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Construction of a Yeast Artificial Chromosome Containing a
Yeast-codon-optimized Brazzein Gene and Its Expression in
Saccharomyces cerevisiae. STEPHENR. HUGHES, Rebecca
J. Pinkelman, Elby J. Cox, Marjorie A. Jones, Mitch
Lindquist, and Sookie S. Bang. USDA, ARS, NCAUR,
BBC, Room 1106, 1815 North University Street, Peoria, IL
61604. Email: Stephen.Hughes@ARS.USDA.GOV

Brazzein is a small, water-soluble, peptide isolated from the
West African plant Pentadiplandra brazzeana Baillon, long
used as a sweetener by the native population. It is considered a
promising natural and non-caloric substitute for sucrose and
artificial sweeteners. Due to the difficulties and high cost of
extracting brazzein from its natural source, heterologous ex-
pression in foreign hosts is crucial to obtaining sufficient
quantities for commercial use. A yeast artificial chromosome
(YAC4) containing a yeast-codon-optimized brazzein gene
open reading frame (ORF) was constructed to investigate the
feasibility of heterologous expression of brazzein in
Saccharomyces cerevisiae. The optimized brazzein ORF was
assembled via PCR from oligonucleotides containing codons
based on the frequency of codon usage for optimal translation
by yeast calculated from analysis of GenBank genetic se-
quence data. Codon usage preference could confer a metabolic
advantage by selecting for translation efficiency and reducing
impact of misfolded proteins. An automatically applied algo-
rithmwas used to optimize codons and to avoid strongmRNA
secondary structures primarily at the 5′-end of coding se-
quences for more stable translation initiation complexes and
impediment-free launches of ribosomes on mRNA. An auto-
mated PCR process was developed to add BstEII restriction
sites, and the assembled ORF was cloned into pRS305 behind
the LEU2 promoter and transformed into Escherichia coli.
Positive transformants were selected on LB-AMP medium.
The brazzein-containing plasmid was digested with ZraI and

SalI resulting in a cassette consisting of the LEU2 promoter
and terminator along with the brazzein gene. In parallel, the
minimal vector pYAC4 was digested with SmaI, SalI, and
BamHI for removal of the histidine gene, exposure of the
telomere seeding sequences, linearization, and cloning. The
brazzein cassette was ligated to the two resulting arms from
pYAC4 and used to transform S. cerevisiae PJ69-4 diploid, an
auxotrophic strain with deletions in the uracil, histidine, leu-
cine, and tryptophan genes, in a process designed so that nu-
merous variants could be screened. The expression of brazzein
was evaluated using reverse transcription (RT) PCR and
Western blot analysis. The brazzein was assessed for sweet-
ness with novel in vivo sweetness assay. Our study supports
the potential use of a readily automated YAC assembly system
for expression of multiple genes for high-value co-products
from S. cerevisiae in an industrial setting for sustainable bio-
fuel production.

P-2

Development and Use of an Automated Image Capture
System for Semi-continuous Monitoring of Promoter-
mediated Gene Expression. JOHN J FINER. The Ohio State
University, Department of Horticulture and Crop Science,
OARDC, 1680 Madison Ave., Wooster, OH 44691. Email:
finer.1@osu.edu

Automated systems can be useful for monitoring biological
processes when continuous human observation is not possible,
and when inconsistent results are generated from repeated
manual data collection. A custom-designed robotics system
was designed for semi-continuous monitoring of expression
of the green fluorescent protein (gfp) gene, under regulatory
control of different promoters. The automated system
consisted of a dissecting microscope with GFP detection capa-
bilities, a digital camera, and a 2-dimentional robotics plat-
form, all under computer control. Petri dishes containing plant
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tissues were sealed and affixed to the robotics platform using
rubber bands to allow more cushioned movement of the sam-
ples. To eliminate condensation on the inside lid of the Petri
dishes, scratch-resistant, thickened polycarbonate lids with low
thermal conductivity and high light transmission were used to
insulate the contents of the dishes from slight temperature
changes in the laboratory. Promoters from different plants were
introduced into target tissues for either transient expression
analysis or tracking of expression in stably transformed tissues.
For transient expression analysis, peak GFP expression oc-
curred at 10-40 hr post DNA introduction, depending on the
promoter and target tissue. Delayed and more sustained tran-
sient expression was observed when inducible promoters were
used or viral silencing suppressors were employed. In stably
transformed plant tissues, the timing and intensity of promoter
activity could easily be assessed using this monitoring system
to generate time-lapse animations of gene expression over
time. This automated monitoring system has tremendous po-
tential for improving our understanding of factors that influ-
ence transgene expression in plants.

P-3

3-Automation in Tissue Culture. S. B RIEDMULLER. Email:
Sriedmuller@syntheticgenomics.com

P-4

Precision Genome Editing Tools for Non-transgenic Trait
Development. Noel J. Sauer, Javier Narváez-Vásquez, Jerry
Mozoruk, Ryan B. Miller, Zachary J. Warburg, Melody J.
Woodward, Yohannes A. Mihiret, Tracey A. Lincoln, Rosa E.
Segami, Steven L. Sanders, Keith A. Walker, Peter R. Beetham,
Christian R. Schöpke, and GREG F. W. GOCAL. Cibus, San
Diego, CA. Email: ggocal@cibus.com

Innovative trait development tools in plant breeding will be cru-
cial for doubling global agricultural productivity by 2050. The
Rapid Trait Development System (RTDS™) is a tool that can
deliver precise, non-transgenic and globally acceptable traits.
RTDS employs Gene Repair OligoNucleobases (GRONs) to
make defined spelling changes in genomic DNA.We report that
RTDS can significantly improve the outcome of double strand
break activity by reliably inducing precise and targeted nucleo-
tide spelling changes closely aligned to the cut site. Our work
demonstrates the significance of gene editing to rapidly, precise-
ly and reliably improve crop performance to develop any trait in
commercially relevant crop varieties.

