
Plant Pest Risk Assessment for Event 3272 Corn 
 
This plant pest risk assessment is to determine whether Event 3272 corn is unlikely to 
pose a plant pest risk.  If APHIS determines that a genetically engineered (GE) organism 
is not a plant pest, APHIS then has no regulatory authority over that organism. 
 
APHIS’ authority to regulate genetically engineered organisms under the Plant Protection 
Act (PPA) (7 U.S.C. Sec 7701 et seq.) is limited to those GE organisms that are plant 
pests as defined under Section 14 of the PPA.  

 
“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.” 

 
APHIS examines plant pest risk for GE plants broadly as plants that are pests of plants.  
Of the information requested by APHIS for submission of a petition for nonregulated 
status (§ 340.6(c)(4)), APHIS will use information submitted by the applicant related to 
plant pest risk characteristics, disease and pest susceptibilities, expression of the gene 
product, new enzymes, or changes to plant metabolism, weediness of the regulated 
article, any impacts on the weediness of any other plant with which it can interbreed, and 
the transfer of genetic information to organisms with which it cannot interbreed of Event 
3272 corn.  Issues related to agricultural or cultivation practices will be considered in the 
Environmental Assessment for Event 3272 corn.  Event 3272 corn is not genetically 
engineered to produce a toxin or pesticide, thus Event 3272 corn is not targeted for use 
against pests in corn agriculture.  Thus, APHIS did not examine the effects of the 
regulated article on nontarget organisms.  However, APHIS does examine the effects of 
Event 3272 corn on animals, plants, and TES species in the Environmental Assessment. 
APHIS has not identified any issues related to indirect plant pest effects on agricultural 
production caused by Event 3272 corn. 
 
Potential impacts to be addressed in this risk assessment are those that pertain to the use 
of Event 3272 corn and its progeny in the absence of confinement.  The genetically 
engineered construct inserted in Event 3272 corn was evaluated to determine if those 
sequences in Event 3272 corn cause plant disease.  Morphological characteristics of 
Event 3272 corn were analyzed to determine if this corn variety would become weedy or 
invasive.  The potential for gene flow to, and introgression of the genetically engineered 
constructs into, other corn varieties or wild relatives of corn were also evaluated to 



determine the potential of increased weedy or invasive characteristics in other plant 
species.  APHIS also analyzed the propensity of Event 3272 corn to become a greater 
reservoir of plant pests (insects or pathogens) compared to conventional corn and 
potential for horizontal gene transfer. 
 
Development of Alpha-Amylase Event 3272 Corn 
 
Microbially-produced alpha-amylases are commonly used commercially in the starch-
processing step during corn dry grind and wet milling processing.  Syngenta has 
developed a thermostable alpha-amylase enzyme (AMY797E) expressed in Event 3272 
corn grain for use in the dry grind fuel ethanol process in the U.S.  The product concept 
of Event 3272 corn is that Event 3272 grain will serve as the source of alpha-amylase 
enzyme in the dry-grind ethanol process, replacing the addition of microbially-produced 
enzyme.  Event 3272 corn will be grown using current agronomic practices, and grain 
expressing AMY797E alpha-amylase enzyme will be processed at the ethanol processing 
plant. 
 
1.  Description of inserted genetic material and potential of the material to 
cause plant disease. 
Event 3272 corn has been genetically engineered to contain two transgenes: (1) the 
amy797E gene encoding the theromostable AMY797E alpha-amylase enzyme and (2) the 
pmi (manA) gene from Escherichia coli, which encodes the enzyme phosphomannose 
isomerase, used as a selectable marker. The AMY797E alpha-amylase enzyme is a 
chimeric, thermostable enzyme derived from three alpha-amylase genes originating from 
three hyperthermophilic microorganisms of the archael order Thermococcales.  This 
enzyme was selected by Syngenta due to its increased thermostability and activity during 
the dry grind ethanol production from corn. AMY797E is functionally similar to those 
thermostable, genetically engineered alpha-amylases (e.g. Bacillus species) currently 
used, and have a history of safe use in food and feed processing (Janeček et al. 1999, 
Lévêque et al. 2000, Pariza and Johnson 2001, Olempska-Beer et al. 2006).  The 
expression of amy797E is driven by the promoter from a corn seed storage (gamma-zein) 
gene, which directs the accumulation of alpha-amylase in the corn kernel.  The pmi gene 
is from one of the main species of bacteria living in mammal intestines, E. coli, and is 
driven by the polyubiquitin promoter from corn.   
 
