
 
 
 
 
 
 

 
 
 
 
 
 
 

 
SHORT TERM SCIENTIFIC MISSION (STSM) 

SCIENTIFIC REPORT  
 

This report is submitted for approval by the STSM applicant to the STSM coordinator  
 
Action number: CA17103 
STSM title: Delivery of Antisense RNA Therapeutics 
STSM start and end date: 03/01/2020 to 01/02/2020 
Grantee name: Alejandro Fulgencio Covián 
 

PURPOSE OF THE STSM: 
  

Our research group is focused on the study of the pathophysiology of propionic acidemia (PA) and the development 
of new RNA-based therapeutic approaches and identification of new biomarkers for disease prognosis. Induced 
pluripotent stem cells (iPSC) obtained from PA patient´s fibroblasts are relevant research tools.  However, there is a 
need for disease-specific isogenic controls, which ideally would have the same genetic background as the mutant 
iPSCs. Therefore, the main goal of this STSM has been focused on the generation of isogenic controls of PA iPSCs using 
CRISPR-Cas9 technology to correct the patient’s mutation(s). Furthermore, we were interested in learning different 
methods to monitor the efficiency of gene edition such as digital droplet (ddPCR).  
 
  

 

DESCRIPTION OF WORK  CARRIED OUT DURING THE STSMS 
  
In order to achieve our goals, we started our experiments from iPSC of PA patients and we designed specific guides 
targeting the mutant allele and a single stranded (ss)DNA donor template with the wild type sequence. We used the 
SNAPgene program to generate a specific crRNA sequence. Later, we combined the crRNA (RNA sequence targeting 
the region to edit) and the tracrRNA (RNA sequence needed to the recruitment of Cas9 protein) at equimolar 
concentrations in order to form the RNA duplex for the nucleofection. Then, we formed the RNPs for the 
nucleofections combining 3 µg of RNA duplex with 11.5 µg of Cas9 and 0.75 pmol of the DNA template.  
 
For the nucleofection experiment, we started from iPSC at 80-90% confluence and then the cells were individualized 
using accutase and incubation at 37°C for 5 minutes. Then, we counted the cells using the TC20 automated cell 
counter to determine cell density, using around 7·105 cells for transfection and spinning them 3 min at 115 g at room 
temperature. We resuspended the cell pellet with the nucleofection solution (Lonza Kit) and the RNPs previously 
formed, and we nucleofected the cells using the Amaxa Nucleofector Device 2b. Finally, the nucleofected cells were 
seeded in prewarmed matrigel-coated 24 well plate.  
 
After ten days in culture, cells were treated with ReleasR agent to detach the cells and DNA isolation was performed 
using the Reliaprep gDNA tissue miniprep system, quantifying DNA concentration in a nanodrop system. To analyze 
gene edition, we designed specific probes targeting the wild type (14 nucleotides) and mutant (12 nucleotides) 
sequences, with FAM and HEX labels respectively. The percentage of modification was analyzed with ddPCR, that 
showed that 17% of cells had been edited.  
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Finally, cells were grown as individual colonies for eleven days until they reached a proper size to split the colonies. 
At this point, each colony was divided into multiple parts and transferred to two different plates, one for DNA isolation 
and sequencing, and the other one to freeze the cells. These cells were maintained in culture during a week until 
reaching 80-90% confluence, when they were frozen or used for DNA isolation.  
 

 
 

DESCRIPTION OF THE MAIN RESULTS OBTAINED 
 
At this moment, we only have preliminar results that indicate that ~17% of the cells have been edited 
properly. However, we have the cells from the single cell colonies frozen for DNA isolation, so the final 
results will be confirmed by Sanger sequencing back in Spain.  

 

 
 



Our research group is focused on the study of the pathophysiology of propionic acidemia (PA)
and the development of new RNA-based therapeutic approaches and identification of new
biomarkers for disease prognosis. Induced pluripotent stem cells (iPSC) obtained from PA
patient"s fibroblasts are relevant research tools. However, there is a need for disease-specific
isogenic controls, which ideally would have the same genetic background as the mutant iPSCs.
Therefore, the main goal of this STSM has been focused on the generation of isogenic controls
of PA iPSCs using CRISPR-Cas9 technology to correct the patient's mutation(s). Furthermore, we
were interested in learning different methods to monitor the efficiency of gene edition such as
digital droplet (ddPCR).

In order to achieve our goals, we started our experiménts from iPSC of PA patients and we
designed specific guides targeting the mutant allele and a single stranded (ss)DNA donor
template with the wild type sequence. We used the SNAPgene program to generate a specific
crRNA sequence. Later, we combined the crRNA (RNA sequence targeting the region to edit) and
the tracrRNA (RNA sequence needed to the recruitment of Cas9 protein) at equimolar
concentrations in order to form the RNA duplex for the nucleofection. Then, we formed the
RNPs for the nucleofections combining 3µg of RNA duplex with 11.5 µg of Cas9 and 0.75 pmol
of the DNA template.

For the nucleofection experiment, we started from iPSC at 80-90%o confluence and then the cells
were individualized using accutase and incubation at 37°C for 5 minutes. Then, we counted the
cells using the TC20 automated cell counter to determine cell density, using around 7.105 cells
for transfection and spinning them 3 min at 115 g at room temperature. We resuspended the
cell pellet with the nucleofection solution (Lonza Kit) and the RNPs previously formed, and we
nucleofected the cells using the Amaxa Nucleofector Device 2b. Finally, the nucleofected cells
were seeded in prewarmed matrigel-coated 24 well plate.

After ten days in culture, cells were treated with ReleasR agent to detach the cells and DNA
isolation was performed using the Reliaprep gDNA tissue miniprep system, quantifying DNA
concentration in a nanodrop system. To analyze gene edition, we designed specific probes
targeting the wild type (14 nucleotides) and mutant (12 nucleotides) sequences, with FAM and
HEX labels respectively. The percentage of modification was analyzed with ddPCR, that showed
that 17% of cells had been edited.

Finally, cells were grown as individual colonies for eleven days until they reached a proper size
to split the colonies. At this point, each colony was divided into multiple parts and transferred
to two different plates, one for DNA isolation and sequencing, and the other one to freeze the
cells. These cells were maintained in culture during a week until reaching 80-90% confluence,
when they were frozen or used for DNA isolation.
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