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SUMMARY
While our knowledge of gene expression in different human cell types is rapidly expanding with advances in
transcriptomic profiling technologies, the next challenge is to understand gene function in each cell type.
CRISPR-Cas9-based functional genomics screening offers a powerful approach to determine gene function
in a high-throughput manner. With the maturation of stem cell technology, a variety of human cell types can
be derived from human pluripotent stem cells (hPSCs). Recently, the integration of CRISPR screening with
hPSC differentiation technologies opens up unprecedented opportunities to systematically examine gene
function in different human cell types and identify mechanisms and therapeutic targets for human diseases.
This review highlights recent progress in the development and applications of CRISPR-Cas9-based func-
tional genomics screening in hPSC-derived cell types, discusses current challenges and limitations, and out-
lines future directions for this emerging field.
INTRODUCTION

The human body is composed of hundreds of different cell types,

each performing a unique function. In recent years, tremendous

efforts have been made to characterize the gene expression

signatures of various human cell types using bulk or single-

cell/single-nucleus transcriptomics, leading to the generation

of molecular reference maps of human cells, represented by

the Human Cell Atlas (https://www.humancellatlas.org/).

Beyond gene expression, the next challenge is to systemati-

cally characterize the function of human genes in different cell

types and uncover how they regulate human biology and dis-

ease. Such studies have beenmade possible by recent develop-

ments in human pluripotent stem cell (hPSC) technology and

CRISPR-based functional genomics.

hPSC technology
hPSCs, including human embryonic stem cells (hESCs) and hu-

man induced pluripotent stem cells (hiPSCs), are characterized

by their abilities of self-renewal and differentiation. hESCs were

first isolated from human embryos by James Thomson in

1998.1 Later, the revolutionary discovery that somatic cells can

be reprogrammed into pluripotent stem cells by introducing

four Yamanaka factors — Oct4, Sox2, Klf4, and c-Myc — led

to the first generation of hiPSCs from human fibroblasts in

2007.2,3

hPSCs hold the potential to generate almost all human cell

types in vitro, providing opportunities to model normal develop-
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ment or disease states of human cell types that are otherwise

inaccessible, such as various types of brain cells. Numerous ef-

forts have been made to develop hPSC differentiation methods.

To date, many human cell types can be derived from hPSCs,

including endoderm cells (e.g., hepatocytes, pancreatic cells,

lung, and intestinal epithelial cells), mesoderm cells (e.g., cardi-

omyocytes, vascular, and hematopoietic cells), and ectoderm

cells (e.g., neurons and astrocytes)4,5 (Figure 1). hPSCs can

also be differentiated into 3D organoids, such as brain organo-

ids, kidney organoids, and lung organoids4,5 These organoid

models can more reliably mimic the architecture, functionality,

and cellular heterogeneity of the organ or tissue of interest,

providing amore physiologically relevant setting than 2Dmodels

for studying complex biological processes (such as tissue devel-

opment) and disease mechanisms.

The rapid evolution of hPSC technology has opened up a new

era for disease modeling and drug discovery. For example,

hiPSCs can be derived from patients and differentiated into dis-

ease-relevant cell types. These cellular models derived from

patient hiPSCs have been proven to recapitulate major patho-

logical phenotypes of the disease seen in clinical samples.4,5

For example, iPSC-derived neurons from patients with familial

or sporadic Alzheimer’s disease (AD) exhibit pathological hall-

marks of AD such as enlarged early endosomes, increased

amyloid-b, and phosphorylated tau.6,7 iPSC-derived cardiacmy-

ocytes from patients carrying pathogenic mutations of long-QT

syndrome, a cardiac electrophysiologic disorder, recapitulate

the electrophysiological features of the disorder.8 For more
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Figure 1. CRISPR-based functional genomics screening in hPSC-derived cell models

hESCs derived from the inner cell mass of human blastocysts or hiPSCs derived from human somatic cells are engineered to express the CRISPR machinery—

