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What is really a transposon? # 1

 ”jumping genes” – mobile genetic element is more correct

 Barbara McClintock discovered them in maize
experiments: 1940’s and 1950’s
Nobel Prize: 1983

Ac and Ds elements



 old nomenclature in prokaryotes:

A bit of nomenclature

transposase rep.rep. transposase rep.rep.flanked DNA segment

IS=insertion sequence IS=insertion sequence

”the transposon”

 the more correct and up-to-date definition:

transposon = mobile genetic element



 molecular parasites? ”selfish genes”?
– partially true…

 but they are important players in genome evolution:
- spreading antiobiotic resistance genes 
(especially in bacteria)

- promoting genetic recombinations;
sources of new genes: ”domestications”, 
e.g. RAG recombinases, Drosophila telomerase…

- they represent at least 45% of the human genome !!!

What is really a transposon? # 2



Trend Genet, 2005; 21(1):8

Transposon/transposition types

DNA

RNA
(”retro-”)



Classification of eukaryotic mobile elements

(Nat Rev Genet,2007; 8:973)



Transposition mechanisms in brief

Nat Rev Mol Cell Biol, 2011; 12(4):246

But the euk. genome is protected by:

 promoter methylation, 
chromatin modifications

 RNA interference:
- endogenous siRNAs
- piRNAs
(- also certain miRNAs)





Cell, 2008; 135:poszter

Transposons are everywhere…

Annu Rev Genet, 2007; 41:331



A bit of (transposon) evolution # 1

Nature, 2006; 443(7111):521



Cell, 2008; 135(1):23

‘Alu’ elements are extremely numerous
in primates; a great progress in
genome evolution 

a reason or a consequence?
(PNAS, 2011; 108(7):2837;
NSMB, 2016; 23(11):1011)

LINE1 elements become active in
neuronal progenitors 

somatic mosaicism in neurons!
(Trend Neurosci 2010; 33(8):345)

A bit of (transposon) evolution # 2





Transposons as genetic tools

1. Applications:
- insertional mutagenesis
- cloning, gene traps
- gene delivery  transgenic animals

2. Invertebrate model organisms:
- D. melanogaster  P-element (a new acquisition!)
- C. elegans  Tc1/Mariner superfamily

3. Vertebrates: DNA tnp tools were missing for long time
 retrotransposons have some drawbacks:

 higher mutation rate (reverse transcription)
 can be re-mobilized (genetic instability)
 unfavorable integration profile



Used vertebrate transposon systems

Eukaryotic transposon:

 Class II (DNA transposons)

 Tc1/mariner superfamily

”cut & paste” transposition mechanism

„Sleeping Beauty” „Frog Prince”



Sleeping Beauty / Frog Prince origin 

Zoltán Ivics, Perry B. Hackett, Ronald H. Plasterk and Zsuzsanna Izsvák, Cell, 1997; 91:501
Csaba Miskey, Zsuzsanna Izsvák, Ronald H. Plasterk and Zoltán Ivics, NAR, 2003; 31:6873

Fish & frogs: 
start from inactive (dead)
elements

transposase activity
resurrected by
directed in vitro
mutagenesis



Structure of the active transposon

Transposase

IR IRyour favorite gene transposaseCMV

Ivics and Izsvak, Methods in Molecular Biology, 2004; 260: 255-276.



HEK293 cells

Sleeping Beauty (SB) and piggyBac (PB)

DNA transposons: gene delivery tools

Kolacsek et al. (2011) Mobile DNA

Kolacsek et al. (2014) Human Gene Therapy Methods

Transfection
Antibiotic selection



Advantages of DNA transposons
versus viral vectors

 Cheaper, easier to make

 Less safety concerns 

 Random integration profile,
no preference towards active genes ( true for SB)
( piggyBac or Tol2 !)

 Activity in non-dividing cells

 But transfection efficiency is a limiting factor...



One more argument… SB100x

Nat Genet, 2009; 441(6):753

The activity of the new hiperactive SB100x transposase is
comparable to that of the most efficient viral-based gene
delivery tools.

SB100x transposase was the ’molecule of the year’ in 2009 –
selected by the Science journal:

http://www.biotechniques.com/news/Sleeping-
Beauty-named-Molecule-of-the-Year/biotechniques-187068.html?autnID¼191663





Gene delivery into human embryonic stem cells
the Sleeping Beauty transposon system



Origin of human embryonic stem cell lines

there are two distinct
cell populations with 

distinct 
differentiation 

potentials

• inner cell mass

• trophectoderm cells

cells of ICM are 
cultured

Inner cell mass 
(ICM)

new feeder cells

radiated MEF cells

dividing embryo

blastula

ESC lines

enzymatic 
passage



Proof of transposition: integration sites

Orbán et al. (2009) Stem Cells



Pluripotency of GFP-expressing clones:
the Oct4 protein as an example

Orbán et al. (2009) Stem Cells



 spontaneous differenctiation via embryoid bodies (EB):
teratoma-like structures

Differentiation of stem cell clones

CAG promoter: 
strong expression

in cardiomyocytes ?!

neuronal rosettes

contracting

cardiomyocytes

6 days EBs

Orbán et al. (2009) Stem Cells



Differentiation toward cardiomyocytes

Orbán et al. (2009) Stem Cells

SB-CAG-GFP SB-EF1-GFP

LV-CAG-GFP LV-EF1-GFP



Pharmacological testing

+adrenalin / +verapamil
Orbán et al. (2009) Stem Cells





CAG-GCaMP2 / rGFA-RGECO

Transgenic rats established using transposons

Szebényi et al. (2015) J Am Soc Nephrol

Szebényi et al. (2015) Scientific Reports



Calcium signals with GCAMP2

GCaMP2: - calcium-sensitive GFP
- a calmodulin domain is used

Ca2+



Transgene microinjection in zygotes

+ SB100x as mRNA source

1. Microinjection into the male pro-nucleus

2. Implant into pseudopregnant females

3. Founder (F0) generation is born

(Oocytes from Sprague-Dawley strain into Wistar female recipients)



Genetic screen of the F0 generation 

PCR and real-time PCR  selection based on transgene copy number

16 carriers among 75 newborns  ~21% efficiency! 
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Szebényi et al. (2015) Scientific Reports



Establishing and screening the F1 generation

Start: crossing low copy number F0 rats with WT individuals

Phenotype screen of F1 generation: 
GCaMP2 expression in leukocytes, FACS-based measurement 

Ca2+ level 

+ Ionomycin

GCaMP2 exp.

Szebényi et al. (2015) Scientific Reports



Establishing a stable line (2 transgene copies)
(1 copy / haploid genome)

- Several crosses with WT individuals

- Crossing heterozygotes, inbreeding

- Verification: genetic stability, phenotype monitoring

stable copy number (2)
and integration site
over >25 generations

normal and stable
karyotype

(21 pairs of chromosomes)

Szebényi et al. (2015) Scientific Reports



In vitro cardiomyocyte cultures

Szebényi et al. (2015) Scientific Reports



TG TGWT

Expression of the CAG-GCaMP2
Ca2+ indicator protein 
in rat kidneys in vivo

Why is it so heterogeneous?

Szebényi et al. (2015) J Am Soc Nephrol



Szebényi et al. (2015) J Am Soc Nephrol rhodamine-dextrane conjugate

Expression of the GCaMP2 indicator in rat kidneys in vivo




