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Transposons: mobile genetic elements that are capable of changing 
their position within genome. 

The B type of hemophilia in humans is caused by insertion of the Alu
transposon into the gene encoding the IX factor.   

Discovery of jumping genes
■For much of the 20th century, 

genes were considered to be 
stable entities in chromosomes.

■1947-48, B. McClintock: first 
mobile elements in Z. mays, Ac
and Ds.

■1950, B. McClintock: description 
of the Spm element.

■1970: discovery of transposons in 
bacteria.

■1980: cloning of Ac and Ds. 
elements. 

■1983: Nobel Prize for Barbara 
McClintock

1. What are transposons? Definition

Mosaicism as a 
result of the 
transposon excision. „They can appear at new 

locations and disappear from 
previously determined 
locations” .
Barbara McClintock, 1956

Light points indicate 
transposons.

Transposons are widespread in almost all species. They are 
distinguished by short repeats in insertion sites.

Nina Fedoroff: „transposons constitute more that 65% of our genomes and 
85% of the maize genome. They comprise a majority of the DNA in many 

species”.

1. What are transposons? Abundance

Insertion sites of retrotransposons in 
genomes of leeches (Glosiphonia).

Insertion sites of DNA transposons 
in the genome of liverworts (Pellia).

Species Transposons
[%]

Saccharomyces cerevisiae 3

Caenorhabditis elegans 12

Drosophila melanogaster 16

Arabidopsis thaliana 35

Lotus japonicus 57

Hordeum vulgare 55

Zea mays 80

Triticum urartu (2n) 50

Mus musculus 40

Homo sapiens 55
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Transposons are divided into two major classes depending on the 
mode of mobility: retrotransposons and DNA transposons.

1. What are transposons? Classes

Autonomous and non-
autonomous elements: 
LINE, SINE, PLP

Class I: 
retrotransposons

Transposons

non-LTR (polyA) LTR transposons

Ty3/Gypsy Ty1/Copia

Class II: DNA 
transposons

Autonomous Non-
autonomoushAT: Ac/Ds; 

hobo Tc1/mariner: 
mos1

Class I: retrotransposons move using RNA intermediates, the 
mechanism known as „copy and paste”.

Class I: retrotransposons
■1st step: retrotransposons are 

transcribed into mRNA.
■2nd step: mRNA is reverse transcribed 

into cDNA by reverse transcriptase.
autonomous elements have their 
own reverse transcriptase;
non-autonomous  elements uses 
reverse transcriptase encoded by 
other elements.

■During reverse transcription cellular 
mRNA can be accidentally captured.

■3rd step: integration a cDNA copy into 
a new position, the old copy remains.

■The copy and paste mechanism leads 
to a significant increase in the 
number of copies of retrotransposons
in genomes.

1. What are transposons? Classes
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Autonomous retrotransposons: LTR and non-LTR comprise a gene 
encoding reverse transcriptase (RT) while non-autonomous do not. 

Mobilisation of non-autonomous retrotransposons depends on proteins 
encoded by autonomous elements, eg., ORF1 and ORF2 in LINE.

1. What are transposons? Classes

Wang and Kunze 2015

RTENRBP5’UTR 3’UTR AATAAA…

LINE-1: autonomous, non-LTR

ORF1 ORF2

SINE-RVNTRAlu-likeCCCTCT AATAAA…

SINE: non-autonomous, non-LTR

ORF1 ORF2

RTendoRU3 U3RNA-ase HprotgagU5 U5 R
LTR: autonomous: terminated by long terminal repeats

 LTR: long terminal repeats
 U3 region: promoter
 gag: nucleocapsid protein
 prot: protease
 endo: integrase
 RT: reverse transcriptase

 RBP: RNA  binding protein
 EN: endonuclease
 RT: reverse transcriptase

 Alu-like: inverted Alu element
 VNTR: variable number of 

tandem repeats

Class II: DNA transposons that belong to several families. They 
generally transpose through a „cut and past” mechanism.

Class II: DNA transposons
■1st step: association of

transposon ends with a target 
DNA and excision. 

■2nd step: reintegration into the 
target DNA followed by ligation of 
donor site ends.
Simple transposition: donor site 
ends are sealed by 
nonhomologous end joining 
with few mutations at the 
fusion site.
Replicative transposition: 
excision is repaired by 
homology depended gap repair 
using the homologous 
chromosome in diploid cells 
(e.g., Helitron transposons).