CRISPRn for gene knockout, CRISPRi for gene repression, or CRISPRa for gene activation—by lentiviral infection or homologous recombination-based gene

integration into the safe-harbor locus. Typically, the hPSCs are then transduced with a sgRNA library and differentiated into the cell type of interest. Instead of

transducing at the hPSC stage, the sgRNA library can also be delivered after differentiation. According to the phenotype of interest, different screening strategies

can be employed, including survival/proliferation-based and FACS/MACS-based screens for one-dimensional phenotypes and single-cell-transcriptomics-

based and imaging-based screens for complex phenotypes. TSS, transcriptional start site.
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detailed discussions of the applications of hPSC technology in

disease modeling and drug discovery, see reviews by Shi

et al.4 and Rowe et al.5

CRISPR-based functional genomics screening
Large-scale functional genomics screening is a powerful

approach to systematically probe gene function. Its implementa-

tion in human cells has been substantially facilitated by the

advent of new CRISPR-based technologies. Adapted from a

bacterial innate immune system, CRISPR-Cas9 and its
2 Cell Genomics 3, 100300, May 10, 2023
derivatives are robust and versatile tools for gene editing and

manipulation in human cells.9 Attributed to the programmable

and multiplexable nature of CRISPR-based technologies, they

have been widely applied to introduce massively parallel genetic

perturbations in large-scale functional genomics screens.10–12

Currently, three types of CRISPR-based perturbations are

commonly used in such screens (as shown in Figure 1): (1)

CRISPR knockout (CRISPRn), which utilizes the Cas9 nuclease

to disrupt a target gene by introducing frameshift indels, (2)

CRISPR interference (CRISPRi), which utilizes a catalytically
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dead Cas9 (dCas9) fused with a transcriptional repressor

domain to silence the transcription of a target gene, and (3)

CRISPR activation (CRISPRa), which utilizes dCas9 fused with

transcriptional activator domains to activate the transcription

of a target gene. Compared with CRISPRn, CRISPRi does not

induce DNA double-strand breaks and thus is less toxic to cells

that are sensitive to DNA damage, such as hPSCs.13

Different screening strategies can be employed depending on

phenotypes of interest10–12 (Figure 1). For example, survival/pro-

liferation-based screens can be used to identify essential genes

and genes that modify the sensitivity of cells to a certain insult,

such as drug treatment. Fluorescence-activated cell sorting

(FACS)-based screens can be used to identify regulators of

cellular phenotypes that can be reflected by fluorescent signals,

such as fluorescent dyes, genetically encoded fluorescent re-

porters, or fluorescent antibodies. Phenotypes focusing on the

levels of cell surface protein of interest can be screened using

magnetic-activated cell sorting (MACS). Additionally, when com-

bined with other high-dimensional profiling technologies,

CRISPR-based screens can be used for more complex pheno-

types.14 For example, CROP-seq, or other similar technologies

such as Perturb-seq and CRISP-seq, combines CRISPR

screening with single-cell RNA sequencing, allowing screens us-

ing transcriptomic changes as readout.11,14 The integration with

high-content imaging enables CRISPR-based screens for other

complex phenotypes, such as cell morphology, protein localiza-

tion, and cell-cell interaction.11,14

This review focuses on the specific applications of CRISPR-

based functional genomics screening in hPSC-derived models.

For more general discussions on CRISPR-based genetic manip-

ulation tools and screening methods, please refer to other recent

reviews.10–12,14

CRISPR-BASED SCREENS IN hPSC-DERIVED CELL
TYPES

While previous CRISPR-based screens were performed mainly

in cancer or immortalized cell lines, as well as in stem cells,11

recent efforts in combining CRISPR technologywith hPSCdiffer-

entiation methods have enabled such screens in various types of

differentiated human cells. We summarize the CRISPR-based

screens that have been carried out in hPSC-derived cell types

so far, as listed in Table 1 and discussed in the sections below.

