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SINE Retrotransposition: Evaluation of Alu Activity
and Recovery of De Novo Inserts

Catherine Ade and Astrid M. Roy-Engel

Abstract

Mobile element activity is of great interest due to its impact on genomes. However, the types of mobile
elements that inhabit any given genome are remarkably varied. Among the different varieties of mobile
clements, the Short Interspersed Elements (SINEs) populate many genomes, including many mammalian
species. Although SINEs are parasites of Long Interspersed Elements (LINEs), SINEs have been highly
successful in both the primate and rodent genomes. When comparing copy numbers in mammals, SINEs
have been vastly more successful than other nonautonomous elements, such as the retropseudogenes and
SVA. Interestingly, in the human genome the copy number of Alu (a primate SINE) outnumbers LINE-1
(L1) copies 2 to 1. Estimates suggest that the retrotransposition rate for Alu is tenfold higher than LINE-1
with about 1 insert in every twenty births. Furthermore, Alu-induced mutagenesis is responsible for the
majority of the documented instances of human retroelement insertion-induced disease. However, little is
known on what contributes to these observed differences between SINEs and LINEs. The development
of an assay to monitor SINE retrotransposition in culture has become an important tool for the elucidation
of some of these differences. In this chapter, we present details of the SINE retrotransposition assay and
the recovery of de novo inserts. We also focus on the nuances that are unique to the SINE assay.
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1 Introduction

The ongoing activity of L1 (a Long Interspersed Element, or LINE-
1) and Alu (a Short Interspersed Element, or SINE) currently con-
tributes to genetic diversity and disease through retrotransposition.
Due to the significant impact of these retroelements on the human
genome, there is great interest in understanding their amplification
mechanism and regulation. One of the methods that greatly
advanced the field of human retroelement biology was the develop-
ment of an engineered L1 containing a specially designed reporter
cassette [1] that allowed for the evaluation of L1 activity in a tissue
culture system [2] (details are shown in Fig. 1). The strategy behind
the design of this cassette is the addition of an inverted reporter gene
that is disrupted by an intron in the opposite orientation to the 3’
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end of the L1. Because the intron is in the “wrong” orientation rela-
tive to the reporter gene, expression will not yield a functional
reporter gene product. The intron will be spliced from transcripts
generated by the L1 promoter. However, because the reporter gene
is in the opposite orientation relative to L1, translation of these tran-
scripts will not yield a functional reporter gene product. When the
spliced LIRNA undergoes retrotransposition, the new insert will
now contain a functional reporter gene that can be evaluated in cul-
ture. The first cassette monitored L1 activity through the expression
of neomycin resistance [2 ], which was followed by the generation of
other selection cassettes that express blasticidin resistance [3], green
fluorescence [4], and firefly luciferase [5].

Unfortunately, the L1 reporter cassette could not be directly
applied to Alu, as SINEs and LINEs differ in their requirements for
expression and construct development. The majority of the differences
stem from the fact that LINEs are transcribed by RNA polymerase 11
(Pol IT), while SINESs are transcribed by RNA polymerase III (Pol I1I).
Figure 1 highlights the diftferences between the engineered SINE and
LINE constructs used to monitor retrotransposition.

There are several limitations that need to be considered when
designing a reporter cassette for Alu:

e Limitation 1: Pol III transcripts do not undergo the same pro-
cessing as Pol II-derived transcripts; therefore Alu transcripts
containing the L1 reporter cassette would not be spliced. In
2002, the Heidmann group developed a reporter cassette with
a self-splicing intron from Tetrabymena thermophila [6] that
allowed the monitoring of Alu retrotransposition in culture
[71], as well as other SINEs [8, 9]. The design and location of
the intron within the marker gene is critical because the cata-
lytic efficiency of the self-splicing intron depends on the flank-
ing sequences [6].

e Limitation 2: T-rich sequences (usually of 4Ts or more) serve
as Pol III transcription terminators [ 10]. Thus, SINE reporter
cassettes need to be devoid of internal Pol III terminator sig-
nals that would generate of truncated transcripts, rendering
the approach useless.

