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Who are we
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The aim of my project is to allow anybody
anywhere to do genetic detection, simply
rapidly and affordably.



What is DNA
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Source: Khan Academy



Source: Carl Zimmer - TED-ed


https://docs.google.com/file/d/1HOo07TDVONDi2JannIG0WaY00LHB3V5u/preview

Polymerase chain reaction - PCR

original DNA
to be replicated
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0 Denaturation at 94-96°C
o Annealing at ~68°C
o Elongation at ca. 72 °C
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By Enzoklop - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=3200364:



Bento Lab

~1300S

Source: www.bento.bio




miniPCR

Source: www.minipcr.com

~1000S




Open Source PCR ~500%

Source: http://openpcr.org/



PCR results




We use LAMP-Loop -mediated isothermal AMPlification
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LAMP has many advantages over PCR

Specificity Easy to visualize

Sensitivity Equipment simplicity

Time Cost



Something simple to show the people can do
genetic testing themselves

* DNA not RNA

* No Biosecurity

* No need for clinical trials
* Interesting

*Fun

* Will allow people to engage and learn Biology



Let’s test if your food has GMOs!

GMO Detective @
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Overview of the Workshop

Simple DNA

extraction Heating Reading and sharing

~63°C

<1 hour

~100°C 5 mins



Extremely Simple DNA Extraction




Sample brought

GMO gene

Plant gene



Sample brought
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Heating < 1h at ~63°C
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Incredibly affordable and easy to build Open
hardware detector, allows to easily read the
results same
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Start of the experiment



The things we eat today have greatly
divergered from thier ancestors

Over last 4,000 years all major crop
species have been domesticated:
e.g., rice, wheat, and maize

Classical genetics: selective
breeding for plants with
desired traits

Early biotechnology: cross-breeding
and hybrid plants. Mutagenesis

Wild mustard plant
(Brassica oferaces)

Genetic engineering: ability to

‘ Brusseis
. g . . Strain Kohlrabi Kale Brocooli Cabbage Cauliflowsr
confer very specific traits rapidly by SPIOMS
introducing particular genes directly Modified  siom Leaves  Flowerbuds Lateral Torminal Flower

. tralt and stem leaf buds leaf bud buds
into plants



How Crops Are Genetically Modified

Smwcsmdmnlogv Provides New Tools for Plast Breeding University of Caltfornla Davis Publication 8043: Plant Breeding: Induced
Mutation Crop Improvement. F). Novak H. Brunner, International Atomic Energy Agency. 1992; Atomic Gardens: Public
Perceptions and Polu:y.l! Dick. M. jones, Life Sclences Foundation Magazine; mmmtmlmmmw
Acquixition of Agrl-Biotech Applications Pocket K No. 34, Infographic by XiaoZhi Lim



Common challenges in agriculture

Insects _

~ Draught



GMO crops growing quickly worldwide

Percent of planted acres Fig. 3 US statistics of

100 Adoption of GM crops from
1996-2015 (Source: USDA,
Economic Research Service
using data from Fernandez-
Cornejo and McBride (2002) for
the year 1996-99 and USDA.
National Agricultural Statistics
Service, June Agricultural
Survey for the years 2000-15;

In 2015, 82% (90.7 of 111 million ha) of
the soybean planted were GM soybean
strains, whereas GM cotton accounted for
68% (25.1 of 37 million ha) of global

a cotton production (Figs. 3, 4; James 2015).
Of the 184 million hectares of maize

| 1 | I 1 1 1 1 1
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 planted, global 55.2 million ha (30%) was
GM maize
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Kamle, M., Kumar, P., Patra, J.K. et al. 3 Biotech (2017) 7: 219.
https://doi.org/10.1007/s13205-017-0809-3



Transgenics
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Discussion

GMOS: When? How? Why?

Do you think we should use Genetic Modification?
Mutagenesis vs Directed Modification

CRISPR

Using GMOs for more healthy food

For communication with the crops?



The vast majority of commercial GMO crops until
now, have this genetic element

’ @
Camv3ss | - NOS
Promoter ransgene Terminator

Schematic representation of a transgenic cassette used to generate GMOs. The requlatory elements CaMV35S
Promoter and NOS Terminator are commonly used to drive expression of the transgene (inserted gene) in every
plant cell and were selected because of their ability to be recognized in most plant species.



Fluorescence
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Fluorescent Proteins in Bio-Imaging

GFP-derived mRFP1-derived Evolved by SHM
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Image showing widely used Fluorescent Proteins and their peak emission / absorption wavelengths.
Image Courtesy: Roger Y Tsien Nobel Lecture, 2008




Reading the results
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Sample brought

Given sample
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Sample brought

Reading the results
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Uploading Sharing Discussing
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EARN. CREATE. GROW.
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Learning Goals

Workshop for High Schools

Scientific Skills

Basic understanding of DNA e  Micropipetting
Introduction to GMOs e DNA extraction
DNA Amplification and detection techniques: e |LAMP amplification technique
PCR vs. LAMP e DNA visualisation: fluorescence emission
DNA visualization (fluorescence) e FElectronics
Genetically engineered crops and their impact
Open Science Culture . ) Transversal Skills
e Communication
e Give &receive feedback
e  Critical thinking
e Cooperation
e Digital Literacy



Different audiences

 Students
* Activists
* Foodies
* Parents
* BioHackers

* Everyone



Longer Term plans

e Scaling

* Partners

* Paper/Dry

e Other uses:

Animal Allergen detection
Pathogen

Invasive species
ANYTHING!



Thank you for you participation!
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