P-5

Precision Genome Editing with Transcription Activator-like
Effector Nucleases. N. J. BALTES, Z. Demorest, W. J. Haun,

B. Clasen, T. Stoddard, D. F. Voytas, L. Mathis, and F. Zhang.
Calyxt, 600 County Road DWest, Suite 8, NewBrighton,MN
55112. Email: nbaltes@calyxt.com

Advancements in genome editing reagents have enabled un-
precedented control over genomic DNA sequences. A previ-
ous barrier in developing effective genome editing reagents
was engineering domains that can accurately recognize a
DNA sequence of interest. This barrier was overcome with
the discovery and characterization of bacterial transcription
activator-like effectors (TALEs). TALEs were the first proteins
with predictable and modular DNA binding domains, which
were characterized by a ‘one domain repeat to one base pair’
recognition mode. When fused with FokI, TALE nucleases
(TALEN®) achieved high frequency and precise genome edits
in plants and animal cells. Using conventional DNA cloning
techniques, assembly of designer TALEN® was reduced to
only a few days, which greatly accelerated the progress of
genome editing. Here we describe recent advances in the im-
provement of nutritional characteristics in crop plants, includ-
ing soybean and potato. The soybean oil pathway was modi-
fied to produce high oleic low linolenic (HOLL) fatty acids,
thereby reducing oxidative instability and the need for partial
hydrogenation. In potato, cold-induced sweetening and acryl-
amide levels were reduced by targeting enzymes that are in-
volved in cleaving sucrose into reducing sugars in cold condi-
tions. With their high efficacy, coupled with effective delivery
methods, TALEN® technology promises to significantly im-
pact applied and basic biology research over the coming years.

P-6

Targeted Genome Modifications in Sugarcane with CRISPR/
Cas9 and TALEN. FREDY ALTPETER, Je Hyeong Jung,
Tufan Mehmet Oz, Ratna Karan, Aldo Merotto. Agronomy
Department, Plant Molecular and Cellular Biology Program,
University of Florida - IFAS, Gainesville, FL. Email:
altpeter@ufl.edu

Programmable endonucleases like transcription activator-like
effector nucleases (TALENs) or RNA-guided nucleases (e.g.
CRISPR/Cas9) enable precise genome modifications, such as
targeted mutagenesis, gene replacement, or insertion.
Sugarcane is a prime feedstock for bioethanol production,
and utilizing both sucrose and cell wall bound sugars for fer-
mentation will enhance the biofuel yield. We recently demon-
strated that RNAi mediated downregulation of lignin biosyn-
thetic genes is a successful strategy to improve bioethanol
production from lignocellulosic sugarcane biomass. In this
study, one of the lignin biosynthetic genes, Caffeic acid O-
methyltransferase (COMT) was targeted for the TALEN in-
duced mutagenesis to modify lignin biosynthesis in sugar-
cane. Targeted mutations following TALEN delivery were
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identified by capillary electrophoresis of the COMTamplicon.
Events were confirmed by sequencing of the COMTamplicon
which revealed the presence of insertions and deletions at the
target site. Data describing the total lignin content in the stem
biomass of COMTmutants and their field performance will be
presented. The above described targeted mutagenesis through
TALEN was the result of the error prone NHEJ DNA-repair
pathway which created “loss of function”mutations following
a targeted DNA double strand break in the COMT gene.
Alternatively a precision gene-editing approach for allele re-
placement conferring “gain of function” will also be
discussed, involving a DNA repair template facilitating
homology-directed repair (HDR) and CRISPR/Cas9 as pro-
grammable endonuclease.

P-7

Mapping Human Taste Perception on the Apple Genome.
DARYL SOMERS1, Beatrice Amyotte1, Amy Bowen1,
David Liscombe1, Travis Banks1, and Istvan Rajcan2.
1Vineland Research and Innovation Centre, Vineland
Station, ON, CANADA and 2University of Guelph,
Department of Plant Agriculture, Guelph, ON, CANADA.
Email: Daryl.Somers@vinelandresearch.com

Breeding apples can take 10-20 yr before elite cultivars are
selected and tested for production and commercial value. In
2011, Vineland initiated an apple breeding program in part-
nership with the Ontario Apple Growers. Consultation with
the apple sector strongly emphasized the importance of breed-
ing high quality, marketable apples. Vineland launched an
apple project to merge human sensory perception, consumer
preference, analytical evaluation and apple genome sequenc-
ing with a long term goal of mapping the human taste experi-
ence onto the apple genome. This would give the breeding
program valuable insight into genomic regions and DNA
markers that are associated with high quality attributes of ap-
ple that are preferred by consumers. A collection of 65 apple
accessions were examined over 2 yr by a trained human sen-
sory panel measuring 18 attributes, a consumer taste panel to
measure preference, 5 analytical measures and Genotype-by-
Sequencing (GBS). The genome wide association analysis
showed several human sensory traits could be mapped includ-
ing juciness, crispness, and mealiness. The research also leads
to a search for causative genes and SNPs underlying the
mapped traits.

P-8

PAL Is Not Our Pal; Inhibiting Phenylpropanoid Biosynthesis
to Facilitate Protoplast Technologies and Improve In Vitro
Growth. A.M.P. JONES. Gosling Research Institute for
Plant Preservation, Department of Plant Agriculture,

University of Guelph, Guelph, ON, CANADA. Email:
amjones@uoguelph.ca

In vitro manipulation of plants generally involves mechanical
wounding and exposure to a variety of stresses which elicits
defense responses from the cells. One of the most widespread
responses is increased activity of phenylalanine ammonia ly-
ase (PAL), the first dedicated enzyme in the phenylpropanoid
pathway. This leads to increased synthesis and accumulation
of phenolic compounds implicated in resistance to enzymatic
cell wall degradation and protoplast isolation, as well as oxi-
dative browning which can reduce growth and lead to cell,
tissue, and plant death. This phenomenon is particularely
prevelant in woody plants and is thought to be an important
factor in recalcitrance in many species. Traditional approaches
to remediate this problem include washing tissues to remove
the phenolics,anti-oxidants to prevent their oxidation,
adsorbants to bind the phenolics, and frequent subculturing
to reduce exposure. The common factor among these ap-
proaches is that they all attempt to deal with the compounds
after they are produced rather than preventing the problem at
the source. In this presentation, an alternative preventative
approach to control the accumulation of phenylopropanoids
will be discussed in which plant tissues are cultured in the
presence of 2-aminoindan-2-phosphonic acid, a competitive
reversable inhibitor of PAL. By represing PAL activity,
phenylpropanoid biosynthesis and the accumulation of these
compounds is greatly reduced in the tissues. This technique
was used to overcome long standing difficulties in the isola-
tion of protoplasts from American elm (Ulmus americana)
(Jones et al,. 2012), and has since led to the first protoplast
to plant regeneration system in this species (Jones et al.,
2016). Subsequent experiments have demonstrated the poten-
tial of AIP to reduce oxidative browning in several specie
(Jones and Saxena, 2015) and overcome recalcitrance in some
species. Inhibiting the activity of PAL represents a new ap-
proach to prevent the problems associated with
phenylpropanoids and could help overcome recalcitrance in
a variety of plant species.

