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• Missouri native

• Indiana transplant

• SLU Grad (Chemistry)

• Bolivian Volunteer

• Monsanto (future Bayer) employee

• Husband
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• Why choose a module?

– Influence the influencers

• Why you chose that topic?

– Fear, confusion, misinformation
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Introduction
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Hi there! My name is Jean. I’m a gene, a 

small segment of DNA responsible for a 

specific function in a plant. Today I’ll be 

your tour guide on our journey through the 

process of how I’m discovered, added to 

the genetic makeup of a plant, approved 

for commercial use, and then planted, 

traded, and maintained worldwide.



Introduction
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As a gene, I’m made up of thousands 

of base pairs, the A’s, T’s, C’s, and G’s 

that made up the genome of all living 

things. These letters represent the 

various nucleic acids – Adenine, 

Thymine, Cytosine, and Guanine – that 

make up all DNA in a plant cell, and all 

DNA on Earth. 



Introduction
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These A’s, C’s, T’s, and G’s code specific 

amino acids which are linked together to 

make proteins. Proteins perform all kinds 

of specialized functions within plants 

including the plant’s physical growth, 

development, and energy production as 

well as aid in pest resistance, growth 

regulation/hormones, and nutrient 

transport.

DNA

Protein



Introduction
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The process of going from a tiny 

fragment of DNA, like me, to a product 

meant to benefit farmers and 

consumers is very complex, 

expensive, and time consuming. We’re 

going to break up our journey into 

phases.

Discovery
Phase 1  
Proof of 
Concept

Phase 2 Phase 3 Phase 4
Launch Product 

Maintenance

4.5 years
$31M

2.3 years
$28.3M

2.5 years
$13.6M

3.1 years
$45.9 M

4.1 years 
$17.2M

Early 
Development

Advance 
Development

Regulatory Submission
Pre-Launch



DISCOVERY
Gene/Trait 

Identification

PHASE 1
Proof Of 

Concept

PHASE 2
Early 
Development

PHASE 3
Advanced 
Development

PHASE 4
Regulatory

Submissions

•HIGH-

THROUGHPUT 

SCREENING

•MODEL CROP 

TESTING

•GENE OPTIMIZATION

•PROMOTER 

DISCOVERY/EXPRESSION

•CROP 

TRANSFORMATION

•TRAIT 

DEVELOPMENT

•PTI

•PRE-REGULATORY 

DATA

•LARGE-SCALE 

TRANSFORMATION

•TRAIT 

INTEGRATION

•FIELD TESTING

•REGULATORY DATA 

GENERATION

•PRODUCT 

DEVELOPMENT

•REGULATORY 

SUBMISSION

•SEED BULK-UP

•PRE-MARKETING

•PRODUCT 

DEVELOPMENT

REGULATORY DATA GENERATION

The process begins with me and thousands of other 

candidate genes. Spoiler alert: I’m the winner!

As testing continues the list of candidate genes narrows 

and I’m established as the “lead event”. I’m usually the 

only gene to proceed onto the regulatory process.

Introduction
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Introduction
Process Overview



Discovery 

The process starts with a problem - insect damage, weed pressure, drought, diseases

➢ $ Potential NPV, net present value or how much a company could stand to make by 

bringing this product to market

➢ Market analysis to determine where this product could be use and what the 

anticipated adoption might be

Time: ~ 4.5 years Cost: ~ $31 million 
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Discovery 

High throughput screening where thousands of gene insertions 

can rapidly be screened using: 

➢ Model species testing with Arabidopsis thaliana or 

➢ Diet bioassay for insecticidal traits

This is where identification of candidate genes, like Jean, occur.

Time: ~ 4.5 years Cost: ~ $31 million 
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This is the stage in 

which they discover 

my genius… and it’s 

expensive genius.



Proof of Concept (Phase 1)

Time: ~ 2.3 years Cost: ~ $28.3
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Promoter

Region

Coding 
Sequence

Terminator

Region

I have three main components: a promoter, a coding region, 

and a terminator. All three are required for me to be able to 

produce the protein I’m supposed to.



Proof of Concept (Phase 1)

Gene Optimization

14

At this stage, my promoter 

is chosen and my coding 

region is optimized so the 

protein I produce using this 

sequence will be easily 

utilized and effective in 

the plant.



Proof of Concept (Phase 1)

Early Safety Testing
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The other candidate genes 

and I are screened very early 

on in the process for 

similarities to known toxins 

and/or allergens. If we are a 

match, that’s the end of the 

road. This is the first safety 

assessment in the process to 

becoming a product.



Proof of Concept (Phase 1)

Transformation
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This is the process by 

which I’m inserted into 

the genome of a corn 

embryo and grow up to 

be a plant.



