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Cambodia

Favorable environment for arboviruses
* Dengue (Den.) and Chikungunya (Chik.) endemic [Beauté and Sirenda, 2010]
» Japanese Encephalitis (JE) [Cappelle et al. 2016]

More than 300 mosquito species described in Cambodia [Maquart et al. in press, 2026]
* Two main vectors of Den. and Chik. viruses: Aedes aegypti and Aedes albopictus

* Vector of JE virus: Culex vishnui group [Cappelle et al. 2016]

‘ Need to identify mosquito species for vector control and surveillance Aedes albopictus
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Collect & systematically identify vector species from the field

‘ PLATE 53
KEY TO THE SPECIES OF GENUS AEDES SUBGENUS STEGOMYIA ADULTS
FEMALE
From PLATE 28
1. Dorsocentral setae present
1. Dorsocentral setae absent
2. Scutum with median longitudinal stripe (2a) or

submedian longitudinal stripes (2b) of white 2. Scutum otherwise

scales . .
3. Postspiracular area with scales

3. Postspiracular area without scales (except Ae.
pseudabopicta)
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Morphological identification (Gold Standard)

Mosquito collection

Vector species ?
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Collect & systematically identify vector species from the field

Mosquito collection

From PLATE 28

KEY TO THE SPECIES OF GENUS :Ef-lgisl.ESUBGENUS STEGOMYIA ADULTS

1. Dorsocentral setae present

1. Dorsocentral setae absent

2. Scutum with median longitudinal stripe (2a) or )
submedian longitudinal stripes (2b) of white 2. Scutum otherwise

scales

3. Postspiracular area with scales

. Postspiracular area without scales (except Ae.
pseudabopicta)
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Vector species ?

Morphological identification (Gold Standard)

v/ Advantages

Very low cost
Fast results (< 1 minute)

Usable directly in the field (microscope only)
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Collect & systematically identify vector species from the field

.

PLATE 53
KEY TO THE SPECIES OF GENUS :Eflgi{ESUBGENUS STEGOMYIA ADULTS

From PLATE 28

1. Dorsocentral setae present
1. Dorsocentral setae absent

2. Scutum with median longitudinal stripe (2a) or .
submedian longitudinal stripes (2b) of white 2. Scutum otherwise

scales
3. Postspiracular area with scales

. Postspiracular area without scales (except Ae.
pseudabopicta)
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Mosquito collection

Morphological identification (Gold Standard)

Vector species ?

v/ Advantages Disadvantages
Very low cost @ Highly skilled entomologist required
Fast results (< 1 minute) @ Time/sample handling increases error risk
Usable directly in the field (microscope only) @ Not adapted for complex group identification
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Collect & systematically identify vector species from the field

$
PLATE 53
KEY TO THE SPECIES OF GENUS :Ef-lgi{ESUBGENUS STEGOMYIA ADULTS

From PLATE 28

1. Dorsocentral setae present
1. Dorsocentral setae absent

2. Scutum with median longitudinal stripe (2a) or .
submedian longitudinal stripes (2b) of white 2. Scutum otherwise

scales
3. Postspiracular area with scales

. Postspiracular area without scales (except Ae.
pseudabopicta)
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Mosquito collection

Morphological identification (Gold Standard)

Vector species ?

v/ Advantages Disadvantages
Very low cost @ Highly skilled entomologist required
Fast results (< 1 minute) @ Time/sample handling increases error risk
Usable directly in the field (microscope only) @ Not adapted for complex group identification

‘ Requires an alternative method: complex species groups
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Molecular identification

v/ Advantages
More reliable than morpho

Require less technical expertise

Disadvantages

@ Higher cost (machine + reagent) [Rakotonirina et al. 2025]
@ Need a reference Database [Weis et al. 2020]
@ Time consuming
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DNA barcoding (Gold Standard)

MALDI-TOF Mass Spectrometry
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Molecular identification for complex group

Molecular identification

v/ Advantages

More reliable than morpho
Require less technical expertise

Disadvantages

@ Higher cost (machine + reagent) [Rakotonirina et al. 2025]
@ Need a reference Database [Weis et al. 2020]
@ Time consuming

DNA barcoding (Gold Standard)

Reliable (Molecular Gold Standard) [Beebe, 2018] MALDI-TOF Mass Spectrometry
@ High cost per sample [Rakotonirina et al. 2025]
- Long processing time per sample

Sample Preparation

PCR Amplification
Sequencing (South Korea)
Analysis
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Molecular identification

v/ Advantages Disadvantages
More reliable than morpho - Higher cost (machine + reagent) [Rakotonirina et al. 2025]

Require less technical expertise @ Need a reference Database [Weis et al. 2020]

@ Time consuming

DNA barcoding (Gold Standard)

Reliable (Molecular Gold Standard) [Beebe, 2018] MALDI-TOF Mass Spectrometry
@ High cost per sample [Rakotonirina et al. 2025] Low cost and time per sample [Rakotonirina et al. 2025]
@ Long processing time per sample Adapted for mosquito identification but not for complex
* Sample Pr.e.parfation @ Cost of the machine (> 300,000 $)
* PCR Amplification
« Sequencing (South Korea) @ Bruker proprietary software [Weis et al. 2020]

* Analysis
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Molecular identification for complex group

Molecular identification

v/ Advantages Disadvantages
More reliable than morpho - Higher cost (machine + reagent) [Rakotonirina et al. 2025]

Require less technical expertise @ Need a reference Database [Weis et al. 2020]

@ Time consuming

DNA barcoding (Gold Standard)

Reliable (Molecular Gold Standard) [Beebe, 2018] MALDI-TOF Mass Spectrometry
@ High cost per sample [Rakotonirina et al. 2025] Low cost and time per sample [Rakotonirina et al. 2025]
@ Long processing time per sample Adapted for mosquito identification but not for complex
* Sample Pr.e.parfation @ Cost of the machine (> 300,000 $)
* PCR Amplification
« Sequencing (South Korea) @ Bruker proprietary software [Weis et al. 2020]

* Analysis

‘ Need computer science expertise
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How can Machine Learning (ML) contribute to help Entomology ?
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How can Machine Learning (ML) contribute to help Entomology ?

