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Preface

about where plant biotechnology may be headed in the future,
including how plant biotechnology “hobbyists” may be getting
into the act.

Who is this book for?

Please Note: This book is NOT a comprehensive textbook on
plant genetic engineering and biotechnology. (If you’re looking
for such books, I’m sure you can find them at your local college
bookstore or at an online bookseller.) Nor is this book meant to
be a defense of genetically-engineered organisms (GMOs),
though I’m sure some readers will think so. Maybe here’s why.

This book is intended for people who may be curious about
plant genetic engineering, but who don’t want to read a long,
technical textbook on the subject. (There are provided,
however, ample links to books and articles - and also to online
resources - for further reading.) If you’re looking for small
“tastes” of information regarding various aspects of plant
genetic engineering, then this little book maybe just the
informational “snack” that you’re looking for.
What this book is....and isn’t.
This book started as a compilation of some blog posts at my
website HowPlantsWork.com. In linking these posts together, I
found I needed (and wanted) to expand and update a lot of the
information. So, what you have here is much more than just a
bunch of copies of old web posts that you can already read
online.
What I’ve attempted to do is to provide readers with a “brief
stroll” through the subject of plant genetic engineering and
plant biotechnology. The trail starts with a brief history of the
subject, then spends a little time with how it’s done and how
plant biotechnology has developed over the past 30 years. The
path then branches off to brief side trips into the ecological and
legal implications of this technology. At trails end, there’s a bit

Since I was a graduate student in the 1970s at the University of
Washington where some of the original work on transgenic
plants was done, I provide somewhat of a personal perspective
on this subject. Though I never was a “plant genetic engineer”,
my academic lab did use some of the plant gene-transfer
technologies as tools in basic plant research. Because of this, I
probably take somewhat more of a benign view toward this
technology than most people.
However, I don’t think we should blindly accept commercial
GMOs without scientific oversight and some serious regulation.
There is much about the ecological implications (and legal
implications) regarding this technology that is currently
unknown or, at best, poorly understood.
Finally, I’ve attempted to present the most up-to-date and
accurate information available in a somewhat dynamic field.
Any factual errors, however, are the sole responsibility of the
author.
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C HAPTER 1

Where Do
New Plants
Come From?
New plant species arose (and still arise)
through plant evolution, that is, as a
consequence of natural selection.
After hundreds of millions of years of land
plant evolution, about 10,000 years ago
humans got into the act, in what some
might call “artificial selection”. From then
on, things got a bit more interesting.

Plant Evolution, Plant Breeding, And, Now, GMO’s
The land plants on Earth today are the culmination of about a
half billion years of evolution. Several thousands of years ago
people began domesticating plants. Early examples of people
trying to manage plants for their benefit likely included burning
of forests to encourage herbaceous plants, the vegetative
propagation of plants using tubers (think yams, e.g.), and, of
course, the saving and sowing the seeds of desirable plants.

F IGURE 1.1 Assyrian relief from the NorthWest palace in Nimrud (c. 883-859 BC.).

Thus, when humans started selecting plants with desirable traits
for propagation, the art and science of plant breeding
commenced. Over time, all this resulted in new plants,
including most of the crop plants that we rely on today. (By the
way, an excellent book on this subject is Hybrid: The History
and Science of Plant Breeding.)
The photo (Figure 1.1) shows an Assyrian relief carving, older
than 800 B.C., depicting the artificial pollination of (symbolic)
date palms.
So, even though they didn't know the scientific basis of plant
breeding, humans were apparently actively engaged in it nearly
3,000 years ago.
Remarkably, this lack of understanding of the genetic basis of
plant breeding was true even up to the early twentieth century,
until, of course, the experimental results of Gregor Mendel
were discovered and disseminated.

By John Lee & Nationalmuseet / The National
Museum of Denmark. CC-BY-3.0

Besides the production of hybrid plants via cross-pollination,
new plants can also be made by the ancient art of grafting and
the relatively new technique called transgenics, a.k.a., plant
genetic engineering. Since I'd like to focus on transgenics, I'll
refer you to an excellent introduction to grafting here.
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(For a fantastic overview about how people make new plants,
please see Online Resources Link #1 at the end of this chapter.)

F IGURE 1.2 Drs. Chilton, Gordon, & Nester

1977 - The Genie Emerges From The Bottle
Though humans have been making new plants for thousands of
years, they've only been making transgenic plants for about 30
years.
Most agree that the era of plant genetic engineering began in
1977 when it was discovered that a pathogenic (diseasecausing) bacterium in plants was able to insert some of its own
genes directly into the genome of its plant host.
During the 1970‘s, how this pathogenic bacterium, named
Agrobacterium tumefaciens (which I’ll abbreviate as Agtu from
here on), caused crown gall disease in hundreds of different
plant species was being investigated in a number research labs
around the world.
One such group was at University of Washington (UW) in
Seattle. This team was co-led by Prof. Milton Gordon and Prof.
Eugene Nester, in the departments of Biochemistry and
Microbiology, respectively. Much of work in elucidating the
genetic mechanism of crown gall disease is credited to team
member Dr. Mary-Dell Chilton, who was conducting
postdoctoral research in the lab at that time. (Dr. Chilton turned
out to become one of the founders of what is now Syngenta
Biotech. Among her honors, in 2002, she was awarded Franklin
Institute Award in Life Science, and, in 2008, was profiled in
Scientific American.)

(Photo credit: American Phytopathological Society)

Crown gall disease was especially interesting at that time for at
least a couple of reasons.
First, it caused extensive economic losses worldwide in both
the agricultural and horticultural industries. Secondly, the
disease consisted of tumor-like growths called galls (think
cancer tumors) in plants. These galls killed the plant by
blocking the plant’s vascular system - the phloem and xylem between the roots and shoots. Perhaps most interestingly, this
“plant cancer” was caused by a bacterium (Agtu). The notion
that one could induce “cancer” in some plants by infecting
them with Agtu was quite intriguing and actually attracted
significant funding from the American Cancer Society.
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Thanks, in part, to such funding, the University of Washington
investigators were first to discover and validate that a small part
of the genetic material from Agtu is actually incorporated into
the genome of plant cells infected by this bacterium. (Such
Agtu-infected plant cells are usually called “tumor cells” from
the fact that Agtu causes galls – tumor like growths – in
susceptible plants.)
In a paper published in the June, 1977 issue of Cell, Chilton, et
al., reported the stable incorporation of Agtu plasmid DNA into
higher plant cells.
It turned out that this small piece of Agtu DNA, which was now
part of the plant tumor cells’ DNA, originated from the socalled tumor-inducing (Ti) plasmid, which is a small circle of
DNA independent from the bacterial chromosome. The
segment of the Ti plasmid transferred to the plant cells is called
the “transfer DNA” or simply the T-DNA.
As a graduate student in the Botany Department at UW, I
attended a seminar by Dr. Chilton reporting this discovery. As I
recall, the implications of this finding regarding the potential
genetic transformation of plants was certainly recognized at the
time. That is, that Agtu could potentially be used as a means to
deliver foreign DNA, i.e., a genetic vector, into plant cells, thus
genetically altering the plant.
Since, in 1977, scientists knew how to “cut and paste” genes
(a.k.a., recombinant DNA) and also how to successfully
regenerate whole plants starting with only a few plant cells

