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A. Introduction
Westhoff Vertriebsgesellschaft mbH has petitioned the Animal and Plant Health
Inspection Service (APHIS) of the United States Department of Agriculture (USDA) for
a determination that genetically engineered (GE) petunia (Petunia hybrida Vilm.), which
includes multiple events that will be collectively referred to as A1-DFR petunias, are
unlikely to pose a greater plant pest risk than the unmodified organism from which they
were derived and, therefore, should no longer be a regulated article under the APHIS’ 7
Code of Federal Regulations (CFR) part 340. This petition was assigned the number 19099-01p (hereafter referred to as Westhoff 2019). APHIS administers 7 CFR part 340
under the authority of the plant pest provisions of the Plant Protection Act (PPA) of 2000
(7 U.S.C. 7702 et seq.) 1. This plant pest risk assessment was conducted to determine if
A1-DFR petunias are unlikely to pose a greater plant pest risk than the unmodified
organism with which they are compared or from which they were derived, which are
referred to as “non-GE petunias” hereafter.
APHIS regulations in 7 CFR part 340 regulate the introduction (importation, interstate
movement, or release into the environment) of certain GE organisms and products. A GE
organism is no longer subject to the plant pest provisions of the PPA or the regulatory
requirements of part 340 when APHIS determines that it is unlikely to pose a greater
plant pest risk than the unmodified organism with which they are compared or from
which they were derived. A GE organism is considered a regulated article under part 340
if the donor organism, recipient organism, or vector, or vector agent used in engineering
the organism belongs to any genera or taxa designated in 7 CFR 340.2 and meets the
definition of a plant pest, or is an unclassified organism and/or an organism whose
classification is unknown, or any product which contains such an organism, or any other
organism or product altered or produced through genetic engineering which the
Administrator determines is a plant pest or has reason to believe is a plant pest 2. A1DFR petunias were produced by genetic transformation using a vector that contains, in
addition to the dihydroflavonol 4-reductase (A1) gene from maize (Zea mays), the 35S
promoter and terminator from cauliflower mosaic virus (CaMV ), the nopaline synthase
(nos) gene promoter and the octopine synthase (ocs) gene terminator from Agrobacterium
tumefaciens. Because the donor organisms CaMV and A. tumefaciens are plant pests
listed in 7 CFR 340.2, the GE A1-DFR petunias are considered regulated articles under
APHIS regulations at 7 CFR part 340.
Westhoff Vertriebsgesellschaft mbH has provided information to support the conclusion
that A1-DFR petunias are unlikely to pose a greater plant pest risk than non-GE petunias,
in support of their request for a determination of nonregulated status.
Plant Protection Act in 7 U.S.C. 7702 § 403(14) defines plant pest as: “Plant Pest - The term “plant pest”
means any living stage of any of the following that can directly or indirectly injure, cause damage to, or
cause disease in any plant or plant product: (A) A protozoan. (B) A nonhuman animal. (C) A parasitic
plant. (D) A bacterium. (E) A fungus. (F) A virus or viroid. (G) An infectious agent or other pathogen. (H)
Any article similar to or allied with any of the articles specified in the preceding subparagraphs.”

1

Limited exclusions or exemptions apply for certain engineered microorganisms and for interstate
movement of some organisms, as in 7 CFR 340.1 and 340.2.(b).
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Potential impacts in this Plant Pest Risk Assessment are those that pertain to plant pest
risk associated with A1-DFR petunias and their progeny and their use in the absence of
confinement relative to the unmodified recipient and/or other appropriate reference
varieties. APHIS utilizes data and information submitted by the applicant, in addition to
current literature, to determine if A1-DFR petunias are unlikely to pose a greater plant
pest risk than the unmodified organism from which they were derived. APHIS
regulations in 7 CFR 340.6(c) specify the information needed for consideration in a
petition for a determination of nonregulated status. APHIS will assess applicant
submitted A1-DFR petunia information related to plant pest risk characteristics;
expression of the gene product, new enzymes, or changes to plant metabolism; disease
and pest susceptibilities and indirect plant pest effects on other agricultural products;
effects of the regulated article on non-target organisms; weediness of the regulated
article; impact on the weediness of any other plant with which they can interbreed;
changes to agricultural or cultivation practices that may impact diseases and pests of
plants; and transfer of genetic information to organisms with which they cannot
interbreed.
APHIS may also consider information relevant to reviews conducted by other agencies
that are part of the ‘Coordinated Framework for the Regulation of Biotechnology’(51 FR
23302 1986; 57 FR 22984 1992). Under the Coordinated Framework, the oversight of
biotechnology-derived plants rests with APHIS, the U.S. Food and Drug Administration
(FDA), and the Office of Pesticide Programs of the U.S. Environmental Protection
Agency (EPA). However, because A1-DFR petunias are not intended to be used for food
and feed and do not contain Plant Incorporated Protectants, additional regulatory reviews
by the FDA and EPA are not required.

B. Cultivation, Development and the Regulatory History of A1-DFR
Petunias
Petunia cultivation and usage
The garden petunia (Petunia x hybrida Vilm.) (syn. P. atkinsiana D. Don, or Petunia
hybrida) was originally developed by Atkins in Great Britain in 1834 from P. integrifolia
and P. axillaris, two of 14 Petunia species endemic to South America (Wijsman 1982;
Stehmann et al. 2009; Reck-Kortmann et al. 2014; USDA-NRCS 2018; USDA ARS
NGRS 2018; ITIS 2019).
Ornamental hybrid petunias were sold in the U.S. in and before the 1890s (Craib 2016),
and at least 1591 petunia varieties are available in the U.S. (All-America Selections 2018;
Costa Farms 2018; National Gardening Association 2018; Swallowtail Garden Seeds
2018; Vite Greenhouses 2018). The USDA’s National Agricultural Statistics Service
documents large scale production of horticultural varieties of petunia in every state but
Nevada (USDA-NASS 2015), but it can be assumed that petunias are also grown in
Nevada.
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Petunias are sold as seeds or plants in pots and baskets for display or bed planting
(USDA-NASS 2015). For commercial production, petunia is cultivated by a limited
number of experienced growers inside horticultural greenhouse settings before the mature
plants being sold to consumers (Westhoff 2019). F1-hybrids accounts for 99% of the
varieties on the market. To maintain the key ornamental traits of F1-hybrids, propagation
is done through cuttings, primarily by highly specialized nurseries as petunia is sensitive
to many plant viruses that can be spread through the vegetative propagation process. For
this reason, most consumers (except hobbyists) usually do not harvest their own seeds nor
propagate plants via cuttings (Westhoff 2019).
Petunia x hybrida is often grown as an annual but is also a tender perennial in hardiness
zones 9 to 11 of the USDA Plant Hardiness Zone Map (Old Farmer’s Almanac n.d.). The
plant can be severely injured at 5°C if un-acclimated, prefers full sun and is not adapted
to full shade or wet sites (Pennycooke et al. 2003; Ohio State University 2018). Petunia
hybrids are drought tolerant, which is not surprising as its parent species, P. axillaris and
P. integrifolia are known to inhabit rocky sites or are able to grow in sand, respectively
(Stehmann et al. 2009).
A1-DFR petunia development
The anthocyanin biosynthesis pathway
Flower color is one of the most important traits in the floriculture industry. It determines
the consumer’s preference and affects commercial values. A broad range of flower
colors exists in nature. However, some colors are available only in certain ornamental
plant species. The three major floral pigments are flavonoids, carotenoids, and betalains.
Among these three floral pigments, the flavonoids contribute most to the range and type
of colored pigments in plants. Flavonoids consist of several classes of compounds such as
anthocyanins, aurones, chalcones, flavones, and flavonols. Anthocyanins confer orange,
red, magenta, violet, and blue colors. Aurones and chalcones are yellow pigments while
flavones and flavonols are colorless or very pale yellow. Anthocyanins and flavonols are
the pigments responsible for flower color in petunia (Fig.1).