This genetic insert also contains the terminator sequences from two plant pests, 
cauliflower mosaic virus and Agrobacterium tumefaciens.  Both of these sequences are 
well-characterized, and are non-coding regulatory regions only.  These sequences will not 
cause Event 3272 to promote plant disease. 
 
DNA was introduced into corn cells from a proprietary corn line using disarmed (non-
plant pest causing) Agrobacterium tumefaciens-mediated transformation methodology 
with the transformation vector designated pNOV7013. Plant cells containing the 
introduced DNA were then selected by culturing in the presence of mannose. After the 
initial incubation with Agrobacterium, the broad-spectrum antibiotic cefotaxime was 
included in the culture medium to kill any remaining Agrobacterium.  Therefore, no part 



of the plant pest A. tumefaciens is remaining in Event 3272 corn due to the transformation 
method.   
 
Data from Southern analyses demonstrate that Event 3272 plants: (1) contain a single 
copy of both amy797E (Figure 3-4, page 35 of petition) and pmi (Figure 3-6, page 36 of 
petition) genes, (2) contain a single copy of both the gamma-zein (Figure 3-8, page 37 of 
petition) and ubiquitin promoters (Figure 3-10, page 38 of petition), and (3) do not 
contain sequences from the transformation plasmid (pNOV7013) (Figure 3-12, page 40 
of petition) that were not intended to be transferred to Event 3272 (i.e.‘backbone 
sequences’.)  DNA sequences of Event 3272 confirmed that the overall integrity of the 
intended insert and the contiguousness of the functional elements have been maintained 
(page 30, Figure 3-15, and page 42 of petition).  Statistical analyses over multiple 
generations confirm that the amy797E gene is stably integrated and is inherited over 
generations in the expected fashion (Table 3-2, page 31 of petition).  Therefore, only the 
expected genetic material was stably inserted into Event 3272, and there is no expectation 
that plant disease will result due to the genetic construct in Event 3272. 
 
2. Potential impacts based on the relative weediness and/or invasiveness 
of Event 3272 corn 
APHIS assessed whether Event 3272 corn is any more likely to become a weed than the 
nontransgenic recipient corn line, or other corn currently cultivated. The assessment 
encompasses a thorough consideration of the basic biology of corn and an evaluation of 
unique characteristics of Event 3272 corn. 
 
In the U.S., corn is not listed as a weed in the major weed references (Muenscher 1980, 
Holm et al. 1991, Holm et al. 1997) nor is it listed as a noxious weed species by the U.S. 
Federal Government (7 CFR part 360).  Furthermore corn has been grown throughout the 
world without any report that it is a serious weed.  Cultivated corn is unlikely to become 
a weed because is not generally persistent in undisturbed environments without human 
intervention.  Although corn volunteers are not uncommon, they are easily controlled by 
herbicides or mechanical means and rarely reappear in a second season.  Corn also 
possesses few of the characteristics of plants that are notably successful weeds (Baker 
1965, Keeler 1989).   
 
Syngenta conducted agronomic field trials of Event 3272 corn at a total of 25 locations in 
the U.S. corn belt during the 2003 and 2004 growing seasons.  Field trial data (Tables 5-
3, 5-4, 5-5, 5-6, 5-7, 5-8, Appendix 4 of petition) indicated that Event 3272 corn does not 
exhibit characteristics that would cause it to be weedier than the parental corn line.  
Growth habitat was not remarkably different between Event 3272 corn and the control 
hybrid (Table 5-3 of petition).  Two measures of late season integrity of the corn plant, 
late season intactness and push test scores, were slightly depressed in Event 3272 plants, 
however a third integrity measure, percent broken stalks, was elevated in Event 3272 
plants compared to the non-transgenic control hybrids.  Thus, overall, growth habitat 
characteristics did not differ in Event 3272 corn compared to the hybrid controls.   
 



