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Genomic Signal-to-Noise Boundaries Across Eight Reference
Cohorts (1.17 Mb)

A multi-cohort comparative analysis across 1,165,662 bp of prokaryotic and
eukaryotic reference DNA establishing the quantitative boundaries that
separate degraded amplicons, native housekeeping operons, and neutral tissue
drift from actionable disease targets and evolutionary syntheses.

High-throughput genomic screening and computational target discovery require
rigorous negative controls to separate functional biological architecture from
technical artifacts and background sequence drift. Evaluating eight reference
cohorts spanning 1,165,662 bp of prokaryotic and eukaryotic DNA establishes the
guantitative boundaries that separate truncated 180 bp barcode fragments, fully
ameliorated bacterial housekeeping operons (Z = +0.41 SD), and clock-like somatic
aging drift in healthy fibroblasts (JSD = 0.00 bits) from validated multi-locus drug
pockets, 3D chromatin hubs, and cross-species physiological adaptations.

1. Quantitative Signal-to-Noise Boundaries in Genomic Discovery

High-throughput genomic screening requires quantitative negative controls to prevent
stochastic sequence fluctuations, truncated environmental amplicons, ameliorated
housekeeping operons, or already-characterized biosynthetic pathways from being
misclassified as novel biological signals. Across 1,165,662 bp of verified NCBI

Ref Seq sequence spanning eight prokaryotic and eukaryotic reference cohorts, we
established empirical signal-to-noise boundaries across four negative/baseline
controls and four multi- locus validation and synthesis cohorts.

2. Eight-Cohort Quantitative Signal-to-Noise Comparison (1.17 Mb)

| Reference Cohort | | Analytical Modality | | Base Pairs| | Signal Class| |
Diagnostic Stetus | | Primary Metric | | Metric Vaue | | Quantitative & Mechanistic
Verdict |

| Degraded 180 bp COI Panel (14 Taxa) | | Mitochondrial COIl Barcoding | | 2520 | |
Negative Control | | Null Signal | | Barcode Gap Ratio | |-0.0140 | | FAILED: 180
bp fragment truncated informative 3rd-codon sites; intraspecific K2P overlapped
interspecific K2P (38% bootstrap). |

| B. subtilis rpoB-rpsL Core (NC_000964.3) | | Compositional HGT Scanning | | 60000
| | Negative Control | | Host Background | | Peak Tetranucleotide D_KL || 0.0840 |

| FAILED: Core B. subtilis rpoB-rpsL ribosomal operon is fully ameliorated to host
background (max Z = +0.41 < 2.5 SD gate). |

| Human Dermal Fibroblasts (480 Cells) | | Single-Cell Somatic Evolution | | 45000 |

| Negative Control | | Neutral Clock Drift | | Mutational JSD (bits) | | 0.0000 | |

FAILED: Quiescent dermal fibroblasts showed uniform SBS1/SBS5 clock drift (H_96 =
6.585 bits) with zero biallelic knockouts. |

| S. coelicolor A3(2) PKS Segment | | Biosynthetic Gene Cluster Mining | | 85000 | |
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Known Reference | | Dereplicated Control | | MIBIG Jaccard Similarity || 0.9420 | |
KNOWN REFERENCE: Strong Type-ll PKS signal accurately dereplicated against canonical
Actinorhodin (BGC0000194, Jaccard = 0.942). |

| HPRC 94-Haplotype Paralog Panel (6 Loci) | | Pangenome Graph & Pocket Mapping | |
240000 | | Multi-Locus Validation | | Validated Signal | | Mean PocketMiner P | |

0.8933 | | PASSED: Reproducibly validated H_walk (4.51-6.84 bits) and paralog pocket
selectivity across 6 known HPRC structural hubs. |

| Vertebrate Trait-L oss Cohort (28 Genomes) | | Evolutionary Selection Relaxation |

| 168000 | | Comparative Synthesis | | Validated Signal | | Mean HyPhy RELAX Kk | |
0.0417 | | EXCEEDED: Marine mammal PONIZ/ANGPTL 3/PCSK 9 selection collapse (k =
0.024-0.062) directly predicted human cardioprotective KOs. |

| Human 5-Chromosome Subtelomere Panel | | Non-B DNA & 3D Micro-C Topology | |
500000 | | Comparative Synthesis | | Validated Signal | | Peak Subtelomere Z-Score |

| 4.6800 | | EXCEEDED: Chr11p15.5 IGF2/H19 and Chr19p13.3 beat Chr1p36.33 baseline;
all 5 G4/Z-DNA peaks anchored 3D Micro-C hubs. |

| Marine Vertebrate Mitogenomes (42 Species) | | Mitogenome COI & Codon Entropy | |
65142 | | Comparative Synthesis | | Validated Signa | | Endothermic Tuna GC3 (%) |

| 64.0232 | | EXCEEDED: Uncovered an emergent +28.05% GC3 surge in endothermic tunas
(Scombridae) vs. benthic skates while clamping H_pos2. |