1. What are transposons? Classes

In principle, DNA transposons do not 
contribute to significant increase in 

genome size.
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Autonomous DNA transposons encode their own transposase protein 
(TPase), which binds to terminal inverted repeats (TIR).

Non-autonomous DNA transposons lack a functional transposase gene but 
they can be mobilised in trans by transposase. 

1. What are transposons? Classes

ORF2TPaseTIR TIR

Autonomous DNA transposon

TIR TIR

Non-autonomous DNA transposon

 TIR: terminal inverted 
repeats

 TPase: transposase
 ORF2: additional protein 

required for transposition

Wang and Kunze 2015

In majority of Eukariota, retrotransposons are several fold more 
abundant than DNA transposons.

Retrotransposons comprise 92% of all transposons in humans. Most often 
they are localised in intergenic regions.

1. What are transposons? Classes

Percentage of transposons DNA and 
retrotransposons in different Eukariota.
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1. Entoameba histolitica
2. Trichomonas vaginalis
3. Saccharomyces cerevisiae
4. Caenorhabditis elegans
5. Drosophila melanogaster
6. Aenopheles gambiae
7. Mus musculus
8. Homo sapiens
9. Arabidopsis thaliana
10. Hordeum vulgare
11. Zea mays

Retrotransposons

DNA transposons
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Human transposons

More than half of human DNA (55-60%) contains transposons. They 
represent nearly all families of Eukaryotic mobile elements. 

Like most other Eukariota, the landscape of the human genome reflects a 
long evolutionary history of transposon activities.

Abundance of transposons  in the 
human genome

■LINE - 21% of the genome:
LINE-1: most abundant, > 500 000
copies;
LINE-2: progenitors of miRNA

■SINE – 14% of the genome:
Alu: emerged with the radiation of 
primates;
SVA – hominid specific, 2 800 
copies in the genome.

■LTR – mostly ERV sequences.
■DNA transposons; several families of 

MITE, piggyBac, Merlin, Mutator.

2. Human transposons

Types of mobile elements in the human genome 
based on Repbase.

LINE-1
17%

LINE-2
4%SINE (Alu)

11%

DNA 
5%

LTR
9%

Others
8%

SINE 
(SVA)

3%
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Human retrotransposons are classified into non-LTR and LTR 
retrotransposons.

Only LINE transposons are autonomous. SINE and SVA depend on 
autonomous LINE for mobilisation.

Non-LTR retrotransposons
■ Include genes for apurinic like 

endonuclease (APE), restriction 
like endonuclease (RLE).

■Transpose through „target 
primed reverse transcription”, 
mostly in a nucleus.

■They are classified into 32 
clades including:
LINE: long interspersed 
elements;
SINE: short interspersed 
elements, 50-500 bp;
SVA: composite 
retrotransposon.

2. Human transposons: non-LTR

Kojima 2018

Class Clade (examples)

LINE

L1 (L1, L1HS), 
CR1 (CR1L, CR1_HS), 
L2, Crack, RTR, R4, Vingi, 
Tx1 (MARE6), 
Penelope (UCON13)

SINE

SINE1/7SL (Alu, AluY, AluYa1)
SINE2/tRNA (MIR, MIR3, MIRb)
SINE3/5S rRNA (AmnSINE1)
Unclassified (MER131)

Composite
(SINE-VNTR-
Alu)

SVA (SVA2, SVA_A… SVA_F)

The group of endogenous viruses (ERV) is the most abundant human 
LTR  retrotransposons.

LTR retrotransposons synthesize cDNA in cytoplasm, then it is transported 
to the nucleus where cDNA is integrated using transposase/integrase.

LTR retrotransposons
■Several ERV families of 

different origin:
ERV1 are similar to Gamma 
and Epsilonretroviruses;
ERV2 are similar to 
Betaretroviruses;
ERV3: unknown origin, not 
related to viruses, probably 
independently evolved in the 
human genome.

■There are some evidences that 
ERV may have escaped the cell 
and they are ancestors of 
modern retroviruses.

2. Human transposons: LTR

Hancks i Kazazian, 2016; Kojima 2018

Superfamily Group (examples)

ERV1

MLLV (HERVS71)
HERW9 (HERV17, HERV9)
MER50like (MER50l, MER71
HEPSI (MER651, PRIMA_4)
HUERSP (HUERS-P1)

ERV2 HML1 – HML10 (HERVK)

ERV3
HERVL (ERVL)
HERVS
MaLR (MLT-int, THE1_I)

Gypsy MamGyp-int
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Two superfamilies of DNA transposons, hAT and Mariner have 
constituted a large fraction of the human genome.

