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The Sterile Insect Technique (SIT) is a promising alternative
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Sex separation is the main bottleneck to Aedes SIT
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Results – Aedes aegypti
Obtaining of an M-linked line

All males express GFP ➔ M-linkage

Females

non-GFP *
Males

GFP
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Results – Aedes aegypti
PCR failed

➔ sequencing

Obtaining of an M-linked line

Gilpatrick et al. 202077



Results – Aedes aegypti
Obtaining of an M-linked line

All males express GFP ➔ M-linkage

Controlled integration site:

it’s AAEL019619 !
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Results – Aedes aegypti

25 transgenic larvae

in G1

Expressed

gRNAs targeting AAEL019619

600 Cas9-

expressing eggs

2nd round AAEL019619
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Results – Aedes aegypti
AAEL019619 is located in the non-recombining region near both sex loci

Fontaine et al. 2017

Non-recombining region

AAEL019619 AAEL019619
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Results – Aedes aegypti

Nix AAEL019619

Chromosome 1
NCBI Genome Browser

AAEL019619 is located at the neighboorhood of both sex loci

M-locus

9 Mbp

Not a 

misassembly!
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Results – Aedes aegypti
Both the M and m-linked lines can be sorted by COPAS

mM♂

mm ♀
mM♂

mm ♀

M-linked GSS m-linked GSS
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Results – Aedes  Albopictus
In Aedes albopictus, there are no chromosome-long scaffolds.

NCBI, Palatini et al. 202094



Results – Aedes  Albopictus
In this genome, Nix belongs to scaffold 261, which is <1Mbp

M-locus:

Nix

NCBI, Palatini et al. 202095



Results – Aedes  Albopictus
There is no information about the m-locus

M-locus:

Nix

m-locus:

???
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Results – Aedes  Albopictus
If the non-recombining region is the same in Ae. albopictus, there is a 

~5% chance to randomly land in a sex locus by non-targeted approaches

Fontaine et al. 2017

Non-recombining

region

Non-recombining
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If the non-recombining region is the same in Ae. albopictus, there is a 

~5% chance to randomly land in a sex locus by non-targeted approaches

Fontaine et al. 2017

Non-recombining

region

Non-recombining

region

piggyBac
transposons
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encoding different fluorochromes 
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Results – Aedes  Albopictus
piggyBac

approach

6 piggyBac plasmids

encoding different fluorochromes 

Injection of 100s

of  WT eggs

102



Results – Aedes  Albopictus

103



Results – Aedes  Albopictus
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Results – Aedes  Albopictus

1 m-linkage with

0.1% recombination

> 120 individual insertions + older lines
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Results – Aedes  Albopictus
This m-linked line allows sex separation of neonate larvae

mM♂

mm ♀
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Results – Aedes  Albopictus

No clear mapping

Scaffold 9 and/or 39?

Targeted sequencing recovered the sequence of the insertion locus
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Results – Aedes  Albopictus

No clear mapping

Scaffold 9 and/or 39?

Targeted sequencing recovered the sequence of the insertion locus

1q31
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Finding targets for the M-locus

M-locus:

Nix is the only

gene we know
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Finding targets for the M-locus

M-locus:

Nix is the only

gene we know

No male-specific gene?
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Results – Aedes  Albopictus
Targeting Nix by CRISPR-Cas9 failed

No transgenic
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Genetic

male

Genetic

female

♂ ♀
Aryan et al. 2020

If you can’t reach the M-locus: create your M-locus!
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Genetic

male

Genetic

female
Genetic male

expressing Nix

Genetic female

expressing Nix

♂ ♀♂ ♂
Aryan et al. 2020

Aryan et al. (2020) showed in Ae. aegypti 

that Nix alone could turn genetic females

into fertile phenotypic males

If you can’t reach the M-locus: create your M-locus!
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Results – Aedes  Albopictus

Nix + GFP
= pseudo-M

If you can’t reach the M-locus: create your M-locus!
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Results – Aedes  Albopictus

12 individual males

8 lines with transgenic sons and non-transgenic daughters
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Amplification of the 

endogenous Nix gene
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Results – Aedes  Albopictus

Amplification of the 

endogenous Nix gene

7 out of 8 carry it:

M linkage

1 does not:

pseudo-M linkage

Hypotheses

N
ix

Sequence homology

➔ homing
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Results – Aedes  Albopictus
Issue: GFP is weak and unevenly expressed under the OpIE2 promoter
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Results – Aedes  Albopictus
Solution: replacing OpIE2 with PUb promoter
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Liu et al. 2020128
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~85% of males
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endogenous Nix gene

4 out of 13 were 

pseudo-M linked (GFP)

7 out of 13 were 

M linked 

(YFP and/or DsRed)

Selection of an M-linked GSS
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Selection of an M-linked GSS Mapped to 

scaffold 16

137



Results – Aedes  Albopictus
Selection of an M-linked GSS Mapped to 

scaffold 16
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Obtaining non-transgenic males

850 non-transgenic

females from the M-

linked GSS

250 hemizygous 

transgenic males 

from the m-

linked GSS

12,000 non-transgenic

males in their progeny
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RESULTS
Valorisation

Soon to be submitted
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Just out in Communications Biology!
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Conclusion

Male recovery
70%

Female contamination
0-0.1%

Sorting speed
60 larvae / sec

Initial investment
+++

Consumable cost
Decreased

Sorting stage
Neonate larvae

Acceptability
To be defined

Evaluating our sexing method
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Nix ectopic expression results: size dimorphism
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Nix ectopic expression results: fertility
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Nix ectopic expression results: expression levels of genes of interest
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RT-qPCR
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COPAS sorting speed

At 60 larvae / sec:
70% recovery

0% contamination

1 million males:

<15 hours
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Supplementary
Male flight ability

Insert mosquitoes

in the bottom chamber

Let them fly up the tubes

The fan blows air in the opposite 

direction, making it harder

The ones that managed to 

make it to the bigger chamber: 

successed

The ones that stayed in the 

tube or in the bottom

chamber: failed

Culbert et al. 2018199
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