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Evolutionaty Biology. doi: https://doi.org/10.1101/179044

Sex chromosomes evolve as recombination is suppressed between the X and Y
chromosomes. The loss of recombination on the sex-limited chromosome (the Y
in mammals) leads to degeneration of both gene expression and gene content for
many genes [1]. Loss of gene expression or content from the Y chromosome
leads to differences in gene dose between males and females for X-linked genes.
Because expression levels are often correlated with gene dose [2], these
hemizygous genes have a lower expression levels in the heterogametic sex. This in
turn disrupts the stoichiometric balance among genes in protein complexes that
have components on both the sex chromosomes and autosomes [3], which could
have serious deleterious consequences for the heterogametic sex.
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To overcome these deleterious effects of degeneration, the expression levels of dosage sensitive X-
linked genes, and in some organisms, entire X chromosomes, are compensated, the expression of
the single copy of in the heterogametic sex being increased. Dosage compensation for such genes
has evolved in several species, restoring similar expression levels as in the ancestral state in males
and/or equal gene expression in males and females [4-8]. The mechanisms for dosage compensation
are variable among species and their evolutionary paths are not fully understood, as the few model
sex chromosomes studied so far have old, and highly degenerate sex chromosomes [4-7].

Muyle et al. [9] studied the young sex chromosomes of the plant S#lene latifolia, which has young sex
chromosomes (4 MY) and highly variable dosage compensation [10, 11]. The authors used both an
outgroup species without sex chromosomes for obtaining a proxy for ancestral expression levels
before Y degeneration, and implemented methods to identify sex-linked genes and disentangle
paternal versus maternal allele expression [12]. Using these elements, Muyle et al. [9] reveal
upregulation of maternal X alleles in both males and females in the young S. /latifolia sex
chromosomes [9], possibly by genomic imprinting. The upregulation in both sexes of the maternal X
alleles likely yields non-optimal gene expression in females, which is strikingly consistent with the
theoretical first step of dosage compensation as postulated by Ohno [8], which predicts restoration
of ancestral expression in males, over-expression in females, and unequal expression in the two
sexes. These findings provide surprising insight into the earliest stages of dosage compensation, one
of the most intriguing aspects of evolutionary biology.
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