During the primate evolution was a steady decline in the activity of DNA 
transposon. No families are currently active in humans.

DNA transposons
■At least 40 families were active 

during the primate radiation.
■Many DNA transposons are 

nested into L1 and Alu elements.
■DNA transposon excisions are 

imprecise, they leave behind a 
few terminal nucleotides at the 
excision site.

■Some human genes exhibit 
sequence similarity to DNA 
transposons:
rag1 and rag2 responsible for 
recombination are derived 
from Transib.

2. Human transposons: DNA transposons

Pace II, Feschotte 2007; Kojima 2018

Activity of DNA transposons during the primate evolution. hAT
superfamily was intensively active between 100-80 My ago 
during pre-primate era. Tc1/Mariner was active 78-60 My ago at 
the beginning of the primate era. 

1. What are transposons?
Definition
Abundance in genomes of 
Eukariota
Classes

2. Human transposons
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DNA transposons

3. Role of transposons
Human evolution: brain and 
immune system
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Regulatory function

Human transposons
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The transposons are drivers of evolutionary changes through 
generating variation and providing raw materials for diversification.

The other side is that TE mobility has the potential to disrupt functional 
genetic elements therefore the TE co-evolve with mechanisms 

counteracting transposition.

Transposons induce 
changes in genomes by:

■ influence on homologous 
recombination, i.e., 
between homologous 
chromosomes;

■differentiation through 
insertional mutagenesis;

■ increasing a genome size 
and its diversification;

■exons’ shuffling;
■ remobilisation in 

response to 
environmental conditions 
including stress.

3. Role of transposons: evolution

Evolution of 
Alu subfamily 
in primates. 
The major Alu
subfamilies 
were active at 
the time of 
divergence and 
they have 
continued to 
evolve in each 
lineage. 
(Konkel et al. 
2010)

Alu elements are unique to primate genomes. They
have remain active throughout primate evolution. 

The rapid development of the human brain started 2 MY ago, it had 
been correlated with the remobilization of Alu retrotransposons. 

Remobilisation of Alu transposons during brain evolution is regarded to be 
caused by stress such as rapid climate fluctuation between 1.5-1 MY ago.

■There are >5 times more Alu
elements with a mutation 
(5000) than without a mutation 
( 650), it proves recent activity. 

■The highest activity of Alu took 
place 1,5 MY ago that correlates 
with the rapid development of a 
brain.

■There are 12 new elements in 
human and only 5 in 
chimpanzee.

■The microcephalin gene 
comprises 1000 Alu elements in 
introns, i.e., 57% of the gene 
length.

3. Role of transposons: evolution, brain

Britten 2010.

Alu transposon of 300 bp length. Monomers consist 
of 7SL RNA gene, the promoter of the RNA 
polymerase III. They use endonuclease and reverse 
transcriptase from L1 (LINE) elements to mobilise.

The spatial structure of 
microcephalin encoded by 
the MCPH1 gene on chr. 8. 
It is responsible for the 
development of the brain 
in the fetal period. Primary 
forms of the gene correlate 
with the development of 
tonal languages. 
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Retrotransposons-dependent novelties were crucial for the 
emergence of the brain morphology and physiology typical of human.

The peculiar ability of retrotransposons to convert RNA into DNA 
contributes new sequences encoding proteins or regulatory elements that 

can lead to both genomic and organismal innovations.

Many ERV loci are important in 
human brain development:

■HERVK: neuronal 
differentiation and 
neurotransmission;

■MER41: linked to human 
specific cognitive functions;

■HERV-I (Xq24): central nervous 
system development;

■NRIF (Ty3/Gypsy): neuronal 
apoptosis, interacts with the 
neurotrophin receptor p75;

■ArC (Ty3/Gypsy): 
communication between cells, 
plasticity of the nervous 
system.

3. Role of transposons: evolution, brain

Ferrari et al., 2021

Major types of TE-dependent genomic novelties: a source of 
novel ncRNA;  proteins; new regulatory sites through 
exonization of transposons, (mRNA with embedded TE); 
new transcription TF binding sites; 3D-genome organizers.

