
ICGEB-TRAIN Workshop, Bled, Slovenia | May 2019

Exploring high-content screening as a 

functional genomics tool in biomedicine



Terstappen et al., Nature Reviews Drug Discovery 2007

Drug discovery and development

Roses, Nature Reviews Drug Discovery 2008



Functional genomics

Application of global (genome-wide or system-wide) 

experimental approaches to assess gene function



Genome Sequencing



The Human Genome at 18 | Feb.2001-Feb.2019



haploid genome, font size 5



23 chromosome pairs

~ 6 500 000 000 base pairs

2-3 meters in lenght

~ 20 000 protein coding genes

< 2% genome encodes proteins

The Human Genome in numbers



Genome Sequencing

FUNCTIONAL data is as important as

GENOME SEQUENCING data!



Functional genomics

Application of global (genome-wide or system-wide) 

experimental approaches to assess gene function

How can we study gene function?



Expression analysis

Expression analysis vs functional screening

Functional screening



• DNA/RNA sequencing

(mRNA, ncRNAs)

• Proteomics

(proteins)

• Lipidomics

(lipids)

• …omics

Expression analysis

Expression analysis vs. functional/phenotypic screening

• Gene silencing 

(RNAi)

• Gene overexpression

(expression libraries)

• Gene knockout

(CRISPR)

• miRNA modulation

Functional screening



Phenotypic Screening in Functional Genomics



Phenotypic Screening in Functional Genomics

siRNAs

microRNA mimics

microRNA inhibitors



Phenotypic Screening in Functional Genomics

a
d
a
p
te

d
fr

o
m

 S
h
a
le

m
e
t 
a
l.
, 

N
a
tu

re
 R

e
v
ie

w
s

G
e
n
e
ti
c
s
 2

0
1
5



RNA interference
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Homogeneous assays vs. Microscopy-based readouts

PROS

CONS

original image

analysis



High-Content Screening: getting the whole picture



Automated image analysis

Hoechst Salmonella Typhimurium CellMask



Automated image analysis



Automated image analysis



Hoechst CellMask EGFP

Nucleus Cell membrane BacteriaCytoplasm Cells Infected cells

Merge

Automated image analysis



Hoechst CellMask EGFP

Nucleus Cell membrane BacteriaCytoplasm Cells Infected cells

Merge

Automated image analysis



• Fully automated state-of-the-art high-throughput/high-content screening

platform for functional screenings in human and mouse cellular models

(BSL2 environment)

• Libraries:
human genome-wide siRNA (18,175 gene targets; 4 siRNAs + pools)

mouse genome-wide siRNA (16,872 gene targets; 4 siRNAs + pools)

human microRNA mimics (miRBase v21; 2,588 mature sequences)

human microRNA inhibitors (miRBase v21; 2,588 mature sequences)

FDA approved drugs (640 chemical compounds)

• Technologies:
High-throughput screening

High-content microscopy screening

Live-cell microscopy screening

Functional Genomics and 

RNA-based Therapeutics laboratory

CNC/UC-Biotech | University of Coimbra, Portugal



6-well 96-well 384-well 1536-well

Well area (cm2)

Number cells

Working volume

9.5

1x106

2-3ml

0.3

3x104

100-200μl

0.06

8x103

25-50μl

0.02

2x103

5-10μl

Assay complexity

Throughput

1.5mm

Miniaturization: costs and benefits





Functional genomics screening as a tool for the

development of novel therapeutics

Library-based

functional screenings

Alternative models

Cell lines

Primary cells

Mechanism of action

Biological therapeutics



Functional screening identifies miRNAs inducing cardiac regeneration. Nature (2012) 

492:376

Id genes are essential for early heart formation. Genes and Development (2017) 31:1325

Metabolic control of YAP and TAZ by the mevalonate pathway. Nature Cell Biology (2014) 

16:357

Glucocorticoid receptor signalling activates YAP in breast cancer. Nature Communications 

(2017) 8:14073

High-throughput screening uncovers miRNAs enhancing glioblastoma cell susceptibility 

to tyrosine kinase inhibitors. Human Molecular Genetics (2017) 26:4375-4387

Mechanical cues control mutant p53 stability through a Mevalonate/RhoA axis. Nature 

Cell Biology (2018) 20:28-35

Sterol Regulatory Element Binding Protein 1 couples mechanical cues and lipid 

metabolism. Nature Communications (2019) 10:1326

Functional high-throughput screening identifies the miR-15 microRNA family as

cellular restriction factors for Salmonella infection. Nature Communications (2014)

5:4718

Genome-wide RNAi screening identifies host restriction factors critical for in vivo

AAV transduction. PNAS (2015) 112:11276

Analysis of host microRNA function in Shigella infection reveals a role for miR-

29b-2-5p in bacterial capture by filopodia. PLOS Pathogens (2017) 13:e1006327

Cellular TRIM33 restrains HIV-1 infection by targeting viral integrase for

proteasomal degradation. Nature Communications (2019) 10:926

Functional screening: examples of applications



High-Content Screening

How high is high?



Homogeneous assays vs. Microscopy-based readouts

PROS

CONS

original image

analysis



“… although the number of HCS experiments published each year

continues to grow steadily, the information content lags behind. We

find that a majority of high-content screens published so far

(60−80%) made use of only one or two image-based features

measured from each sample and disregarded the distribution of

those features among each cell population.”