4

Fig.1 A simplified scheme of the biosynthesis of anthocyanidins- cyanidin, pelargonidin,
and delphinidin. The enzymes catalyzing each step are indicated in bold. Abbreviations
include: CHS- chalcone synthase; CHI- chalcone isomerase; FNS- flavone synthase;
F3H-flavanone 3-hydroxylase; F3’H- flavonoid-3’-hydroxylase; F3’5’H- flavonoid 3’,5’hydroxylase; DFR- dihydroflavonol 4-reductase; ANS-anthocyanidin synthase (from
Falcone Ferreyra et al. 2012)
Petunia x hybrida has been used as one of the classical plant species for studying
anthocyanin pigmentation since the 1980s, so the biochemistry and genetics of
anthocyanin biosynthesis had been well studied (Meyer et al. 1987). Dihydroflavonol 4reductase (DFR) is specifically involved in anthocyanin biosynthesis and catalyzes the
5

reduction of the dihydroflavonols dihydroquercetin, dihydromyricetin and
dihydrokaempferol to the flavan-3,4-cis diols leucocyanidin, leucodelphinidin and
leucopelargonidin, which are the immediate precursors for the respective anthocyanidins
cyanidin (red to magenta), delphinidin derivatives (magenta to purple) and pelargonidin
(orange to red). Petunia DFR, in contrast to maize A1-DFR, cannot use
dihydrokaempferol as a substrate for conversion to leucopelargonidin. Therefore
petunias synthesize cyanidin- and delphinidin- derivatives, but not pelargonidinderivatives.
To easily identify the color of pelargonidin derivatives when the maize A1-DFR gene
was expressed in petunia, a mutant line RL01 was chosen as the parental line for genetic
transformation because its genetic background does not allow synthesis of the normal
amount of cyanidin and delphinidin, the two pigments normally expressed in petunia.
Transformation System
A1-DFR petunias were developed by direct gene transfer of synchronized M-phase
protoplasts in osmoticum (Meyer et al. 1985). The protoplasts isolated from RL01
parental petunia lines were transformed with p35A1 plasmid DNA that contains both the
gene of interest maize A1-DFR, and the selectable marker gene nptII (Meyer et al.
1987;). The transformed protoplasts were cultured using the agarose bead technique with
kanamycin as the selection agent (Meyer et al. 1985). The transformed microcalli were
then cultured on a regeneration medium containing kanamycin (50 mg/L) to select cells
that express the nptII gene. Two transformed plants showed a brick red coloration on the
flower rather than the pale pink from the remnants of cyanidin and delphinidin (Meyer et
al. 1987). One of them (RP235-15) showed strong mRNA expression of the maize A1
gene and an anthocyanin peak at 512 nm, a shift from 528 nm of RL01 parental line.
These analyses and the many publications since then confirmed that Meyer et al. (1985)
indeed modified petunia with the maize A1 gene.
A1-DFR petunia developing, marketing, and regulatory history
Originally generated for scientific research purposes more than 30 years ago, the petunia
with genetically engineered flower color was of interest to the horticultural industry, as
color is a major contributor to the total value of ornamental flowers. In 1992, APHIS
issued a permit (92-260-01r) to allow a field trial of genetically engineered petunias in
Florida for two independent transformation events (USDA-APHIS 1992). In 1995, Oud
et al. published the Florida field trial results, which indicated that the orange F4 and F5
breeding lines generated from events 235/1-15 and 235/1-17 had improved orange flower
color in combination with good general performance. In May 2017, USDA became aware
that GE petunia that could be tracked back to the A1-DFR transformation had been
imported, moved between states in the United States, and released into the environment
without the required USDA authorization. In April of 2019, USDA received the
Westhoff petition 19-099-01p to deregulate a total of 23 A1-DFR events, which were
listed in Linn et al. (1990) paper as well as Meyer et al. (1987), Pröls and Meyer (1992),
and Oud et al. (1995). The Westhoff petition, on the other hand, listed 15 GE varieties,
including 11 in which the maize A1-DFR construct region was sequenced, and confirms
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that, the vector construct that was used to obtain the 23 transformants is maintained in the
unintentional GE petunia varieties (Bashandy and Teeri 2017; Haselmair-Gosch et al.
2018; Westhoff 2019). However, the relationship between each event and the variety is
not established (Westhoff 2019).
It is possible that petunias with A1-DFR gene were crossed to various conventional
varieties and sold on the market for more than a decade (Servick 2017; Westhoff 2019)
without breeders, growers, or sellers realizing their GE origin. The varieties bearing the
new and brilliant color from A1-DFR trait were best sellers in the market before it
became known that they were GE-petunias (Bashandy and Teeri 2017; Haselmair-Gosch
et al. 2018; Westhoff 2019). Although there are no reports of negative effects on human
health or environment from any particular type of petunia, it is illegal to import, move
interstate, or release into the environment without an APHIS authorization per 7 CFR part
340. Since the discovery of unauthorized GE petunia in the market, USDA has worked
with breeders to screen suspected GE petunias using CaMV 35S primers and asked the
growers and sellers to destroy their inventory of a total of 124 varieties, which are listed
on the APHIS Website (USDA-APHIS 2017b). However, these 124 GE varieties are not
necessarily only A1-DFR petunia created by Meyer et al. in the 1980s. This is because
the sequences from the CaMV 35S promoter alone but not those from the expressed
flower color gene A1-DFR were used for screening. Additionally, petunias with
flavonoid-3’, 5’-hydroxylase gene were also detected by CaMV35S promoter screening
in the European market (Yukihisa et al. 1999; COGEM 2017; ZKBS 2017). Regardless
of the likely original events of A1-DFR petunia or any other sources of GE petunia, the
scope of this PPRA analyzes the 23 A1-DFR events listed in the Westhoff petition
(2019).