First idea: Photos

Exists but limited:
* Specimen fragility affects accuracy
* Not suitable for complex group
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How can Machine Learning (ML) contribute to help Entomology ?

First idea: Photos

Exists but limited:
* Specimen fragility affects accuracy

. Netsuitableforcomplexgroup

Second idea: MALDI-TOF Mass Spectrometry

* MALDI-TOF + Bruker Software [Yssouf et al. 2013; Rakotonirina et al. 2020] f B TR
* MALDI-TOF + Machine Learning [Merchan et al. 2023] Cx. tritaeniorhynchus
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How can Machine Learning (ML) contribute to help Entomology ?

First idea: Photos

Exists but limited:
* Specimen fragility affects accuracy

. Netsuitableforcomplexgroup

Second idea: MALDI-TOF Mass Spectrometry

* MALDI-TOF + Bruker Software [Yssouf et al. 2013; Rakotonirina et al. 2020] f B TR
* MALDI-TOF + Machine Learning [Merchan et al. 2023] Cx. tritaeniorhynchus

‘ Develop MALDI-TOF identification using machine learning
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Integrating MALDI-TOF MS and Machine Learning for Rapid Mosquito Species Identification

Develop a faster, cheaper and more accurate tool for identifying mosquito species:

* Faster: 1 working day vs. several days for the molecular gold standard

e Cheaper: ~“5x lower cost per sample than the molecular gold standard

* Reliable: Same reliability as the molecular gold standard
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Routinely used in clinical microbiology laboratories for diagnosis [Seng P, et al., 2010]
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Used since the early 2000s for microorganism identification [Lay, 2001]

Routinely used in clinical microbiology laboratories for diagnosis [Seng P, et al., 2010]
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Time-of-Flight Mass Spectrometry (MALDI-TOF) PASTEUR NETWORK

Used since the early 2000s for microorganism identification [Lay, 2001]

Routinely used in clinical microbiology laboratories for diagnosis [Seng P, et al., 2010]
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Laser shot variability affects reproducibility
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Used since the early 2000s for microorganism identification [Lay, 2001]

Routinely used in clinical microbiology laboratories for diagnosis [Seng P, et al., 2010]
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Time-of-Flight Mass Spectrometry (MALDI-TOF)

Two Approaches for Species Identification

Bruker software approach: Automated preprocessing + Comparison against the Bruker reference database

Result Overview

Sample . 1 . Score| Organism (second-best |Score
Name ple ID Org (best match) [ yz),0 match) Value
D12 . 5
() (A) 1S\g:%§r d) Aedes aegypti Aedes aegypti
EL albol No Organism Identification No Organism Identification
(-)(C) (Standard) Possible Possible
E2 albo2 No Organism Identification No Organism Identification
-)(©) (Standard) Possible Possible

E3 cql
(+++) (A) (Standard)

Culex quinquefaciatus

No Organism Identification
Possible

D11 aegl
(+++) (A) (Standard)

Aedes aegypti

Aedes aegypti
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Two Approaches for Species Identification

Bruker software approach: Automated preprocessing + Comparison against the Bruker reference database

Result Overview

Sample . 1 . Score| Organism (second-best |Score
Name ple ID Org (best match) [ yz),0 match) Value
D12 . 5
() (A) 151?12%3[ d) Aedes aegypti Aedes aegypti
El albol No Organism Identification No Organism Identification
(-)(C) (Standard) Possible Possible
E2 albo2 No Organism Identification No Organism Identification
) (©) (Standard) Possible Possible

cql

E3 q No Organism Identification
(++¥) (A) (Standard)

Culex quinquefaciatus Possible

DIl 1 _ _
(++) (A) 1S!:§gdard ) Aedes acgypti Aedes aegypti

Our Custom Workflow: Export MALDI-TOF spectra as text files
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Body without Legs
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1st Step: PCR

Body without Legs

2"d Step: GenBank — Comparison against the reference database

BLASTN programs search nucleotide datab

using a nucleotide query. more...

Nucleotide query sequence

Enter accession number(s), gi(s), or FASTA sequence(s) Clear

ATAAACTTCTGGGTGTCCAAAGAATCAGAATAAGTGTTGGTATAAAATAGGATCTCCTC
ICTCCGATTGGATCAAAGAAAGATGTATTTAAGTTTCGGTCTGTTAATAACATAGTAATAG
ICTCCAGCTAAAACAGGAAGAGAAAGAAGTAATAAGATAGCTGTAATAACTACAGATCAAA
ICAAATAAAGGTAGTCGATCTAAAGTAATTCCTGACGATCGTATATTAATTACAGTTGTAA

BLAST

1@ )
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15t Step: PCR

Body without Legs

BLAST Genomes.