Some retrotransposon genes are important in anti-viral protection 
through blocking the cellular receptor or viral RNA.  

The exogenous infection by different viral species such as HIV, 
herpesviruses, influenza are able to modulate HERV expression.

Interference between HIV and 
HERV-K elements

■A. The HERVs produce the 
transcript, which is antisense to 
exogenous HIV RNA.

■B. HERV-K proteins are similar 
to HIV proteins, so that they 
protect against infection 
through complementary 
interaction with the HIV viral 
particles, e.g. HERV gag protein
(CA) co-assembles with HIV-1 
gag protein.

■C. The HERV-K derived proteins 
block the cellular receptor used 
by HIV particles. 

3. Role of transposons: evolution, immune

Grandi i Tramontano, 2018

Protective effects 
by HERV-Ks 
against exogenous 
infections.The
reaction between 
HIV and HERV
RNAs leads to the 
formation od 
dsRNA that is 
detected by cellular 
innate immunity 
sensors. Similar 
reaction  
interference is 
suggested for 
Suppressyn, 
truncated the 
HERV-F env gene 
and exogenous  
retroviruses. 
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Vertebrate adaptive immunity relies on V(D)J recombination to 
generate the diverse array of receptors. 

The recombination necessary for the assembly of the antigen receptor is 
mediated by the expression of the Recombination Activating Genes (RAG).

Human adaptive immune system
■Each antibody consists of two heavy 

and two light peptide chains.
■Each chain is composed of a 

variable region (V), joining region (J) 
and constant region (C).

■Genes encoding a given antibody are 
assembled during maturation of B 
lymphocytes.

■As a result of somatic recombination 
one V segment is joined with one J 
segment and finally with C region.

■All segments between the regions 
joined in a given antibody regions 
become introns.

3. Role of transposons: evolution, immune

Assembly of genes encoding light chains (kappa) of 
antibodies during maturation of human lymphocytes B.

The RAG1 gene encodes an enzymatically active subunit, RAG2 – a 
regulatory subunit. They both creates the recombinase complex.

The RAG genes originate from a DNA transposon. The RAG proteins share 
similarities with transpoases and they are capable of mediating 

transposition.

Evolution of human adaptive 
immunity

■1. RAG1-RAG2 gene block was 
already present in the ancestor 
genome.

■2. The block of RAG1-RAG2 was 
inserted into an ancestral 
immunoglobulin gene.

■3. Externalisation of the RAG1-
RAG2 gene block and leaving the 
TIRs, which evolved into 
recombination signal sequence 
(RSS). 

■4. Proliferation by tandem 
duplication of V and J segments.

3. Role of transposons: evolution, immune

Koonin and Krupovic 2015

RAG1 RAG2
TIR TIR

Transib like 
transposon

V type Ig gene

RAG1 RAG2
TIR TIR

preV preJ

RAG1 RAG2
RSS RSS

V J

RAG1 RAG2V JV J

Innate immunity 
module 

1.

2.

3.

4.
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Retrogenes (retrocopies, pseudogenes): reverse transcripts of 
known genes produced by the activity of reverse transcriptase.

Reverse transcriptase of some TE can be used to produce a cDNA copy of 
cellular RNA. The created genes lack introns.

The life cycle of retrocopies
■Retrocopy: mRNA mediated 

gene duplication, i.e., by means 
of reverse transcription.

■Retrogenes: functional 
retrocopies, i.e., transcribed, 
regulatory functions.

■Pseudogenes: retrotrocopies
with disablements.

■LINE1 elements can 
occasionally copy mRNA 
whose polyA are recognised.

■LTR elements can switch 
template during cDNA 
synthesis and incorporate 
cellular transcripts.

3. Role of transposons: retrogenes

Casola and Betran 2017

The mRNA mediated gene duplication represent a widespread 
phenomenon that contribute to organismal diversity.

The proportion of retrogenes among human retrocopies is low, however 
hundreds of human retrocopies generate transcripts thus suggesting a 

biological role.

3. Role of transposons: retrogenes

Number of retrocopies in different species. The great 
number of retrocopies in primates is related with the 
activities of LINE-1 and Alu elements. Among primates 
human has one of the highest number of retrocopies. Bird 
genomes are devoid of LINE-1 responsible for the high 
rates of gene retrotransposition.
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Percent of retrocopies identified as retrogenes in 
different species.  At least 692 functional retrogenes 
have been identified in humans, which is only 3% of all 
retrocopies. However young retrogenes tend to have 
lower transcription level and narrow transcription 
breadth.

