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This endnote section from Altered Genes, Twisted Truth is posted here so that
people reading a physical version of the book can print it or store it on their
computer, tablet, or e-reader – which will facilitate transition between the main
text and the endnotes.
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49 Crist conveyed this information to me via email.
50 Ibid.
51 Bains, William, Biotechnology from A to Z (Oxford: Oxford University
Press, 1993), 10. This false statement is repeated in the second edition, published
in 1998.
52 Report of the Royal Commission on Genetic Modification (New Zealand,
2001), 43.
53 Ibid.
54 Ibid.
55 The Royal Commission’s report gave no specific reference for any assertion
it made in the tryptophan section. Rather, it listed all fifteen sources for the
entire section in one large reference note. These sources include submissions to
the commission by interested persons as well as several journal articles and even
a special report prepared for the commission. But none of the assertions in the
tryptophan section was specifically linked with any of these sources, nor were
any page numbers provided to indicate which parts of these sources contained
the relevant information. Consequently, it is extremely difficult to discover from
which source each assertion was supposedly derived and to ascertain its reliability.
Moreover, as of the time of this writing, neither the submissions by interested
persons nor the special report on which the Commission relied are provided on the
government site at which the report can be downloaded – and it’s not clear for how
long, if ever, they were readily available. http://www.mfe.govt.nz/publications/
hazards/report-royal-commission-genetic-modification.
In effect, this strange way of reporting references has essentially barred people
from checking the sources for the Commission’s assertions about the tryptophan
incident.
56 Douglas L. Archer, Deputy Director Center for Food Safety and Applied
Nutrition (CFSAN), FDA, Testimony before the Subcommittee on Human
Resources and Intergovernmental Relations, US House of Representatives, July 18,
1991. As for the agency’s knowledge that the bacteria had been engineered, Jeffrey
Smith reports that a former FDA employee was astounded when he informed her
that Archer had failed to mention that fact, declaring that by then “everyone in the
agency” knew about the bioengineering, Smith, Seeds of Deception (cited in note
33), 121.
57 Cited in Beisler, Joshua, H., “Dietary Supplements and Their Discontents:
FDA Regulation and the Dietary Supplement Health and Education Act of 1994,”
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Rutgers Law Journal (Winter 2000): 531. Although this particular report was issued
in 1993, a few years after Archer’s testimony, it indicates that the agency’s desire
to regulate supplements had continued unabated for decades, and had not been
satiated by the ban imposed on LT.
58 Ibid. In the law journal, the entire piece is termed a note, but that does
not indicate it is either short or otherwise minor. Law journals typically reserve
the term article for pieces authored by professors, judges, and practicing attorneys
and refer to those written by members of their staff, who are law students, as
notes. But notes receive the same editorial scrutiny as articles, they are often of
similar length, and they’re frequently cited in judicial opinions and articles in other
journals. Because Mr. Beisler’s piece runs forty pages and is carefully reasoned and
thoroughly researched, I decided to refer to it as an article rather than a note to
avoid conveying the false impression that it’s a short statement of opinion that’s
also short on supportive evidence.
59 Manders, Dean, “The FDA Ban of L-Tryptophan: Politics, Profits and
Prozac,” Social Policy, vol. 26, no. 2, Winter 1995: http://www.ceri.com/trypto.
htm (accessed February16, 2012).
60 FDA Public Affairs Office, Press Release of May 18, 1994. The enzyme was
introduced in 1990, and Showa Denko first marketed GE-derived LT in 1984.
61 Stephen Naylor, personal communication.
62 “Genetically Modified Foods,” Australia New Zealand Food Authority,
November 2001. (downloaded from the agency’s website on March 3, 2002.)The
agency’s name was later changed to Food Standards Australia/New Zealand.
63 Fedoroff, N. and Brown, N.M., Mendel in the Kitchen: A Scientist Looks at
Genetically Modified Foods (Washington, DC: Joseph Henry Press, 2004); Ronald,
P. and Adamchak, R., Tomorrow’s Table: Organic Farming, Genetics, and the Future
of Food (New York: Oxford University Press, 2008).
64 Charles, Lords of the Harvest, op. cit. note 19, 224.
65 Aldridge, Susan, The Thread of Life: The Story of Genes and Genetic
Engineering (Cambridge: Cambridge University Press, 1996), 185-86.
66 http://www.bastyrcenter.org/content/view/1828/ (accessed 1-24-12)
67 http://www.bastyrcenter.org/content/view/590/#top (accessed 1-24-12)
68 Lambrecht, B., Dinner at the New Gene Café: How Genetic Engineering Is
Changing What We Eat, How We Live, and the Global Politics of Food (Thomas Dunne
Books: St. Martin’s, 2001); Hart, K., Eating In the Dark: America’s Experiment With
Genetically Engineered Food (Pantheon: Random House, 2002).
69 Mann, L.R.B., Straton, D., and Crist, W. E., “The Thalidomide of Genetic
‘Engineering.’” http://www.gmfoodnews.com/trypto.html
70 The FDA rescinded its ban on LT in 2006. Of course, if the fatal batches
of LT had not been marketed in 1989, there would not have been a ban in the first
place, and no barriers for a new engineered line of LT to face. Regarding Europe,
a report by the BBC indicated that the toxic LT would gain entry there too. (Seeds
of Deception [op. cit. note 33 above], p. 275, n. 20.)
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71 Schubert, David, Journal of Medicinal Food 11(4) (December 2008): 601-05
72 Hill, R.H., Caudill, S.P., et al, “Contaminants in L-Tryptophan Associated
with Eosinophilia Myalgia Syndrome,” Archives of Environmental Contamination
and Toxicology 25 (1993): 134-42.
73 In technical terms, AAA is “an unsaturated fatty acid conjugate of
tryptophan,” email from Stephen Naylor.
74 Email from Stephen Naylor.
75 So there is no question as to the accuracy of my account of Dr. Naylor’s research,
he executed a notarized affidavit confirming the facts as conveyed in this chapter. It’s
reproduced at www.alteredgenestwistedtruth.com/stephen-naylor-affidavit/

4. Genes, Ingenuity, and Disingenuousness

1 Miller, Henry, I., “Happy Earth Day, Mr. Rifkin,” Washington Times, April
22, 1997.
2 Wald, George, “The Case Against Genetic Engineering,” in The Recombinant
DNA Debate, Jackson, D. and S. Stich, eds. (Prentice-Hall, 1979), 127-28.
3 Wald, George, speaking at a press conference in Washington, D.C.
March 1977; Quoted in Kimbrell, A., The Human Body Shop: The Engineering
and Marketing of Life (New York: Harper Collins, 1994), 159. Although Wald’s
statement that genetic engineering is the “biggest break in nature” occurred at a
press conference, I think it’s appropriate to include it along with statements he
wrote in an earlier article because doing so does not in any way misrepresent his
thinking – and enables it to be expressed in a compact manner.
4 Bains, William, Biotechnology from A to Z (Oxford: Oxford University Press,
1993). The introduction was written by G. Kirk Raab, President and CEO of
Genentech, Inc., vi-viii.
5 Ibid., 224.
6 For example, in 2004 a sociologist who has conducted many surveys of
consumer attitudes in the US observed that although two-thirds of the respondents
voice support for GE foods, they know very little about the issue and that the
minority who oppose them tend to be most educated about the facts. “Change
of Heart By Thomas Hoban,” September 23, 2004: http://www.lobbywatch.org/
archive2.asp?arcid=4387 (accessed Aug. 15, 2012)
7 Communications Programmes for EuropaBio, January 1997; Prepared by
Burston Marsteller, Government and Public Affairs: http://home.intekom.com/
tm_info/geleak1.htm (accessed Aug. 15, 2012).
8 Miller, Henry, I. “Happy Earth Day, Mr. Rifkin,” Washington Times, April
22, 1997. In subsequent years, Dr. Miller has continued to sound the “seamless
continuum” theme. See e.g., Miller, H.I., Point of View, Dec 1, 2007 (27, no.