e Limitation 3: Pol III transcripts are usually very short, with the
majority being less than 300 base pairs (bp). Although it has not
been formally evaluated, it is possible that adding a large reporter
cassette to a SINE sequence may reduce transcription efficiency.
Furthermore, the introduction of a reporter cassette creates a sig-
nificantly larger transcript than naturally occurring SINE RNA,
which adds an artificial variable in the study of SINE biology. To
this date, only one reporter cassette (neo7ET) is available for mon-
itoring SINE activity. Unfortunately, this precludes studying SINE
retrotransposition in any cell lines that already have neomycin
resistance (e.g., XPA-complemented cell line (Coriell GM15876)).
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Fig. 1 Differences between reporter cassettes used to monitor retrotransposition of LINEs and SINES. A sche-
matic of the basic construct of a tagged L1 (a) and of a tagged Alu (b) and the fundamental steps of the how
the retrotransposition assay works is shown. Asterisks indicate the components that differ in SINE constructs.
In both LINE and SINE constructs, the reporter cassette (hatched boxes) is located at the 3’ end in the opposite
orientation relative to the retroelement (green). The reporter cassette is disrupted by a “regular” intron (L1) or
the Tetrahymena self-splicing intron (SSI; shown in red). However, the intron is in the same orientation as the
retroelement, so that only transcripts generated by the promoter driving the retroelement undergo splicing.
LINEs are transcribed by RNA polymerase Il (Pol Il), while SINEs are transcribe by RNA polymerase Il (Pol Ill).
SINEs require upstream enhancer sequences (yellow) to drive efficient transcription of the internal Pol Ill pro-
moter. In addition, Pol Ill transcripts do not undergo polyadenylation like Pol Il-derived transcripts. Thus, the
A-tail in SINEs has to be encoded in the construct. Pol lll transcription terminates at T-rich sequences contain-
ing four or more Ts (light blue). Sequences located between the A-tail and the terminator (shown as “n” light
blue area) will be present in the transcript but will not be present in the new insert. Note: Although not shown,
a source of L1 ORF2 is required for Alu retrotransposition and usually supplemented in trans in the assay. Only
spliced RNA will have the potential to generate an insert with a functional marker gene. Expression of the
marker gene serves as an indicator that retrotransposition of the tagged transcript occurred. There are multi-
ple marker cassettes for tagging L1 elements: neomycin resistance (neo), blasticidin resistance (blast), green
fluorescence (gfp), and firefly luciferase (Fluc), but only one (neo) for SINES

Another tool that provided valuable information about the
genomic impact of L1 retrotransposition was the creation of an L1
construct that allowed for the easy recovery of de novo L1 inserts
in a culture system [11-14]. Using the L1 construct design as a
guide, our lab adapted the available SINE reporter cassette to res-
cue de novo SINE inserts in a similar manner as described for L1
[15]. In this approach, tagged SINE constructs contain specific
sequences that allow de novo SINE insertions to function as a plasmid
expressing the kanamycin resistance gene. The resulting plasmid
product is created by circularizing digested genomic DNA using
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restriction enzymes. Subsequent transformation of the circularized
DNA into an E. coli strain allows for recovery of the DNA for
analysis and sequencing [15]. The two components introduced to
the SINE reporter cassette consist of the EM7 bacterial promoter
that drives the expression of the neomycin/kanamycin gene, and a
modified minimal y origin of replication (305 bp) from the R6K
plasmid [16, 17] (see Fig. 2a). These components provide the
properties needed for the successful recovery of the de novo insert.
We further adapted the R6Kyori sequence by eliminating all runs
of 4 or more Ts or more, which act as strong Pol III terminators
contributing to the generation of truncated tagged SINE tran-
scripts [ 15]. In this chapter, we describe the protocol for recovery
of de novo tagged Alu inserts using this approach in detailed.

a SSi * *
— R6Ky
7SL f1 Alu ori AAT

neoTtT << EM7

pBSAlurescue

Ori  HAmpR

I+
CMV, | ORF2 [ pA

niv § 1S4

B

pCEP,Aluneo™T

Hyg® |- Ori H Amp®| EBNA-1 || OriP

Fig. 2 Schematic of existing SINE constructs. A schematic of the components present in a construct of a
tagged Alu used to rescue de novo inserts in culture (@) and an episomal construct designed to co-express a
tagged Alu and the L1 ORF2p (b) is shown. The Alu rescue construct consists of a pBluescript vector containing
the basic tagged Alu with the addition of the EM7 bacterial promoter (blue arrow) to drive the neomycin gene
(expressed as kanamycin resistance in bacteria) and the R6ky origin of replication (blue box). These two com-
ponents (indicated by *) provide the properties to the DNA containing a retrotransposed de novo insert so that
it functions as an independent plasmid. The episomal construct (pCEP-Hyg) carries a cytomegalovirus (CMVp)
promoter driving the expression of the L1 ORF2 protein in the opposite orientation relative to the tagged Alu
cassette. Amp®R=ampicillin resistance gene; Hyg®=hygromycin B resistance; pA=polyadenylation signal;
AAT =A-tail and Pol lll terminator; Ori=pUC origin of replication; OriP = Epstein-Barr virus latent origin of rep-
lication; EBNA-1 =Epstein-Barr virus nuclear antigen-1 gene. Note: Alu is shown as the example, different
sequences will replace the 7SL-Alu region (light gray boxes) in other SINE constructs. Note: constructs are not
drawn to scale
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Although SINE retrotransposition shares similar characteris-
tics with LINE retrotransposition, there are several differences that
influence how these elements are studied in culture. First, because
SINEs are nonautonomous, they require the supplementation of
L1 factor(s) #n trans. However, in contrast to L1 that requires
both ORF1 and OREF2 proteins for retrotransposition, Alu is only
OREF2 dependent. Supplementation can be achieved by either co-
transfecting an additional plasmid expressing the required L1
factor(s), or by using a single plasmid that co-expresses both the
SINE and L1 components at the same time (Fig. 2b).

