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I am writing with reference to Docket No. APHIS-2015-0057-0001, “Importation, Interstate 

Movement, and Environmental Release of Certain Genetically Engineered Organisms.” I am a 

Distinguished Professor of Plant Sciences and Director of the Seed Biotechnology Center at the 

University of California, Davis (www.sbc.ucdavis.edu). I am a specialist in seed biology, 

genetics, biotechnology and plant breeding and have been engaged in scientific research and 

teaching associated with these topics for the past 35 years. I am submitting the following 

comments for consideration in connection with the proposed revision of the current regulations 

associated with products developed through the use of genetic engineering in relation to the 

Coordinated Framework (CF) established in 1986 and revised in 1992.  

To begin my comments, I include by reference here a paper published in 2005 specifically on the 

topic under consideration (Bradford et al., 2005) and a second paper documenting how the 

current biotechnology regulatory system is an impediment to the development and 

commercialization of products of biotechnology (Miller and Bradford, 2010). These negative 

consequences of regulation already were documented in detail a decade ago, particularly with 

respect to specialty crops that suffer the most daunting regulatory burdens under the current 

system (Alston et al., 2006; Bradford et al., 2006; Kalaitzandonakes et al., 2007; Dobres, 2008). 

As nothing has changed in the regulatory system since those papers were published, or in fact 

since even earlier similar analyses were published (Barton et al., 1997), everything in these 

papers remains fully relevant today. I also include here by reference my comments submitted 

November 9, 2015 to FDA-2015-N-3403-0001 (tracking number 1jz-8m5i-t05p) and on April 

11, 2016 to APHIS-2014-0054-0023 (tracking number 1k0-8p0c-g5rx) on closely related topics.  

With reference to the current proposed revisions, I am glad to see that APHIS agrees with 

repeated reports from the National Academy of Sciences and other scientific organizations that 

that GE organisms “pose no greater plant pest or noxious weed risk than their counterparts 
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developed through traditional breeding techniques or chemical or radiation-based mutagenesis.” 

Likewise, it is positive to see that “APHIS has determined that most of the GE organisms 

evaluated by the Agency do not merit regulatory oversight under the PPA.” I am also in 

agreement with the statement that “the Agency has discovered that the expressed phenotype of 

the regulated organism provides the most reliable indicator of the organism's potential for 

deleterious effects on plants and plant products.” Collectively, these statements reassert the 

original concept in the Coordinated Framework that it should be the product, not the process, 

which determines the regulatory status of the products of modern plant breeding. Nonetheless, it 

is clear that this has not been the basis of regulatory policy to date, but rather that the processes 

used in developing improved varieties are the primary, and often sole, determinants of the 

regulatory status of a specific event or plant containing it. It is promising to see that the proposed 

revisions move in the direction of correcting this and becoming more consistent with the 

principles stated in the Coordinated Framework, and while not going as far as I would advocate, 

the current proposals would go some way toward that goal.  

Definition of GE organisms 

The critical aspect of the regulatory process for GE organisms is of course the definition of such 

organisms, as noted: “the proposed regulations would not apply to organisms that are created 

using techniques that APHIS does not consider to constitute genetic engineering or that fall 

outside the scope of GE organism.” And, continuing past practice, “APHIS would exclude from 

the definition of genetic engineering traditional breeding techniques (including, but not limited 

to, marker-assisted breeding, as well as tissue culture and protoplast, cell, or embryo fusion) or 

chemical or radiation-based mutagenesis.” Thus, it is appropriate to see that “for purposes of the 

revised regulations, an organism would not be considered a GE organism if: 

• “The genetic modification to the organism is solely a deletion of any size or a single base 

pair substitution which could otherwise be obtained through the use of chemical- or 

radiation-based mutagenesis.” 

This is clearly rational in light of the fact that mutation-based breeding is not regulated as being 

genetic engineering, and these types of changes in DNA are common in the more than 3200 plant 

varieties that have been developed using induced mutations (FAO/IAEA, 2014), none of which 

underwent premarket review nor have resulted in any harm to humans or the environment. 