using plant tissue culture, the implications of the report by
Chilton, et al., were enormous. It didn’t take long for research
labs around the world to create the first transgenic plants.
Fast-forward to 1983
By 1983, the Agtu T-DNA was genetically defined and
manipulated so as to “disarm” it, that is, to prevent it from
causing tumor formation in plants. At the same time, foreign
genes were successfully inserted into the T-DNA using
recombinant DNA techniques in order to turn Agtu from a plant
pathogen into a gene vector.
In the early 1980s four groups, working independently, were
actively engaged in creating transgenic plants, three in the USA
and one in Belgium. Two groups were in St. Louis, Missouri:
one, headed by Dr. Chilton, at Washington University and the
other at the Monsanto Company. Another group was at the
University of Wisconsin, Madison, and the fourth group was at
the Rijksuniversiteit in Ghent, Belgium.
In January of 1983, three groups reported that they had
successfully inserted bacterial genes into plants, and, four
months later, the University of Wisconsin group announced that
they had inserted a plant gene from one plant species into
another, different plant species.
From then, it only took several years for plant genetic
transformation using Agtu to become routine and widespread.
Many species of genetically-modified (GM) crop plants were
6

created, and some have become a significant proportion of
cultivated crop acreage throughout the world.
During most of the remainder of this ebook, we’ll explore
different aspects of what people have done with this technology
since 1983.
Online Resources
1. Three Ways to Make a New Plant, The Exploratorium, San
Francisco, California.
2. Transgenic Crops: An Introduction and Resource Guide History of Plant Breeding, Colorado State University.
3. Chilton, M.-D. (2001) “Agrobacterium. A memoir.” Plant
Physiology, Vol. 125, pp. 9-14. (Full Text)
4. Three Biotechnology Scientists Awarded the 2013 World
Food Prize - Mary-Dell Chilton, Robert T. Fraley, and Marc
Van Montagu
5. Thanks to Syngenta, view a YouTube video of 2013 World
Food Prize Laureate Mary-Dell Chilton expressing her views
regarding plant biotechnology and genetic engineering.
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C HAPTER 2

How To Make
A Transgenic
Plant
Why would anyone want to genetically
engineer a plant?
What technologies do you need in order
to do this?
How does Agrobacterium transfer foreign
DNA into plants?
What’s the basic recipe for making
transgenic plants?
Do transgenic plants produce transgenic
seeds?

Why would anyone want to genetically engineer a plant?
What if you wanted to make crop plants more drought or heat
tolerant? What if you wanted to make them more disease
resistant? What if you wanted them to be more productive and
need less fertilizer? What if you wanted to make roses more
colorful and more fragrant?
Up until about 30 years ago, about the only way to do this was
through traditional plant breeding, a.k.a., artificial selection.
Plant breeding is limited by the fact that you can only use
sexually compatible plants as a source of traits. That is, you
can't cross a pea plant with a corn plant for instance. And if
you are able to successfully genetically cross two compatible
plants, the offspring sometimes display undesirable traits.
Thus, plant breeding takes a lot of work, and since it relies on
successful plant reproduction and on multiple layers of plant
selection, it can take a lot of time to produce acceptable results,
sometimes years.
But what if you were able to identify plant genes known to
confer improved heat or drought tolerance, or disease
resistance, or increased vigor, or even color? And what if you
had a way to transfer such genes directly into a plant’s genome,
without all the limitations of plant breeding? And what if you
were not limited to only plant genes, but could also transfer
microbial and even animal genes into plants. Imagine the
possibilities.

Perhaps you can now understand why plant scientists were so
excited by the discovery in 1977 that a bacterium could
potentially be used to insert genes into plants.
Besides providing a means to introduce agriculturally important
traits into crops, Agtu-mediated genetic transformation of plants
was also very important for another reason. It significantly
advanced basic studies of gene expression.
Okay, what do you need in order to do plant genetic
engineering?
Basically, you needed three technologies in order to genetically
engineer plants.
The first was the ability to selectively “cut and paste” individual
genes. This is called recombinant DNA, which came of age in
the 1970s. (You can read lots more about it here.)
The second technology you need is the ability to clone plant
cells and regenerate cells or clumps of cells into totally
functional, "card-carrying" flowering plants. This is called plant
tissue culture, and it was invented in the 1950s and further
refined in the 1960s and 1970s.
By the late 1970s, all that was missing was the third and final
technology - a way too genetically transform plant cells. That is,
a way to get small bits of DNA from the outside of a plant cell
into the inside of the cell, and then for this foreign DNA to
become stably incorporated into the plant cell’s own DNA.This
was certainly a pretty big missing piece.
9

How this missing
piece was found is
F IGURE 2.1 Plant Grown in Tissue
Culture
discussed in the
previous chapter.
Briefly, it was
discovered that the
bacterium
Agrobacterium
tumefaciens (Agtu)
was able to stably
transfer a small
portion of it’s DNA
into a susceptible
plant’s genome,
which caused the
infected plant cells
to proliferate thus
forming galls or
By Nsanyal at Flickr CC-BY-2.0
“tumors”,
somewhat
analogous to cancerous tumors in animals. This discovery
eventually led pioneering plant genetic engineers to use Agtu as
“vector” to deliver foreign genes into living plant cells in the
1980’s.

But what is a gene vector, and how does it work?

Agrobacterium is the taxi, and DNA is the passenger.

To do the transfer, Agtu uses a mechanism familiar to
microbiologists who study bacterial gene transfer. This
mechanism is called bacterial conjugation. In bacterial
conjugation, a small tube made up of proteins is inserted from

So, the key technology that allowed people to routinely and
reproducibly was the discovery that Agtu was an effective
genetic vector for many species of flowering plants.

Think of a “vector” like a vehicle, which can transport a
passenger from point A to point B. For example, it's like a
taxicab transporting you from the airport to a downtown hotel.
You are the passenger, and the taxicab is the vehicle, or vector.
So in case of Agtu, several genes (on small piece of DNA) are
the passengers, and Agtu is the “taxicab”, or vector, delivering
the genes to the inside of infected plant cells.
How does Agtu do this?
The mechanism of Agtu gene transfer into plants is not
completely understood. Basically, what we do know can be
briefly summarized.
As previously mentioned, the gene passengers reside on a
small, circular piece of DNA in the bacterium called a plasmid.
And only a small piece of this plasmid called the T-DNA is what
gets transferred to the plant cells. So, if you're able to insert
foreign genes within the borders of this T-DNA using
recombinant DNA techniques, then these foreign genes will be
transferred from Agtu into its host plant cell. Okay, we now
know who the passengers are, but how does Agtu actually
transfer them?
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one bacterium into another. Genes are then transferred between
bacteria via the tube. So Agtu inserts such a tube - sort of like a
syringe needle - into its host through which it transfers the TDNA from itself into the plant cell. What happens to the TDNA?
Once inside the plant cell, the T-DNA is moved by the plant
cell into the cell’s nucleus, where it is randomly inserted into
the plant cell’s genome.

the actual steps involved? This is discussed in detail both in
books and online. What I'll do here is provide a brief recipe.
First the ingredients.

F IGURE 2.2 Leaf pieces genetically transformed using
Agrobacterium. Transformed cells start forming calluses on
the side of the leaf pieces.

