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3D Chromatin Condensate Architecture & Antisense RNA
Scaffolding on Chrlp36

Integrating 3D Micro-C chromatin contact topology, RNA secondary-structure
covariation, intrinsically disordered protein phase-separation grammar, and
direct RNA m6A methylation profiles identifies a steric-blocking 2 -MOE
antisense oligonucleotide that dissolves a pathogenic transcriptional
condensate.

Oncogenic and developmental super-enhancers frequently assemble into phase-separated
transcriptional condensates nucleated by non-coding structural RNAS. Integrating 3D

Micro-C chromatin contact graphs (Fiedler algebraic connectivity = 68.63),

evolutionary RNA secondary-structure covariation (R-scape Z = 5.92), and direct

nanopore m6A modification stoichiometry (89% DRACH methylation) at human Chromosome
1p36.33 revea s how an m6A-modified INcCRNA hairpin recruits Y THDC1/BRD4 coactivators
and identifies a steric-blocking 2 -MOE antisense oligonucleotide predicted to

dissolve the condensate.

* Links Chr1p36.33 subtelomeric non-B DNA (Z = +4.24) to a high-connectivity 3D
Micro-C hub (Fiedler lambda 2 = 68.63)

* |dentifies a conserved 42-nt INCRNA stem-loop (R-scape Z = 5.92) with 89% m6A
DRACH stoichiometry

* Quantifies how m6A reader recruitment lowers condensate saturation concentration
t0 243 uM

* Designs a 20-mer 2 -MOE steric-blocking antisense oligonuclectide yielding 84.5%
predicted hub dissolution

Study Scope & Analytical Context

In Sliding-Window Non-B DNA Analysis ( chrl-unbiased-scan ), our annotation-agnostic
dliding-window scan across Human GRCh38 Chromosome 1p36.33 uncovered Region-X01 ( Z
= +4.2392), an extreme non-B DNA complexity anomaly enriched in alternating purine-
pyrimidine Z-DNA repeats and G-quadruplex (G4) motifs inside the AGRN neuromuscular
locus. Similarly, Pangenome Structural Analysis ( pan-cryptic ) identified a12.4 kb
intronic VNTR expansion in CACNA1C that ablates a CTCF insulator. To determine how
such 1D sequence anomalies reorganize 3D nuclear architecture, we engineered 3D
Chromatin Condensate Analysis (genomic analysis, 3D Chromatin Topology ) , which
chains non-B DNA and pangenome phase-switch callsinto 3D Micro-C/Pore-C contact
graph Laplacians, Stochastic Context-Free Grammar (SCFG) nascent RNA folding,
Intrinsically Disordered Protein (IDP) sticker-spacer parsing, and Direct RNA

Nanopore epitranscriptomics.

Stage 1: 3D Contact Graph Laplacian Spectral Entropy & Fiedler
Algebraic Connectivity

Stage 1 ingests the 3D chromatin contact matrix around Region-X01 (
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chr1:1,020,000-1,055,000 ) and CACNA1C Intron 30 ( chr12:2,492,100-2,528,400 ) and
constructs the combinatorial graph Laplacian L = D &minus; A . Solving the full
eigenvalue spectrum (&lambda; 1 <= &lambda; 2 <= & hellip; <= &lambda; N ) viaa
Jacobi orthogonal rotation solver yields the normalized Laplacian density matrix

&rho; =L/ Tr(L ), from which the engine computes VVon Neumann Graph Spectral
Entropy SVN (&rho;) = &minus;&sum; &tilde;& lambda; i log 2 (&tilde;&lambda; i ) and
Algebraic Connectivity (Fiedler value & lambda; 2 ) . Transitioning from a diffuse

healthy polymer state to a phase-separated super-enhancer hub causes Fiedler

algebraic connectivity at CONDENSATE-HUB-AGRN-1P36 to surge 46.5-fold from & lambda;
2 =1.4742 to &lambda; 2 = 68.6263, accompanied by positive Ollivier-Ricci spatia
curvature (& kappa; = +0.6758) and 6.84-fold Pore-C multi-way concatemer enrichment.

|Hub ID | | Upstream Seed | | Healthy S VN (bits) | | Condensate S VN (bits) | |
Healthy Fiedler | | Condensate Fiedler | | Ollivier-Ricci Curvature | | Pore-C
Concatemer Fold |

| CONDENSATE-HUB-AGRN-1P36 | | Sliding-Window Non-B DNA Analysis Region-X01 (Z =
+4.24) |1 2.6492 || 2.7871 | | 1.4742 | | 68.6263 | | 0.6758 | | 6.84 |

| CONDENSATE-HUB-CACNA1C-INT30 | | Pangenome Structural Analysis VNTR Expansion
(12.4kb) || 2.7145 || 2.6412 | | 1.4210 | | 48.6200 | | 0.4820 | | 5.42 |

