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Methods
Transgenic Mice

Purified transgenes were microinjected into fertilized mouse oocytes at the University of
Pennsylvania School of Medicine Transgenic and Chimeric Mouse Facility to obtain founder mice.
Founders were bred with wild type mice (129/SV) to establish nine stable transgenic lines. These studies
were approved by the University of Pennsylvania Institutional Animal Care and Use Committee.
PCR Primers

Oligonucleotides used for genotyping are mlessfor2 (GAGAATTCCCACAACATCG) and
L16045(30) (ATGCTAGATGACACATTAGTGGGTGCAGCG). Oligos used for transgene-specific
PCR are GGAACACCACTCATTGTTCAAGGTC for transgene-11 and
CACTAAACCACTATTCCTGCCCTTAG for transgene-18. Oligos used in TAIL-PCR are the SV40
pA-specific oligos SP1 (AACTTAAAGTATAATAAAGACGTCAGG), SP2
(AACTTAAAGTATAATAAAGACGTCAGGGTTCG); SP3 (GTCAGGGTTCGAAATCGATAAGC),
and SP4 (CAAACCACAACTAGAATGCAGTG), and arbitrary degenerate oligos AD1
(NTCGANTWTSGWGTT), AD3 (WGTGNAGWANCANAGA), AD6 (AGWGNAGWANCTTAGG),
and AD8 (TNSTICGNACWTWGGA). Oligo sequences used for characterization of the 5” ends of
individual insertions were designed by Primer3 program (http://frodo.wi.mit.edu/cgi-
bin/primer3/primer3 www.cgi).
Genotyping PCRs

Screening for overall transgene presence was done by “genotyping PCR” amplifying across the
intron region with primers L16045(30) and mlessfor2. The reactions were carried out on 160 ng of
genomic DNA isolated from mouse tails with Taq DNA Polymerase (Promega) in a 25 pl reaction
volume using 1.5 min extension time according to the manufacturer’s protocol. The presence of
individual transgenes (transgene-11 and transgene-18) was determined in a similar reaction, using SP4
and a 3’ flanking primer specific to a particular transgene’s genomic location as identified by TAIL-PCR.
Genotyping F1 animals for presence of individual transgenes allowed us to calculate FO to F1 transgene
transmission rates of 39% for transgene-11, 22% for transgene-18, and 46% for transgene-Un, reflecting
different degrees of mosaicism in the FO germline.
Southern Blotting

Genomic DNA was isolated from mouse tails as described previously (Palmiter et al. 1985;
Sambrook 2001). Ten micrograms of DNA were digested with Avrll (NEB), resolved on 0.7% agarose
gel/1X TAE, and subjected to Southern Blot analysis using standard protocol (Sambrook 2001). The blots
were probed with a 376 bp probe encompassing the whole region from the intron splice site junction to

the polyadenylation cleavage site. The probe was **P-dCTP-labeled using the Random Primed DNA
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Labeling Kit (Roche) according to the manufacturer’s protocol. The blots were exposed on a phosphor
screen and read on a phosphoimager (Molecular Dynamics).
Statistical Analysis

L1 integration preferences with respect to genomic landmarks were evaluated by normal
approximation to binomial probability distribution.

Briefly, to test the hypothesis that L1 integrants are underrepresented in genes and CpG islands as
is typical of endogenous L1s, a one-sided test was done with the following conditions: n = 48 uniquely
identifiable insertions; two possible values for each insert: in or out of the genomic feature (GF) (e.g. a

gene or a CpG island); & = the expected probability of being in; continuity correction, cc = 0.5; type 1
error, o = 0.05. The binomial mean and variance are givenby g =n-zand 6> =n-z-(1-7),

respectively. Hy: 7 = the proportion of the mouse genome occupied by GF; H;: & < proportion of the
genome occupied by GF. proby, {X <in, when © = proportion of GF in the genome} = probp,, {y <(in +

cc), where y has a normal distribution, with a mean, 1, and variance, 02) =

}. For each Z, p-values were determined

probe{ Y4 < T D=1y prop, 7 < INHC) =
o o o

using standard normal distribution (u=0, 6=1). Hy was rejected for p-values < 0.05.

To evaluate whether L1 insertions are distributed randomly with respect to genomic repeats and
individual chromosomes, a two-sided test was done with the following conditions: n = 51 insertion sites
amenable to repeat analysis or n = 49 insertions with assigned chromosome number (including
Un_random); two possible values for each insert: in or out of the genomic feature (GF) (e.g. a repeat or a

particular chromosome); = the expected probability of being in; continuity correction, cc = 0.5; type 1
error, o = 0.05. The binomial mean and variance are givenby g =n-7zand 6> =n-z-(1-7),

respectively. Hy: m = the proportion of the mouse genome occupied by GF; H;: w # proportion of the
genome occupied by GF. H, will be rejected if probyin {X < in, when = proportion of GF in the
genome } < 0.025 or probyi, {x > in, when © = proportion of GF in the genome}< 0.025. proby, {x <in,
when n = proportion of GF in the genome}= probp, {y < (in + cc), where y has a normal distribution, with

(Y= _(in+cc)—u (in+cc)—u
o o

a mean, 1, and variance, 6°) = probyer{ }=proby{ Z < }. probyin

{X>in, when ©t = proportion of GP in the genome}~ probye, {y > (in - cc), where y has a normal

(y=p) , (in—ce)— u
o - o

distribution, with a mean, p, and variance, 02) = probyer{

}:

prob {Z Zw
o

}+. For each Z, p-values were determined using standard normal distribution

(u=0, o=1).
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Finally, binomial probability distribution was used to conservatively estimate the frequency of
small target site alterations (>30 nt TSDs and small target site deletions) accompanying L1

retrotransposition. Briefly, the binomial probability of having X target site alterations in N insertions is

n! - . - . . o .
given by o q*(1-0q)"™, where q is a probability of having an alteration on any given insertion.
X

'(n—x)!

