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ABSTRACT

Over the past years, CRISPR/Cas9 mediated genome
editing has developed into a powerful tool for
modifying genomes in various organisms. In high-
throughput screens, CRISPR/Cas9 mediated gene
perturbations can be used for the systematic func-
tional analysis of whole genomes. Discoveries from
such screens provide a wealth of knowledge about
gene to phenotype relationships in various bio-
logical model systems. However, a database re-
source to query results efficiently has been lack-
ing. To this end, we developed GenomeCRISPR (http:
//lgenomecrispr.org), a database for genome-scale
CRISPR/Cas9 screens. Currently, GenomeCRISPR
contains data on more than 550 000 single guide
RNAs (sgRNA) derived from 84 different experiments
performed in 48 different human cell lines, compris-
ing all screens in human cells using CRISPR/Cas
published to date. GenomeCRISPR provides data
mining options and tools, such as gene or genomic
region search. Phenotypic and genome track views
allow users to investigate and compare the results of
different screens, or the impact of different sgRNAs
on the gene of interest. An Application Programming
Interface (API) allows for automated data access and
batch download. As more screening data will become
available, we also aim at extending the database to in-
clude functional genomic data from other organisms
and enable cross-species comparisons.

INTRODUCTION

High-throughput screening experiments have been an indis-
pensable tool in functional genome research for many years.
Functional screens can systematically interrogate genotype
to phenotype relationships and identify key dependencies of

biological systems —an essential requirement in understand-
ing how genes function in the context of a cell or organism
in health and disease (1). In the past, RNA interference has
been widely used to perform such screens (2-5). Discoveries
from many of these experiments have been made accessible
through centralized data resources such as GenomeRNAi
(6,7) and have fueled further developments in the area of
systems genetics.

Recently, CRISPR /Cas9 (clustered regularly interspaced
short palindromic repeats with the CRISPR associated pro-
tein Cas9) has gained substantial use in genetic screens in
various organisms including human, mouse and zebrafish
(8-10). In order to support the rapid development of this
new field, accessibility of CRISPR /Cas9-derived functional
data is crucial (11). Several resources have been estab-
lished to address this need. These include CRISPRz (12),
a database of sgRNAs validated in zebrafish, WGE (13),
a data resource that contains information about sgRNAs
that can be used to target genes of interest and CrisprGE
(14), a platform that provides knowledge about sequence
mutations caused by sgRNAs previously used in various
experimental settings. Nevertheless, a database that allows
to compare screening results, such as perturbation pheno-
types or sgRNA efficiency, of many different experiments
on a genome-wide scale has so far not been available. To
fill this gap, we here report GenomeCRISPR (Supplemen-
tary Figure S1), a database for high-throughput screening
experiments using CRISPR/Cas9. At the time of submis-
sion, GenomeCRISPR comprises data from a total of 84
different high-throughput screening experiments performed
across 48 human cell lines. In such pooled screening format,
similar to shRNA screens, high-complexity sgRNA collec-
tions are transduced into culture cells using lentiviruses ap-
proaches (4,15). Following CRISPR /Cas9 induced mutage-
nesis, a particular condition (e.g. drug selection) is applied
to the pooled mutant cell library, and enrichment or deple-
tion of sgRNAs are measured as phenotypes using next gen-
eration sequencing. GenomeCRISPR is rapidly updateable
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to include future active submissions and data curated from
the scientific literature. GenomeCRISPR features informa-
tion about reported performance of 553 122 sgRNAs used
in these screens and focuses on interactive data visualization
to allow intuitive comparison of the results among differ-
ent experiments. Of these we report 85 564 sgRNA target-
ing genes identified as hits or positive controls by authors of
the original publication. Here, we present GenomeCRISPR
as a resource that will help users to query experimental data
sets for questions, such as:

i. Has a gene of interest been perturbed before in
CRISPR /Cas9 screens?
ii. Which sgRNAs had the largest impact on the function of
a specific gene?
iii. Which phenotypes were observed upon perturbation of a
gene under specific conditions?

DATABASE CONTENT

Currently, GenomeCRISPR contains data from 84 dif-
ferent high-throughput experiments reported in recently
published publications using human tissue cell culture.
These screens cover a variety of different experimental ap-
proaches such as applying CRISPR /Cas9y ,, to induce null
alleles or using transcriptional activator or interference
(‘CRISPR,;’) (16). Further, these approaches have been ap-
plied in different screening experiments such as negative se-
lection screens, where loss of a specific phenotype (e.g. fit-
ness) is observed (8,17,15) and positive selection screens,
where gain of phenotypes is measured (such as resistance to
a drug) (18,19). The screens included in the database at the
time of manuscript submission were carried out in 48 differ-
ent human cancer cell lines and comprise negative selection
screens (‘drop-out’) as well as positive selection screens for
resistance to drug or virus perturbation. GenomeCRISPR
was designed with flexibility in mind. Therefore, it can eas-
ily be expanded to add screening experiments in different
organisms using newly discovered methods, the only neces-
sary requirement being sgRNA sequences and quantitative
phenotypes (e.g. sgRNA abundances before and after treat-
ment). Further organisms in addition to human cultured
cells will be included in the future as soon as a sufficient
amount of data has become available.

