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6-bp randomer insertion in 5’ UTR of VAV1 . Each datapoint represents an edit (6-bp 
insertion sequence) scored with PETRA in Jurkat cells. 
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Our solution: PETRA

Modulating gene expression in human T cells with PETRA 
M. Armas Reyes1, L. Cubitt1, M. Herger1, and G. M. Findlay1 
1The Genome Function Laboratory, The Francis Crick Institute, 1 Midland Rd, NW1 1AT, London, United Kingdom 

Motivation
Cellular therapies use patient’s immune cells to treat cancer 

Efficient killing of  
            liquid tumours

No killing of solid tumours  
due to insufficient T cell function1

Patient’s T cells  
targeted to tumour

Killing of solid tumour  
by T cells with enhanced function

T cell function is determined by the expression levels 
of different genes and can be enhanced by 
modulating  gene expression2.

How can T cell function be enhanced? 

Problems

How can gene expression be modulated?

We need to 
find a way to 

enhance T cell 
function

We can edit regions of the 
genome that regulate gene 
expression. However, we don’t 
know what edits will lead to the 
desired effects. Testing edits one at 
a time would take too much time.

Prime Editing of Transcribed Regulatory elements to Alter expression 

PETRA allows us to test the effects of thousands of edits on gene expression, in a single experiment 

Using PETRA we tested the effect of 11,000 edits on the expression of 4 genes with key roles in T cell function
We discovered edits that both increase 

and decrease gene expression
Edits can be combined for enhanced 

effects
Combining PETRA scores with AI models reveals 

biological mechanisms underlying edit effects

Implications and future applications

References:  1Yang et al. Advancing CAR T cell therapy through the use of multidimensional omics data. Nat Rev Clin Onc (2023). 2Schmidt et al. CRISPR activation and interference screens decode stimulation responses in primary human T cells. Science (2022).  3Yan et al. Improving prime editing with an endogenous small RNA-binding protein. Nature 
(2024). Graphics created with BioRender.com
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Human T cells Edited human T cells
Each cell contains a different edit

Sequencing to “read” the DNA 
and RNA of edited cells 

Count the edits in the DNA and RNA

Calculate the 
Expression Score 

of each edit by 
finding the ratio 

between its 
occurrence in 

RNA / DNA 

DNA RNA
Edit increased 

gene expression 

Edit decreased 
gene expression 

We use Prime 
Editing3 to edit the 
DNA with thousands
of designed
edits

We need an 
efficient method 
to test the effects 
of edits on gene 

expression

MYBL2 motif insertion in different positions in 5’ UTR of IL2RA. Edits scored with 
PETRA in Jurkat cells. Datapoints show replicate score, bars represent mean score 
between replicates. p<0.05 for all pairwise comparison between groups,  Student t-test.
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Edits discovered using PETRA could provide a 
solution to enhance T cell function and 
improve cellular therapies.

PETRA generates large datasets linking 
edits to their effects, which provide a 
valuable source of information about 
gene expression… 

…and can be used to train new 
Machine Learning models to better 
predict edit effects on gene expression 
in the future.

1 genome =  
6 billion letters =  
3 million-page book!
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Results from testing edits to modulate VAV1  gene expression:

http://BioRender.com