i o ot Mizones

2"d Step: GenBank — Comparison against the reference database

select all 100 sequences selected

DESCRIPTION SCIENTIFIC NAME PER. IDENT
Aedes aegypti mitochondrial partial coi gene for cytochrome oxidase |, from Libreville, Gabon Aedes aegypti 100.00%
Aedes aegypti isolate COI_Vietn cytochrome oxidase subunit | gene, partial cds; mitochondrial Aedes aegypti 100.00%
BEAS Nprog search seotic CL ) seclide quany inone- Aedes aegypti isolate Cambodia 3 cytochrome c oxidase subunit | (COl) gene, partial cds; mitochon... Aedes aegypti 100.00%
T query sequence Aedes aegypti isolate WMELYOG#1 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... Aedes aegypti 100.00%
Aedes aegypti isolate WMELYOG#3 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... Aedes aegypti 100.00%
Enter accession number(s), gi(s), or FASTA sequence(s) Clear
Aedes aegypti isolate YK_2020 mitochondrion, complete genome Aedes aegypti 100.00%
ATAAACTTCTGGGTGTCCAAAGAATCAGAATAAGTGTTGGTATAAAATAGGATCTCCTC - sl ) , | ) 00.00°
CTCCGATTGGATCAAAGAAAGATGTATTTAAGTTTCGGTCTGTTAATAACATAGTAATAG (] Acdes segyptl isolste GV_2020 miochondrion, compiete genome Aedes aequgl 100.00%
ICTCCAGCTAAAACAGGAAGAGAAAGAAGTAATAAGATAGCTGTAATAACTACAGATCAAA v Aedes aegypti isolate wC45_F9 mitochondrion, complete genome Aedes aegypti 100.00%
ICAAATAAAGGTAGTCGATCTAAAGTAATTCCTGACGATCGTATATTAATTACAGTTGTAA - ) ) )
Aedes aegypti isolate wC45_F10 mitochondrion, complete genome Aedes aegypti 100.00%
BLAST Aedes aegypti isolate Lab mitochondrion, complete genome Aedes aegypti 100.00%
Aedes aegypti isolate GV_2013 mitochondrion, complete genome Aedes aegypti 100.00%
Aedes aegypti isolate GV_2018 mitochondrion, complete genome Aedes aegypti 100.00%
Aedes aegypti isolate YK_2018 mitochondrion, complete genome Aedes aegypti 100.00%
Aedes aegypti isolate Aa_F3 mitochondrion, partial genome Aedes aegypti 100.00%
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15t Step: PCR

Body without Legs

2"d Step: GenBank — Comparison against the reference database

select all 100 sequences selected

DESCRIPTION SCIENTIFIC NAME PER. IDENT
-—— -
Aedes aegypti mitochondrial partial coi gene for cytochrome oxidase |, from Libreville, Gabon F_A.eg_as_a_egm_l_i : 100.00%
Aedes aegypti isolate COI_Vietn cytochrome oxidase subunit | gene, partial cds; mitochondrial l Aedes aegypti I 100.00%
BEAS Nprog search seotic CL ) ice quarVATIONS: = Aedes aegypti isolate Cambodia 3 cytochrome c oxidase subunit | (COl) gene, partial cds; mitochon... I Aedes aegypti I 100.00%
T query sequence Aedes aegypti isolate WMELYOG#1 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... I Aedes aegypti : 100.00%
Aedes aegypti isolate WMELYOG#3 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... l Aedes aegypti I 100.00%
Enter accession number(s), gi(s), or FASTA sequence(s) Clear

Aedes aegypti isolate YK_2020 mitochondrion, complete genome I Aedes aegypti l 100.00%

ATAAACTTCTGGGTGTCCAAAGAATCAGAATAAGTGTTGGTATAAAATAGGATCTCCTC - sl ) , | 1 00.00°
CTCCGATTGGATCAAAGAAAGATGTAT TTAAGT TTCGGTCTGTTAATAACATAGTAATAG (] Aedes aegypti isolate GV.2020 mitochondrion, complete genome | Acdesssovetly 100.00%
ICTCCAGCTAAAACAGGAAGAGAAAGAAGTAATAAGATAGCTGTAATAACTACAGATCAAA v Aedes aegypti isolate wC45_F9 mitochondrion, complete genome | Aedes aegypti i 100.00%

ICAAATAAAGGTAGTCGATCTAAAGTAATTCCTGACGATCGTATATTAATTACAGTTGTAA - ) ) I ) .
Aedes aegypti isolate wC45_F10 mitochondrion, complete genome Aedes aegypti I 100.00%
BLAST Aedes aegypti isolate Lab mitochondrion, complete genome I Aedes aegypti : 100.00%
Aedes aegypti isolate GV_2013 mitochondrion, complete genome l Aedes aegypti I 100.00%
Aedes aegypti isolate GV_2018 mitochondrion, complete genome I Aedes aegypti I 100.00%
Aedes aegypti isolate YK_2018 mitochondrion, complete genome I Aedes aegypti : 100.00%
Aedes aegypti isolate Aa_F3 mitochondrion, partial genome | Aedes aegypti I 100.00%

———— -

Label = Aedes aegypti
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15t Step: PCR

Body without Legs

2"d Step: GenBank — Comparison against the reference database

select all 100 sequences selected

DESCRIPTION SCIENTIFIC NAME PER. IDENT
-—— -
Aedes aegypti mitochondrial partial coi gene for cytochrome oxidase |, from Libreville, Gabon F_A.eg_as_a_egm_l_i : 100.00%
Aedes aegypti isolate COI_Vietn cytochrome oxidase subunit | gene, partial cds; mitochondrial l Aedes aegypti I 100.00%
BEAS Nprog search seotic CL ) ice quarVATIONS: = Aedes aegypti isolate Cambodia 3 cytochrome c oxidase subunit | (COl) gene, partial cds; mitochon... I Aedes aegypti I 100.00%
T query sequence Aedes aegypti isolate WMELYOG#1 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... I Aedes aegypti : 100.00%
Aedes aegypti isolate WMELYOG#3 cytochrome c oxidase subunit | (COX1) gene, partial cds; mitochon... l Aedes aegypti I 100.00%
Enter accession number(s), gi(s), or FASTA sequence(s) Clear