Vegetative vigor assessments (Table 5-4 of petition) conducted by Syngenta indicate that 
early emergence vigor, early growth rating and ear height characteristics were all similar 
between Event 3272 corn and the control hybrids.  Plant height was found to be 
significantly shorter in Event 3272 corn compared to the hybrid control plants.  However, 
plant height reduction is unlikely to be associated with a trend toward increasing 
weediness.    
 
Syngenta also evaluated the reproductive characteristics (Table 5-5 of petition) of Event 
3272 corn.  The percentage of barren plants was slightly elevated in Event 3272 corn 
compared to the nontransgenic hybrid controls, and this was the only reproductive 
variable that differed between the two plant types.  In terms of weediness, an increase in 
barren plants in Event 3272 corn would not increase the risk of weediness because it does 
not indicate a potential increase in reproductive output. 
 
There was no increase in weediness potential as measured by differences in primary 
dormancy (germination potential) or secondary dormancy (overwintering ability) (Table 
5-8 of petition).  There was a slight decrease in the ability of Event 3272 seeds to survive 
the ‘winter conditions’ test (5ºC) compared to the nontransgenic control plants.  
However, a decrease in seed survival would not correspond to an increase in secondary 
dormancy and increased weediness. In addition, there were no changes to abiotic stress 
tolerance (as measured by early root lodging, late root lodging, and percent snapped 
plants) (Table 5-3 of petition).  
 
The introduced traits, increased alpha-amylase accumulation in the grain or expression of 
PMI, are not expected to cause Event 3272 corn to become a weed or improve the ability 
of this corn variety to survive without human intervention. Nor is there any foreseeable 
reason to conclude that these two genes would affect this variety’s survival in the wild. 
None of the characteristics of weeds described by Baker (Baker 1965) involve increased 
alpha-amylase or PMI levels, and there is no reason to expect that these traits would 
result in increased weediness. Event 3272 corn is unchanged in its susceptibility to injury 
by commercially available herbicides, and thus could be chemically-controlled.  
Therefore, there is no selective advantage to corn containing AMY797E or PMI 
compared to conventional corn, and there is no increased potential for weediness or 
invasiveness from Event 3272 corn. 
 
3. Potential impacts from gene flow and gene introgression from Event 
3272 corn into its sexually-compatible relatives. 
Zea mays L. subsp. mays is a member of the Maydeae tribe of the grass family, Poaceae. 
It is a monoecious annual plant that requires human intervention for its seed dispersal and 
propagation. The species is open-pollinated through wind movement of pollen. 
Additional information on the biology of maize can be found within the Organisation for 
Economic Co-Operation and Development (OECD) consensus document (OECD 2003). 
 
In assessing the risk of gene introgression from Event 3272 corn into its sexually 
compatible relatives, APHIS considered two primary issues: 1) the potential for gene 
flow and introgression, and 2) the potential impact of introgression. 



 
APHIS evaluated the potential for gene introgression to occur from Event 3272 corn to 
sexually compatible wild relatives and considered whether such introgression would 
result in increased weediness.  Cultivated corn, or maize, Zea mays L. subsp. mays, is 
sexually compatible with other members of the genus Zea, and to a much lesser degree 
with members of the genus Tripsacum. 
 
In general, gene flow from cultivated agricultural crops to domesticated, wild or weedy 
relatives has most likely occurred ever since the domestication of a particular crop, 
assuming sexually compatible species are present (Stewart Jr. et al. 2003).  Based upon 
currently available data, there have been a relatively low number of confirmed cases of 
introgression (Stewart Jr. et al. 2003). 
 
