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P-1
Engineering of N and S Metabolism. CHAMPA SENGUPTA-GOPA-
LAN, Suman Bagga, Carol Potenza, and Jose Ortega. Department of
Agronomy & Horticulture, New Mexico State University, Las Cruces,
NM 88003. Email: csgopala@nmsu.edu

Alfalfa is the most important forage legume in the United States, provid-
ing quality protein for animal feed. Our research is focused on two major
aspects dealing with the improvement of alfalfa: nitrogen use efficiency
and increasing methionine (Met) level. Nitrogen is the inorganic nutrient
that plants require in greatest quantity and that most frequently limits
productivity in agricultural systems. Glutamine synthetase (GS), the first
key enzyme in ammonia assimilation, could represent a key component
of nitrogen use efficiency and yield. Thus one of our objectives has been
to manipulate GS in a tissue-specific manner in transgenic alfalfa. How-
ever, GS is very highly regulated, and thus a major focus of our research
is to understand the regulatory mechanisms underlying its expression. We
will present data showing the multistep regulation of GS and the effect
of modulating GS activity on plant performance. We will also present
data that links nitrogen assimilation with carbon metabolism and shed
some light on global changes in gene expression associated with in-
creased GS activity. In our effort to increase Met level in alfalfa, we have
used a powerful combination of both ‘‘source’’ and ‘‘sink’’ derived trans-
genes to understand the flow of metabolites through this pathway, and
the ultimate destinations of Met and its derivatives within the plant. We
have used the corn genes for Met-rich delta- and beta-zeins to provide a
stable Met sink and are targeting multiple steps in the Met biosynthetic
pathway to increase free Met pool. Our approach includes upregulating
the gene for cystathionine gamma-synthase and/or downregulating thre-
onine synthase and SAM synthase. We will present some data on metab-
olite analysis of these transformants and the feasibility of our approach
to increase Met level in alfalfa.

P-2
Terpenoid Engineering from Plants to Bacteria. S. T. WITHERS and J.
D. Keasling. Department of Chemical Engineering, University of Cali-
fornia-Berkeley, Berkeley, CA 94720. Email: keasling@berkeley.edu

As the largest class of natural compounds, terpenoids are an attractive
target for metabolic engineering in E. coli. The terpenoid artemisinin is
of particular interest for its exceptional anti-malarial activity. Current
methods extract artemisinin from Artemisia annua in a process that results
in a drug much too expensive for the developing world. In an effort to
improve access to this drug we are engineering a strain of E. coli to
produce artemisinin at a reduced cost. We have developed strains capable
of producing an array of plant terpenoid products including mono-, ses-
qui-, and diterpenes, although at low levels due to poor terpene synthase
expression. Production of the sesquiterpene precursor to artemisinin,
amorpha-4,11-diene, was accomplished by constructing a synthetic amor-
phadiene synthase (ADS) gene. To test if the yield of amorphadiene was
limited by the availability of the substrate farnesyl diphosphate (FPP) we
expressed the mevalonate pathway genes from Saccharomyces cerevisiae
along with the IPP/DMAPP isomerase and FPP synthase from E. coli
from a plasmid. The expression of the mevalonate pathway genes dra-
matically increased the FPP levels. The engineered strain was found to
produce terpene precursors at such a level sufficient to inhibit growth in
the absence of the amorphadiene synthase. Co-expression of the meval-
onate genes with ADS restored normal growth. The combined efforts of
metabolic engineering and culture optimization have already resulted in
a 106-fold improvement in terpenoid production. Work continues to in-
crease the flux through the mevalonate pathway upstream of mevalonate
and to identify the remaining genes in the artemisinin biosynthetic path-
way.

P-3
Metabolic Modeling for Metabolic Engineering. D. RHODES. Depart-
ment of Horticulture and Landscape Architecture, Purdue University,
West Lafayette, IN 47907. Email: drhodes@purdue.edu

Metabolic engineering in microbial systems has benefited greatly from
the use of a number of mathematical and computational methods for
quantifying the flow of biochemical material via metabolic pathways in
vivo. These methods are routinely used in microbial systems to assess the
effects of targeted genetic change on the in vivo rates of synthesis of
metabolites, and hence to gauge the success or failure of specific genetic
interventions aimed at diverting metabolic flux to desired end-products.
For the most part these methods rely on assumptions of metabolic (and
isotopic) steady-state, and absence of compartmentation of metabolic
pools. These methods are difficult to apply to higher plant metabolic
systems because metabolic and isotopic steady-state can only rarely be
achieved experimentally in higher plants due to large, slowly-turning-over
storage pools of polymers and intermediates. Isotope flux analysis models
more suited for higher plant tissues involve consideration of the transient
flow of isotopic labeled compounds via metabolic networks. The utility
of such transient labeling metabolic flux models will be illustrated with
examples from isotopic labeling of glycine betaine in transgenic tobacco
plants, flux analysis via the benzenoid network in petunia flowers, and
flux analysis via amino acid metabolism networks using carbon-13 la-
beled amino acid precursors. It is anticipated that these models will be
of general use in the emerging fields of plant metabolic engineering and
functional genomics, and the established field of environmental plant
stress physiology.

