
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 of L1 sequences 
represents a novel mechanism for mutation in man.
Kazazian HH Jr, Wong C, Youssoufian H, Scott AF, Phillips DG, 
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.



Watson et al., BIOLOGIA 
MOLECOLARE DEL GENE, 
Zanichelli editore S.p.A.



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



Extensive transduction of nonrepetitive DNA 
mediated by L1 retrotransposition in cancer 
genomes   Science 2014  Tubio et al

L1 elements propagate through RNA intermediates. 

Studying cancer genomes from 244 patients, we found that 
tumors from 53% of the patients had somatic 
retrotranspositions ………..



Fingerprinting of donor L1s revealed that a handful 
of source L1 elements in a tumor can spawn from 
tens to hundreds of 3′ transductions, which can 
themselves seed further retrotranspositions.

The activity of individual L1 elements correlated 
with L1 promoter hypomethylation. 

The transductions disseminated genes, exons, and 
regulatory elements to new locations, most often to 
heterochromatic regions of the genome



In a lung tumor, hundreds of 3′ transductions arose from a small
number of active L1 source elements (colored circles)





..Somatic  transduction occurs frequently in human tumors which  
can scatter exons, genes, and regulatory elements
widely across the genome. 
Dissemination of these sequences appears to be due to a
small number of highly active L1 elements. 

The majority of the retrotransposition events are likely to be
harmless “passenger” mutations.



REGOLAZIONE DELLA TRASCRIZIONE 
DA TRASPOSONI NEL GENOMA 
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L1 mutants



L1 mutants RNA analysis

Decrease in expression depends on L1 length











Overview of gene synthesis.
Oligonucleotides encoding each 
fragment were mixed and 
subsequently used as template 
amplification. 

products were cloned and 
ligated together with unique 
restriction sites (labelled A to J)



an intron-interrupted neo reporter in the 3’ untranslated region with 
its own promoter and polyadenylation signal





Only when neo is transcribed from the L1 promoter, spliced, reverse 
transcribed and integrated into the genome does a cell become G418-
resistant



Retrotransposition 
was assayed in HeLa 
cells 





EVOLUZIONE RECENTE DEI TRASPOSONI





SINE-VNTR-Alu (SVA) elements are nonautonomous,
hominid-specific non-LTR retrotransposons

composite mobile elements. 

They represent the evolutionarily youngest, currently active 
family of human non-LTR retrotransposons

SVA





Rationale of the SVA trans-mobilization assay.

Raiz J et al. Nucl. Acids Res. 2011;nar.gkr863

© The Author(s) 2011. Published by Oxford University Press.



Diagnostic PCR to test for correct splicing of the intron from the mneoI indicator cassette.

Raiz J et al. Nucl. Acids Res. 2011;nar.gkr863

© The Author(s) 2011. Published by Oxford University Press.

PCR to test for correct splicing of the intron from the mneoI cassette

integration into the genome via authentic “retro”transposition 



Intact L1 trans-mobilization.

Raiz J et al. Nucl. Acids Res. 2011;nar.gkr863

© The Author(s) 2011. Published by Oxford University Press.

pJM101/L1RP  =L1 cis activity  Controllo positivo    100%

pCEP4 empty vector 



L1 ORF1p is required for trans-mobilization of SVA reporter elements.

Raiz J et al. Nucl. Acids Res. 2011;nar.gkr863

© The Author(s) 2011. Published by Oxford University Press.

pJM101/L1RP  =L1 cis activity  Controllo positivo 100%

intact (L1RP) and mutant (∆ORF1) L1 protein donor plasmid 
pCEP4 empty vector 



The nucleotide profile of SVAE de novo insertion sites resembles the consensus target 
sequence of pre-existing human-non-LTR retrotransposons.

Raiz J et al. Nucl. Acids Res. 2011;nar.gkr863

© The Author(s) 2011. Published by Oxford University Press.