Survival/proliferation-based screens
Cell survival or proliferation is the simplest and most scalable

readout for a pooled CRISPR screen, and it is also directly rele-

vant to many human diseases. For example, neurodegenerative

diseases, such as AD, are characterized by progressive neuronal

loss in patients. In order to identify genes regulating human

neuronal survival, Tian et al. developed a CRISPRi/a-based

screening platform in hiPSC-derived neurons.17,20 In this sys-

tem, hiPSCs were engineered to stably express the CRISPRi or

CRISPRa machinery as well as an inducible expression cassette

for NGN2, a transcription factor that can drive neuronal differen-

tiation when overexpressed.28 Using this platform, Tian et al.

performed the first genome-wide CRISPRi and CRISPRa-based

survival screens in human neurons and identified neuronal-spe-
cific essential genes.17,20 As neurons are particularly vulnerable

to oxidative stress in aging and neurodegenerative diseases,

Tian et al. also conducted a genome-wide CRISPRi screen in

hiPSC-derived neurons under chronic oxidative stress and iden-

tified the selenoprotein GPX4, a master suppressor of ferropto-

sis, and the genes PSTK, SEPHS2, and SEPSECS, responsible

for selenoprotein synthesis, as top essential genes for neurons

to survive under oxidative stress.20

Survival/proliferation-based screens have been used to iden-

tify modifiers and potential therapeutic targets for human dis-

eases. In the context of frontotemporal dementia (FTD) and

amyotrophic lateral sclerosis (ALS), Guo et al. performed a ki-

nome-wide CRISPRn screen in hiPSC-derived cortical neurons

to identify modifiers of polyPR toxicity associated with repeat

expansion in C9ORF72, which is a major genetic cause of ALS

and FTD.24 From the screen, NEK6 was identified and validated

as a key regulator and a potential therapeutic target.24

Survival/proliferation-based screens have also been used to

study viral infection. Li et al. conducted a genome-wide sur-

vival-based CRISPRn screen in hPSC-derived neural progenitor

cells to uncover host factors mediating the toxicity of Zika virus

infection.16 Among the top hits were genes involved in endocy-

tosis and interferon signaling.16

Compared to 2D cell cultures, 3D organoids can more reliably

model in vivo cell environments.29 In 2020, Esk et al. conducted a

CRISPRn screen in hESC-derived cerebral organoids using a

focused sgRNA library targeting 173 microcephaly candidate

genes to find regulators for cerebral organoid growth.18 In order

to improve screening quality in organoids, they developed a new

method termed CRISPR-LICHT, which uses barcoded sgRNAs,

enabling lineage tracing to control for inherent variability in cell

growth of heterogeneous populations in the organoids.18 From

the screen, they identified that IER3IP1, a regulator of ER func-

tion and extracellular matrix protein secretion, is crucial for tissue

integrity and brain-size control.18

In addition to the nervous system, survival/proliferation-based

screens have also been performed in cell types from other sys-

tems. For example, Sapp et al. conducted a genome-wide

CRISPRn screen in hiPSC-derived cardiomyocytes to investi-

gate the mechanism of doxorubicin-induced cardiotoxicity.21

Two transporters—SLCO1A2 and SLCO1B3—were identified

as important modulators of this process.

Proliferation-based screens have also been done in 3D orga-

noid models to study tissue development. For example, Ungricht

et al. performed a genome-wide CRISPRn screen in hiPSC-

derived kidney organoids to uncover proliferation regulators of

different lineages during kidney development.27 In this study, lon-

gitudinal sampling and FACS sorting were used to determine

sgRNAenrichment in different types of kidney cells at different dif-

ferentiation stages of kidney organoids.27 A large dataset of

genes regulating kidney development, including those associated

with human kidney diseases, was generated from the screen.27

FACS/MACS-based screens
The application of FACS andMACS greatly expands the range of

phenotypes that can be screened by CRISPR-based functional

genomics. FACS- or MACS-based screens can be used for

any phenotypes that can be monitored by fluorescent signals
Cell Genomics 3, 100300, May 10, 2023 3



Table 1. Current studies using CRISPR-based screens in hPSC-derived cells

Year Stem cell type Differentiated cell type CRISPR type Screening strategy Phenotype Library size Reference

2018 hiPSC hepatocyte-like cell CRISPRn FACS hepatocytic differentiation genome-wide Li et al.15

2019 hiPSC & hESC neural progenitor CRISPRn survival cytotoxicity of Zika

virus infection

genome-wide Li et al.16

2019 hiPSC glutamatergic

neuron

CRISPRi survival neuronal survival CRISPRi-v2 H1 library

(�2,000 genes encoding

kinases, phosphatases,

and drug targets)

