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Humans have been shaping the genetics of crop 
plants since the dawn of agriculture.  This is 
teosinte, the precursor to modern corn.  It 
developed from this simple seedhead to a cob of 
corn through multiple generations of selection by 
growers.  
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From teosinte to corn---and a mix of both. 
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This wild cabbage/turnip grows in the 
Mediterranean.  It has been cultivated for 
generations to create the cole crops we love today. 
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All of these cole crops (and more) are the same 
species.  Selection for different parts of the plant 
over generations resulted in vastly different 
appearing and tasting plants.  They can all still 
interbreed. 
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•generally refers to seeds that will 
"breed true." When the plants of 
an open-pollinated variety self-
pollinate, or are pollinated by 
another representative of the 
same variety, the resulting seeds 
will produce plants roughly 
identical to their parents.

Open Pollinated
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•a plant variety that has a 
history of being passed down 
within a family or community, 
similar to the generational 
sharing of heirloom jewelry or 
furniture. An heirloom variety 
must be open-pollinated.

Heirloom
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The flowers of beans and tomatoes are structured in 
a way that keeps most pollinating insects out.  This 
means they are most likely to be self-pollinated and 
are the most common heirloom vegetable plants 
since they do not cross pollinate. 
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The Mortgage Lifter tomato is a famous West 
Virginia heirloom.  There are two origin stories for 
the tomato that occur about 10 years apart and in 
neighboring counties.  The stories are strangely 
similar:  a guy crossed a bunch of tomatoes to 
develop one he liked.  He sold the plants to his 
neighbors and raised enough money to pay off the 
mortgage- thus the name mortgage lifter. 
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Grafted plants, such as apples, don’t have to be 
Open Pollinated to be heirloom since the genetics of 
the original plant are passed down through the graft 
scions.  This is the Golden Delicious apple, which 
was discovered on a farm in the early 1900s in West 
Virginia.  The tree was bought by the Stark Brothers, 
which had exclusive rights to the genetics for a time. 
All Golden Delicious apples today descend from that 
one tree. 
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The Nebraska Wedding tomato is a well-known 
tomato variety in Nebraska.  The name comes from 
the custom of giving seeds of the tomatoes to new 
brides as wedding presents.   
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Choice of 
interesting/exciting 

varieties

Interesting histories

Can be adapted 
regionally

Often lack 
disease/pest 
resistance

May not grow well in 
different region

Unpredictability/ low 
yield
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•Hybridization is a controlled method 
of pollination in which the pollen of 
two different species or varieties is 
crossed by human intervention. 
Hybridization can occur naturally 
through random crosses, but 
commercially available hybridized 
seed, often labeled as F1, is 
deliberately created to breed a 
desired trait.

Hybrid
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You CANNOT save seeds 
from a hybrid plant.
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In hybridization, the first entire first generation (F1) 
expresses a mixture of genes from both parents.  
Saving seeds from the F1 generation from self-
pollination or crossing with another member of the 
F1 generation results in a variety of plants exhibiting 
different characteristics from the parents. 
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What is it?  Zucchinis aren’t orange! 
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Acorn, Delicata, Scallop, Zuchhini, Pumpkin, 
Spaghetti, Summer – All of these look totally 
different but are the same species and can hybridize 
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In cross breeding, multiple genes are crossed in a 
seemingly random pattern.  It can be hard to predict 
what the outcome of the crosses are.   
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Crossing over of genes results in an F2 

generation with a random mix of genes from 

both parents.   
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This Punnett square, the bane of many 

genetics students, outlines how recessive 

and dominant genes are distributed in a 

cross.   
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The results of hybridization can be seen in some 
plants as codominance or incomplete dominance in 
the F2 generation (or even the F1 generation).   
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Genomic/Marker Assisted Cross Breeding

 

Modern plant breeders can use genetic tools to help 
in the breeding process. Marker selection allows 
them to genetically profile immature plants for 
desired traits that have been previously identified.  
It can speed up the process drastically and does not 
result in any genetic engineering of the finished 
plant 
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Increased 
disease/pest 
resistance

Hybrid vigor/ higher 
yields

Often adaptable to 
many regions

May lack interest 
factor of heirlooms

May not grow well in 
different region

Inconsistency with 
saved seed
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•Genetically Modified Organism.  
A term used to describe an 
organism where individual genes 
for desired traits are introduced 
through direct introduction rather 
than cross-breeding.  Due to 
confusion and misuse of the term, 
a better term is Genetically 
Engineered.

