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



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.
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L1 mutants RNA analysis

Decrease in expression depends on L1 length
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Nuclear Run-On Transcription

• Isolate nuclei from cells, allow them to 
extend in vitro the transcripts already 
started in vivo in a technique called run-on 
transcription 

• RNA polymerase that has already initiated 
transcription will “run-on” or continue to 
elongate same RNA chains

• Effective as initiation of new RNA chains in 
isolated nuclei does not generally occur
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Run-On Analysis

• Results will show transcription rates and 
an idea of which genes are transcribed

• Identification of labeled run-on transcripts 
is best done by dot blotting
– Spot denatured DNAs on a filter
– Hybridize to labeled run-on RNA
– Identify the RNA by DNA to which it hybridizes

• Conditions of run-on reaction can be 
manipulated with effects of product can be 
measured
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Nuclear Run-On Transcription Diagram
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α-Amanitin is an inhibitor of  RNA pol II
This mechanism makes it a deadly toxin.
α-Amanitin can also be used to determine which types 
of RNA polymerase are present. This is done by testing 
the sensitivity of the polymerase in the presence of α-
amanitin. RNA polymerase I is insensitive, RNA pol II 
is highly sensitive, and RNA pol III is slightly sensitive.

















SINE-VNTR-Alu (SVA) elements are nonautonomous,
hominid-specific non-LTR retrotransposons and distinguished by 
their organization as 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.



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.

Immunoblot analysis of L1 protein expression after 
cotransfection of L1 protein donors with SVA retrotransposition 
reporter plasmids or pCEPneo. 

+-



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.