Thus, genes that were once part of Agtu are now part of the
plant. Remarkably, these foreign genes are usually able to be
expressed by the plant cells to make enzymes or other proteins
that may fundamentally alter the plant.
In nature, Agtu transfers genes into infected plant cells that
code for enzymes that make two plant hormones and several
unusual organic compounds. When the two hormones are
produced by the plant in excess , they are responsible for
causing increased cell division, leading to the plant gall or
tumor. The specialized organic compounds produced by the
infected plant cells serve as food for the Agtu.
An interesting aside to the story is that injured, or “wounded”,
plant cells provide a chemical key that actually turns the Agtu
into a gene taxicab.
The basic recipe.
Previously I described, in general, what three technologies are
needed for people to do plant genetic engineering. But what are

By Seb951 at en.wikipedia. CC-BY-SA-3.0, from Wikimedia
Commons

Well, of course, you need some plants. The leaves, stems,
flowers, or roots of many dicot plants such as beans, tomatoes,
cotton, alfalfa, tobacco, etc., can be used. These plants are
susceptible to Agtu, and, also, they usually can be regenerated
from small pieces of the plant using plant tissue culture. Since
11

plants such as wheat, corn, and barley cannot be easily
regenerated from vegetative tissue, typically one must use seed
embryos.
The next ingredient is a culture of the Agtu cells, which
previously have been genetically modified using recombinant
DNA techniques so that they now carry foreign genes on their
T-DNA.
The final ingredient is the plant tissue culture media necessary
to grow the plant pieces or embryos into whole plants.
(Typically, this is a jellylike substance thickly coating the
bottom of a plastic or glass containers called agar, to which one
can add sugars, minerals, vitamins, and plant growth factors.)
How do you know which plant cells have been genetically
modified (GM)?
Sometimes only a small percentage of the plant pieces or cereal
embryos are actually infected and genetically transformed by
Agtu.
You certainly don't want to go to all the trouble of regenerating
hundreds or thousands of plants in tissue culture and then
growing them in the greenhouse to find that they haven't been
genetically transformed.
To get around this problem, typically one includes a herbicide
in the plant tissue culture media. And one of the foreign genes
in the Agtu codes for an enzyme that breaks down this
herbicide. Thus, untransformed plant cells will be killed by the

poisoned tissue culture media, but genetically-transformed
plant cells can break down the herbicide, survive, and grow.
This was pretty much the basic recipe for generating transgenic
plants in the 1980’s. Since then, different recipes and
technologies have been created that improve the infection rate,
improve selection, and broaden the number of plant species
that can be genetically transformed. Some of these new recipes
are even able to avoid the arduous and time-consuming step of
plant tissue culture. (And in the next chapter, we’ll see how you
can even eliminate the need for Agtu.)
From GM plant cells to GM plants
Once the plant pieces or cereal embryos that have survived the
herbicide-based selection process, they grow in plant tissue
culture and develop into “card-carrying’ plants. This typically
happens over the course of weeks to months and usually
requires that the plantlets be transferred to fresh media in larger
containers. Eventually, the plants can function on their own
without nutrient agar media and can be grown in soil-filled pots
in a greenhouse.
Do GM plants produce GM seeds?
In general, the foreign genes introduced into plants using Agtu
are stable in the plant genome and can pass from one
generation to the next generation via sexual reproduction. So,
yes, transgenic plants usually make transgenic seeds. Thus,
genetically-engineered plants are self generating inventions (see
chapter 8).
12

Taking a Floral Dip (or How to Genetically Transform Plants
Using Agtu Without Using Plant Tissue Culture)
The floral dip transformation is notable for a number of reasons.
First, it is strikingly simple to perform. Agtu is applied to
flowering Arabidopsis plants that subsequently set seed, and
then the transgenic plant seedlings are easily selected among
the thousands of progeny seedlings.
Secondly, because no plant tissue culture is required,
somaclonal variation (genetic alteration) is avoided, and the
procedure can be performed by a person who is not a tissue
culture specialist.

Online Resources
How to do the “floral dip”: “In planta transformation of
Arabidopsis.” by D. Weigel and J. Glazebrook, Cold Spring
Harbor Protocols.
References
1. Barampuram, S. and Z. J. Zhang (2011) “Recent advances in
Plant Transformation.” Methods in Molecular Biology, Vol. 701,
pp. 1-35. (PDF)

Finally, success rates are relatively high. It is common that 1%
of the progeny seedlings will be transgenic.
The floral dip is just one of the new plant genetic transformation
methods that has emerged in the last 10 years.
New Methods for Making Transgenic Plants
Because GE plants have become so important in the modern
breeding of crops, scientists have sought to develop new and
more efficient transformation methods.
Despite the fact that several different DNA-delivery systems
have been tried, Agtu-mediated transformation, along with the
“gene gun” (see Chapter 3), remain the two predominant
methods. Indeed, the progress in Agtu-mediated transformation
of cereals and other recalcitrant dicot species has been quite
remarkable (e.g., see reference 1 below).
13

C HAPTER 3

Gene Guns,
Terminators &
Traitors
Because the Agrobacterium gene-transfer
procedure didn’t work with all plants,
particularly cereals, a “shot-gun” method
was developed in the 1980’s to literally
blast foreign genes into plants.
This led to some interesting - some would
say nefarious - uses for transgenic crop
plants.

"Apples, Peaches, Pumpkin Pie...."

Shotgunning DNA Gold-Dust

After the initial reports in 1983 of successful genetic
transformation of tobacco, petunia and sunflower plants using
Agtu to mediate gene transfer, this technique was tried on many
other crop plants.

In 1988, it was reported (see ref. 1 below) that maize could be
genetically transformed by bombarding maize embryos
(isolated from seeds) with extremely small tungsten
microprojectiles (0.6 or 2.4 microns in diameter) coated with
DNA. Thus, these researchers avoided having to use Agtu to
deliver the foreign DNA into plant cells and, by using maize
embryos, the necessity of generating plants from somatic cells.

By 1989, a colleague at the time, geneticist Victor Raboy,
summarized a "Plant Gene Transfer" meeting he'd attended by
singing the line "Apples, Peaches, Pumpkin Pie..." from the
1967 hit song by Jay & The Techniques.
It was almost easier to name the crop plants NOT reported as
being genetically modified using Agtu.
There was, however, a very important group of crop plants not
amenable to this genetic transformation technique.
The Cereals
Corn (maize), wheat, barley, oats, etc., all resisted efforts at
genetic transformation using the Agtu-based technology. The
reasons are complex, but suffice it to say here that it was mainly
due to the fact that they are all grasses, that is, monocots.
The cereals not only don't serve as very good hosts for Agtu,
but also can't be regenerated very easily from somatic cells
(non-reproductive or vegetative cells) via tissue culture, which
in the 1980’s was a critical step in Agtu-mediated genetic
transformation.

The biolistic particle delivery system or so-called “gene gun”
was developed between 1983 and 1986 by a small group of
scientists and engineers at Cornell University.
Basically, the gene gun works like this today. First, small pieces
of DNA (plasmids) are created and amplified using recombinant
DNA technology. Next, very small (dust-like) particles of
tungsten, or even gold, are coated with these DNA molecules.
These small particles called micro-projectiles are then shot
(accelerated) into pieces of plant tissue by using a burst of
high-pressure Helium gas. This plant tissue may consist of small
pieces of leaves or stems or roots, but, in the case of cereals,
the tissue pieces typically consist of embryos removed from
seeds. (The embryos can then be “germinated” on nutrientcontaining media to produce new plants.) Many plant cells may
be damaged by this process, but many may also be undamaged
and actually incorporate the foreign DNA into the cell’s
nucleus. More details about how the “gene gun” works is nicely
provided online here.

So, what were the poor cereal breeders to do?
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“Gene guns” are commercially-available. For example,
information about the Biolistic®-PDS-1000/He Particle Delivery
System can be found online here. (And you may even be able
to buy a used one on eBay.)

F IGURE 3.1 The the adoption of herbicide-tolerant (HT) and
insect-resistant (Bt) crops since their introduction in 1996,
expressed as percent of planted acres.

