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=Y avescence Dorée

Highly contagious

Flavescence Doree symptoms
on grapevine
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Timeline of 15T reports of Flavescence Dorée and its vectors in Europe
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' An epidemic with far-reaching consequences

tconomical tcological
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“Despite mandatory control in Europe for [flavescence dorée],
it is still spreading and need permanent monitoring to 4

detect new infected areas.”
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Source: hitp:/[www.winetwork-data.eufintranet ibrettil(0/ibrettol6625-01-.pdf



http://www.winetwork-data.eu/intranet/libretti/0/libretto16625-01-1.pdf

Bois Noir

Flavescence Dorée

' Two diseases, same symploms
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Bois Noir Flavescence Dorée




Sease fransmission
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Pytosanitary police
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' Inday's diagnnslic
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' Our solufion
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Method
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DNAExtraction ~ ONA Amplification  ExpressionSystem  Toehold Switch  Signal Generafion
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& )" Conventonlant Wk exiactonmeod

* Chemical cell lysis

* 3 hours

* Lab bound




' ONA extractionusing Micronegale paiches

* No chemicals
* No DNA purification

* 1 minute

Prof. Zhen Gu

Rajesh Paul, et al, 20189.




= ) bomparison of different DNA exiraction techniques

! + control Microneedle Commercial - control
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Different extraction methods
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DNA amplificafion
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Loop Mediated Amplification (LAMP)

\\UAg roscope
N

Not Multiplexable 4

Isothermal

60 min




' Recombinase Polymerase Amplification (RPA}

Template dsDNA .

: Primers o
@) o —O
—= N Recombinase
.O . J
o l . * Isothermal: 37°C
_——_t\@t * Fast: 20 min
l DNA polymerase q
— * Multiplexable

7
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Adapted from Piepenburg, et al, 2006. %



===V Simuifaneous amplfication of 3NA targefs using APA
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50 bp 5 i" L
ladder EC @ BN & & &

Agarose gel electrophoresis of multiplexed RPA reactions. Cgl}{l}(]
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' Transcription-Translation System

Bacteria bell-free system




' Transcription-Transafion System

Bacteria bell-free system
* Time consuming e Quick
« Complex « Easy to use

« Strict regulations  Field deployable

e $ ¢ $5% (eg:PURExpress®)
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' In-house“OnePol” PURE

a— bneco-culture
36 purified Proteins l

a5 Ribosomes One Purification
): Energy solution l

14x cheaper 4

, and Sebastian J. Maerkl. A., 2018 %



=sBY Characterizationof “OnePol” PURE
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Protein Expression with 5nM DNA Template
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' Part collection
Proteins:
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1. Registry(BBa_K2916000 to 49)

2. Protocol 4

3. Video tutorial ( Search: “OnePot iGEM EPFL”) %
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' How Toehold works:

Ribosomal binding
site

GLOSED (HAIRPIN) TOEHOLD

Start codon

Detection region
: Protein coding

‘ | : sequence
Trigger RNA @

LINEARIZED TOEROLD 4

= ==fp TRANSLATION OF
PROTEIN SEQUENCE




' Tohold Regulafion of GFP expression

OnePot_BN2.1 toehold expression
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==0OnePot BN_2.1 toehold with trigger dsDNA
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Zero expression level
0.00

00:00:19 00:11:10 00:22:01 00:32:52 00:43:43 00:54:34 01:05:25 01:16:16 01:27:07 01:37:58 01:4849 01:59:40 02:10:31 02:21:22 02:32:13

Time(hh:mm:ss)

Toehold functionality test
(Bois Noir 2.1 toehold v.s. commercially available toehold)







=3V Sipnal Generation with CD0 (catechol2.3 doxygenasel
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Catechol 2-Hydroxymuconic semialdehyde

Verosloff, M., et al.,2019 4
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' Colorimetric SignalinOnePot PURE

(00+Catechol €D batechol
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Colorimetric signal preservation
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' Summary
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' Winegrowers

» ¢ Similar Diseases
. How it affects them

- feedback




=3V Phylosanitary Police

VITEST

- dymptoms ldentification
-+ Diagnostic Process
»  (ollect Infected Samples




' Agroscope
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Underlying biology of phytoplasma
Technical Guidance

VY Agroscope

lest Requirements
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=Y Hardware design
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e - - Flavescence Doree
Micronegdie palch l g O O O linfected
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l]IIBPIIIFUHE — Q O OO0 O Not infected by
freezedried & = either FD or BN

e
Oioehold  QnPotPURE  OnePot PURE
freeredriedd  freezedried®

BNfoghold ECtoehold 4
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Doesn’t have to involve

. Agroscope paperwork.”
a (44

: It allows us to do the test in

' the morning and immediately

|
-~ " remove the infected vine stock in
L the afternoon and not even
: ’«‘ N ° o, o
S have to use insecticide. ,,
"‘- p : \ 4
&

8.\ —— Basile Neyroud
2019




B localsoluionto a globalproblem

VITEST

€100 million loss in apple
production in Italy and €25
million in Germany.

