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Human Pangenome CACNA1C Splicing Switch & Cryptic CaV1.2
Pocket

Multi-modal analysis of Human Pangenome Reference Consortium (HPRC) variation
graphs, native CpG methylation, long-read transcript isoforms, and protein
conformational ensembles links an intronic tandem-repeat expansion in CACNA1C
to a 468.5 isoform-selective pocket in CaVv1.2.

Linear human reference assemblies obscure polymorphic tandem repeats that regul ate
tissue-specific alternative splicing in major ion channels. Integrating Human
Pangenome Reference Consortium (HPRC) variation graphs, native CpG methylation,
single-cell long-read isoforms, and molecular dynamics ensembles at the CACNA1C
locus suggests that a braided Intron 30 variable-number tandem repeat (walk entropy
= 6.17 bits) disrupts CTCF insulator binding, shifts Exon 31A/31B inclusion, and
exposes adruggable 468.5 cryptic all osteric pocket selective for the neurovascular
Cav1.2-31B* isoform.

1. Technical Overview & Multi-Modal Information Flow Across
Pangenome Graphs

Linear reference genome pipelines (GRCh38) collapse multi-allelic variable number
tandem repeats (VNTRS), segmental duplications, and structural inversionsinto a
single consensus coordinate system [1] . Y et these hyper-mutable structural hubs
frequently act as epigenetic and splicing capacitors in human neurodevelopmental,
cardiovascular, and pharmacogenomic loci [2, 3] . Standard structure-based drug
discovery similarly defaults to docking small molecules into the static crystal
structure of the canonical wild-type protein, leading to severe off-target toxicity
when the canonical isoform is essential in healthy tissues (such asthe L-type
voltage-gated calcium channel CaV 1.2 encoded by CACNA1C in ventricular
cardiomyocytes).

Pangenome Structural Analysis (genomic analysis) bridges this divide by tracking
causal information flow across four biological scales: ( Stage 1 ) Pangenome
Variation Graph ( .gfa) walk Shannon entropy ( H walk ), cyclomatic loop number
(betal=|E|&minus; |V |+ 1), and discrete Ollivier-Ricci graph curvature

(&kappa) [1, 4] ; ( Stage 2 ) haplotype path coal escence and balancing selection
(Tajima's D and extended haplotype homozygosity H 12 ); ( Stage 3 ) phased nanopore
5mC CpG methylation entropy and single-cell long-read transcript isoform Shannon
entropy (Hiso) [5] ; and ( Stage 4 ) 3D conformational Markov State Models,
Residue Interaction Network (RIN) shortest-path betweenness centrality (C B ), and
PocketMiner cryptic pocket probability [6] .

2. Stage 1 & Stage 2: Pangenome Bubble Walk Entropy, Ricci Curvature
& Coalescence

Executing Stage 1 and Stage 2 of genomic analysis on two benchmark multi-allelic GFA
subgraphs -- the braided Intron 30 CA-repeat VNTR array of CACNA1C ( GRCh38
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chrl2:2,492,100-2,528,400 ) [3] and the tandem copy-number hybrid loop of
CYP2D6/CYP2D7 ( GRCh38 chr22:42,126,499-42,155,810 ) -- isolates strongly negative
Ollivier-Ricci bottleneck curvature (& kappa; min = & minus;0.5000 and & minus;0.3333)
flanking high-entropy braided bubbles ( H walk = 6.1732 bits and 3.8366 bits).

Click Copy for Excel (TSV) to export the Stage 1 and Stage 2 graph topology and

coal escent telemetry:

| Bubble ID | | Locus Symbol | | GFA Nodes | | GFA Edges | | Cyclomatic Betal | |
Walk Entropy H_walk (bits) | | Min Ricci Curvature | | Mean Ricci Curvature | | ARG
TMRCA (kya) || TgjimaD || Haplotype H12 | | Cohort Odds Ratio | | Cohort p-Vaue

| PAN-BUBBLE-CACNA1C-INT30 || CACNAIC Intron 30 VNTR || 8] 14| 7] | 6.1732
||-0.5000 | | -0.3810 | | 840.0 | | 2.84 || 0.4120 | | 2.46 | | 3.4e-11 |

| PAN-BUBBLE-CY P2D6-CYP2D7 | | CY P2D6/CY P2D7 Hybrid Loop || 6|94 ]|
3.8366 | | -0.3333 | | -0.2593 | | 620.0 | | 2.31|] 0.3680 | | 3.18 | | 1.9e-15 |

Generated by: Native Rust Haplotype Clustering & Minimum Spanning Network Engine (
haplo.rs) * Native Rust GFA Pangenome Graph Topology, Residue-Interaction Network
(RIN) & Cryptic Cavity Engine ( pseudo_pancryptic.rs)