To ensure high data quality standards, data were ex-
tracted from published experiments and imported into
GenomeCRISPR via manual curation. Manual cura-
tion has several advantages over automated curation ap-
proaches. These include discovery of inconsistencies and er-
rors in the data as well as the possibility of rejecting un-
trustworthy and incomplete information (20). Moreover,
the heterogeneous nature of published data sets currently
poses a big challenge for the development of automated cu-
ration pipelines. To this end, experimental information re-
garding screen design (pos. versus neg. selection), method-
ology (CRISPR/i/y), cell line and experimental condition
were determined. Details about the biological model sys-
tem and the experimental condition (e.g. negative selection
screen for cell viability) complement this information. Fur-
thermore, score and hit information were annotated for per-
turbed genes as stated by the authors of the experiment. The

‘score’ is defined as a quantitative measure, which the study
authors used to rank the tested genes by their phenotypic
strength. A ‘hit’ is a gene, which exceeded a certain score
threshold chosen by the authors of the publication to qual-
ify for further validation. Finally, sequence, genomic loca-
tion and sequencing read counts (a proxy for mutant abun-
dance in pooled formats) were extracted for all sgRNAs us-
ing scripts deposited in https://github.com/boutroslab/ Sup-
plementary Material as reported with E-CRISP (21). For
pooled screening formats, log, fold changes of all sgRNAs
are calculated between their abundances in perturbed and
unperturbed states or early and later time points from me-
dian normalized read counts. These fold changes are con-
sidered as the screen’s signal. They were further summarized
into 19 bins (Supplementary Figure S2), to enable compar-
isons between screens (Supplementary Methods).

DATA ACCESS
Website

The GenomeCRISPR website is available at http:
/lgenomecrispr.org and serves as main access point to
the database. A main page helps users to familiarize with
the database concept by providing a short description
of its contents (Figure 1). There, the database can be
queried by either a gene identifier or a genomic range. It
can be browsed to explore experiments reported in differ-
ent publications annotated with data from ENSEMBL
(genome information), CCLE (copy number variations)
and COSMIC (copy number variations) (20,22,23). One
use case to query GenomeCRISPR is the search for more
information about a specific gene in order to investigate
whether it showed a phenotype in one of the screens and,
if so, which sgRNA caused the most significant functional
impact. Searching for a gene using its gene symbol or
ENSEMBL (22) gene ID takes the user to a result page
that consists of three sections.

The first section displays an overview of all screens in the
database that include a perturbation of the queried gene,
here MTOR (Figure 2). A tabular representation of the
results shows the users in which experiments MTOR has
shown a significant phenotype as described by the authors.
The phenotype itself can be inferred from the experiment,
cell line and study title (the full title can be read in a pop-up
window). A small ‘score in context’ graph will show how the
gene’s ‘score’ compares to all other genes tested in this ex-
periment. Here, MTOR is scored as a ‘hit’ in several exper-
iments, most prominently in all negative selection screens
(17,15).

A hierarchically structured screen overview is shown in
the form of an interactive tree. This tree has four levels,
which include (i) a root node displaying the entirety of re-
sults, (i1) publications, (iii) cell lines and a level for (iv) indi-
vidual screening experiments. By default, individual screen-
ing experiments and tree nodes can be collapsed and ex-
panded by users allowing them to filter the tree. Blue nodes
indicate that a node or one of its children represents a screen
in which the gene of interest was a ‘hit’. Red colour illus-
trates that neither the node nor any if its children corre-
spond to a screen where the queried gene could be identified
as hit. Grey nodes depict that the authors of the experiment
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Figure 1. Concept of the GenomeCRISPR database. CRISPR screening derived from publications or by directed submission is integrated with data from
various sources (14,17,18). Screening data is then visualized characteristics of CRISPR reagents and screens.

have not provided such information. Nodes reveal informa-
tion about title, abstract and authors of each publication by
right-clicked. Moving the mouse cursor over an experiment
node can check how well a gene scored in the context of
the full screen (Figure 2C). There, a figure will be displayed
showing the genes score relative to the distribution of all
genes tested in the respective experiment.