21): http://www.genengnews.com/keywordsandtools/print/1/12239/ (accessed
Aug. 15, 2012).
9 May, Sir Robert, BBC Interview, March 9, 2000.
10 Viruses are an interesting case. They are not full cells, and most biologists
do not consider them to be living organisms in their own right. They cannot
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reproduce on their own and can only do so when they have invaded a living cell of
another species, commandeered its genetic apparatus, and re-directed it to generate
their components.
11 While overall, there is still a net loss of the capacity of energy to perform
work, the dissipation is far more gradual within living systems, more of the energy
contributes to the formation of organized structure, and the degree of organization
is much higher than in the processes that typify nonliving nature.
12 Grace, Eric., Biotechnology Unzipped (Washington, DC: Joseph Henry
Press, 1977), 22.
13 While the mature red blood cells of mammals have shed their nucleus (and
the DNA within it), they did possess a DNA- packed nucleus in their earlier stages
and so functioned as information processing machines as they developed.
14 Most bacteria possess one main molecule of DNA (referred to as a
chromosome) and several smaller, auxiliary molecules (called plasmids). This will
subsequently be discussed in more detail.
15 Gitt, W., In the Beginning Was Information (Green Forest, AR: Master
Books, 2007), 98.
16 In plants and animals, most genes can generate multiple proteins because
the transcriptional machinery can arrange the information they contain in various
ways.
17 Sex chromosomes are an exception. The sex chromosome of the human
male (the Y chromosome) does not contain all the genes in the female chromosome
(the X chromosome).
18 Although some plants fertilize themselves, they usually also send some of
their pollen outward to fertilize the female gametes of other plants while some of
their female gametes receive pollen from other plants. Some plants also have four
or more sets of chromosomes instead of two. But their gametes will still contain
only one half of the number possessed by their parental cells, so if the plant’s cells
contain four different sets of chromosomes, its gametes will have only two.
19 http://link.springer.com/chapter/10.1007/978-94-011-5794-0_3
20 Thomas, C. and Nielsen, K., “Mechanisms of, and Barriers to, Horizontal
Gene Transfer between Bacteria,” Nature Reviews Microbiology 3 (September
2005): 712.
21 Griffiths et al., An Introduction to Genetic Analysis, Sixth Edition (New
York: W.H. Freeman, 1996), 424.
22 Ibid.
23 Not all restriction enzymes make staggered cuts, but biotechnicians are able
to draw on a wide variety of those that do. Further, they’ve learned how to add
sticky ends to fragments that are cut with enzymes that leave sheer edges. But this
ability could not have developed without the application of the enzymes that do
make staggered cuts.
24 Although evidence indicates that restriction enzymes probably have
additional roles, and that they at times may have facilitated the integration of
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foreign DNA into bacterial genomes, it’s clear that their primary function is to
inhibit such integration. For instance, Werner Arber, who received a Nobel Prize
for discovering these enzymes, has postulated that there are two basic types of
what he terms “evolution gene products.” These products act either to generate
genetic variation or to modulate it “to low levels that are tolerable for the longterm maintenance of a given strain or species.” He classes restriction enzymes as
modulators because they “seriously reduce both the chance of DNA acquisition
and the size of a DNA segment that may eventually be acquired by the recipient
cell.” And he does so even though he thinks that they stimulate “occasional DNA
acquisition to occur in small steps.” (Arber, W., “Molecular Evolution: Comparisons
of Natural and Engineered Systems, The Challenges of Sciences, A Tribute to
Carlos Chagas,” Pontifical Academy of Sciences, Scripta Varia 103 [Vatican City
2002]): www.pas.va/content/dam/accademia/pdf/sv103/sv103-arber.pdf; Arber,
W., “Genetic Variation and Molecular Evolution,” Encyclopedia of Molecular Cell
Biology and Molecular Medicine (2006).
In contrast, bioengineers employ restriction enzymes not only to radically
increase the rate at which genomes are altered by alien DNA, but to vastly expand
the range of species that can interact – to the point where none of the natural
species barriers remains intact.
25 One experiment did find that when E. coli are within river or spring water
that naturally contains a sufficient level of calcium ion, they can take up plasmid
DNA without additional calcium or abnormal shifts in temperature (Baur, B. et
al., “Genetic Transformation in Fresh Water: Escherichia coli is Able to Develop
Natural Competence,” Applied and Environmental Microbiology 62 (Oct. 1996):
3673-78). And increasing evidence suggests that many species of bacteria that
aren’t ordinarily able to take up external DNA can do so under some naturally
occurring conditions. But such instances appear to be relatively rare. In any case,
the fact remains that biotechnicians have routinely resorted to unnatural means to
induce E. coli to receive external DNA.
26 The only bacteria in which these particular elements have been found
belong to the Archaebacteria kingdom, bacteria that exist in extreme environments,
such as boiling water. These bacteria are rarely used in commercial applications of
bioengineering.
27 For a good discussion of reverse transcriptase, see: http://www.nature.com/
scitable/topicpage/the-biotechnology-revolution-pcr-and-the-use-553.
28 Biotechnology from A to Z, First Edition, (cited in note 4), 131.
29 Chang, Shing and Cohen, Stanley N., “In Vivo Site-Specific Genetic
Recombination Promoted by Eco RI Restriction Endonuclease,” Proceedings of the
National Academy of Sciences 74 (November 1977): 4811-15.
30 Although genes are sometimes inserted to block the expression of another
gene rather than to express any of their own proteins, this was seldom the aim of
commercial applications when Cohen’s experiment was performed; and even today,
the predominant goal of commercial bioengineering is to produce a functional
protein from the inserted gene.
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31 Chang, A. C. Y., Lansman, R. A., Clayton, D. A. & Cohen, S. N., “Studies
of Mouse Mitochondrial DNA in Escherichia coli,” Cell 6 (1975): 231-44, at 241.
This study was performed two years prior to the one on which Cohen based his
influential claim. It’s discussed more fully in the following note.
32 Actually, one cannot know to what extent (if any) mitochondrial proteins
were produced in the 1977 experiment conducted by Chang and Cohen because
their technical report makes no mention of that topic. But in 1975 Cohen and
three other colleagues published a paper that did discuss the protein production
that was observed after mouse mitochondrial genes were inserted into E. coli. And
the degree of production was disappointing. Those are the results I reported in
describing the 1977 study. In the absence of data directly bearing on the level of
production in that study, I think it’s reasonable to assume that the results were
no better than in the 1975 experiment, because if the authors had determined
that the production was more impressive, they would have made that fact known.
However, it appears that in 1977, they didn’t even try to make such a determination.
Performing one in the earlier experiment had been a complicated, time consuming
endeavor, so because there was little likelihood it would reveal better results, they
probably decided it wasn’t worth the effort. Of course, the results in 1977 might
even have been worse; but I decided to give Cohen the benefit of the doubt by
reporting the 1975 data as if they applied to the 1977 experiment.
One might wonder why Cohen even performed that experiment if he had
already discovered that the proteins encoded by the genes of mouse mitochondria
will not be adequately produced within E. coli. The reason, it seems, was to provide
the basis for arguing that bacteria can integrate plant and animal genes in a natural
manner. The 1975 experiment fell short of providing such a platform. In that
research, rDNA technology was used to splice the mouse DNA into plasmids
that were outside the E. coli, and only thereafter did the fully engineered plasmids
enter the bacteria. But in his subsequent study, Cohen wanted to show that the
splicing could occur within the bacteria. He aimed to demonstrate that fragments
of mouse DNA and fragments of plasmid DNA could be taken up by the bacteria
and then joined together inside the bacterium. However, as we’ve seen, he failed
to demonstrate that this process can occur through purely natural means because
he induced the uptake through means that were highly unnatural. (These were the
same means he’d employed in 1975 in order to get the fully engineered plasmids
into the bacteria.) Moreover, he compounded the artificiality by cutting both the
plasmid and mouse mitochondrial DNA with the same restriction enzyme to make
it easier for them to fuse together after they entered the bacteria.
