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Abstract

The male-specific region (MSY) of the mammalian Y chromosome is a highly
recombination-isolated genetic system. Classical population genetics, based on
Muller’s ratchet and related models, predicts that such a non-recombining region
should undergo irreversible functional degradation over evolutionary time—the “Y-
chromosome degeneration hypothesis.” However, recent high-quality complete Y-
chromosome assemblies, including the human T2T-CHM13-Y, reveal systematic
deviations from the strong version of this prediction. Core reproductive gene
repertoires, established ~80 million years ago, have been maintained in a long-term
steady state rather than undergoing continuous decay. Observed structural variant
accumulation meets or exceeds the rough upper range estimated under highly
permissive continuous gradualistic assumptions. Evolutionary events display a
pattern of “long-term stasis punctuated by short bursts of concentrated remodeling,”
rather than uniform change across time.

Using the parameterized framework of the MACSM Mathematical Framework 2.0, we
explicitly quantify the predictions of the gradualistic model for this high-pressure
system, and test them against comparative genomic, population genetic, and clinical
data. Multiple lines of evidence, including selection-pressure analyses and qualitative
model comparisons, indicate that a hierarchical model—in which core architecture is
locked under strong constraints, while parameter-layer variations and episodic short-
window transitions occur—fits the data substantially better than purely continuous
gradual models. We attribute this to the multiplicative effects of interface compatibility
bottlenecks, fithess landscape cliffs, and limited effective population size, which
jointly compress the probability of incremental architectural remodeling. The Y
chromosome thus provides extreme empirical support for the MACSM core thesis:
under strong structural coupling and limited recombination, microevolutionary
processes are predominantly confined to the parameter layer, showing limited
capacity to systematically reshape core architecture through linear accumulation
alone. This study also establishes a high-pressure system stress-testing
methodology that can be extended to other contentious evolutionary systems.

Keywords: Y chromosome; MSY; architectural constraint; temporal clustering;
interface compatibility bottleneck; Muller’s ratchet; probability compression; T2T
sequencing
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This paper is the first installment of the MACSM/UACSM “High-Pressure Object
System Stress Test” series. The series selects extreme genetic systems that are, a
priori, most favorable to the success of classical microevolutionary mechanisms (e.g.,
no recombination, small effective population size, high mutation rate), explicitly
quantifies the strong-version extrapolative expectations, and confronts them with
high-quality empirical data, in order to systematically test the extrapolation boundary
of continuous gradualistic models to the architectural level.

The Y chromosome, with its male-specific region (MSY) undergoing virtually no
effective meiotic recombination, a very small effective population size, and core
perturbations leading directly to fitness cliffs in reproduction, constitutes a natural
high-pressure system for testing whether “zero-bridge point-mutation paths” can
continuously remodel core architecture over macroevolutionary timescales. As the
first paper in the series, it establishes both the methodological foundation and the
core argumentative template for the subsequent mitochondrial stress test (high
mutation rate plus dual-coding interface constraint) and the obligate asexuality stress
test (whole- organism level constraint loss). Together, the three stress tests provide
a cross- level validation — from a single chromosomal compartment to the whole
organism — of the core thesis of the MACSM Mathematical Framework 2.0: at the
architectural level, the multiplicative superimposition of multiple constraints prevents
zero- bridge microevolutionary paths from achieving architectural innovation through
linear accumulation.
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Author Responsibility Statement

The authors confirm that they have fully reviewed the manuscript and take full
responsibility for the theoretical propositions, argument structure, citation norms,
language expression and the final published version. Corrections, supplements and
revisions will be updated through version iterations or subsequent research papers
as needed.
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