Table 1. Mobile element dynamics in model organisms. Tns, DNA transposons; Rtns, retrotrans-
posons. Organisms are budding yeast, S. cerevesiae; mustard weed, A. thaliana; roundworm, C.
elegans; fruit fly, D. melanogaster; mouse, M. musculis; human, H. sapiens.

Mobile element

Estimate of

Organism type (% of genome) Active insertion fregq. ]

element(s) ) removal freq.
Tns LTR Rtns Non-LTR Rtns per generation
Budding yeast O 3 0 LTR Rtn 107°-10""* High (LTR
recombination)

Mustard weed 5 5 0.5 Tn, LTR Rtn ? ?

Roundworm 12 0 <0.4 Tn Very low ?(Low)

Fruit fly 0.3 2.7 0.9 Tn, LTR Rtn, 107'-107%}  High (deletion
non-LTR Rtn and selection)f

Mouse 09 10 27 LTR Rtn, >10""1 Low
non-LTR Rtn

Human 3 8.5 35 Non-LTR Rtn  1071§ Low

*See (63). TMobile element insertion rates for P and | element hybrid dysgenesis crosses are —10°. In natural

crosses, transposition and retrotransposition rates are 10~ to 102 [for copia and Doc, see (65); for mariner, see

(66)]. TSee (67). §See (37).
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Fig. 1. Composition ol the human genome. The percentage shares ol various functional and non-functional sequences are shown.
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Fig. 1. Classes of mobile elements. DNA transposcns, e.g., Tc-1/mariner, have inverted terminal inverted repeats (ITRs) and
a single open reading frame (ORF) that encodes a transposase. They are flanked by short direct repeats (DRs). Retrotrans-
posons are divided into autonomous and nonautonomous classes depending on whether they have ORFs that encode
proteins required for retrotransposition. Common autonomous retrotransposons are (i) LTRs or (i) non-LTRs (see text for
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REVIEW

Mobile Elements: Drivers of Genome Evolution

Haig H. Kazazian Jr.*

Mobile elements within genomes have driven genome evolution in diverse ways.
Particularly in plants and mammals, retrotransposons have accumulated to constitute a
large fraction of the genome and have shaped both genes and the entire genome.
Although the host can often control their numbers, massive expansions of retrotrans-
posons have been tolerated during evolution. Now mobile elements are becoming useful
tools for learning more about genome evolution and gene function.

Mobile, or transposable, elements are preva-
lent in the genomes of all plants and animals.
Indeed, in mammals they and their recogniz-
able remnants account for nearly half of the
genome (., 2), and in some plants they con-
stitute up to 90% of the genome (3). If, as
many believe, the origins of life are in an
“RNA world” followed by reverse transcrip-
tion into DNA, thE':n mobile elements could

Watson BM Gene CAhfi

Because sequence specificity of integration is
limited to a small number of nucleotides—
e.g.. TA dinucleotides for Tcl of Caenorhab-
ditis elegans—insertions can occur at a large
number of genomic sites. However, daughter
imnsertions for most, but not all, DNA trans-
[OSONS occur in proximity to the parental
insertion. This 1s called “local hopping.” Ac-
tive transposons encode a transposase enyme

Watson et al., BIOLOGIA

RE DEL GENE,
aditnre S n A

residues, then a glutamate) and a handlike
three-dimensional structure {4, 8).

Although these elements generally trans-
pose to genomic sites less than 100 kb from
their original site (e.g., the Drosophila P ele-
ment), some are able to make distant “hops™
(e.z., the fish Tcl/mariner element; see below).

LTR Retrotransposons
Retrotransposons are transcribed into RNA,
and then reverse transcribed and reintegrated
into the genome, thereby duplicating the ele-
ment. The major classes of retrotransposons
either contain long terminal repeats at both
ends (LTR retrotransposons) or lack LTRs
and possess a polyadenylate sequence at their
3" termini (non-LTR retrotransposons).

LTR retrotransposons and retroviruses are
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Le proteine della trasposizione
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Trimeric structure for an essential protein in L1

retrotransposition

Sandra L. Martin*T, Dan Branciforte*, David Kellerf |
and David L. Bain §

Watson et al., BIOLOGIA
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The function of the protein encoded by the 5-most
ORF, ORF1p, is incompletely understood,

the ORF1p from mouse L1 is known to bind
single-stranded nucleic

acids (L1 RNA and DNA) and function as a
nucleic acid chaperone.