With the development of the “gene gun”, by 1990, there were
multiple ways to genetically transform plants, and the race was
on to develop commercially-available (and profitable) GMOs
(genetically-modified organisms).
In 1992, the first GMO approved by the USDA for human
consumption was Calgene’s "Flavr Savr" tomato, which was bioengineered to slowly ripen by genetically interfering with an
enzyme involved in fruit softening. This initial foray into the
commercial production of GMO’s was not a success for a
variety of reasons. (You can view a video about the history of
this “Test-Tube Tomato” here.) In 1996, Calgene was acquired
by Monsanto Company, which had other commercial plans for
GMO’s.
What Monsanto primarily had in mind in the 1990‘s was to
produce genetically-engineered crops that were tolerant to its
successful herbicide Roundup®. By 1996, Roundup Ready®
soybeans were sold by Monsanto. These herbicide-tolerant (HT)
soybeans were soon followed by HT cotton and HT corn.
In addition, Monsanto also inserted into cotton and corn
bacterial genes coding for proteins (called crystal proteins or
Cry proteins) that interfere with the digestion of some insects.
These so-called “Bt” proteins (because they’re from the
bacterium Bacillus thuringiensis) are actively produced by these

By FDA [Public domain], via Wikimedia Commons. (For
more information about this graph, please see: http://
www.ers.usda.gov/data-products/adoption-of-geneticallyengineered-crops-in-the-us.aspx)
genetically-engineered crop plants, which render the plants
toxic to some major insect pests on these crops.
As indicated in the graph above, since 1996, both herbicidetolerant (HT) and insect-resistant (Bt) genetically-engineered
(GE) crops have been widely adopted by U.S. farmers.
Though their GE crops have sold very well, biotech companies
such as Monsanto want to protect their investments by limiting
16

or preventing the ability of growers to save seeds from GE
crops. One way is through litigation (see Chapter 6, for
example). Another way is through technology.
"Terminating" Seed Germination
Originally called the Technology Protection System (TPS), but
also know as Genetic use restriction technology (GURT), and
more commonly known as “terminator technology” or “suicide
seeds”, are the names referring to a technology for restricting
the use of GE crop plants by causing second generation seeds
to be sterile. That is, a genetic way was found to block the
germination of seeds produced by GE plants.
Basically, there are two different “flavors” of seed terminating
technology. In the first case, called V-GURT, the GE plants are
designed to produce sterile seeds that will not germinate. In the
second case, called T-GURT, the seeds are viable (alive), but
require a special chemical treatment in order for them to
germinate.
Briefly, the so-called V-GURT "terminator" technology
incorporates genes into GE crop plants that, when expressed,
are lethal to developing seed embryos, that is, in the seeds
produced by the GE crop plants.
Because such seeds are effectively dead, it would be futile to
save them for replanting in subsequent years. (Please see ref. 2
below for more detailed information about how this terminator
technology works.)

T-GURTs Are "Traitors"
The other technological way to prevent farmers from saving and
replanting seeds from GE crop plants would be to incorporate
traits into the GE plants that would require a special chemical
for second-generation seeds to germinate. Sort of like a special
key for the lock.
Officially known as Trait-specific Genetic Use Restriction
Technology or T-Gurt (a.k.a., "Traitor" technology), this method
incorporates a genetic control mechanism that requires yearly
applications of a proprietary chemical to activate desirable
traits. (Again, please see ref. 2 below for lots more information.)
Whither Terminator Technology?
When the patent for terminator technology was announced by
Monsanto, the announcement met with such a public outrage
that in 1999 Monsanto’s CEO pledged not to commercialize the
sterile-seed (V-GURT) technology. And this is basically where
the technology stood until recently.
Fast forward to 2013, and now it appears that this technology
might be resurrected (see Chapter 6). Some of Monsanto’s
genetically engineered seed patents have recently been
challenged in the U.S. Supreme Court (see ref. 3 below). If
Monsanto loses this case, then they may be tempted to revive
their terminator seed technology in order to protect their
investments. (Please see Chapter 6 for more on GE seeds and
the law.)
17

So, at the time of this writing, it’s unclear whether or not the
seed “terminator technology” will be resurrected by Monsanto.
A very unpopular technology, that was once considered dead,
may indeed become commercialized. We’ll just have to wait to
see what the Supreme Court, and Monsanto, ultimately decide.
Online Resources
1. USDA Biotechnology Website
References
1. Klein, T.M., Fromm, M.E., Weissinger, A., Tomes, D., Schaaf,
S., Sleeten, M. & Sanford, J.C. (1988) "Transfer of foreign
genes into intact maize cells with high-velocity
microprojectiles." Proceedings of the National Academy of
Sciences (USA) Vol. 85, pp. 4305-4309. (PDF)
2. "Terminator" Technology, Department of Soil and Crop
Sciences, Colorado State University.
3. Ledford, H. (2013) “Seed patent case in Supreme Court.”,
Nature, Vol. 494, pp. 289–290. (Full Text)
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C HAPTER 4

Farmaceuticals,
Plantibodies &
Edible Vaccines
It is now possible to use genetically
engineered plants to biosynthesize drugs
and vaccines.
Despite the advantages provided by plant
“pharming”, this technology has not
proven to be commercially viable...so far.
Why not?

New Meanings For "Medicinal Plants"?
Plants have been used by humans for thousands of years as a
source of medicines, some effective, many not so much (except
perhaps as placebos).
The first botanists were likely shaman herbalists who possessed
the knowledge of which plants would kill and which plants
would cure.
Contemporary shamans can now perhaps be found at the local
food co-op or health food store in the herbal supplements
section. Some may even be found ensconced in universities or
drug companies. These PhD botanists, microbiologists, chemists
and pharmacists are combing the planet, from oceans to
jungles, in search of exotic plants that may contain compounds
that cure cancer, AIDS, or you name it.
Bioprospecting for plant-derived medicines is an active field
and is a risky, but potentially lucrative, endeavor.
But instead of searching for natural plant compounds with
medicinal properties, some scientists are using well-known
crops, even tobacco plants, as solar-powered bioreactors to
synthesize medicines and vaccines using plant genetic
engineering.
Plant Molecular “Pharming”
With the blossoming of plant genetic engineering in the 1980s
came a new way of looking at plants as potential sources of
medicines.

Would it be possible, for instance, to use geneticallyengineered (GE) plants to bio-synthesize drugs such as insulin
and human growth factor on a commercial scale?
Could we also use GE plants as sources of vaccines? For
example, by digesting some edible plant vaccines, could
children be effectively vaccinated against cholera, rotavirus,
and E. coli infection?
For over twenty years, genetically-engineered animal cells,
yeast and bacteria have been used to produce drugs that are
based on large biological molecules (biologics). For example,
human insulin produced by genetically-engineered E. coli
bacteria or yeast (expressing the human gene coding for insulin)
has been commercially available since since 1982.
Why not produce such biologics in genetically-engineered
plants? Plants have several advantages over animal cell culture
or microbes to produce drugs.
First, the cost of production of such biologics using GE plants is
typically lower, which means that such drugs should cost less.
Secondly, the molecular machinery of plant cells is closely
related to that of animal cells. Thus, plant cells are able to
synthesize and process relatively complex biologics. Indeed,
GE plants have been shown to be able to produce human
antibodies (immunoglobulins). Such so-called “plantibodies”
appear to have the same biochemical properties as antibodies
produced in animal cell cultures.
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Thirdly, seeds and fruits could provide sterile packaging
containers for valuable biologics and could also furnish a
reliable storage life. This third point is especially relevant when
it comes to vaccines.
Edible Vaccines
Many people in remote places of the world don’t have access to
vaccines. This is mainly because of logistical and economic
problems posed by having to transport traditional vaccines over
long distances, keeping them refrigerated en route and at their
destinations. Ideally, what is needed is inexpensive, oral
(edible) vaccines that require no refrigeration.
One of the early proponents of edible plant vaccines was Dr.
Charles Arntzen, who proposed in the 1990‘s that bananas and
potatoes, for example, could be genetically engineered to
produce vaccines in their edible parts, which could then be
eaten when inoculations were needed.
Such GE plants could be grown locally, and, because many
food plants can be regenerated readily, the crops could
potentially be produced indefinitely without the farmers having
to buy more seeds or plants. Moreover, edible vaccines would
require no syringes, which can be costly in poor countries and
can lead to infections if they become contaminated with reuse.
Sounds like a great idea. But no such edible vaccine GE crops
have been commercially grown, to date. Why not?