Aedes aegypti isolate YK_2020 mitochondrion, complete genome I Aedes aegypti l 100.00%

ATAAACTTCTGGGTGTCCAAAGAATCAGAATAAGTGTTGGTATAAAATAGGATCTCCTC - sl ) , | 1 00.00°
CTCCGATTGGATCAAAGAAAGATGTAT TTAAGT TTCGGTCTGTTAATAACATAGTAATAG (] Aedes aegypti isolate GV.2020 mitochondrion, complete genome | Acdesssovetly 100.00%
ICTCCAGCTAAAACAGGAAGAGAAAGAAGTAATAAGATAGCTGTAATAACTACAGATCAAA v Aedes aegypti isolate wC45_F9 mitochondrion, complete genome | Aedes aegypti i 100.00%

ICAAATAAAGGTAGTCGATCTAAAGTAATTCCTGACGATCGTATATTAATTACAGTTGTAA - ) ) I ) .
Aedes aegypti isolate wC45_F10 mitochondrion, complete genome Aedes aegypti I 100.00%
BLAST Aedes aegypti isolate Lab mitochondrion, complete genome I Aedes aegypti : 100.00%
Aedes aegypti isolate GV_2013 mitochondrion, complete genome l Aedes aegypti I 100.00%
Aedes aegypti isolate GV_2018 mitochondrion, complete genome I Aedes aegypti I 100.00%
Aedes aegypti isolate YK_2018 mitochondrion, complete genome I Aedes aegypti : 100.00%
Aedes aegypti isolate Aa_F3 mitochondrion, partial genome | Aedes aegypti I 100.00%

———— -

‘ We have MALDI-TOF spectra + associated species Label = Aedes aegypti



Number of specimen per species

Number of individuals per label:

label
Aedes
Aedes

Data for mosquitoes
aegypti e 404 individuals

albopictus

Anopheles peditaeniatus « 19 SpeCieS

Anopheles sinensis * 7 genus
Anopheles vagus

Armigeres subalbatus * 97% DNA confirmed

Culex
Culex
Culex
Culex
Culex
Culex
Culex
Culex
Culex

brevipalpis
epidesmus

gelidus
nigropunctatus
pseudovishnui
quinquefasciatus
sitiens
tritaeniorhynchus
vishnui

Lutzia fuscana
Mansonia indiana

Mansonia uniformis

Mimomyia luzonensis
individual, dtype:

Name:
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Number of specimen per species

Number of individuals per label:

label
Aedes
Aedes

aegypti °
albopictus

Anopheles peditaeniatus
Anopheles sinensis °
Anopheles vagus

Armigeres subalbatus

Culex
Culex
Culex
Culex
Culex
Culex
Culex
Culex
Culex

brevipalpis
epidesmus

gelidus
nigropunctatus
pseudovishnui
quinquefasciatus
sitiens
tritaeniorhynchus
vishnui

Lutzia fuscana
Mansonia indiana

Mansonia uniformis

Mimomyia luzonensis
individual, dtype:

Name:

Data for mosquitoes

404 individuals
19 species

7 genus
97% DNA confirmed

! Few data compare to classical Machine learning
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Number of specimen per species

Number of individuals per label:

label Data for mosquitoes
LELES EEdinE * 404 individuals

Aedes albopictus .
Anopheles peditaeniatus 19 species

Anopheles sinensis * 7 genus
Anopheles vagus

Armigeres subalbatus * 97% DNA confirmed

Culex brevipalpis

Culex epidesmus ! Few data compare to classical Machine learning

Culex gelidus

Culex nigropunctatus
Culex pseudovishnui
Culex quinquefasciatus
Culex sitiens

Culex tritaeniorhynchus Accuracy —
Culex vishnui Total number of identification

Lutzia fuscana
Mansonia indiana

Number of correct identification

Mansonia uniformis

Mimomyia luzonensis
Name: individual, dtype:

S/
Institut Pasteur
du Cambodge

PASTEUR NETWORK
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Number of specimen per species

Number of individuals per label:

label Data for mosquitoes
LELES EEdinE * 404 individuals

Aedes albopictus .
Anopheles peditaeniatus 19 species

Anopheles sinensis * 7 genus
Anopheles vagus

Armigeres subalbatus * 97% DNA Conﬁrmed
Culex brevipalpis R . R
Culex epidesmus ! Few data compare to classical Machine learning

Culex gelidus

Culex nigropunctatus
Culex pseudovishnui
Culex quinquefasciatus

Culex sitiens

Culex tritaeniorhynchus Accuracy —
Culex vishnui Total number of identification

Lutzia fuscana
Mansonia indiana

Number of correct identification

Mansonia uniformis
Mimomyia luzonensis
Name: individual, dtype:

But ... class imbalance problem

F1 Score — 2 x Precision x Recall

Precision + Recall

10
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Train a Supervised machine learning

Step 1: Split randomly the data in three set

Train

A 4
P —

All the data Validation I

Test

Split based on the number of individuals
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Train a Supervised machine learning

Step 1: Split randomly the data in three set

Train

All the data

\ 4
P —

Validation I

Test I

Split based on the number of individuals

Use 3-fold cross-validation to evaluate performance

eniad i1ndiana

Mansonia uniformis

peomyia luzonensis

11
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Train a Supervised machine learning Step 2: Train the model to learn to identify species

