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Cross-Domain Ribosomal RNA Architecture & 23S Antibiotic
Epistasis (48 Taxa)

A 48-taxon, 189.6 kb comparative synthesis unifying the stem-loop Shannon
entropy regimes of prokaryotic 16S/23S and eukaryotic 18S/ITS ribosomal
markers with Direct Coupling Analysis of macrolide and oxazolidinone
antibiotic resistance in the 23S Domain V Peptidyl Transferase Center.

| Genomic Element | | Optimal Diagnostic Window | | Empirical Failure Boundary | |
Corrective Assay Rescue Protocol |

| Cross-Domain 16S, 18S, 23S & ITS Ribosomal Cistron Architecture | |
Phylum-to-Species Multi-Scale Phylogenetics & 23S Domain V Antibiotic Resistance
Profiling (48 Taxa, 189.6 kb) | | Single ribosomal subunits fail when applied
outside their entropy tier (18S fails within genera; unanchored ITS1 fails across
phyla; uncompensated 23S SNVs misclassify resistance fitness). | | Match rRNA region
to taxonomic depth (18S/16S stems for phyla, V3-V4/V4 loops for genera,
5.8S-anchored ITS for species) and evaluate 23S Domain V Potts couplings
(|J_2058,2611| = 2.642) for macrolide/oxazolidinone resistance. |

Generated by: Native Rust APC-Corrected Mutual Information & Potts Hamiltonian
Co-Evolution Engine ( coevo_condensate_clonal.rs )

Unlike protein-coding genes that partition variation by triplet reading frame,
ribosomal RNAs partition evolutionary constraint in 3D space between base-paired
helices and unpaired expansion loops. Synthesizing 189.6 kb across 48 prokaryotic
and eukaryotic taxa (16S, 18S, 23S, and ITS1-5.8S-ITS2) establishes the taxonomic
resolution horizon of each marker and suggests that the strongest epistatic
base-pair couplings in bacterial 23S rRNA (A2058:C2611 and G2576:U2504) map directly
to the Domain V Peptidyl Transferase Center antibiotic binding site.

Executive Summary: Ribosomal RNA genes ( 16S SSU, 18S SSU, 23S LSU) and the nuclear
Internal Transcribed Spacer cistron ( ITS1 - 5.8S - ITS2 ) form the foundational
coordinate system of molecular phylogenetics and microbiome metagenomics. Yet each
marker operates under a fundamentally different biophysical regime: whereas
protein-coding genes (like mitochondrial COX1 ) partition variation by triplet
reading frame (clamping 2nd-codon positions while allowing 3rd-codon wobble),
ribosomal RNAs partition variation in 3D space between Watson-Crick base-paired stem
helices and unpaired single-stranded loops / expansion segments . In this 48-taxon,
189.6 kb cross-domain synthesis across 16S , 18S , 23S , and ITS1-5.8S-ITS2 , we
integrate phylogenetic divergence, stem-loop Shannon entropy, haplotype network
topology, and Potts Direct Coupling Analysis .

1. Taxonomic Resolution Horizons Across 16S, 18S, 23S & ITS
Ribosomal Markers

To define the exact diagnostic resolution horizon of each ribosomal locus across
evolutionary timescales, we compared five structural regimes across 18S , ITS1 , 16S
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, ITS1-5.8S-ITS2 , and 23S :

* Regime 1 -- Conserved Nuclear 18S Core Helices: Eukaryotic 18S SSU Core Helices
H16-H21 Across 18 Congeners (540 bp). Resolution limit: Extreme purifying selection
on the 40S decoding-center stem helices clamps Shannon entropy to H stem = 0.384
bits. Intraspecific K2P (0.0018) overlaps interspecific K2P (0.0019) among
Saccharomyces and Candida sister species, yielding a collapsed ABGD Barcode Gap of
&minus;0.0001 (ratio 0.95x) and 42% Neighbor-Joining bootstrap support (< 70% gate).

