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Roles for retrotransposon insertions in
human disease

Over evolutionary time, the dynamic nature of 
a genome is driven, in part, by the activity of 

transposable elements (TE) such as 
retrotransposons. 

On a shorter time scale it has been established 
that new TE insertions can result in

single-gene disease in an individual.







LINE-1
The non-LTR retrotransposon Long INterspersed 
Element-1 (or L1) is the only active autonomous TE. 

In addition to mobilizing its own RNA to new 
genomic locations via a “copy-and-paste” mechanism, 
LINE-1 is able to retrotranspose other RNAs including 
Alu, SVA, and occasionally cellular RNAs. 
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LINE-1 frequently bypassed its own polyA signal in 
favor of a downstream one



Trascrizione L1

• RNApolymeraseII

• Transcription factors
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LINE-1 frequently bypassed its own polyA signal 
(AATAAA) in favor of a downstream one (AATAAA) 
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Le proteine ed ENZIMI della 
trasposizione



EN-endonuclease 
Z domain 
RT-reverse transcriptase  
C-cysteine-rich. 



Substrate of L1-EN



L1-EN  cleavage

(P-): Cwt without L1-EN protein



Specificity of L1-EN 



EN mutants

Proporzionalità !!



CC-coiled coiled domain 
RRM-RNA recognition motif  . 



Trimeric structure for an essential protein in L1
retrotransposition
Sandra L. Martin*†, 



acidic(red)                   basic (blue) 

CC-coiled coiled domain       RRM-RNA recognition motif 



2 ORF1p  coats the entire 7-kb L1 RNA to form a 
ribonucleoprotein particle 
The nucleic acid chaperone activity of ORF1p melts the 
DNA and then facilitates formation of the RNA:DNA 
hybrid 

1 Each subunit of the trimer contains one single-stranded nucleic acid 
binding interface which is bound with one of the DNA target strands or the 
polyA tail of the L1 RNA (red). The double-stranded regions of the target 
are not bound 

ORF1p  binds  single-stranded nucleic acids  (L1 RNA and DNA)  
And functions as a nucleic acid chaperone.



ORF1p is necessary and sufficient for L1 cytoplasmic foci formation

T7-tagged ORF1p green
TAP-tagged ORF2p red;
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MUTAGENESI INSERZIONALE



LINE-1

To date in humans, 124  LINE-1-mediated insertions 
which result in genetic diseaseshave been

reported. 

Hancks and Kazazian Mobile DNA (2016) 7:9

Disease causing LINE-1 insertions have provided a 
wealth of insight and the foundation for valuable tools 
to study these genomic parasites. 



it is estimated, on the basis of full-length L1 elements with 
preserved open reading frames and activity in in vitro 
retrotransposition assays, that there are 50 to 120 currently active 
L1 repeats in the human genome, of which a small number are 
highly active -“hot-L1s”

POCHISSIMI  ELEMENTI L1 SONO ATTIVI



Direct insertional 
mutagenesis by L1 resulted 
in diseases including 
muscular dystrophy, 
hemophilia, and breast 
cancer

EVENTI PATOLOGICI RARI 



Haemophilia A resulting from de novo insertion 
ofL1 sequences represents a novel mechanism for 
mutation in man.
Kazazian Antonarakis SE. 

We now report insertions of L1 elements into 
exon 14 of the factor VIII gene in two of 240 
unrelated patients with haemophilia A. Both 
of these insertions (3.8 and 2.3 kilobases
respectively) contain 3' portions of the L1 
sequence, including the poly (A) tract, and 
create target site duplications of at least 12 
and 13 nucleotides of the factor VIII gene.



Characterization of a nondeleterious L1 insertion 
in an intron of the human factor VIII gene Woods-Samuels P, 
Wong C, Mathias SL, Scott AF, Kazazian HH Jr, Antonarakis SE.

A 20.7 kb deletion within the factor VIII gene associated 
with LINE-1 element insertion.
Van de Water N, Williams R, Ockelford P, Browett P.


