Development of a new microarray-
based diagnostic tool to detect novel
viral pathogens involved in potentially

devastating animal diseases.
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Introduction
Identification of virus involved in a disease

Proven method!

Coronavirus implicated in
SARS outbreak (2003)

Cultured Respiratory Vector Veterinary
Viruses Disease Surveillance Disease Disease Rota et al, 2003, Science 300(5624): 1394-1399
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Random PCR amplify Detection of pH1N1 (2010)

X Greninger et al, 2010, PLoS One 5(10): e13381
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Figure 1. Genomic methodologies for ubiased viral discovery. Nucleic acids purified from any specimen of interest
can be analyzed by either by hybridization to a custom pan-viral DNA microarray or by mass sequencing. The pan-
viral DNA microarray contains >20,000 oligonucleotide probes designed from all available viral sequences in Genbank
and is capable of detecting thousands of known viruses simultaneously as well as novel viruses. By using the mass
sequencing strategy (either traditional Sanger or 454 pyrosequencing based versions), thousands of sequences reads
from each sample are computationally analyzed to determine whether known or novel viruses are present in the

samples. Expe rtise




The DNA chip

How does it working?

DNA: complementary =
double strand
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( By knowing one of the two strands:

We are able to identify any DNA
_ strand that will interact to it!
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The DNA chip

How does it working?




The DNA chip

The development — Selection of conserved region
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GEAG O AAGCRUGC U AAG O AUGEGEUTAC AN TUAUGAGGAGGC AAUALGGACUGUUAGGD CACAUGCUGCCAUGEE CUGGGEGE AT CUAAGEUGUC GEUEALLGATEU
GAGGGCAGCTCALGCEIGCCT AAG CAUGGEUTACAC UUAUGAGGAGGLALUALGGACUGUEAGGD CACAUG UG CCAUGEG CUGGEEATCT ALGGUG UCGHUEAAGCLCE
GAGGECAGCTCAAG BTG CC TAAG CATGEE TTAC AL TTATGAGGAGGCALTAAGEACTETHAGGC CACATG CTG CCATEEG CTEGEEATCTAAGE T T GETRAAGCACET
GAGGECEECUC AL UG O CT AAG CAUGGEUTACAC UTUAUGAGGAGGLALUALGGAC UG UEAGGD CACAUG OGO U AUGEE CUGEEE AT CTALGGUG UCGHUEAAGGAC UT
GEAGCEECEC CUC AAG CBUG OO AAG CAUGEEUTACACTUAUGAGGAGGC AL UAAGGEACUGUUAGGC CACAUG CUG O AUGEE CUGEEE ATCT AAGGUG UCCEUEAL LG TEU
cEACCREH: CHCAAG UG CCUAAG CAUGGEUUACAC UTAUGAGGAGGCAAUAAGGACTRUUAGGE CACAUG CUG CCAUGGE CUGGEEEATCUAAGGUG UL UBAGECAC UG
HEAGCSEGEC (U CAAGCEUG OO EAAGCAUGEEUTACACTUAUGAGGAGGCAATAAGEACUGUUAGEC CACAUGCUGC CATGEGECUGEEE AT CUAAGGUG UCHCUEALGEAC UTUY
GEAGEECHE CUCAAGCBUGCCEAAGCAUGGEEUUACACTUAUGAGGAGGCAAUAAGEACUGTUAGGT CACAUGCUG CCAUGEE CUGEGE AUCUAAGGUG UCHGUUARGEATU
HEAAGGCAGCTCAGHEEUG Ol AAG CAUGGEEUUAC ANUUAUGAGGAGGCAAUALGGACUGTUAGGD CACAUGCUG CCAUGEE CUGEGEATCUAAGGUG UCHCUEAAGE AR
| CEAGCEEHC CUCAAG CEUGC CUALAG CAUGGEUUACACTUAUGAGGAGGC AAUALGGACTRUUAGEC CACAUGCUGCCAUGEE CUGEEE ATCTALGGUG UCHcUBAAGEACEU
| CEaACEEEE CUCAAG CEIGCOU AAG D AUGEGUUACACTUAUGAGGAGGC AAUTALGCAC UGUUAGEC (B AUG UG OO AUGEE CUGEEE ATC AAGG UG UCBCUTAAGACEU
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GAAAGECIG CUCAAG CBUG Ol AAG CAUGGEUUAC AN UUAUGAGGAGGC AAUALCGACUGTUAGGC CACAUG UG CCAUGEG CUGGEEATCTAAGEUG TN GEUTAAGGAC U
GEAAGGCAGCTCAAGCEUGCHUAAGCAUGEEUUACACTUAUGAGGAGGCAATAAGGACUGUUAGEC CACAUGCUGC CATGGGE CUGEEE AT AAGGUG Ul GEUEA LGS ATUUY
 CEAGCE CHscUC A CBUG O EAAG CAUGEEUTACACTUAUGAGCAGGCALTAAGGACUSUUAGGC CACAUGCUG DU AUGGE CUGEEE ATCUALGCUC UCHCUUAGGCATU

G2 CEGEE CUCAAG CEUG O U AAG CAUGGEUUACACUUAUGAGGAGGC AL UAAGGACUGUUAGGC CACAUG CUG OO AUGEG CUGEEE AT CUALGGUG UCHGUBAAGGACUT
GG CEECUCAAG O UG CCUAAG CAUGGEUUACACUUAUGAGGANGC AL UA L GGAC UG UEAGGC CACAUG UG CCAUGEG CUGEEE AT CT ALGGUG UCGEUTAAGGLCT

