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Abstract: Sex determination in humans is primarily controlled by sex chromosomes, with males possessing an XY chromosome pair
and females an XX pair. The Y chromosome, which plays a crucial role in initiating male development, has been undergoing
progressive degeneration for millions of years. Over time, the Y chromosome has lost most of its genes, leading to speculation about its
eventual disappearance. If this trend continues, alternative mechanisms, such as autosomal genes, may take over male - determining
functions, as seen in some species. Evolutionary forces such as genetic drift, mutation and lack of recombination have contributed to
the Y chromosome's decline. However, recent studies indicate that the Y chromosome has developed mechanisms to slow down its
degeneration, potentially ensuring its survival. If the Y chromosome eventually disappears, human evolution may witness a shift in sex

determination pathways, potentially leading to speciation.
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1. Introduction

Determination of Sex is decided by the presence of sex
chromosomes in Humans. Typically, females possess two X
chromosomes (XX), while males have one X chromosome
and a much smaller Y chromosome (XY). Despite their
names, these chromosomes are not named for their shape.

Notably, the human Y - chromosome is degenerating and
may eventually disappear over time. If this occurs, it could
potentially lead to the extinction of Humans unless an
evolutionary shift compensates for the loss of sex -
determining functions.

How the Y - Chromosome shapes Male Biological
Identity!

The X chromosome contains approximately 900 genes
involved in various functions, many of which are unrelated
to sex. In contrast, the Y chromosome consists largely of
non - coding DNA with no apparent function. However, it
carries a crucial gene responsible for initiating male
development in the embryo.

Around 12 weeks after fertilization, this master gene
activates other genes that regulate the formation of the
testes. These testes then produce male hormones in the
embryo such as testosterone and its derivatives, ensuring that
the baby develops as a boy.

This sex - determining gene, known as SRY (Sex -
determining Region on the Y), was identified in 1990. It
functions by triggering a genetic pathway that includes
SOX9, a gene essential for male development in all
vertebrates. Interestingly, SOX9 is not located on the sex
chromosomes, further suggesting that male development
does not solely depend on the Y chromosome.

The Degeneration of the Y Chromosome
Over time, the Y chromosome has undergone significant
gene loss. Since humans diverged approximately 166 million

years ago, the Y chromosome has lost between 900 and 55
active genes, equating to a loss of about five genes per
million years. If this trend continues, the remaining 55 genes
could disappear in approximately 11 million years.

In terms of evolution, the potential disappearance of the
human Y chromosome has sparked speculation about the
future of our species. Interestingly, recent findings suggest
that due to mutation and genetic drift, human males are
evolving with a new sex gene.

However, the emergence of a new sex gene comes with
risks. This genetic shift could lead to a bottleneck effect,
reducing genetic diversity and increasing the likelihood of
speciation—an evolutionary process where a new population
diverges to form a distinct species, much like Darwin's
finches.

However, recent studies indicate that the Y chromosome has
developed mechanisms to slow down its degradation,
potentially delaying or even preventing its complete
disappearance.

Evolutionary Forces at Play

1) Genetic Drift
The Y chromosome is inherited exclusively through
males, making it more susceptible to random genetic drift
than autosomal chromosomes. Some Y - chromosome
lineages have disappeared due to chance events, such as
individuals failing to reproduce, reducing overall genetic
diversity.

2) Mutation and Degradation
Unlike other chromosomes, the Y chromosome does not
undergo recombination with a homologous partner. This
limits its ability to repair mutations effectively. Without
recombination, harmful mutations accumulate over time,
leading to gene loss and degradation. Some species have
already lost their Y chromosomes entirely, yet alternative
mechanisms have evolved to determine sex.
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3) Implications

Some scientists hypothesize that the human Y
chromosome could disappear in the distant future.
However, studies suggest that it has developed
mechanisms to maintain its structure, slowing down its
degradation. If the Y chromosome eventually disappears,
alternative genetic systems—such as autosomal genes—
could take over male - determining functions, as
observed in some species.

2. Conclusion

The fate of the Y chromosome remains a topic of scientific
debate. While it has undergone significant gene loss over
millions of years, recent research suggests that it has
developed mechanisms to slow down its degradation.
Although some species have lost their Y chromosomes and
evolved alternative sex - determining systems, it is uncertain
whether the same will happen in humans. If the Y
chromosome were to disappear, other genetic pathways-
such as autosomal genes—could take over male -
determining functions. Ultimately, evolution will likely
ensure the continuation of human reproduction, either
through the preservation of the Y chromosome or the
emergence of a new genetic mechanism for sex
determination.
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