C. Description of Inserted Genetic Material, Its Inheritance and
Expression, Gene Products and Changes to Plant Metabolism
To inform the potential hazards resulting from the genetic modification and potential
routes of exposure related to the inserted DNAs and their expression products, APHIS
assessed data and information presented in the petition related to: the transformation
process; the source of the inserted genetic material and its function in both the donor
organism and the GE crop event; and the integrity, stability and mode of inheritance of
the inserted genetic material through sexual or asexual reproduction based on the location
of the insertion (e.g., nucleus or organelle) and the number of loci inserted.
APHIS also assessed data presented in the petition on whether the genetic modification
results in the expression of new genes, proteins or enzymes, or causes changes in plant
metabolism or composition in A1-DFR petunia relative to the parental control variety and
other petunia comparator varieties. The assessment encompasses consideration of both
the transformation vector p35A1, the transformation method, and the integrated segments
identified in the Westhoff petition and scientific publications.
This information is used later in this risk assessment to evaluate whether there is any
potential for plant pest vectors or sequences to cause disease or greater plant pest risks in
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the GE crop event; or for expression of inserted DNAs, new proteins or enzymes, or
changes in metabolism that would affect plant pests or diseases, beneficial organisms,
weediness, agricultural practices that impact pests or diseases or their management, or
plant pest risks through horizontal gene flow.
Description of the genetic modification and inheritance of inserted DNA
A1-DFR petunia was developed by transforming protoplasts of petunia with DNA of
plasmid p35A1 and involved no live plant pathogen (Hain et al. 1985; Meyer et al. 1987).
Plasmid Vector p35A1 as integrated into A1-DFR petunia
The transformation vector p34A1 is ~8 kb with the following elements integrated into the
parental petunia line RL01 from 5’ to 3’ end (single underlined is A1-DFR cassette and
double underlines is nptII cassette): truncated beta-lactamase sequence, 35S promoter
from CaMV (cauliflower mosaic virus), dihydroflavonol 4-reductase (A1) gene from Zea
mays, the 35S terminator from CaMV, an EcoR I site + lacUV5 fragment from
Escherichia coli (E. coli), nopaline synthase promoter (pnos) from A. tumefaciens,
neomycin phosphotransferase (npt II) gene from E. coli, and octopine synthase (ocs) poly
A terminator region from A. tumefaciens (Meyer et al. 1987).
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Figure 1. The elements of plasmid p35A1. CaMV35S promoter drives a 1320 base pair (bp) cDNA
clone of a type 2 A1 gene of Zea mays, whose transcription is terminated by 35S terminator.
The EcoRI restriction sites were filled in and XbaI-linkers were attached, which restored the
filled in EcoRI sites. The XbaI fragment was cloned into the unique XbaI site of plasmid
pCKanI, where it is located between 35S promoter and terminator sequence of CaMV. An
EcoRI site + lacUV5 fragment was located between 35 terminator and the nopaline synthase
gene promoter (pnos). The lacUV5 promoter is a mutant of the lactose operon promoter from E.
coli and also functions as an efficient transcription terminator (Bogosian and Kane 1987). Pnos
drives nptII gene expression to allow for the selection of transformants by kanamycin. The
expression of the nptII gene is terminated by ocs poly (A), taken from Westhoff (2019).

•

The gene of interest is driven by CaMV35S, a constitutive promoter used to provide
high levels of gene expression. The maize A1 gene encodes dihydroflavonol 4reductase which catalyzes the conversion of dihydrokaempferol into
leucopelargonidin before being converted into the pelargonidin pigment. The
transcript is terminated by the 35S terminator.
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•

•
•

The selectable marker cassette contains the nopaline synthase (nos) gene promoter
and ocs poly (A) terminator from A. tumefaciens. The nptII gene from E. coli encodes
aminoglycoside 3'-phosphotransferase (denoted aph(3')-II or NPTII) enzyme, which
catalyzes the addition of phosphate to and the deactivation of kanamycin. This will
allow the transformed protoplasts to survive in tissue culture media containing
kanamycin.
p35A1 was constructed from pLGV1103 which is an E. coli plasmid cloning vector
and contains no plant pest sequence(Velten et al. 1984; Hain et al. 1985; Standford
Univ. 1997).
A sequence segment of a non-viral transposable element named Cin4-1(SchwarzSommer et al. 1987) was detected at the 3' end of the A1 DFR sequence. The Cin4-1
sequence is a natural gene of maize and does not add any functional advantage with
respect to DFR activity (Haselmair-Gosch et al. 2018).