However, it is not logical that a deletion of any size would be excluded, yet if more than a single 

base pair is substituted, the organism would be considered to be genetically engineered. Thus, 

stopping the production of a protein by knocking any or all of a gene is acceptable, but only a 

single amino acid in the protein could be altered without incurring the full force of the GE 

regulatory process. I fail to see how this is consistent with the “product, not process” principle 

that is (once again) cited as the basis for regulation. It is true that many induced mutations cause 

either deletions or single base pair changes, but this single base pair limitation would exclude 

many targeted changes to genomes using new editing methods simply because more than one 

base substitution would have occurred (Weeks et al., 2016; Songstad et al., 2017). Is APHIS 

aware of any information that the latter as a generic class of DNA modifications are any less safe 
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than are deletions? This is particularly relevant in light of APHIS’ clear statement that based on 

its 30 years of experience, “the expressed phenotype of the regulated organism provides the most 

reliable indicator of the organism's potential for deleterious effects on plants and plant products.” 

This being the case, why are substitutions arbitrarily limited to a single base pair? I will return to 

this point below. 

APHIS further proposes that:  

• “The genetic modification to the organism is solely introducing only naturally occurring 

nucleic acid sequences from a sexually compatible relative that could otherwise cross with 

the recipient organism and produce viable progeny through traditional breeding (including, 

but not limited to, marker-assisted breeding, as well as tissue culture and protoplast, cell, or 

embryo fusion).” 

Again, this is entirely reasonable and justified, as the entire history of conventional breeding 

within an extended gene pool of sexually compatible relatives has resulted in virtually no (only 

two that I am aware of) products with any safety concerns. Thus, reproducing those gene/trait 

transfers using more direct methods rather than crossing and mixing their entire genomes and 

sorting them out later (after extensive recombination has mixed them together) is scientifically 

sound and simply common sense. I applaud APHIS for coming to this conclusion, which will 

allow use of targeted gene editing methods to do allele swapping between compatible relatives to 

attain specific trait transfers.  

Both of the proposed changes to the definition of a genetically engineered organism are 

scientifically supported and well past due, based on experience to date with such organisms. 

However, with the limited scope allowed, certain irrational and scientifically unjustified 

situations can easily be imagined. For example, based on the second bullet point, multiple base 

substitutions (or even gene insertions) would not be considered to be GE so long as the resulting 

gene sequence matched one found in a sexually compatible relative. This is analogous to a case 

in which a disease resistance gene was transferred from pepper (Capsicum annuum) to tomato 

(Solanum lycopersicum) (Horvath et al., 2012). The gene worked and transferred resistance to 

bacterial spot to tomatoes, for which no comparably effective natural resistance has been found 

in sexually compatible species, and would enable elimination of repeated sprays of copper-

containing bactericides on tomato crops. Yet, even though pepper and tomatoes are closely 

related in the Solanaceae family, they are not sexually compatible, and so the disease-resistant 

tomato plants would be designated as GE organisms under the proposed rule. I note that despite 

demonstration of effectiveness already in 2012 (Horvath et al., 2012), this product has not moved 

toward commercialization due to the virtually insurmountable cost for specialty crops of getting 

through the regulatory process (Alston et al., 2006; Miller and Bradford, 2010). It might be 

possible to edit an existing gene in tomato to reproduce the effect of the pepper resistance gene. 

Yet, if this required substitution of more than one base pair to recreate the allele, it would be 

considered to be GE. Thus, despite the fact that we are eating this gene and its products routinely 

in peppers, and that neither peppers nor tomatoes exhibit any risk of being plant pests, 
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reproducing it in tomatoes would require that it be designated as a GE organism under the 

proposed definition. This would not achieve APHIS’ goal of not unduly restricting the 

commercialization of beneficial products of genetic modification, in this case by the elimination 

of the use of pest controls that may impact farm workers and the environment.  