In general, the amount of ORF2 protein expressed directly
correlates with SINE retrotransposition efficiency. Co-transfecting
plasmids expressing required .1 machinery adds a level of com-
plexity to the system. Protocols that rely on co-expressing either
L1 or the ORF2 protein need to be optimized to find the appro-
priate ratio between SINE and LINE components. For example,
during optimization it is important to determine the ideal condi-
tions that promote efficient SINE retrotransposition. However, an
excess of L1 or ORF2 may induce cell death due to the toxic effects
of the endonuclease and reverse transcriptase activities of the ORF2
protein [18]. These ratios could vary greatly depending on the cell
line used. A second difference between Alu and L1 retrotransposi-
tion centers on cellular environment requirements. Although the
reason is unknown, some cells that efficiently support L1 ret-
rotransposition are unable to support Alu. For example, published
data on two different populations of Hel.a cells demonstrated that
only one supports Alu activity while both support L1 retrotranspo-
sition [19]. Retrotransposition efficiency can also vary between
experiments [20], which is likely due to the polyclonal nature of
most cell lines. Previous data demonstrate that individual clones
derived from a human cell line can vary significantly in their capac-
ity to support retrotransposition [20]. These differences are
thought to arise from continuously passaging mixed populations of
cells, selecting for and accumulating cells with particular genetic
and epigenetic changes. Therefore, a reference control is often
required to standardize between experimental variation. Finally,
many differences between LINEs and SINEs are due to their dif-
ferent transcriptional requirements. As previously described, SINEs
are transcribed by RNA polymerase III. Therefore, experimental
conditions affecting Pol III transcription will alter retrotransposi-
tion results. For example, co-transfection of plasmids driven by the
U6 promoter (e.g., shRNA used to reduce expression of target
genes) will likely compete with SINE expression [21], effectively
reducing the amount of tagged RNA generated and retrotranspo-
sition events. Thus, additional controls are needed when perform-
ing SINE retrotransposition experiments using these types of
approaches. Overall, these observations reveal that important care-
ful experimental design is essential for the study of SINE biology.
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2 Materials

2.1 Tissue Gulture

2.2 Transient
Transfection

2.3 Episomal
Transfection

1.

o N O Ul

Appropriate cell line(s) that support retrotransposition (see
Note 1). We mostly use Hela due to their ability to support
SINE retrotransposition very efficiently. However, we have
observed SINE retrotransposition in several human and rodent
cell lines.

. Complete and serum free media appropriate for cell lines (see

Note 2). To make complete MEM: add 50 mL FBS to a
500 mL bottle of Minimum Essential Medium, (+) Earle’s
salts, (+)l-glutamine (MEM). Supplement with 5 mL of nones-
sential amino acids (NEAA) and 5 mL sodium pyruvate
(NaPyr). Keep refrigerated ~4 °C. To make complete DMEM:
add 50 mL FBS to 500 mL Dulbecco’s Modified Eagle
Medium, (+) 4.5 g/L d-glucose, (+)l-glutamine, (+) 110 mg/
mL sodium pyruvate (DMEM). Keep refrigerated ~4 °C.

. Complete medium supplemented with the appropriate

antibiotic(s) for selection. Optional: the addition of antibiotics
to prevent contamination in experiments requiring long tissue
culture incubations.

. Tissue culture flasks and plates (se¢ Note 3).

. Trypsin—EDTA 0.05 %.

. Sterile phosphate buffer saline (1x) pH 7.4 (PBS).
. Cell counter (we use a hemocytometer).

. Trypan blue stain (0.4 % w/v).

. Plasmids: tagged SINE construct, e.g., pBSAluYa5neo™" [9]

and a driver plasmid expressing a full L1 or just the L1 ORF2
protein, e.g., pBudORF2¢y [15] (see Note 4).

. Transfection Reagents. We routinely use Lipofectamine and

Plus reagents from Invitrogen. Other transfection reagents are
also known to work well [22].

. Complete and serum free media.

. Selection medium: complete medium supplemented with

geneticin, also known as G418 (see Note 2).

. Crystal violet staining solution (0.2 % (w/v) crystal violet in

5% (v/v) acetic acid and 2.5 % (v/v) isopropanol) (see Note 5).

. Plasmid: tagged SINE episomal construct, e.g., pCEPAluneo™",

and a driver plasmid expressing a full L1 or just the L1 ORF2
protein, e.g., pBudORF2¢y (see Note 4). Alternatively, use a
plasmid that co-expresses the ORF2 protein with the tagged
SINE, e.g., pCEPo,Aluneo™, Fig. 2b.

. Transfection reagents: Lipofectamine and Plus reagents.
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. Complete and serum free media.

. Selection media: complete medium supplemented with hygro-

mycin B and complete medium supplemented with geneticin
(see Note 2).

. 0.05 % trypsin—-EDTA.

. Sterile phosphate buffer saline (1x) pH 7.4 (PBS).
. Cell counter (hemocytometer).

. Trypan blue stain (0.4 % w/v).

. Crystal violet staining solution (se¢ Note 5).