Among the above transgene elements, the CaMV35S promoter and terminator are derived
from a plant pest (7CFR §340.2) cauliflower mosaic virus; the pnos promoter and the ocs
terminator are derived from A. tumefaciens, also a plant pest. None of the genetic
elements are known to cause plant diseases and have regulatory functions. The above
information also supports the conclusion that the vector sequence is not derived from
plant pests and therefore not relevant to plant pest risk.
Characteristics, Stability, and Inheritance of the Introduced DNA
Westhoff has provided data and literature references to characterize the inserted
transgene DNA in A1-DFR petunias with a combination of methods, including Southern
and Northern blot analysis, PCR, and DNA sequencing.
Southern blot analysis, recloning of the integrated A1 gene, determination of its allelic
site in RL01 and sequencing of the plant-plasmid junctions, as well as the parental allelic
site, revealed that only one copy of plasmid p35A1 DNA had integrated into 235/1-17. It
also indicated that part of the ampicillin resistance gene and the origin of replication of
the plasmid were deleted. While part of the plasmid is deleted, 215 bp of the host DNA
has also been lost at the site of integration (Meyer et al. 1992). While the Meyer 1992
paper did not provide detailed information about the function and chromosome location
of the deleted 215 bp host sequence, the research paper did not mention any phenotype
that could potentially be attributed to such a deletion. Pröls and Meyer (1992)
characterized the integration site of transgene DNA for events 235/1-16, 235/1-17, and
235/1-24 to gain an understanding of flanking regions. Probing poly(A)+ RNA from
leaves of parental RL01 with DNA sequences flanking the integration sites of the three
events did not reveal any transcripts detectable by Northern blot analysis (Pröls and
Meyer 1992). Further, deletion does not pose a new plant pest risk since no new plant
pest sequence is introduced. Therefore, event 235/1-17 contains only the A1-DFR gene
and the nptII gene from p35A1 plasmid driven in a functional state and the insertion is
unlikely to interrupt a normally functional gene in petunia.
F1 progeny from the crosses between GE petunia and a conventional breeding line were
not orange, due to the presence of dominant allele from the conventional line. Orange
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flower color plants were found in F2 populations after those recombinant offspring were
self-pollinated, which indicates the maize dihydroflavonol 4-reductase (A1) gene
segregates and follows Mendelian inheritance. The stability of the transgene integration
in the A1-DFR petunia genome (event 235/1-17) was demonstrated by Mayer et al.
(1992). Heterozygous transformant 235/1-17 went through backcross, selfing, vegetative
regeneration, and backcross again to obtain seeds. Out of 31000 plants produced, only
four white flowering plants derived from the same capsule were shown to be mutants in
which part of the A1-DFR gene had been deleted. The estimated mutation rate for those
constant white plants is 7x10-5 (Meyer et al. 1992).
Southern blot of event 235/1-24 also indicates that one A1 cDNA copy integrated at one
genomic locus without obvious rearrangements or deletions (Linn et al. 1990; Westhoff
2019). This vector construct has been maintained in the unintentional GE petunia
varieties discovered in 2017 as the one used to obtain the original transformants by Dr.
Mayer (Meyer et al. 1987; Bashandy and Teeri 2017; Haselmair-Gosch et al. 2018;
Westhoff 2019).
Expression of inserted DNA, changes in gene expression, new proteins or metabolism,
and toxicity and allergenicity
A1-DFR petunias express two recombinant proteins, i.e., the maize A1-DFR protein and
the bacterial NPTII protein.
A1-DFR protein
The transcript for the maize dihydroflavonol 4-reductase gene was detected in the
transgenic petunia event 235/1-15 but not in the non-transgenic petunia; the proper
function of the gene is revealed by the spectrophotometric peak of 512 nm and the
formation of brick red-colored flowers (Meyer et al. 1987; Westhoff 2019). Northern
blot analysis of A1 gene activity in events 16 (235/1-16/2), 17 (235/1-17), 24 (235/1-24)
suggests that the differences in pelargonidin production resulted from the differential
transcription of the A1 gene and that the nptII gene is also expressed at corresponding
levels (Pröls and Meyer 1992).
The A1-DFR gene is derived from maize and is naturally expressed in different
genotypes and tissues (Bernhardt et al. 1998). The amino acid sequence coded by the
A1-DFR gene transformed into petunia is nearly identical (99%, with one change in
position 22 out of 357 amino acids) to hypothetical protein Zm00014a_011529 in maize
(NCBI 2019; Westhoff 2019). Maize kernel and stalk have a long history of safe
consumption by people and animals as food and feed, and maize flowers are regularly
visited by insect pollinators without ill effects. In Australia, GE carnations containing
petunia DFR (a homolog of maize A1-DFR) were approved for commercial uncontained
releases (OGTR 2004) after being assessed as being of negligible risk to people and the
environment. Thus, the maize A1-DFR protein is not expected to be toxic or allergenic
to people or other organisms, including insect pollinators (OGTR 2004; Westhoff 2019).
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NPTII Protein
The nptII gene encodes an enzyme that confers resistance to kanamycin, which was used
as a selectable marker during A1-DFR petunia development. Rooting assays revealed
that the nptII activity in the events 16, 17, and 24 corresponded to the differences
observed for A1-DFR activity (Pröls and Meyer 1992). The nptII gene is the most
frequently used selectable marker gene for generating transgenic plants and it is found in
many crops currently approved for commercial production, including corn, potato,
oilseeds, tomato, papaya, petunia, flax, and chicory (Miki and McHugh 2004; Goldstein
et al. 2005; USDA-APHIS 2017). The food, feed and environmental safety of the NPTII
protein has been evaluated extensively in both the peer-reviewed literature and by
regulatory authorities of different countries, with no reports of adverse effects such as
toxicity or allergenicity on humans, animals or the environment (FDA 1998; Miki and
McHugh 2004; Goldstein et al. 2005).
Metabolism composition Analysis
Flavonoids are ubiquitous in angiosperms with extremely diverse chemical structure,
color, and biological function. Anthocyanidins and their corresponding glycosides
(anthocyanins), including pelargonidin, are flower and fruit pigments. Flavonols, the copigments of anthocyanidins and anthocyanins, may play a role in UV protection, disease
resistance, and/or hormone signaling (Dudek et al. 2016). The A1-DFR genetic
modification in petunia results in the biosynthesis of anthocyanin only in the petals of the
flower. This is because the substrates of the pathway (required for pelargonidin
biosynthesis in the transgenic plants) are only produced in flowers (Westhoff 2019).
Pelargonidin content was tested in the petal and leaf parts of petunia. While some
petunia varieties revealed the presence of high levels of pelargonidin, indicating
expression of the A1-DFR gene, no pelargonidin was detected in the leaf parts of the GE
petunia varieties and non-GE petunias (Westhoff 2019). Pelargonidin production in
flower as a result of A1-DFR modification is not expected to incur any plant pest or
disease risks.
The A1-DFR gene increased pelargonidin by about 10 fold in flowers when compared
with parental line RL01; the amount of cyanidin and delphinidin was also increased by
the genetic modification but to a smaller degree. However, the increase in anthocyanin
production in the transgenic plants resulted in a corresponding molar decrease in flavonol
accumulation (Griesbach 1993). The plant defense related metabolites lignin and
scopoletin are also derived from phenylalanine, like flavonol and anthocyanin (Schenke
et al. 2011). However, their biosynthetic pathway is much upstream of flavonol and
anthocyanin synthesis. A1-DFR modification is also unlikely to change lignin and
scopoletin in flower or other parts of a petunia plant.

D. Potential Plant Pest and Disease Impacts
APHIS assessed whether potential plant pest or disease impacts are likely to result from
the transformation process, from DNA sequences from plant pests, or from any other
expression products, new enzymes, proteins or changes in plant metabolic products in
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A1-DFR petunia that are known or anticipated to cause disease symptoms or to affect
plant pests or diseases or plant defense responses (as identified from the previous
section). APHIS also assessed whether A1-DFR petunia is likely to have significantly
increased disease and pest susceptibility based on greenhouse and garden observations.
Impacts or changes are assessed to determine if they would (1) affect the new GE crop
and/or result in a significant introduction or spread of a damaging pest or disease to other
plants; (2) result in the introduction, spread, and/or creation of a new disease; and/or (3)
result in a significant exacerbation of a pest or disease for which APHIS has a control
program. Any increase in pest or disease susceptibility is evaluated with respect to the
context of currently cultivated varieties, the ability to manage the pest or disease, and the
potential impact on agriculture.
Plant Protection and Quarantine (PPQ) is an APHIS program that safeguards agriculture
and natural resources from the entry, establishment, and spread of animal and plant pests
and noxious weeds into the United States of America; and supports trade and exports of
U.S. agricultural products. PPQ responds to many new introductions of plant pests to
eradicate, suppress, or contain them through various programs in cooperation with state
departments of agriculture and other government agencies. These may be emergency or
longer term domestic programs that target a specific pest. A variety of insect, plant
disease, mollusk, nematode or weed programs exist (USDA-PPQ 2017); however, none
of these programs specifically target pests of petunia.
Petunia itself is not a plant pest in the United States (7 CFR part 340; USDA-NRCS
2019). The inserted DNA elements in the GE petunias that are derived from plant pests
do not result in the production of infectious agents or disease symptoms in plants. The
protoplast transformation process involves no live plant pathogen and the backbone of the
plasmid used for transformation is not derived from a plant pest. In addition, the portions
of the inserted genetic material derived from plant pests, i.e., the promoter and terminator
sequences from Cauliflower mosaic virus and A. tumefaciens, do not result in the
production of infectious agents or disease symptoms in plants. The introduced genetic
elements are thereby not expected to impart any new plant pest or disease risk even
though some of these construct components are derived from plant pathogens. As
reasoned in the previous section, the metabolic changes caused by the expression of the
A1-DFR gene are unlikely to change the plant defense response to plant pests.
The maize A1-DFR allele had been spread into most petunia breeding programs in many
countries, likely by unintentional integration before the discovery of the unauthorized
petunia in 2017. The petunia lines involved in those breeding programs are of very
variable phenotypes, i.e., different habits from upright mounding to trailing, different
flower sizes and different flower colors and color patterns. As discussed in the previous
section, the production of pelargonidin in A1-DFR petunia is not expected to alter plant
insect or disease susceptibility. Horticultural trials showed no difference between GE and
non-GE petunias for all evaluated traits (Westhoff 2019). The traits evaluated were:
flower quantity and quality, vegetative vigor, flower number, plant height and width,
flowering quantity and total performance in the early and later summer, and the general
impression evaluation by a group of horticulture specialists. GE and non-GE petunias are
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so similar that the identification of GE petunia is impossible other than by traits of orange
flower and genetic or chemical tests (Westhoff 2019). Pests such as slugs, thrips, and
aphids have the same preference for modified and non-modified petunia (Westhoff
(2019.) Differences in mildew disease susceptibility are known to exist between varieties
but not with regard to GE and non-GE group (Westhoff 2019). Therefore, the genetic
modification does not have any effect on pests and diseases (Westhoff 2019). During the
history (up to 7 years) of handling of GE petunias by Westhoff, the varieties that were
found to be genetically engineered did not appear different from other conventional
varieties for traits such as heat, cold, flood, disease or insect tolerance, attractiveness to
pollinators, or flowering time (Westhoff 2019).
Unintended alterations of the scent by A1-DFR modification cannot be excluded as the
scent of GE petunia has not been evaluated in detail. Floral herbivores (beetle and
cricket) could be influenced by altered scent profiles of transgenic petunia (Kessler et al.
2008). As a result, there might be a theoretical chance for the A1-DFR gene to change
petunia pest risk indirectly, i.e., making GE flowers more resistant or susceptible to insect
damage. However, since most commercial petunias are produced under controlled
environmental conditions and with necessary pest management and then are used by
consumers in small volumes, it is hard to imagine any change in pest risk that will have a
wide effect. Moreover, Westhoff has not noticed any difference including scent between
the GE and non-GE petunias in their many years of observation; there have never been
any complaints about problems in that regard during the long history of commercial
distribution of unintended GE petunia (Westhoff 2019). Thus there is no evidence to
support the hypothesis that the plant pest risk of GE petunia might be changed by altering
flower scent or other factors.