It’s one thing to grow GE crop plants with improved pest or
herbicide resistance for food or forage and quite another to
grow GE plants producing physiologically active substances
such as drugs or vaccines. The chief concern is that the GE
plants might find their way into the food supply or crosspollinate with conventional, non-GE crops. (see Chapter 5 for
more on this.)
Additional concerns about edible vaccines can be found at this
chapter’s Online Resources 1.
Whither Plant “Pharming”?
Although fields of crops producing edible vaccines and drugs
will likely never be legitimately cultivated, such biologics make
be produced in plant cell cultures or in greenhouse-grown
plants. The drugs can then be extracted from plant tissues, and
the edible vaccines may end up in processed food for transport
and storage without refrigeration. (Think pureed banana baby
food, for example.)
Much was made of so-called plant molecular pharming in the
1990s, but for various technical and regulatory reasons, the
actual impact of plant biotechnology on the pharmaceutical
industry has, to date, fallen way short of most of the
predictions. (Please see Online Resources 2 for a list of some
current and cancelled projects.)
Recent approval by the FDA of a drug produced in plant cells
may, however, herald a renaissance in plant molecular
pharming.
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"Drug-Making Plant Blooms"
As reported in the May 10, 2012 issue of Nature, the first
biological drug for human use that is manufactured inside
genetically modified plant cells was approved by the US Food
and Drug Administration (FDA).
This new drug (ELELYSO™) is a treatment for Gaucher (goSHAY) disease, a.k.a, Gaucher’s disease, that is caused by a
hereditary deficiency of an enzyme involved in fatty acid
metabolism. ELELYSO™ is an enzyme (taliglucerase alfa) that
breaks down a substance that builds up in the body of patients
with Gaucher disease. Such enzyme-replacement therapy helps
to decrease the harmful effects of the disease.
Plant genetic engineers at the Israeli biotech firm Protalix
Biotherapeutics were able to produce ELELYSO™ in carrot cells
by inserting the gene coding for taliglucerase alfa into them.
The carrot cells can be grown and harvested in the lab, and
from them the enzyme is then biochemically extracted and
purified..
In reaction to this report, Professor Charles Arntzen, a plant
biotechnologist now at Arizona State University in Tempe, says
that this FDA approval "…sends a clear and positive signal to
investors and companies that plant-manufactured drugs are
worth pursuing."
Down on the “Pharm” (Some companies producing biologics
and vaccines made in GE plants that were in clinical
development in 2012.)

1. Biolex Therapuetics - Making drug “Locteron” (interferon-α)
as treatment for Hepatitis C using the plant Duckweed.
(Biolex filed for bankruptcy July, 2012)
2. Medicago - Making vaccines against viruses (e.g., influenza
and HIV) using tobacco plants.
3. Ventria Bioscience - Making human lactoferrin (VEN 100) in
rice as treatment against antibiotic-associated diarrhea.
4. Planet Biotechnology - Claims to have produced (in tobacco)
the world's first clinically tested “plantibody” CaroRx™,
which specifically binds to the bacteria that cause tooth
decay.
(For more “pharming” companies, please see here.)
Online Resources
1. A good discussion regarding the concerns raised about
“pharming” can be found here.
2. A list of some “pharming” originators (companies and
universities) and “pharming” research projects and products
can be found here.
3. GMO Compass is a website, originally established with
funding from the European Union, that claims neutrality on
GMO’s, but is usually pro-GMO. According to the website
GMWatch, GMO Compass is run by a German company
(Genius) which numbers amongst its clients: the American
Soybean Association, BASF, Bayer, EuropaBio and Syngenta.
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C HAPTER 5

Into The Wild
Do genetically-engineered plants “leak”
transgenes into the environment?
Plant genetic engineering proponents tend
to dismiss this issue as merely a
“management” problem.
Ecologists generally agree that it’s
potentially a very serious problem that
needs much more scientific study.
Who’s right?

Escape of the Transgenes?
A couple of years ago, I was a bit startled as I listened to a
podcast of NPR's Science Friday program. In this episode
(2/18/2011), host Ira Flatow was interviewing the new president
of the American Association for the Advancement of Science
(AAAS) Dr. Nina Fedoroff (a distinguished plant molecular
biologist, by the way).
She shocked me (and, apparently, Ira Flatow) by flatly denying
that there were any cases of transgenes “leaking” into the
environment from genetically-engineered (GE) crop plants.
To Ira's credit, he challenged her on this somewhat
preposterous statement. (See below why it was indeed such a
surprising remark.)
Because this episode elicited a "storm" of letters and e-mails, Ira
Flatow did a follow-up Science Friday interview (which you can
listen to here) with Fedoroff and plant ecologist Dr. Allison
Snow.
Briefly, Dr. Snow provided examples of genetically engineered
crop plants “escaping” into the environment, particularly
canola. Dr. Fedoroff seemed to dismiss these examples as
merely "management" problems.
It May Be Hard To Corral A Transgene In The Wild
Contrary to Dr. Fedoroff's opinions expressed on the Science
Friday programs, there is scientific evidence that transgenes
have "leaked" from test plots and from GE crops to other plants.

For example, in May 2013, an Oregon farmer discovered GE
glyphosate-resistant wheat plants that apparently had somehow
“escaped” from decade-old Monsanto test plots.
Evidence that a transgene can move from GE crops to plant
relatives was provided in 2006 when it was shown that
transgenes conferring resistance to the herbicide Roundup®
(glyphosate) “escaped” from a test plot of geneticallyengineered turfgrass to adjacent populations of a related native
grass. (Please see Ref. 1 below.)
There certainly are other published examples (see ref. 2 below,
e.g.) of gene flow from GE crops to other non-GE crops and to
weedy or wild relatives. And, as genetically-modified organisms
(GMOs) - especially crop plants - proliferate, there will likely be
more “escapes” of transgenes to come.
Driving Sideways?
Gene flow is a natural phenomena and is certainly not unique
to transgenic crop plants. In plants, it usually occurs via pollen,
seeds and, in some cases, vegetative reproduction. Gene flow
via pollen can occur in all crops, even those that are
considered to be self-pollinated, because there is always at least
some low level of outcrossing occurring.
Gene flow via seed dispersal or through vegetative
reproduction happens through natural dispersal (think wind or
birds, e.g.). This movement can also be promoted by human
activities, during crop production and commercialization, for
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example. Because there are so many factors that influence gene
flow, it’s very difficult to prevent or predict.
Please note: Horizontal gene transfer (HGT) or lateral gene
transfer is a much rarer form of gene flow (see here for some
examples in plants). Of course, plant genetic engineering is a
kind of artificial HGT.
Ecological Implications?
With the proliferation of transgenic crop plants, of particular
concern to ecologists and weed scientists has been the
incorporation of crop transgenes into wild and weedy relatives
of these GE plants. This is known as “transgene introgression”.
It's not difficult to imagine the ecological and agricultural
implications if so-called "weedy" plant populations acquire
transgenes conferring herbicide tolerance and pest resistance,
for example, from related GE crop species.
And, as mentioned in the previous chapter, concerns about
transgene “escape” is one of the major reasons why GE crop
plants expressing genes for drugs that affect humans and/or
animals have not been grown in the field.
But, although gene flow from GE plants to wild relatives has
been detected, the ecological significance of these occurrences
is much less well understood.
"Overall, there are relatively few data available with which to
evaluate the potential for increased weediness or invasiveness in
a crop species with fitness-enhancing abiotic and biotic GM