Tian et al.17

single-cell

transcriptomics

transcriptome changes

in response to

gene knockdown

27 hit genes

imaging neurite morphology 23 hit genes

2020 hESC cerebral organoid CRISPRn proliferation cerebral organoid growth 172 microcephaly

candidate genes

Esk et al.18

2020 hESC cardiac mesoderm

and progenitor

CRISPRn FACS formation of cardiac

mesoderm and progenitors

(MSP1 and ISL1 staining)

�6,000 genes Xu et al.19

2021 hiPSC glutamatergic

neuron

CRISPRi/a survival neuronal survival under

normal and oxidative

stress conditions

genome-wide

(hCRISPRi/a-v2 library)

Tian et al.20

FACS levels of ROS and

lipid peroxidation

genome-wide & a

focused library

against 730 hit genes

single-cell

transcriptomics

transcriptome changes

in response to gene

knockdown

184 hit genes for

CRISPRi and 100

hit genes for CRISPRa

2021 hiPSC cardiomyocyte CRISPRn survival doxorubicin-induced

cardiotoxicity

genome-wide Sapp et al.21

2022 hiPSC neural stem cell CRISPRi proliferation;

FACS

cell proliferation during

neuronal induction;

neural differentiation

(PAX6 staining)

genome-wide libraries

against coding and

lncRNA genes

Wu et al.22

single-cell

transcriptomics

screens

transcriptome changes

in response to gene

knockdown

240 targets (120

coding genes and

120 lncRNA genes)

2022 hiPSC human subpallial

organoid

CRISPRn FACS interneuron differentiation 425 neurodevelopmental

disorder related genes

Meng et al.23

human forebrain

assembloid

interneuron migration

2022 hiPSC cortical neuron CRISPRn survival cytotoxicity of PR20

dipeptide repeats

kinome-wide

(736 kinases)

Guo et al.24

(Continued on next page)
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Table 1. Continued

Year Stem cell type Differentiated cell type CRISPR type Screening strategy Phenotype Library size Reference

2022 hiPSC astrocyte CRISPRi FACS inflammatory reactivity

of astrocytes (synaptosome

phagocytosis; cell-surface

VCAM1 levels)

human transcription

factors and druggable

genome (～4,000 targets)

Leng et al.25

single-cell

transcriptomics

transcriptome changes

in response to gene

knockdown

30 hit genes

2022 hiPSC microglia CRISPRi/a survival/proliferation microglia survival

and proliferation

CRISPRi-v2 H1

library (�2,000 genes

encoding kinases,

phosphatases, and

drug targets)

Dräger et al.26

FACS microglia activation

(CD38 staining)

microglia phagocytosis

of pHrodo-Red-labeled

synaptosomes

single-cell

transcriptomics

transcriptome changes

in response to gene

knockdown

39 hit genes

2022 hiPSC kidney organoid CRISPRn proliferation kidney development

and cell proliferation

genome-wide Ungricht et al.27

This table summarizes current studies using CRISPR-based screens in hPSC-derived cells. CRISPRn, CRISPR knockout; CRISPRi, CRISPR interference; CRISPRa, CRISPR activation; hPSC,

human pluripotent stem cell; hESC, human embryonic stem cell; hiPSC, human induced pluripotent stem cell; FACS, fluorescence-activated cell sorting.
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via flow cytometry or distinguished by the expression of specific

cell surface proteins via antibody-conjugated magnetic beads,

respectively.11

FACS/MACS-based screens have been used to identify genes

driving cell fate determination. Li et al. performed a genome-

wide CRISPRn screen to identify regulators of hepatic differenti-

ation.15 This study established a reporter hiPSC line by tagging

the endogenous hepatocyte marker ALB with a fluorescent pro-

tein, Venus. After inducing the differentiation of the reporter cells

toward hepatocyte-like cells (HLCs), a FACS-based screen on

Venus intensity was performed. From the screen, they identified

and validated HDAC3 as a master regulator of hepatic differen-

tiation.15 In another study, Xu et al. performed FACS-based

CRISPRn screens focusing on the generation of cardiac meso-

derm and progenitors, using immunofluorescence staining

against cardiac mesoderm marker MESP1 and cardiac progen-

itor marker ISL1 as readouts.19 The screens identified ZIC2 as a

necessary factor for cardiac progenitor formation.19

In addition to protein-coding genes, non-coding RNAs, espe-

cially lncRNAs, play important roles in various cellular processes.