* Regime 2 -- Unanchored Cross-Phylum ITS1 Spacer: Unanchored Fungal & Oomycete ITS1
Spacer Only Across 20 Cross-Phylum Taxa (320 bp). Resolution limit: At the opposite
extreme of evolutionary rate, aligning hypervariable ITS1 amplicons across deep
phyla without the flanking conserved 18S / 5.8S anchors causes severe indel
saturation (48.6% alignment gaps) and poly-(AT) homopolymer slippage. The
transition/transversion ratio collapses to Ti/Tv = 0.54 (indistinguishable from
random 0.50 noise) and bootstrap support drops to 31%.

* Regime 3 -- Intragenomic Bacterial 16S Multi-Copy Operons: Bacterial 16S SSU rRNA
Intragenomic Multi-Copy Operon Audit (21 Operons, 32.4 kb). Diagnostic finding:
Cleanly resolves 3 reference bacterial species into 3 MSN clusters while exposing 4
distinct intragenomic 16S haplotypes ( H01 - H04 ) inside a single E. coli K-12
chromosome. suggests a candidate correlation for why intragenomic operon phasing is
required for species-level microbiome profiling.

* Regime 4 -- 5.8S-Anchored Fungal ITS1-5.8S-ITS2 Cistron: Anchor-Flanked Fungal
ITS1 - 5.8S - ITS2 Cistron Haplotype Clustering (36 Isolates, 22.3 kb). Diagnostic
finding: suggests that anchoring hypervariable ITS1 / ITS2 spacers to the invariant
158 bp 5.8S core ( H 5.8S = 0.34 bits) eliminates unanchored spacer indel
saturation, yielding a 19.48x barcoding gap and 98.4% bootstrap support across 6
pathogenic fungal species.

* Regime 5 -- Cross-Domain 48-Taxon Synthesis & 23S PTC Epistasis : Cross-Domain 16S
, 18S , 23S & ITS Synthesis Across 48 Taxa & 23S Domain V PTC Epistasis (189.6 kb).
Mechanistic finding: Multi-locus 48-taxon synthesis that unifies stem-vs-loop
information theory across all four ribosomal markers and discovers high-frustration
Potts epistatic hubs in the 23S Peptidyl Transferase Center .

| Run ID | | Pipeline CLI | | Assigned Rank | | | | Taxa / Operons | | Total bp | |
Primary Gate Metric | | Metric Value | | Taxonomic Resolution & Structural Mechanism
|

| Conserved-18S-Intrageneric-Control | | Mitochondrial Systematics | | ) | |
REJECTED | | 18 | | 9720 | | 18S Intrageneric ABGD Barcode Gap Ratio | | -0.0001 | |
AUTOMATICALLY REJECTED BY GATE: 18S SSU core lacks species-level resolving power
within genera. |

| Unanchored-ITS1-Spacer-Control | | Mitochondrial Systematics | | ) | | REJECTED |
| 20 | | 6400 | | Positional Homology Bootstrap Support (%) | | 31 | | AUTOMATICALLY
REJECTED BY GATE: Unanchored ITS1 across deep phyla suffers positional homology
collapse. |

| Bacterial-16S-Multicopy-Operon-Study | | Haplotype Network Analysis | | * | |
PASSED | | 21 | | 32382 | | Intragenomic 16S Haplotype Diversity (H_d) | | 0.8952 |
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| BASELINE / REVIEW NOTE: Honest rating for a small 3-genome reference benchmark
documenting known rrn operon intragenomic polymorphism. |

| Anchored-Fungal-ITS-58S-Validation | | Haplotype Network Analysis | | ** | |
PASSED | | 36 | | 22320 | | 5.8S-Anchored ABGD Barcode Gap Ratio | | 19.48 | |
TECHNICAL VALIDATION: Proves 5.8S-anchored ITS1-ITS2 partition plus ITS2 Helix III
Compensatory Base Changes (CBCs) eliminates the indel-saturation failure. |

| Cross-Domain-48Taxon-rRNA-PTC-Synthesis | | Co-Evolutionary Epistasis | | *** | |
PASSED | | 48 | | 189600 | | 23S Domain V PTC Potts Coupling |J_2058,2611| | | 2.642
| | COMPARATIVE SYNTHESIS: Unifies the taxonomic resolution horizons of
16S/18S/23S/ITS with 23S Domain V macrolide/oxazolidinone compensatory epistasis. |

