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Background Our Solution
, = | Alternative splicing allows a single gene to produce multiple protein isoforms through In this project, engineered U1 snRNAs were designed to stabilize splice-site
_— o selective exon inclusion or exclusion. In neurons, precise splicing regulation is critical, and recognition and promote controlled MAPT exon 10 inclusion as a potential RNA-based
o e — splicing defects are linked to neurodegenerative diseases including Alzheimer’s disease, therapeutic strategy.
T e e ALS, and frontotemporal dementia’.
,,,,,,,,,,,,,,,,, — — _ _‘i 4 — Design 2 Design 5 Design 6 Design 7 Design 8 Design 9
o | \? The MAPT gene encodes the tau protein, where alternative splicing of exon 10 produces 3R z o " - ~
= N | tau (exon exclusion) or 4R tau (exon inclusion)?. Disruption of this balance contributes to tau | o (=i +4 T :
e e pathology and neurodegeneration. Exon 10 recognition depends partly on U1 snRNA 19 1 :; W F
Figure 1. Comparison of normal and pathological alternative interactions at the 5 Spllce site. U1 snRNP ) ‘”E s > .:::;:m "°§E§m " ::m g :”f:,;': o ‘ol ,Eéo * °.: -
Charapted splics regulation can produce pathagentc protein - s Sy F N -y y
'soforms ortrigger nonsense-mediated decay. G wild Type No Inner Loop  No Inner Loop + Multi GC Stem CG Stem GGC Stem CCG Stem Short Stem
The U1 small nuclear RNA (snRNA) is a key component of the spliceosome, responsible for recognizing {3 v e I et I il I e I b I e b
the 5’ splice site and initiating spliceosome assembly3. Within U1, the Stem-Loop IV (SLIV) domain plays A:j;’é;;“u:z:ggf;zs;mgggG s
a critical role in: bridging interactions between spliceosomal components, regulating exon recognition, it ... Figure 3. Our 8 engineered UL snRNA variants and the wildtype, with the two successful designs highlighted in blue. Changes in Design 3 include closing
and influencing splicing efficiency and fidelity. e pais 10 £, changs the tettaloon 1 amore stable vereon from lterature, and changes U to & o he il VienmaRNAwas vecd 16 womlise the -

Figure 2. Structure of the U1 snRNP complex

designs and predicted the minimum free energy (MFE), which needed to be less the the wildtype’s -55.

Our Workflow

1. DESIGN & CONSTRUCT GENERATION
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Designc?d 8 U1 ST‘RNA Ordered all DNA components Amplified constructs using Confirmed PCR product on gel 0.0
SUY va.nants + W"qtype including custom primers guide-specific templates and performed PCR cleanup;

using literature review, and synthetic oligos. (pD58 or pD64). Dpnl digest to remove
structural modeling, and template plasmid. -0.10 . . . . . . . . -0.1

Figure 5. The dual ex MAPT reporter emits tdTomato (red) fluorescence when the exon is excluded and
emits GFP (green) whether or not the exon is included.

MFE analysis.

2. CLONING & PLASMID PREPARATION

Designs Designs

© Transformation () Plate & Grow @ Pick Colgnies & (8) Sanger © Sequence Alignment (L) Final Verified ) Plasmid Prep for Smal Figure 8. Design 3 has the most positive change in inclusion and outperforms the wild type by Figure 9. Design 4 has the most positive change in inclusion and outperforms the wild
Corooles Miniprep >Equenging S ¥ersfication Gonetructs Boyms{raan TSPMI metric delta pseudo-PSI = [1-(PE-A/FIT-C)/(NT AVG PE-A/FITT-C)] for guide 1. type by metric delta pseudo-PSI = [1-(PE-A/FIT-C)/(NT AVG PE-A/FITT-C)] for guide 2.
S v i
il ATGCTAGCT fmal Guide 2
5 - Q - A\ - = - tcccgggaggcggcagtgtgagtaccttcacacgtcccatccctcttcttaattattaggaagtggtgtgagtgcg]
E 0 agggccctccgccgtcacactcatggaccgaacttaa aatccttcaccacactcacgc C ] Guide 1 WT
b ' ' | | onclusions
1,360 1,380 1,400 1,420 (
Transformed purified Plated transformed Picked colonies and Sent plasmids for Analyzed sequence Finalized sequence-  Aliquoted plasmids ’ ’ Guide 1 , ' (7}
constructs into TOP10 cells on antibiotic- grew overnight Sanger sequencing. alignments to verify verified pD58 (Guide 1)  for storage and z v SLIV
chemically competent selective agar cultures; performed correct snRNA insertion;  and pD64 (Guide 2)  downstream assays. 1 " 1 1F1 1 1 9 g
E. coli. plates and grew minipreps to isolate picked additional colonies constructs. Figure 6. We tested two different guides, which bind to the exon at different points because their E n gl nee red U 1 SN RNA vari ants S Ig n Ifl Ca ntly m Od U Iated MAPT exon 1 O N CI usion
o/n. plasmid DNA. and re-sequenced when i ; i ; ; ; . . . . L o L.
. it A e, e remes:This way we can alo determine Row aierentguifes in a guide-dependent manner. Two-tailed t-tests showed significant splicing
changes relative to wildtype for Design 3/Guide 1 (p = 0.0451) and Design
( Plasmid Purification Quantification J g yp g p g
' (zymo) (NanoDrop) ( — )
9 \ " — ” — 4/Guide 2 (p = 0.00121). These results suggest that both shnRNA structure and
5 = guide sequence influence exon inclusion efficiency. Future work will optimize

3. MAMMALIAN CELL ASSAYS & FLOW CYTOMETRY 10°. 10°.

lead designs, test disease-relevant models, and advance therapeutic RNA-based Figure 10. we used aipharold to

predict snRNA structure with our

splicing correction strategies. inputted guides and designs.
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Figure 7. Flow cytometry scatter plots for wild type and a design. Design shows movement towards
higher FIT-C and lower PE-A, as expected if the design is increasing exon inclusion.

Figure 4. Details of our workflow that included 3 main stages: design and construct generation, cloning and plasmid
preparation, and mammalian cell assays and flow cytometry, followed by data analysis
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