This issue could be easily addressed within the framework of the current proposal by 

expanding the scope of exemption for sexually compatible plants to include all crop plants 

currently used for food and known not to be plant pests. As stated in the current document, 

APHIS “will no longer consider GE organisms to be regulated articles solely because of the 

donor, vector, or vector agent used in genetic engineering.” Yet the proposed definition does 

make this determination based solely on whether the donor is sexually compatible with the 

recipient, rather than whether it comes from a plant known to be safe. APHIS also states in the 

current document that “For GE plants, there is usually a great deal of data and experience with 

the non-GE organism. In most cases these non-GE organisms are highly domesticated and 

cultivated widely within the United States, and there is an extensive body of scientific literature 

regarding their biology.” And further, “Additionally, APHIS has now accumulated nearly three 

decades of experience in evaluating GE organisms for plant pest risk. The Agency's evaluations 

to date have provided evidence that most genetic engineering techniques, even those that use a 

plant pest as a vector, vector agent, or donor, do not result in a GE organism that presents a plant 

pest risk.” This being the case, what is the rationale for excluding transfer or editing of genes that 

exist in domesticated food crops into other domesticated food crops? APHIS admits that the 

identity of the donor does not predict that a plant presents a risk: “This means that risks 

associated with the introduction of recombinant DNA engineered organisms are the same as 

those associated with non-genetically engineered organisms and organisms modified by other 

methods and that the assessment of such risks should be based on the nature of the organism and 

the environment into which it is introduced rather than the methods by which it was produced.” 

Again, shouldn’t the phenotype of the resulting organism be the deciding factor? On what basis 

is sexual compatibility considered to be a defining limit for the use of genetic diversity? As our 

knowledge of the relatedness and evolution of organisms improves, taxonomic relationships are 

often adjusted, grouped or split. Furthermore, it has become evident from genomic studies that 

large fractions of genomes are shared far beyond the family level. Is it possible, therefore, to 

assign unique risks to genes that may be virtually identical across essentially all plants, for 

example, relative to differences among genera or species that might actually confer quite distinct 

properties? As our understanding of the genome increases, our appreciation of its generality and 

fluidity also increases (Ladics et al., 2015), revealing taxonomic limits as proposed here to be 

politically rather than biologically based.  

The rapid evolution of gene editing techniques and capability, along with their demonstrated 

specificity and limited off-target action in plants (Ueta et al., 2017), makes it unwise to lock 

specifics about the types of sequence modifications that can be considered acceptable into a 

fundamental document like the one under consideration. Certainly at this point, after 30 years of 
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experience without any harm or risk due solely to the methods used, and with techniques rapidly 

moving in the direction of increased precision and specificity, it does not make regulatory sense 

to decide that only one, and no more, base substitution constitutes the dividing line between a GE 

organism and a non-GE organism. Rather, it would be more sensible to establish broad latitude 

in the underlying rule, and allow APHIS to exercise its regulatory experience and authority on a 

case by case basis to determine the hazard and risk of the specific modifications. Surely APHIS 

would conclude that in the case of the pepper to tomato gene transfer described above, there is no 

basis in science or experience for concern about the safety of this organism, and therefore no 

reason to impose on it the death sentence, for commercial purposes, of being considered a GE 

organism.  

If “death sentence” perhaps seems to be an extreme characterization, the current situation with 

orange GE petunias is a timely illustration of the point (Servick, 2017). As APHIS is aware, 

these petunias resulted from transfer of a gene from maize into petunia in 1987 and resulted in 

novel orange-colored flowers. Though this plant did not receive APHIS approval for 

environmental release, it was nonetheless subsequently used in diverse flower breeding programs 

and has been marketed without problem for years. Now, having discovered that the gene and its 

viral promoter sequences (which in the current proposal APHIS agrees are innocuous and will 

cease to regulate) are present, APHIS is compelled to require the destruction of any plants and 

seeds of petunias with this insertion. I would propose that this is a classic example of a 