traits. A better understanding is needed of the factors that
presently control population size and range limits of either the
crop volunteers or wild recipient populations, and the degree
that survival or reproduction in the field is presently affected by
the relevant biotic or abiotic stress-tolerance trait. " - from Ref.
3 below.
Are There Some Techno-Fixes to This Problem?
Yes, there are some technological “mitigation strategies” that
currently are, and may be, used for helping keep transgenes
from escaping from GE plants into the wild.
Remember, pollen is one of the most common vectors for gene
flow in flowering plants. So, most technological approaches to
gene flow mitigation have focussed on the pollen.
Basically, there are three ways to do this: first, by keeping the
transgenes out of the pollen, secondly, by preventing the
formation of pollen, and, finally, by keeping the pollen inside
the flower.
The first way uses transplastomic plants, in which the
transgenes are not located in the plant cell nucleus but in the
cell’s chloroplasts. In most plant species, the chloroplasts are
maternally inherited, that is, the pollen does not have them.
Thus, any transgenes restricted to the chloroplasts can’t be
transmitted by the pollen.
The second way relies on male-sterile plants, which are unable
to form functioning flowers and thus don’t produce viable
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On One Hand....On The Other Hand....

F IGURE 5.1 A honey bee covered in pollen.

Plant biotechnology proponents tend to declare that transgene
“escapes” from GE crop plants happen very rarely. And the
data, so far, tends to support this conclusion.
They also point to technological fixes (see above) that can be
used to better “corral” transgenes, so that they won’t escape.
Conversely, plant ecologists say that the evidence suggests that
transgene flow - albeit rare - can, and eventually will, happen,
given enough time. And any transgenes that bestow competitive
advantage (such as herbicide resistance or improved stress
tolerance) to weedy recipients will likely enhance their
invasiveness.

By ForestWander at Flickr CC-BY-SA-2.0
pollen. Since some male-sterile crop plants can produce higher
yields, some plant genetic engineers are trying to introduce this
trait into GM crops.
The third way works via cleistogamy. Occurring naturally in
some plant species, cleistogamous plants produce flowers that
either open only partly or not at all. Because of this, pollen
dispersal is restricted.
Other potential technological fixes to deter gene flow from GE
plants involve mitigations strategies aimed at preventing the
production of viable seed, such as using various seed
“terminator” technologies, as discussed in Chapter 3.

Bottom Line
In a sense, Dr. Fedoroff is correct in stating that this is a
"management" issue. But perhaps such management of GE
crops should be conducted primarily by plant ecologists, such
as Dr. Snow (see ref. 4, e.g.), rather than by the plant genetic
engineers themselves.
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C HAPTER 6

Are GM Plants
Self-Replicating
Inventions?
Can you break the law by planting seeds?
If you are in the U.S., the answer is YES (at
least for the time being).
Yes, that is, if your seeds contain genes
patented by Monsanto, for example.
Yes, even though the patented genes may
have “contaminated" your crops via
pollen, seeds, or both, that have drifted in,
or "trespassed", from adjacent fields of
GM crops.

Does Monsanto Own All Future Generations of Its GM Plants?
Vernon Hugh Bowman, a 75-year-old Indiana soybean farmer,
purchased and planted expensive Roundup Ready® soybean
seeds (tolerates glyphosate herbicide, such as Roundup®) as his
first-crop in each growing season from 1999-2007 and did not
save seed in compliance with licensing agreements.
But Bowman decided to look for something cheaper for a risky,
late-season soybean planting, his so-called “second crop”
planting. He went to a local grain elevator that held soybeans it
typically sold for feed, milling and other uses, but not as seeds
for planting.

F IGURE 6.1 Soybean field in Indiana.

Bowman reasoned that most of those soybeans also would be
resistant to glyphosate, as they initially came from Roundup
Ready® soybeans seeds. His assumption was correct. He
applied Roundup® to this late-season soybean crop and
identified herbicide-resistant soybean plants, from which he
obtained seed for subsequent years of second-crop planting
In 2007, Monsanto sued Bowman, who argued that a doctrine
called the “patent exhaustion doctrine” (see below) allowed
him to do what he liked with products he had obtained legally.
Lower courts ruled that Mr. Bowman’s conduct amounted to
patent infringement, and Monsanto won an $84,456 judgment.
Bowman appealed all the way to the Supreme Court. So in
2013, Monsanto’s patent claim was challenged in the US
Supreme Court (see Refs. 1 & 2 below).
An argument recap of the case shows that the Justices appeared
wary of cutting patent rights to genetically modified seeds. And
on May 14, 2013 they ruled in favor of Monsanto. Basically, the
Supreme Court agreed with the lower courts in that “...the
exhaustion doctrine does not enable Bowman to make
additional patented soybeans without Monsanto’s
permission,...”
Patented Seeds and the Exhaustion Doctrine

By jessicareeder at Flickr CC-BY-2.0

Let's say you own the patent on an item. According to common
patent law, if you legally sell the item to someone, then you no
longer control the use or resale of the item.
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This is called the “exhaustion doctrine” of patent law.
According to this doctrine, "…once an unrestricted, authorized
sale of a patented article occurs, the patent holder’s exclusive
rights to control the use and sale of that article are exhausted,
and the purchaser is free to use or resell that article without
further restraint from patent law." (from Wikipedia)
But patented seeds are different from most other patented
products. That is, when one uses patented seeds, they germinate
and grow into plants, which likely produce a new generation of
seeds.
The key question: Is this next generation of seeds still controlled
by the patent holder?
According to Monsanto's position on saved seeds, the answer
is: YES.
Monsanto GM Seeds As Self-Replicating Inventions
Monsanto seeds are sold to farmers only if they sign a
Technology Agreement, which imposes the following
conditions.
First, farmers can only plant the seeds for a single season.
Secondly, farmers can't give the seeds to other farmers for
planting.
Thirdly, farmers can't save crops produced from the seeds for
replanting or give saved seed to other farmers for replanting.

(Farmers are, however, allowed to sell second generation seed
to local grain elevators as a commodity.)
Finally, farmers can't provide the seed for breeding, R&D or
seed production.
Thus, the genetic traits patented by Monsanto carry forward
with each successive seed generation. Consequently,
Monsanto's patent rights are never exhausted.
The issues raised when considering patent laws and selfreplicating technologies are certainly knotty, as well as timely,
ones.
Indeed, in 2013 the U.S. Supreme Court got involved by
hearing the Bowman vs. Monsanto case, as previously
described. Since the justices ruled unanimously that farmers
could not use Monsanto’s patented GM soybeans to create new
seeds without paying the company a fee, the patent rights
regarding genetically-engineered plants have so far been
upheld.
A Preemptive Strike
A major producer of GMO seeds, Monsanto has a reputation of
aggressively investigating and suing farmers it suspects are in
violation of its seed patent rights. (For a couple of examples,
please see a CBS news story here, and here is a clip from the
documentary Food, Inc.)
And Monsanto’s side of the story is presented here.
30

In response to Monsanto's policies and behavior, a coalition of
organic farmers - who, by the way, don't buy geneticallymodified (GM) seeds from Monsanto - filed a lawsuit against
Monsanto in 2011 that would prevent the company from suing
them if pollen or seeds from the crops grown from the
company's patented GMO seeds happened to drift into their
fields.
Because so much of U.S. crop acreage is currently planted with
GMO seeds (please see Figure 3.1 ), this is not an unreasonable
concern.
Despite this, early in 2012, the presiding judge in this case
effectively sided with Monsanto by dismissing the farmers'
lawsuit. (Read coverage of this story at NPR.)
This decision has recently been appealed, so we’ll have to wait
and see how this one turns out. (The case is Organic Seed
Growers & Trade Association et al. v. Monsanto Co. et al., case
number 12-1298, in the U.S. Court of Appeals for the Federal
Circuit.)
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C HAPTER 7

Plant Trek The Next
Generation
What’s next for genetically-engineered
plants?