P-9

Intersections of Plant Biotechnology and Fruit Tree
Breeding. RALPH SCORZA, Chris Dardick, Ann
Callahan, Richard Bell, Zongrang Liu, and Chinnathambi
Srinivasan. USDA-ARS Appalachian Fruit Research
Laboratory, 2217 Wiltshire Road, Kearneysville, WV,
25430. Email: Ralph.scorza@ars.usda.gov

Fruit tree breeding programs are utilizing plant biotechnology
for the production of novel germplasm, for cultivar develop-
ment, and in the evolution of new breeding technologies. The
USDA-ARS fruit breeding programs at the Appalachian Fruit
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Research Laboratory have, over time, integrated critical bio-
technologies that have moved fruit breeding forward in sig-
nificant ways. Gene identification combined with genetic
transformation have been used to develop genetically
engineered (GE) virus resistant plum germplasm and led to
the release of a GE Plum pox virus resistant plum cultivar.
Information on segregation of traits developed over years of
classical breeding has been utilized for the identification and
functional analysis of genes that can now be used as precise
molecular markers and for directly modifying tree growth
through genetic engineering. Effective transformation systems
and knowledge of gene function have made possible rapid-
cycle fruit breeding, whereby generation times can be reduced
from 4–6 yr to one year for certain fruit tree species. Cultivars
with novel fruit traits are being developed using GE technol-
ogies combined with conventional breeding. Further opportu-
nities for fruit tree improvement await. There is still much
work to be done. A bottleneck in the application of plant
biotechnology to fruit tree breeding lies in the difficulty of
regeneration and/or genetic transformation of most species,
and in particular, specific desirable genotypes. Is this issue
being adequately addressed by the plant biotech community?

P-10

The Use of Micro-Shoots Tip Culture to Eliminate Virus for
the Clean Plant Programs at Foundation Plant Services,
University of California at Davis. D. GOLINO, P. Waclawa,
N. Khuu, J. Shoulders, R. Aldamrat, and S.T. Sim. Foundation
Plant Materials Service, One Shields Ave., University of
California, Davis, CA 95616. Email: dagolino@ucdavis.edu

Micro-shoot tip tissue culture is the method of choice to elim-
inate virus(es) and other pathogens from many plant species
(Panattoni, A., Luvisi A., Triolo, E., 2013. Review.
Elimination of viruses in plants: twenty years of progress.
Spanish J. Ag. Res. 11, 173-188.). The micro-shoot tip culture
technique has the advantage of regenerating a single plant
from a single, minuscule (approximately 0.5 mm) shoot. The
combination of low hormone levels combined with a mini-
mum time in culture reduces the chance of mutation and re-
generation of an off-type plant. At the same time, many path-
ogens, including viruses, are eliminated by this technique.
Micro-shoot tip culture is used as the preferred method of
virus elimination for our sweet potato, strawberry, and grape
programs. We are also working to optimize procedures for
rose shoot tip culture and pistachio shoot tip culture. A num-
ber of possible media were observed and compared experi-
mentally through the years for each program (Golino, D.A.,
Sim, S., Grzegorczyk, W. and Rowhani, A. 1998. Optimizing
tissue culture protocols used for virus elimination in grape-
vines.) Our observation has been that there are considerable
varietal differences in ease of establishment for sweet

potatoes, grapes, and strawberries. Shoot tip culture has be-
come a successful, integral part of FPS clean stock programs
for sweet potatoes, grapes, and strawberries. Rose therapy is
relatively new and we have had mixed success. As techniques
and media have been optimized, shoot tip culture has proved
to be reliable and is preferred over other therapy techniques
such as heat treatment, chemotherapy, and efforts to identify
escapes.We look forward to expanding the number of crops to
which this strategy can be applied.

P-11

Microbial Contaminants in Tissue Culture: Innovative
Techniques for Identification, Management and/or
Eradication of Non-pathogenic Endophytic Bacteria in Plant
Tissue Culture. Yvette Orozco and CAROLYN SLUIS.
Tissue-Grown Corporation, Santa Paula, CA 93060. Email:
carolynsluis@tissuegrown.com

Clonal propagation in vitro has significant challenges related
to microbial contaminants, which can be introduced into cul-
ture with the original explant as epiphytes or endophytes. A
very broad spectrum of endophytes has been demonstrated in
the apoplast of many plants. Microbial identification services
have made it much easier to formulate a plan of action for
propagation when the contaminant is not a pathogen. There
are several factors to be considered. The presence of sugar in
the culture medium encourages the overgrowth of many non-
pathogenic bacteria, but the absence of sugar in the culture
mediummakes it difficult to scale up highmultiplication start-
er cultures, tips or meristems. Antibiotics are not recommend-
ed for long-term use, but can be used in patterns similar to
ribivirin virus eradication protocols. Bacteriostatic com-
pounds, such as essential oils, cytokinins, etc., can have a
place in large scale propagation to bridge the gap between
low titer endophytes and the final rooted plant stage.