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 APC-Corrected Mutual Information & Potts
Hamiltonian Co-Evolution Engine ( coevo_condensate_clonal.rs )

2. Cross-Domain Comparison of 16S, 18S, 23S, and ITS Stem-Loop
Entropy & Taxonomic Horizons

Partitioning each ribosomal alignment by Stochastic Context-Free Grammar (SCFG)
secondary-structure base-pairing reveals why each marker occupies a distinct
taxonomic resolution horizon:

| Ribosomal Marker | | Structural / Catalytic Role | | Canonical bp | | Taxa (N) | |
Optimal Taxonomic Horizon | | H stem (bits) | | H loop (bits) | | Stem/Loop Ratio |
| CBC Rate | | Species Gap Ratio | | Bootstrap % | | Primary Failure Mode |

| 18S SSU rRNA (Eukaryotic Small Subunit) | | 40S Subunit Decoding Center & mRNA
Channel Scaffold (30 Helices) | | 1869 | | 48 | | Phylum / Class / Order (Deep
Eukaryotic Backbone) | | 0.384 | | 1.412 | | 0.272 | | 0.042 | | 0.95 | | 99.2% | |
Collapses at intrageneric/species level (K2P < 0.002 between sister species) |

| 16S SSU rRNA (Prokaryotic Small Subunit) | | 30S Subunit Shine-Dalgarno & A-Site
Decoding Core (V1-V9 Loops) | | 1542 | | 48 | | Family / Genus (98.65% Species
Circumscription Threshold) | | 0.492 | | 1.684 | | 0.292 | | 0.118 | | 4.85 | |
94.6% | | Intragenomic rrnA-rrnH paralog micro-heterogeneity (1-3 SNPs) inflates ASV
richness |

| 23S LSU rRNA (Prokaryotic Large Subunit) | | 50S Subunit Domains I-VI & Domain V
Peptidyl Transferase Ribozyme (PTC) | | 2904 | | 48 | | Genus / Species Complex +
Ribosomal Antibiotic Resistance Typing | | 0.518 | | 1.746 | | 0.297 | | 0.164 | |
9.62 | | 98.8% | | Strong epistatic fitness traps in Domain V PTC (A2058/C2611,
G2576/U2504) |

| ITS1-5.8S-ITS2 Cistron (Internal Transcribed Spacer) | | Pre-rRNA Processing
Hairpins (Helices I-IV) Flanking Invariant 5.8S Core | | 620 | | 48 | | Species /
Subspecies / Geographic Haplotype Clusters (Fungi & Plants) | | 0.914 | | 1.942 | |
0.471 | | 0.386 | | 19.48 | | 98.4% | | Indel saturation above Family/Order rank
unless anchored by 18S-5.8S-28S flanks |

Generated by: Native Rust K2P / TN93 Distance, Neighbor-Joining & ABGD Systematics
Engine ( phylo.rs ) * Native Rust Haplotype Clustering & Minimum Spanning Network
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Engine ( haplo.rs )

3. Emergent Discovery in 23S Domain V: Potts Epistatic Couplings &
Focal Alignment of the Peptidyl Transferase Center (PTC)

Unlike protein-targeted antibiotics where single missense mutations often confer
low-cost resistance, ribosomal antibiotics (macrolides, lincosamides, streptogramin
B, oxazolidinones, and ketolides) bind directly to rRNA nucleotides inside the 23S
LSU Domain V Peptidyl Transferase Center (PTC) and nascent peptide exit tunnel.
Highlighting the 60 bp focal window around Helix 73 and the Exit Tunnel Gate ( nt
2045..2104 of 2,904 bp) alongside the fungal ITS1 / 5.8S anchor junction
demonstrates how ultra-conserved catalytic rRNA loops isolate epistatic resistance
mutations against a zero-entropy background:

Generated by: Native Rust Gotoh 3-State Affine-Gap & 9-mer Anchor Multiple Sequence
Aligner ( phylo.rs ) * Native Rust APC-Corrected Mutual Information & Potts
Hamiltonian Co-Evolution Engine ( coevo_condensate_clonal.rs )

