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Library format

I. Pooled library: cell growth competition (essential genes, synthetic

lethality, selective pressure, cell sorting based phenotype)

II. Arrayed library: cell morphology, protein translocation within cells, low-

level analytes

Editing methods

I. CRISPR-Cas9 KO screen

II. CRISPR-Cas9 activation/inhibition screen

CRISPR screen



Workflow for screening using CRISPR/Cas9 in pooled versus arrayed approaches

Agrotis & Ketteler, 2015



• Human KBM7 CML cell line (near haploid) and HL60 (pseudo-diploid)
• 73151sgRNAs/7114 human genes
• 6-thioguianine (6-TG), mismatch repair (MMR) – positive selection; 
• Etoposide, poisons DNA topoisomerase IIA - positive selection;
• Essential gene for cell proliferation – negative selection

2014



• Human melanoma cell line A375 and 
human stem cell line HUES62

• 64751sgRNAs/18080 human genes
• Essential genes
• BRAF protein kinase inhibitor 

vemurafenib (PLX).

2014



• Mouse ESC cell line stably express Cas9
• 87897sgRNAs/19150 mouse genes
• Essential genes for ESC proliferation (Nanog, Pou5f1) -depleted
• Alpha-toxin and 6-thiouanine: 27 known genes and 4 novel hits (4 out 

of 7 alpha-toxin hits, 0 out of 3 6-TG hits).

2014



2018

~20500 human genes

Human myelogenous leukemia cell line



215 modifier for PR20
(387 modifier for GR20)

KO (GFP+) + wt (GFP-) cells coculture
Percentage of GFP+ cells

CRISPR KO screen on K562 cells



CRISPR KO screen on K562 cells



CRISPR KO screen on primary neurons (200 top hits)



Uptake/trafficking vs. cell toxicity after entry
• Rab7: intracellular transport of PR20 is important for the DPR toxicity
• Tmx2: ER resident transmembrane thioredoxin protein. ER stress is 

involved in DPR induced cell death. 

CRISPR KO screen on primary neurons (200 top hits)



Validation of 2 strongest hits



Validation of 2 strongest hits



• PARK2-endoGFP-PARKIN
• PARK2 sgRNA -> GFP?
• GFP signal correlates with PARKIN expression level
• PARKIN expression level correlates with the pUb accumulation and mitophage



~18360 human genes

CRISPR KO screen on endoGFP-PARKIN cells



• 53 positive and negative regulators of GFP-PARKIN expression

CRISPR KO screen on endoGFP-PARKIN cells



Validation of the top 24 hits



THAP11 is a regulator of PARKIN expression and pUb level



THAP11 is a regulator of PARKIN expression and pUb level



 PrPSc induced cell phenotype screen?

 PrPC expression screen?

 Good cell model

 Robust readout

Relevance to our work



Library format

I. Pooled library: cell growth competition (essential genes, synthetic

lethality, selective pressure, cell sorting based phenotype)

II. Arrayed library: cell morphology, protein translocation within cells,

low-level analytes

Editing methods

I. CRISPR-Cas9 KO screen

II. CRISPR-Cas9 activation/inhibition screen

CRISPR screen



• HCT-116 (human colon cancer cell line) stably express Cas9
• 640 ubiquitin-related genes, 4crRNA per gene vs. 4 siRNA per gene
• 1 crRNA or 1 siRNA per well
• 384-well plates
• 96-hours
• Image-based readout: nuclei numbers and area

2016



crRNA and siRNA screen



crRNA and siRNA screen





CRISPR KO of TFRC

Hela



• 2281 sgRNA/1457 genes

• Arrayed in 384-well plates

• Transient transfection

• Stain DNA and mAb414, monoclonal Ab against phenylalanine –glycine 

repeats which presents in several subunits of nuclear pore complex (NPC)

• Image 4000 cells per well, shape and size of the cells, fluorescence intensity 

and texture of subregions of every cells

CRISPR library and screen



• T(+): transfected
• T(-): nontransfected
• PV: predicted value

Gene perturbation characterization



Gene perturbation characterization



Arrayed CRISPR library screen

86 features of cellular morphology and 
intensity and texture of the total protein 
stain
 49 perturbations

118 features of the mAb414 staining 
pattern
 9 perturbations targeting NPC



coxsackievirus B3 (CVB3)



CSDE1 and ACBD3 are required for CVB3 infection



Pooled vs. Arrayed CRISPR library

• Pooled CRISPR library: relatively easy to perform, cheap, sgRNA can

be used barcode, different sgRNA targeting same gene can be cross-

validating; need NGS for readout, require strong selection

• Arrayed CRISPR library: used for more subtle phenotype, compatible

to siRNA screen platform; more expensive, heterogeneity,

sophisticated data analysis

• Depends on the biological questions to be asked, choose an

appropriate library format!



Joung et al, 2017



Joung et al, 2017



2018



https://www.biorxiv.org/content/biorxiv/early/2018/07/02/356626.full.pdf

https://www.biorxiv.org/content/biorxiv/early/2018/07/02/356626.full.pdf


CRISPR libraries available from Addgene



Thank you!


	Recent advances in CRISPR-Cas9 based genome-wide screen
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39