10% decline in citrus
population in Iran

Sources : https://gd.eppo.int/reporting/article-6205
https://link.springer.com/article/10.1007/s10327-014-0512-8



https://gd.eppo.int/reporting/article-6205
https://link.springer.com/article/10.1007/s10327-014-0512-8
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' Thank You!

oupervisor
Prof. Sebastian Maerkl
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Small cell Large cell culture
culture

Cell Harvesting ~ Resuspension
& Sonication

] _' o
- &’ - '

Day 2

Purification

Buffer exchange Protein Solution
& Concentration

Y

A 4

Day 1 Day 3
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Resuspension R ' T
Small cell Large cell culture Cell Harvesting & Sonication  Purification Ultra- esuspension Soluti
culture & Precipitation centrifugation & Concentration olution
- - —
— - . — — —_— _ —_— Ep| ——»
\_/ \_/
Day 1 Day 2 Day 3 Day 4
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36 Proteins

VITEST
Transcription Translation Catalyzing
.« MTF
« T7RNAP
« CK
- MK
.+ NDK
Initiation Elongation Termination © PPiase
.« IF1 . EF-G + RF1
 IF2 e EF-Tu - RF2
 IF3 e EF-Ts * RF3
- AlaRS ArgRS * RRF

+  AsnRS AspRS
* CysRS GInRS
* GIuRS GIyRS
* HisRS IlleRS
* LeuRS LysRS
MetRS PheRS
* ProRS SerRS
« ThrRS TmpRS
« TyrRS ValRS




' limit of detection

GEL ELECTROPHORESIS

8
§3
:l'\} 1E5 ctrl ladder
GelPilot 50 bp
Ladder
| match (with amplicon)
SANGER SEQU ENCING | mismatch (with amplicon)

undetermined nucleotide

FD amplicon (w/out T7) - |
1€1 product sequenced T |
1E2 product seauenced [

60 80 100 120

20 40

Agarose gel electrophoresis and sequence alignments of
limit of detection of FD synthetic DNA




' limit of detectioninmicroneedle exirac

GEL ELECTROPHORESIS

bp
Lane Sample
-500
-400 | 1 Microneedle extract (MNE) on non-infected leaf
:388 2 FD sequence in (1ES copies/pl)
-250 3 FD sequence in MNE (1ES5 copies/pl)
-200 4 FD sequence in MNE (1E4 copies/pl)
-150 5 FD sequence in MNE (1E3 copies/pl)
~100 6 FD sequence in MNE (1E2 copies/ul)
9 7 FD sequence in MNE (1E1 copies/pl)
g -50 8 control (nuclease free water)
g
32 ladder
)
N .
50 bp ladder primers: EC FD

J| match (with amplicon)

165 == | ; ; :
1€4 I @ § mismatch (with amplicon)
163 - undetermined nucleotide
162 - —
161 —

Q 49 69 8e 100 129

Agarose gel electrophoresis and sequence alignments of limit
of detection of FD synthetic DNA in presence of plant extract
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50 bp ladder

Lane Template

Respective synthetic sequence

Microneedle extraction (MNE) on non-infected plant
MNE on FD-infected plant

MNE on BN-infected plant

Prototype extraction on non-infected plant
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Detection of phytoplasma plant diseases in 4 steps including
DNA extraction with microneedle patch, isothermal
amplification (RPA), toehold regulation, signal generation by
using our in-house OnePot PURE system.

An easy-to-use field-based diagnostic hardware was developed
to allow us to detect the infectious grapevine diseases within 3

hours. 4



%3 frabrication cost:

ViTest Mk | Amount: Fabrication cost ($):

BD 1ml Syringe 1 0.34
Micro-needle patch 1 2.50
ER Buffer 0.3ml 0.10
3D printing 1 0.85
TwistAmp® Basic 1rxn 3.16
Test discs 3 0.61
Plastic dropper 0.5ml 1 0.02

Total:




k=4~ (InePof protein

Batch 1 Batch 2
250 kDa
a b a b
150 kDa
100 kDa
75 kDa
&
50 kDa
37 kDa
25 kDa
20 kDa
15 kDa
10 kDa
Reproducibility of

OnePot protein