E. Potential Impacts on Non-target Organisms Beneficial to Agriculture
A1-DFR petunia is not engineered for pest resistance; it is engineered for altered flower
color through the production of pelargonidin. Thus there is no ‘non-target’ species for
this GE petunia. APHIS assessed whether exposure or consumption of A1-DFR petunia
would have a direct or indirect adverse impact on non-target species beneficial to
agriculture. Organisms considered were representatives of the species associated with the
production of the GE crop in the agricultural environment. The assessment includes an
analysis of data and information on A1-DFR petunia compared to the non-GE varieties
for any relevant changes in the phenotype or substances produced that may be novel or
significantly altered in amounts. Such substances will be evaluated for their impacts on
organisms beneficial to agriculture, and/or on any beneficial organisms associated with
the plants.
As described above in Section C, neither of the proteins expressed by the inserted genetic
material in A1-DFR petunia is toxic. The nptII gene and its products were previously
evaluated, and no identifiable human and environmental safety issues for the use of the
nptII gene in genetically engineered plants and plant products were identified (Nap et al.
1992; Miki and McHugh 2004; USDA-APHIS 2017). As for the A1-DFR gene, it
originates from maize, which is a staple food for the human. The gene product,
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pelargonidin, is a common anthocyanin that occurs in several food plants and is the main
pigment in strawberry (Lopez and Runkle 2005; Zamora-Ros et al. 2011). Humans or
animals consuming these foods, therefore, consume the A1-DFR protein, pelargonidin,
and pelargonidin derivatives. Anthocyanins as a group have a very low acute toxicity
and there are no reports of adverse health effects from usual human consumption
(Burton-Freeman et al. 2016). As an ornamental crop, petunia is not intended to be used
as food or feed; thus, there is no dietary exposure pathway for humans or livestock.
No pelargonidin was detected in leaves of GE petunia varieties and non-GE petunias
(Westhoff 2019). The anthocyanin biosynthesis pathway substrates required for
pelargonidin biosynthesis in the A1-DFR transgenic plants are only produced in flower.
The genetic modification results in the biosynthesis of anthocyanin only in the petals of
the flower and there is no known effect on herbivores as mentioned above. Also, as
mentioned in section D, no differences were observed for susceptibility to slugs, thrips,
and aphids between GE and non-GE varieties.
A1-DFR petunia is not expected to negatively impact non-target organisms beneficial to
agriculture, either from the expression of the A1-DFR color trait gene or from the nptII
selectable marker gene. There is no observed difference between GE and non-GE
petunias varieties other than the flower color. The production method of petunia in
greenhouses by vegetative propagation and commercial use as an ornamental plant makes
it less likely that beneficial organisms would rely on petunia to play a beneficial role in
agriculture outside the small-scale or controlled environment. Therefore, APHIS
concludes that the GE petunias are unlikely to have any adverse impacts on non-target
organisms beneficial to agriculture.

