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ITS FATE HAD been decided. After mil-
lions of years of loyal service to

masculinity, the Y chromosome was
doomed to a slow, yet certain extinc-
tion. Its swan song was SRY, the gene
of masculinity that makes boys be-
come boys.

Although the Y chromosome con-
tains mostly unique, Y-specific se-
quences, it shares a small (2.6 Mb)
homologous region (PAR1, Pseudo
Autosomal Region 1) with the X chro-
mosome that allows X and Y pairing at
their respective short arms. The pres-
ence of homologous regions in the X
and Y chromosomes supports the idea,
initially formulated by Susumo Ohno,
that both chromosomes evolved from a
pair of autosomes (1).

At some point in evolution, a sex-
determining locus, probably SRY,
arose on one of these proto-sex chro-
mosomes, resulting in the accumula-
tion of other sex-specific alleles
nearby. As time went on, it became
favorable to inherit the sex-specific re-
gion as a whole, and recombination
between increasing parts of the future
sex chromosomes progressively
stopped, allowing the accumulation of
deleterious mutations and the eventual
“shrinking” of the Y chromosome (2).
Comparative cytogenetics suggests
that the Y chromosome evolved after
the divergence of mammals from rep-
tiles (�310 Million years), but before
the divergence of marsupials and euth-
erians from monotremes (�170 Mil-
lion years).

The cost of being a sex-determining
chromosome was to slowly disinte-

grate and lose most functional genes.
The modern day picture of the Y chro-
mosome is not a pretty one. Within the
63Mb of male-specific Y chromosome,
that does not recombine with the X
chromosome, about two thirds (40Mb)
are heterochromatic repetitive DNA,
which is traditionally viewed as non
functional, and about one third (23Mb)
is euchromatic DNA, which encodes
only a small number of genes (about
60). If the prevailing theory is accu-
rate, it is predicted that the Y chromo-
some will entirely disappear within
5–10 million years (3).

In spite of this bleak picture, there is
hope! By undertaking the daunting
task of sequencing the entire euchro-
matic region of the Y chromosome,
David Page and colleagues have iden-
tified a unique feature, “ampliconic”
regions composed of large, highly sim-
ilar (up to 99.9%) palindromes, the
sequence homogeneity of which is
maintained by intrachromosomal gene
conversion events (4). Seven ampli-
conic regions that cover 10.2 MB, al-
most half of the euchromatic Y chro-
mosome, contain 60 protein-encoding
genes, and 75 transcription units of
unknown significance.

The biological implication that these
ampliconic structures facilitate self-
recombination between the arms of the
palindromes on the Y chromosome is
potentially far reaching (5). The possi-
bility of gene conversion within ampli-
cons provides unique survival skills for
a chromosome that was initially

thought doomed because of its inabil-
ity to recombine with a homologous
chromosome. To evaluate the fre-
quency of gene conversion, a particu-
lar gene in a palindrome was se-
quenced throughout several
generations of a known Y chromosome
genealogy. From this study, it was es-
timated that an average of 600 nucle-
otides undergo arm-to-arm gene con-
version in each male newborn of the
human population (5). In addition, be-
cause of the almost identical sequences
between each palindromic arm of hu-
mans and chimpanzees, it is hypothe-
sized that the rate of gene conversion is
high enough to allow the repair of new
mutations as fast as they appear.

The consequences of these findings
are broad. First, they change our per-
spective of the genome from static to
dynamic since gene conversion may be
much more common than previously
thought. Second, they open a unique
window on the history and evolution of
sex-chromosomes, which would not
have been appreciated had it not been
for the thankless task of sequencing the
chromosomes of many species. Fi-
nally, they challenge the concept of
“junk” DNA. Studies of the Y, the
epitome of “junk” genetic material,
show that even the most repetitive se-
quences may have a biological func-
tion. Microarray-based expression
studies start to reveal unsuspectingly
high levels of transcriptional activities
throughout the genome, up to an order
of magnitude more than predicted by
the analysis of the genomic sequences
(6). Comparative analyses of large
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genomic fragments between verte-
brates show conservation of many non-
coding segments, hinting at a crucial,
as yet unclear, functional role (7).

Dogma in molecular biology is short
lived. The Y chromosome saga, which
was supposed to end in a tragedy, may
yet have a happy ending. The pro-
nouncement at the death of European
monarchs seems suitable for the Y
chromosome: “The King is dead, long
live the King.”
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