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Modern Genetic Engineering Was 
Invented Almost 50 Years Ago! 

It is Not a New Technology….In Fact, To 
Those of Us Who Have Done This Our 

Entire Careers, It is an OLD technology!! 

This is the 40th Anniversary of Genetic 
Engineering’s Origins 



Genetic Engineering in the News.. 
Medicine 



Genetic Engineering in the News.. 
The Law 



Genetic Engineering in the News.. 
Agriculture 





What’s a GMO? 



What’s a GMO? 
A Genetically Engineered Bacteria 

Synthesizing 
Human Insulin Used as a Drug to 

Treat Diabetics? 

A Genetically Engineered GloFish 
Used as a Pet? 

A Genetically Engineered Yeast 
That Synthesizes Opiates For 

Medicine? 

A Genetically Engineered Pig 
With Double Muscles For Leaner 

& More Meat 



A Genetically Engineered Person 
With a Gene That They Weren’t 
Born With That “Cures” a Lethal 

Genetic Disease? 

A Human Embryo With a 
Defective Blood Disease Gene 

That Was “Edited” and 
Engineered to Be Normal? 

What’s a GMO? 
A Genetically Engineered Salmon 
That Grows Faster Than Non-
Engineered Salmon & Has Been 

Approved by the FDA For Human 
Consumption? 



So…….What’s a GMO? 

Crops That Are Grown 
For For  

Human & Animal 
Consumption? 



Can Intervene 
in This Process in 

Cells 
 

Genetic Engineering 
Is not “Hocus Pocus.” 

It Uses “Natural” 
Cell Processes!!!! 

All Organisms Use 
The SAME Processes 

And “RULES” to  
Generate Traits!! And 
The SAME Molecules 

& Chemistry!! 

Genes Obey the Same Rules Using Either 
Classical or Molecular Genetic Engineering 

Approaches!! BOTH Produce GMOs! 

Coat Color Trait 

Gene 



Genetic Engineering is a TECHNIQUE! 

Breeding or DNA – It’s the Same 
& Called Gene Manipulation 

WHAT IS A GMO!!!!! 



Agriculture is Facing the Perfect Storm 

Population Growth & Increased Demand For Food 

Reduced Land For Agriculture 

Scarcity of Natural Resources (e.g., Water) 

Climate Change 

Expanding Pest Habitats 



OVER THE NEXT 50 YEARS WE WILL NEED TO PRODUCE 
MORE FOOD THAN IN THE WHOLE OF HUMAN HISTORY  

AND DO IT WITH FEWER INPUTS ON LESS ARABLE LAND!!!! 

CROP YIELDS NEED TO BE INCREASED SIGNIFICANTLY!! 

World Population (millions) 

7,306,140,307
2/17/16 

We Face Major Challenges in 
Agriculture 

40,000 Kids Die Each Day  



And……There is a Constant Battle Between Crops 
& Environment That Affects Yield!! 

  
Abiotic (Drought, Heat) & Biotic (Insects, Fungi, Viruses) Stresses 

Reduce Crop Production (Yield) Worldwide Significantly 

Drought 

Bacteria (Citrus Greening) 
Fungi or Rust 

Biotic Stress Results in 30-40% Crop Loss Per Year or 
$500B Annually!  FAO Statistics 

Drought 

Abiotic Drought Stress Costs California Agriculture $1.84B 
and 10,000 jobs in 2015!  UC Davis News & Information 



 
 

Thus…..Crop YIELDS MUST Be Increased  
Using Every Discovery & Technique 

Available (Holy Grail of Agriculture)!



Loss of Land & Increased Population Affects Crop Yield!!! 

Bel-
Air 

Sunset Blvd. 

Beverly 
Hills 

Hilgard Blvd. 

Original Agricultural College 
and Citrus/Avocado Orchard 

There Were 18,000 Farms in Los Angeles 
County in 1930!!! 

From 1901 to 1950 Los Angeles County Was the Highest 
Agricultural Producing County in the USA!!! 