Recently, Aguirre et al., Munoz et al. and others reported
that already the existence of double strand breaks in en-
dogenous DNA causes a phenotypic response to DNA-
damage stress, often resulting in impaired fitness (24,25).
Thus, clusters of ‘hits’ in neighbouring genes at a partic-
ular genomic location could be the consequence of a cell’s
response to a DNA-damage, e.g. caused by copy number
variations in cancer cells (24,25). To provide users with a
tool to quickly asses this source of potential false positives,
experiment nodes can also be right-clicked which will dis-
play experiment results in a 100 000 base pair neighbour-
hood around the query gene. A help page (reachable via the
“?” icon) introduces new users to the screen tree. The visu-
alization is implemented using the TnT Tree BioJavaScript
module (26,27).

In the second section of the GenomeCRISPR results
pages, users find detailed information about individual sgR-
NAs. Differently scoring sgRNAs can be identified and the
ones that had the highest functional impact on the query

gene can be singled out. In the upper half of the page an
overview of all sgRNAs used in experiments is visualized in
their genomic context (Figure 3A) using the neXtprot in-
teractively zoomable feature viewer widget (28). As an ex-
ample TP53’s exon structure is shown in black and its cod-
ing sequence is displayed in green (Figure 3A). An sgRNA
track is added for each screen type in which at least one re-
ported experiment features a perturbation of the queried
gene. In this example, 34 sgRNAs are illustrated as color-
coded rectangles mapped to their genomic locus. The colour
code represents their average functional effects across all ex-
periments this sgRNA has been used in. Additional copy
number variation tracks are shown for different cell lines
(Supplementary Methods, Supplementary File 1) to help
users evaluate observed sgRNA effects. By repeatedly click-
ing on sgRNA track-labels (indicated by the screen type),
users can zap through the sgRNA contents. An exportable
table positioned in the lower half of the page holds details
about sgRNAs, such as location, sequence and direction. A
click on an sgRNA feature will select it and focus the corre-
sponding row in the sgRNA table (Figure 3B). Vice versa se-
lection of an sgRNA in the table directs the genome browser
to its location. These also include specifics about sgRNA
Protospacer Adjacent Motif, targeted gene plus the least
and the highest score effect size reached in any experiment.
This information is complemented by an interactive bar
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Figure 2. Overview of all screens featuring a perturbation of MTOR. (A) A tree visualization shows published results across three levels of detail. An
inner node represents a publication in scientific literature. Every publication node has a child node for each cell line used for experiments. The leaves of
the tree illustrate different experimental conditions. Blue nodes imply that MTOR was identified as a hit in the experiment. Red nodes and gray nodes
show that MTOR was not a hit, or that no hit information was provided by authors, respectively. In this example, RPE1 and SW480 cell line nodes have
been expanded to show all performed experiments. (B) Results for all genes in the 100 000 base pair neighborhood of MTOR. Blue and red colors depict
hits and non-hits, respectively. (C) Hovering over one of the terminal nodes (to the right) triggers a ‘score in context’ figure. This cartoon represents the
strength of the genes phenotype (score) in the context of all genes screened in this experiment. So the user can quickly judge upon the certainty of the hit

identification.

plot (reachable at ‘screen details’), showing the measured
signal (here log, fold change between sgRNA abundances)
in different conditions. The plot holds one bar for each ex-
perimental context the sgRNA was used in. Bar heights rep-
resent the binned measurement values (Supplementary Fig-
ure S2). On mouse-over, the maximum and minimum fold
changes observed in the experiment can be inspected. This
helps users get an idea about the effect size of the sgRNA-
induced perturbation in the context of the entire experi-
ment. Positive value bars are shown in blue and negative
value bars are coloured red to provide a quick impression
of effect type and size without having to examine axis labels

in detail. The chart can be sorted by effect value yielding
a waterfall plot, or experimental condition, which will re-
sult in grouping of bars by cell lines and conditions. For ex-
ample, looking at the observed effect of the TP53 targeting
sgRNA sgTP53_7 across multiple screens show clear differ-
ences between KBM7, Jiyoye, Raji and K562 cell lines, re-
flecting their differential dependencies on the activity of this
gene (Figure 3C).

Finally, a short section contains basic details about ge-
nomic location and function of the query gene and provides
links to other data resources such as ENSEMBL (22) and
GeneCards (29). Users can follow these links to find more
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Figure 3. sgRNAs used in screening experiments in their genomic context. (A) Feature viewer showing all sgRNAs used to screen TP53 in the selected
genomic range. Black and green bars represent exons and coding sequence (CDS), respectively. As in most common genome browsers one transcript is
shown per line. The yellow bar indicates a known loss of copy number at this position. sgRNA tracks are grouped according to the type of screen that
was performed. Depending on the average effect size (Supplementary Figure S2) observed across all screens, sgRNA features are colored on a blue to
gray to red color scale. (B) sgRNA features in the genome browser can be selected. Upon selection, details like sequence, genomic location or Protospacer
Adjacent Motif (PAM) are highlighted in an sgRNA table. Furthermore, it is possible to select reagents in the sgRNA table and the genome browser will
automatically zoom to their position. (C) A bar plot showing sgRNA effect (Supplementary Figure S2) observed across experiments can be displayed on
demand. Positive and negative values indicate enrichment or depletion of the sgRNA, respectively. The plot is interactive and can be ordered and filtered
according to user preference. Experiment details will be displayed as hover text.

detailed information about the query. And, an overview of
all screening experiments in the database is provided on the
about page in form of an interactive tree map, implemented
using the JavaScript library D3 (30).