Structural features are compatible with the
nucleic acid binding

Watson et al., BIOLOGIA

MOLECOLARE DEL GENE,
Zanirhalli aditnre S n A
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acidic(red)
basic (blue)
A C-C C-1/3

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

32 nm

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




acidic(red)

basic (blue)
EA subunit oft e 1] e0 R [ ic-deid binding interface
(shade (the

nicked strand with HO TTTT and the |ntact strand Wlth AAAA ref 19) or the polyA tail
of the L1 RNA (red). The double-stranded regions of the target are not bound

32 nm

ORF1p Icoats the entire 7-kb L1 RNA to form a ribonucleoprotein particle
The nucleic acid chaperone activity of ORF1p melts the DNA and then
10.7 nm facilitates formation of the RNA:DNA hybrid
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ORF1p is necessary and sufficient for L1 cytoplasmic foci formation
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Mutations in the ORF1p RNA recognition motif (pACB)Idisrupt L1 cytoplasmic foci formation
and lead to a severe reduction of ORF1p and ORfr2ptoplasmic RNP complexes
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A
L1-EN point mutants and
bB6—bB5 hairpin loop variants

orange: residues
potentially contacting DNA

191 192 193 194 195 196 197 . . 198 199 200 201 202 203 204 205

L1-EN Y FFSAP. .HHTYSIKTI
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R1Bm-EN P FSTA....NGEJSYYV

Tras1-EN P FDTIRGGEKRYQSRYV

195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211



Crystal structures of L1-EN betaB5—beta B6 hairpin loop variants.




C

mmmmmmma—mmmnnn

-20nmt

=15nt

10

- &m

<y



Table 1. Comparison of retrotransposition f{requencies in vive and
plasmid nicking activities in vitro

LI-EN Retrotransposition Plasmid nicking
variant frequency”, % activity®, %
wi 100 417.1 100 4-0.8
LTx 21+24 29426
LRI 2423 64+0.8
L3G 0+2.2 10+1.8
DI145A 0° 31:1.0
RI55A 12433 19+34
T192V 5430

S202A 321+7.8 28422
[204Y 1 +1.1 4412
H230A 0

“Corrected for background activity (<£5%); for details see Supplementary

Data.

®Normalized to L1-EN (wt) activity, (—) not analyzed.
“As a DI45A/N147A double mutant.
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Direct insertional
mutagenesis by L1 resulted
In diseases including
muscular dystrophy,
hemophilia, and breast
cancer



Haemophilia A resulting from de novo insertion of L 1 sequences
representsa novel mechanism for mutation in man.

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.

e Characterization of anondeleteriousL 1 insertion in an intron of the human
factor VIII gene

* A 20.7 kb deletion within the factor VIII gene associated with
LINE-1 element insertion.



Table 2 L1 EN-mediated retrotranspositions associated with human genetic diseas

Dnsrupted Chromosomal  Disorder” Inserted Insertion
gene® location element size (bp) i
Simple insertions

APC 5q Colon cancer L1 Ta 520) !
CHM Xq Choroideremia L1 Ta 6,017 .
CYBEB Ap CGD L1 Ta 836 I
CYBE Xp CGhD L1 Ta 1,722 !
DM D Xp DMD L1 Ta 1,400 !
DMD Xp XKLDCM L1 Ta 530 .
K& Xq Haemophilia A L1 Ta 3,800 !
F8 Xq Haemophilia A L1 preTa 2,300

Y g Haemophilia B L1 Ta 463 !
Fg Xq Haemophilia B L1 Ta 163 !
HEBE 1 PB-Thalassemia L1 Ta 6,000

REZ xp XLEP L1 Ta 6,000 :
RPS6KAZ xp CES L1 HS 2,800

APC 5q Desmoid tumor Alu¥bE 278 !
BCHE 3q Achohnesterapemia  AluYh9 289 !
BRCAZ 13q Breast cancer Alu¥cl 281 !
BTK Xg A AluY —* .