Farms!! 

Westwood Blvd. 

Thelner Hoover 
4/11/29 Los Angeles Population = 1,238,000 



Sunset Blvd. 

Westwood Blvd. 

Hilgard Blvd. 

Beverly Hills 

Former Farms 

Aerial Photograph of UCLA in 2008 

11/17/12 

Original Agricultural College 
and Citrus/Avocado Orchard 

Bel-Air 

Aerial Photograph of UCLA in 2016 

Los Angeles Population = 3,893,000 Note: Los of Crop Land!!  Gone Forever!! 



 
 

How Have Crop Yields Increased Over 
the Past 100 Years?



Big Changes in the US Over The Past 100+ Years 
“We’ve Come a Long Way Baby” 

1900 2016 
Life Expectancy 48 (women) 81 (women) 

Average Family Income 
(2016 Dollars) 

$8,000 $50,000 

Gasoline Use Per Capita 34 gallons 1,100 gallons 

Flush Toilets Per Housing 
Unit 

10% 99% 

High School Grads 13% 90% 

Farm Workers 55% 1.5% 



CROP YIELD INCREASES HAVE “ROCKETED UPWARDS” 
OVER THE LAST 100 YEARS AND CONTRIBUTED TO A 

LONGER AND “BETTER” LIFE 

            Bushels/Acre 
•  1900   30 
•  1920   30 
•  1940   40 
•  1960   60 
•  1980   100 
•  2016   185 

Conclusion:  Crop yields increased >500% over the past 100 years      
 and lead to a similar reduction in food costs!!!!! 

Life Span 

48 Years 

80 Years 

% Farm  
Workers 

55% 

1.5% 

 
%  Income  

on Food 
 

50% 

7% 

1930: 30 bushels/acre                2016: 185 bushels/acre    
1930: 1 farmer fed 10 people       2016: 1 farmer feeds 200 people 

22% 



How Were Crop Yields Increased 
Over the Past 100+ Years? 





WHAT TECHNOLOGIES CAUSED AN INCREASE IN 
CROP YIELDS OVER THE PAST 100 YEARS? 

These technologies have resulted in a >300% increase in  
US crop productivity!   

Need to sustain this yield increase by applying the best 
technology and agricultural practices! 

•  IRRIGATION (Abiotic Stress) 

•  FERTILIZERS (Nutrients) 

•  PESTICIDES & HERBICIDES (Biotic Stress) 

•  MECHANIZATION (e.g., Tractor) 

•  PLANT BREEDING (New Hybrids-Green Revolution) 

•  GLOBAL POSITIONING AND SATELLITE IMAGING 

•  GENOMICS & GENETIC ENGINEERING (New Traits) 



 
 

How Will Crop Yields Be Increased  
In the Next 100 Years?



  Our Food is Derived From Fifteen Crops & Over Half Produce 
Seeds For Human and Animal Consumption 

All of These Genomes Have Been Sequenced! 

Seed Crops  
•  Wheat 
•  Rice 
•  Corn* 
•  Barley 
•  Sorghum 
•  Soybean* 
•  Common Bean 
•  Coconut 
•  Canola* 

Non-Seed Crops  
•  Potato  
•  Sweet Potato 
•  Cassava 
•  Sugar Beet* 
•  Sugar Cane 
•  Banana 
 
 

We Understand the Science of These 
Genomes – It’s No Longer a “Black Box” 

as in the Pre-Genomics Era!!!!! 

* Genetically Engineered 



  Road to Understanding Plant Processes Runs Through Genome Sequences 



  



…By Using a Variety of Approaches to Identify Genes 
and Processes That Will Help Increase Crop Yields and 
Food Production Significantly in the 21st Century…. 