2000.51 7777 | [1999.50 10812|[2000.51 7777 |[1999.50 10812
2000.92 7741 | [1999.91 10689|[2000.92 7741 |[1999.91 10689

CUIex 2001.34 7606 | [2000.33 10514][2001.34 7606 ||2000.33 10514,
2001.76 7570 | [2000.75 10247|[2001.76 7570 ||2000.75 10247

o . 2002.18 7519 | [2001.17 10060|[2002.18 7519 ||2001.17 10060
pseudav,shnu, 2002.60 7644 | [2001.59 9866 |[2002.60 7644 |[2001.59 9866
2003.02 7680 | [2002.01 9694 |[2003.02 7680 |[2002.01 9694

2003.43 7682 | [2002.42 9556 |[2003.43 7682 |[2002.42 9556
2003.85 7593 | [2002.84 9286 ||2003.85 7593 |[2002.84 9286 _
2004.27 7515 | [2003.26 9203 ||2004.27 7515 |[2003.26 9203 Hidden

Step 1: Split randomly the data in three set

Train

1999.90 1073¢ [2000.61 1469 | [2000.61 1469 |[1999.90 1073
2000.32 10637 |2001.03 1436 | 2001.03 1436 |2000.32 10632 Inpu\ Output

l 2000.74 1052¢ 2001.45 1408 | 2001.45 1408 | 2000.74 10529
Culex AN
% <
RN

2001.16 1042¢ 2001.87 1435 | 2001.87 1435 | 2001.16 1042¢€ <
XX

A
\\"/

2001.58 10374 |2002.29 1392 ||2002.29 1392 |12001.58 10374

. .
Validation | tritaeniorhynchus e s e v e e ases oo 10

All the data

2002.42 10327
2002.83 10407 2003.54 1325 |12003.54 1325 |17092.83 104032
2003.25 10384 |2003.96 1351 |126003.96 1351 |5993.25 10384
2003.67 10267 |2004.38 1325 |12004.38 1325 | 17093 .67 10262

\ 4
P —

2001.20 8461 E .20 8461 -20 4le3 Fully Connected Layer
2001.61 8738 . .61 8738 .61 4234

Test CUIEX 2002.03 8587 . .03 8587 .03 4256
2002.45 8420 . .45 8420 .45 4240 M odel
2002.87 8236 . .87 8236 .87 4228

Split based on the number of individuals vishnui 71 2 e 7 7 e

2004.54 7225 . .54 7225 .54 3797
2004.96 7084 . 2004.96 7084 .96 3715

gzgzir of individuals per 1?% + 16 species Train Set

Aedes aegypti
Aedes albopictus

Use 3-fold cross-validation to evaluate performance

Culex epidesmus

indiana

~nunctatus
nui

uniformis 3

fynchus
i

luzonensis

Mansonia indiana

Mansonia uniformis
Mimomyia luzonensis
Name: individual, dtype:

11
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Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

[1998.02 25102 Hidden

1998.44 2466
T a2l

[1998.85 24601

[1999.27 24494 N L7 O\ T
A %
X 2
A% LN

[1999.69 24199 a
p000.11 24129

000.53 24011
000.95 24045
001.36 24109
001.78 24093

Test Set

Fully Connected Layer
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MODEL CLASSIFICATION

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

[1998.02 25102
[1998.44 24661
[1998.85 24601
[1999.27 24494

000.53 24011
000.95 24045
001.36 24109
001.78 24093

[1999.69 24199 a
p000.11 24129

Test Set

Hidden

AN
%

\-Z

Fully Connected Layer

. | Culex pseudovishnui

Culex tritaeniorhynchus

. | Culexvishnui

+ 16 species

Y

Institut Pasteur
du Cambodge

PASTEUR NETWORK
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PASTEUR NETWORK

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

Evaluation: Compare results to the molecular classification

[[998.02 25107 Hidd ) ) oz .
905 44 22661 idden ‘7 o CU/eXpSEUdOVIShnUI Model CIGSSIfICGtIOn
1998.85 24601 Output sen®
1999.27 2449 %’%& JPPt Ll : . ; .| Culex pseudovishnur
1999.69 2419 X @ RS S > Culex tritaeniorhynchus
hooo 11 24128 RO B
b0eo.53 24011 LRN@ATN LTI
Ll . .

baoe.95 24049 \ ey W T Culex tritaeniorhynchus
D0o1.36 2410
b001.78 24093 Fully Connected Layer

. | Culex pseudovishnui

Test Set .
+ 16 species
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PASTEUR NETWORK

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

Evaluation: Compare results to the molecular classification

99802 25103 2 | | culexpseudovishnui Model Classification Molecular classification
1998.85 24601 AN BPTL A
1999.27 24499 \VI; & eeset™” .| Culex pseudovishnur . | Culex pseudovishnui
;ggz ) ii ;iiz: E ég:%“%::fé o E -.‘.‘. ............ > Culex tr/'taen/'orhynchus
booo. 53 24011 ’A’\\ l')‘& ..."'--..
;ggg : ZZ ;ﬁgg N\ Ty o |Cutex Vishui Culex tritaeniorhynchus Culex tritaeniorhynchus
boo1.78 24093 Fully Connected Layer
Culex pseudovishnui .| Culexvishnui
Test Set : A
+ 16 species
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PASTEUR NETWORK

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

Evaluation: Compare results to the molecular classification

99802 25103 2 | | culexpseudovishnui Model Classification Molecular classification