33 Quoted in Wright, Susan, Molecular Politics: Developing American and
British Policy for Genetic Engineering 1972-1982 (Chicago: University of Chicago
Press, 1994), 82.
34 Itakura, K. et al., “Expression in Escherichia coli of a chemically synthesized
gene for the hormone somatostatin,” Science 198(4321) (Dec 9, 1977): 1056-63.
When human insulin was produced from bacteria the following year, the same
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set of techniques was employed (Crea, R. et al., “Chemical Synthesis of Genes for
Human Insulin,” PNAS 75, no. 12, 5765-69).
35 Fedoroff, N. and Brown, N.M., Mendel in the Kitchen: A Scientist Looks
at Genetically Modified Foods (Washington, DC: Joseph Henry Press, 2004), 4-5.
36 One other species of soil bacteria, Agrobacterium rhizogenes, is known
to have capacity for inducing plants to express some of its genes. The result is a
malady termed “hairy root disease.”
37 Ibid., 129.
38 In recent years, biotechnicians have found other promoters that are suited
for some of their purposes; and several GE plants have been developed (or are in
the developmental pipeline) that do not rely exclusively on the 35S, while some
don’t contain it at all. Further, some of these promoters derive from plants as well
as viruses. Yet, as will be discussed in subsequent chapters, in almost every case, the
inserted genes are still impelled to express in unnatural ways; and the regulatory
integrity of the engineered organisms continues to be compromised.
39 Charles, Dan, Lords of the Harvest: Biotech, Big Money, and the Future of
Food (Cambridge: Perseus, 2002), 75.
40 Ibid., 78.
41 Dr. Sherri Brown, quoted in Milling and Baking News, August 4, 1997, as
cited in Kneen, B., Farmageddon: Food and the Culture of Biotechnology (British
Columbia: New Society Publishers, 1999), 26.
42 Latham, J. R. et al., “The Mutational Consequences of Plant Transformation,”
Journal of Biomedicine and Biotechnology Article ID: 25376, (2006), 1-7.
43 Ibid., 3.
44 Quoted in Reese, A., Genetically Modified Food: A Short Guide for the
Confused (London: Pluto Press, 2006), 46-47.
45 Srivastava, M., Eidelman, O. & Pollard, H.B., “Pharmacogenomics of the
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and the Cystic
Fibrosis Drug CPX Using Genome Microarray Analysis,” Mol. Med. 5 (1999):
753-67. The researchers assessed a sample of 588 genes and found significant
changes in 5% of them.
46 Schubert, D., “A different perspective on GM food,” Nat Biotechnol 20
(2002): 969.
47 Personal communication from David Schubert.
48 See discussion in: Clark, E. Ann, “Parliamentarians and Technology: Meeting
the Challenges for the New Millennium, Workshop on Ensuring Food Safety,”
uoguelph.ca, May 9, 2000: http://www.uoguelph.ca/plant/research/homepages/
eclark/Hc.htm. See also Document #4 at: http://biointegrity.org/24-fda-documents
49 Ordinarily, only a relatively small number of an organism’s genes are
continuously active; and they are the ones whose products are constantly required.
It’s unnatural for a gene to be expressed during times when there’s no need for its
product.
50 Elmore et al., “Glyphosate-Resistant Soybean Cultivar Yields Compared
with Sister Lines,” Agron J 93 (2001): 408-12.
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51 Wilson, A., J. Latham, and R. Steinbrecher, “Genome Scrambling -Myth or
Reality? Transformation-Induced Mutations in Transgenic Crop Plants,” Technical
Report (October 2004): 1, http://www.econexus.info/taxonomy/term/12.
52 Lords of the Harvest (cited in note 39), 85.
53 See e.g., Kaeppler et al., “Epigenetic aspects of somaclonal variation in
plants,” Plant Molecular Biology 43 (2000): 179–88; 181.
54 Although tissue culture is used in embryo rescue too, because a seed is
involved, there tend to be less perturbations than when genetically engineered cells
are cultured. Chapter 9 provides further discussion of the risks of tissue culture in
producing GE crops.
55 Finnegan, H. and McElroy, “Transgene inactivation: plants fight back!”
Biotechnology, 12 (1994): 883-88.
56 Hansen, Michael, “Genetic Engineering is Not an Extension of
Conventional Plant Breeding,” Consumer Policy Institute/Consumers Union, Jan.
2000, http://www.mindfully.org/GE/GE-Not-Ext-Michael-Hansen.htm.
57 Ibid.
58 Lambrecht, Bill, Dinner at the New Gene Café: How Genetic Engineering
Is Changing What We Eat, How We Live, and the Global Politics of Food,(Thomas
Dunne Books: St. Martin’s Press, New York, 2001), ix.
59 Fox, M. W., Superpigs and Wondercorn (New York: Lyons and Burford,
1992), 102 and 117; Commoner, Barry, “Unraveling the DNA Myth: The spurious
foundation of genetic engineering,” Harper’s (February 2002).
60 Superpigs and Wondercorn (cited above), 102.
61 Ibid.
62 Jabed, A. et al., “Targeted microRNA expression in dairy cattle directs
production of β-lactoglobulin-free, high-casein milk,” PNAS 109, no. 42 (2012):
16811-16, http://www.pnas.org/content/109/42/16811.full.
63 Reddy, A.S., Thomas, T.L., “Modification of Plant Lipid Composition:
Expression of a Cyanobacterial D6 – desaturase Gene in Transgenic Plants,” Nature
Biotechnology 14 (1996): 639-42.
64 Inose, T. and Murata, K., “Enhanced Accumulation of Toxic Compound
in Yeast Cells Having High Glycolytic Activity: A Case Study on the Safety of
Genetically Engineered Yeast,” International Journal of Food Science and Technology
30 (1995): 141-46.
65 “Making Crops Make More Starch,” BBSRC Business, UK Biotechnology
and Biological Sciences Research Council, January 1998, 6-8.
66 Yamada, Ken, “Genetic Vegomatics Splice and Dice With Weird Results,”
Wall Street Journal 18 (April 1992).
67 Mendel in the Kitchen, op. cit. note 35, x; also back cover.
68 Nina Fedoroff quoted at http://sciblogs.co.nz/guestwork/2010/02/15/isgenetic-engineering-just-like-breeding/ (accessed April 11, 2012).
69 Within recent years, evidence has accumulated indicating that, although
still rare compared to point mutations, larger mutations that lead to adaptive
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change occur more frequently than biologists had recognized. See Shapiro, James,
Evolution: A View from the 21st Century (FT Press, 2011). However, there are
significant differences between such natural changes and those induced by the
artificial modes of bioengineering.
70 Even when breeders intentionally induce mutations with radiation or
chemicals, the selected changes are usually small and could have occurred through
natural means. No alien promoters are introduced, nor are several other hazards
imposed that are inherent to rDNA technology. Such purposely induced mutations
are more thoroughly discussed in Chapter 9 and Appendix D.
71 Dreifus, C., “A Conversation With Nina V. Fedoroff,” New York Times,
August 19, 2008.
72 Although she does say that “a gene from a bacterium can, with the proper
switches added, work in a plant cell”, she is evidently referring to the promoters
and terminators that must be added, not to the codons that require revision.
Moreover, she goes on to make a misleading statement about the results of such
cross-kingdom transfers. She asserts: “The plant cell will make the very same protein
from that gene that the bacterium made.” (Mendel in the Kitchen, op. cit., note 35,
91. [emphasis added]) However, as will be discussed in Chapter 6, plants can add
sugar chains to these proteins that are never added by bacteria; and these changes
could render the protein toxic or allergenic.
73 Although an experiment that combined different species of tobacco via
grafting resulted in transfer of chloroplast DNA from cells in one section of the
grafted plant to cells in the other, this phenomenon, too, significantly differs from
what occurs in genetic engineering. (Stegemann, S. and Bock, R., “Exchange of
Genetic Material Between Cells in Plant Tissue Grafts,” Science, vol. 324, no. 5927
[May 1, 2009]: 649-51.)