. Dedicated reagents and equipment to be used only with L1

and Alu rescues. Contamination with other plasmids routinely
used in the laboratory can become a significant problem dur-
ing any of the steps of this procedure. (A comprehensive list of
dedicated materials can be found in Note 6).

. Plasmids: tagged SINE rescue construct, e.g., pBS-Ya5rescue-

A70D-SH [15] or tagged SINE rescue episomal construct, ¢.g.,
pCEP-Ya5rescue-AT [15] and a driver plasmid expressing a full
L1 orjust the L1 ORF2 protein, e.g., pPBudORF2 ¢y (see Note 4).

. DNA-Easy Blood and Tissue kit (Qiagen)or a similar genomic

DNA extraction Kkit.

. pir-116  Electrocompetent E. coli (obtained from local

providers).

. Electroporation Cuvettes (0.4 cm Gene Pulser/MicroPulser

Bio-Rad or similar).

. LB media (200-300 pL /transformation).

. Electroporation apparatus for pulsing of electrocompetent E.

coli. We use the MicroPulser Electroporator (Bio-Rad) using
the default setting for bacteria.

. Round-bottom polystyrene 5 mL tubes (for growth of electro-

porated bacteria).

. Falcon 15 mL conical centrifuge tubes (to collect cells from

pooled colonies for DNA extraction).

1.5 mL Eppendorf microfuge tubes (for plasmid and genomic
DNA extraction).

Centrifuges: one for 1.5 mL Eppendorf microfuge tubes and
another for 15 mL conical Falcon tubes.

0.05 % trypsin-EDTA.

Micron filter system (Amicon Ultra 0.5 mL Centrifugal Filters
Ultracel-50K).

Sterile 1x PBS pH.7 4.
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15.

16.

17.
18.
19.

20.
21.
22.

23.
24.

25.

Bacterial culture tubes (for growth of bacterial colonies to
extract plasmid DNA).

LB media and agar plates supplemented with 50 pg/mL kana-
mycin (see Note 7).

A 37 °C incubator for bacterial growth.
Plasmid DNA isolation reagents or kit.

Enzymes and buffers for digesting the kan® rescue plasmids or
genomic DNA (see Note 6). We use either Sall and Sfil, or
Aatll and Aprll (example shown in Fig. 5).

Heat block or incubator set to 37 °C.
Standard low mr agarose to make a 1 % gel.

Buffer for agarose gel electrophoresis. We use 0.5 % Tris—
Borate-EDTA (TBE) with ethidium bromide (se¢ Note 8).

DNA marker (e.g., 1 kb ladder).

A gel imager with ethidium bromide fluorescence detection
capability.

Sequencing primers:

(a) For the 5’ genomic flank upstream of the Alu insert:
RAluneoj primer: 5'-TTCTTCTGAGGGGATTTGAGAC
GT-3".

(b) For the 3" A-tail: FAtail230 primer: 5-CTTATAAAACT
TAAAACCTTAGAGGC-3'.

(c) For the 3’ genomic flank downstream of the Alu insert:
primer to be designed after 5 genomic sequence is
obtained (se¢ Note 9).

3 Methods

3.1 Seeding Cells

. Cells should be kept at 37 °C throughout all retrotransposition

experiments performed.

. When cells become between 80 and 90 % confluent, wash cells

with 4-6 mL of sterile 1x PBS per T75.

. Add 2 mL of 0.05 % trypsin to each T75 to remove adherent

cells. Allow to sit at room temperature for at least 5 min, or
until cells have dislodged.

. Deactivate trypsin using at least 3 mL of media. Triturate the

cells to break up clusters of cells.

. Count cells as directed by the manufacturer’s protocol for your

cell counting device. Our lab uses a hemocytometer. We add
400 pL of trypan blue to 100 pL of the trypsinized cells, pipet-
ting gently to mix. Add 10 pL of the cell suspension to the
hemocytometer to count.
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Seeding densities (based on experience using HelLa)

Transfected Alu DNA Transfected L1 or ORF2 DNA?

Tissue culture Seeding density for

flask/dish size retrotransposition Alu/Alurescue? Alu/Alurescue®

6 well (per well) 0.05-0.1x10° 0.5 pg /not done 0.16 pg/not done
T25 flask 0.1-0.25x10° 1 pg/2-3 pg® 0.3-1 pg/0.6-1 pg®
T75 flask 0.5-1.0x10° 3 ug/6 pgd 1 pg/2 pgb

“We find that ratios of 2:1 or 3:1 Alu:L1 or ORF2 works best in our hands
"The plasmid used for Alu rescues is less efficient so higher amount of DNA is used for transfection

3.2 Transient
Transfection

6. The amount of cells seeded depends on the size of the tissue
culture container. See Table 1 for our recommendations for
HeLa. Diftferent cell lines may need to be individually evalu-
ated for optimal conditions.