1998.85 24601 AN LD _

1999.27 24494 \Vl; & JUTTS e ' ) . | Culex pseudovishnui . | Culex pseudovishnui

;gzgii ;iiz: E ég:%“%::fé "E""" ............ > Culex tr/taen/orhynchus 3

booo. 53 24011 K‘% l'& .""-.... y hvnch p hvnch 7 Metrics

D000.95 24049 ey : . Culex tritaeniorhynchus Culex tritaeniorhynchus .

boo1 3¢ 24100 . | Culexvishnui - = (o)

boo1.78 24093 Fully Connected Layer SCO re * 2/3 6 6 * 6 /0
. | Culex pseudovishnui o, | Culexvishnui x

Test Set + 16 species
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PASTEUR NETWORK

Step 3: Evaluate the model on unseen data

Model Classification: Determine the species Evaluation: Compare results to the molecular classification
906,44 24664 Hidgden | Culex pseudovishnui Model Classification Molecular classification
199885 24601 tpu' “‘__..-'7
1999.27 24494 < <~ Lest : ; ; ;
500 20 aa10 %ﬁ??‘}?}é .'E:‘.‘. X > Culex tritaeniorhynchus . | Culex pseudovishnui .| Culexpseudovishnui )
booo.53 24011 > W} Metrics
D000.95 24049 ey Culex vishnui Culex tritaeniorhynchus Culex tritaeniorhynchus . _ 0
;ggigg ;i;gg Fully Connected Layer A SCO re- 2/3 - 66-6 /0
. .| Culex pseudovishnur .| Culexvishnui x
Test Set + 16 species

Step 2.5: Determine the best hyperparameters

On multiple data configuration

[1998.02 25102
[1998.44 24661
[1998.85 24601
[1999.27 24494
[1999.69 24199
p000.11 24129
000.53 24011
000.95 24045

001.36 24109
001.78 24093

Validation Set
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PASTEUR NETWORK

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

Evaluation: Compare results to the molecular classification

598.02 25102 Hidden ) Culex pseudovishnui Model Classification Molecular classification
utput st
/’\\ . | Culex pseudovishnui o, | Culex pseudovishnui .;

[1998.85 24601
N7 T . 0
X4 @ K R > Culex tritaeniorhynchus M .
etrics

1999.27 24494
1999.69 24198 LS Q}:A
é N e o
pooe.11 24128 K\\’%”A e,
N\ Ty Culex vishnui Culex tritaeniorhynchus Culex tritaeniorhynchus .V o
A Score: 2/3 = 66.6%

000.53 24011
000.95 24045
001.36 24109

P001.78 24093 Fully Connected Layer
.| Culex pseudovishnur .| Culexvishnui x

Test Set + 16 species

Step 2.5: Determine the best hyperparameters

On multiple data configuration

[[995.02 25107 Hidden . .
[1998.44 24661 | -~ Culex pseudovishnui
[1998.85 24601] /"\ Output __..-"

[1999.27 24494 wl, ‘W ‘_.-" X .,

1999.69 24198 > A‘v;'AA‘IQ'A B ennnnnnannns > Culex tritaeniorhynchus
D000.11 24129 R e,

KO
A‘\§ W

000.53 24011
000.95 24045
001.36 24109
001.78 24093

> . | Culexvishnui

Fully Connected Layer

Validation Set + 16 species




MODEL CLASSIFICATION

Step 3: Evaluate the model on unseen data
Model Classification: Determine the species

[1998.02 25102
[1998.44 24661
[1998.85 24601
[1999.27 24494
[1999.69 24199
p000.11 24129
000.53 24011
000.95 24045
001.36 24109
001.78 24093

Hidden

Fully Connected Layer

Test Set

. | Culex pseudovishnui

Culex tritaeniorhynchus

. | Culexvishnui

+ 16 species

Step 2.5: Determine the best hyperparameters

On multiple data configuration

[1998.02 25102
[1998.44 24661
[1998.85 24601
[1999.27 24494

000.53 24011
000.95 24045
001.36 24109
001.78 24093

[1999.69 24199 a
p000.11 24129

Hidden

T a2l

Fully Connected Layer

Validation Set

.
.
.
---
.
.
.t

a
L]
L]
......
L]
a
x

.| Culex pseudovishnui

Culex tritaeniorhynchus

. | Culexvishnui

+ 16 species

S/
Institut Pasteur
du Cambodge

PASTEUR NETWORK

Evaluation: Compare results to the molecular classification

Model Classification

.| Culex pseudovishnur

Culex tritaeniorhynchus

.| Culex pseudovishnur

Molecular classification

)

Culex pseudovishnui
Culex tritaeniorhynchus

X

Metrics
Score: 2/3 = 66.6%

Culex vishnui

Evaluation: Compare results to the molecular classification

Save the hyperparameters corresponding to the best score
Retrain the model one last time using the optimal hyperparameters

12



MODEL & PREPROCESSING

* 6 different models
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1. SVM

2. Multi-Layer
Perceptron

3. Logistic
Regression

4. Random
Forest

5. XGBoost

6. 1D CNN

13



MODEL & PREPROCESSING

* 6 different models

» 7 different preprocessing methods:

S/
Institut Pasteur
du Cambodge

PASTEUR NETWORK

1. SVM

2. Multi-Layer
Perceptron

3. Logistic
Regression

4. Random
Forest

5. XGBoost

6. 1D CNN

A) Interpolation

B) Z-score

C) TIC

D) 90th quantile

E) Baseline

F) Smoothing

G) Binning

13
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2000.51 7777 1999.90 1073¢€

. 2000.92 7741 2000.32 10632

e 6 different models 2001.34 7606 7000, 74 10524
2001.76 7570 2001.16 1042¢

« 7 different preprocessing methods: 2002 6o veas | oor.38 10374
* Interpolation (Mandatory) -> challenge: variable m/z value 200 a3 vegy | [roo2.42 10327
2003.85 7593 2003.25 10384