Singh et al., Journal of Biomolecular Screening (2014)

High-content screening… really?



• Global profiling of (genetic, chemical) perturbations based on

multiparametric analysis of cell morphology

• Typically involves multiplexed labeling (fluorescent dyes, antibodies)

of subcellular structures/organelles

Image-based cell profiling
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Cell Painting

• 6 fluorescent dyes (no antibodies)

• 8 subcellular structures/organelles

• 5 channels

• ~1,500 morphological measurements (features) per cell

Caicedo et al., Current Opinion in Biotechnology (2016)

Bray et al., Nature Protocols (2016)



High-throughput multiplexed protein readouts
iteractive indirect immunofluorescence imaging

40 off-the-shelf antibodies (20 cycles); ~4h per cycle

G
u
t
e
t 
a
l.
, 
S

c
ie

n
c
e
 (

2
0
1
8
)



GENOME-WIDE siRNA SCREENING

Identification of host cell factors

controlling transduction of vectors

based on Adeno-Associated Virus (AAV)



•

•

•

•

•

•

Adeno-Associated Virus (AAV) vectors

Brain Retina

Skeletal muscle Heart



• Identify host cell factors controlling transduction by AAV

vectors

• Improve current knowledge of the intracellular processing 

of AAV vectors

• Improve AAV as vectors for gene therapy

Broaden the cell/tissue tropism of AAV vectors

Increase efficiency of AAV vectors

Decrease AAV vector dosage

Genome-wide siRNA screening for AAV transduction

Main Goals



Genome-wide siRNA screening for AAV transduction

Experimental Workflow



18,120 GENE TARGETS

Genome-wide siRNA screening for AAV transduction

Cell cycle

Cellular growth and proliferation

DNA replication, recombination & repair

Gene expression

Cell Signaling

1,483 genes affect AAV transduction 

by more than 4-fold (up to 50-fold change)

178 genes by more than 8-fold



Secondary screening – Refinement for AAV-specific targets

4 fields per well, 10x magnification, average 1,500 cells analyzed per well



Secondary screening – ɣH2AX foci

9 fields per well, 20x magnification



DNA Damage Response – Top 10 gene targets



Effect of siRNAs on AAV transduction in vivo (liver)

Mano et al., PNAS (2015) 112:11276



microRNA SCREENING

microRNAs controlling

infection by bacterial pathogens



adapted from Gebert & MacRae. 2018. Nat Rev Mol Cell Biol.

MicroRNAs are genome-encoded (20-22nt) non-coding RNAs that play 

a major role in the post-transcriptional regulation of gene expression

More than 2,500 human mature miRNAs currently annotated

MicroRNAs

MicroRNAs have been shown to be involved in a broad range of 

biological processes



Shigella flexneri and Salmonella Typhimurium

Among the most important bacterial pathogens causing 
food-borne diseases



Host miRNAs are major regulators of 

Salmonella and Shigella infection



High-Content Screening: analysis of bacterial infection



Salmonella and Shigella infection 

are regulated by a different set of miRNAs

Cruz, Aguilar et al., under review



miRNAs interfere with different stages 

of Salmonella and Shigella infection

Cruz, Aguilar et al., under review



Salmonella and Shigella infection 

are regulated by a different set of miRNAs

Aguilar & Cruz et al., under review 

Cruz, Aguilar et al., under review



Salmonella and Shigella infection 

are regulated by a different set of miRNAs

Aguilar & Cruz et al., under review 

Cruz, Aguilar et al., under review



miR-29b-2-5p increases both

early and late steps of Shigella infection 

control miRNA

miR-29b-2-5p

6 h time course
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miR-29b-2-5p increases both

early and late steps of Shigella infection 

control miRNA

miR-29b-2-5p

6 h time course
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miR-29b-2-5p increases both Shigella

binding to host cells and intracellular replication 



Identification of miR-29b-2-5p targets 

relevant for Shigella infection



miR-29b-2-5p increases filopodia formation and 

Shigella capture by targeting UNC5C

Sunkavalli, Aguilar et al., PLOS Pathogens (2017) 3(4):e1006327



(slides removed, video cut)



Special Issue on “MicroRNA Biogenesis, Identification, Function and Decay”

Methods (2019), 152:55-64









CRISPR/Cas9 technology

Precise genome editing and beyond



The CRISPR/Cas System

Bacterial and archea adaptive

immunity
Clustered Regularly Interspaced Short Palindromic Repeats / CRISPR-

associated proteins



CRISPR (clustered regularly 

interspaced palindromic repeats) 

Cas (CRISPR-associated proteins). 

The CRISPR/Cas System

Doudna and Charpentier, Science 2014



CRISPR (clustered regularly 

interspaced palindromic repeats) 

Cas (CRISPR-associated proteins). 

The CRISPR/Cas System

Doudna and Charpentier, Science 2014



Nuclease-induced genome editing
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CRISPR/Cas system: beyond cutting

• dCas9 maintains DNA targeting specificity, without endonuclease activity

(Cas9 with nickase activity induces single-strand DNA cuts)
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Dominguez et al., Nat Rev Mol Cell Biol (2016) 1:5-15

CRISPR/Cas system for gene regulation

CRISPRi

CRISPRa



CRISPR/Cas for disease modelling 

and large-scale screening

Fellmann et al., Nat Rev Drug Discov (2017) 16:89-100



Screening

approaches
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