P-12

Novel In Vitro Approaches for Orchid Conservation: The Ghost
Orchid Case Study. N. H. HOANG1, M. E. Kane1, E. N.
Radcliffe2, L. W. Zettler2, and L. Richardson3. 1Environmental
Hort icul ture Department , Universi ty of Flor ida,
P. O. Box 110675, Gainesville, FL 32611; 2Orchid Recovery
Program, Biology Department, Illinois College, 1101 West
College Avenue, Jacksonville, IL, 62650; and 3Florida Panther
NationalWildlife Refuge, U. S. Fish andWildlife Service, 12085
SR 29 South Immokalee, FL 34142. Email: nhhoang@ufl.edu

With the continuous pressure of climate change, habitat de-
struction, and invasive species impacts, effective conservation
of rare orchid species requires development of new techniques
that facilitate seedling production and sustainable
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reintroduction. The use of bioreactors during seedling produc-
tion could allow orchid propagules to be produced in large
numbers for both reintroduction and research. Symbiotic syn-
thetic seed technique could potentially provide a sustainable
reintroduction method. An example is the endangered leafless
ghost orchid (Dendrophylax lindenii), a difficult to grow spe-
cies. Ghost orchid seedling morphology and anatomy were
examined. Seedling development was divided into seven mor-
phologically distinct stages, which were used tomeasure seed-
ling development rates. Anatomical observations revealed that
young seedlings consisted of a highly reduced stem enclosed
within the protocorm. Photosynthetic roots originated at the
base of shoot meristems. Germination and seedling develop-
ment rates were compared during symbiotic co-culture with
mycorrhizal fungi (Dlin-394 or Dlin-379) isolated from ghost
orchid roots on oatmeal agar medium with seedlings cultured
on asymbiotic culture medium. Enhanced germination and
seedling development were correlated with the presence of
fungal pelotons in seedlings co-cultured with fungal strain
Dlin-394. Symbiotic synthetic seeds consisting of orchid
seeds, mycobiont, and oatmeal encapsulated in calcium algi-
nate were tested with limited result in situ. After 60 d during
acclimatization on burlap under automatic misting, the mor-
tality rate of asymbiotically-cultured seedlings was 2.5%, sim-
ilar to seedlings pre-hardened in vitro on sugar-free medium
(1%). Of those surviving, 76% of asymbiotically cultured
seedlings formed new roots while new root production of
pre-hardened seedling was lower (21%). Acclimatized seed-
lings, reintroduced into a protected area in Naples FL, rapidly
produced new roots and attached to the host trees with 89%
survival rate after 4 mo.

P-13

An t i o x i d a n t s Imp r ov e M i c r o p r o p ag a t i o n a nd
Cryopreservation. MARIA M. JENDEREK1and Ana Ledo2.
1Plant and Animal Germplasm Preservation, NLGRP, USDA-
ARS, Fort Collins, CO 80521 and 2Embrapa Coastal
Tablelands, Aracaju, Sergipe CEP 49025-040, BRAZIL.
Email: maria.jenderek@ars.usda.gov

Tissue culture is commonly used in conservation and storage
of clonally propagated plant species. Depending on the con-
servation objective, apical or axillary meristems, somatic em-
bryos, shoot culture, callus or single cell culture are employed.
Conservation efficiency, measured as the percentage or num-
ber of live plants derived after a certain time ofmaintenance, is
greatly influenced by the quality of culture and the procedures
used. Hence, finding new methods or techniques in culturing
is paramount. Our study investigated the effect of phenolic
compounds naturally secreted during micropropagation, mer-
istem excision and post-cryopreservation recovery of selected
Saccharumgenotypes. The presence of the compounds in

culture medium often leads to chlorophyll discoloration, cul-
ture browning and their death. We also tested the effect of
selected antioxidants that might limit or prevent phenolic se-
cretion. Our results demonstrated phenolic secretion was ge-
notype depended, significantly lowered shoot proliferation,
vigor and post-cryopreservation recovery. Among antioxi-
dants assayed, supplementing culture media with citric acid
or L-cysteine (both 100 mL-1) produced the highest number of
vigorous shoots. Cryopreserved meristems from those shoots
resulted in a high percent of plant recovery. Some literature
reported the presence of phenolic being beneficial in shoot
micropropagation; in our study, inhibiting their secretion by
application of antioxidants in culture medium, increased shoot
proliferation, their quality and augmented the effectiveness of
post-cryopreservation recovery, nevertheless, the extend of
their effect was genotype dependent.

P-14

EmergingResistance to Bt Crops in LatinAmerica PromptsNew
Global Implementation Paradigm for Insect Resistance
Management. TIMOTHY J. DENNEHY. Bayer CropScience,
Seeds, 2 T.W. Alexander Drive, Research Triangle Park, NC
27709. Email: timothy.dennehy@bayer.com.

Bt maize and cotton, first introduced circa 1996, have been
used intensively for over 15 yr with very limited instances in
which resistance has negatively impacted the economics of
crop production. This changed dramatically in 2014 with the
widespread failure of Cry1F-based maize products to control
Spodoptera frugiperda throughout much of Brazil and
Argentina. The severity and rapidity of development of
Spodoptera resistance prompted the biotechnology industry
to launch fundamental changes in its approach to implemen-
tation of insect resistance management programs. Attention
is focused foremost on achieving planting of needed refuges
of non-Bt crops. However, tropical agriculture also demands
adoption of integrated pest management measures, especial-
ly those involving pest avoidance and cultural controls, in
order for resistance management measures to be most effec-
tive in sustaining product durability. Thus, the IRAC
Biotechnology Committee established in-country Brazil
Task Teams to draft best management practices for IPM of
maize, cotton and soy. I will summarize from refereed liter-
ature and Industry sources new developments in implemen-
tation of IRM programs in Latin America and the impact
that they are having on IRM programs globally. This will
include activities of the IRAC Plant Biotechnology
Committee, IRM audits conducted by Excellence through
Stewardship and grower and seed association activities.
Sustaining efficacy of Bt crops in Latin America and else-
where in the world will require that growers plant needed
refuges and follow IPM best management practices, that
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Industry uphold the standards it has established for IRM
implementation, and that governments provide effective in-
centives for both.