Previously, a CRISPRi-based screening platform has been es-

tablished to investigate lncRNA function in hiPSCs and cancer

cell lines.30 In a recent study by Wu et al., dual genome-wide

screens against all coding and lncRNA genes in the human

genome were performed to identify regulators of neural induc-

tion, using immunostaining against the canonical neural stem

cell marker PAX6 as a readout.22 The screens identified several

coding and lncRNA hits that modulate neural differentiation.22

3D organoids provide a more physiological environment for

cell differentiation.29 Multiple organoids representing different

tissue types or regions can be further assembled into assem-

bloids.29 In a recent study, Meng et al. developed a CRISPR-

based screening strategy in human brain assembloids.23 Using

an interneuron reporter, Dlxi1/2beGFP, they conducted FACS-

based CRISPRn screens in hiPSC-derived human subpallial or-

ganoids (hSO) and human forebrain assembloids (hFA), which

were generated by the integration of hSOwith human cortical or-

ganoids (hCO), for regulators of interneuron generation and

migration, respectively. From a sgRNA library targeting 425

genes associated with autism spectrum disorder and other

neurodevelopmental disorders, they identified genes affecting

human interneuron differentiation, including the RNA-binding

protein CSDE1 and the activator of TGFb signaling SMAD4,

and genes affecting interneuron migration, including cytoskel-

eton genes and the endoplasmic reticulum (ER)-related gene

LNPK.23 They also demonstrated an interesting role of ER

displacement in interneuron migration.23

FACS/MACS-based screens are also potent at identifying

genes regulating cellular homeostasis and response to stimuli.

Using a fluorescent dye for reactive oxygen species (ROS),

Tian et al. performed a genome-wide FACS-based CRISPRi

screen in hiPSC-derived neurons focusing on neuronal redox ho-

meostasis.20 The lysosomal gene PSAP, which is associated

with PD, was identified as a top hit for ROS level regulation in hu-

man neurons. Follow-up mechanistic investigations uncovered

that loss of PSAP impairs sphingolipid degradation in the lyso-

some, leading to the formation of lipofuscins, which trap iron,

generating ROS and triggering neuronal ferroptosis.20
6 Cell Genomics 3, 100300, May 10, 2023
Glial cells, including microglia and astrocytes, play critical

roles in supporting neurons and maintaining homeostasis in

brain development and brain function. They are sensitive to envi-

ronmental stimuli and can change their cellular status in

response. Activation of glial cells is considered a major driver

for many neurological diseases, such as AD. To understand

the mechanism underlying microglia activation, Dräger et al.

developed a novel microglia differentiation method based on

the overexpression of 6 transcription factors in hiPSCs and es-

tablished a CRISPRi/a screening platform in these cells.26

FACS-based screens were conducted to identify regulators for

microglia activation and phagocytosis using CD38 immunofluo-

rescent staining and uptake of pHrodo-Red-labeled syna-

ptosomes as readouts, respectively.26 Similarly, Leng et al.

established a CRISPRi screening platform in hiPSC-derived as-

trocytes and used it to investigate astrocyte reactivity induced by

inflammatory cytokines. FACS-based screens were performed

focusing on phagocytosis as measured by the uptake of

pHrodo-labeled synaptosomes and cell-surface levels of

VCAM1 as measured by immunofluorescent staining.25

Screens on complex phenotypes
Coupling CRISPR-based screening with high-dimensional

profiling technologies has enabled functional genomics screens

on more complex phenotypes in hPSC-derived cell types. Two

major technologies for complex phenotype screens are single-

cell transcriptomics-based screening and imaging-based

screening, which are developed for transcriptomic and optical

phenotypes, respectively.

