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Mechanisms that promote bacterial diversity
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Mechanisms of horizontal gene transfer
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What is the extent of horizontal transfer within a natural population?
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Populations 
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Individuals

Genetic diversity and evolution

of natural populations of bacterial at micro-scale
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Isolation from a grain of soil
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Collection of a natural rhizospheric population of Streptomyces



Isolation from a grain of soil

Selection of taxonomically closely related strains

• Identical 16S ribosomal DNAs

• Validated by MLSA (MultiLocus Sequence Analysis)
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Isolation from a grain of soil

Selection of taxonomically closely related strains

• Identical 16S ribosomal DNAs

• Validated by MLSA (MultiLocus Sequence Analysis)

Analysis of the population diversity (11 isolates)

• Sequencing of 11 genomes representative of the population

• Linear chromosomal of ca. 12 Mb
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extracellular DNA

Bacteriophage
Cell-cell contact

Natural Transformation

Conjugation

The main mechanism that would promote gene flows
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Transduction Conjugation

Mechanisms of horizontal gene transfer in Streptomyces
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Two mechanisms of conjugation in Streptomyces

• Type IV secretion system dependent (T4SS)

=> ICE (Integrative and Conjugative Elements)
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• TraB protein dependent (cell division and sporulation FtsK/SpoIIIE-homolog protein)

=> AICE (Actinomycete Integrative and Conjugative Elements)

Two mechanisms of conjugation in Streptomyces
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• AICE (e.g. pSAM2 S. ambofaciens)
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Bordeleau et al., 2012; Hagège et al., 1994



• ICE (e.g. ICESt3 Streptococcus thermophilus)

• AICE (e.g. pSAM2 S. ambofaciens)

7
Vi

rB
4

Co
up

lin
g p

ro
te

in
(Tc

pA
/V

irD
4)

Re
lax

as
e (

M
ob

)

Y o
r S

 in
te

gr
as

e
or

 Tn
p-

DD
E t

ra
ns

po
sa

se

Ft
sK

-S
po

III
E (

Tr
aB

)

Re
pl

ica
se

Y o
r S

 in
te

gr
as

e

Search for conjugative elements in Streptomyces genome

Accessory
functions Conjugation

Integration/
ExcisionReplicationRegulationat

tL

at
tR

Bordeleau et al., 2012; Hagège et al., 1994; Pavlovic et al.; 2004, Guglielmini et al., 2014; Abby et al, 2016 
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Prevalence of integrative and conjugative elements in the population
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• 2 ICEs 100% identical in sequence

Prevalence of integrative and conjugative elements in the population

Tidjani et al., 2019 mBio
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• 2 ICEs 100% identical in sequence

• 52 AICEs

Prevalence of integrative and conjugative elements in the population

Tidjani et al., 2019 mBio
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• 2 ICEs 100% identical in sequence

• 52 AICEs divided into 26 families

AICEs diverge in size (11.9 to 44.1 kb) and in gene content (15 to 41 CDSs)

Prevalence of integrative and conjugative elements in the population

Tidjani et al., 2019 mBio; Choufa et al., unpublish
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Chromosomal integration locus 201817161312101198764 532 14 15 191 14

• 2 ICEs 100% identical in sequence

• 52 AICEs divided into 26 families

AICEs diverge in size (11.9 to 44.1 kb) and in gene content (15 to 41 CDSs)

• 54 conjugative elements contain the signature genes

There is considerable diversity in AICEs.

Their distribution suggests an effective dynamic within the population.

Prevalence of integrative and conjugative elements in the population

Tidjani et al., 2019 mBio; Choufa et al., unpublish



• AICE (e.g. pSAM2)

A BC D
Spd

AICE transfers are visible to the naked eye: pock phenomenon
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EAICE

A BC D
Spd

AICE transfers are visible to the naked eye: pock phenomenon
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AIC
EAICE

Pocks
Indicators allowing to map AICE exchanges

Ft
sK

-S
po

III
E

(Tr
aB

)

A BC D
Spd

AICE transfers are visible to the naked eye: pock phenomenon

• AICE (e.g. pSAM2)
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• 13/110 mating pairs form pocks