P-15

Weed Resistance in Herbicide-resistant Cultivars. ROBERT
L. NICHOLS. Cotton Incorporated, 6399 Weston Parkway,
Cary, NC 27513. Email: bnichols@cottoninc.com

Transgenic herbicide-resistant cultivars significantly changed
weed management in row-crop agriculture. The very high
rates and levels of adoption of herbicide-resistant traits in soy-
bean (Glycine max.), cotton (Gossypium hirsutum) and canola
(Brassica napus) cultivars, and the moderately high level of
use of herbicide-resistant cultivars in the large U. S. corn (Zea
mays) crop were driven, in large part, by the outstanding effi-
cacy, flexibility of use, and reliability of the herbicide, glyph-
osate. Other herbicide-resistant traits were commercially in-
troduced, such as bromoxynil resistance and glufosinate resis-
tance, but neither trait achieved commercial success compara-
ble to that of the glyphosate-resistant cultivars. One of the
strengths of glyphosate was its broad-spectrum efficacy
against many weed species. Another was that it was often
effective even when used against weeds that had grown be-
yond the size specified on the herbicide label. Its use on a high
percentage of the total number of summer, row-crop hectares
caused unprecedented selection intensity on many annual
weed species. At the same time, use of several other herbicide
mechanisms of action that had formerly been widely used
substantially declined. As a result, certain weed species of
the Amaranthaceae, Compositae, and Graminaceae evolved
resistance to glyphosate. Glyphosate’s failure to adequately
control such weeds forced costly changes in weed manage-
ment programs, especially in cotton and soybeans. The recent
confirmation of resistance to the protoporphyrinogen oxidase
(PPO) mechanism of action will further stress weed manage-
ment programs. Introduction of traits for resistance to the aux-
in herbicides 2,4-D in corn, cotton, and soybean and dicamba
in soybean and cotton will present an opportunity to maintain
acceptable levels of weed management, but will also chal-
lenge responsible herbicide application.

P-16

Conventional Fungicide Resistance Management. G.
MUSSON. Bayer Crop Science. 2 T.W. Alexander Dr. RTP,
NC 27709. Email: george.musson@bayer.com

Crop protection products: fungicides, insecticides, nemati-
cides, bactericides, and herbicides, are critically important to
global agriculture to prevent crop loss. Unfortunately, the tar-
gets of these products often develop resistance with repeated

use over time. Discovery of novel fungicidal modes of action
can be slow and when resistance develops to one active ingre-
dient within a group, the entire mode of action is permanently
lost for the many other related members of the group. For
certain crops, broad resistance in the pathogen population is
becoming so severely limiting to growers that it threatens the
future production in that geography. Therefore, there is the
shared interest between both agrochemical companies and
growers to employ strategies that delay or prevent resistance.
FRAC (Fungicide Resistance Action Committee) is a techni-
cal group of Crop Life International that has been a major
contributor to this effort. Lessons learned and strategies
employed in the conventional fungicide arena may help im-
prove the selection of commercially viable transgenic targets.
Cropping strategies that follow may involve the smart pairing
of traditional chemistries along with transgenic plant ideally
with minimal additional grower costs. Proactively developing
and implementing even basic, practical strategies ahead of
product launch will improve the likelihood of long-term suc-
cess and longevity / durability of genetically modified fungi-
cide products.

P-17

Glycoengineering of Plants to Produce Cytoprotective
Asialoerythropoietin. J. XIE, F. S. Kittur, C.-Y. Hung, and E.
Arthur. Department of Pharmaceutical Sciences,
Biomanufacturing Research Institute & Technology
Enterprise (BRITE), North Carolina Central University, NC
27707. Email: jxie@nccu.edu

Asialo-rhuEPO, a non-erythropoietic recombinant human
EPO derivative lacking sialic acid, has been reported to dis-
play remarkable anti-apoptosis and tissue-protection against
damage caused by hypoxia, ischemia/reperfusion or cytotoxic
agents in the brain, the heart, the kidneys and the liver.
However, attempts to translate its protective effects into clin-
ical practice is hampered by unavailability of expression sys-
tem and its costly and limited production from expensive
mammalian cell-made erythropoietin (rhuEPOM). We took
advantage of a plant-based expression system lacking
sialylating capacity but possessing an ability to synthesize
complex N-glycans to produce a soluble, cytoprotective
asialo-rhuEPO. In our previous studies, we generated stable
transgenic tobacco lines co-expressing human EPO and β1,4-
galactosyltransferase (GalT) genes to produce asialo-rhuEPO
(Kittur et al., 2012; 2013) and established its purification sys-
tem (Kittur et al., 2014; 2015). Purified plant-produced asialo-
rhuEPO (asialo-rhuEPOP) was shown to bind the EPO recep-
tor with affinity similar to that of rhuEPOM. DetailedN-glycan
analysis using NSI-FTMS and MS/MS revealed that asialo-
rhuEPOP bears 13 different N-glycan chains. In vitro
cytoprotection assays showed that the asialo-rhuEPOP
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provides better cytoprotection to neuronal-like cells (N2A)
(Kittur et al., 2013), HL-1 murine cardiomyocytes and pan-
creatic β-cells (unpublished data) from staurosporine-induced
cell injury than rhuEPOM. Altogether, these findings demon-
strate that plants are a suitable host for producing functional
asialo-rhuEPO.

P-18

Metabolic Network Based Regulation of Artemisinin
Biosynthesis for Anti-malarial Medicine. DE-YU XIE.
Department of Plant and Microbial Biology, North Carolina
State University, Raleigh, NC 27695. Email: dxie@ncsu.edu

Crop protection products: fungicides, insecticides, nemati-
cides, bactericides, and herbicides, are critically important to
global agriculture to prevent crop loss. Unfortunately, the tar-
gets of these products often develop resistance with repeated
use over time. Discovery of novel fungicidal modes of action
can be slow and when resistance develops to one active ingre-
dient within a group, the entire mode of action is permanently
lost for the many other related members of the group. For
certain crops, broad resistance in the pathogen population is
becoming so severely limiting to growers that it threatens the
future production in that geography. Therefore, there is the
shared interest between both agrochemical companies and
growers to employ strategies that delay or prevent resistance.
FRAC (Fungicide Resistance Action Committee) is a techni-
cal group of Crop Life International that has been a major
contributor to this effort. Lessons learned and strategies
employed in the conventional fungicide arena may help im-
prove the selection of commercially viable transgenic targets.
Cropping strategies that follow may involve the smart pairing
of traditional chemistries along with transgenic plant ideally
with minimal additional grower costs. Proactively developing
and implementing even basic, practical strategies ahead of
product launch will improve the likelihood of long-term suc-
cess and longevity / durability of genetically modified fungi-
cide products.
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Sunflower as a Sustainable Crop for Commercial Rubber
Production. T. CHRISTENSEN and T. Hohn. Edison
Agrosciences, Inc., 100 Capitola Dr., Ste 275, Research
Triangle Park, NC 27713. Email: tchristensen@edisonagro.com