7. Add complete medium to the flasks or plates and incubate
overnight at 37 °C.

8. The cells will be ready to transfect the following day approxi-
mately 16-18 h post-seeding.

The Alu retrotransposition assay can be performed using two
different approaches (Fig. 3). The first approach is a basic transient
transfection followed by selection with geneticin to detect the ret-
rotransposition events that occurred. When using this approach,
variations in transfection efficiency will directly aftect the results.
The second approach differs by using an episomal plasmid (Fig. 2b)
that contains a resistance marker (hygromycin) that will allow for
selecting successfully transfected cells and eliminating the untrans-
tected cells (Fig. 3b). After a week of selection, the cells are reseeded
at different cell densities and then grown under geneticin selection
to detect the retrotransposition events. This approach is unaffected
by variations in transfection efficiency and allows to evaluate ret-
rotransposition rate by using the number of seeded hygromycin
resistant (hyg?) cells as the denominator.

1. A simple schematic of the episomal transfection approach is
shown in Fig. 3a.

2. Transfections are performed 18-24 h after seeding.

3. Follow the manufacturer’s recommended protocol for setting
up and performing transfections. Our lab uses the Lipofectamine
and Plus system from Invitrogen (se¢ Note 10). For this
approach, serum free media is recommended. Thus, the cell
medium needs to be removed and replaced with serum free
medium. In addition, serum free medium should be used when
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Fig. 3 Schematic of the two approaches used to determine retrotransposition rates. For simplicity we refer to
approach A as the “transient transfection” method and B as the “episomal transfection” method. Cells are
transfected and the following day grown under either A geneticin selection to detect tagged retrotransposed
inserts or B hygromycin B (Hyg) for a week to select for cells containing the transfected episomal plasmid
followed by reseeding at different cell densities and growth under geneticin to detect the tagged retrotrans-
posed inserts. After 2 weeks of selection colonies can be stained to count or expanded to extract DNA for

recovery of inserts

3.3 Episomal
Transfections

setting up the DNA-Lipofectamine /Plus mixtures. Details of
our transfection parameters are shown in Table 2.

. Add the DNA-Lipofectamine/Plus mixture to the cells.

Incubate between 3 and 5 h. We routinely incubate transfec-
tions for 3 h (see Note 11).

. Remove media with transfection solution. Add appropriate

media (complete DMEM or complete MEM). Incubate over-
night to allow cells to recover.

. The following day change the cells to selection media. Incubate

cells with appropriate selection media for 14 days. Change
media as necessary. We usually feed twice a week (sec Note 12).

. Stain flasks by adding a sufficient amount of crystal violet to

each flask to cover all the colonies. Rock at room temperature
for a minimum of 15 min.

. Wash flasks thoroughly with tap water until the water runs

clear. Invert to dry.

. Scan flasks or plates and count the colonies.

. We use the pCEP4 plasmid (Invitrogen) as the vector backbone

for episomal transfections. This plasmid contains the
Epstein-Barr Virus replication origin and nuclear antigen that
allows for extrachromosomal replication (the schematic of one
of our pCEP based constructs is shown in Fig. 2b). Our pCEP
plasmids carry the hygromycin B resistance gene used for stable
selection of transfected cells. Thus, only cells that have been
successfully transfected with plasmid will grow. A simple sche-
matic of the episomal transfection approach is shown in Fig. 3b.

2. Cells are seeded as the protocol states in Subheading 3.1.
. The following day, put cells under hygromycin B selection to

select for transfected cells. Continue selection until cell death
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DNA-Lipofectamine/Plus mixtures (see Note 13)

Total amount transfected

DNA/flask or dish () Lipofectamine (L) Plus reagent (L)
<1 2 1

1 3 2

24 6-9 4-8

5-13 9-12 8-12

3.4 Transfections
for Recovery of Alu
Inserts: “Alu Rescue”

is not observed anymore. This process takes 1 week for HelLa
but can vary depending on cell type (see Note 14).

. Reseed the hyg® cells at different concentrations to ensure that

the final colony number obtained per well is within a linear
range for counting. Wells (6-well plate) containing more than
300 colonies are considered out of the linear range and unreli-
able for quantitative analyses (see an example of results in
Fig. 3b). We routinely seed 10%, 10°, and 10° cells per well in
6-well plates. Seeding more than 10° cells is not recommended
in a 6-well plate Instead, a tissue culture flask with larger sur-
face area should be used.

. The next day, change the medium of the hyg® cells to geneticin

selection medium to select for cells with retrotransposition
events.

. Incubate cells with appropriate selection media for 14 days (see

Note 12) and stain colonies with crystal violet.

7. Scan plates and count the colonies.

Transfections for the recovery of Alu inserts follow the same pro-
tocols as indicated above in Subheadings 3.2 and 3.3 with some
minor changes due to the lower retrotransposition efficiency of the
Alu tagged with the rescue cassette (see Table 1).

1.

Follow the protocols above but use more plasmid DNA per
transfection (see Table 1).

2. Grow cells under geneticin selection to obtain colonies.

. When distinct, large colonies are visible to the naked eye, pro-

ceed to expand the cells for DNA extraction.

. Ideally, we usually trypsinize and combine 50 or more colonies

per pool (see Note 15). Based on the number of colonies it
may be necessary to change to a smaller flask to accommodate
pools with low cell numbers (se¢ Note 16).
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5.

10.

11.

12.

13.

14.

15.

