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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



hexamer repeat region

35-50 bp

Portion of env gene + 3′ LTR of the 
endogenous retrovirus HERV-K10

SINE-VNTR-Alu (SVA) 



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. 



promoter

?

polyA signal 

flanking target-site duplications 

LINE-1 frequently bypassed its own polyA signal in 
favor of a downstream one



Trascrizione L1

• RNApolymeraseII

• Transcription factors

SOX11

YY1

RUNX3 

p53? 



LINE-1 frequently bypassed its own polyA signal 
(AATAAA) in favor of a downstream one (AATAAA) 

Troppa Trascrizione L1…..



EN- Cleavage

retrotransposon insertions



Numerosi altri eventi mutazionali

twin-priming?

maintaining a functional ORF2 



Numerosi altri eventi mutazionali

Also large deletions 

“molecular band-aid?” 



L1-associated genomic regions are deleted in somatic 
cells of the healthy human brain. 
Erwin JA Nat Neurosci. 2016 Sep 12

, 

The healthy human brain is a mosaic of varied genomes.

Long interspersed element-1 (LINE-1 or L1) retrotransposition is 
known to create mosaicism by inserting L1 sequences into new 
locations of somatic cell genomes. 

Using a single-cell sequencing approach, we discovered that  
somatic L1-associated variants (SLAVs) are composed of two 
classes: 

L1 retrotransposition insertions and retrotransposition-
independent L1-associated variants. 



L1-associated genomic regions are deleted in somatic 
cells of the healthy human brain. 
Erwin JA Nat Neurosci. 2016 Sep 12

, 
A subset of SLAVs comprises somatic deletions generated by 
L1 endonuclease cutting activity. 

Retrotransposition-independent rearrangements resulted in the 
deletion of proximal genomic regions. 

L1-associated genomic regions are hotspots for somatic copy 
number variants in the brain and therefore a heritable genetic 
contributor to somatic mosaicism. 

We demonstrate that SLAVs are present in crucial neural genes 
es PSD93 and affect 44-63% of cells of the cells in the healthy 
brain.



PSD93
postsynaptic density proteins

belong to a family of scaffolding proteins, the membrane-
associated guanylate kinases which are highly enriched in 
synapses and responsible for organizing the numerous 
protein complexes required for synaptic development and 
plasticity

Behav Brain Res. 2017 Feb 9. 

• Hypersocial behavior and biological redundancy in mice 
with reduced expression of PSD93



la trasposizione





target-site primed reverse transcription 





DNA damage
response



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.



FOCI



ORF1p is necessary and sufficient for L1 cytoplasmic foci formation

T7-tagged ORF1p green
TAP-tagged ORF2p red;

positive
control ORF1p ORF2p

%L1 cytoplasmic foci



MUTAGENESI INSERZIONALE



LINE-1

To date in humans, 124  LINE-1-mediated insertions 
which result in genetic diseases have 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. 



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

EVENTI PATOLOGICI RARI 



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