Computational access

GenomeCRISPR provides a RESTful API that can be used
to query the database. Using this API, data of various scale
can be downloaded on demand from a local user or other
databases. Experiment and sgRNA data can be retrieved in
JSON format according to several different selection crite-
ria. Users can for example download all sgRNAs which ever
reached a score of nine in any experiment. Likewise, one
can also download just all sgRNAs and corresponding in-

formation for a two experiments and compare them to each
other. Or users can download all sgRNA information for
a particular gene in JSON format. A more detailed docu-
mentation service is available at http://genomecrispr.dkfz.
de/api/documentation.

Example results

GenomeCRISPR provides functionalities to retrieve the
following types of data (Figure 4). Firstly, it provides infor-
mation of genotype to phenotype associations by displaying
in which of the experiments a gene X has shown a significant
phenotype (Figure 4A). For example, TP53 shows only in
GBM cells a significant phenotype, clearly separating those
from other cell lines. Secondly, GenomeCRISPR provides
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Figure 4. Example results of querying GenomeCRISPR. (A) Querying GenomeCRISPR for TP53 yields a tree view where it becomes apparent that only
GBM cells (blue dots, label not shown) show a significant lack of viability phenotype upon loss of TP53. This allows to infer on the cell lines’ dependency
on TP53 functional status and reveals its general difference to the other cell lines in the database. (B) In case a user wants to for example replicate the
experiment or learn, which sgRNA has been best performing on perturbing TP53 in many instances a colour code directs to a quantitative answer of these
questions. Here, most of the sgRNAs have shown the expected phenotype across screens (red bars). However, for unclear reasons two of the sgRNAs have
shown the opposite phenotype (blue bars) and should be avoided. (C) All data in GenomeCRISPR can be downloaded programmatically through an API.
Users can for example retrieve cell line specific hit lists using ‘R’ code (Supplementary File 2) or any other programming language. With this data, also
large scale comparative analyses could be performed, e.g. searching for common hits across screens.

insight into which sgRNA constructs have been used to tar-
get gene X and what their phenotypic impact (in terms of
discretized measured values) has been in different experi-
mental setups. This allows, e.g. to identify for example the
‘best’ sgRNA to target gene X in follow-up experiments or
other functional studies or allows to draw conclusion on fu-
ture design of sgRNAs (Figure 4B). Our example demon-
strates, that while all sgRNAs share this region of the TP53
gene model as target, they vary greatly in their functional
penetrance. Thus, one could avoid sgRNAs that show no ef-
fect for further study. Finally, GenomeCRISPR provides a
unique repository of the largest screens carried out using the

CRISPR /Cas technology. Its data, when downloaded using
the programmatic access features (API) or export function-
ality can also be utilized to perform large scale compara-
tive analyses. For example, this could enable cross-screen or
cross-sgRNA analysis of large sets and built new models of
sgRNA efficacy (31,32) (Figure 4C).

CONCLUSION

GenomeCRISPRs mission is to provide an easy to
use resource for users to query, compare and visualize
the results of high-throughput screening experiments by
CRISPR /Cas9 genome-editing. It allows a wide range of



user groups easy access to readily formatted data for a va-
riety of applications. Moreover, while submission of data
from the CRISPR screening community is highly encour-
aged a major challenge for robust curation of published
data is the lack of a standardized format for the publica-
tion of CRISPR screens. Often, personal communications
with authors of experiments is needed to acquire all neces-
sary data. Also, data are frequently published after normal-
ization, making it difficult to compare with data from other
experiments. Therefore, we would like to propose a Mini-
mal Information About CRISPR/Cas Screen (MIACCS)
file as described in Supplementary Table S1. In the future,
standardized analysis workflows might facilitate the sub-
mission and comparison of data sets (33). More complex
phenotypes, such as high content phenotypes (34), might
complement existing selection and sequencing-based phe-
notypic readouts. We are confident that GenomeCRISPR
will be a useful resource for scientists to help them plan, de-
sign and evaluate CRISPR /Cas9 screening experiments as
well as compare their results with existing data.

SUPPLEMENTARY DATA
Supplementary Data are available at NAR Online.
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