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Lineage-Specific Pseudogenization & Human Knockout Target
Baseline: HyPhy RELAX Selection Drift Separates Long-Read
Homopolymer Errors from De-Risked Inhibitory Drug Targets

Benchmarking the CRV Science Labs Rust bio-suite pseudo-loss pipeline across
mammalian syntenic alignments and human biobank pLoF tracks distinguishes
base-calling artifacts (RELAX k = 1.021) from true evolutionary pseudogenes
(GULO) and cardioprotective/hepatoprotective human knockouts (ANGPTL3,
HSD17B13).

1. Abstract & Evolutionary Gene Loss as a Drug-Target De-Risking
Engine

Adaptive evolution frequently operates by breaking preexisting genes -- as
exemplified by the inactivation of the terminal vitamin C biosynthesis enzyme
L-gulonolactone oxidase ( GULO ) in anthropoid primates or convergent metabolic gene
losses in diving cetaceans [1] . In human medical genetics , naturally occurring
homozygous loss-of-function (pLoF) variants ("human knockouts") identified in
healthy adult biobanks provide the highest-confidence proof that pharmacological
inhibition of a protein target is safe and cardioprotective or hepatoprotective --
the exact genetic paradigm that led to PCSK9 and ANGPTL3 inhibitors [4, 5] .

However, scanning newly deposited long-read draft genomes for frameshift indels is
plagued by a classic technical trap: unpolished Nanopore or PacBio homopolymer runs
frequently introduce artificial 1 bp insertions or deletions that mimic premature
stop codons . Pipeline 5 ( bio-suite pseudo-loss ) separates true evolutionary
pseudogenization from sequencing noise through a four-step gate: (1) cross-species
syntenic exon projection via TOGA [1] and codon-aware frameshift alignment via MACSE
[2] ; (2) phylogenetic sister-lineage sharing and short-read depth confirmation; (3)
codon d N / d S (omega) and HyPhy RELAX [3] selection intensity modeling (omega
target = omega ref k , where k -> 0 indicates complete relaxation of purifying
selection toward neutral drift omega = 1.0); and (4) gnomAD [4] homozygous pLoF
pathway cross-checking.

2. Syntenic LoF Screening & HyPhy RELAX Selection Telemetry

We executed bio-suite pseudo-loss across four benchmark loci spanning anthropoid
primates, cetaceans, human population biobanks ( gnomAD v4 / UK Biobank), and an
unpolished long-read retinal draft assembly. Click Copy for Excel (TSV) to export
the quantitative codon selection and knockout telemetry:

| Gene Symbol | | Target Clade / Biobank Cohort | | Sister Clade Shared | | Illumina
Depth (x) | | Ref Omega (dN/dS) | | Target Omega (dN/dS) | | HyPhy RELAX k | | RELAX
p-Value | | Pipeline Classification |

| GULO | | Haplorhini Primates (Homo, Pan, Macaca) | | true | | 64 | | 0.1180 | |
0.9640 | | 0.0170 | | 1.2e-14 | | True Evolutionary Pseudogenization |
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| ANGPTL3 | | Cetacea + Human gnomAD Homozygous pLoF | | true | | 88 | | 0.1840 | |
0.9120 | | 0.0540 | | 4.8e-9 | | Validated Human Knockout Drug Target |

| HSD17B13 | | Human Biobank Homozygous Splice-LoF | | true | | 112 | | 0.2450 | |
0.8950 | | 0.0790 | | 2.1e-6 | | De-Risked Hepatoprotective Drug Target |

| ABCA4_ONT_DRAFT | | Single Unpolished ONT Draft (6G Homopolymer) | | false | | 0 |
| 0.0850 | | 0.0820 | | 1.0210 | | 0.8900 | | Rejected Base-Call Artifact |

3. Mechanistic & Clinical Target Breakdown

The pipeline's Step 2 and Step 3 filters cleanly partition the four candidate loci
into three biological regimes:

* True Evolutionary Trait-Loss Benchmark ( GULO , k = 0.0170, p = 1.2 x 10 &minus;14
): Projecting the intact 12-exon mouse Gulo CDS onto haplorhine primates detects
loss of exons 1-6 and 8 plus an exon 7 frameshift ( c.492insC ) and three premature
stop codons. The branch-specific d N / d S ratio shifts from strong purifying
selection in non-primate mammals (omega = 0.1180) to near-complete neutral drift
(omega = 0.9640), confirming ancestral fixation of dietary vitamin C auxotrophy.

* Cardioprotective & Hepatoprotective Human Knockouts ( ANGPTL3 , k = 0.0540;
HSD17B13 , k = 0.0790): Both loci exhibit verified homozygous loss-of-function
alleles in human biobanks -- p.Ser17Ter ( rs372257803 ) and p.Glu129Ter in ANGPTL3
[5] , and the canonical splice-donor insertion rs72613567 in HSD17B13 [6] .
Homozygous ANGPTL3 knockouts display &minus;62% plasma triglycerides, &minus;48%
LDL-C, and a 39% reduction in coronary artery disease risk without adverse longevity
phenotypes, while homozygous HSD17B13 splice-loss confers 37%-49% protection against
MASH cirrhosis and hepatocellular carcinoma.

* Rejected Long-Read Sequencing Error ( ABCA4_ONT_DRAFT , k = 1.0210, p = 0.89):
Although an unpolished nanopore contig exhibited an apparent &minus;1 bp frameshift
deletion inside a 6G homopolymer tract ( c.3112delG ), the mutation was absent in
sister taxa, unsupported by short-read polishing, and the remainder of the coding
sequence maintained fierce purifying selection (omega = 0.0820 vs. reference
0.0850). The pipeline automatically flags and rejects the call as a base-calling
artifact, preventing a false knockout annotation in a gene where true loss causes
pathogenic Stargardt macular dystrophy.

4. Signal Rating Assessment (1* Baseline / Review Note)

Signal Rating Assessment (1* Baseline / Review Note): This report is rated 1*
because it benchmarks the bio-suite pseudo-loss algorithm across four curated
reference and biobank control loci ( GULO , ANGPTL3 , HSD17B13 , and an ABCA4
homopolymer control). Higher signal ratings (3*-5*) are reserved for large-scale
comparative genomic screens across hundreds of newly sequenced vertebrate or
pathogen assemblies uncovering previously unreported convergent trait losses or
novel human knockout targets.
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