2004.27 7515 2003.67 10262

2. Multi-Layer 3. Logistic 4. Random

1.5VM Perceptron Regression Forest

5. XGBoost 6. 1D CNN

A) Interpolation

B) Z-score
C) TIC
D) 90th quantile

E) Baseline

F) Smoothing

G) Binning

13



MODEL & PREPROCESSING

Y

Institut Pasteur

du Cambodge

PASTEUR NETWORK

2000.51 7777 1999.90 1073¢€

. 2000.92 7741 2000.32 10632

6 different models 2001.34 7606 5008, 74 10524
. . 2001.76 7570 2001.16 1042¢

» 7 different preprocessing methods: 2007, 60 v00 200700 1037-
* Interpolation (Mandatory) -> challenge: variable m/z value 200 a3 vegy | [roo2.42 10327
2003.85 7593 2003.25 10384

2004.27 7515 2003.67 10262

2. Multi-Layer 3. Logistic 4. Random
1. SVM y gls 5. XGBoost 6. 1D CNN
Perceptron Regression Forest

A) Interpolation

B) Z-score

C) TIC

D) 90th quantile

E) Baseline

F) Smoothing

G) Binning

- Focus on the best-performing model + preprocessing combination

13
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1D Convolutional Neural Network

* Learns local patterns by sliding a 1D filter across the sequence
* Fast and efficient

* Well-adapted to time-series or sequential spectral data
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1D Convolutional Neural Network

* Learns local patterns by sliding a 1D filter across the sequence
* Fast and efficient

* Well-adapted to time-series or sequential spectral data

Binning
* Groups data into fixed-size windows

* Reduces noise and dimensionality
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1D Convolutional Neural Network

3000

* Learns local patterns by sliding a 1D filter across the sequence

~N
o
<]
=]

e Fast and efficient

Intensity (Arbitrary Unit)
-
w
o
o

1000

* Well-adapted to time-series or sequential spectral data

%3
=3
=3

2500 5000 7500 10000 12500 15000 17500 20000
m/z (Daltons)

20 000 peaks > 4 000 peaks (bin)

Binning
* Groups data into fixed-size windows

* Reduces noise and dimensionality

e With a window size of 5

e Aggregation methods: average, maximum ...

14
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1D Convolutional Neural Network 00

* Learns local patterns by sliding a 1D filter across the sequence

2000

e Fast and efficient

1500 4

1000

Intensity (Arbitrary Unit)

* Well-adapted to time-series or sequential spectral data

%3
=3
=3

2500 5000 7500 10000 12500 15000 17500 20000
m/z (Daltons)

20 000 peaks > 4 000 peaks (bin)

Binning
* Groups data into fixed-size windows

* Reduces noise and dimensionality

1998.02 24101
1998.44 23879
1998.85 23601
 With a window size of 5 1999.27 23326
_ ) 1999.69 23269
* Aggregation methods: average, maximum ... [2000.11 23399
2000.53 23256
2000.95 23129
2001.36 23204
2001.78 23083

First 10 values of the spectrum

14
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1D Convolutional Neural Network 00

* Learns local patterns by sliding a 1D filter across the sequence

2000

e Fast and efficient

1500

1000

Intensity (Arbitrary Unit)

* Well-adapted to time-series or sequential spectral data

%3
=3
=3

2500 5000 7500 10000 12500 15000 17500 20000

Bi n n i n g m/z (Daltons)
. . . . > '
* Groups data into fixed-size windows 20 000 peaks 4 000 peaks (bin)
* Reduces noise and dimensionality
1998.02 24101 . .
1998.44 23879 Bin 1 Bin 2
. . . 1998.85 23601
* With a window size of 5 1999.27 23326 1998.02 24101 2000.11 23399

_ ) 1999.69 23269
* Aggregation methods: average, maximum ... [2000.11 23399
2000.53 23256
2000.95 23129
2001.36 23204
2001.78 23083

1998.44 23879
1998.85 23601
1999.27 23326
1999.69 23269

2000.53 23256
2000.95 23129
2001.36 23204
2001.78 23083

First 10 values of the spectrum

average = 23635.2
maximum = 24101

average = 23214.2
maximum = 23399

14
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Convolutional Neural Network - Final Test Confusion Matrix (['alignment’, 'binning'])
Aedes aegypti

Aedes albopictus
Anopheles peditaeniatus
Anopheles sinensis
Anopheles vagus
Armigeres subalbatus
Culex brevipalpis

Culex epidesmus

Culex gelidus

Culex nigropunctatus
Culex pseudovishnui
Culex quinquefasciatus
Culex sitiens

Culex tritaeniorhynchus
Culex vishnui

Lutzia fuscana
Mansonia indiana
Mansonia uniformis

Molecular Identification

Mimomyia luzonensis

Aedes aegypti

Aedes albopictus
Anopheles peditaeniatus
Anopheles sinensis
Anopheles vagus
Armigeres subalbatus
Culex brevipalpis

Culex epidesmus

Culex gelidus

Culex nigropunctatus
Culex pseudovishnui
Culex quinquefasciatus
Culex sitiens

Culex tritaeniorhynchus
Culex vishnui

Lutzia fuscana
Mansonia indiana
Mansonia uniformis
Mimomyia luzonensis
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Convolutional Neural Network - Final Test Confusion Matrix (['alignment’, 'binning'])
Aedes aegypti

Aedes albopictus

c Anopheles peditaeniatus
Anopheles sinensis
Anopheles vagus
Armigeres subalbatus
Culex brevipalpis

