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THE RESILIENCE PROJECT HAS IDENTIFIED “GENETIC
SUPERHEROES”
§ Analysis of the human genome has

identified individuals that carry severe
disease-associated mutations who are
healthy

§ A possible explanation is that these

individuals carry a second mutation that
can compensate for the disease causing
mutation, a phenomenon referred to as
suppression

§ Are there suppressor mutations for

DBA?

§ Can we find them and in this way explain

the “silent carrier” phenomenon?

Chen et al., Nature Biotechnology 2016
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BIOLOGICAL SYSTEMS ARE INCREDIBLY COMPLEX
§ Human cells: 2m of DNA à over 20.000

genes à over 300.000 proteins

§ There is a need for powerful large-scale

genetic approaches to understand this
complexity; these approaches are called
genetic screening
§ In yeast, which is a popular model

organism in biology, scientists have
identified genetic suppressors for all of
the 6000 yeast genes (see picture on the
right). They found that almost every
mutation in every gene is suppressed by
1-2 mutations in other genes. They also
found that some mutations can be
suppressed by mutation in many other
genes; these include ribosomal protein
genes.

Costanzo et al., Science 2016
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APPROACH I: GENETIC SCREENING IN A SPECELIAZED CELL
LINE MODEL TO IDENTIFY SUPRESSORS OF DBA
Mutation gene 2
Mutation gene 1

§ We used two different approaches to

identify potential genetic suppressors
for DBA and are currently analyzing the
data we obtained:

Approach I: Genetic screening in
specialized human cells (see scheme on
the right)
Approach II: Analysis of RNA profiles of
reprogrammed DBA family derived
“iPSC” cells (see next slide)

Mutate all 20.000
human genes

Interfere with RPS19
that causes DBA

120 Mio human cells
with 1 mutation each

120 Mio human cells
in a cell culture dish

Suppressor
gene 2
Suppressor
gene 1

NO suppressor
gene

§ Once we have a candidate suppressor

list, we will test the relevance for red
blood cell production using the reprogrammed DBA family cells (iPSCs)

Mutation gene 3

Analyze surviving
mutant cells

Grow-up cells that can cope
with the RPS19 perturbation

Gene 1
Gene 2
Gene x
…

Identify mutations in genes
that allow the cells to cope with
DBA causing mutations
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APPROACH II: CHARACTERIZATION OF THE RNA OF
PATIENT-DERIVED REPROGRAMMED CELLS (iPSCs)

DNA
iPSCs derived from
a healthy mother

RNA
iPSCs derived from
a healthy father who
is a “silent carrier”

Sequence the
RNA from iPSCs

Analyze the
RNA profiles

Compare the RNA
profile of iPSCs

Protein

RNA 1
RNA 2
RNA x
…

Identify RNAs that could
allow the cells to cope with
DBA causing mutations

iPSCs derived from
a child with DBA
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FOLLOW-UP: LINKING OF THE GENETIC SUPPRESSORS
WITH RED BLOOD CELL PRODUCTION
Red blood cell differentiation from iPSCs

Testing of candidate suppressor mutations identified via
the two different approaches

Differentiation

Differentiation
Red blood cell progenitors

iPSCs derived from
a healthy mother

Differentiation

iPSCs derived from
a healthy father who
is a “silent carrier”

Differentiation

Red blood cell progenitors

Differentiation

iPSCs derived from
a child with DBA

Red blood cell progenitors

iPSCs derived from
a healthy mother

Father iPSCs with
reverted suppressor
mutation

Red blood cell progenitors

Differentiation

Red blood cell progenitors

Children iPSCs with
introduced suppressor
mutations

Red blood cell progenitors
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