Proof of Concept (Phase 1)

Transformation
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Let’s go into a 

little more detail 

on how I’m 

inserted into the 

plant. This is a 

very important 

step!

https://vimeo.com/88481178


Proof of Concept (Phase 1)

Small Scale Field Testing
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If I do well through the first 

several rounds of testing and 

screens, they will take the 

transformed plant (with me in 

it) to the field to see if the 

effects are observable and 

positive in a field environment.
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Time: ~ 2.5 years Cost: ~ $13.6 million

Early Development (Phase 2)

Once my benefits are seen in both 

controlled and field environments, we’re 

ready for large-scale transformation and 

expanded field studies where me and 

hundreds of other “events” just like me 

will be inserted into the plants genome 

for further testing.
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Expanded Field Testing

Early Development (Phase 2)

In this phase me 

and my gene pals 

will be put in 

expanded field 

trials for phenotype 

screening.
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Mode of Action Studies

Early Development (Phase 2)
At this point in the 

process, the folks 

working on me 

conduct studies to 

learn how I manage to 

be as great as I am.

?

Protein #1 Protein #2
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Advanced Development (Phase 3)

Time: ~ 3.1 years Cost: ~ $45.9 million 

It’s time to get serious about 

learning about what I’ll be like 

when I’m out in the 

environment and ensuring 

safety for everything I come in 

contact with.

A gene’s safety must be supported at all stages- from the time it’s in field, in the 

environment, to the parts we use including grain or lint. Federal agencies like the 

USDA, EPA, and FDA verify this safety.
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Substantial Equivalence - History of Safe Use

Advanced Development (Phase 3)
What’s the 

risk?
Substantial equivalence is a way to measure risk 

that asks is the new crop still the same, based on its 

safety and efficacy, as it was before a new gene 

was added.

When something has a history of safe use (i.e. the gene has been used in other applications 

safely) it can be easier to support its continued safe use.
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Composition and Protein Expression

Advanced Development (Phase 3)

Efficacy and Safety - Substantial Equivalence
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Efficacy and Safety - Environmental Fate and Non-Target Organisms

Advanced Development (Phase 3)
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Feeding Studies

Advanced Development (Phase 3)- Efficacy and Safety

Sometimes I’m turned into food for 

different types of animal feeding 

studies to make sure I’m safe to eat.
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Pre-Launch/Regulatory Submissions (Phase 4)

Time: ~ 4.1 years Cost: ~ $17.2 million 

At this point we’re 

ready to turn over 

all the data that’s 

been generated 

about me to the 

authorities for 

review and 

hopefully approval. 
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Pre-Launch/Regulatory Submissions (Phase 4)

Cultivation vs. Importation Countries

Cultivation countries are those 

where the crops are grown. 

Importation countries are those 

that import the harvests from 

those crops to provide food and 

other products.

In a complex, global economy the flow of commodities like grains can be widespread 

and far-reaching. For instance, many of the soybeans grown in the United States, 

Brazil, and Argentina will be used in Europe and Asia.
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Pre-Launch/Regulatory Submissions (Phase 4)

Crops like soybeans can be used in many different 

ways, as both food and feed. It is important to make 

sure the crops will be safe for consumption at all 

points along the food chain.
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Cultivation/Importation Countries

Pre-Launch/Regulatory Submissions (Phase 4)

Source:  ISAAA.org
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Map: http://www.isaaa.org/resources/publications/briefs/43/executivesummary/
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Trait Integration - Creating Local Hybrids/Varieties with the New Trait

Pre-Launch/Regulatory Submissions (Phase 4)

Before a product is launched, the new gene that has been developed 

has to be bred into the best varieties or hybrids for all geographies 

where that crop will be grown. Each region has a different climate and 

the length of the growing season varies significantly, and different 

varieties/hybrids are designed to grow well in a specific region.
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Commercial Launch

After commercial approval, growers 

are free to buy the seed containing 

my DNA. I’ll do great for them!
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Monitoring

Post-Commercial

Even after I’m a real product, their 

job isn’t done. I require a lot of 

upkeep after I’m in the field.

Some products like Bt, insecticidal, crops require annual 

monitoring. This is in order to assess if pests are becoming 

resistant. To avoid this resistance, farmers are required to grow 

“refuge” or non-Bt crops close by to produce lots of susceptible 

insects to dilute any resistance produced in a Bt field.



35

Summary

The development of a bringing a new gene, like me, from a concept in 

the mind of a scientist all the way to a farmers field involves:

1. Safety - Environmental fate, non-target organisms, feeding studies

2. Efficacy - composition, mode of action, protein expression

3. Cost - $136 Million

4. Time - 16.5 years total
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• Targeting Crop Consultants to amplify the message

• Emphasize rigorous testing and safety of the products

• Ensure adequate information is available to consumers

Summary
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1) Genes responsible for producing a desired phenotype in genetically 
engineered crops consist of three parts. What are they?

a. Promoter, Coding Sequence, and Terminator Sequence*
b. Starter, Doer, Finisher
c. Initiating Sequence, Coding Sequence, Ending Sequence
d. Extron, Intron, Ultron

2) Which one of these is not a commercially available GMO crop?
a. Corn
b. Soybeans
c. Canola
d. Wheat*

3) What is the most common method of transformation (i.e. insertion of new 
genetic material into the genome of a target crop)?

a. Agrobacterium*
b. Gene splicing
c. Radiative manipulation
d. Particle bombardment

Quiz Questions
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Thanks very much!

Questions?