GMO
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Hybrids are GMOs.
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When you think about it, 
every living thing is a GMO.
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Genetic Engineering

 

Genetic engineering speeds up genetic transfer by 
transferring one gene at a time, rather than the 
random gene transfers with cross breeding.  This 
can save time in screening.  Depending on how fast 
the plants mature, a cross-breeding program can 
take 5-30+ years.  Genetic engineering can cut that 
time to just a few years.   
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Photo: Bio-rad www.bio-rad.com  

One method of genetic engineering is using bio-
ballistics.  The gene gun shoots particles (usually 
gold) coated in the desired gene that can potentially 
enter the cell and transfer the gene into the plant’s 
genetics.   
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The bacterium Agrobacterium tumefaciens is know 
as crown gall disease in nature.  It creates crown 
galls by inserting a piece of its own DNA, in the form 
of a round plasmid, into the plants own DNA.  
Scientists have developed a technique using a non-
virulent strain of A. tumefaciens to insert desired 
DNA into the plasmid.  When the bacteria infect the 
plant cells, they insert the new DNA into the plant’s 
DNA instead of their own. 
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DNA on the Agrobacterium plasmid is inserted into 

the plant’s DNA and causes the crown gall to form.   
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The DNA in the plasmid that causes the crown gall 

to form is removed.  It is replaced with the desired 

DNA that is to be introduced into the plant.   

 



Slide 36 

 

The DNA added to the plant by either method 
generally contains a marker that helps select plants 
that have been tansformed (expressing the new 
DNA).  This can be resistance to certain chemicals, 
such as herbicides, or toxicity to certain others.   
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A very new method utilizing the CRISPR/Cas9 Gene 

has promise to revolutionize genetic engineering for 

both plants and human health.  Some question 

whether CRISPR Silencing should be considered a 

“GMO” since no DNA is added. 
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Genetic engineering is used to create model 
organisms for studying the effects of treatments, 
medicines, etc.   
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Genetic engineering is used to make plants that 

over or under express genes so that the effects of 

those genes can be studied in model plants.   
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Genetically engineered microbes are used to 
produce important proteins.  Modern insulin is 
produced from engineered organisms, which 
replaced the practice of harvesting pig pancreases 
to extract insulin.  Rennet, used to make cheese and 
desserts, contains the enzyme chymosin which was 
traditionally harvested from the fourth stomach 
lining of unweaned calves.  Now 90% of the cheese 
in the US is made with genetic engineering. 
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Human Growth Horomone, which has medical 
importance but is also abused as a steroid, is 
produced through genetic engineering.   
 
 

Slide 43 

 

Genetic engineering is used to introduce resistance 
to herbicides and other pesticides in commodity 
crops.   
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Proteins from biological agents, such as bacteria can 
confer resistance to targeted insects.  Inserting 
genes that express a protein from Bacillus 
thuringiensis will kill any caterpillar pests that attack 
a plant.  Non-caterpillar pests are not affected and 
the amount of insecticide used on the crop is 
drastically reduced.   
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The papaya ringspot virus made it virtually 
impossible to grow marketable papaya by the 
1990s.  A Hawaiian-born scientist at Cornell 
developed a genetically engineered papaya.  Now, 
over 90% of papayas grown commercially are 
genetically engineered.  
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Scientists are getting closer to re-introducing the 
American Chestnut from trees that have been 
engineered with the genes from Chineses Chestnuts 
that make them resistant to the Chestnut Blight.  
Attempts at cross-breeding American Chestnuts and 
Chinese Chestnuts have so far resulted in trees that 
don’t closely resemble American Chestnuts.   
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Photo: www.goldenrice.org

 

Golden rice was developed as a means to 
incorporate beta-carotene (the precursor for 
Vitamin A) into the diets of individuals in developing 
countries with high incidents of blindness due to 
Vitamin A deficiency.  The genetically engineered 
rice has beta-carotene precursors from genes from 
the daffodil flower and the soil bacterium Erwinia. 
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The CRISPR Silencing method has been used to 

develop the Arctic Apple by turning off production 

of Polyphenol Oxydase, the enzyme responsible for 

browning in apples (and potatoes and other 

produce).  The apples are on store shelves in select 

areas.   
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Photo: www.glofish.com  

Want to by a GMO? Currently the only place a 
person from the general public can buy a GMO is at 
the pet store.  GLOfish have been engineered with 
proteins from jellyfish that make them glow under 
blacklight.   
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A home gardener has to be 
careful, since seed racks 
and catalogs have GMO 

seeds.
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The internet is full of claims that GMOs pose a 

significant health risk to humans.  Do these claims 

have any scientific merit? 
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Introduction of allergens is a major concern that 
companies working in Genetic Engineering work 
hard to avoid and the FDA tests stringently. 
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http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/  