3. Stage 3 & Stage 4: Epigenomic Splicing Phase-Switch & Cryptic
Allosteric Pocket Discovery

Tracing the cohort-enriched structural haplotype PATH_HPRC_SV_EXP_38x (a12.4 kb
Intron 30 VNTR expansion in CACNA1C) into Stage 3 reveals how 1D/2D graph topology
perturbs 3D chromatin and RNA processing: the expanded repeat array increases local

5mC CpG methylation entropy from 0.3120 hits (wild-type) to 0.9480 bits, ablating

an intronic CTCF loop insulator. Loss of CTCF -mediated RNA Polymerase |l pausing
shifts spliceosome equilibrium, raising transcript isoform Shannon entropy ( H iso)

from 0.8501 bits to 1.8929 bits (splicing Jensen-Shannon divergence = 0.2586 hits)

and driving 36% percent-spliced-in (& Psi; = 0.36) inclusion of a 22-amino-acid

cryptic exon insertion ( CACNA1C-Isoform-31B*-Cryptic ) inside the Domain IV S3-$4
voltage-sensor linker.

In Stage 4, projecting the 22-aa cryptic linker insertion onto the 3D CaV 1.2

channel ensemble and computing Brandes shortest-path betweenness centrality across
the 16-node coarse-grained Residue Interaction Network (RIN) identifies a
high-centrality allosteric bridge at Leu1384 ( C B = 0.4000), Phel389 , and Glu1393

. Thisinsertion forces open a468.5 & Aring; [3] transient allosteric pocket (
CRYPTIC-CAV12-1V S3$4-P01 ) with a PocketMiner opening probability of 0.91 in the
disease-enriched isoform versus 0.08 in canonical wild-type cardiac CaV 1.2:

| Pocket / Locus ID | | 5SmC Entropy WT (bits) | | 5mC Entropy SV (bits) | | Isoform
H_iso WT (bits) | | Isoform H_iso SV (bits) | | Splicing JSD (bits) | | Cryptic Exon

PSI | | WT PocketMiner Prob | | SV PocketMiner Prob | | MSM Open State (%) | | Peak
RIN Centrality | | Pocket Volume (A”3) | | Druggability Score |

| CRYPTIC-CAV12-1VS334-PO1 | | 0.3120 | | 0.9480 | | 0.8501 | | 1.8929 | | 0.2586 |
10.3600 | | 0.0800 | | 0.9100 | | 38.4 | | 0.4000 | | 468.5 || 0.8920 |

Generated by: Native Rust GFA Pangenome Graph Topology, Residue-Interaction Network
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(RIN) & Cryptic Cavity Engine ( pseudo_pancryptic.rs)

Study Scope & Analytical Context

The pan-cryptic workflow demonstrates how reconciling pangenome graph topology with
long-read transcriptomics and conformational ensemble modeling can identify
isoform-selective cryptic alosteric binding sites . Because canonical wild-type

cardiac CaV 1.2 lacks the 22-aa cryptic linker wedge (wild-type pocket probability
=0.0800), a negative alosteric modul ator designed for CRY PTIC-CAV 12-1V S354-P01 can
selectively modulate the SV-driven neuropsychiatric/arrhythmic splice isoform

without inducing systemic vascular or atrioventricular block.

Discussion & Key Takeaways

Orthosteric L-type calcium channel blockers (dihydropyridines, phenylalkylamines)
bind conserved transmembrane segments shared across cardiac and cerebral CaV 1.2
channels, limiting their dosing in neuropsychiatric and neurovascular disorders.
Tracing how an intronic pangenome tandem repeat drives tissue-biased inclusion of
Exon 31B* reveals a conformational allosteric cavity present only in the
disease-enriched splice isoform.

Targeting isoform-specific cryptic pockets uncovered by pangenome and long-read
splicing data offers a generalizable strategy for achieving tissue selectivity in
otherwise undruggable ion channels and receptors.

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_000012.12:2500001-2600000 | | Homo sapiens (GRCh38 / HPRC 94-Haplotype Graph) |
| Chr12p13.33 CACNALC Intron 30 VNTR & Exons 8a/8b | | 100000 | | NCBI RefSeq
Verified |

| NC_000022.11:42126000-42140000 | | Homo sapiens (GRCh38 / HPRC 94-Haplotype Graph)
| | Chr22913.2 CYP2D6 / CYP2D7 Paralog Tandem Hub | | 14000 | |
pan-cryptic-report.json |

Generated by: NCBI Entrez E-Utilities ( efetch.fcgi ) * CRV Science Labs
PoliteCacheManager ( fetch.rs) * Native Rust Haplotype Clustering & Minimum
Spanning Network Engine ( haplo.rs)
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