Wild diploid and tetraploid members of Zea, collectively referred to as teosinte, are 
normally confined to the tropical and subtropical regions of Mexico, Guatemala, and 
Nicaragua. A few isolated populations of annual (Zea mexicana) and perennial (Zea 
perennis) teosinte have been reported to exist in the past in Alabama, Florida, South 
Carolina, and Maryland (USDA-NRCS 2007), but are likely no longer in existence (US-
EPA 2000), or are small isolated occurrences.  None of these teosinte species have been 
shown to be aggressive weeds in their native or introduced habitats.  The Mexican and 
Central America teosinte populations primarily exist within and around cultivated corn 
fields; they are partially dependent on agricultural niches or open habitats, and in some 
cases are grazed upon or fed to cattle which distribute the seed.  While some teosinte may 
be considered to be weeds in certain instances, they are also used by some farmers for 
breeding improved maize (Sánchez and Ruiz 1997).  Teosinte is described to be 
susceptible to many of the same pests and diseases which attack cultivated corn (Sánchez 
and Ruiz 1997) 
 
All teosinte members can be crossed with cultivated corn to produce fertile F1 hybrids 
(Wilkes 1967, Doebley 1990a).  In areas of Mexico and Guatemala where teosinte and 
corn coexist, they have been reported to produce hybrids.  Of the annual teosintes, Z. 
mays subsp. mexicana forms frequent hybrids with maize, Z. luxurians hybridizes only 
rarely with maize, whereas populations of Z. mays subsp. parviglumis are variable in this 
regard (Wilkes 1977, Doebley 1990a).  Research on sympatric populations of maize and 
teosinte suggests introgression has occurred in the past, in particular from maize to Z. 
mays subsp. luxurians and Z. mays subsp. diploperennis and from annual Mexican 
plateau teosinte (Z. mays subsp. mexicana) to maize (Kato Y. 1997) and references 
therein).   
 
Nevertheless, in the wild, introgressive hybridization from maize to teosinte is currently 
limited, in part, by several factors including distribution, differing degrees of genetic 
incompatibility, temporal separation in flowering time, differences in developmental 
morphology, variation in dissemination methods, and disparities in dormancy (Galinat 
1988, Doebley 1990a, 1990b).  First-generation hybrids are generally less fit for survival 
and dissemination in the wild, and show substantially reduced reproductive capacity 
which acts as a significant constraint on introgression.   



 
Teosinte has coexisted and co-evolved in close proximity to corn in the Americas over 
thousands of years, but corn and teosinte maintain distinct genetic constitutions despite 
sporadic introgression (Doebley 1990a).  The potential for gene introgression from Event 
3272 corn into teosinte would increase if varieties are developed and approved for 
cultivation in locations where these teosintes are located. However, hybridization in 
nature is extremely unlikely because the distributions of teosinte and Z. mays do not 
overlap (http://www.maizegenetics.net/index.php?page=domestication/taxonomydistribution.html), and 
because of differences in developmental morphology and reproductive timing between 
the two species.  Additionally first-generation corn-teosinte hybrids are generally less fit 
for survival and dissemination, and they show substantially reduced reproductive 
capacity. Therefore, it is very unlikely that gene introgression into a wild corn relative 
will occur. Moreover, since Event 3272 corn does not exhibit characteristics to cause it to 
be any weedier than other cultivated corn, its potential impact due to the limited potential 
for gene introgression into teosinte is not expected to be any different from that of other 
cultivated corn varieties.     
 
The genus Tripsacum contains up to 16 recognized species, most of which are native to 
Mexico, Central and South America, but three exist or have existed as wild and/or 
cultivated species in the U.S. (Hitchcock 1971, USDA-NRCS 2007). Though many of 
these species occur where corn might be cultivated, gene introgression from Event 3272 
corn under natural conditions is highly unlikely or impossible.  Hybrids of Tripsacum 
species with Zea are difficult to obtain outside of a laboratory and are often sterile or 
have greatly reduced fertility, and none are able to withstand even the mildest winters 
(Beadle 1980, Galinat 1988).  Furthermore, none of the sexually compatible relatives of 
corn in the U.S. are considered to be weeds in the U.S. (Holm et al. 1997).  AMY797E 
and PMI do not confer a selective advantage to plants that contain these genes.  Thus, the 
likelihood of introgression is extremely low.  In the highly unlikely event that 
introgression to a wild relative would occur, acquisition of the amy797E or pmi gene 
would not be expected to transform the wild relative into a weed.   
 