MOLECOLARE DEL GENE,
Zanirhelli aditnre S n A



Transcriptional disruption by the L1
retrotransposon and implications
for mammalian transcriptomes

Jeffrey S. Han', Suzanne T. Szak’ & Jef D. Boeke'

;Ufpaﬁmmr of Molecular Biology and Genetics and High Throughput Biology Center, The Johns Hopkins University School of Medicine, Baltimore, Maryland 21205,
/54
EHI'GEE’H, Inc., Cambridge, Massachusetts 02142, USA

LINE-1 (L1) elements are the most abundant autonomous retrotransposons in the human genome, accounting for about 17% of
human DNA. The L1 retrotransposon encodes two proteins, open reading frame (ORF)1 and the ORF2 endonuclease/reverse
transcriptase. L1 RNA and ORF2 protein are difficult to detect in mammalian cells, even in the context of overexpression systems.
Here we show that inserting L1 sequences on a transcript significantly decreases RNA expression and therefore protein
expression. This decreased RNA concentration does not result from major effects on the transcription initiation rate or RNA
stability. Rather, the poor L1 expression is primarily due to inadequate transcriptional elongation. Because L1 is an abundant and
broadly distributed mobile element, the inhibition of transcriptional elongation by L1 might profoundly affect expression of
endogenous human genes. We propose a model in which L1 affects gene expression genome-wide by acting as a ‘molecular
rheostat’ of target genes. Bioinformatic data are consistent with the hypothesis that L1 can serve as an evolutionary fine-tuner of
the human transcriptome.




L1 intragenica ed espressione genica

B o T Low

a 10,000 € = 0.14,

3 1 S E 0.12]

S 8,000; S

5 "..é“ | J O 0.10

oL g C

3 o 6,000 ® S 0.08]

— @ 1 — O

= 2 4,000 = & 0.06

g3 : g 6 0.04

% 2,000 . %5 0.02)
a o

Sense Antisense Sense Antisense
orientation orientation orientation orientation



Average L1 sequence

b

1

per gene (nt)

Frequency

L1 intragenica ed espressione genica

B o T Low

0,000,
8,000/
6,000
4,000
2,000 .
Sense Antisense
orientation orientation
1,600
1,200 .
High genes
800
400
0 T T T T T
= (=]
o o
=] =]
™ od

Average L1 sequence ©
per intron sequence (nt/nt)

3,000

0.14;
0,12
0.10
0.08;

0.06;
0.04

0.02.
0/

Sense Antisense
orientation orientation

Low genes

4,000 ]

Average sense L1 sequence per gene
in randomly selected populations (nt)

E N aTalal



Figure 5 Bioinformatic analyzis of L1 contantin ganas. a, Average L1 contant of genomic
locd of gats of highly (black bars) and poorly [grey bars) expressad genas (322 Methods).
b, fwverage L1 content in 32ts of mndomly selactad populations of genas (322 Methods).
Fositions whara the highly and poory expreszad ganas woukd ba (data zupenmposad fram
a) ara indicataed and are outzide tha mndom distribution (P << 0.07). ¢, Data from a,
narmalized to total intron content. d, Highly and poory expressad genas wara sortad into
nigh GG, low L1 Bochore or low GG, high L1 1sochore™ classes, The parcantage of each
axprassion class falling into each Bochara i indicated. Subpopulations weara analyzad as
describad in a and ¢



RNA analysis
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Figure 3 Decrease in L1 expression is dependent on length. a, The left panel depicts the
structures of deletion constructs. Hollow regions represent deleted sequences. B, BbvCl;
E, EcoRl; A, Aflll; Ac, Acll; S, Spel. The right panel shows a total RNA analysis of HeLa
transfections. Lanes: M, mock; lacZ, pGFPstoplacZ; ORF2, pGFPstopORF2. Open and
black arrows show the expected positions of GFPstopORF2 and GFPstoplacZ,
respectively. b, The adenosine base composition of the sense strand, in 50-nucleotide
windows, was plotted for each position in L1.2 with MacVector 6.5.3 (Oxford Molecular).
c, The top panel shows the structures of GFPstopORF1, GFPstop40RF1 and
GFPstopSUTR. The 40RF1 repeat is about 4,500 nucleotides long and the 5° UTR repeat
is about 4,000 nucleotides long. The bottom panel shows a total RNA analysis of Hela
transfections. Open, black and grey arrows show the expected positions of
GFPstop40RF1, GFPstopSUTR and GFPstopORF1, respectively,