Natural rubber is recognized as an essential material for the
manufacture of tens of thousands of consumer, medical, and
industrial products. Alternative rubber production systems are
needed address crop limitations and supply vulnerabilities
posed by Hevea brasiliensis, the sole global source of natural
rubber. Hevea production systems are rapidly becoming both

economically and environmentally unsustainable. Starting in
the early 20th century attempts to create novel rubber crops
have focused on high yielding rubber-producing plants such
as dandelion and guayule, however, the challenges of crop
domestication have proven to be a significant limiting factor
for this approach. Rubber (cis-polyisoprene) production oc-
curs in many different plant species but commercial sunflower
is the only major crop that produces rubber. Because it is an
established crop plant with a well-known agronomic system it
is possible to quickly scale natural rubber production in sun-
flower. Rubber accumulation in sunflower leaves shows sig-
nificant variation with average levels of about 1.5%. Edison is
employing a range of technologies to improve both sunflower
rubber accumulation and biomass production to enable a new
economically viable crop for natural rubber production.
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The New Biology of Precision Breeding. DENNIS J GRAY1,
Zhijian T. Li1, Trudi N. L. Grant1, Deborah A. Dean1, and
Sadanand A. Dhekney2. 1Mid-Florida Research & Education
Center, University of Florida/IFAS, Apopka, FL 32703 and
2Department of Plant Sciences, University of Wyoming,
Sheridan, WY 82801. Email: djg@ufl.edu

Advancements in the science of plant genetic improvement
require accurate and uniform contextual explanations to pres-
ent them correctly. However, many key biological processes
that define contemporary genetic improvement are being
overlooked as we continue to focus on relative minutia, using
inaccurate facts and terminology. Some advocates and nay-
sayers continue to argue the virtues of crops created thirty
years ago, despite that they were long-proven to be safe for
consumption. It is little wonder that concerned consumers,
regulators and even fellow scientists have rejected contempo-
rary plant genetic improvement when the discussion is not
only inaccurate, but does not make sense. At the center of
the issue is the rampant use of “GMO” terminology, which
currently defines only varieties modified via molecular biolo-
gy, with all other varieties defined as “non-gmo”. An insur-
mountable factual conflict is created by use of such terms
because ALL food and fiber crops were intentionally geneti-
cally modified by humankind; the term for which is “plant
domestication”, long considered the very cornerstone of civi-
lization. As it is becoming possible to identify and transfer
active DNA sequences among sexually-compatible relatives
of virtually any species, a revision of terminology and
reframing of the field is required to accurately explain such
advancements. The term “Precision Breeding” (PB) is chosen
due to its descriptive accuracy and date priority. PB is defined
as “an approach to plant genetic improvement that transfers
specific traits among sexually-compatible relatives via the sta-
ble mitotic cell division pathway in order to avoid the
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significant genetic disruption imposed upon conventional
breeding by meiosis”. The definition is biologically accurate
and the PB concept is readily understood by those with basic
biological knowledge. It focuses on key features of the PB
process and does not delve into the minute detail of how
DNA is manipulated, which, while an important topic, need
not be defined to understand the PB approach. The biology of
precision breeding will be discussed.
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AnUpdate on the Development of Commercial Crop Cultivars
Using Precision Breeding. S. A. DHEKNEY1, D. J. Gray2, and
Z. T. Li2. 1University of Wyoming, Sheridan Research and
Extension Center, Sheridan, WY and 2University of Florida,
Mid-Florida Research and Education Center, Apopka, FL.
Email: sdhekney@uwyo.edu

Precision breeding (PB) is a newly-enabled approach to plant
genetic improvement that transfers only specific desirable
traits among sexually-compatible relatives via the mitotic cell
division pathway to avoid the genetic disruption imposed by
meiosis. PB builds upon decades of both fundamental and
applied research aimed at bypassing the disruption of sexual
reproduction (meiosis) by allowing gene insertion to be ac-
complished via the significantly more stable and predictable
mitotic cell division pathway. Advances in genome sequenc-
ing technology have provided new insights into regulatory
and functional genes that govern critical traits such as disease
resistance, drought tolerance and quality characteristics. This
combined with optimized in vitro regeneration protocols now
make it possible to selectively transfer only desirable traits
among sexually compatible crop cultivars. A number of such
functional traits already have been added to a several crop
plants in order to develop improved cultivars. Some success-
ful examples of precision breeding include the development of
disease resistant apple and potato cultivars that exhibit de-
creased bruising and improved quality characteristics. In other
cases the concept of precision breeding has been successfully
demonstrated in a number of perennial and annual crops in-
cluding grape, barley and wheat. A current update on the
development of tools to enable precision breeding of commer-
cial crops will be discussed.
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Are You Regulated? Regulatory Issues Associated with
Precision Breeding Technologies. JOHN M. CORDTS.
Cordts Consulting LLC, 347 Matthew Flocco Drive,
Newark, DE 19713. Email: jmcordts@aol.com

Regulation of genetically engineered (GE) or “biotechnol-
ogy-derived” products in the U.S. has been going on since

the mid-1980s. The primary Agencies sharing these respon-
sibilities are the USDA, the EPA and the FDA. The princi-
pal triggers for regulation under USDA’s Plant Protection
Act have, since the 1980s, included the use of a “plant pest”
or “plant pest” genetic sequences in the development of the
new organism (typically a plant or microbe). Historically,
use of Agrobacterium tumefaciens and/or use of Cauliflower
mosaic virus or other plant pest promoters/terminators was
extremely common and therefore nearly all research and de-
velopment work outside of laboratories was netted for regula-
tion. At the same time, regulation by US-EPA is triggered by
development and intent to use a “plant-incorporated protec-
tant” or PIP (e.g., corn engineered to produce a BT protein).
As such, EPA’s regulation focuses on the “pesticidal intent” of
the developed product. “Pesticide” has a very broad definition
under EPA’s FIFRA regulations and includes the genetic ma-
terial necessary for production of that actual pesticidal sub-
stance. FDA’s regulatory oversight, while technically volun-
tary, is broad and relatively straightforward as it focuses strict-
ly on food/feed safety and nutritional assessments of newly
derived food/feed products. The broader implications of how
U.S. Agencies are known to or likely to regulate PB technol-
ogies moving into the future will be presented and discussed.
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Epigenetic Mechanisms for Seed and Fiber Development in
Plant Hybrids and Polyploids. Z. JEFFREY CHEN.
Department of Molecular Biosciences, Institute for Cellular
and Molecular Biology, and Center for Computational
Biology and Bioinformatics, The University of Texas at
Austin, TX 78712. Email: zjchen@austin.utexas.edu

