validated sgRNAs. In addition, you can find a
IncRNA or its homologs through BLAST sequence similar-
ity search in CRISPRInc (Figure 3D). Maybe the IncRNA
in one species you are interested in does not have validated
sgRNAs, but if you are lucky, you may find its homolog has.
Moreover, you can find the IncRNAs or sgRNAs you are in-
terested in using ‘Advanced Search’, by providing/selecting
a list of keywords, such as gene ID, species, CRISPR type,
validity, cell line and PMID (Figure 3E).

DISCUSSION AND FUTURE DEVELOPMENT

Until now, tools with various characteristics for ab ini-
tio designing sgRNA are crowded, whereas systematic col-
lection of validated sgRNAs is rare. Thus, we developed
CRISPRInc, a database that provides a comprehensive list
of validated CRISPR /Cas9 sgRNAs for IncRNAs from all
species. CRISPRInc will provide not only an efficient as-
sistance for genome editing of IncRNAs, but also a gold
standard dataset that is crucial for subsequent develop-
ment of sgRNA design tools of IncRNAs. We believed that
CRISPRInc will thrive in the fields related to IncRNA and
CRISPR/Cas9 studies.

In the future, to respond to the rapid growth of researches
in IncRNA and CRISPR /Cas9, we will continue to manu-
ally curate newly validated sgRNAs for IncRNAs and up-
date the database every 3 months. In addition, we will con-
tinue to integrate more online tools and data sources to
make CRISPRInc more resourceful and more usable. As the
first database specifically targeting to the validated sgRNAs
of IncRNAs, we sincerely hope to get the support and ad-
vice from the academic community to help us improve it.
And it is greatly appreciated for submitting data to us.
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