Generated by: Native Rust K2P / TN93 Distance, Neighbor-Joining & ABGD Systematics
Engine ( phylo.rs) * Native Rust Haplotype Clustering & Minimum Spanning Network
Engine ( haplo.rs) * Native Rust Sliding-Window Information-Theoretic & Non-B DNA
Scanner ( complexity.rs: Shannon H3 + LZ76 + DFA + G4Hunter + Z-DNA) * Native Rust
Horizontal Gene Transfer, Tetranucleotide KL-Divergence & Resistome Scanner (
hgt_bgc.rs) * Native Rust Biosynthetic Gene Cluster (MIBIiG / ARTS) & Amphipathic
AMP Biophysics Miner ( hgt_bgc.rs) * Native Rust Codon dN/dS, Selection Relaxation
(RELAX K) & Trait-Loss Engine ( pseudo_pancryptic.rs) * Native Rust GFA Pangenome
Graph Topology, Residue-Interaction Network (RIN) & Cryptic Cavity Engine (
pseudo_pancryptic.rs) * Native Rust Somatic Coalescent, 96-Channel Mutational JSD &
Synthetic Lethality Engine ( coevo_condensate clonal.rs)

Executive Summary: High-throughput genomic screening and computational target
discovery require rigorous negative controls to separate actionable biological

signal from stochastic sequence drift, technical sequencing artifacts, and conserved
housekeeping background. In this multi-cohort comparative synthesis across 1,165,662
bp of prokaryotic and eukaryotic reference DNA , we evaluate eight benchmark
datasets spanning mitochondrial systematics, bacteria horizontal gene transfer ,

natural product biosynthesis, somatic tissue evolution, human pangenome variation,
and 3D subtelomeric chromatin architecture. By contrasting true negative controls
against validated multi-locus and multi-species cohorts, we establish quantitative
signal-to-noise boundaries across four key dimensions of genomic analysis.

Comparative Signal-to-Noise Summary Across Eight Genomic Cohorts
(1.127 Mb)

The table below summarizes the eight reference cohorts, contrasting the three
negative-control regimes -- where truncated amplicon length, host compositional
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amelioration, or neutral somatic aging drift yield null diagnostic signal -- against
five functional genomic regimes.

| Cohort Study | | Analytical Domain | | Base Pairs | | Signal Classification | |
Primary Quantitative Metric | | Metric Vaue | | Biological & Diagnostic
Interpretation |

| Truncated COI Mini-Barcode (180 bp) | | Mitochondrial Systematics|| 2520 | |
Null Control (Unresolved) | | Species Barcode Gap Ratio | | -0.0140 | | 180 bp
fragment truncates informative 3rd-codon sites; intraspecific and interspecific K2P
distances overlap (38% bootstrap). |

| B. subtilis Core rpoB-rpsL Operon | | Prokaryotic Chromosome Scan | | 60000 | |
Null Control (Native Core) | | Peak Tetranucleotide D_KL (bits) || 0.0840 | |
Native ribosomal/replication operon is fully ameliorated to host chromosome
background (max Z = +0.41 SD). |

| Quiescent Dermal Fibroblasts | | Somatic Tissue Evolution | | 45000 | | Null

Control (Clock Drift) | | Mutational Trajectory JSD (bits) | | 0.0000 | | Healthy
non-neoplastic fibraoblasts exhibit uniform age-related SBS1/SBS5 clock drift (H_96 =
6.585 bits) without clonal selection. |

| S. coelicolor Actinorhodin Cluster | | Natural Product Dereplication | | 85000 | |
Known Reference Pathway | | MIBIG Domain Jaccard Similarity || 0.9420 | | Strong
Type Il PKS synthase architecture, accurately flagged by domain dereplication as
canonical actinorhodin (BGC0000194). |

| HPRC 6-Locus Paralog & Repeat Panel | | Human Pangenome Pharmacology | | 240000 |
| Multi-Locus Validation | | Mean Allosteric Pocket Probability | | 0.8933 | |

Validates pangenome walk entropy (4.51-6.84 hits) and isoform/paralog pocket
selectivity across 6 human clinical loci. |

| 28-Vertebrate Convergent Trait Loss | | Evolutionary Target De-Risking | | 168000

| | Cross-Clade Synthesis | | Mean Selection Relaxation (K) || 0.0417 | |

Convergent PONL/ANGPTL 3/PCSK 9 inactivation in marine and cave vertebrates mirrors
cardioprotective human knockouts. |

| 5-Chromosome Human Subtelomeres | | 3D Chromatin Architecture | | 500000 | |
Multi-Chromosome Synthesis | | Peak Non-B DNA Structural Z-Score | | 4.6800 | |
G-quadruplex and Z-DNA peaks on Chrl, Chr7, Chrl1, Chr16, and Chrl9 systematically
anchor 3D Micro-C super-enhancer hubs. |

| 42-Taxon Marine Vertebrate Mitogenomes | | Evolutionary Physiology | | 65142 | |
Cross-Order Synthesis | | Endothermic Tuna GC3 Content (%) | | 64.0232 | |
Full-length COX1 resolves all 42 species and uncovers a +28.05% GC3 shift driven by
regional endothermy in pelagic tunas. |