Chloroplasts are small units within plant cells that perform photosynthesis,
the process through which the energy in sunlight is transformed into the plant’s
food. Like mitochondria (the cell’s power houses), chloroplasts possess their own
genomes; and their genomes are substantially different from those that reside in
the cellular nucleus.
In this grafting experiment, none of the nuclear DNA transferred between the
genetically distinct cells. It all stayed at home. Nor did any of the mitochondrial
genes relocate. The only genes that moved across the graft junction were those
of chloroplasts. And they did not move piecemeal. A large section of chloroplast
DNA (perhaps all of it) moved as a unit and functioned as a unit in its new
cellular location, performing essentially the same useful function as the cell’s native
chloroplasts. And these genes operated within chloroplasts, not within the nucleus.
This phenomenon contrasts starkly with genetic engineering, where isolated
segments of nuclear DNA from one species are wedged into the nuclear DNA
of another species – and then act independently of their neighbors in performing
unregulated activities that are alien to the host cell.
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Further, for transfer of chloroplast DNA to occur via grafting, not only must
the biological distance between the species be small (again in contrast to GE), so
must the physical distance between the cells that are involved. Only cells in close
proximity to the splice junction between the two parts of the plant are involved
in the transfer. Thus, the phenomenon is restricted to a tiny fraction of the total
cells, whereas in most engineered plants, all the cells contain some DNA that was
transferred from another species.
Moreover, a search I performed did not detect any published reports of such
transfers occurring in grafts involving other species, so it’s possible the phenomenon
is restricted to tobacco plants.
74 When I refer to genes in their “natural” state, I’m denoting genes whose
internal chemical structure has not been directly reconfigured by human artifice
in a way that could never otherwise occur. According to this denotation, the genes
restructured via recombinant DNA technology are unnatural whereas most of
those mutated via intentional application of ionizing radiation are not, because the
same types of radiation-induced mutations could have occurred via natural sources
of radiation, without any human intervention. Of course, if the dose of radiation
is much greater than would ordinarily be received absent human intervention,
then unusual mutations that result would be considered unnatural. Further, even
in most of the cases where the individual mutations are not deemed unnatural, the
overall pattern of mutations would be, because the entire seed would have been
subjected to an extraordinary application of radiation. Even so, as Chapter 9 and
Appendix D discuss, the use of radiation in plant breeding significantly differs
from genetic engineering – and entails a lower level of risk.
75 Mendel in the Kitchen, op. cit. note 35, 127. In her exact words: “It is as
natural – or as artificial – as an apple tree.” Although the specific reference is to
the recombinant DNA molecule, it logically extends to the organism in which that
molecule functions.
76 Ibid.
77 Even when branches from several different species are grafted onto the same
root stock, the various fruits remain on separate branches in the mature tree, and
their respective genes do not intermingle. Further, although it may be possible
for chloroplast DNA to move between the sections of a grafted tree (as can occur
in grafted tobacco plants, described in note 73 above), it appears that no such
cases have been observed. Moreover, even if such transfers do occur in trees, they
wouldn’t “combine” genes from different species. According to the American
Heritage Dictionary of the English Language (4th Edition), to “combine” is “to
bring into a state of unity,” to “merge,” “to join (two or more substances) to make a
single substance.” But, although foreign genes are joined to form a single molecule
in bioengineering, when chloroplast genes move to chloroplasts in a neighboring
foreign cell, they do not suddenly enter the nucleus and merge with its DNA.
And even though, over the lifetime of the tree, it’s possible that a few foreign
chloroplast genes would migrate to the nucleus that would hardly make grafting a
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significant combiner of foreign genes. This is especially so considering that only a
miniscule fraction of the tree’s cells (those along the splice junction) would even be
candidates for such combination. Further, there would be no migration of foreign
genes into the leaves or fruit.
There’s another important point. When Fedoroff wrote her book, there was
no evidence to suggest grafting might enable even the trivial level of foreign gene
transfer just discussed. Her book was published in 2004, and the experiment
showing the transfer of chloroplast DNA in grafted tobacco plants wasn’t published
until 2009. Thus, at the time she made it, Fedoroff’s claim that grafting combines
foreign genes was not even remotely supported by the known evidence; and it
conflicted with the prevailing scientific consensus – which indicates her willingness
to ignore (and even contradict) the best available biological knowledge in order to
promote GE foods.
78 Mendel in the Kitchen, op. cit. note 35, 123-27.
79 Ibid., 127.
80 For one thing, the bacteria don’t ordinarily attack the region where the
gametes form. Moreover, if somehow a gamete did become infected and then
survived to participate in forming an embryo, if the bacterial tumor-inducing
genes were active, the embryo would probably become tumorous – as would any
cells derived from it. So it’s highly unlikely that a mature organism would ever
emerge with a functional gene from A. tumefaciens.
Further, although there’s another species of soil bacteria, Agrobacterium
rhizogenes, that also inserts some of its genes into plants (inducing a malady known
as “hairy root disease”), and although there’s evidence implying that in the distant
past it transferred four of these genes into the germ line of a tobacco species, there’s
no evidence that any of the proteins they code for is being expressed (Aoki, S. and
Syono, K., “Horizontal gene transfer and mutation: Ngrol genes in the genome of
Nicotiana glauca,” PNAS 96, no. 23 [Nov. 9, 1999]: 13229–34).
Recent research confirms that transfer of Agrobacteria genes to the germ line
of plants is indeed extremely rare. In a study published in December 2012 to
determine if any plant species besides tobacco contained such genes, 127 were
screened and none was found to contain any genes from A. tumefaciens. Further,
only one of them was observed to contain some DNA from A. rhizogenes – and that
DNA is apparently not being expressed. (Matveeva, T. et al., “Horizontal Gene
Transfer from Genus Agrobacterium to the Plant Linaria in Nature,” Mol Plant
Microbe Interact 25, no. 12 [December 2012]: 1542-51).
81 Although Agrobacteria have been used to create more varieties of GE food
than the gene gun, because the latter has been used to create commercialized
GE corn and soy, it has produced the greatest volume of GE organisms actually
consumed.
82 ANZFA Occasional Paper Series No. 1, GM foods and the consumer (June
2000): 28. When the guide was released, the agency was called the Australia/New
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Zealand Food Authority (ANZFA). In July, 2002, it was renamed Food Standards
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new traits by inducing mutations. And genetic engineering causes mutations as
well. Therefore, instead of employing the term “mutation breeding” to refer to
the techniques that employ radiation and chemicals, I’ll refer to them jointly as
“radiation and chemical-based breeding.”
37 As Chapter Four explained, although an actual rifle firing a .22-calibre
bullet was initially employed in such transfers, as the gun evolved, macroscopic
bullets were no longer used, and the microscopic particles were propelled by a blast
of air. But the device providing the blast is still a type of gun. The process is often
referred to as particle bombardment, bioballistics, or biolistics. The 2004 report uses
the latter term.
38 NAS 2004, op. cit. note 10, 63.
39 For stylistic purposes, I’m substituting “dangerous” for “risky,” with the
intent that it conveys the same technical meaning. Further, the number 10 was
arbitrarily selected for the sake of argument, not because bioengineering has been
determined to induce that many side effects for every effect induced by pollen-based
breeding. However, in this regard the hypothetical value may be on the low side,
because in the report’s comparative chart, the bar depicting the unintended effects
of bioballistic gene transfer between distantly related species is around 14 times
longer than the bar adjoining the least disruptive form of pollen-based breeding.
40 NAS 2004, op. cit. note 10, 63.
41 Ibid.
42 Ibid.
43 Nor do we “know” that any of the foods created through tissue culture is
actually safe.
44 In this context, the words “proven safe” do not denote the certainty
involved in a mathematical proof. They denote the standard of proof instituted by
the FDA for purposes of evaluating food: a demonstration that there is “reasonable
certainty” of no harm.
It’s also important to note that the NAS report does not primarily attempt to
establish its claim about the safety of GE foods by citing actual safety tests. Instead,
it relies on the specious arguments that are critiqued in this chapter’s analysis.
