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Transposons: what are they?

The transposase recognizes the inverted repeats at the end of the 
transposon and also recognize the target sequence, in which it makes a 

double-strand break and insert the transposon.

Transposable elements range from:

• simple insertion sequence (IS) elements

• composite transposons composed of a pair 
of IS elements that bracket additional genetic 
information for antibiotic resistance or other 
properties



Transposons: How do they move?

• Within or between 
genomes.

• By replicative or 
“cut-and-paste” 

mechanisms.

The enzyme called transposase mediates transposon movement:



Transposons: history and importance

Transposons were originally discovered as “controlling elements” in maize by 
Barbara McClintock in the mid-1940s.



Transposons history in bacteria

“Transposons can be used as tools to 
manipulate the genes of bacteria, 

phage or plasmids in ways which are 
otherwise difficult or impossible” 

Kleckner et al., 1977

In the 1960s and 1970s, transposable
elements were isolated in bacteria whose
amenability to genetic manipulation
facilitated both detailed molecular studies
of the transposition process as well as the
development of transposons as molecular
tools.



Transposons importance in bacteria

One of the major goals in bacterial genetics is 
to understand the genetic mechanisms 
underlying the phenotypes of interest.

Transposons were widely employed as 
random insertion mutagens

both at a genetic and genomic level and have 
contributed significantly to gene discovery in 

bacteria mainly through loss-of-function 
screening.

The transposon insertion tool in bacterial 
genomes has been utilized extensively for the 
study of bacterial pathogenesis and biology.



Transposon mutagenesis in bacteria

Phenotype of interest

Localize the transposon position

Making transposon jump in vitro
in order to loss the function of the gene(s) 

responsible for that phenotype 

genetic mechanism?

Which is the gene disrupted 
by transposon insertion? 



Making transposons jump in vitro

In vitro transposition reaction requires:

➢ Transposon terminal inverted repeats

➢ Purified transposase

➢ DNA target substrate

➢ Reaction buffer

The in vitro transposition 
reaction, that can proceed with 
high efficiency, have been used 

to generate genomewide
insertion

mutations in a diversity of 
bacteria. 

Hayes, 2003



Example of classical transposons mutagenesis application

Background
Ferric Uptake Regulator (Fur) depletion makes Pseudomonas aeruginosa cells severely 

defective in colony growth on solid media.

Aim
Investigate the mechanism(s) underlying the inhibitory or toxic effect of the lack of 

Fur-mediated repression on colony development.

Method
by performing transposon mutagenesis screening in order to select

transposon insertion derivatives of the fur mutant able to grow on MH agar plates.



Example of classical transposons mutagenesis application

Result
the screening of almost 30,000 transposon insertion mutants led to identify 3 clones whose 

colony growth phenotype resembled that of the wild-type strain .



Limitits of a classical transposon mutagenesis approach

The necessity to assess the phenotype of each mutant individually requires considerable 
amount of labor and time thus limiting the total number of mutants that could be 

screened.

…
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Present: applications of transposon mutagenesis

With the advent of high-throughput molecular biology 
approaches such as rapid nucleotide sequencing, an enormous 

advance in the use of transposon mutagenesis as powerful 
genetic instruments was made.

It is now possible to sequence many transposon mutants 
simultaneously allowing genome-wide analyses.



Transposon Insertion Sequencing

Transposon insertion sequencing (TIS)

Is the most recent incarnation of
transposon-based genomic analyses.

Is a group of similar techniques
that combine transposon
mutagenesis with massively
parallel sequencing (MPS)

It requires:
1. The construction of a transposon insertion library
2. Growth of the library in defined in vitro or in vivo conditions
3. MPS of the transposon junctions of the population at the start

and at the end of the experiment
4. Define the frequency of each mutant in the population in order

to quantify the fitness of each gene in each condition.



Strenghts of Transposon Insertion Sequencing

• Experiments are performed with pooled transposon libraries

• Critical tool to help interpret the mounting levels of genome
sequencing data being generated

• Sensitive enough to detect even minor changes in mutant fitness

• Precise enough to be able to assay not only genes but also
intergenic regions, promoter regions and essential protein domains
within coding regions



Transposon insertion sequencing workflow

This library of transposon 
insertion mutants can 
then be grown under 
selective conditions.

