
WHY THE X CHROMOSOME IS RICH IN DISEASE CAUSING L1 INSERTIONS 
 
A recent study published in Science by Barreda et al. (1), accompanied by an expert 
commentary (2), solves a long-standing evolutionary puzzle: why the X chromosome 
is unusually dense with L1 transposable elements. LINE-1 (L1) retrotransposons 
account for approximately 30% of the X chromosome's total DNA. That's roughly 
double the density found on autosomes. Why the X should be such a magnet for 
these "jumping genes" has been debated since geneticist Mary Lyon first proposed, 
in 1998, that L1s might be actively preserved by selection because they help spread 
X-chromosome inactivation (XCI). 
 
It's not selection. It's that insertion is easier on the inactive X. Using a clever cell line 
(PA-1) that reliably keeps a stable, identifiable inactive X (Xi) alongside the active 
one (Xa), the authors tracked thousands of engineered L1 insertions with long-read 
DNA sequencing. New insertions landed on the Xi two to three times more often than 
on the Xa or the autosomes, and the paper provides a biochemical explanation of 
that. 
 
Insertions, however, can alter genes, but the insertion in the Xi chromosome has no 
consequences for the woman who carries it. That copy of the gene is already 
switched off, so a new L1 insertion breaking it doesn't cost her anything functionally. 
 
That silence can end in the next generation, which is why X-linked disease is so 
common. If a mother passes that mutated Xi copy to a son, he has no second X to 
compensate: the broken gene is now his only copy, active and unshielded. The 
authors calculate that this insertion bias could roughly double the rate at which L1 
mutations cause X-linked genetic disease in XY descendants. Indeed, the very first 
pathogenic L1 insertions ever identified in humans were X-linked (in the F8 gene, for 
instance, causing hemophilia A). 
Together, the two papers reframe a decades-old evolutionary hypothesis: the X 
chromosome isn't L1-rich because L1 helps the X; it's L1-rich because the X's own 
silencing strategy, accidentally creates the perfect molecular hideout for a selfish 
genetic element, with the bill quietly passed on to sons. 
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