We investigate mechanisms and evolution for advantages
and disadvantages of being polyploids and hybrids and
their impact on plant breeding and crop improvement.
Although polyploidy and heterosis have been widely ap-
plied in animal and plant production, the molecular bases
remain largely elusive. Using Arabidopsis, cotton, and
corn as experimental systems, we have deployed integrat-
ed approaches of genetics, genomics, molecular biology,
and systems biology to investigate genetic and epigenetic
mechanisms for gene expression changes and phenotypic
variation in allopolyploids and hybrids. We found that
both hybridization and ploidy affect seed size. At the mo-
lecular level, ploidy regulation of maternal small RNAs
controls gene expression in endosperm and seed size.
DNA methylation is required for the growth and develop-
ment of cotton seed hair (fibers). These mechanistic in-
sights into polyploidy and heterosis will ultimately help
us improve the production of hybrid and polyploid crops
to meet the growing demands for food, feed, fiber, and
biomaterials.
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Epigenetic Regulation of Gene Expression inMaize. KAREN
M. MCGINNIS, Linda Stroud, Ji Huang, Thelma Madzima1,
Jason Lynn, Stefania Vendramin, and Lauren Schulte. Florida
State University, Department of Biological Science,
Tallahassee, FL, 32306-4295 and 1Current address: School
of STEM, Division of Biological Sciences, University of
Washington Bothell , Bothell , WA 98011. Email :
mcginnis@bio.fsu.edu

Multiple, overlapping epigenetic pathways regulate large,
complex genomes like that of maize, and recent evidence
particularly emphasizes the importance of RNA-directed
silencing mechanisms. We defined genome wide functions
of RNA-directed regulation in maize, and discovered that
although many different loci in maize may appear to re-
spond to an RNA-mediated DNA methylation pathway of
gene silencing, the mechanisms and outcomes can vary be-
tween regulated loci. In maize, there are more proteins pre-
dicted to encode components of the pathway than in
Arabidopsis, a plant with a smaller genome, and our results
indicate that the expanded number of silencing proteins in
maize may be related to the diversification of epigenetic
regulatory pathways. The expression of thousands of genes
were shown to be mis-regulated in maize mutants defective
in RNA-directed gene silencing, and so we tested the hy-
pothesis that RNA-directed mechanisms directly regulate
genes in the maize genome. We found that while the
genome-wide impact of disrupted epigenetic silencing ap-
pears broad, the direct targets of one RNA-directed silenc-
ing pathway are likely only a subset of mis-regulated genes
that subsequently induce substantial secondary effects.

P-25

Epigenome Reprogramming During Tissue Culture and Upon
Clonal Propagation. BOB SCHMITZ1, Lexiang Ji1, Sandra
Mathioni2, Donna Tucker3, Wayne Parrott3, Blake Myers2.
1Department of Genetics, University of Georgia, Athens,
GA 30602; 2Department of Plant and Soil Sciences,
University of Delaware, DE 19716; and 3Center for Applied
Genetic Technologies, University of Georgia, Athens, GA
30602. Email: schmitz@uga.edu

DNA methylation is an important base modification that is
faithfully inherited across generations in plant genomes.
Failure to maintain DNA methylation leads to epigenetic vari-
ations, which can result in phenotypic consequences in the ab-
sence of changes to the DNA sequence. To understand the
potential for epigenetic variations to affect phenotype we per-
formed whole genome bisulfite sequencing on numerous di-
verse angiosperm species. By examining these variations in a

phylogenetic context it becomes clear that there exists extensive
variation in mechanisms that govern gene body DNA methyl-
ation, euchromatic silencing of transposons and repeats, as well
as silencing of heterochromatic transposons. Extensive varia-
tion is observed in all cytosine sequence contexts (CG, CHG
and CHH, where H = A, C, T). Interestingly, reduced CHH
methylation levels are found in clonally propagated species,
suggesting that these methods of propagation may alter the
epigenomic landscape over time. To further study this phenom-
enon we have profiled methylomes, transcriptomes and small
RNAs from throughout the soybean tissue culture process at
high resolution. Global epigenome reprogramming is wide-
spread during times at which soybean is amenable to transfor-
mation and the generation of stable transgenic lines, whereas no
epigenome reprogramming is observed at times when soybean
is less amenable to the create of stable transgenic plants.
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In Vitro Model Assays for Crop Improvement - Advantages
and Limitations. C. LARSEN. Email: cmlarsen@dow.com
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In Planta Transient Expression System for Evaluating Genetic
Components in Crop Plants. KASI AZHAKANANDAM, Pei
Su, Michele Yarnall, Liang Shi, and Kathryn Brocklehurst.
Syngenta Crop Protection LLC, Research Triangle Park, NC
27709. Email: kasi.azhakanandam@syngenta.com

In recent years an increasing number of plant systems have
been developed as potential bioreactors for the production of
recombinant proteins. These include tobacco leaves, corn and
rice seed, and duckweed for expression of pharmaceutical
proteins. Also potato tubers and bananas, for example, have
been evaluated for the production of edible vaccines. The
ability to evaluate genetic elements along with gene of interest
(GOI) is important to the development of maize and soybean
plants with improved agronomic traits. However, evaluation
and testing of genetic elements in stably transformed plants is
time and resource intensive. In contrast, evaluation of genetic
elements using transient expression systems can be done in-
expensively and rapidly. Although a robust in-planta transient
system using binary vector for screening genetic elements is
available for tobacco and Arabidopsis, there is no
suchtransient system available for maize and soy. The devel-
opment and utilities of these systems will be discussed at the
meeting.
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3-Rapid Model System for Idea Testing in Crop Plants. P.
GANESHAN. Email: Pooba.Ganeshan@src.sk.ca
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1-Functional Food.