Using this formula, the probability of seeing no target site alterations in 33 inserts with a q of 0.087 is
0.0496, strongly suggesting that target site alterations occur in less than 8.7% of L1 retrotransposition
events in vivo.
Analysis of Microhomologies at 5’ Boundaries and Inversion Points of de novo Integrants.

Distribution of 5° microhomologies (5’MHs) was determined separately for 5’ truncated
elements, 5’ truncated elements containing an inversion, and full length elements. Elements containing
extra 5’ nts were excluded from these analyses. Only one characterized insert originated precisely at the
L1 promoter, and, in agreement with lower rates of 5’MH in FL elements (Zingler et al. 2005), it lacked a
5’MH. The distribution of inversion point MHs was determined by analyzing the sequence at the junction
of the inverted and direct fragments in 5’ truncated elements containing an inversion. The MH
distribution expected by chance was calculated as described previously (Roth et al. 1985; Symer et al.
2002; Zingler et al. 2005) for the random nucleotide distribution (p =0.25), as well as for the nucleotide
distribution of L1-mless transgene construct and the 30 nucleotides downstream of the insertion site,

where 2™ strand cleavage is thought to occur

( p = ahost ’ ainsert + thost 'tinsert + Chost ’ Cinsert + ghost ’ ginsert =0.27 ’ where a, t’ C, and g are the average

frequencies of the corresponding nucleotides in the target site sequences (“host”) or in the insertion

construct used in this study (“insert”)).

Discussion
Supplemental Discussion 1

Another possible explanation for the lack of insertions with unusually long TSDs in our study is
the possible growth disadvantage or selective loss of cells in chimeric animals. Long TSDs are likely to
cause genomic instability in the host cell due to DNA polymerase slippage and subsequent expansion or
contraction of direct repeats (Chen et al. 2005). Negative selective pressures are likely weaker in HeLa
and HCT116 cancer cells allowing to recover insertions with long TSDs in these cell lines (Gilbert et al.
2002; Symer et al. 2002; Gilbert et al. 2005). If long TSDs are formed in vivo at high frequencies, they
must be very detrimental and quickly lost from the population, explaining their extremely low occurrence

among genomic L1s (Szak et al. 2002).
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Supplemental Discussion 2

Frequencies of deletions accompanying endogenous L1s had been difficult to estimate because of
the lack of knowledge of most preintegration sites. Recent studies employed conceptual reconstruction of
preintegration sites of Ta and preTa L1 elements followed by empty site amplification by PCR in the
orthologous loci in a panel of primates; 3-5 deletions/254 Ta elements (1.2-1.9%) and 1 deletion /254
preTa elements (0.4%) were reported (Vincent et al. 2003; Ho et al. 2005). Deletions ranged from 1 to
372 nts with a median size of 5.5 nts. As noted by the authors, small deletions of <20 nts may have been
missed. 1.9%-4.7% of orthologous empty sites failed to amplify in any primate species, a result that
could be caused by large deletions accompanying L1 integration. However, as noted by the authors,
possible mutations in oligonucleotide sites used for PCR likely contributed to amplification failure. This
explanation is supported by decreased successful amplifications with increasing evolutionary age (88.2%
(224/254) successfully amplified sites for pigmy chimpanzee and gorilla, 16.5% (42/254)— for galago)
(Ho et al. 2005). Additionally, unrelated genomic rearrangements, such as non L1-mediated deletions,
repeat expansions, and independent retrotransposon insertions, made up the majority (87-89%) of all
unexpected size alterations and likely contributed to amplification failure (Vincent et al. 2003; Ho et al.
2005). It is very likely that the frequency of large deletions in these studies is much less than 1.9% — 4.7%
estimate derived from unamplified preintegration sites. Infrequent retrotransposition-mediated deletions
were further confirmed in comparisons of lineage-specific L1 and Alu integrations in the human and
chimpanzee genomes: 2.2% of L1 and 0.21% of Alu insertions were accompanied by deletions, with a

median L1-mediated deletion size of 21 bp (Han et al. 2004; Callinan et al. 2005).

Supplemental Discussion 3

L1 RT template jumping in the course of twin priming likely explains the addition of 7 extra
nucleotides in another insertion. In this case, 7 bp were added between the 5° flanking host DNA and the
5’ end of an otherwise standard inverted integrant of 710 bp, containing an inversion of 30 bp and a direct
fragment of 680 bp, with a concomitant deletion of the intervening 2645 nts. The insertion occurred at a
typical 5’-TTTT G-3’ endonuclease cleavage site, and was flanked by a 14 bp TSD. Because the 7
unknown bases were inserted 5’ to the unambiguous 30 bp inverted fragment, it is likely that they were
formed in a preceding twin priming reaction. While we are unable to definitively establish the origin of
these 7 bps because of insufficient length, there are three candidate templates for this complete 7
nucleotide stretch within the L1 element upstream of the direct fragment. It is possible that other cases of

few extra nt additions could result from similar short inversion events.
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