Continue to grow cells under geneticin selection until the
amount of cells needed for genomic DNA isolation is obtained.
This will vary based on your experimental needs, as well as, the
requirements of the genomic DNA isolation system you are
using (see Note 17).

From this point on it is critical that all materials and bufters
used are dedicated (se¢ Note 6).

. Trypsinize cells and count. We use the DNAeasy Blood &

Tissue kit that recommends the use of 5 x 10° cells per sample.
Add 1x PBS to deactivate the trypsin and transfer the cells to a
15 mL conical Falcon tube. Centrifuge for 5 min at 4 °C at
~2000 x g. Discard the liquid and invert the tube for a few min-
utes to remove excess liquid from the cell pellet. At this stage
the cell pellet may be frozen at -20 °C (short term storage) or
-80 °C (long term storage) for processing at a later time.

. Follow the manufacturer’s protocol for genomic DNA isola-

tion. We elute the DNA from the column by adding 200 pL of
water twice to increase gDNA yield. The 400 pL of pooled
elute is sufficient for two genomic digestions.

. Incubate 200 pL of extracted gDNA (~200 pg) with 200 U of

the selected restriction enzyme and appropriate buffer for at
least 5 h at 37 °C (see Note 6 for enzyme selection).

. Heat-inactivate the restriction enzyme by incubating the sam-

ple at 65 °C for 20 min.

Add 700 pL water, 100 pL. 10x T4 DNA ligase buffer, and
1200 U T4DNA ligase to each rescue digestion and incubate
overnight (~16 h) at 16 °C.

The next day concentrate the 1 mL of ligated genomic DNA
using a micron filter (Amicon 50K) by pipetting 500 pL of the
ligation reaction at a time into the micron filter. Centrifuge for
10 min at 8000 x4 (see Note 18). Empty the collection tube
after each spin.

Wash the concentrated DNA twice with 500 pL sterile deion-
ized water to remove salts. Centrifuge for 10 min at 8000 x g.
Empty the collection tube after each spin.

Continue centrifugation to reduce the final volume to about
10 to 20 pL (Fig. 4). This usually requires a longer centrifuga-
tion time after the final water wash (sec Note 19).

While the DNA is being concentrated, chill the electropora-
tion cuvettes on ice until ready to use.

Invert the micron filter into a sterile collecting tube (provided
by manufacturer) and spin at ~16,000 x 4 for 30 s to collect the
concentrated DNA.
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Fig. 4 Example of the ideal final volume in the micron filter after the final cen-
trifugation. The picture on the /eft shows the filter with the final volume; while the
picture on the right shows the sample after it has been spun out of the filter into
a sterile tube. Arrows highlight the small volume

16.

17.

18.

19.

20.

21.
22.

Allow the pir-116 electrocompetent E. coli to thaw on ice
about 10 min before starting the electroporation (see Note
20). The electrocompetent E. colz should be stored at -80 °C.

Add between 30 and 50 pL of the electrocompetent E. coli
cells to the well of the cuvette located between the two metal
plates (see Note 21). Do NOT pipette cells up and down.

Add the 10-20 pL of concentrated DNA to the E. coli cells in
the cuvette. Flick gently to mix. Keep on ice.

Pulse the E. coli cells by using the “bacteria” setting of the
electroporation apparatus (we use MicroPulser from
Bio-Rad).

Pipette 200-300 pL of sterile LB media (or any other rich
medium available, e.g., SOC) into the cuvette using a stripette.
Mix by pipetting up and down several times. Transfer the
entire mixture into a culture tube appropriate for bacterial
growth (a round-bottom polystyrene 5 mL tubes).

Grow the bacteria at 37 °C in a shaking incubator for 1 h.

Spread the full volume of bacteria onto a kanamycin LB agar
plate. Incubate at 37 °C for at least 18 h. This psr-116 strain of
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—93%bp—
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Fig. 5 Evaluation of Alu rescue clones by restriction digest. A schematic representation of the expected recov-
ered DNA with the tagged-Alu insert with the circularized flanking sequence is shown. Restriction sites (Aafll
and Avrl) were selected so that they flank the location of the splice junction to yield a 939 bp fragment. Clones
that do not show the 939 bp fragment are likely recovered contaminants of other kan® plasmids. Alu inserts
located in different genomic regions will contain different flanking sequences and will generate unique digest
patterns depending on presence/absence of the selected restriction sites (REs). In the example shown, clones
2 and 6 are likely duplicates of the same Alu insert, while clones 1, 2, 8, and 9 are likely recovered Alu inserts
located at different genomic sites. M =marker. Similar analysis can be performed using Sfil and Sall digests

23.

24.

25.

26.

27.

28.

E. coli cells might require a longer incubation time for colonies
to grow to a size detectable by the naked eye.

Pick individual bacterial colonies for growth. We usually grow
bacteria in 2 mL of kanamycin LB broth for plasmid extraction
(miniprep). Shake overnight at 37 °C.

Transfer about two-thirds of the 2 mL culture into a 1.5 mL
Eppendorf microfuge tube and centrifuge to pellet the bacte-
rial cells (~16,000xg for 2 min). Discard supernatant. The
leftover culture is stored at 4 °C as backup in case more is
needed later.