Casola and Betran 2017



Lecture for ERASMUS students  2021‐05‐27

Kornelia Polok 13

In principal, duplication due to the creation of retrocopies is not 
advantageous therefore retrogenes usually evolved new features.

Retrogenes can acquire function, they are regulated in different way or the 
function can be subdivided between the ancestral gene and the retrocopy.

Subfunctionalisation of the 
CDC14B gene in humans

■CDC14B : the cell cycle gene, 
encodes four splice variants with 
different subcellular localisation.

■Microtubular variant 
(stabilisation) of CDC14B gave 
rise to CDC14B retro gene 
through retrotransposition 18-25 
MYA.

■Product of CDC14Bretro :
evolved brain and testis 
specific expression;
changed subcellular 
localisation from microtubules 
to endoplasmic reticulum.

3. Role of transposons: retrogenes

Rosso et al. 2008

UTR UTR UTR
CDC14B gene, chr. 9, 
colors correspond to four splice variants

UTR UTR
CDC14Bpar: splice variant subjected to retrotransposition and 
its subcellular localisation in interphase (G) and mitosis (H). 

UTR UTR

Retroduplication

CDC14Bretro: retrogene on the chr. 7 
and its subcellular expression in interphase (C)
and mitosis (D). 

In contrast to DNA transposons, retrotransposons remain quite 
active in humans, e.g. LINE-1, Alu, SVA, HERV-K, HERV-E, HERV-W

Any two human beings differ on average by 285-300 LINE-1 insertions. Each 
individual has on average 6 new retroduplications.

Active retrotransposons
■80-100 LINE elements are 

active, retrotransposition 
occurs in 0,5% of gametes. 

■Alu: are mobilised by LINE-1, 
new insertion occur in 5% of 
gametes.

■SVA: are mobilised by LINE-
1, new insertion occur in 
0,1% of gametes.

■HERV-K10 activity was 
observed in human oocytes.

■The ongoing 
retrotransposition event was 
observed in a male with 
granulomatous disease.

3. Role of transposons: active elements

Georgiu et al., 2009, Kazazian and Moran, 2017;Zhang et al., 2017

TMF-1p mRNA

TMF-1p cDNA

Integration into
intron 1 of CYBB, X

TMF-1p- CYBB DNA

Reversed 
transcription

Translation

Truncated TMF-1p- CYBB protein
leading to CGD disease

Southern blot of CYBB 
gene demonstrates  the 
lack of the upper band 
and the extra lower band 
(red circles). The 
transposition took place 
in an early stage of fetal
development of the 
mother because she 
showed a somatic 
mosaicism (de Boer et al., 
2014).
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LINE-1 is transcribed and mobilised in the brain during both the 
development and adult neurogenesis providing neural diversity.

Increase level of new intragenic insertions of LINE-1 is observed in 
dorsolateral prefrontal cortex of patients diagnosed with schizophrenia.

LINE-1 retrotransposition in 
brain tissues

■A statistically significant 
increase in the proportion 
of intragenic novel 
insertion was observed in 
patients with 
schizophrenia. The 
population had 15% more 
novel elements.

■ Insertions were observed
in nine genes including 
ERI3 (exorybonuclease), 
GRID2 (Glutamate 
ionotropic receptor) and 
KHDRBS2 (RNA binding 
protein).

3. Role of transposons: active elements

Doyle et al., 2017; Bodea et al. 2018

Depending on timing and cell type, a retrotransposition event 
can be clonally expanded in the neural cells of the adult brain. 
When an insertion occurs later in the brain development, new 
insertion are restricted to a single cell thus it has a lesser 
probability to affect overall brain function.

De novo insertions usually occur within retrotransposons but up to 
124 recent insertions in important genes have been identified.

Most of 124 disease causing insertions reported to date inactivate gene 
function through insertional mutagenesis or aberrant splicing.

3. Role of transposons: active elements

Hanks and Kazazian, 2016

Element Gene Chromo
-some

Size 
[bp] Disease

LINE-1

CYBB X 1 722
Chronic granulomatous disorder, cells of immune 
systems have difficulties in forming reactive oxygen.