Moreover, as Chapter 6 revealed (and as Chapter 10 will more fully elucidate),
several of the tests on GE foods raise reasonable doubts. This research cannot be
lightly dismissed, and it further undercuts the committee’s claim about what we
presently know.
45 While some tests have been conducted on whole foods that were irradiated
for the purpose of reducing microbes, safety testing has not been performed on
foods grown from irradiated seeds, which present a different set of hazards.
46 NAS 2004, op. cit. note 10, 27.
47 Ibid., 45.
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48 The committee acknowledged the lack of records regarding radiation (on
p. 28 of their report); and they also noted that it has not been feasible to track
for effects of GE foods, while urging the FDA to institute practices that would
facilitate it.
49 Schubert, David, “Pharmed Food: Consume with Caution,” The Ecologist,
November 2008.
50 Although the evidence doesn’t prove that GE was the cause, it strongly
points to that conclusion; and, as Chapter 3 explains, it’s more likely than not that
the process was to blame for the toxic contamination – which would be sufficient
to hold the process liable in a court of law.
51 NAS 2004, op. cit. note 10, 47.
52 Ronald, P. and Adamchak, R., Tomorrow’s Table: Organic Farming, Genetics,
and the Future of Food (New York: Oxford University Press, 2008), 102. Although
she doesn’t explicitly cite the report as the basis for this particular assertion, her
foregoing discussion demonstrates that the document is the primary source on
which it relies. For instance, on p. 69 she states the report indicates that the GE
crops currently on the market “are safe to eat.”
53 While it is not in principle impossible that she could know they are safe,
given the present state of the evidence, it’s not currently possible.
54 NAS 2004, op. cit. note 10, 63.
55 NAS 2004, op cit. note10, 131-32. Although the committee’s language
lacks precision, they appear to include GE foods among those that need not be
proven safe prior to marketing and can only be removed if obvious problems
emerge later. And if they in fact were not confused, they should have avoided
confusing language that imparts the impression they were unaware of what the
law requires.
Further, besides accepting the basics of the FDA’s hands-off policy in regard
to GE foods, the committee also defended the lax regulatory policy in most of
the rest of the world, where the concept of substantial equivalence reigns (Ibid.,
129-30). But in doing so, they relied on the type of simplistic linear model that the
Canadian experts had discredited. They indicated that putting primary attention
on the protein the inserted gene expresses is a sound approach, while failing to
acknowledge that, even if the protein is safe to consume, its unregulated expression
(as well as the insertion process itself ) could disrupt cellular function in deleterious
ways. Thus, in explaining (approvingly) how the substantial equivalence approach
is applied to almost all the GE foods then on the market (including Bt corn and
Roundup Ready soybeans), the report noted that the assessment focuses “primarily
on the introduced trait or gene product” (Ibid., 130). But, as their Canadian
counterparts had demonstrated, the presumed sufficiency of this narrow approach
is itself based on a presumption that’s significantly flawed: the presumption that
whatever unintended side effects are induced by the transformation process will
be adequately detected by superficial compositional comparisons. And such
constricted thinking is based on the notion that attention should mainly rest on
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the product – and that the process has no significant bearing on the risk that the
product will harbor harmful side effects that are difficult to discover.
Moreover, to the extent the NAS report faulted the regulatory policy of the
European Union and other regions embracing the substantial equivalence approach,
it was not for applying this approach to GE foods, but for requiring that it be
applied to all of them while exempting all conventional products. In rejecting this
aspect of the policy, the report emphasized that it’s “scientifically unjustified” to
set assessment criteria based exclusively on the manner of production (Ibid., 180).
56 Ibid., 29. Here’s how the committee described the way GE plants are
developed via the use of reconfigured bacteria: “By substituting the DNA of
interest for the crown gall disease-causing DNA, scientists derived new strains of
Agrobacterium that deliver and stably integrate specific new genetic material into the
cells of target plant species. If the transformed cell then is regenerated into a whole
fertile plant, all cells in the progeny also carry and may express the inserted genes.”
57 The term “genomic shock” is used in connection with tissue culture by
several biologists. One example is: Kaeppler et al., “Epigenetic aspects of somaclonal
variation in plants,” Plant Molecular Biology 43 (2000): 179–88; 181.
58 When genetically identical cells go through tissue culture, they tend to
mutate in different ways. This differential in mutations is referred to as somaclonal
variation. The NAS report generally employs this term in referring to the process
of tissue culture, and it’s used as the heading of the relevant section on page 26.
Because I think it’s simpler and more straightforward to speak of tissue culture
instead, since it is the name of the technique through which somaclonal variation
occurs, I don’t employ the latter term.
59 NAS 2004, op. cit. note 10, 27.
60 Ibid., 28-29. It took twenty-seven more pages before they finally acknowledged
that tissue culture is an aspect of the bioengineering process. In describing a few of the
potential unintended effects of GE, they said: “. . . spontaneous mutation may occur
in the tissue culture phase of the transformation regeneration processes” (p. 56). But,
unless one already knew how widely the technique is relied on in producing GE
plants, this sentence would be unlikely to induce such understanding. Further, as will
be seen, when the committee subsequently presented a chart depicting differences in
disruptive potential between the various modes of plant breeding, it treated tissue
culture as distinct from bioengineering.
61 Although in the case of a few species, there are ways in which isolated
cells can be regenerated without resort to tissue culture, it’s the standard method
through which engineered cells are transformed into mature plants.
62 Neelakandan, A. and Wang, K., “Recent progress in the understanding of
tissue culture-induced genome level changes in plants and potential applications,”
Plant Cell Rep 31 (2012): 597-620; 611. I emailed Dr. Wang, the director of the
Center for Plant Transformation at Iowa State University, inquiring if the statement
about “high probability” of changes referred not merely to regenerated plants before
they’ve been crossed, but to the final, commercialized products as well – even though
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the total number of changes would have been reduced in those products via crossing.
She emailed to confirm that the statement applied to the final products too.
63 It’s logical to presume that all the bars represent the potential for unintended
effects to remain in the final products of the respective methods, because if they
instead are meant to pertain to plants that have not undergone crossing, then
they couldn’t reflect differences in the potential for unintended effects that remain
after crossing has occurred and the product is ready for marketing – the phase at
which the differences are most important. And it’s reasonable to think that such
differences exist, as will be explained shortly.
64 Skirvin et al., “Sources and frequency of somaclonal variation,” Hort Sci 29
(1994):1232-1237.
65 It’s also more likely that the more intensive culturing processes would
generate a higher percentage of dramatic mutations; but it’s also likely that most of
these would not remain in the final product, since they would either prevent plant
development or result in observable (and more readily removable) abnormalities.
66 As we shall see, even without registering the effects of tissue culture, the
bar associated with that mode of bioengineering should be substantially longer
and darker.
67 Its bar, when adjusted, would extend 1.3 centimeters beyond the right
vertical axis of the chart (the point at which the bar for radiation ends). In the
context of the chart, this is a significant difference. Moreover, even if the GE bars
are adjusted by adding only one-fourth the length of the tissue culture bar, the one
associated with the most disruptive mode is longer than that of radiation; and the
other is almost as long.
Note: In order to take measurements, I first reproduced the chart that’s in the
PDF version of the report on an 8.5 x 11 inch piece of paper. I then used a ruler to
ascertain the lengths of the bars. It was difficult to be precise because of the way the
gray tails shade toward the ends. Some of the values I obtained are: tissue culture
(SCV): 5.6 cm; bacterial transfer of rDNA between distantly related species: 9.0
cm; biolistic transfer of rDNA between distantly related species: 10.2 cm; radiation
breeding: 10.8 cm. Other people may get slightly different values; but the overall
result will most likely be similar. Further, it’s important to keep in mind that the
lengths of the bars only reflect the committee’s rough estimates.
68 While this analysis is illuminating, it’s important to note that in neither the
committee’s chart nor the adjusted versions of it do the ratios between the lengths
of the bars precisely reflect reality. The committee’s calculations are not based on
evidence that enables exact determinations; and the available data don’t provide
a basis for anything more than reasonable estimates – although the estimates the
committee made did not always express this attribute.