BEGaECBCUC A UG OO AAG T AUGEEUTACACTUAUGAGEARGC AL TAAGGACUSUEAGED CACAUGCUG O AUGEE (U GEEE AT CUAAGGUGUCGEUUAAGSACNU

GGG OB C TG CETG OO TAAG CATGEE TTACAC TTATGAGG ARG AR AL GEAC TS THAGGD CACATG OGO CATGEG CTEGEEAT O TAAGG TG TCGETTAAGSACTT
CEACEC CEsCTCAACEETC O TAAG CATGEE TTACACTTATGAGCAGGCALATAAGGACTETTAGEC CECATE TG CCATGEE CTEEEEATCTAAGC T TCCETEAGECACTT
GG CEECUCAAGCEUG O CUBAG CAUGGEUTACAN UTAUGAGGAGGCALUALGGAC UG UEAGGD CACAUGCUG O AUGEE CUGEEEATCUALGGUG UCHGUEA AGSATE

IoGAGH: CBG CUCAACERUG CCUAAG CAUGGGUUACRCUUAUGAGGAGGC AR UAAGGAC UGTUUAGGC CECAUG CUG CCAUGEG CUGRGEAUCU AMGG UG UCGGUBAAGGACUUG
ICEAGESCIEC T AAGGETG OO TAAG CATGEE TTAC AN PTTATGAGGAGGALTAAGGACTETTAGED CGCATG UG O U ATGE CTEEEEATCTALGG TG TCGETHAAGGAC TTH
GGG OB U CALG CEUG O CUBAG CAUGGEUTACAC UTAUGAGGAGGL AL UALGGAC UGS UEAGGD CACAUG CUG CCAUGEG CUGGEEATCT AAGEUG UCEUEA LG ATE Y
 CEAGEE CHECUC ARG CEUG OO AAG CAUGEEUTACACUUAUGAGCAGGCAATAAGEACUSUEAGED CACAUG UG CCAUGEE CUGEEE ATCTAAGGUG UCGEUGAAGGAC UUG
feGrreerlcoUCARE ClUG COUAAGCAUGEGUTAC ACTUAUGAGGAGGC AATAAGEACUGIUAGEC CECAUGCUGC CAUGGGE CUGEEE AT CU AAGGUG U HcUEA LGS ACEUY
GGG CEEC T AG CETG OO TAAG CATGEG TTACACTTATGAGGARGC AR TALGGAC TG THAGGD CACATG OTG CCATGEG CTEGEEATCTAAGE TG T GETTAAGCACTTE
HCGee B CUC A OB UG OO AAG CAUGEEUTACACTUAUGAGCARGCAATAAGEACUSUEACED CACAUG UG O AUGEE CUGEEE AT CTAAGGUG UCGEUEAAAGAC UG
(CEAAGHCEECUCALG CEUGHCU AAG CAUGGEUUACAC TUAUGAGGAGGC AL UALGGACUGUEAGEC CECAUG LG CUAUGEG CUGEEEAT CTALGGUG UCGEUTAAGGAC UT
jca s GaeCBsrUC A CBUGCHU AAGC AUGEGUUAC ACTUAUGAGGAGGUAAUAAGEACUGUUAGED CECAUGCUGCCAUGEE CUGEEE AT CTALGEUG UCEsUEAA A c AT UUE
G GEECEECTCAAG UG CHU AAG CAUGGEUUAC AN UUAUGAGGAGGC AL UAAGGAC UG UEAGGCEAC AUG OGO U AUGEE (U GEEEAT CTALGGUG UCHEUEAAGCATE U
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The DNA chip

The development — Validation

1- Validate the probes selection with the GenBank database (“blast”)

2- Supervise the DNA Chip preparation
Probes synthesis

Probes impression on the glass slide support

3- Genetic material amplification and labeling method

Select the appropriate method

Optimize the selected method

4- Validate the Microarray
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The DNA chip first version
Influenza detection (H1N1, H3N2 et H7N7)

Influenza (HIN1) Influenza (H3N2)

- Capacity to detect a virus that is not
circulating anymore (H7N7)

- Capacity to detect a virus not related to

swine disease (H7N7) Influenza (H7N7)
- Possibility to detect more than one

virus in a sample (H7N7 — circovirus) — |:|
- Possibility to detect an unknown virus Circoviras

in a sample (circovirus) H/N7



The DNA chip second version

19 viral families targeted...

More than 360 different viruses targeted...

Viral Viral
i . Number i . Number of
Virus Family genome Virus Family genome
of probes probes
type type
Adenoviridae DNA 476 Herpesviridae DNA 564
Arteriviridae RNA 71 Orthomyxoviridae RNA 147
Asfarviridae DNA 10 Paramyxoviridae RNA 12
Astroviridae RNA 22 Parvoviridae DNA 320
Caliciviridae RNA 164 Picornaviridae RNA 286
Circoviridae DNA 114 Poxviridae DNA 156
Coronaviridae RNA 300 Reoviridae RNA 46
Filoviridae RNA 46 Retroviridae RNA 314
Flaviviridae RNA 548 Rhabdoviridae RNA 160
Hepeviridae RNA 34 Total: 3790




The DNA chip second version
Influenza detection (H1N1)
What is left to do...

Validate the DNA
Chip with other
known viruses

Test the DNA Chip
with diagnostic
samples where the
implicated virus is
unknown

Evaluate the DNA
Chip sensitivity




Conclusion

Encouraging results!

- Allow the detection of viral strains that are no longer in
circulation! (H7N7)

- Allow the detection of multiple viruses in the same
sample (H7N7 - Circovirus)

- Tolerance to mutations found in emerging viruses

- Allow the detection of an unknown virus in a clinical
sample (Circovirus)

Affordable cost, once fully developed

Available soonl...
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