AICEs can transfer between indivuals of the population

10Choufa et al., unpublish

Mapping the flow of AICEs in the population



• 13/110 mating pairs form pocks

AICEs can transfer between indivuals of the population

• The absence of pocks does not exclude the conjugation

Identify AICEs responsible for the formation of pocks
10

• Transfers are not panmictic

Spd proteins can be absent

Experimental conditions are not optimal

Choufa et al., unpublish

Mapping the flow of AICEs in the population
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(R) Recipient lawn (KanR or ApraR)

(D) Donor

(T) Transconjugants

Choufa et al., unpublish

Validation of AICE transfers
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(R) Recipient lawn (KanR or ApraR)

(D) Donor

(T) Transconjugants

• Isolation and selection of transconjugants from pocks

(R)

(R) (R)(T)

(T)
(T)

(R)

(T)

(R)

• PCR screening of transconjugants

AICE
Recipient

specific locus

(T)

Choufa et al., unpublish

Validation of AICE transfers

Recipient
specific locus

(R)



• Identification of two strains that differ by one AICE

12 14 15 18

RLB1-9

S1A1-3 16E

12

Confirmation of AICE transfer

=> Transfer of AICE12 from S1A1-3 to RLB1-9

Choufa et al., unpublish



• Identification of two strains that differ by several AICEs

Which AICE can transfer?

Do co-transfers of several AICEs occur? 

• Identification of two strains that differ by one AICE

12 14 15 18

RLB1-9

S1A1-3 16E

12

12

S1A1-3

RLB3-6
02 0810 1916F04

Confirmation of AICE transfer

=> Transfer of AICE12 from S1A1-3 to RLB1-9

=> Transfer of AICE10 from RLB3-6 to S1A1-3

Choufa et al., unpublish



What is the impact of AICE transfers

in the population diversification ?
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Distribution of Indels along a consensus genome

Indels

AICEs and ICE

Core genome ArmArm
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Indels are more located in chromosomal extremities

AICEs are more located in the chromosomal middle

Distribution of Indels along a consensus genome

Indels

AICEs and ICE

Core genome ArmArm
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Indels are more located in chromosomal extremities

AICEs are more located in the chromosomal middle

Do AICEs promote genetic diversification of the population? 

Are they responsible for the gradient of gene flux towards the terminal ends ? 

Distribution of Indels along a consensus genome

Indels

AICEs and ICE

Core genome ArmArm



AICE
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Mobilization of chromosomal DNA in trans by AICEs

The DNA translocase TraB is capable of mobilizing chromosomal DNA in trans, 

i.e., not physically linked to the element.

Hopwood and Kieser, 1993; Vogelmann et al., 2011

RecipientDonor
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AICE

The DNA translocase TraB is capable of mobilizing chromosomal DNA in trans, 

i.e., not physically linked to the element.

Hopwood and Kieser, 1993; Vogelmann et al., 2011

Mobilization of chromosomal DNA in trans by AICEs

15
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AICE
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The trans mobilization of DNA fragments during mating

could contribute to the genetic diversification of a population

Perspectives
Extent of the mobilization of chromosomal DNA in trans by AICEs

RecipientDonor

Trans-mobilisation

• What is its extent?



RecipientDonor

AICE

Trans-mobilisation

• What is its extent?

• Does it contibute to the acquisition of new functions in the recipient?

16

The trans mobilization of DNA fragments during mating

could contribute to the genetic diversification of a population

Perspectives
Extent of the mobilization of chromosomal DNA in trans by AICEs
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Perspectives
Is the T4SS-conjugation dependent effective in Streptomyces



Is the transfer of the ICE14 of Streptomyces sp. RLB1-8 

or Streptomyces sp. RLB3-5 effective?
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• Some scarce T4SS-ICEs have been predicted in silico in actinobacteria.

• The excision of two ICEs from Frankia sp. Cci3 was confirmed by PCR

• The T4SS tranfer has never been experimentally demonstrated

Perspectives
Is the T4SS-conjugation dependent effective in Streptomyces

Bordeleau et al., Ghinet et al., 2011; Guglielmini et al., 2011; te Poele et al., 2008 
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