Empowered by high-throughput single-cell transcriptomics,

single-cell transcriptomics-based screening (as is represented

by CROP-seq) can reveal gene expression changes in cells in

response to a large number of genetic perturbations in parallel

at single-cell resolution. For example, Tian et al. performed

CROP-seq as secondary screens to characterize transcriptome

changes in hiPSCs and hiPSC-derived neurons in response to

the knockdown of 27 hit genes identified from the primary sur-

vival/proliferation screens.17 They uncovered striking neuron-

specific responses to several gene knockdowns, such as that

of MAT2A. Dräger et al. performed CROP-seq in hiPSC-derived

microglia for 39 hit genes selected from their primary screens on

microglia survival and activation. They uncovered genes whose

knockdown could change microglia cell states.17 Leng et al.

used CROP-seq to characterize the effect of knocking down

30 selected genes on the inflammatory reactivity of hiPSC-

derived astrocytes.25

Methods for imaging-based screening in pooled or arrayed

formats have been developed for rich phenotypes such as

cellular structure morphology, organelle dynamics, and pro-

tein/RNA localization.11 Tian et al. performed a longitudinal ar-

rayed imaging screen in hiPSC-derived neurons on neuronal

morphology and uncovered genes whose knockdown could

affect neurite length and branching.17

CURRENT CHALLENGES AND FUTURE DIRECTIONS

While the technology for utilizing CRISPR-based functional ge-

nomics screening in hPSC-derived models shows great
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promise, it is still in an early stage and requires further develop-

ment. In the following sections, we highlight some of the current

challenges, point out several considerations when conducting

such screens, and outline several directions for future research.

hPSC differentiation
Although hPSCs have the potential to be differentiated into

almost all cell types in three germ layers, only a few of them

(mostly brain cell types) have been used in CRISPR-based

screens so far, as summarized above. This is in part because

of the limitation of the current hPSC differentiation methods,

which only allow for the robust generation of a limited number

of cell types, such as neurons and cardiomyocytes. A successful

CRISPR-based screen relies on a homogeneous starting cell

population and sufficient sgRNA coverage (typically 100–1,000

cells per sgRNA) for ensuring screening quality and reproduc-

ibility. However, the existing differentiation methods for some

cell types suffer from low efficiency, high variability between

batches, high heterogeneity within differentiated cells, and high

reagent and labor costs, thus limiting the applications of these

cell types in large-scale CRISPR screens.

Another challenge in using hPSC-derived cell models is the

maturity of differentiated cells. The majority of current hPSC dif-

ferentiation protocols produce immature/fetal-like cells. This

property is suitable for studying early tissue development and

cell-fate specification, as exemplified by some of the above-

mentioned studies.15,18,19,22,23,27 However, it limits the applica-

tions of hPSC-derived models in screens for phenotypes that

require mature or aged cells, such as phenotypes involved in

degenerative diseases.

To address these challenges, new hPSC differentiation

methods that can robustly generate new cell types and matured

or aged cells in a cost-efficient way need to be developed. One

attractive approach would be to identify single or combinations

of transcription factors (TFs) that can drive hPSC differentiation

into specific cell types or accelerate the maturation of hPSC-

derived cells. Compared with chemical-based differentiation

methods, TF-based differentiation methods have advantages,

including shorter differentiation periods and higher homogenei-

ty,31 and thus may be preferred for large-scale genetic screens.

CRISPR-based technologies and functional genomics
screening methods
A technical consideration when conducting CRISPR screens in

hPSC-derived cells is the timing of sgRNA library delivery—

whether at the hPSC stage or after differentiation. Since hPSCs

are typically more efficient for transduction by lentivirus and

easier to expand to sufficient quantities than differentiated cells,

it is more common to deliver an sgRNA library at the hPSC stage.

However, one potential caveat of doing so is that some genetic

perturbations in hPSCs may interfere with differentiation, thus

confounding the screening results. To overcome this challenge,

inducible CRISPR systems can be used to allow gene perturba-

tion to be initiated only at the desired stage, as has been applied

in many above-mentioned studies.17,18,20,26,27,30 Further optimi-

zation of the inducible CRISPR tools to reduce their leakiness

and improve their efficiencies is an important direction for future

research.
While existing screens in hPSC-derived cells utilize CRISPRn/

i/a to generate genetic perturbations, the introduction of other

CRISPR-based tools would unlock new screening strategies.