Nuclear Run-On Transcription

* Isolate nuclei from cells, allow them to
extend in vitro the transcripts already
started in vivo In a technigque called

 RNA polymerase that has already Initiated
transcription will or continue to
elongate same RNA chains

« Effective as initiation of new RNA chains in
Isolated nuclel does not generally occur




Run-On Analysis

e Results will show transcription rates and
an idea of which genes are transcribec

o |dentification of labeled run-on transcripts
IS best done by dot blotting
— Spot denatured DNAs on a filter
— Hybridize to labeled run-on RNA
— ldentify the RNA by DNA to which it hybridizes
e Conditions of run-on reaction can be

manipulated with effects of product can be
measured




Nuclear Run-On Transcription Diagram
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Figure 4 Analysisof ORF2 stability and transcription. a, Half-life measurements. In the left
panel, transfected Hela cells were treated with actinomycin D 48 h after transfection.
Total RNA was collected 0, 30, 40, 120, 240 and 480 min after treatment and quantified
by blotting. In the right panel, the half-lives (t ;) of GFPlacZ or GFPORF2 (relative to the
t4 > of the neo control) were calculated and compared with £+ sepiea’ T1/2, 0 SELID 1.
b, Muclear run-on analysis (NRO). Nuclei were isolated from Hela cells 36 h after
transfection and used for NRO. Bold lines under GFP, facs’ and mORF2 indicate probe
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positions. 7SK controls for RNA polymerase Il transcription. §-actin is a control for RNA
polymerase |l transeription. 5°-US is a negative control that hybridizes to a region
upstream of the cytomegalovirus (CMV) promater. neo controls for transfection.
Hybridization controls are described in Methods. Normalized functionally engaged
polymerase density is the signal (N = 3) corrected for cc-amanitin-resistant franscription
and hybridization efficiency, with GFP1 set to 1. Error bars show the standard deviation.




a-Amanitin is an inhibitor of RNA pol Il

This mechanism makes it a deadly toxin.

a-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 presenae of
amanitin. RNA polymerase | is insensitive, RNA pol Il

IS highly sensitive, and RNA pol Il is slightly sensiti
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Severe reduction of target gene level Slight attentuation of target gene level

Likely to be highly deleterious May be positively or negatively selected



Figure 6 Modeks for L1-madiatad modulation of gena expression/structure. a, Effacts on
transcription. Srown dofs represant transcriptional complexes, which could be siowad,
pausad or dissaci ated from the templatas on encountenng significant amounts of L1
saquenca. b, Effects on mANA and protein stuctum. Left, hypothetical gene with three
exons. Middie, intronic sense L1 insartions can produce a minor amount of pramaturely
pofyadenyiztad mANA, potantially giving rise 10 a tuncated protein with additional,
pravicsly untransisted amino acids at the C terminus {white sagment). Right, intranic
amfizansa | 1 insarfions can produce a major amount of prematunsly polyadanyiated
mANA.



A highly active synthetic mammalian
retrotransposon

Jeffrey S. Han & Jef D. Boeke

Department of Molecular Biology and Genetics and High Throughput Biology
Center, The Johns Hopkins University School of Medicine, Baltimore,
Maryland 21205, USA

LINE-1 (L1) elements are retrotransposons that comprise large
fractions of mammalian genomes'. Transcription through L1
open reading frames is inefficient owing to an elongation defect®,
inhibiting the robust expression of L1 RNA and proteins, the
substrate and enzyme(s) for retrotransposition® ”. This
clongation defect probably controls L1 transposition frequency
in mammalian cells. Here we report bypassing this transcrip-
tional defect by synthesizing the open reading frames of L1 from
synthetic oligonucleotides, altering 24% of the nucleic acid
sequence without changing the amino acid sequence. Such
resynthesis led to greatly enhanced steady-state L1 RNA and
protein levels. Remarkably, when the synthetic open reading
frames were substituted for the wild-type open reading frames
in an established retrotransposition assay’, transposition levels
increased more than 200-fold. This indicates that there are
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A highly active synthetic mammalian
retrotransposon

Jetfrey 5. Han & Jef D. Boeke

Department of Molecular Biology and Genetics and High Throughpur Biology
Center, The fokns Hopkins Uniiversity School of Medicine Baltimaore,
Maryland 21205, USA