69 Ronald and Adamchak, op. cit. note 52, 88. Of course, in stating that
radiation is riskier, she’s at odds with the committees’ claim that there’s no
correspondence between placement on the chart and degree of risk. However, as
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we’ll see in Chapter 14, when discussing risks, Ronald not only contradicts the
NAS, she even contradicts herself.
70 At the close of a section arguing that genes inserted via bioengineering are
not drawn to “hotspots” in the DNA that foster genetic instability, they stated:
“Similarly, there is no evidence to suggest the CaMV 35S promoter in GE plants is
any more unstable than the CaMV 35S promoter in ordinary plants infected with
CaMV” (NAS 2004, 61). The question of whether the 35S promoter inserted in
plants is, itself, genetically unstable is separate from the other issues that I noted.
Although there’s still room for scientific debate about this additional issue, because
properly presenting it would add a significant amount of text to an already long
chapter, I’ve decided to forgo it.
71 Hohn, T. and Rothnie, H., “Plant pararetroviruses: replication and
expression,” Current Opinion in Virology 3 (2013): 621–28.
72 NAS 2004, op. cit. note 10, 60 & 62.
73 Ibid., 60.
74 E.g., Fedoroff, Mendel in the Kitchen, op. cit. note 9, 103; where it’s stated
that “neither genes nor transposons normally move.”
75 E.g., Wu, R., Guo, W.L., Wang, X.R., Wang, X.L., Zhuang, T.T., Clarke,
J.L., Liu, B., “Unintended consequence of plant transformation: biolistic
transformation caused transpositional activation of an endogenous retrotransposon
Tos17 in rice,” ssp. japonica cv., Matsumae, Plant Cell Rep 28 (2009): 1043–51.
76 Mendel in the Kitchen, op. cit. note 9, 105.
77 David Schubert, personal communication. Mutation breeding via radiation
and chemicals also stirs up transposons. But, as will be discussed, there’s good
reason to think bioengineering entails at least as great a transposon-related risk.
78 Mendel in the Kitchen, op. cit. note 9, 104-05. However, as the book points
out, wide crosses between “very distantly related plants” can activate transposons.
79 As in several other sections of the report, the committees’ discussion is not
as coherent as one would expect, and it’s difficult to discern the structure of their
argument. But their words do create the impression that transposon mobilization
is somehow separate from the GE process. Leaving aside the issue of whether this
obfuscation was deliberate, it seems they may have been trying to advance the
following argument:
(a) Plant genomes contain numerous transposons; (b) many of the associated
insertion events either created, or could have created, disruptions; (c) any
disruptions caused by insertions of rDNA would be no riskier than those associated
with transposons; (d) therefore, such insertions present no cause for concern.
But such an argument is flawed. Not only does it disregard the fact that genetic
engineering can induce transposon movement (through three distinct modes) and
thereby impose additional transposon-related risks, it mistakenly equates whatever
risks may linger from ancient transposon insertions with the risks entailed by
present-day insertions of rDNA cassettes. Scientists recognize that transposons and
their movements have played a significant role in the evolution of plants and have
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contributed to important features that are found in contemporary varieties. And
it’s known that over great expanses of biological time, while positive effects of the
transpositional events have been conserved, most deleterious effects have not been
maintained. But the situation is otherwise with rDNA insertions. Instead of a long
process of screening by natural selection, the screening for harmful effects in whatever
plants survive the transformation process is performed by human inspection; and,
as the 2001 Canadian report repeatedly warned, the current monitoring process is
unable to detect all the subtle changes that could harm consumer health.
Moreover, even if effects of transpositional events in the distant past remain
that don’t impair the function of the plant but do impair the health of those that
consume them, the insertional effects of bioengineering add to this baseline of
risk to a more significant degree than does pollen-based breeding – and, as will be
demonstrated, more greatly than do all other forms of breeding as well.
80 Forsbach A., Schubert, D., Lechtenberg, B., Gils, M., Schmidt, R., “A
comprehensive characterization of single-copy T-DNA insertions in the Arabidopsis
thaliana genome,” Plant Molecular Biology 52(1) (2003): 161–76. The researchers
selected only plants that contained a single insertion site.
81 Latham, J., Wilson, A. and Steinbrecher, R., “The Mutational Consequences
of Plant Transformation,” Journal of Biomedicine and Biotechnology, vol. 2006,
article ID 25376, 3.
82 Ibid. (emphasis added). They noted that conclusions about particle
bombardment had to be provisional, because very few of its insertion events were
well-studied at that time.
83 NAS 2004, 66.
84 Regarding gene loss, e.g., Kaya, H., Sato, S., Tabata, S., Kobayashi, Y.,
Iwabuchi, M., Araki, T., “hosoba toge toge, a syndrome caused by a large chromosomal
deletion associated with a T-DNA insertion in Arabidopsis,” Plant & Cell Physiology
41(9) (2000): 1055–66. Re: deletion-related disruption of gene function, see e.g.,
Amedeo, P., Habu, Y., Afsar, K., Mittelsten Scheid, O., Paszkowski, J., “Disruption of
the plant gene MOM releases transcriptional silencing of methylated genes,” Nature
405(6783) (2000): 203–06. Re: potential disturbance of native genes through the
influence of the inserted DNA; E.g., Hannon, G.J., “RNA interference,” Nature
418(6894) (2002): 244–51; Bartel, B. and Bartel, D.P., “MicroRNAs: at the root of
plant development?” Plant Physiology 132(2) (2003): 709–17.”
85 Amedeo et al., op. cit. note 84; Ichikawa, T., Nakazawa, M., Kawashima,
M., et al., “Sequence database of 1172 T-DNA insertion sites in Arabidopsis
activationtagging lines that showed phenotypes in T1 generation,” The Plant
Journal 36(3) (2003): 421–29; Weigel, D., Ahn, J.H., Bl´azquez, M.A., et al.,
“Activation tagging in Arabidopsis,” Plant Physiology 122(4) (2000): 1003–13.
86 Freese, W. and Schubert, D., “Safety testing and regulation of genetically
engineered foods,” Biotechnology and Genetic Engineering Reviews 21 (2004): 314
(emphasis added).
87 Latham et al., op. cit. note 81, 4.
88 Ibid., 3.
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89 Ibid., 4.
90 Ibid.
91 Further, if plants are not grown from seed but are propagated clonally (as is
usual with potato and banana), none of the genome-wide mutations are removed,
and they’ll be present in every future clone of the original GE plant.
92 Latham et al., op. cit. note 81, 4.
93 Ibid., 5. According to the molecular biologist Allison Wilson, who has
extensively examined the data submitted to regulators, although the standard
Southern analyses submitted in applications to the USDA are claimed to detect
whether additional copies of all or parts of the cassette have been deposited in
distant sites, the plants’ developers do not submit sequence data for the entire
genome. Therefore, subsequent whole genome sequence analysis will likely
reveal transgenic inserts missed by Southern analysis – as was the case with the
commercialized transgenic papaya. Comparison of the transgenic genome with the
genome of the parent plant would also be necessary to determine the presence (and
extent) of any additional genome-wide differences between the transgenic plant
and its parent (e.g. movement of native transposons, rearrangements or deletions
of plant DNA) [personal communication].
94 Latham et al., op. cit. note 81, 5.
95 E.g., Windels, P. et al., “Characterisation of the Roundup Ready soybean
insert,” European Food Research and Technology 213(2) (200):107–12; Hernandez,
M. et al., “A specific real-time quantitative PCR detection system for event
MON810 in maize YieldGard based on the 3-transgene integration sequence,”
Transgenic Research 12(2) (2003): 179–89.
96 Wilson, A. et al., “Genome Scrambling – Myth or Reality? TransformationInduced Mutations in Transgenic Crop Plants,” EcoNexus Technical Report (October
2004). The report presented such scrambling as a reality.
97 Numerous studies cited in the review were published in 2003 or earlier, so
the committee could have taken account of them, since its report was not released
until the summer of 2004. And although they did refer to four papers mentioned
in that review, none of these were the ones that examined (or even expressly
discussed) deletions and rearrangements in the regions surrounding the insertion
site. Nor did any mention the insertion of superfluous DNA.