Scientific consensus? Most major studies from 
reputable, peer-reviewed sources state that 
genetically engineered foods pose no greater risk 
than their non-modified counterparts.  In a survey 
of scientists by Pew Research, 88 percent of 
scientists responded that they believed that 
genetically modified foods were generally safe.  This 
was higher than the 87 percent that believe that 
climate change is caused by human activity.   
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Some companies voluntarily label their products.  
However, the label is often over or mis-used as a 
marketing gimmick, using scare tactics to market to 
those will little understanding of the subject.  Efforts 
to label genetically engineered crops would be more 
effective if there was more education on the actual 
process.   
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“Non-GMO” has become an overused label to sell 
product.  How can salt be a GMO- it has no genes? 
And all avocado is GMO free – there are no GMO 
avocados.  There also aren’t any GMO seeds 
available to home gardeners from any common seed 
rack or catalog.   
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The biggest concern for ecological impact is the use 
of herbicide.  The amount of glyphosate has 
increased, but it has resulted in a reduction of much 
more toxic chemistries used to control weeds.  In 
fact, the number of pesticides used by farmers 
growing GMO crops is generally lower than those 
growing non-GMO conventional crops.   
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Can some genetically engineered crops harm non-
target species, like Bt corn harming butterflies?  
There is a possibility, but there are strategies to 
mitigate damage.  Buffers around fields can reduce 
exposure to the crop and to drifting pollen.   
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GE Bt eggplant (brinjal) has been embraced in 
Bangladesh, where eggplant is a major staple.  The 
result is drastically reduced pesticide use and fewer 
pesticide related health issues for farmers, along 
with higher yields resulting in a better livelihoods 
for farmers.  GE cassava resistant to brown streak 
disease is helping to save African farmer’s food and 
livelihoods.  Crops like these are often open source 
(freely shareable) or inexpensive to purchase. 
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• Environmental risk (ie – weedy-ness, pathogen)

• Approve field trials

USDA – Plant pest?

• Herbicide use

• Pesticide registration (Bt corn)

EPA – Danger to environment?

• Food safety (ie – toxicity, pathogens)

• Feed Safety

FDA – Danger to people/animals?

 

Three different government agencies are 
responsible for regulating genetically engineered 
organisms.  Each agency regulates a different aspect 
of the organism. 
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http://www.sciencemag.org/news/2017/05/how-transgenic-petunia-carnage-2017-began  

In early 2017 it was discovered that orange and 
some red and purple petunias on the market had 
been bred from stock that had GE ancestors.  While 
they pose no risk to human health and have no wild 
counterparts to breed with, an immediate call was 
issued for them to be pulled from store shelves and 
destroyed.  Anyone who already had them at home 
could keep them.   
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Some have concerns that companies can patent 
GMO plants and thus own an increasing percentage 
of the plants we rely on for food.  Some sources 
have cited that companies such as Monsanto sue 
anyone who has their GMO genes, on purpose or by 
accident.  However, there is little evidence to 
support those claims. 
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• up to 20 years protection for a unique, vegetatively-

produced variety. May be used by others in breeding 
programs.

Plant Patent

• protects a specific attribute of a plant, such as disease 
resistance or DNA sequence, for 20 years.  May NOT be 
used by other for breeding.   

Utility Patent

• Protects unique seed or tuber produced plant from 
unauthorized commercialization.  20 years for most, 25 
for perennial trees/vines. Can save seed for own use, 
but may not distribute until after expiration.

Plant Variety Protection

http://www.johnnyseeds.com/about-us/about-our-seed/understanding-utility-patents-and-pvp.html

 

Plant patents aren’t new…they started in 1930 with 
the US Plant Patent Act.  In 1985 Utility Patents 
were available. 
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Utility Patent
 

Plant patents and utility patents are way more 

common than many may think.  Many of the new 

cultivars you see on the market are protected.   
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High potential for 
solving evolving issues

Provides rapid means 
to respond to diseases 

and other issues

Can potentially reduce 
use of pesticides

Many people still 
concerned/fearful

Requires thorough 
study for safety and 

effectiveness

Inconsistency with 
saved seed
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Extension Master Gardener

@ExEMG

ExtensionMasterGardener
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The Garden Professors (page)

The Garden Professors blog (group)

gardenprofessors.com
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@UrbanGardenGuru

@UrbanGardenGuru

Urbangarden.guru

GROBigRed.com

John.Porter@unl.edu

 

 

 