LINE-1 (L1} elements are retrotransposons that comprise large
fractions of mammalian genomes'. Transcription through L1
open reading frames is inefficient owing to an elongation defect®,
inhibiting the robust expression of L1 RNA and proteins, the
substrate and enzyme(s) for retrotransposition® ., This
¢longation defect probably controls L1 transposition frequency
in mammalian cells. Here we report bypassing this transcrip-
tional defect by synthesizing the open reading frames of L1 from
synthetic oligonucleotides, altering 24% of the nucleic acid
sequence without changing the amino acid sequence. Such
resynthesis led w greatly enhanced steady-state L1 RNA and
protein levels. Remarkably, when the synthetic open reading
frames were substituted for the wild-type open reading [rames
in an established retrotransposition assay®, transposition levels
increased more than 200-fold. This indicates that there are
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Figure 1 Synthasis and expression of synthetic mouse ORF2. &, L1 structure, TSD, tamget
site duplication: UTR, untranslated region. b, Overview of gena synthesis.
igonucleatides encoding each fragment were mixed in 2 PCR a3sambly reaction and
zubzaquently uzed as template amplification. Amplfication products were clonad and
ligatad together with unique rastriction sitas {lsbelled Ato J). ¢, Plasmid structures. The
tast zaquencas (&cs, mORFZ or smORF2) are fused, in frame, downstream of the GFF
ORF. An independent neotranseript & used to monitor transtection efficlency and lading.
Blua lings reprazant probes usad in d. d, Analyeizs of smORFZ exprazsion. Top, RNA
axpression of GFRlacd, GFPmOREZ and GFPamURFZ. Middia, BNA expression of lnading
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respectivaly,
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Figure 2 Retrotranspasition of synthatic mi1. a, The retotanspasition assay. The L1
elamant cortaing an intron-interrupted neorepartar in the 3' untranslated @gion with =
own promotar and potvedanmyiation signal. Only when neo is transcribad from the L1
promoter, spliced, reverse transcribed and intagratad into the gename doss acel bacome
G418-resistant®, Blue lines mpresent probes for BNA analysis (Fig. 4). 50, splice danar:
&, aplice accaptor. b, Betrotransposition was assaved in Hela calls (W= 3). pTH2N
contains only wikd-type native mousa L1 saquence, and pTN203 contains wild-type native
maouse L1 sequence with 2 D709Y mverse transoriptasa palnt mutation™. The average
ahsolute number of colonies for pTN201 was 440 events per 107 transfected cells.

further increases in n:lrc:lran.:;pmilirm, reaching a maximum of
more than 200-fold increase over wild type (Fig. 2b) in the element
with two fully synthetic ORFs,

To verily that these smL1 G418-resistant colonies resulted (rom
authentic L1 retrotransposition, we characterized six smL1 inser-
tions. The mutant loci were identified by inverse polymerase chain
reaction ( PCR), enabling the amplification of each complete inser-
tion and flanking sequence. For each primer pair, parental Hela
cells produced only empty site products (Fig. 3a, odd-numbered
lanes ), whereas the respective G418-resistant clones produced both
empty site and filled smL1 insertion products of predicted sizes
(Fig. 3a, even-numbered lanes). Amplicons were cloned and
sequenced to determine their general structures and genomic flanks,
summarized in Fig. 3b. All showed a properly spliced neo gene, a
poly(A) tail, and most (five of six) had target site duplications
5-108bp long. Insertion no. 10 had a 10-bp target deletion and
insertion no. 18 had a 5° L1 inversion, features commonly found in
L1 insertions'*™'*. In addition, various chromosomes served as
targets, and the endonuclease cleavage sites inferred from target
site duplications matched the previously reported degenerate con-
sensus (5'-TTTT/AA-3" on the bottom strand *'* (Fig. 3¢). Taken
together, these results suggest that the synthetic L1 retrotransposes
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Figure 2 Retrotransposition of synthetic mL1. a, The retrotransposition assay. The L1
element contains 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®. Blue lines represent probes for RNA analysis (Fig. 4). SD, splice donor;
oA, splice acceptor. b, Retrotransposition was assayed in HelLa cells (N = 3). pTN201
contains only wild-type native mouse L1 sequence, and pTN203 contains wild-type native
mouse L1 sequence with a D709Y reverse transcriptase point mutation® The a e
absolute number of colonies for pTN201 was [440 events per 10° transfected cele.ET