98 E.g., Latham et al., op. cit. note 81; Freese, W., Schubert, D., “Safety
testing and regulation of genetically engineered foods,” Biotechnology and Genetic
Engineering Reviews 21 (2004): 299–324; Spok, A. et al., “Risk Assessment of
GMO-Products in the European Union,” Bundesministerium f¨ur Gesundheit und
Frauen, 2004.
99 NAS 2004, 27.
100 NAS 2004; their main discussion runs from p. 41 through p. 45. Although
they also noted that tomatoes could contain problematic levels of a naturally
occurring toxin, they acknowledged this was due to environmental factors rather
than to the breeding process.
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101 Steiner, H.Y. et al., “Evaluating the Potential for Adverse Interactions
within Genetically Engineered Breeding Stacks,” Plant Physiology, April 2013, vol.
161 no. 4: 1588.
102 NAS 2004, op. cit. note 10, 43.
103 Ibid., 56.
104 http://wildflowerfinder.org.uk/Flowers/P/Potato/Potato.htm; http://
www.sigmaaldrich.com/catalog/product/sigma/d5649?lang=en&region=US.
Further, the fact that demissidine is present in potatoes was reported in the
scientific literature as early as 1981: Jadhav, S.J., R.P. Sharma, D.K. Salunkhe,
“Naturally occurring toxic alkaloids in foods,” Crit Rev Toxicol 9 (1981): 21–104.
105 Ibid., 43.
106 Steiner, H.Y. et al., op. cit. note 101, 1588. It’s noteworthy that these
authors are proponents of GE foods, and one is employed by Pioneer Hi-Bred, a
major biotech corporation. Yet, they admit there’s no evidence that conventional
breeding has produced novel toxins (or is even likely to), despite the NAS
committees’ contention that this has actually happened – and that it could well be
happening in several cases of which we’re unaware.
Further, although many people are under the impression that through the
process of pollination, modern varieties of hybridized wheat have become endowed
with one or another novel proteins, there appears to be no sound evidence this
has actually happened. Instead, the relative concentrations of native proteins
have changed. See, e.g., van den Broeck, H.C. et al., “Presence of celiac disease
epitopes in modern and old hexaploid wheat varieties: wheat breeding may have
contributed to increased prevalence of celiac disease,” Theor Appl Genet (2010)
121:1527–1539. DOI 10.1007/s00122-010-1408-4.
107 Schubert, David, quoted in Smith, Jeffrey, Genetic Roulette (Fairfield, IA:
Yes! Books, 2007), 56.
108 Hagan, N. et al., “The redistribution of protein sulfur in transgenic rice
expressing a gene for a foreign, sulfur-rich protein,” Plant J. 34 (2003): 1–11. For
a discussion, see note 111.
109 Although the study on the allergenic effects of the protein produced by
the GE peas was not published until after the committee had released its report,
the study revealing that the foreign gene expressed in GE rice might have been
misfolded was published the year prior to the report’s release. Yet, the report makes
no mention of it. Moreover, the potential for a protein synthesized within a foreign
species to be adversely altered via either add-ons or misfolding was recognized well
before the report was written.
110 It’s clear that serious problems could result from either class of insertions.
In regard to adverse outcomes induced by foreign genes, Philip Regal has pointed
out that “. . . theory and evidence have suggested that the host’s buffering or
control systems will often be ineffective for those transgenes that can express well.”
He explains that because the foreign genes could induce “unusual conditions” that
cannot be modulated by the buffering mechanisms, “. . . new factors may be added
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to the host’s biochemical milieu and cause quantitative or qualitative changes in
the output of existing biochemical pathways.” Regal, P., “Scientific Principles for
Ecologically Based Risk Assessment of Transgenic Organisms,” Molecular Ecology 3
(1994): 5-13 (The sentences cited above were from a section relevant to food safety
as well as ecological safety).
On the other hand, when the inserted gene comes from a closely related species,
the organism’s control system could be stressed in trying to cope with the hyperexpression of a native substance, resulting in the formation of unusual toxins – as
happened with Showa Denko’s tryptophan-producing bacteria.
111 For instance, in an attempt to increase the sulfur content of rice, a
transgenic variety was created containing a sunflower gene that expresses a
protein rich in sulfur. However, the amount of sulfur in the rice did not increase,
apparently because the high demand for sulfur imposed by the over-expression of
the sunflower gene drew heavily upon the plants’ sulfur pools and decreased the
production of some of their own sulfur-containing proteins.
Further, there were at least two other types of change that were not directly
related to the competition for sulfur production but were induced by some other
mechanics. In one, the level of two native proteins significantly increased; and
because they chaperone the correct folding of proteins, and because their levels tend
to increase in plants in response to stresses that impair proper protein formation,
the researchers regarded this result as a warning sign. They stated it “. . . raises the
possibility that at least some of the SSA [the foreign protein] is misfolded.”
The second unusual outcome that was not directly related to the competition
for sulfur involved a failure to process another native protein [glutelin B] in a
normal manner, which led to elevated levels of its unprocessed form.
Although the researchers didn’t determine whether the various alterations could
exert negative impacts on consumer health, or whether other potentially hazardous
changes had also occurred, a process that can induce such significant shifts in the
way a plant operates clearly has the potential for doing so. Hagan, N. et al., “The
redistribution of protein sulfur in transgenic rice expressing a gene for a foreign,
sulfur-rich protein,” Plant J. 34 (2003): 1–11. See also, Islam, N. et al., “Decreased
accumulation of glutelin types in rice grains constitutively expressing a sunflower
seed albumin gene,” Phytochemistry 66 (2005): 2534–39.
112 Nestle, Marion, “The AMA’s Strange Position on GM Foods”: http://
www.theatlantic.com/health/archive/2012/06/the-amas-strange-position-ongmfoods-test-but-dont-label/258968/ While her allegation was specifically directed
at a particular, and glaring, instance of inconsistency between two of the report’s
main assertions, even when the document is self-consistent, it is not consistent with
good science – as will be demonstrated.
113 American Medical Association, Policy Statement on Biotechnology and
the American Agricultural Industry, 1990.
114 American Medical Association, Report 2 of the Council on Science and
Public Health (A-12) (2012)2.
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115 The AMA’s opposition to labeling is clearly stated in the 2012 report,
which was heavily relied on by the opponents of a California ballot initiative that
would have required labeling. The initiative was narrowly defeated.
116 AMA (1990), op. cit. note 113. The first GE whole food that came to market
was the Flavr Savr tomato, introduced in May 1994. It is discussed in Chapter 10.
117 Document #1 at: http://biointegrity.org/24-fda-documents
118 In one indication of deficient benefits, the Des Moines Register reported
that studies of Iowa farmers conducted for 1998 and 2000 by Iowa State University
economist Dr. Michael Duffy showed: “Farmers who plant genetically modified
corn and soybeans fare no better financially than those who grow traditional
crops. . . .” And it noted Duffy’s statement that seed companies and chemical
companies have reaped the primary benefits of biotechnology so far (Perkins, Jerry,
“Biotech Crops Fail to Reap More Cash,” Des Moines Register, January13, 2002).
Dr. Duffy also found that, in both years, yields for the GE soybean (Monsanto’s
Roundup Ready variety) were lower than for the non-GE beans.
119 The yield drag of the Roundup Ready soybean was confirmed by
researchers at the University of Nebraska. In controlled studies comparing RR
soy with non-engineered sister lines, they found consistent yield decreases with
the GE beans of 5%. They concluded that the study “demonstrates that a 5%
yield suppression was related to the [foreign] gene or its insertion process. . . .”
And they made it clear that the reduction was not due to the application of the
herbicide, because they determined that it had exerted no effect on yields (Elmore
et al., “Glyphosate-Resistant Soybean Cultivar Yields Compared with Sister Lines”,
Agron J 93 [2001]: 408-12 ). The other problems have been discussed in Chapter 7.