4.  Potential of Event 3272 corn to harbor plant pests (insects and disease) 
The data submitted by Syngenta indicated no significant differences between Event 3272 
corn and the non-transgenic counterparts for disease (as measured by northern corn leaf 
blight and southern corn leaf blight observations, and gray leaf spot rating) and pest 
susceptibility (as measured by European corn borer damage) (Table 5-7 of petition). The 
data presented in the petition indicates no difference in compositional and nutritional 
quality of Event 3272 corn compared to conventional corn, apart from the presence of 
AMY797E and PMI.  Although some of the variables measured by the applicant showed 
statistically significant differences between Event 3272 corn and the nontransgenic 
hybrid controls (Tables 6-1 to 6-6, pages 70-76), none of the values for the forage and 
grain composition characteristics were outside the range of natural variability of 
conventional corn as found in the International Life Sciences Institute Crop Composition 
Database (Ridley et al. 2004, ILSI 2006) or in the OECD consensus document on corn 
composition (OECD 2003).  Therefore, the composition of Event 3272 is not biologically 
different than conventional corn, and is thus susceptible to the same pest population as 



conventional corn.  Additionally, Event 3272 corn is similarly affected by typical plant 
diseases found in corn, and does not harbor an altered pest or pathogen community 
compared to other corn varieties.     
 
5. Transfer of genetic information to organisms with which it cannot 
interbreed 
Horizontal gene transfer and expression of DNA from the a plant species to bacteria is 
unlikely to occur. First, many genomes (or parts thereof) have been sequenced from 
bacteria that are closely associated with plants including Agrobacterium and Rhizobium 
(Kaneko et al. 2000, Wood et al. 2001, Kaneko et al. 2002). There is no evidence that 
these organisms contain genes derived from plants. Second, in cases where review of 
sequence data implied that horizontal gene transfer occurred, these events are inferred to 
occur on an evolutionary time scale on the order of millions of years (Koonin et al. 2001, 
Brown 2003). Third, transgene DNA promoters and coding sequences are optimized for 
plant expression, not prokaryotic bacterial expression. Thus even if horizontal gene 
transfer occurred, proteins corresponding to the transgenes are not likely to be produced. 
Fourth, the FDA has evaluated horizontal gene transfer 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, or in the environment, is remote (http://vm.cfsan.fda.gov/~dms/opa-
armg.html). Therefore APHIS concludes that horizontal gene transfer is unlikely to occur 
and thus poses no significant environmental or plant pest risk.  
  
Conclusion 
APHIS has reviewed and conducted a plant pest risk assessment on Event 3272 corn.  
Due to the lack of plant pest risk from the inserted genetic material, the lack of weediness 
characteristics of Event 3272 corn, the lack of atypical responses to disease or plant pests 
in the field, the lack of deleterious effects on non-targets or beneficial organisms in the 
agro-ecosystem, and the lack of horizontal gene transfer, APHIS concludes that Event 
3272 corn is unlikely to pose a plant pest risk. 
 
Event 3272 corn also is not a plant pest as defined by the PPA. Neither Event 3272 corn, 
nor the alpha-amylase enzyme engineered into Event 3272 corn, is one of the organisms 
listed in the statutory definition of a plant pest.  Enzymes such as alpha-amylase are 
proteins that catalyze chemical reactions.  Enzymes are not “living.”  Thus, enzymes 
cannot be plant pests because they are not living and cannot be a “living stage” of any of 
the organisms (“articles”) listed in the PPA’s definition of a plant pest in subparagraphs 
(A) through (G) of 7 U.S.C. 7702(14).  Likewise, the Event 3272 corn alpha-amylase 
enzyme also cannot be a living stage of any article similar to or allied with any of the 
articles specified in subparagraphs (A) through (G), and thus does not fall within the 
statutory definition of a plant pest as listed in subparagraph (H) of the PPA’s plant pest 
definition (i.e., “Any article similar to or allied with any of the articles specified in the 
preceding subparagraphs”).  APHIS has determined that the alpha-amylase enzyme 
engineered into Event 3272 corn is not a plant pest because the alpha-amylase enzyme in 
Event 3272 corn is not living and thus cannot itself be a living stage of any organism 
listed in the PPA’s plant pest definition.  