High-density transposon insertion 
library containing multiple insertions 
in every non-essential genomic locus 

is created

Transposon mutagenesis is used 
to create a pool of insertion 
mutants in which ideally all 

genomic loci have been disrupted 
at multiple sites. 

High-throughput 
sequencing is used to 

quantify all transposon 
junctions.

Chao et al., 2016

Genomic features that have disruptive
transposon insertions with a decrease 

in frequency over
experimental selection are assumed 

to be important
for fitness in the test conditions



Variations of the TIS approach

Experimental parameters that vary among TIS studies:

❖ selected transposon;

❖ complexity of the transposon libraries generated (number of independent 

mutants per library); 

❖ the constraints imposed by the experimental conditions chosen;

❖ reliability with which representative DNA libraries are created and sequenced;

❖ downstream data normalization and statistical methods involved in TIS 

analysis. 



Transposon sequencing methods

van Opijnen and Camilli, 2013



Transposon sequencing methods

Tn-seq
Transposon sequencing

INSeq
Insertion sequencing

TraDIS
Transposon-directed 

insertion site 
sequencing

HITS
High-throughput 

insertion tracking by 
deep sequencing

Common features:

• Purification of gDNA from a 
poooled population of mutants

• Cleavage of DNA

• Attachment of one or more 
adaptors to the DNA to 
facilitate PCR amplification

• MPS of the amplified 
fragments

• Determine the location of the 
transposon and the relative 
abundance of mutants 
containing a transposon at this 
site

Similar methods
Advantage: shorter sample 

preparation protocol

Similar methods
Advantage: applicable to any 

transposon



TraDIS approach
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Intestinal organoids: promising and unprecedented new tool

Organoids are stem cell-originated
and self-organized 3D clusters of
organ-specific cells capable of
maintaining the functionality,
molecular and cellular heterogeneity
of the originating organ.

Intestinal organoids or mini-gut
derive from ex vivo culture of
intestinal stem cells and are
capable of closely replicating
the structure and cellular
composition of a functional
native intestinal epithelium.

Rahmani et al., 2019

https://www.sciencedirect.com/topics/engineering/organoid


Enteroid model and its potential application in studying 
host-pathogen interaction

Yin and Zhou et al., 2018

Enteroids are emerging as 
effective infection models due to 
their closeness in mimicking the 

infected tissues/organs. 
They have been used successfully 

to explore bacterial 
pathogeneses

For instance, it has been shown 
that Salmonella quickly 

attaches and invades the 
enteroids causing the typical 
morphologic changes of the 
host cells during Salmonella 

invasion as well as the 
disruption of epithelial tight 

junctions.





References

• Bourque G, Burns KH, Gehring M, Gorbunova V, Seluanov A, Hammell M, Imbeault M, 
Izsvák Z, Levin HL, Macfarlan TS, Mager DL, Feschotte C. Ten things you should know 
about transposable elements. Genome Biol. 2018 Nov 19;19:199.

• Cain AK, Barquist L, Goodman AL, Paulsen IT, Parkhill J, van Opijnen T. A decade of 
advances in transposon-insertion sequencing. Nat Rev Genet. 2020 Sep;21(9):526-
540. 

• Chao MC, Abel S, Davis BM, Waldor MK. The design and analysis of transposon 
insertion sequencing experiments. Nat Rev Microbiol. 2016 Feb;14:119-28.

• Comfort NC. From controlling elements to transposons: Barbara McClintock and the 
Nobel Prize. Trends Biochem Sci. 2001;26:454-7.

• Hayes F. Transposon-based strategies for microbial functional genomics and 
proteomics. Annu Rev Genet. 2003;37:3-29.

• Kleckner N, Chan RK, Tye BK, Botstein D. Mutagenesis by insertion of a drug-resistance 
element carrying an inverted repetition. J Mol Biol. 1975;97:561-75.

• Kwon YM, Ricke SC, Mandal RK. Transposon sequencing: methods and expanding 
applications. Appl Microbiol Biotechnol. 2016;100:31-43.

• van Opijnen T, Camilli A. Transposon insertion sequencing: a new tool for systems-
level analysis of microorganisms. Nat Rev Microbiol. 2013;11:435-42.

• Yin Y, Zhou D. Organoid and Enteroid Modeling of Salmonella Infection. Front Cell 
Infect Microbiol. 2018;8:102.


	Slide 1: Transposon mutagenesis: past, present and future approaches   20.11.2025
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

