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1. Using Transcription Factor Binding Site (TFBS) to Design Strong Mini
Promoters via Barcode-Driven Screening in Mouse N2A Cell Lines
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MPRA screens quantify transcriptional activity of different TFBS design strategies
across small synthetic promoters. (A) Massively parallel reporter assays (MPRA) are
high-throughput methods that assess the regulatory activity of thousands of DNA
sequences simultaneously by linking each promoter design to a unique barcode and
measuring its expression [1]. (B) Three design strategies (Homotypic, 3-set, and 2-set)
were explored to assess transcriptional strength of 165,000 synthetic promoter sequences
transfected into mouse Neuro2A (neuroblastoma) cell lines. (C) Six core promoters were
used across designs: two liver-specific (AAT and mTTR), two muscle-specific (Desmin and
MCK), and two ubiquitous (AdML and JeT). Promoter activity was quantified as the Sum of
Ratios (SoR), representing transcriptional activity (RNA) normalized by transfection
efficiency (DNA) for each sequence. Basal SoR (log,) refers to the transcriptional activity of
each core promoter in the absence of added TFBS.

4. Individual TFBS Behavior Does Not Predict Activity of its Combinatorial

Designs
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Homotypic TFBS behavior has little predictive power of combinatorial activity for
dual-motifs. (A) Schematic of the three behavioral combinations in the 2-set TFBS design,
with “+” and “-" indicating activating and repressing TFs, respectively. (B) Chi-squared
contingency table showing the distribution of combinatorial activity (increase, decrease, and
no change) across the different behavioral combinations. Counts and percentages are
color-coded by magnitude (green=high, teal=medium, purple=low). While the difference
between groups is statistically significant (p=3.1x1072°), the effect size is minimal (Cramer’s
V=0.0413), suggesting limited influence of individual TF behavior on combined activity. (C)
Representative examples of each behavioral combination. Roman numerals correspond to
combinations in Figure B.

2. Characterization of TFBS Behavior Reveals Strong Activating and Repressing

Effects on Promoter Activity
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Strong Activating and Repressing TFBS designs identified across core promoters.
Boost SoR is a log-based metric representing the proportional increase or decrease in
promoter activity relative to the basal SoR [2]. (A) Distribution of all TFBS designs
categorized as activators (Boost SoR = 0.1, n = 89,302; 54.1%), repressors (Boost SoR < —
0.1, n = 59,245; 35.9%), or having minimal effect (Boost SoR between —0.1 and 0.1, n =
16,284; 10%). (B) Top five Activating and Repressing TFBS designs in muscle-specific Des
and (C) ubiquitous JeT promoters. Shaded bars represent combinatorial designs; unshaded
bars represent homotypic designs. The top activating design for Des increased activity by 6-
fold relative to baseline, whereas the top repressing design reduced activity by up 8-fold.

5. Protein Assay Confirms Promoter Activity Boost up to 20-folds

A e (s R

Promoter Activity Reporter Internal Transfection Control
B . Validation of Transcription Factor Candidates in N2A Cells C RNA - Protein Assay Comparison
= 32X
Parent Promoter _® ®
= CAG < = 0.64 ML127 g‘CK
E— MCK 8@ 16x p-value=6.27e-02 €3
1 Des o ® Jet

—_ B et —
C . AAT %" 8x ® AAT
e 0
2, L 3
E 5 9
© % ML129
52 o _®
2 X 0 ML132
g c ML130—® MLT 28
< 2 v
" | — o 05x ML134

F XK D-

0.25x
ns Mh133
0. L - : . |
PO @ @ @ < @ P (0 <0 .«6 «6 «6 0 1 2 3 4 5 6 7

V‘\C@ @C“ 02 oe®” pN P-‘SS/ N R ‘“C(‘ 02 PR
Transcription Factor Candidate

Barcode Assay Boost (RNA, log2)

Positive correlation between barcode-driven (RNA) and FACS-based (protein) assays.
(A) Promoter activity at the protein level was assessed using a flow cytometry-based assay.
(B) Candidates were selected for validation based on performance and specificity. Leading
activators for Des, MCK, and Jet significantly enhanced performance relative to baseline.
Specificity-selected TF6 aligned with expected boosting effect for %4 of the core promoters (C)
The barcode assay showed good correlation with protein assay for in-vitro validation (r=0.64).
At the protein level, AAT promoter potency improved by 20-folds, Desmin and MCK potency
were boosted by 3 and 4-folds respectively. Similarly, JeT performance doubled, resulting in a
protein expression 4-folds stronger when compared to CAG.
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3. TFBS are Highly Selective Across Core Promoters

A Intersection of Top 200 Activators Across Core Promoters
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High degree of selectivity among homotypic TFBS designs. (A) UpSet
plot of top 200 activating homotypic TFBS designs (ranked by Boost SoR)
revealed only six TFBS overlapping across all core promoters. No overlap
was observed among the top 200 repressing TFBS designs. The minimal
overlap suggests a high degree of selectivity, indicating that TFBS—promoter
interactions cannot be generalized based on TFBS activity in other contexts.
(B) Correlation heatmap of Boost SoR values for homotypic designs across
core promoters. Values represent Pearson correlation coefficients. On
average, TFBS designs tested with JeT and MCK showed lower correlations
with other promoters (R?,.+=0.14, R?,,cx=0.23).

6. Conclusions

« MeiraGTx has a predictive and validated platform to evaluate the
performance and transcriptional strength of hundreds of thousands of
sequences using a high-throughput barcode-driven assay.

« Here, we characterized TFBS that modulate the activity of six core
promoters, identifying elements that boost performance by up to a 6-fold
increase and 8-fold decrease—including a 4-fold enhancement of the JeT
promoter.

« TFBS in our library showed strong promoter-specific selectivity, enabling
the identification of both promoter-enriching and activity-limiting
sequences—Kkey insights for designing potent synthetic promoters for
gene therapy [3].

* Individual behavioral classification of a TFBS has little predictive power
for the overall activity of combinatorial designs.

 The present platform led to the discovery of TFBS-Promoter combinations
driving protein expression 20x higher than the parent constructs.

 Designing strong, compact promoters are critical for gene therapy,
enabling efficient expression within the size limits of viral vectors like AAV.
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