For example, base editing and prime editing, which introduce

single-nucleotide variants (SNVs) into the genome, could be

used for large-scale screens in hPSC-derived cells to directly

evaluate the effect of disease-associated genetic variants in

relevant cell types.32–34

In addition, many exciting new screening methods have

recently been developed for screens on complex phenotypes

in cell lines, which can be readily applied to hPSC-derived

models. For example, pooled optical screening, which applies

imaging-based screening in a pooled format, offers unprece-

dented opportunities to assess the effect of gene perturbation

on rich imaging phenotypes in high spatial resolution and at large

scale.14

Currently, single-cell-RNA-sequencing-based screens are

mainly used as secondary screens for relatively small sets of

genes selected from primary screens. As the expenses for library

preparation and sequencing continue to decline rapidly, it will

become feasible to conduct larger-scale, even genome-wide,

single-cell-RNA-sequencing-based screens in hPSC-derived

models. Moreover, fueled by the development of single-cell

multi-omics technologies, CRISPR screens could be coupled

with multiplexed single-cell readouts, including transcriptome,

epigenome, and proteome, providing comprehensive molecular

characterizations of gene perturbations.

CRISPR-based screens in hiPSC-derived disease
models
While existing CRISPR-based screens in hiPSC-derived cells

mainly used hiPSCs from healthy donors, an attractive applica-

tion of this system is to perform parallel modifier screens on

disease-relevant phenotypes in cell models derived from both

healthy donors and patients, including those with disease-

associated genetic variants. Comparison of hits from these

screens could reveal disease mechanisms and potential thera-

peutic targets. However, one challenge for such screens is the

intrinsic variability between different donors, which may signif-

icantly reduce the accuracy of the screens. One way to over-

come this challenge is to use isogenic controls, which can be

generated either by correcting the pathogenic mutations in pa-

tient-derived iPSC lines or by introducing disease mutations

into a ‘‘wild-type’’ iPSC line using CRISPR-based gene editing.

One example of the latter approach is the hiPSC Neurodegen-

erative Disease Initiative (iNDI) project, which aims to generate

and characterize isogenic iPSC lines for more than 100 genetic

variants associated with Alzheimer’s disease and related

dementias.35

Toward building comprehensive gene function maps for
human cells
It is expected that, with the advances in both hPSC differentia-

tion methods and CRISPR-based screening technology, a

growing number of large-scale functional genomics screens

will be carried out in a variety of human cell types on a range

of cellular phenotypes, ultimately moving toward building

comprehensive gene function maps for all human cells.
Cell Genomics 3, 100300, May 10, 2023 7
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Data portals for sharing and visualizing these screening data

will be of great value to the scientific community. As an example,

the CRISPRbrain Data Commons20 (http://crisprbrain.org/) has

been established as an open-access platform for depositing,

visualizing, and exploring functional genomics screens in differ-

entiated human cell types. These data portals will complement

others, such as the Human Cell Atlas, which focuses on gene

expression signatures in different human cell types, and the Can-

cer Dependency Map (https://depmap.org/portal/), which fo-

cuses on genetic screens in cancer cell lines.

To enhance reproducibility and facilitate data integration of

screens performed in hPSC-derived models, reference hPSC

lines and standardized differentiation protocols could be estab-

lished and shared in the scientific community via stem cell bio-

banks and open-source platforms. For example, the Allen Cell

Collection (https://www.allencell.org/cell-catalog.html) offers

various fluorescently tagged hiPSC lines as well as CRISPRi

hiPSC lines that are generated from the same parental WTC-

11 line, while the iNDI project uses the KOLF2.1J line as the

parental cell line for generating isogenic hiPSC lines carrying

different disease-related variants, which are available through

the Jackson Laboratory (https://www.jax.org/jax-mice-and-

services/ipsc).35 In addition, given the potential high variability

and heterogeneity in the outcomes of hPSC differentiation, it is

recommended to include technical and biological replicates

(e.g. different batches of differentiation or different genetic back-

grounds of hPSC lines) in the screens to ensure data rigor and

reproducibility.

Conclusions
The integration of CRISPR-based functional genomics screening

with hPSC differentiation technology opens up new opportu-

nities to unravel gene function in diverse human cell types and

identify mechanisms and therapeutic targets for human diseases

in more physiologically relevant contexts. Given the rapid devel-

opment of CRISPR technology and stem cell technology, this

field will continue to evolve and advance our understanding of

human physiology and disease.
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