 
Event 3272 corn itself is not a plant pest since it is clearly not a living stage of any of the 
organisms (articles) listed in subparagraphs (A) through (G) of 7 U.S.C. 7702(14).  Nor is 
Event 3272 corn itself the living stage of any article (organism) similar to or allied with 
any of the articles specified in subparagraphs (A) through (G) as required by 
subparagraph (H) of 7 U.S.C. 7702(14).  Thus, APHIS has likewise determined that 
Event 3272 corn itself is not a plant pest as defined by the PPA. 
 
APHIS has determined that neither Event 3272 corn, nor the alpha-amylase enzyme in 
Event 3272 corn, is a “living stage” of any of the organisms (articles) listed in 
subsections A-H of the PPA’s plant pest definition,  Moreover, neither Event 3272 corn 
nor the alpha-amylase enzyme in Event 3272 corn is an article that harbors plant pests.  
 
 
 
Literature Cited 
Baker, H. G. 1965. Characteristics and modes of origin of weeds. Pages 147-168 in H. G. 

Baker and G. L. Stebbins, editors. The genetics of colonizing species. Academic 
Press, New York, New York. 

Beadle, G. 1980. The ancestry of corn. Scientific American. 242:112-119. 
Brown, J. R. 2003. Ancient horizontal gene transfer. Genetics. 4:121-132. 
Doebley, J. 1990a. Molecular evidence for gene flow among Zea species. BioScience. 

40:443-448. 
Doebley, J. 1990b. Molecular systematics of Zea (Gramineae). Maydica. 35:143-150. 
Galinat, W. C. 1988. The origin of corn. Pages 1-31 in G. F. Sprague and J. W. Dudley, 

editors. Corn and corn improvement. American Society of Agronomy, Crop 
Science Society of America, and Soil Science Society of America, Madison, WI. 

Hitchcock, A. S. 1971. Tripsacum L. Gamagrass. Pages 790-792 in A. Chase, editor. 
Manual of the grasses of the United States. Miscellaneous Publication 200, U.S. 
Department of Agriculture, Dover, New York. 

Holm, L., J. Doll, E. Holm, J. V. Pancho, and J. P. Herberger. 1997. World weeds: 
natural histories and distribution. John Wiley and Sons, New York. 

Holm, L., J. V. Pancho, J. P. Herberger, and D. L. Plucknett. 1991. A geographical atlas 
of world weeds. John Wiley and Sons, New York. 

ILSI. 2006. International Life Sciences Institue Crop Composition Database, 3.0. 
International Life Sciences Institute. http://www.cropcomposition.org/. Access 
date: August 28, 2008. 

Janeček, Š., E. Lévêque, A. Belarbi, and B. Haye. 1999. Close evolutionary relatedness 
of α-amylases from archaea and plants. Journal of Molecular Evolution. 48:421-
426. 

Kaneko, T., Y. Nakamura, S. Sato, E. Asamizu, T. Kato, and S. Sasamoto. 2000. 
Complete genome structure of the nitrogen-fixing xymbiotic bacterium 
Mesorhizobium loti. DNA Research. 7:331-338. 

Kaneko, T., Y. Nakamura, S. Sato, K. Minamisawa, T. Uchiumi, S. Sasamoto, A. 
Watanabe, K. Idesawa, M. Iriguchi, K. Kawashima, M. Kohara, M. Matsumoto, 
S. Shimpo, H. Tsuruoka, T. Wada, M. Yamada, and S. Tabata. 2002. Complete 



genomic sequence of nitrogen-fixing symbiotic bacterium Bradyrhizobium 
japonicum USDA110. DNA Research. 

Kato Y., T. A. 1997. Review of introgression between maize and teosinte. Pages 44-53 in 
J. A. Serratos, M. C. Willcox, and F. Castillo-Gonzalez, editors. Gene flow 
among maize landraces, improved maize varieties, and teosinte: implications for 
transgenic maize. CIMMYT, Mexico, D.F. 