Isolate the plasmid DNA following the manufacturer’s
protocol.

Evaluation of the kan® rescue clones (i.e., plasmids) is per-
formed by a restriction enzyme digestion using a combination
of either Aatll and AvrII or Sfil and Sall. This digestion will
monitor potential contamination and provide a visual repre-
sentation of different recovered retrotransposition events used
to guide selection of which plasmids to sequence (Fig. 5 shows
an example).

Each selected plasmid is sequenced using three primers:
RAluneoj primer, FAtail230 primer, and a primer uniquely
designed for the 3’ genomic flank of the Alu insert (se¢ Note 9).

Once sequences are received, the genomic position of each res-
cued Alu insertion is determined by BLAT (http://genome.
ucsc.edu). In some occasions, an insert lands in a repetitive
sequence, which may be very difficult to precisely map.
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4 Notes

1. Cell lines: we have been able to perform SINE retrotransposition

in both human, rodent cells and in one chicken embryo fibroblast
cell line [23]. Our experience is limited to cell lines that form
monolayers, but LINE retrotransposition has been described in
chicken DT40 suspension cells using soft agarose medium [24].
The human cell lines we primarily use are HelLa, HCT-116, and
HEK293. The rodent cell lines we use are BHK, CHO-K1, and
CHOUV20. Cell selection is critical, as some cells cannot support
retrotransposition [ 19]. Cells can also exhibit clonal variation with
regard to how well they support retrotransposition [20].

. Supplements for tissue culture media can be obtained from

local vendors: fetal bovine serum (FBS), MEM nonessential
amino acids (NEAA) 100x, and sodium pyruvate 100 mM
(NaPyr). For antibiotic selection, concentrations vary depend-
ing on the cell line. These are the concentrations routinely
used in HeLa cells: Geneticin stock of 50 mg,/mL active gene-
ticin (4.4 mL stock per 500 mL of medium); Hygromycin B
stock in 1x PBS 50 mg/mL (700 pL stock per 500 mL of
medium). For prevention against mycoplasma, bacteria, and
fungi (optional), the following reagents can be added to the
culture media: Normocin (Invivogen), Fungizone, and
Penicillin/Streptomycin (Pen/Strep). This is recommended
for experiments that take multiple weeks.

. Tissue culture flasks and plates: we use standard polystyrene

vented cap flasks and clear polystyrene flat bottom plates.
However, different cell lines may have different requirements
such as the need for a surface treatment that enhances cell
attachment. Use the materials that are appropriate for the cell
line.

. L1 factors are required to drive Alu retrotransposition events.

Therefore, Alu must be co-transfected with a plasmid express-
ing either the full length L1 or the L1 ORF2 protein as the
driver [7]. Several of the plasmids are available in Addgene:
http: / /www.addgene.org/browse /pi/1826/

. Crystal violet staining solution (0.2 % crystal violet in 5 % ace-

tic acid and 2.5 % isopropanol) is prepared as follows: dissolve
and mix 1 g crystal violet, 15 mL isopropanol, 25 mL glacial
acetic acid, and purified water to a final volume of 500 mL.

. Dedicated reagents and materials. Very Important. all materials

including the buffers and enzymes should be used exclusively
for rescuing Alu inserts and should only come into contact with
the dedicated pipettes, pipettors, and tips. This method is
highly susceptible to failure due to contamination with other
common plasmids present in most laboratories. We recom-
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7.

10.

mend finding a lab bench or other dedicated space that is free
of exposure from other plasmids, specifically plasmids contain-
ing kanamycin resistance. This is a list of dedicated materials:
set of pipettors and tips (pipettors can be decontaminated if
required); genomic DNA extraction kit with dedicated buffers;
1-mL stripettes; restriction enzymes and buffers (we routinely
use EcoRI and HindlIll, although any restriction enzyme that
is absent within the retrotransposed sequence and can be heat-
inactivated will work. We have also successfully used Spel,
BsrGl, Nbel, or Ndel); T4 DNA ligase and ligase buffer; sterile
water.

We use LB broth, Miller powder, and LB agar, Miller powder.
To prepare 1 L of LB broth, dissolve 20 g of powder in 800 mL
of water; once dissolved adjust volume to 1 L and autoclave.
Add kanamycin (final concentration of 50 pg/mL) to the LB
broth once it is completely cooled. Keep refrigerated ~4 °C. To
prepare 1 L of LB agar, dissolve 35 g of powder in 800 mL of
water; once dissolved adjust volume to 1 L and autoclave. Add
kanamycin (final concentration of 50 pg/mL) to the LB agar
after it has cooled but not solidified (~55-60 °C) to prevent
inactivation of the kanamycin. Pour the plates and let them
solidify. For long-term storage, keep refrigerated ~4 °C.