Alu elements as regulators of gene expression

Julien Hasler and Katharina Strub*

Alu elements are the most abundant repetitive
elements in the human genome; they emerged
65 million years ago from a 5 to 3' fusion of the
7SL RNA gene and amplified throughout the human
genome by retrotransposition to reach the present
number of more than one million copies. Over the
last years, several lines of evidence demonstra-
ted that these elements modulate gene expression
at the post-transcriptional level in at least three
independent manners. They have been shown to be
involved in alternative splicing, RNA editing and
translation regulation. These findings highlight how
the genome adapted to these repetitive elements by
assigning them important functions in regulation of
gene expression. Alu elements should therefore be
considered as a large reservoir of potential regula-
tory functions that have been actively participating
in primate evolution.
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Exonization of intronic Alu elements.
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Hypothetical Alu element

inserted in an orientation that opposes the sense of transcription in an intronic
region. This element has a major 3’ splice site near position 275 and a major
5" splice site near position 158 as described in the text. The use of alternative
splice sites of the Alu element can lead to a variety of mature mRNAs.

(A) Pre-mRNA with possible splicing events (1;

2; 3). 5 and ¥'splice sites are

indicated. Altermative splice sites of the Alu element are under brackets.
(B) Regular splicing without Alu exonization resulting from splicing event 1.
(C) Exonization of the intronic Alu element by use of its 5" and 3’ splice sites
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Figure 3. A-to-I editing in Alu elements. (A) Deamination of adenosine by
ADAR leading to the production of nosine. (B) Intramolecular base paring
of a mRNA containing two Alu elements in opposite orientation. Base
pairing between the two Alu elements leads to the formation of a long stable

double-stranded RNA region in which ADAR performs A-to-I substitutions
(marked as I).
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In summary, Al elements play an important role in editing
of the human transcriptome by providing ideal templates to
the ADAR family of enzymes. The large number of Alu ¢le-
ments present in mRNAs and their relatively low divergence
explains why they are more prone to be edited than other
sequences, and why widespread editing 1s specific to pn-
mates (39). Although the precise role of RNA editing is
still speculative, it might affect gene expression at several
steps. As 1nosine does not base pair with uracyl but with cyto-
sine, editing might influence the stability of RNA molecules
by creating and disrupting secondary structures. At another
level, as inosine is recognized as guanosine by the translation
and splicing machineries, A-I editing could lead to amino
acid substiutions n the coding sequence, or to modification
of splice sites in introns that could induce premature ter-
mination or frame-shifts. Knowing that aberrant editing is
found in several neurological disorders (4).41), it i1s highly
probable that the phenomenon is of great physiological
importance,



SVA

SINE-VNTR-AIu (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



Rationale of the SVA trans-mobilization assay.

B SVA retrotransposition reporter L1gp protein donor
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L1 ORF1p is required for trans-mobilization of SVA reporter elements.

Immunoblot analysis of L1 protein expression after
cotransfection of L1 protein donors with SVA retrotransposition
reporter plasmids or pCEPneo.
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Diagnostic PCR to test for correct splicing of the intron from the mneol indicator cassette.
PCR to test for correct splicing of the intron from the mneol dasset
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L1 ORF1p is required for trans-mobilization of SVA reporter elements.

A Retrotransposition L1 Cis
Relative Retrotransposition Rate (%) Frequency [x 10 activity
0 0.2 0.4 0.6 08 11 100 Ce]
»eJM101/L1 1 1 1 1 ANV L N\ 1
(o _onrs HESE]) + pCEP4 WA Y 29x10‘+11x10¢ 100
»>pAD3SVA pCEP4 1.3 +0.67 0.005
(=TS £ + L1 n=6 197 + 13 0.68
AORF1 32+23 0.01

PJM101/L1RP =L1 cis activity Controllo positivo 10

Intact (LLRP) and mutanAQORF1) L1 protein donor plasmid
PCEP4 empty vector
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The nucleotide profile of SVAE de novo insertion si tes resembles the consensus target
sequence of pre-existing human-non-LTR retrotranspo sons.

de novo L1 de novo SVAg
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