Culex epidesmus

Culex gelidus

Culex nigropunctatus
Culex pseudovishnui
Culex quinquefasciatus
Culex sitiens

Culex tritaeniorhynchus
Culex vishnui

Lutzia fuscana
Mansonia indiana
Mansonia uniformis

Molecular Identificatio

Mimomyia luzonensis

-;mmmmmmmmmsmmw-—mmmm
2 3 3 5 3 53 8 3 5 3 S € 3 2 ¢ c %
S E 2 2 o8 &2 g0 8 E 2 0 £E 05 6 £ C
52858 8s 282508 5§
Q C > = Qo v U = VU m £ X un
o3 S @ s T oS w55 35 E§
2 o Y g Q9 = S o ® X £ o S N
n = [ x [T = X o S
wml‘:gﬁa_‘é%ﬂ)agwgo@.g'E =
T L8 TS5 0xx35 23338820
0‘”0..:‘106005‘”‘: v O 5 & £ 3
< T s @ = 2 = s 2 = © J ¢ 9
O 0 5 c 0 5 3 x 3 = c 2 E
<2 2 < 20 0 X o © = s 5 ¢

O+ £ = 5 % s E

< S x £

a = o v [

< o i 5 =

=] =]

c Q O

=

Model Identification
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PASTEUR NETWORK

Convolutional Neural Network - Final Test Confusion Matrix (['alignment’, 'binning'])

Aedes aegypti ZJFJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O
Aedes albopictus- o0& 0 0 0 0 0 0 O 0 O O O O O O O O O

c Anopheles peditaeniatus- 0 0 21 0 0 0 0 0 0 0 0 O O O O O O O O

o © ©

o © ©

0
0
0
48 0 0

Mansonia uniformis- 0 0 0 0 0 0 0 0 O O O O O O O O O 24 O

0
Mimomyia luzonensis- 0 0 0 0 0 0 0 0 0 0 O O O O O O O O 24

0
3
23
0

0 0
0 0

Culexgelidus-0 0 0 0O 0 0 0 024 0 0 0 0 0 0 O O O O
Culexsitiens-0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 O 0 O
Culex tritaeniorhynchus- 0 0 0 0 0 0 0 0 0 0 0 0 ofFEgo

Culex nigropunctatus- 0 0 0 0 0 0 0 0 024 0 0 O O O O O O O
Culex vishnui- 0 0 0 0 0 0 0 0 0 O O O O O sl

Lutzia fuscana- 0 0 0 0 0 0 0O O O O O O O

Culex epidesmus- 0 0 0 0O O O O 48 0 0 0 0 O O O O O O O
Mansoniaindiana- 0 0 0 0 0 0 0 0 0 O O O O

Culex brevipalpis- 0 0 0 0 0 0B 0 0 0 0 0 0 0 0 0 0 0 O

Anophelesvagus-0 0 0 0 72 0 0 0 O 0 O O O O O O O O O
Armigeres subalbatus- 0 0 0 0 0f¥Blo 0 0 0 0 0 0 0 0 0 0 0 0

Culex pseudovishnui- 0 0 0 0 0 0 0 0 O 061 0 O 0 9 0 O O O
Culex quinquefasciatus- 0 0 0 0 0 0 0 0 0 0 OZHO 0 0 0 0 0 0

Anophelessinensis- 0 0 0 24 0 0 0 0 0 O 0O O O OO O O O O

onesyiuapi| Jejnda|oN

- sisuauozn| elAwowip

- slwojlun eluosuepy

- BURIPUI BlUOSUBY

- euedsny eizan7

- INUYSIA X3|ND

- snyduAyioluaeluy xajnd
- suanis xa|nd

- snjedsejanbuinb xand

- Inuysinopnasd xa|nd

- snjelpundolbiu xand

- snp1jab xa|nd

- snwsapida xa|nd

- sidjedinaiqg xa|nd

- snjeq|eqns saiabiuuy

- snben sajaydouy

- sisuauis sajaydouy

- snyeluaelipad sajaydouy
- snyoidog|e sapay

- ndAbae sapay

Model Identification

15



S
PRELIMINARY RESU LTS Institut Pasteur

du Cambodge

PASTEUR NETWORK

Convolutional Neural Network - Final Test Confusion Matrix (['alignment’, 'binning'])

0 0 0 0 0 O

Aedes aegypti-@ 0 0 00O 0O O
Aedes albopictus- 0 &l 0 0 O
c Anopheles peditaeniatus- 0 0 21 0 O

Anopheles sinensis- 0 0

N
B
o

o o o o

Anopheles vagus -

o O O o ©

N
B
et

Armigeres subalbatus -

N
S
(=]

Culex brevipalpis -
Culex epidesmus -

O O O O 0O O o o

Culex gelidus -

N
S

Culex nigropunctatus -

EOOOOOOOOOO

Culex pseudovishnui -
Culex quinquefasciatus -

O O O OO0 O O o o o o o

Culex sitiens -

©O O O 0O OO0 O 0O o o o o o

o © o

Culex tritaeniorhynchus -

Culex vishnui -

O O O O 0O 0O OO0 0O 0O 0o o o o o

N
w
-

Lutzia fuscana -

(=) (=) (=) (=) (=) (=) (=) (=) (=) (=} (=] (=) (=) (=) (=) (=)

ey
o2}

Mansonia indiana -

N
S

Mansonia uniformis -

Molecular Identificatio

Mimomyia luzonensis -

Culexgelidus- o o ©c ©c ©c ©c 0c o ©c o ¥ © o 0o o o o o ©
Culexsitiens- o ©c ©c ©c ©c © ® © © © © © © © © © © ©
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