Yield (Developmental Traits) 
•  Seed Number 
•  Seed Size 
•  Growth Rate 
•  Organ Size (More Seeds) 
•  Plant Architecture 
•  Flowering Time 
•  Senescence 
•  Maturity 
•  Stature 

Yield (Stress Traits)  
•  Nutrient Uptake 
•  Drought Resistance 
•  Heat Resistance 
•  Cold Tolerance 
•  Salt Tolerance 
•  Shade Tolerance 
•  Disease Resistance 

…….And by Using Genomics, Breeding, and Genetic Engineering to 
Introduce These “Yield” Genes Into Crops  (One thing we can be sure of-we 

can’t predict what new technology will be the driver 10-25 years out!) 



All Crops Have Been Engineered -Turning Wild 
Teosinte Into Domesticated Corn 10,000 Years 

Ago – Seed & Plant Engineering!!  

Note:  Architecture and Fruit (cob) Size 
Only Five Genes Cause These Plants to Differ  

& We Now Know What They Are 

•  Types & amounts of  seed starch production 
•  Seeds not dropping from cob 
•  Length and number of seed rows 
•  Seed size, shape, and color 
•  Seed taste 
•  Resistance to pests 

All Vegetables in 
Grocery Stores 
Are “GMOs!!” 

Made by 
“Nature” Engineered by Humans 



Engineering Vegetables With 
Different Plant Architectures 

Manipulating Existing 
Genetic Variability Brought 

About By Chance 
Mutations! 

Spontaneous Mutations 



The Problem With Breeding the “Old Fashioned Way” 



Results Show the Unpredictability of Classical  
Breeding Approaches!! 



Classical vs. DNA or Molecular  Genetic 
Engineering Techniques 

Or Many Cloned or  
Synthesized Genes 

Or Many Genes 

All Manipulate Genes – But in 
Different Ways!! 

Or Edit One or Many 
Endogenous Genes!!! 



Classical vs. DNA or Molecular  Genetic 
Engineering Techniques 

Slow 
Same Species 

Limited 

Fast 
All Species 
Unlimited 



Genetic Engineering is a TECHNIQUE! 

Breeding or DNA – It’s the Same 
& Called Gene Manipulation 

WHAT IS A GMO!!!!! 



There Are Ten Crops 
Grown For Human & 
Animal Consumption 

Crop GMOs in Cultivation Today 

Soybean 

Corn 

Canola 

Arctic  
Apple 

Squash 

Innate  
Potato 

Papaya 

Alfalfa 

Sugar Beet 

Cotton 



Crop Genetic Engineering Examples 

Drought Resistance 

 Pathogen  
Resistant 
Potatoes 

Golden Rice 
Vitamin A  

Fortification 

More Biomass-
Yield! 

Ornamental Trait 
Blue Rose 

Non-Browning Apples 

Drugs! 

Bruise-Resistant 
Potatoes 

Less Carcinogens 

Insect 
Resistant 

Corn  
& Cotton 

Herbicide 
Resistant 
Soybean 

Corn 
Cotton 



Genetic Engineering - Most Rapidly Adopted Technology in 
Agricultural History 

Ir Ht 
Ht 

12% of Land in Cultivation 

Also Insect Tolerance & Viral Resistance 



Most Genetically Engineered Crops Are Fed  
To Animals or in Processed Foods 

Most Fruits & 
Vegetables 
Bought in 

Grocery Stores 
Are Not DNA-
Spliced GMOs! 



Most Fruits & Vegetables Bought in Grocery 
Stores Are Not DNA-Spliced GMOs! 

These Are GMOs 
Produced By Selective 

Breeding 



Some Benefits of Biotech Crops – Dispelling 
the Myths (1996-2016)  

•  Increased Crop Value by $78B 
•  ~75% of Crop Added Value Went to Small Farmers 
•  Reduced Pesticide Use 37% or 200M Pounds! 
•  Reduced CO2 Emissions by 40B Pounds or the 

Equivalent of Taking 9M Cars Off the Road 
•  Saved Billions of Tons of Topsoil by Using No-Till 

Farming (1B per year)  
•  Improved the Health of Farmers in Developing 

Countries (Reduced Pesticides) 
•  Contributed to Reduced Food Costs in the US and 

Elsewhere  
Brookes & Barfoot, GM Crops & Food, 4, 74-83; ISAAA Brief 46-2013; Klumper & Qaim, PLOS One, (  (11), 2014    



Funded by German Federal Ministry of Development & European Union 



But NOT With GMOs! 