F. Potential for Enhanced Weediness of A1-DFR Petunia
APHIS assessed whether the GE petunia is likely to become weedier (i.e., more
prevalent, competitive, damaging or difficult-to-control in situations where it is not
wanted) than the non-GE petunias. The assessment includes (1) consideration of the
weediness of the plant including the situations in which garden volunteers or feral
populations are considered weeds, and (2) an evaluation of the GE petunia compared to
non-GE petunias evaluated under field (and/or lab) conditions characteristic for the
regions of the United States where A1-DFR petunia is intended to be grown. The
characteristics for the evaluation of the GE petunias are related to the establishment,
competitiveness, reproduction, survival, persistence and/or spread, features that could
influence weediness and the ability to manage the crop as a weed. For this crop, such
characteristics include seed dormancy and germination, disease and pest susceptibility,
tolerance to stresses including cold and drought, and competitive ability. The assessment
also considers whether the engineered trait affects methods of control for the crop in
situations where it is managed as a weed or volunteer in subsequent crops or feral
populations.
(1) Consideration of the weediness of the plant
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Petunia x hybrida is not known for its invasiveness; even in the southeastern U.S.
where the climate is most similar to the habitat of the parental lineages of Petunia x
hybrida (subtropical South America), it is not listed as an invasive plant (Miller et al.
2011). Nor has Petunia x hybrida been listed as a plant that influences plant
communities in Florida (FLEPPC 2007). Since the warm climate of Florida does not
favor the uncontrolled development of petunia, it can be expected that in other US
states, there is even less likelihood of a negative impact due to petunia, which is not
cold hardy. In Australia, Petunia x hybrida has naturalized in New South Wales and
Queensland, but naturalized petunia is not considered a weed of national concern
(OGTR 2017). OGTR concludes that “…unwanted petunias could be minor weeds in
gardens, but probably only if the gardens are in a warm climate and frequently
watered” (OGTR 2017).
(2) General comparison of A1-DFR petunia to non-GE petunias.
All transgenic Petunia x hybrida plants that originated from the two events (235/1-15
and 235/1-17) studied by Oud et al. (1995) had a normal appearance when compared
to non-transgenic control plants, which makes sense as the trait is intended to alter the
petal color, but not the growth or spread of the plant. The marker gene is also not
expected to change the plant ecology in substantive ways. The substrate specificity of
the marker gene aminoglycoside-3'-phosphotransferase II suggests that no new
metabolic products will be created in the GE petunias under field conditions. This
gene does not confer a selective advantage on the GE plants under field conditions, as
aminoglycoside antibiotics such as kanamycin and neomycin do not prevail in the soil
in concentrations detrimental to plants. The ecological impact of the use of the nptII
gene in crops has been extensively reviewed, with the conclusion that kanamycin
resistance would not lead to enhanced weediness of a nptII gene-expressing plant (Nap
et al. 1992; Miki and McHugh 2004).
(2a) Comparison of A1-DFR petunia to non-GE petunias with regard to seed
dormancy and germination
Although the production of flavonoids in the seeds may be associated with
dormancy breaking in the seed, seed dormancy is also determined by many other
characters such as hormone levels or sensitivity (Finkelstein et al. 2008). There is
no evidence that altering flavonoid pathways in the petals leads to changes in
dormancy and germination.
(2b) Comparison of A1-DFR petunia to the non-GE petunias with regards to disease
and pest susceptibility
Although the production of flavonoids in the leaves may be associated with
protection against UV light and defense against pathogens (Gill and Tuteja 2010),
the metabolic change as a result of the expression of the A1-DFR gene is unlikely
to changes plant defense response to plant pests (see section C). There is also no
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evidence that altering flavonoid pathways in the petals leads to changes in disease
and pest susceptibility in A1-DFR petunias (Westhoff 2019).
(2c) Comparison of A1-DFR petunia to non-GE petunias with regards to tolerance to
stresses including cold and drought.
Plant association with microbes can lead to stress tolerance, e.g., in cases where
the production of flavonoids in the roots may be associated with root nodulating
bacteria (Subramanian et al. 2007). Nonetheless, there is no evidence that altering
flavonoid pathways in the petals leads to changes in response to stressful soil
conditions.
Anthocyanin is known to provide abiotic tolerance and reduced accumulation of
anthocyanin and proanthocyanidin was shown to slow the recovery from cold
stress in purple sweet potato (Ipomoea batatas Lam. cv. Ayamurasaki) (Wang et
al. 2013). However, an increase of total anthocyanidin was seen in the RL01
genetic background, a mutant line that cannot produce the normal amount of
cyanidin and delphinidin (Meyer et al. 1987; Griesbach 1993). As mentioned
earlier, RL01 is the genetic background in which A1-DFR was introduced. The
total amount of anthocyanidins in GE petunia lines is within the range of other
non-GE lines (Haselmair-Gosch et al. 2018). In other words, while the stress
tolerance change is possible when comparing A1-DFR petunias with the RL01
parental line, such observed changes are not beyond the variation of normal
petunia varieties.
Petunia x hybrida is tolerant of early frosts and light freezes. On mature plants,
cold temperatures delay the flowering and ripening of seed pods (Vandenbussche
et al. 2016). When non-acclimated Petunia x hybrida was exposed to 5°C
conditions, they were severely injured, experiencing 3-4 times as much electrolyte
leakage as non-chilled controls (Pennycooke et al. 2005). Cold acclimated plants,
on the other hand, can tolerate -2°C with minimal electrolyte leakage
(Pennycooke et al. 2003). Pennycooke et al. (2003) were able to increase the frost
tolerance from -4°C of the wildtype to -6°C to -8°C in GE petunias by
suppressing the enzyme β-galactosidase. However, since the A1-DFR
modification is only expressed in the petals and the change in anthocyanin content
is within the range of normal petunias, A1-DFR modification is unlikely to extend
the range of petunia into colder regions.
Petunia is also tolerant of mildly reduced watering in garden conditions. Although
25% saturated soil led to a 50% reduction in flower production, petunia was still
able to survive in the reduced water conditions and was able to increase its water
use efficiency (Blanusa et al. 2009). In fact, as described in the next section,
petunia appeared to compete better for water than impatiens plants (Blanusa et al.
2009). Using the same reasoning as above, A1-DFR modification is unlikely to
further reduce petunia’s water requirement to expand its range to regions with low
precipitation (Stehmann et al. 2009).
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There is also no evidence that A1-DFR modification leads to changes in drought
and cold tolerances in A1-DFR petunias (Westhoff 2019).
(2d) Comparison of A1-DFR petunia to non-GE petunias with regards to competitive
ability.
As petunia plants require cultivation and escapes are only found in gardens and
not in natural habitats (SEINet 2018), Petunia x hybrida is not documented as a
competitive plant. When petunias are in a container with reduced watering
conditions, intraspecific competition from other petunia plants led to more
marked reductions in height, dry weight, number of flowers, and number of buds
compared to when petunia experienced interspecific competition from impatiens
plants. Since the A1-DFR petunia is not known to have altered root growth or
altered above-ground plant architecture (altered height, altered leaf size, etc.)
(Westhoff 2019), it does not seem plausible that the trait would change the
competitive ability of the plant.
(2e) Comparison of A1-DFR petunia to non-GE petunias with regards to methods of
control
As the A1-DFR trait is not associated with herbicide resistance, the trait is not
expected to make the plant more difficult to control chemically. Secondly, since
A1-DFR trait isn’t likely to change the abiotic stress tolerance beyond the normal
range of commercial petunia varieties (see section 2c), the trait is not expected to
change the degree to which the GE petunia is able to persist in the environment or
the degree to which it is able to evade control. Moreover, because the A1-DFR
trait does not change the plant’s susceptibility to biotic stress (Westhoff 2019), it
is not expected to change the plant’s susceptibility to biological control (2b).
Taken together, the evidence suggests that the A1-DFR petunia is not different
from non-GE petunias with regards to methods of control or the plant’s
persistence in the environment in the absence of direct control efforts.
In summary, these results show that the engineered traits do not confer phenotypic or
ecological characteristics resulting in a selective advantage in terms of better survival and
reproduction for A1-DFR petunia compared to non-GE petunias. Consequently, A1-DFR
petunia is no more likely to become a weed than conventional varieties.