. 0.5x Tris—-Borate—-EDTA (TBE) (45 mM Tris—Borate, 1 mM

EDTA). To make a 5x Stock mix and dissolve: 54 g of Tris base,
27.5 g of boric acid, 20 mL of 0.5 M EDTA, pH 8.0, and puri-
fied water to a final volume of 1 L. Dilute 1,/10 and add ethid-
ium bromide to a final concentration of ~0.2-0.5 pg/mlL.

. Design of the primer to sequence the 3’ genomic flank of the

Alu rescue insert: the primer should anneal ~150-200 bases
from the predicted insertion site based on the data obtained
from the sequence from the 5’ genomic flank. The primer
should be evaluated to make sure it does not anneal to a repeti-
tive sequence. In addition, the location of the sequence cor-
responding to the restriction site used to digest the genomic
DNA (e.g., EcoRI) should be noted to avoid designing a primer
to a sequence that may not be present in the circularized
DNA. For example, if there is an EcoRI site 180 bp down-
stream from the predicted insertion site a primer that anneals
210 bp downstream will not work as the circularized DNA will
not include anything downstream of where the enzyme cut

(180 bp).

Depending on the total number of transfections and experi-
mental repeats, transfection reagents can be mixed in 24-, 12-,
or 6-well plates instead of individual tubes. The DNA transfec-
tion parameters given in Table 1 are our recommendations for
what concentrations work in our cell lines. However, each
laboratory may need to optimize the total amount of DNA
and/or transfection reagents for the best results. We have



11.

12.

13.

14.

15.

16.

17.

18.

19.

SINE Retrotransposition Assay 199

found that a 1:3 ratio of driver to Alu plasmid DNA, respec-
tively, works well for any Alu retrotransposition assay regard-
less of total amount of DNA transfected.

Individual cell lines can be sensitive to the transfection mix-
ture, resulting in premature cell death. Optimization of the
incubation time may need to be tailored to certain cell lines.
Our observations indicate that an incubation period of 3 h is
sufficient and well tolerated by all the cell lines we have
evaluated.

The time of selection has been chosen arbitrarily, using colony
size as the parameter to determine when to stain cells. Hel.a
cells form colonies that allow for easy visualization and count-
ing after 2 weeks of selection with geneticin. However, cells
that grow faster, such as BHK, will require less time for growth
under selection. On the other hand, slow growing cells may
require longer periods of time. If media becomes turbid due to
large numbers of floating dead cells, change the media more
frequently.

The indicated Lipofectamine—Plus ratios are the most com-
monly used in our laboratory. However, transfection efficien-
cies will vary between cell lines and further optimization of
transfection conditions may be needed.

The concentration of hygromycin B required for effective
selection varies between cell lines. Slow growing cells may
require longer time of growth under selection to ensure the
death of the untransfected cells.

The number of recovered inserts per pool is directly propor-
tional to the number of colonies in the pool. We routinely
recover between a fourth and a third of the inserts from any
given pool. The recovery efficiency can be improved by pro-
cessing the same pool multiple times with different restriction
enzymes when digesting the genomic DNA.

Cells may not grow well at very low densities. It might be neces-
sary to reduce the surface area to grow the cells. For example, if
only one rescue colony is recovered, it might be necessary to
move the colony into a well of a 6-well or 12-well plate.

We routinely expand pooled cells in 150 cm? dishes to obtain
a large amount of material that can be used for multiple DNA
extractions. However, if less DNA is needed a T75 would
suffice.

The time and speed for spinning can vary, as long the param-
eters selected comply within those suggested by the Amicon
50K manufacturer’s protocol.

It is imperative not to dry the membrane out. Please refer to
Fig. 4 for an example of an appropriate volume of concen-
trated genomic DNA.
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Commonly used electrocompetent E. cols strains will not sup-
port replication of the R6Kyori. A specific bacterial strain is
required: E. cols pir-116 [F mcerA A(mrr-bsd RMS-mcerBC)
@80diacZAMI15 AlacX74 recAl endAl araD139 A(ara,
len) 7697 galU galK A- rpsL (StrR) nupG pir-116( DHFR)].

A regular 1000 pL pipette tip cannot be used for this step
because it is too wide to fit into the groove of the cuvette.
Longer, thinner pipette tips should be used (see an example
http: / /www.usascientific.com /200ul-extra-long-filtertip.aspx).

Rescue Digestions: mix reagents as follows:
5 puL rescued plasmid

2 pL 10x appropriate buffer (we used the one supplied by
manufacturer)

0.2 pL Sall+0.2 pL Sfil or
0.2 pL Aatdl+0.2 pL AvrIl
12.6 pL. H,O (final volume of 20 pL)

Incubate at 37 °C for 1 h and run on a 1 % agarose gel.

The restriction sites (Aazll and Av7II or Sall and Sfil) were
selected so that they flank the location of the splice junction to
yield a 939 bp or 1413 bp fragment, respectively. Clones that do
not show the expected fragment are likely recovered contami-
nants of other kan® plasmids. Alu inserts located at different
genomic regions will have different flanking sequences generat-
ing unique digest patterns depending on presence/absence of
the selected restriction sites (REs). This will allow for the elimi-
nation of duplicates from the same Alu insert and avoiding
sequencing the same insert multiple times.
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