P-30

2-Functional Food. M. SCHMIDT. University of Arizona,
The School of Plant Sciences, BIO5 Institute, Bio5 Institute,
1657 E. Helen Street, Tucson, AZ 85721-0036. Email:
monicaschmidt@email.arizona.edu
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3-Functional Food. T. R ROCHEFORD. Purdue University,
Dept of Agronomy, Lilly 2-464 A, 915West State Street,West
Lafayette, Indiana 47907-2054. Email: trochefo@purdue.edu
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Photosynthetic Bio-manufacturing in Green Algae; Food and
Fuel for the 21st Century. STEPHENMAYFIELD. California
Center for Algae Biotechnology and Department of Biology,
Universi ty of California San Diego, CA. Email :
smayfield@ucsd.edu

Fuel, food, and all biological products are simply different
forms of chemical energy, and as such are closely related. All
of these products are ultimately derived from photosynthesis,
the process by which sunlight energy is converted to chemical
energy. Over the last 100 yr we have exploited cheap fossil
fuels to drive unprecedented economic and agricultural growth,
but in so doing we have released sequestered CO2 into the
atmosphere, which is now beginning to impact our climate. In
addition, fossil fuel reserves are finite, and we are now starting
to see the initial signs of depletion of these reserves, including
the rising cost of fuel and food. Eukaryotic algae offer tremen-
dous potential for the large scale production of biofuels and bio-
products as algae require only sunlight as an energy source and
sequester CO2 during the production of biomass, and algae can
be much more efficient then terrestrial plants in fixing CO2 and
producing biomass. Using “designed for purpose” photosyn-
thetic organismswe have the opportunity to develop production
platforms for fuel, food, and biomaterials that have unmatched
efficiencies and productivities. We are developing the genetic
and synthetic biology tools to enable the production of designer
algae as bio-products platform. The challenges, potential, and
some early successes of synthetic biology in algae for the pro-
duction of high value products will be discussed.
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Production of Nutritional Recombinant Proteins in Eukaryotic
GreenAlgae: Growth of a NewGreen Sector.MILLERTRAN,

Mike Mayfield, Oscar Gonzalez, Rob Mcbride, Beth Rasala,
Beatriz Moreno, and Stephen P. Mayfield. Triton Algae
Innovations. 11558 Sorrento Valley Rd Suite 3, San Diego,
CA 92121. Email: miller@tritonai.com

Over the past 8 yr, algae biotechnology has been centered
on biofuels and natural products that can be isolated from
these green organisms. However, a deeper understanding
and examination of these aquatic organisms has revealed
distinct biochemical properties that allows them to produce
protein products that have enormous economic potential.
At Triton Algae Innovations, we focus specifically on the
chloroplast of eukaryotic green algae. Chloroplasts house
complex molecular chaperones and protein disulfide isom-
erases that allow them to efficiently and economically pro-
duce a large class of proteins. Another interesting facet of
algae is their ability to be consumed. This trait effectively
eliminates the costly process of protein purification.
However, moving algae from a system used for biofuels
to one used to produce recombinant protein required a shift
in production strategies and a development of a novel suite
of expression tools to facilitate a new growth and produc-
tion strategies. At Triton, we have pioneered the develop-
ment of these expression vectors and the production of a
large class of proteins for use in the animal health industry.
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Production of HighValue Ingredients Using Open PondAlgae
Cultivation. CRAIG BEHNKE and Rebecca Ryan. Sapphire
Energy, Inc. 9363 Towne Centre Dr., San Diego, CA 92121.
Email: craig.behnke@sapphireenergy.com

Sapphire’s algae production platform provides a highly effec-
tive, low- cost technology to produce scalable quantities of
biomass that can be used to produce nutritional oils, proteins,
and other high value pharmaceuticals. Important consider-
ations for a production system include selection of algae strain
based on robustness, productivity, biochemical composition,
etc., as well as the development of quality control systems to
ensure that foreign material is excluded from the product and
that final product meets appropriate specifications. Sapphire’s
capabilities in algae production span four key areas: strain
isolation and improvement, cultivation, harvest, and product
formulation. We will describe the use of these systems in
production of products across the value chain using open pond
methodologies.
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1-Application of NGS Technology. G. P SCHROTH.
Illumina, Illumina Inc., 5200 Illumina Way, San Diego,
California 92122. Email: gschroth@illumina.com
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2-Application of NGS Technology. S. SELVARAJ. Arima
Genomics, Arima Genomics, 6404 Nancy Ridge Dr., San
Diego, California 92121. Email: sid@arimagenomics.com
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Surveying the Cistrome and Epicistrome Landscapes Using
DAP-seq. RONAN O’MALLEY. The Salk Institute, Ecker
Lab, 10010 N Torrey Pines Rd, La Jolla, CA 92037. Email:
omalley@salk.edu

The cistrome is the complete set of transcription factor (TF)
binding sites (cis-elements) in an organism,while an epicistrome
incorporates tissue-specific DNA chemical modifications and

TF-specific chemical-sensitivities into these binding profiles.
Robust methods to construct comprehensive cistrome and
epicistrome maps will be critical for elucidating complex tran-
scriptional networks that underlie growth, behavior, and disease.
I will describe in my talk a new high-throughput TF binding site
discovery method, DNA affinity purification sequencing (DAP-
seq), in which naked genomic DNAis interrogated with in vitro
expressed TFs. Using DAP-seq we defined the Arabidopsis
cistrome by resolving motifs and peaks for 529 TFs. Because
genomic DNA used in DAP-seq retains 5-methylcytosines, we
determined that >75% of Arabidopsis TFs were methylation-
sensitive, a property that strongly impacts the epicistrome land-
scape. DAP-seq datasets also yielded insight into the biology
and binding site architecture of numerous TFs, demonstrating
the value of DAP-seq for cost-effective cistromic and
epicistromic annotation in any organism.
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