Keeler, K. 1989. Can genetically engineered crops become weeds? Bio/Technology. 
7:1134-1139. 

Koonin, E. V., K. S. Makarova, and L. Aravind. 2001. Horizontal gene transfer in 
prokaryotes: quantification and classification. Annual Review of Microbiology. 
55:709-742. 

Lévêque, E., Š. Janeček, B. Haye, and A. Belarbi. 2000. Thermophilic archaeal 
amylolytic enzymes. Enzyme and Microbial Technology. 26:3-14. 

Muenscher, W. C. 1980. Weeds. 2nd edition. Cornell University Press, Ithaca and 
London. 

OECD. 2003. Consensus document on the biology of Zea mays subsp. mays (maize). 
Organisation for Economic Co-operation and Development, Paris, France. 

Olempska-Beer, Z. S., R. I. Merker, M. D. Ditto, and M. J. DiNovi. 2006. Food-
processing enzymes from recombinant microorganisms - a review. Regulatory 
Toxicology and Pharmacology. 45:144-158. 

Pariza, M. W. and E. A. Johnson. 2001. Evaluating the safety of microbial enzyme 
preparations used in food processing: update for a new century. Regulatory 
Toxicology and Pharmacology. 33:173-186. 

Ridley, W. P., R. D. Shillito, I. Coats, H.-Y. Steiner, M. Shawgo, A. Phillips, P. Dussold, 
and L. Kurtyak. 2004. Development of the International Life Sciences Institue 
Crop Composition Database. Journal of Food Composition and Analysis. 17:423-
438. 

Sánchez, G. J. J. and C. J. A. Ruiz. 1997. Teosinte distribution in Mexico. Pages 18-39 in 
J. A. Serratos, M. C. Willcox, and F. Castillo-Gonzalez, editors. Gene flow 
among maize landraces, improved maize varieties, and teosinte: implications for 
transgenic maize. CIMMYT, Mexico, D.F. 

Stewart Jr., C. N., M. D. Halfhill, and S. I. Warwick. 2003. Transgene introgression from 
genetically modified crops to their wild relatives. Nature Reviews Genetics. 
4:806-817. 

US-EPA. 2000. Issues pertaining to the Bt plant pesticides Risk and Benefit 
Assessments., United States Environmental Protection Agency. 
http://www.epa.gov/scipoly/sap/meetings/2000/october/brad1_execsum_overview
.pdf. Date Accessed: September 1, 2008. 

USDA-NRCS. 2007. The PLANTS Database (http://plants.usda.gov, 18 January 2007). 
National Plant Data Center, Baton Rouge, LA 70874-4490 USA. 

Wilkes, H. G. 1967. Teosinte: the closest relative of maize. Bussey Institute, Harvard 
Univ., Cambridge, Massachusetts. 

Wilkes, H. G. 1977. Hybridization of maize and teosinte in Mexico and Guatemala and 
the improvement of maize. Economic Botany. 31:254-293. 

Wood, D. W., J. C. Setubal, R. Kaul, D. E. Monks, J. P. Kitajima, V. K. Okura, Y. Zhou, 
L. Chen, G. E. Wood, N. F. Almeida Jr., L. Woo, Y. Chen, I. T. Paulsen, J. A. 



Eisen, P. D. Karp, D. Bovee Sr., P. Chapman, J. Clendenning, G. Deatherage, W. 
Gillet, C. Grant, T. Kutyavin, R. Levy, M.-J. Li, E. McClelland, A. Palmieri, C. 
Raymond, G. Rouse, C. Saenphimmachak, Z. Wu, P. Romero, D. Gordon, S. 
Zhang, H. Yoo, Y. Tao, P. Biddle, M. Jung, W. Krespan, M. Perry, B. Gordon-
Kamm, L. Liao, S. Kim, C. Hendrick, Z.-Y. Zhao, M. Dolan, f. Chumley, S. V. 
Tingey, J.-F. Tomb, M. P. Gordon, M. V. Olson, and E. W. Nester. 2001. The 
genome of the natural genetic engineer Agrobacterium tumefaciens C58. Science. 
294:2317-2323. 

 
 