FOOD SAFETY IS A MAJOR ISSUE 



How Many Genes Did You Eat 
Today? 

What About the Carrots, Celery, Tomatoes, etc.? 

What Happens to the Genes That You Eat? 

•  One Lettuce Leaf Has Two Million Cells 

•  Each Lettuce Cell Has ~25,000 Genes 

•  One Lettuce Leaf Has Fifty Billion Genes  

•  A Small Salad Has 10 Lettuce Leaves Or 
   Five Hundred Billion Genes!!! 



Genetically Engineered Crops Are the Most 
Tested Crops in Agricultural History! 



Federal Agencies Regulating GMOs 



Similar to Those Used For Antibiotics, Vaccines, and Drugs!! 

These are the 
MOST Tested Plants 

Ever!!! 
More Than Any Food  

Produced by  
Classical  

Breeding Methods!!! 
Average Cost = 

$150M 

National Academy 
of Sciences Report: 
Focus on the Food 
Not the METHOD 
of Production!!! 

There is NO 
Testing For 

Conventional or 
Organic 
Foods! 

Toxicants 
Allergens 

Composition 



•  No Testing 
•  No Regulatory Oversight 
•  Contains Known Allergen 
•  9,000 Hospitalizations Per Year 

•  Extensive Testing (~10 years) 
•  FDA, USDA, & EPA Oversight 
•  Eaten By Billions of People 
•  No Documented Health Problems 

Which Food Would YOU Eat? 

Will These Ever Get To 
The Market? 



“The AMA adopted policy supporting this science-based approach, 
recognizing that there currently is no evidence that there are material 

differences or safety concerns in available bioengineered foods.” 

“To date no adverse health effects attributed to genetic engineering 
have been documented in human populations.” 

“The scientific literature shows no compelling evidence to associate 
such crops, now cultivated worldwide for more than 15 years, with 

risks to the environment or with safety hazards for food.”  



1982 1984 1985 

2002 

2001 1987 

Safety Issues of Genetically Engineered Plants Have Been 
Investigated and Discussed For 35 Years -Thousands of Studies – 
Unanimous Conclusion – GMOs are Safe For Human Consumption!! 

2004 2011 2010 2016 





There Is Major Public Skepticism About GMOs!!! 

2015 

How Do We Change This? 

Public Scientists 

51 Point Gap!! 



However…There’s a Battle Raging to Get Bioengineered 
Crops Banned in Many Parts of the World  



The GMO “Controversy” is Complex and  
Not Science Based 

•  Successful Well-Financed Anti-GMO “Propaganda” Campaign 
•  Bogus Science Studies Sensationalized by the Popular Media 
•  Organic Growers/Markets - Gain Market Share (Follow the $!!) 
•  Anti-Globalization - Anti-Patent/Intellectual Property 
•  Anti-Industrial-Conventional Farming That Uses GMOs 
•  Anti-Large American AgBiotech Companies (e.g., Monsanto) 
•  Labeling - Right to Know and Choose What is Eaten 
•  No Obvious Consumer Benefits 
•  Ecological & Environmental Issues (e.g., Pollen Flow) 
•  Food Safety & Culture (Not “Natural”) 
•  Lack of Public Science Awareness 
 



What Has Been Some of the Real Life 
Affects of the GMO Controversy? 

 
 

Destroying Golden Rice 
Test Plots 



The Game Has Changed – The Age of 
Gene Editing Has Arrived! 

Destroying GoldeRice Test 
Plots 



Destroying GoldeRice Test 
Plots 

2017 2016 



How To Regulate Crop Gene Editing –  
GMO or Similar to Classical Breeding? 

Destroying GoldeRice Test 
Plots 

??? Regulated Not Regulated Not Regulated 



The End….or The Beginning? 