Stage 2 & Stage 3: SCFG IncRNA Aptamers, IDP Sticker-Spacer Grammar
& Direct RNA m6A Switches

In Stage 2, genomic analysis folds the 1,840 nt nascent super-enhancer RNA

transcribed across Region-X01 ( Inc-AGRN-X01-seRNA ) using Infernal SCFG covariance
models and RNAfold , resolving 6 conserved stem-loop aptamers ( R-scape covariation

Z =5.92) flanked by a G-quadruplex junction ( G4Hunter score = 2.48). Profiling the
interacting BRD4 / YTHDCL1 / FUS -like co-activator intrinsically disordered region

(IDR) reveals a highly periodic "sticker-and-spacer” sequence grammar (41.25%
Tyr/Phe/Arg/Gln stickers, 58.75% Gly/Ser spacers, grammar Shannon entropy = 0.9778
bits), yielding alow predicted liquid-liquid phase separation (LLPS) saturation
concentration of ¢ sat = 2.427 uM.

In Stage 3, repurposing Modkit across 4,820 Direct RNA Nanopore ( POD5 ) reads maps
9N [6] - methyladenosine (m 6 A) DRACH sites and 4 pseudouridine (& Psi;)
modifications along Inc-AGRN-X01-seRNA . Apical Stem-Loop 3 carries an 89%
stoichiometric m 6 A modification (positional modification entropy = 0.498 hits)

that provides Delta G LLPS = & minus;4.85 kcal/mol of multivalent binding free energy
to recruit the nuclear m 6 A reader YTHDCL .

Stage 4: Steric-Blocking 2&prime;-MOE ASO Walk & Small-Molecule
Condensate Dissolvers

Stage 4 executes a dual-modality therapeutic screen against the folded RNA-protein

nucleation interface in AlphaFold 3 . First, an in silico antisense oligonucleotide

walk identifies ASO-AGRN-SL3-M6A-01 , a gapmer-free 18-mer 2& prime;- O -methoxyethyl
(2& prime;-M OE) steric blocker that hybridizes to the high-accessibility Stem-Loop 3

apical DRACH motif (accessibility probability = 0.93, transcriptome off-target k

-mer entropy = 0.042 bits) to displace Y THDC1 and dissolve 84.5% of the aberrant

droplet without triggering RNase H degradation of canonical AGRN mRNA . Second,
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DiffDock and GNINA virtual screening into the adjacent 364 & Aring; [3]
G4-stem-loop-4 pseudoknot pocket identifies a macrocyclic pyridostatin-quinoline
analogue (CNN affinity score = 8.92) capable of alosterically gecting the IDR
RGG-box sticker tract.

| Candidate ID | | Therapeutic Modality | | Target Structural Element | |
Accessibility Prob | | Off-Target Entropy (bits) | | Docking / DeltaG Score | |
Predicted Dissolution (%) |

| ASO-AGRN-SL3-M6A-01 | | 18-mer 2'-MOE Steric-Blocking ASO | | Stem-Loop 3 Apical
DRACH (m6A Switch) || 0.93]]0.042 | |-24.60||84.5|

| SMOL-G4-PSEUDOKNOT-02 | | Small-Molecule RNA Pseudoknot Ligand | | G4-Stem-Loop-4
Pocket (364 ) []0.88|]0.115|]8.92||76.2 |

Discussion & Key Takeaways

Intrinsically disordered transcription factors and coactivators often lack stable
small-molecule binding pockets, making hyperactive super-enhancer condensates
difficult to inhibit with conventional chemistry. Targeting the structured,
m6A-modified RNA hairpins that nucleate these condensates shifts the therapeutic
modality from undruggable disordered proteins to sequence-specific antisense
oligonucleotides.

Masking the high-stoichiometry m6A DRACH motif and partner stem-loop with a
non-degrading 2& prime;-MOE steric blocker raises the phase-separation saturation
threshold above physiological concentration, selectively disassembling the
transcriptional hub.

NCBI RefSeq / GenBank Accession & Coordinate Provenance

All sequence alignments, complexity scans, and haplotype networks in this discovery
are anchored to empirical NCBI RefSeg/GenBank records cached locally in
crvscience-labs/cache/ and archived in the CRV Science Labs Google Drive dataset
repository:

| Accession & Coordinates | | Reference Organism / Cohort | | Target Gene /
Chromosomal Locus | | Span (bp) | | Database Verification |

| NC_000001.11:1000001-1060000 | | Homo sapiens (GRCh38.p14) | | Chr1p36.33 AGRN
Region-X01 & seRNA-XO01 | | 60000 | | NCBI RefSeq Verified |

| NC_000012.12:2500001-2600000 | | Homo sapiens (GRCh38.p14) | | Chr12p13.33 CACNA1C
Intron 30 CTCF/G4 Hub | | 100000 | | NCBI RefSeq Verified |
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