G. Potential Impacts on the Weediness of Any Other Plants with which
A1-DFR Petunia Can Interbreed
Gene flow is a natural biological process with significant evolutionary importance; plant
breeders sometimes also artificially introgress traits from wild relatives into crop plants to
develop new cultivars (Khoury et al. 2013). However, gene flow from crops to wild
relatives has the potential to enhance the weediness of wild relatives, as observed in rice,
sorghum, sunflower and a few other crops (Ellstrand et al. 1999). This topic is covered
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in two sections: 1) the potential for gene flow, hybridization and introgression from the
GE crop event to sexually compatible relatives in the United States and its territories, and
2) the potential for the phenotypic changes observed in the engineered plants to alter the
weediness of those taxa.
Potential for gene flow, hybridization and gene introgression
The reproductive biology and pollination characteristics of petunia are well known and
have previously been described. Petunia has a perfect flower and is predominately selfpollinating; relatively few pollinators visit Petunia x hybrida (Corbet et al. 2001). A few
prerequisites for successful gene flow are: i) presence of sexually compatible relatives; ii)
sympatric distribution of GE and its sexually compatible taxa; and iii) overlapping
phenology between GE and its sexually compatible taxa. These prerequisites are all met
with A1-DFR petunia, because other Petunia x hybrida hybrids are expected to be grown
in the neighborhoods where A1-DFR petunia is grown, and flowering during the same
period. Since hybrids between Petunia species are diploid and generally fertile
(Vandenbussche et al. 2016), we assume that within species hybridization between
ornamental varieties is plausible. APHIS considers it likely that pollen from GE petunias
will fertilize non-GE petunias that occur in the same neighborhoods.
A1-DFR petunia is also capable of hybridizing with wild relatives. In the U.S. there are 2
other species of Petunia that have been reported from habitats obviously outside of
cultivation (SEINet 2018). They are P. axillaris and P. integrifolia, and the putative
progenitor plants (USDA ARS NGRS 2018). Further, the genus Petunia Juss. is
incompatible with genus Calibrachoa with chromosome number difference despite the
fact that the two were classified as from the same genus before 1990 due to botanical
similarities (Wijsman 1990; Stehmann and Semir 1997).
In summary, A1-DFR petunia may hybridize with cultivated, wild or feral petunias.
However, the introduced genetic material in A1-DFR petunia does not cause any major
changes in the phenotype of petunia plants other than the intended color change in the
petals.
Potential for enhanced weediness of recipients after gene flow and/or introgression
As discussed above in Section F “Potential for Enhanced Weediness of A1-DFR
Petunia”, the expression of the integrated genetic materials in A1-DFR petunia does not
confer or enhance weedy characteristics of cultivated petunia. If gene flow and/or
introgression from A1-DFR petunia to its sexually compatible species occur, the
introduced genetic material is unlikely to cause enhanced weediness of the recipient
plants. Thus, APHIS has determined that any adverse consequences of gene flow and/or
introgression from A1-DFR petunia to wild relatives or weedy species in the U.S. and its
territories are highly unlikely.
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H. Potential Changes to Agriculture or Cultivation Practices
APHIS assessed whether significant changes to agricultural or cultivation practices from
the adoption of the A1-DFR petunia are likely to impact plant diseases or pests or their
management, including any APHIS control programs. This includes consideration of any
changes in pesticide applications, tillage, irrigation, harvesting, etc. as they relate to plant
pests and diseases.
As mentioned in sections D-G, there is no observed agronomic, disease and insect
resistance, weediness, or any other phenotypic differences between A1-DFR petunia and
other conventional varieties (Westhoff 2019). Therefore, A1-DFR petunia does not
require any change in crop and pest management practices. The GE petunia will be
propagated by a limited number of experienced growers inside greenhouses. Consumers
place flowering petunia on the balcony and isolated beds. Among consumers who like to
grow from seed, very few harvest seeds or taking cuttings (Westhoff 2019) and are
therefore of very small scale. The propagation and cultivation of GE petunias do not
require any practices that are different from those of non-GE conventional petunias and
will not interfere with the current horticultural and field crop operations.
A1-DFR petunias have been handled just like any other petunias during its past presence
on the market without being known as GE organisms. APHIS could not identify any
significant changes to agricultural or cultivation practices (e.g., herbicide and pesticide
applications, flower propagation and usage, irrigation and other management practices,
etc.) from the adoption of A1-DFR petunia; therefore, no impact on plant diseases or
pests or their management is likely to occur.

I. Potential Impacts from Transfer of Genetic Information to
Organisms with which A1-DFR Petunia Cannot Interbreed
APHIS examined the potential for the new genetic material inserted into A1-DFR petunia
to be horizontally transferred without sexual reproduction to other organisms and whether
such an event could lead directly or indirectly to disease, damage, injury or harm to
plants, including the creation of new or more virulent pests, pathogens, or parasitic
plants. Horizontal gene transfer (HGT) between unrelated organisms is one of the most
intensively studied fields in the biosciences since 1940, and the issue gained extra
attention with the release of transgenic plants into the environment (Dröge et al. 1998).
Potential risks from stable HGT from GE organisms to other organisms without
reproduction or human intervention were reviewed (Keese 2008; Nicolia et al. 2014).
Mechanisms of HGT include conjugation, transformation and transduction, and other
diverse mechanisms of DNA and RNA uptake and recombination and rearrangement,
most notably through viruses and mobile genetic elements. HGT has been a major
contributor to the spread of antibiotic resistance amongst pathogenic bacteria; the
emergence of increased virulence in bacteria, eukaryotes and viruses; and, in the long
run, to major transitions in evolution.
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Potential for horizontal gene transfer to bacteria, fungi, or invertebrates
A1-DFR petunia has five genetic elements from bacteria, including the beta-lactamase
gene (partial), the selectable marker gene nptII, and the lacUV5 fragment (regulatory)
from E. coli, as well as the pnos promoter and the ocs terminator (both regulatory) from
A. tumefaciens. Horizontal gene transfer and expression of DNA from a plant species to
bacterial, fungal or invertebrate species is unlikely to occur based on the following
literature review.
Although there are many opportunities for plants to directly interact with fungi and
bacteria (e.g., as commensals, symbionts, parasites, pathogens, decomposers, or in the
guts of herbivores) and with invertebrates as plant pests, there are almost no evolutionary
examples of HGT from eukaryotes to bacteria or from plants to fungi or invertebrates.
Examples of HGT between eukaryotes and fungi primarily involve gene acquisition or
transfer by fungi to or from other distantly related fungi or bacteria (van den Eede et al.
2004; Keeling and Palmer 2008; Keese 2008) and HGT between plants and fungi is
extremely rare (Richardson and Palmer 2007). Examples of HGT between plants and
invertebrates are also extremely rare, and most examples of HGT in insects involve the
acquisition of genes from their pathogens or endosymbionts (Keese 2008; Zhu et al.
2011; Acuna et al. 2012).
Horizontal gene transfer and expression of DNA from a plant species to bacteria is
extremely low and unlikely to occur (Conner et al. 2003; van den Eede et al. 2004; Keese
2008; EFSA 2009). The genomes (or parts thereof) of many bacteria that are closely
associated with plants, including Agrobacterium and Rhizobium, have been sequenced;
there is no evidence that these organisms contain genes derived from plants (Wood et al.
2001; Kaneko et al. 2002). Experiments in the field have not shown any evidence of
horizontal gene transfer from plants to bacteria (Badosa et al. 2004; Wagner et al. 2007;
Demanèche et al. 2008; Isaza et al. 2011; Ma et al. 2011; Nicolia et al. 2014). In cases
where sequencing data implied that HGT occurred, these events are often discussed on an
evolutionary time scale (Koonin et al. 2001; Brown 2003; Soucy et al. 2015).
Additionally, transgene DNA promoters and coding sequences are optimized for plant
expression, not prokaryotic bacterial expression. Thus even if HGT occurred, proteins
corresponding to the transgenes are not likely to be produced. Finally, the nptII gene
would be widely spread in soil bacteria and Enterobacteriaceae; HGT from GE plants to
other organisms, if they did occur at all, would be negligible and will not change the
population of natural antibiotic resistant bacteria already present in the soil (D'Costa et al.
2006; ZKBS 2008; EFSA 2009; Nicolia et al. 2014). FDA (1998) and the European
Food Safety Authority (EFSA 2009) have also evaluated HGT from the use of antibiotic
resistance marker genes and concluded that the likelihood of transfer of antibiotic
resistance genes from plant genomes to microorganisms in the gastrointestinal tract of
humans or animals is very rare or remote (FDA 1998; EFSA 2009). Therefore, APHIS
agrees with Westhoff (2019) that the presence of the nptII gene in the genome of the GE
petunias is unlikely to affect the spread of this antibiotic resistance gene in the
environment. Nor does APHIS believe that the probability of the horizontal transfer of
other A1-DFR construct components will be high enough to increase plant pest risk.