“victimless crime,” in which “laws produce secondary crime, and … create new 'criminals,' 

many of whom are otherwise law-abiding citizens" (Schur and Bedau, 1974). In this case, the 

petunias and the companies who inadvertently used them in their breeding programs are cast as 

criminals, despite the fact that no harm has been done to anyone by the opportunity to enjoy 

flowers having a new color. All of these plants and their progeny now must be collected and 

destroyed solely because they violated a regulatory specification that is now recognized to be out 

of date. One could include in this category also much more damaging situations such as the 

Liberty Link 601 rice incident in 2006 (USDA, 2007) that resulted in a $750 million settlement 

against Bayer CropSciences and additional economic losses to rice farmers. In that case, APHIS 

quickly determined that the “illegal” varieties involved “present no human health, food safety or 

environmental concerns. The protein found in Liberty Link rice is also approved for use in other 

products and has been scientifically reviewed and approved for use in a dozen countries around 

the world.” Thus, the “event-by-event” basis for regulation resulted a victimless crime and in 

huge economic losses for both farmers and the seed company, even though the underlying cause 

was the regulatory process itself that defined the organism as a hazard on the basis of the process 

that was used to develop it, rather than the actual phenotype.  

Surely APHIS has sufficient experience with such embarrassing and costly situations that it 

would see the wisdom of fully adopting the principles embodied in the Coordinated Framework 

(and by Canada) and focus on the phenotypic properties of the organism, rather than on the 

specific methods used or the number of DNA base pairs changed. The current proposal would 
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shift the targets with respect to where these victimless crimes would occur and who would be 

harmed, but we can envision two obvious consequences of continuing this process rather than a 

product basis for regulation: 1) more innocent organisms being declared criminals and being 

banished from society (i.e., unable to afford to get through the regulatory process despite being 

harmless); and 2) more innocent victims (seed companies and farmers) suffering economic losses 

simply for using the best methods and varieties available to breed and grow crops. These 

problems are not inherent in the breeding technologies used, but are created solely by the 

regulatory approach taken to them; the mandate of “do no harm” should apply to regulations as 

well as medicine. So while I agree that the changes being proposed are positive and long past 

due, they do not go far enough to meet APHIS’ stated goal of “reducing burden for regulated 

entities whose organisms pose no plant pest or noxious weed risks.” I seriously hope that if the 

current proposal is implemented, we will not have to wait another 25 years for further revisions 

to bring regulatory practice further in line with scientific reality.   

The third point in the definitions of the current proposal, not to regulate null segregants, would 

be laughable were it not for the fact that some other countries do consider such segregants to be 

still under regulation. It is remarkable that even the absence of the regulated DNA itself does not 

release an organism from regulatory prison in some countries. Rather than a victimless crime, 

here we have the “sins” of the parents visited on the offspring, even if the latter are innocent. 

Thankfully, APHIS agrees with the obvious fact that that absence of a regulated trait implies that 

the organism should not be regulated.  

I also fully support APHIS’ decision not to consider a plant to be a GE organism solely due to 

presence of DNA sequences from plant pests used in vectors for inserting or regulating genes. 

This will enable use of Agrobacterium tumefasciens for transferring genes without the product 

automatically being considered to be a GE organism. This is a valuable revision to the rules, as 

increasingly developers are returning to direct transformation methods (e.g., Biolistics) solely to 

avoid this categorization (Camacho et al., 2014). However, the Agrobacterium method generally 

is more successful in achieving full-length insertions with fewer secondary or partial insertions. 

Thus, the regulations themselves are pushing researchers and developers to use methods with 

less specificity and lower success rates simply to avoid regulation of products that would in 

many cases be considered unregulated under the new proposed definitions. It is therefore 

consistent that “APHIS would no longer regulate a GE organism solely because its vector or 

vector agent is a plant pest.”  