Whither Plant Genetic Engineering?
The first generation of transgenic plants was in its infancy in the
1980's, came of age in the 1990's and seems to have settled
into staid middle age in the past ten years.
Genetically-engineered (or more commonly referred to as
"genetically-modified") crops have come along way since the
ill-fated "Flavr Savr" tomato was first commercially produced
and sold in 1994.
In 2012 genetically-modified (GM) corn, soybean and cotton
accounted for nearly 90% of total planted acres of these crops
in the United States. (See current USDA data.) Consequently,
the U.S. produces more GM crops than any other country.
But the rest of the world is quickly catching up, with Canada,
Argentina, Brazil, India, Australia, and China all planting more
and more GM crops. (Please see here for current data on
international GM crops.)
So, what's next?
A succinct answer is provided here thanks to the Crop Science
Society of America (CSSA): "First-generation genetically
modified (GM) transgenic crops with novel traits have been
grown in a number of countries since the 1990’s. Most of these
crops had a single gene that allowed them to tolerate herbicide
application, giving them an advantage over wild species.
Second-generation transgenic crops are now being tested in
confined field trials around the world. Some of these traits will

allow crops to tolerate environmental stress such as drought,
cold, salt, heat, or flood. Other traits being developed may lead
to increased yield or lower nutrient requirements, or increase
tolerance to disease and pathogens."
New generations of transgenic plants are being produced, as,
perhaps, a way to counter potential "mid-life crises" of current
GM crops. Such "crises" include the emergence of
"superweeds", the ineffectiveness of insect resistance in some
GM cotton, e.g., and the "contamination" of agricultural and
natural landscapes by GM crops or by "transgene pollution" via
horizontal gene transfer.
(FYI - Monsanto responds to ineffectiveness of Bt cotton in
India)
But how does one go about making such "second generation"
GM plants?
More Is Better: "Trait-Stacking" & Multigene Transfer
One way to make the "next generation" of GM crop plants is to
simply add two or more "commercially-desirable" traits, such as
herbicide tolerance and insect resistance, to one plant.
According to the GMO Compass website:
"Herbicide tolerance (HT) continues to be the most common
transgenic trait in GM crops worldwide." And "Insect resistance
(mostly Bt) is the second most common genetically modified
trait. Herbicide tolerance and insect resistance (Bt) often are
introduced simultaneously to a crop in one transformation
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event. This is called trait stacking. The third most commonly
grown transgenic crop was stacked insect resistant/herbicide
tolerant maize. Combined herbicide and insect resistance was
the fastest growing GM trait from 2004 to 2005, grown on over
6.5 million hectares in the US and Canada and comprising
seven percent of the global biotech area."
(FYI - Monsanto's take on "gene stacking")
Another class of second generation GM plants is more complex
phenotypically than "stacked" GM plants. Such "ambitious"
phenotypes may result from the insertion of multiple genes even artificial chromosomes called minichromosomes - into
GM plants.
"Instead of attempting to generate useful transgenic plants by
introducing single genes, we now see an increasing number of
researchers embracing multigene transfer (MGT) as an
approach to generate plants with more ambitious phenotypes.
MGT allows researchers to achieve goals that were once
impossible – the import of entire metabolic pathways, the
expression of entire protein complexes, the development of
transgenic crops simultaneously engineered to produce a
spectrum of added-value compounds. The potential appears
limitless." (from Ref. 1 below)
The Next Generation
Besides expressing a combination of “commercially-desirable”
traits, the next generation of GM crops will also likely be

characterized by more sophisticated genetic engineering and by
expanding the scope of GMO product marketing.
Currently, most GM crops are the result of “shotgun” genetic
transformation techniques used to insert into plants “foreign”
genes that confer herbicide tolerance or insect resistance.
(Please see Chapters 2 and 3.) By “shotgun” I mean that the
genes are randomly inserted into the plant’s genome. And by
“foreign” I mean that these genes are not from plants, but
typically from bacteria.
Many of the “next generation” of GM crops will be created
using advanced genetic-engineering techniques, allowing the
precise editing of the plant’s own genome. For example, such
techniques might allow researchers to remove specific genes
that render a crop plant susceptible to a particular disease. They
could also be used to adjust the expression of a plant’s own
genes that are involved in, for example, drought tolerance.
With the ability to more precisely “tweak” plant genomes, plant
genetic engineers may be able to modify crop plants’ own
genes in order to achieve “commercially-desirable” traits, thus
avoiding the use of foreign genes. (Please see, for example,
Simplot’s Innate™ Technology potatoes.) The absence of
“foreign” genes in GM crops would remove one of the major
objections that people have to GMO’s.
Another major objection to GM crops is that, to date, most of
them have only two “commercially-desirable” traits, namely,
herbicide (Roundup®) tolerance or insect resistance (via Bt
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toxin). Consequently, these GM crops have been marketed
mainly to farmers.

So, whither plant genetic engineering? - "The potential appears
limitless"!

Though farmers will still be the chief market for the next
generation of GM crops, increased attention by commercial
plant genetic-engineers will likely be paid to both food
processors and to the people that ultimately consume the food
products from GM crops.

Online Resources

As a result of this, the next generation of GM crops will likely
display a much wider array of “commercially-desirable” traits,
such as fewer or smaller seeds, longer shelf-life, higher vitamin
and nutrient content, etc. (e.g., see Ref. 3 below)
Finally, many of the next generation of GM crops will also
likely NOT be produced by the large agribusiness corporations,
such as Monsanto. Instead, future GM crops may be produced
by non-profit-driven academic labs and by small agricultural
biotech companies, targeting specific food products, such as
Arctic Apples and Simplot’s “Innate”-brand potatoes.
And, because the technologies involved in plant genetic
transformation are well-known, relatively simple, and easily
obtainable, don’t forget the do-it-yourself (DIY) plant genetic
engineers.
Just as computer “hackers” have significantly contributed to the
current landscape of computer technology, bio-hackers (DIY
plant biotechnologists) may also contribute to the next
generation of GM plants. (See Chapter 8 for more about this.)

1. The future evolution of genetic engineering.
2. What are the pros and cons of genetically-engineered food?
3. Nature.com - On GM Crops
4. Biology Fortified, Inc. - “...an independent, non-profit
organization devoted to providing factual information and
fostering discussion about issues in biology, with a particular
emphasis on plant genetics and genetic engineering in
agriculture.”
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C HAPTER 8

DIY Plant
Genetic
Engineering?
Is it possible that the kids across the street
could someday soon be creating
genetically-engineered plants in their
garage or greenhouse? (Now there's a
scary thought.)
This may be more feasible than you think.

Biotech in Your Garage?
An article called Garage Biology in the 7 October 2010 issue of
Nature magazine describes the burgeoning field of "do-ityourself" (DIY) biotech. (see Ref. 1 below)
This story is mainly about Dr. Rob Carlson, a pioneer in the
field of "garage biotech" (see Refs. 2 & 3 below). He has
recently published a book called Biology Is Technology: The
Promise, Peril, and New Business of Engineering Life.

biotechnology labs in your city that provide the training and
equipment. For example, several years ago a DIY Biotech
hacker space opened in NYC. (For more info, please see Ref. 5
below.)