120 21 CFR 170.3(I)
121 American Medical Association, Policy Statement on Biotechnology and
the American Agricultural Industry, 1990.

10. A Crop of Disturbing Data

1 As it turned out, this hypothesis was incorrect; and the translation of the PG
gene was inhibited via a different mechanism.
2 As will be discussed later in this chapter, the tomato also contained a marker
gene; and that gene had a bacterial origin.
3 Martineau, Belinda, First Fruit: The Creation of the Flavr Savr™ Tomato and
the Birth of Biotech Foods, 2001 (McGraw-Hill: New York), 146.
4 Calgene also conducted acute oral toxicity tests of eight other lines of the Flavr
Savr and five corresponding control lines. (Martineau, personal communication)
5 First Fruit, op. cit. note 3, 150. The term “gross lesions” was used by FDA
pathologists who reviewed the data. They also referred to the lesions as “gastric
erosions” (Document #14, p. 1 at: http://biointegrity.org/24-fda-documents).
6 Pusztai, A., “Can Science Give Us the Tools for Recognizing Possible Health
Risks of GM Food?,” Nutrition and Health 16 (2002): 73-84.
7 First Fruit, op. cit. note 3, 152.
8 Document #14, p. 2 at: http://biointegrity.org/24-fda-documents.
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9 Document #17, pp. 2-3 at: http://biointegrity.org/24-fda-documents.
10 Document #16 at: http://biointegrity.org/24-fda-documents.
11 Document #15, p. 3 at: http://biointegrity.org/24-fda-documents.
12 First Fruit, op. cit. note 3, 181.
13 Agency Summary Memorandum, Re: Consultation with Calgene, Inc.,
Concerning FLAVR SAVR™ Tomatoes, May 17, 1994, U.S. Food and Drug
Administration.
Because the Commissioner selects the FAC members, and because Kessler had
had a long tenure, it’s reasonable to assume he had appointed a substantial number
of the standing members.
14 First Fruit, op. cit. note 3, 182.
15 Cony, A., “FDA Scientists find Flavr Savr Safe,” Sacramento Bee, April
6, 1994. (The FDA’s statement was released several days before this article was
published; and the article referred to it as a past event.)
16 First Fruit, 182. Belinda Martineau, the author of the book, was a member
of the Flavr Savr development team and made this observation first-hand.
17 Cony, A., “FDA Scientists find Flavr Savr Safe,” Sacramento Bee, April
6, 1994; As cited in First Fruit, 252, n. 1. The FDA’s subsequent public releases
regarding the Flavr Savr continued to falsely assert that its scientists had determined
that the tomato was safe, e.g. “First Biotech Tomato Marketed,” U. S. Food and
Drug Administration, Center for Food Safety and Applied Nutrition, FDA
Consumer, September 1994.
18 FDA Food Advisory Committee Meeting, April 6-8, 1994, Transcript:
vol. 2, 153.
19 Ibid., 159-61.
20 Ibid., 162; 167-68.
21 First Fruit, op. cit. note 3, 186. The words “love fest” were in quotation
marks in Martineau’s report.
22 FDA Public Affairs Office, HHS News, May 18, 1994.
23 “Biotechnology of Food,” U. S. Food and Drug Administration, Center for
Food Safety and Applied Nutrition, FDA Backgrounder, May 18, 1994.
24 “FDA’S Policy for Foods Developed by Biotechnology,” U. S. Food and
Drug Administration, Center for Food Safety and Applied Nutrition, CFSAN
Handout: 1995. The document was also published as a chapter in American
Chemical Society Symposium Series no. 605, 1995.
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In contrast, around the same time that defective review appeared, another
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179 Myths and Truths, op. cit. note 156, 142-144.
180 Ibid., 143.
181 Ibid.
182 Antoniou, Michael, email communication.
183 In United States v. An Article of Food, etc. 678 F. 2d 735 (5th Cir. 1982),
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degrees in one of the directly relevant life sciences, a large number do; and their
number is more than sufficient to defeat the claim that consensus about safety
exists within the expert community.
185 Schubert, D., Letter to the Los Angeles Times, October 28, 2012.
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of Life, Harvard University Press, Cambridge, MA (paperback edition, 2003), 247.
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Agriculture,” 44 B.C. L. Rev. 733.
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that pose a significant risk of illness or injury” (Class III devices) safety claims must
be supported by “the submission of clinical data” (21 CFR Part 814). Extensive
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not as stringent as for Class III (email communication). Mark Rainbow, a software
engineer who works for a medical device company, concurs, stating that when
substantial equivalence is claimed, “the FDA still requires full testing of the device
operations and complete reviews of the design and an analysis of potential hazard”
(email communication).
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to research outcomes on health risks or nutritional assessment studies of genetically
modified products,” Food Policy 36 (2011): 197–203.
47 Schach, op. cit. note 37.
48 Larry Seese, quoted in The Risks Digest 9(62), February 26, 1990.
49 Gleick, James, “A Bug and a Crash,” New York Times Magazine, December
1, 1996.
50 Quoted in Gleick, above.
51 A GE food would only pose less risk if there was scant likelihood that its
associated hazards would manifest – which, in light of the analysis in Chapter 9,
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58 Christensen, D., “Beyond Virtual Vaccinations,” Science News, July 31, 1999
(The words the article quoted were those of an expert at IBM, Steve R. White).
59 Brown, Patrick, “The Promise of Plant Biotechnology – the Threat
of Genetically Modified Organisms,” July 2000. Available at: http://www.
campaignforrealfarming.org/2012/01/the-promise-of-plant-biotechnology-thethreat-of-genetically-modified-organisms/
60 Although there have been exceptions, such as the unintended consequences
of the “Morris worm” released in 1988.
61 “DNA as Software,” All Things Considered, National Public Radio, April 25,
2003: http://www.npr.org/templates/story/story.php?storyId=1244325
62 http://en.wikipedia.org/wiki/Northeast_blackout_of_2003
63 Hagan, N. et al., “The redistribution of protein sulfur in transgenic rice
expressing a gene for a foreign, sulfur-rich protein,” Plant J. 34 (2003): 1–11.

Notes: Chapter 11

491

64 Regal, P., “Scientific Principles for Ecologically Based Risk Assessment of
Transgenic Organisms,” Molecular Ecology 3 (1994): 5-13 (The quoted sentences
are from a section relevant to food safety as well as ecological safety).
65 This can occur when the transcription process starts at different locations,
with the result that a single base can be part of one distinct three-base codon on
one occasion and a constituent of a different codon on another, depending on
where the transcription of RNA begins. In consequence, a discrete segment of
DNA can participate in generating diverse segments of RNA. However, although a
segment of DNA can be transcribed via alternate, overlapping reading frames, the
amino acid code itself is nonoverlapping, which means that (barring errors) a single
reading frame is always directly transcribed into the same RNA sequence (which
can subsequently be altered via alternate splicing).
66 Segal, E. et al., “A Genomic Code for Nucleosome Positioning,” Nature
442 (August17, 2006): 772-78. The word “superimposed” was employed by the
journalist who reported the discovery in the New York Times: Wade, N., “Scientists
Say They’ve Found a Code Beyond Genetics in DNA,” New York Times, July 25,
2006: http://www.nytimes.com/2006/07/25/science/25dna.html
67 Weatheritt, R. and Babu, M., “The Hidden Codes that Shape Protein
Evolution,” Science 13: 342 (6164) (December 2013): 1325-26. The authors refer
to the codes as “regulatory.”
68 Stergachis, A. et al., “Exonic Transcription Factor Binding Directs Codon
Choice and Affects Protein Evolution,” Science 342(6164) (December 13, 2013):
1367-72.
69 “Scientists Discover Double Meaning in Genetic Code,” Press Release,
University of Washington December 12, 2013: http://www.washington.edu/
news/2013/12/12/scientists-discover-double-meaning-in-genetic-code/
70 However, since the statement appeared in a press release, it may merely
reflect the desire of the university’s public relations department to hype the
importance of the discovery. In any event, the resilience of ingrained presumptions
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