Regulatory Status Evaluation 

APHIS states that “a process is necessary to allow parties to request that APHIS evaluate the GE 

organism for plant pest properties, and deregulate it if the Agency determines that it is not.” This 

is certainly the case, as the determination of regulated versus non-regulated status is the most 

critical factor in whether many valuable crop-trait combinations will be able to be 

commercialized. APHIS further states that “In other words, APHIS' focal point would change 

from the method by which the organism is genetically engineered, to the resulting GE organism 
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itself, and the Agency would no longer assume that the use of a plant pest within the 

development of the GE organism necessarily and in every instance results in a GE organism with 

plant pest properties.” The information proposed to be required for such evaluation seems 

reasonable and would likely be known by the developer for genetically engineered products. It is 

also critical that such determinations can be performed without field trial data, as indicated: 

“field test information would not be a generally applicable requirement for requests for a 

regulatory status determination, and would only be requested rarely, and on an as-needed basis.” 

This prior determination of regulated status must be known before deciding whether to conduct 

field trials, as if the product is determined to be regulated, permits must be obtained and strict 

containment procedures must be followed. So logically, the determination of regulatory status 

should be based primarily on the intent of the modification, documentation that the intended 

changes have occurred, and observations in the laboratory or greenhouse that the intended 

phenotype is present. If the product is determined to be not regulated, then the developer would 

be able to proceed to field trials and commercialization without further restriction. An 

assumption throughout this is that the information required for the regulatory status evaluation is 

not unduly burdensome and would likely be available routinely from the process of developing 

the product. If the information required for the evaluation process ends up looking essentially 

like the full current deregulation package, requiring animal feeding experiments, environmental 

impact statements, etc., then this regulatory change has achieved nothing of practical value and 

this first step will simply become the primary hurdle to commercialization.  

In the case that a product is determined initially to be regulated, it is proposed that a single 

permit process will replace the current notification and permit options. In some cases, as 

indicated, it may be prudent to follow containment and movement guidelines until further 

information is obtained to confirm absence of plant pest properties. However, once such tests are 

completed, and if the results are negative for plant pest potential, they would be deregulated, but 

still considered to be GE organisms. Referring back to my earlier example of a disease resistance 

gene transferred from pepper to tomato, under the proposed definitions it would be considered to 

be a GE organism, as pepper and tomato are not sexually compatible. They would be required to 

undergo the much more costly and burdensome deregulation process solely because of the source 

of the donor gene. As cited above, APHIS has repeatedly stated that the identity of the donor 

organism has not been found to be predictive of the pest potential of the recipient organism. 

According to my proposed broadening of the donor organism to be any domesticated food plant, 

it would no longer be considered to be a GE organism. No, this is not directly achievable by 

conventional breeding, which is exactly why genetic engineering is valuable and useful. As 

stated multiple times in the proposal document, APHIS’ determinations should be focused on 

phenotypic traits. I recognize that APHIS is distinguishing between non-regulated and 

deregulated status, but I question the scientific validity of this distinction when it is based on 

criteria that APHIS itself has determined are not associated with safety or risk, including method 

of transfer and donor. As stated, “To date, APHIS has authorized more than 100,000 field trials 

… and APHIS has not received a report of plant pest or noxious weed issues.” Given this history 
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of safety, why should one product receive the designation of being a non-GE organism, while 

very similar organisms that used a slightly different donor or perhaps substituted two base pairs 

rather than one would be a GE organism and all of the consequences that entails? While APHIS 

is properly focused on evaluating potential risk, it must now also be cognizant of the impact that 

designation as a GE organism will have following the federal mandatory GE labeling law. Or 

worse yet, is it possible that APHIS and the USDA Agricultural Marketing Service will develop 

different criteria for non-regulated status versus mandatory labeling status? APHIS must 

recognize that particularly for specialty crops, small companies and public institutions, 

designation of a product as a GE organism is tantamount to a roadblock on commercialization, 

regardless of how safe or beneficial it may be. Thus, I believe that APHIS should broaden the 

scope of what is considered to be a GE organism and reserve the formal deregulation process, on 

a case by case basis, for products the safety of which are justifiably unknown and therefore 

require a full regulatory examination.  