21

Potential for horizontal gene transfer to viruses
APHIS also considers whether the horizontal transfer of DNA from the GE plant to plant
viruses is likely to occur and would lead to the creation or selection of plant viruses that
are more virulent or have a broader host range. This issue has been considered before by
other science review panels and government regulatory bodies (EPA-FIFRA-SAP 2006;
Keese 2008). HGT is not unusual among plant viruses; however, this is generally limited
to exchange between viruses present in the same host organism in mixed infections, and
most commonly involves homologous recombination, relying on sequence similarity at
the point of crossover (Keese 2008).
Virus sequences engineered into plants have been shown to be able to transfer into
infecting or challenge viruses, including both DNA viruses (e.g., geminiviruses which
replicate in the nucleus) (Frischmuth and Stanley 1998) and RNA viruses which typically
replicate in the cytoplasm (Borja et al. 1999; Adair and Kearney 2000). However, those
studies only demonstrated homologous recombination that restored defective viruses
under ideal laboratory conditions; the crop field virus load may only permit a lower
recombination frequency and is not likely to create selective pressures favoring the
recombinant (Borja et al. 1999; Adair and Kearney 2000). Virus populations with
recombination between virus transgene integrated into plants and the genes of related
natural virus are similar to recombinants found in mixed infections of the same virus in
nontransgenic plants, indicating that there was no novel recombination mechanism with
regards to transgenic plants; and no increased risk is expected over what is expected from
mixed infections (Fuchs and Gonsalves 2007; Keese 2008; Turturo et al. 2008).
Non-homologous recombination in HGT among viruses or between virus transgenes and
infecting viruses can occur, but frequently results in gene deletions and nonviable
viruses; the recombinants detected were very similar to those in nature; deep sequencing
of recombinant virus populations in transgenic and nontransgenic tobacco plants infected
with cucumber mosaic virus identified no novel recombinants of biosafety concern
(Morroni et al. 2013). Depending on the particular virus and sequences involved, various
hot-spots for recombination have been found in both coding and noncoding regions, and
strategies implemented in the design of transgenes to avoid recombination have been
suggested.
Over at least 8-10 years in field tests of GE crops or during commercial production in the
United States of deregulated virus resistant plum, squash, or papaya engineered with
genes from viruses, no recombinant or undesirable viruses with new properties have been
detected (EPA-FIFRA-SAP 2006; Fuchs and Gonsalves 2007). Current scientific
knowledge does not indicate that transgenic plants using virus components present
biosafety concerns (Ilardi 2014). A1-DFR petunia was engineered with the 35S promoter
and terminator from the cauliflower mosaic virus. Both the 35S promoter and terminator
are non-coding regulatory sequences and have a long history of safe use. HGT from A1DFR petunias to the virus population is highly unlikely.
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Potential for horizontal gene transfer to parasitic plants
Although there are reports of HGT between vascular plants based on phylogenetic study
(Manavella et al. 2006; Davis and Xi 2015), evidence for HGT from plants to other plants
is mostly limited to two specific scenarios: (1) exchange of genes between a parasitic
plant and its host (Yoshida et al. 2010); and (2) exchange of genes between cells of two
plants living in close proximity, such as in a graft junction. In both cases, this type of
HGT requires physical contact between the two plants. Yoshida reported HGT also
occurred before the speciation of the parasitic plant purple witchweed (Striga.
hermonthica) and related cowpea witchweed (S. gesnerioides) from their common
ancestor millions of years ago. Furthermore, S. hermonthica is not found in the U.S. and
S. asiatica, another related parasite of cereal crops, is only present in North Carolina and
South Carolina (USDA-NRCS 2013).
Most cases of HGT in plants involve the transfer of mitochondrial genomes, which are
primarily maternally inherited in plants (Barr et al. 2005), to other mitochondrial
genomes, and most involve parasitic plants and their hosts (Richardson and Palmer
2007). Even though the more recent studies (Xi et al. 2012; Xi et al. 2013) reported
relatively higher rates of HGT, it is still limited to mitochondrial DNA. For A1-DFR
petunia, the DNA sequences were inserted into the nuclear genome, not the mitochondrial
genome. Further, even if the petunia plants were infected by a parasitic plant or were
naturally grafted to another plant, there is a very low probability that HGT could result in
the other plant acquiring DNA from A1-DFR petunia. In both scenarios, this newly
introduced DNA would likely reside in somatic cells, and with little chance of reaching
the germ cells, this introduced DNA could not persist in subsequent generations unless
the recipient plant reproduced asexually from the affected cells. The scenario is also less
likely to occur as petunia production and usage are mostly in well a managed
horticultural environment that usually don’t have parasitic plants (Westhoff 2019)
Based on the above analysis APHIS therefore concludes that HGT of the new genetic
material inserted into the GE petunia to other organisms is highly unlikely, and is not
expected to lead directly or indirectly to disease, damage, injury or harm to plants,
including the creation of new or more virulent pests, pathogens, or parasitic plants.

J. Conclusion
APHIS has reviewed the information submitted in the petition (Westhoff 2019),
supporting documents, and other relevant information to assess the plant pest risk of the
A1-DFR petunias compared to the unmodified commercial varieties and the original line
from which they were derived. APHIS concludes that the A1-DFR petunia is unlikely to
pose a greater plant pest risk than the unmodified organism based on the following
findings.
•

No plant pest risk was identified from the transformation process or the insertion of
new genetic material in A1-DFR petunia. The direct gene transfer protocol used
involved no plant pests. The only plant pest sequences in the inserted genetic
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•

•
•

•

•
•

material are non-coding sequences from Cauliflower mosaic virus and A. tumefaciens.
They are promoters and terminators that are not expected to cause plant disease risk.
The other vector components are not of plant pest origin. No introduced genetic
material will create an infectious agent or otherwise confer any plant pest
characteristic to A1-DFR petunias.
The expression of the maize A1-DFR gene in petunia is unlikely to change plant pest
resistance. No difference was observed in plant susceptibility to diseases and insect
pests in A1-DFR petunias compared to the unmodified varieties. Observed
agronomic or horticultural traits also did not reveal any differences that would
indicate that A1-DFR petunias will become more susceptible to pests or diseases as
the indirect result of genetic engineering. Therefore, no plant pest effects are expected
from A1-DFR petunia varieties. They will not impact other agricultural products or
APHIS pest control programs.
Exposure to A1-DFR petunias is unlikely to have any adverse impacts on organisms
beneficial to agriculture based on the analysis of phenotypic data, past observation,
and pattern of the petunia production and usage.
The expression of the maize A1-DFR gene in petunia is unlikely to change stress
tolerance. A1-DFR petunias are no more likely to become a weed than conventional
petunia varieties based on their observed agronomic characteristics, weediness
potential of the crop, and current management practices available to control A1-DFR
petunia as a weed. Volunteers and feral populations of A1-DFR petunia are unlikely
to occur and can be managed using a variety of currently available methods and
herbicides.
A1-DFR petunias are not expected to increase the weed risk potential of other species
with which they can interbreed in the U.S. or its territories. Hybridization and/or
introgression of inserted genes from A1-DFR petunias to other sexually compatible
relatives with which they can interbreed is not likely to occur. A1-DFR petunias do
not confer or enhance the weedy characteristics of cultivated petunias.
Significant changes to agricultural or cultivation practices (e.g., herbicide or pesticide
applications, irrigation, etc.) from the adoption of A1-DFR petunia were not known in
the past and are not expected to be identified in the future.
HGT of the new genetic material inserted into A1-DFR petunias to other organisms is
highly unlikely and is not expected to lead directly or indirectly to disease, damage,
injury or harm to plants, including the creation of new or more virulent pests,
pathogens, or parasitic plants.
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