F IGURE 8.1 GENSPACE - A biotech hacker space in NYC

For relatively modest amount of money, a person can set up a
reasonably functional molecular biology lab, in part, by
acquiring used lab equipment in places such as eBay.
See, for example, this garage biology lab in Silicon Valley.
According to one prominent reviewer: "Since Rob Carlson is
THE authoritative tracker of progress in biotech, this book is the
most complete - and exciting - chronicle of the technological
revolution that promises to dominate this century." --Stewart
Brand, author of Whole Earth Discipline: An Ecopragmatist
Manifesto. Information regarding "biohackers" (sometimes
a.k.a., “biopunks”) can, of course, be found online (e.g., see
Ref. 4 below or here). And an interesting book on the subject is:
Biopunk: DIY Scientists Hack the Software of Life.
Plant Bio-Hacking - Coming To A City Near You? (Or Already
There!)

By .dh at Flickr CC BY 2.0
Since then, other bio-hackerspaces have opened, including
Biocurious in the San Francisco Bay area, and HiveBio in
Seattle. For some bio-hackerspaces in Europe, please see: DIY
Bio Europe, BiologiGaragen (Copenhagen), and La Paillasse
(Paris). (A link to list of local bio-hackerspaces is included in the
Online Resources below.)

But even if you don't have the money or knowledge to do such
science yourself, there may actually be community
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So, similar to open source computer software, does there exist a
growing field of "open source biotechnology". Some say yes,
but others say no.

wanted — I think it's time for them to come out. If the
marketplace isn't providing that from the top down, you may
see it from the bottom up.” (from: Chapter 7, reference # 3)

Regardless of which opinion is correct, the recombinant DNA
“genie” is out of the bottle (so to speak), and the knowledge
and equipment required to perform gene splicing can easily be
acquired (or built).

Attention Aspiring DIY Biotechnologists:

And getting such recombinant DNA (artificial genes) transferred
into plants is relatively easy (compared to animals). How? See
Chapter 2, or here and/or here, for example.

Lateral transgene flow (e.g., see Chapter 5) is certainly one of
the serious drawbacks of GMOs that all DIY genetic engineers
must seriously consider before releasing their “creations” into
the wild.

F IGURE 8.2 Sign at Hacker Dojo in Mountain View, CA

But for a sobering look at the current limitations of so-called
"synthetic biology", please see Ref. 6 below.
Bio- Hackers and the Future of GM Plants
Just as computer “hackers” have significantly contributed to the
current landscape of computer technology, will plant biohackers (DIY plant biotechnologists) contribute to the future
generations of GM plants?
According to Dr. Anastasia Bodner, a board member of Biology
Fortified, Inc.: “... genetic engineering now has a relatively low
bar to entry. 'Biohackers' working with bacteria are already
conducting genetic modification experiments in their garages
and spare bedrooms, and there is nothing to stop them from
applying their skills to plants — or animals — in the future.
“It's becoming easier all the time. I think people are hungry for
this kind of thing,” says Bodnar. “The jet packs that everybody

By Jeff Keyser at Flickr CC BY-SA 2.0
Online Resources
1. Affordable Plant Tissue Culture for the Hobbyist
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2. A List of DIY Hackerspaces
News items:
BBC - Becoming biohackers

6. Kwok, Roberta (2010) "Five hard truths for synthetic biology."
Nature Vol. 463, pp. 288-290. (Full Text) "Can engineering
approaches tame the complexity of living systems? Roberta
Kwok explores five challenges for the field and how they might
be resolved."

Huff Post - Biohackers Are Kickstarting Some Unregulated
Experiments
Wired UK - European network aims to legitimise biohacking
References
1. Ledford, Heidi (2010) "Life Hackers." Nature Vol. 467, pp.
650-652. (Full Text)
2. Carlson, Rob (2005) "Splice It Yourself: Who needs a
geneticist? Build your own DNA lab." Wired , Issue 13:05.
Splice It Yourself
3. Rob Carlson's Blog
4. DIYbio.org Website "DIYbio.org is an organization dedicated
to making biology an accessible pursuit for citizen scientists,
amateur biologists and biological engineers who value openness
and safety."
5. GenSpace - New York City's Community Lab "GenSpace is a
nonprofit organization dedicated to promoting education in
molecular biology for both children and adults. We work inside
and outside of traditional settings, providing a safe, supportive
environment for training and mentoring in biotechnology."
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that enhance this ebook, including links to
the originals and to the creators.
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Glossary
Agtu
My (somewhat lame) abbreviation of the pathogenic
bacterium Agrobacterium tumefaciens (updated scientific
name: Rhizobium radiobacter), which causes crown gall
disease in hundreds of different plant species worldwide.
Angiosperm
(an'-je-o-sperm) A flowering plant, which forms seeds inside
a protective chamber called an ovary.
Anther
In an angiosperm, the terminal pollen sac of a stamen where
pollen grains form.
Cross-pollination
Cross-pollination occurs when pollen is delivered to a
flower from a different plant.
DNA
Deoxyribonucleic acid - It is the genetic information used in
the development and functioning of all known living
organisms
Edible vaccine
Vaccines (biomolecules that improve immunity to a certain
diseases) could be produced in edible GE plants, such as
bananas or potatoes, which would then provide the delivery
“vehicle” for vaccinations. (Better than getting stuck by a
needle.)

Farmaceutical
A medically valuable compound produced from geneticallyengineered agricultural crops or animals.
Gene
A gene is a unit of heredity in a living organism. Typically, in
plant cells, it is the name given to a portion of the DNA that
codes for an individual protein, which usually has a specific
function in the organism.
Genetic engineering
Genetic engineering (GE) alters the genetic makeup of an
organism using techniques that usually involve the
introduction of DNA prepared outside the organism using
recombinant DNA techniques. This rDNA is either directly
injected into the host or into a cell that is then fused or
hybridized with the host.
The descriptive term “genetically-engineered” (GE) is often
used interchangeably with the term “geneticallymodified” (GM), as in GMO (genetically-modified
organism).
Genetically-modified
A genetically modified (GM) plant that has had its genetic
material altered using genetic engineering techniques.
Genome
The genome is the entirety of an organism's hereditary
information. In plants, it is encoded in DNA, and it includes
both the genes and the non-coding sequences of the DNA.

Grafting
Grafting is a horticultural technique whereby tissues from
one plant are inserted into those of another so that the two
sets of vascular tissues may join together.
Hybrid
Offspring that results from the mating of individuals from
two different species or two true-breeding varieties of the
same species.
Pharming
Within the context of transgenics, it’s a melding of “farming”
and "pharmaceutical" and refers to the use of genetic
engineering to insert genes that code for useful
pharmaceuticals into farm animals or crop plants.
Plantibody
Antibodies are part of animal immune systems and can be
produced in plants by genetically transforming them with
antibody genes from animals, including humans. A
“plantibody” is an antibody so-produced by a GE plant.
Plasmid
A plasmid is a small DNA molecule that is physically
separate from, and can replicate independently of,
chromosomal DNA within a cell. Most plasmids are
commonly found as small circular, double-stranded DNA
molecules in bacteria.

Recombinant DNA
An artificial DNA molecule made in the laboratory using
DNA segments from different sources. Recombinant DNA is
often abbreviated as rDNA.
Stamen
(sta'·men) The pollen-producing reproductive organ of a
flower, consisting of an anther and a filament.
Transfer DNA
The transfer DNA (abbreviated T-DNA) is the transferred
DNA of the plant tumorinducing (Ti) plasmid of some
species of bacteria such as Agrobacterium tumefaciens. It
derives its name from the fact that the bacterium transfers
this DNA fragment into the host plant's nuclear DNA
genome.
Transgene
A segment of DNA containing a gene sequence that has
been isolated from one organism and is introduced into a
different organism, typically by genetic engineering
techniques.
Transgenics
The study of or methodology used to create transgenic
animals or plants, that is, an organism that has had genes
from another organism put into its genome through
recombinant DNA techniques.