APC 5 520 Colon cancer

HBB 11 6 000 -talassemia

Alu

FVIII X 290 Hemophilia A

ALMS1 2 257
Alström syndrome: childhood obesity, multiple organ 
disfunction including loss of vision and hearing.

APC 5 278
Desmoid disease: abnormal growth that arises from 
connective tissue.

SVA
FIX X 2 524 Hemophilia B

PMS2 7 2 200
Lynch syndrome: genetic condition associated with a 
high risk of colon cancer as well as other cancers.



Lecture for ERASMUS students  2021‐05‐27

Kornelia Polok 15

ERV activation during the very early stages of mammalian 
embryogenesis regulates the cells’ totipotency.

Totipotency – ability to differentiate in any kind of a cell, pluripotency – the 
ability to differentiate in any kind of somatic cells.

Transcription induction by ERV
■30% of transcription initiation 

sites in human embryos is 
localised within transposons.

■Deactivation of ERV results in 
the reduction of pluripotency.

■Retrotransposons HERV-H and 
HERV-K serve as sites for 
transcription factors connected 
with pluripotency.

■Transposons ERV induce the 
signal pathway related with 
protection against viral 
infections.

3. Role of transposons: regulation

Increase of HERV-K and HERV-H activity in human 
embryos at the 4-8 cells’ stage.

Retrotransposons promote innate and adaptive immune response 
through sensing DNA and RNA signalling pathways.

The influenza virus infection transactivate HERV-W elements by increasing 
the transcription factor, GCM1 and reducing the level of methylation.

„Immunity” pathways
■Foreign nucleic acids are 

recognised by Toll-like 
receptors that promote the 
antiviral response through 
endogenous ERV.

■LINE-1 and Alu can induce the 
transcription of inflammatory 
genes and inhibit viral protein 
synthesis.

■ In B cells, ERVs promote the 
production of antigen-specific 
antibodies. De-repression of 
TE is able to elicit the 
immune response through 
reversed transcribed cDNA. 

3. Role of transposons: regulation

TE promote immune response 
through sensing Toll-like or RIG 
receptors by RNA and cGAS by 
cDNA. Toll-like and RIG receptors 
induce transcription factors leading 
to IFN production. cGAS induce the 
interferon specific transcription 
factors that also results in IFN 
production (Marasca et al. 2020).

TE

TE - RNA

TE - cDNA

TLR

RIG cGAS
STING

TF

TF
IF

IFN

Changes in the 
level of 
transcription of 
HERV-W elements 
in uninfected 
human fibroblasts 
(left) and 48 h after 
infection with 
influenza A virus 
(Li et al. 2014).
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Retrotransposons are dynamically expressed at high levels in 
multiple human tissues, thus creating a regulation network.

In various human cells, transposons give rise to small non-coding RNAs (20-
24 bp), miRNAs that are important regulators of gene expression.

■miR-28, miR-95, miR-151 as well 
as miRNA by AGO2 (Argonaute
protein) are functional miRNA 
derived from LINE-2 sequences.

3. Role of transposons: regulation

Petri et al., 2019

AGO-2 associated miRNA in human cortex. Bar graph: 
the percentage of reads of 20-24 bp (typical of miRNA) 
in human genome mapping. Pie chart: percentage of 
reads mapping to TEs.

Intron L2 L2 Intron pre-miRNA

Protein-coding gene

Primary miRNA transcript

Mature L2-miRNAs

All human L2-miRNA were 
located  within introns of protein 
coding sequences and exploit 
their promotors.

Many L2-derived miRNAs 
originated from two L2 
elements that are located 
to each other in opposite 
orientation.

Around 2000 genes, 
mostly housekeeping 
genes carry and L2 
element in the 3’UTR. 
They likely act as a target 
sites since they match the 
sequence of L2-miRNA.

Transposons can have both positive and negative effects on host 
fitness, there is a balance between silence and mobility.

Transposable elements have been historically neglected and ignored in 
genomic studies, their picture have evolved from genomic parasites to 

important evolutionary structural and regulatory elements.

Transposons:
■have provided the building blocks for 

the assembly and remodelling of 
regulatory networks;

■are important in diverse processes 
underlying pregnancy, cell 
pluripotency, neocortex development, 
immunity in mammals;

■are the first elements trigerring the 
reaction to biotic and abiotic stresses;

■are bound by diverse set of 
transcription factors;

■ respond to signals and are capable of 
co-ordinatelly regulate gene 
expression.

3. Role of transposons: summary
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