Generated by: Native Rust K2P / TN93 Distance, Neighbor-Joining & ABGD Systematics
Engine ( phylo.rs) * Native Rust Sliding-Window Information-Theoretic & Non-B DNA
Scanner ( complexity.rs: Shannon H3 + LZ76 + DFA + G4Hunter + Z-DNA) * Native Rust
Horizontal Gene Transfer, Tetranucleotide KL-Divergence & Resistome Scanner (
hgt_bgc.rs) * Native Rust Biosynthetic Gene Cluster (MIBIiG / ARTS) & Amphipathic
AMP Biophysics Miner ( hgt_bgc.rs) * Native Rust Codon dN/dS, Selection Relaxation
(RELAX K) & Trait-Loss Engine ( pseudo_pancryptic.rs) * Native Rust GFA Pangenome
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Graph Topology, Residue-Interaction Network (RIN) & Cryptic Cavity Engine (
pseudo_pancryptic.rs) * Native Rust Somatic Coalescent, 96-Channel Mutational JSD &
Synthetic Lethality Engine ( coevo_condensate clonal.rs)

Mechanistic Breakdown of Negative Controls vs. Functional Genomic
Signals

* Amplicon Length & Synonymous Site Retention (180 bp vs. 1,551 bp Mitochondrial
COX1): Because vertebrate mitochondrial COX 1 clamps 2nd-codon positions under
strong purifying selection ( H pos2 = 1.75 bits), taxonomic resolution between

sister species depends on accumulating sufficient 3rd-codon transitions. Truncating
barcodes to 180 bp collapses bootstrap support to 38%, whereas full-length 1,551 bp
seguences restore a 2.78x to 6.00x barcoding gap across 42 marine vertebrates.

* Host Compositional Amelioration vs. Recent Horizontal Gene Transfer: Anciently
inherited bacterial housekeeping operons (such as the 60 kb Bacillus subtilis
rpoB-rpsL region) equilibrate completely with the host chromosome's tetranucl eotide
spectrum ( D KL = 0.084 bits, Z = +0.41 SD). In contrast, recently mobilized
carbapenemase islands (such as the 20.2 kb GI-1CE-PAE-01 element in Pseudomonas
aeruginosa) retain donor-specific k-mer signatures exceeding D KL = 1.97 hits.

* Polyclonal Aging Drift vs. Oncogenic Clonal Sweeps. Normal somatic tissues
accumulate clock-like deamination mutations uniformly across lineages ( JSD = 0.00
bits), providing an essential baseline control against which APOBEC -driven tumor
subclonal branching ( JSD = 0.504 bits) and synthetic-lethal paralog dependencies
can bereliably identified.

Discussion & Key Takeaways

For R&D leaders, clinicians, and scientific reviewers, the most valuable feature of
any analytical platform isits ability to distinguish true biological mechanisms
from false positives. By testing degraded DNA fragments, ordinary bacteria
housekeeping genes, and healthy aging cells alongside large multi-species cohorts,
this study defines clear, reproducible cutoffs that prevent technical noise or
already-known compounds from being mistaken for novel discoveries.

Across 1.17 million letters of reference DNA, these results suggest that

high-confidence genomic insights emerge when full-length sequences, multi-chromosome
comparisons, and 3D structural constraints are integrated -- whether authenticating
marine species, prioritizing selective human drug pockets, or de-risking

cardiometabolic targets.

NCBI RefSeq / GenBank Accession & Coordinate Provenance Ledger

| Accession & Coordinates | | Reference Organism | | Target Locus/ Genomic Region |
| Span (bp) | | Database Verification |

| NC_000964.3:1-60000 | | Bacillus subtilis subsp. subtilis str. 168 | | Primary
Replication & Housekeeping Origin (oriC-gyrB-rpoB) | | 60000 | | NCBI RefSeq
Verified |

| NC_003888.3:5510001-5595000 | | Streptomyces coelicolor A3(2) | | Actinorhodin /
Prodiginine Biosynthetic Region | | 85000 | | NCBI RefSeq Verified |
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| NC_014052.1:5472-7022 | | Thunnus thynnus | | Mitochondrial Cytochrome ¢ Oxidase |
(MT-COL) || 1551 | | NCBI RefSeq Verified |

| NC_000001.11:1000001-1060000 | | Homo sapiens (GRCh38.p14) | | Chromosome 1p36.33
Subtelomere (HES4-1SG15-AGRN) | | 60000 | | NCBI RefSeq Verified |

| NC_000011.10:1950001-2050000 | | Homo sapiens (GRCh38.p14) | | Chromosome 11p15.5
Subtelomere (IGF2 / H19 Imprinting Hub) | | 100000 | | NCBI RefSeq Verified |

| NC_000019.10:1000001-1100000 | | Homo sapiens (GRCh38.p14) | | Chromosome 19p13.3
Subtelomere (STK11/ TCF3 Hub) | | 100000 | | NCBI RefSeq Verified |

Generated by: NCBI Entrez E-Ultilities ( efetch.fcgi ) * CRV Science Labs
PoliteCacheManager ( fetch.rs)
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