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INTRODUCTION
● STXBP1 developmental and epileptic 

encephalopathy (STXBP1-DEE) is a paediatric 
neurological disorder that causes seizures and 
developmental delay, with an incidence rate of ~ 
1:30,000 live births1,2.

 
● STXBP1-DEE is caused by haploinsufficiency 

of Munc18-1, a protein   essential for synaptic 
function2. 

 
● Current mainstream treatments for STXBP1-DEE 

are symptomatic and do not address the underlying 
genetic cause2,3. 

 
● Thus, restoring gene dosage is an appropriate 

therapeutic strategy.

Figure 1. Structure of the Munc18-1 protein, the product of STXBP1, bound to 
syntaxin-1a (orange).  Munc18-1 folds into four domains (domain 1, domain 2, 

domain 3a, domain 3b) that clamp the syntaxin-1 helix for synaptic vesicle release. 
PDB: 3C98, rendered in PyMOL.

METHODS

● The wild-type STXBP1 CDS (1,785 nt; 594 
aa) was obtained.

 
● Five optimized sequences were generated 

using GenSmart, IDT (legacy), IDT (pilot), 
OPTIMIZER and JCat.

 
● Sequences were aligned to wild-type and 

assessed for % identity, GC, GC3 and CpG 
content using Biopython6.

 
● Cryptic splice sites were screened using 

two complementary tools: MaxEntScan4 
and SpliceAI5, and candidate donor and 
acceptor sites were paired .

 
● Risk-associated sites were corrected using 

targeted synonymous substitutions and re-
screened with SpliceAI and MaxEntScan.

RESULTS

Table 1. Sequence composition of wild-type STXBP1 and the five codon-
optimised variants.

● All five codon-optimised sequences encoded the 
identical 594-aa Munc18-1 protein (Table 1).

 
● Sequences differed from wild type at 17–21% of 

nucleotide positions (Table 1).
 
● Optimisation produced substantial differences in 

sequence composition, with GC content ranging from 
50.3–63.8% and GC3 from 63.2–99.8% (Table 1).

 
● MaxEntScan identified 10 newly created cryptic splice 

sites across the five variants, with every optimisation 
strategy introducing at least one (Fig. 2).

 
● SpliceAI flagged only one site, in IDT (legacy) (Δ = 

0.30), which was also independently detected by 
MaxEntScan (Fig. 2).

Figure 2. Cryptic splice sites created by codon optimisation softwares across the STXBP1 coding sequence. 

Table 2. Predicted protein consequence to the Munc18-1 protein if each cryptic splice site 
were used.

● Modelling of the 10 sites predicted 7 frameshift and 2 
in-frame deletions of the protein sequence  (Table 2). 

 
● All sites were successfully eliminated where most 

required only a single synonymous nucleotide change. 
Re-screening confirmed no new cryptic sites were 
introduced (Table 3).

Table 3. Correction of each cryptic splice site by a synonymous codon 
change. 

CONCLUSIONS
● In codon optimisation, tool choice may influence 

splicing risk, as every tool created at least one 
cryptic splice site but the number and position 
varied. 

 
● However, the risk is likely easily checked and easily 

resolvable with only a single nucleotide change.

 

● This risk did not correspond to overall GC content, so 
it is the location of the codon changes rather than 
the sequence's overall GC-richness that matters.

● Limitations: These results are computational 
predictions that need experimental in-vitro and in-
vivo validation. It is also unclear if these findings 
generalize across  transgenes.
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