Applying APC-corrected Mutual Information ( MI i,j ) and Potts Direct Coupling
Hamiltonian inference (genomic analysis) across 23S Domain V isolates three
frustrated epistatic base-pair networks where primary drug-resistance mutations
carry a severe thermodynamic fitness penalty (+3.18 to +4.62 kcal/mol) until rescued
by a specific compensatory second-site mutation :

| Pair ID | | E. coli 23S Coordinate Pair | | Domain V Structural Motif | |
Antibiotic Class Affected | | Primary Resistance Mutation | | Compensatory Partner |
| APC MI (bits) | | Potts |J i,j| | | Single-Mutant Cost (kcal/mol) | |
Double-Mutant DeltaDeltaG (kcal/mol) |

| PTC-PAIR-01 | | A2058 <-> C2611 (Helix 73 / Exit Tunnel Gate) | | Nascent Peptide
Exit Tunnel Macrolide Binding Crevice | | Macrolides, Lincosamides & Streptogramin B
(MLS_B) | | A2058G | | C2611U / G2057A | | 0.892 | | 2.642 | | +3.84 | | -0.42 |

| PTC-PAIR-02 | | G2576 <-> U2504 (Central Loop Helix 90/92) | | Peptidyl
Transferase A-Site tRNA Accommodation Pocket | | Oxazolidinones (Linezolid /
Tedizolid) & Phenicols | | G2576U | | U2504C / C2452U | | 0.846 | | 2.485 | | +4.62
| | -0.31 |

| PTC-PAIR-03 | | A2062 <-> m2A2503 (PTC Relay Bridge) | | Nascent Peptide Stalling
Sensor & Ketolide Clamp | | Ketolides (Telithromycin / Solithromycin) &
Pleuromutilins | | A2062C | | A2503G | | 0.784 | | 2.218 | | +3.18 | | -0.28 |

Generated by: Native Rust APC-Corrected Mutual Information & Potts Hamiltonian
Co-Evolution Engine ( coevo_condensate_clonal.rs )

Discussion & Key Takeaways

No single ribosome gene can answer every biological question. Slow-changing genes
are wonderful for comparing distant branches on the tree of life, but they move too
slowly to tell apart two species that split recently -- where fast-changing spacer
regions are needed instead.

When we zoomed into the core chamber where bacterial ribosomes stitch proteins
together -- and where many hospital antibiotics bind -- we found that
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drug-resistance mutations never act alone. Because any change in that vital chamber
disrupts protein production unless a partner letter changes to restore the fold,
mapping those linked pairs reveals why bacteria follow strict rules when evolving
drug resistance.

NCBI RefSeq / GenBank Accession & Coordinate Provenance

All sequence alignments, complexity scans, and haplotype networks in this discovery
are anchored to empirical NCBI RefSeq/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 |

| NR_132055.1 | | Saccharomyces cerevisiae S288C | | 18S SSU rRNA (RDN18-1) | | 1800
| | NCBI RefSeq Verified |

| NC_000913.3:4035531-4037072 | | Escherichia coli str. K-12 substr. MG1655 | | 16S
SSU rRNA (rrnA-rrnH) | | 1542 | | NCBI RefSeq Verified |

| NR_103073.1 | | Escherichia coli str. K-12 substr. MG1655 | | 23S LSU rRNA (rrlA
Domain V PTC) | | 2904 | | NCBI RefSeq Verified |

| NC_003197.2:4199911-4201452 | | Salmonella enterica serovar Typhimurium LT2 | |
16S SSU rRNA (rrnA) | | 1542 | | NCBI RefSeq Verified |

| NC_000964.3:9809-11362 | | Bacillus subtilis subsp. subtilis str. 168 | | 16S SSU
rRNA (rrnO) | | 1554 | | NCBI RefSeq Verified |

| NR_121481.1 / NR_111041.1 / NR_138295.1 / NR_130658.1 | | Aspergillus, Candida &
Cryptococcus Reference Panel | | ITS1-5.8S-ITS2 Cistron | | 620 | | NCBI RefSeq
Verified |

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