Proposed permit process 

APHIS also proposes to eliminate the notification process and have a single permit process 

required for importation, interstate movement, or environmental release of GE plants. This 

emphasizes again the importance of a mechanism for early and efficient determination of 

regulatory status, and it would also determine whether such permits are required. Regarding 

permits themselves, APHIS states, “To date, APHIS has issued more than 18,000 authorizations 

for the environmental release of GE organisms in multiple sites, primarily for research and 

development of improved crop varieties for agriculture. Additionally, APHIS has issued more 

than 12,000 authorizations for the importation of GE organisms, and nearly 12,000 

authorizations for the interstate movement of GE organisms. APHIS has, to date, denied slightly 

more than 1,500 requests for permits or notifications, many of which were denied because 

APHIS ultimately decided the requests lacked sufficient information on which to base an Agency 

decision.” This would seem to indicate that essential all valid permit applications are granted. 

What use has APHIS made of the 42,000 permits and notifications it has issued? I personally 

know that some of them have been simply to allow me to send GE crop seeds for research 

purposes to colleagues in other states. Why does APHIS need to keep track of this? What public 

good is served by all this paperwork, which it is now proposed must be maintained for 10 years? 

This is particularly evident when GE Arabidopisis plants can be exchanged across state lines 

without any such permits, and it actually is a weed. APHIS proposes that the elimination of the 

simpler notification process will make the process of review and approval more efficient, but 

will it reduce the burden on those who must seek and manage such permits? Could APHIS 

perhaps examine the rationale behind its requirement for permits and its actual use of them and 

eliminate much of this workload on both parties? As noted above, after more than 100,000 field 

trials authorized, not a single case of a plant pest or noxious weed issue was reported. Does this 

absence of risk really require such obsessive monitoring? Is this not analogous to the “null 

segregants” case, in which the absence of actual issues in all of this monitoring seems strangely 

to result in even more stringent monitoring, rather than reducing or eliminating this 
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nonproductive activity? Rather than converting notifications to permits, has the option of 

eliminating all of the reporting currently conducted under notifications been considered? This 

would reserve the permit process for monitoring GE organisms that represent truly novel 

phenotypes with reasonable potential to be plant pests.  

Conclusions 

It is refreshing to see that “Based on APHIS' experience evaluating field trial data from 

thousands of permits that authorize environmental release of regulated organisms, as well as 

more than 150 petitions for non-regulated status, APHIS has determined that most of the GE 

organisms evaluated by the Agency do not merit regulatory oversight under the PPA 

[emphasis added]. There would be both direct and indirect economic benefits of not subjecting 

the majority of these organisms to permitting requirements.” This accurately states APHIS’ 

experience and is in agreement with 44 years of scientific research on recombinant DNA 

organisms. I support APHIS’ proposal to not regulate organisms developed using DNA 

technologies to effect modifications that could have been achieved through conventional 

breeding methods, although with much greater expenditure of time and money. This change is 

perfectly rational and scientifically sound. It will greatly expand the options available to plant 

breeders and enable them to bring improved varieties to market quicker to deal with rapidly 

changing climatic and pest issues. However, I do not see a scientific basis to limit this 

broadening only to sexually compatible species or to a single DNA base substitution. While this 

does make it directly comparable to conventional breeding and mutation, sexual compatibility is 

more of an evolutionary accident than a meaningful predictor of risk. This limitation will become 

increasingly obvious as genome sequencing becomes ever more inexpensive and routine and 

reveals both the remarkable conservation and enormous variety of biological genetic resources. I 

would urge APHIS to craft these regulations in such a way that changes to the definitions do not 

require years and years of deliberation and legal modifications to achieve. I would also 

recommend that APHIS reserve considerable authority to evaluate the organisms’ phenotypes, 

rather than the processes used in their development, on a case by case basis and make rational 

and science-based determinations that enable rather than impede further genetic improvements in 

plants.  

Sincerely, 

 
 

Kent J. Bradford 

Distinguished Professor 

Director, Seed Biotechnology Center 
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