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SUPPLEMENTARY FIGURES 

 

 
 
Supplementary Figure S1. Overview of SELEX-seq approach. DNA library used for SELEX-

seq experiments contained a 16-bp random region surrounded by flanks and Illumina adapter 

regions. In each round of selection, the “selected” library was generated by performing Steps 2–

4. Selected libraries were used in the next round of selection or prepared for sequencing. All 

steps were based on a previously described protocol (1, 2). Data were analyzed by using 

available tools described in the Materials and Methods section.  
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Supplementary Figure S2. Nucleotide-residue interaction maps of MEF2B–DNA complex. 
A) Contacts with major and minor grooves of the DNA. B) Contacts with DNA backbone. 

Regions encircled by bold black box represent the 10-bp core binding site, corresponding to 

nucleotide positions –5 to +5 based on consensus motif shown in Figure 1. Nucleotide-residue 

map was generated with DNAproDB (3, 4), based on analysis of the MEF2B–DNA co-crystal 

structure with PDB ID 1N6J (5). 
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Supplementary Figure S3. SELEX-seq data for MEF2B. A) Validation of library design using 

positive and negative controls for EMSA. At lower concentrations, using the conditions 

described in Materials and Methods, MEF2B binds to the positive but not the negative control. 

Final MEF2B protein concentration was 0, 11, 22, 44, or 88 nM for a fixed amount of control 

DNA probe (35 nM). B) Information gain after two rounds of selection was greatest for 10-mers. 

Therefore, we based our analysis on sequences of this length. C) Relative binding affinity 

comparison of 10-mers between rounds 1 and 2 of selection. 
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Supplementary Figure S4. Distinct effects of nucleotide substitutions across MEF2B 
binding site. A) Affinity logos generated based on reference sequence show effects of single-

nucleotide substitutions on MEF2B binding sites (logo in left panel appears in Figure 2A and is 

shown here for comparison). B) Comparison of relative affinities for reference (highest affinity) 

and alternative (lower affinity) sequences based on core motif (CTAWWWWTAR) and variations 

of the motif at each of the central four nucleotide positions (–2, –1, +1, +2). The same data are 

displayed on the top and bottom panels at each position, colored differently to emphasize the 

relative affinity comparisons of distinct features. Top panels highlight nucleotide substitutions for 

each position within the central core. Bottom panels highlight nucleotide substitutions for each 

position within the binding site for each specific sequence.     
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Supplementary Figure S5. Multiple sequence alignment. Protein sequence alignment of the 

DBD of human MEF2 proteins (residues 1–90): MEF2A (Q02078), MEF2B (Q02080), MEF2C 

(Q06413), and MEF2D (Q14814). Identifiers are UniProt accession numbers. Sequence 

alignment was performed with T-Coffee (6) and visualized with ESPript 3.0 (7). Yellow highlights 

indicate amino acid positions where residues varied among the MEF2 proteins.   
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Supplementary Figure S6. Model performance comparison. A) Model performance for DNA 

sequence and shape features when considering the consensus motif. B) Model performance 

comparison between sequence-only mono-nucleotide (1mer), shape-augmented (1mer+shape), 

and shape-only (shape) models for multiple datasets with various filtering schemes. Addition of 

shape features increases model performance regardless of DNA sequence motif used for 

filtering input sequences in MLR analysis. C) Model performance as a function of the number of 

sequences used. Color scheme is the same as shown in panel B. Sequences used in MLR 

analysis were selected based on motif and mismatch number shown. 
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Supplementary Figure S7. Feature selection. Importance of DNA shape for model 

performance, according to sequence composition when considering A) an AT-rich central core 

or B) any composition at the central core. Top panel: Effect on performance (ΔR2) when shape 

is added one position at a time to a sequence-only mono-nucleotide model. Bottom panel: Effect 

on performance (ΔR2) when shape is removed one position at a time from a shape-only model. 

Data shown in (B) are the same as shown in the main Figure 4C, and presented here for 

comparison.  
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Supplementary Figure S8. Minor groove width and electrostatic potential profiles of 
MEF2 proteins. A-C) Minor groove width and electrostatic potential profiles of DNA fragments 

in complex with MEF2, where (A) minor groove width of bound DNA, (B) electrostatic potential 

of bound DNA, and (C) minor groove width prediction of unbound DNA are shown for D) DNA in 

complexes from PDB IDs 1N6J (5), 1TQE (8), 3KOV (9), 3MU6 (10), 3P57 (11), and 1EGW (12) 

.  
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Supplementary Figure S9. Minor groove width (MGW) profiles derived from MD simulations. 

A) Shape of the bound DNA when mutations on the DNA binding site are introduced (‘A14G’ 

refers to a DNA where peripheral half-sites are palindromic: 5’-CTATTTATAG; ‘palindromic’ 

refers to a fully palindromic site 5’-CTATTAATAG). B) Shape of the bound DNA when protein 

mutations are introduced.    
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Supplementary Figure S10. Position weight matrices (PWMs) of MEF2B proteins. PWMs were 

obtained from SELEX-seq data for k-mers with relative affinity > 0.7 and were generated using 

MEME Suite as described in the methods section. PWMs are shown for wild-type (WT, also 

shown in main Figure 1 and re-examined here for comparison) and mutant proteins K4E, K5E, 

R15G and K23R. 
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SUPPLEMENTARY TABLE 

 
Supplementary Table S1. Oligonucleotide (oligo) sequences 

Oligo ID Oligo Sequence (5' - 3') 

Selex-Lib GAGTTCTACAGTCCGACGATCCGC[N16]CCTGGAATTCTCGGGTGCCA 

SR1 TGGCACCCGAGAATTCCA 

SF1 GAGTTCTACAGTCCGACGAT 

SR1-FAM /56-FAM/TGGCACCCGAGAATTCCA 

RP1 AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTACAGTCCGA 

RPI# 

CAAGCAGAAGACGGCATACGAGAT[Index]GTGACTGGAGTTCCTTGGCACCC

GAGAATTCCA 

PCTRL_F 

GAGTTCTACAGTCCGACGATCCGCATCTTATAAATAGTCTCCTGGAATTCTCG

GGTGCCA 

NCTRL_F 

GAGTTCTACAGTCCGACGATCCGCATGGTGTGGCTGGTCTCCTGGAATTCTC

GGGTGCCA 

PCTRL_R 

TGGCACCCGAGAATTCCAGGAGACTATTTATAAGATGCGGATCGTCGGACTG

TAGAACTC 

NCTRL_R 

TGGCACCCGAGAATTCCAGGAGACCAGCCACACCATGCGGATCGTCGGACT

GTAGAACTC 

Abbreviations: PCTRL, positive control; NCTRL, negative control.  
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GRAPHICAL ABSTRACT 

 

  
A multi-scale approach to the intricate mode of MEF2–DNA recognition reveals the usage of 

sequence and shape readout. Graphical abstract was created with BioRender.com. The shown 

co-crystal structure is PDB ID 1N6J. 
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