P-4
Plant Transcription Factors: Gene Families, Family Evolution, Functions
with Ectopic Expression, and Applications. N. GUTTERSON. Mendel
Biotechnology Inc., 21375 Cabot Boulevard, Hayward, CA 94545. Email:
ngutterson@mendelbio.com

Mendel Biotechnology has conducted a large-scale, high throughput pro-
gram to identify the function of plant transcription factors, using the
Arabidopsis thaliana complement of transcription factors as a model sys-
tem. The different families of transcription factors will be surveyed, and
the relative expansion of these families reviewed in sequenced genomes.
Many families are conserved throughout eukaryotes, although some have
been uniquely expanded in plants; several families are unique to plants.
General principles of transcription factor function will be illustrated, us-
ing well characterized examples, including transcription factors that con-
trol floral induction, cold tolerance, and developmental patterning. Les-
sons from Mendel Biotechnology’s screen of over 1700 transcription fac-
tors through ectopic expression will be summarized. In particular, the
utility of our open-ended, candidate-gene-class approach to identify tran-
scription factors that regulate important agronomic traits such as abiotic
stress tolerance and biomass will be illustrated. Finally, a member of the
AT-hook transcription factor family that regulates plant growth rate and
development will be described by way of example. A deep analysis of
the regulatory networks upon which this and other transcription factors
act is now being performed in support of crop product development.
Future directions for research involving transcription factor function and
analysis of genetic regulatory networks will be considered.



Plant Symposia

14-AIn Vitro Biology Meeting Abstracts

P-5
Gene Regulons and Regulatory Networks Involved in Plant Cold Accli-
mation. MICHAEL F. THOMASHOW. MSU-DOE Plant Research Lab,
Michigan State University, East Lansing, MI 48824-1312. Email:
thomash6@msu.edu

Plants vary greatly in their responses to cold temperatures. At one ex-
treme are plants from tropical and subtropical regions such as soybean
and rice, which suffer injury when exposed to chilling temperatures be-
tween 0 and 128 C. In sharp contrast, plants from temperate regions are
not only chilling tolerant, but many, such as Arabidopsis and wheat, can
survive freezing after exposure to low nonfreezing temperatures, a phe-
nomenon known as ‘‘cold acclimation.’’ Our long range objective is to
understand the ‘‘genomic basis’’ of cold acclimation. Our current efforts
focus on genes that are induced during cold acclimation. Recent studies
with Arabidopsis have established that cold acclimation involves action
of the CBF cold response pathway, a regulon of genes controlled by
expression of the CBF transcriptional activators. Our current aim is to
construct a low temperature ‘‘wiring diagram’’ of Arabidopsis that in-
cludes the identification of gene regulons and regulatory networks that
have important roles in cold tolerance. In addition, in a collaborative
project funded by the NSF Plant Genome Initiative, we are determining
whether the Arabidopsis CBF cold-response pathway is highly conserved
in plants and whether differences in plant cold tolerance can be traced to
differences in CBF cold-response pathways.

P-6
Increased Cuticular Wax Accumulation and Enhanced Drought Tolerance
in Transgenic Alfalfa by Overexpression of a Transcription Factor Gene.
Ji-Yi Zhang1, Corey D. Broeckling2, Elison B. Blancaflor2, Mary Sledge1,
Lloyd W. Sumner2, and ZENG-YU WANG1. 1Forage Improvement Di-
vision, 2Plant Biology Division, The Samuel Roberts Noble Foundation,
Ardmore, OK 73401. Email: zywang@noble.org

Plant cuticular waxes play an important role in protecting aerial organs
from damage caused by multiple environmental stresses such as drought,
cold, UV radiation, pathogen infection, and insect attack. The identifi-
cation of leaf wax genes involved in stress tolerance is expected to have
great potential for crop improvement. Here we report the characterization
of a novel AP2 domain-containing transcription factor gene from the
model legume plant Medicago truncatula. The gene, designated WXP1,
is able to activate wax production and confer drought tolerance in alfalfa
(Medicago sativa), the most important forage legume species in the world
and a close relative of M. truncatula. The predicted protein of WXP1 has
371 aa; it is one of the longest peptides of all the single AP2 domain
proteins in M. truncatula. WXP1 is distinctly different from the most
studied genes in the AP2/ERF transcription factor family, such as AP2s,
CBFs, DREBs, WIN1 and GL15. Transcript level of WXP1 is inducible
by cold, ABA and drought treatment in shoot tissues. Overexpression of
WXP1 under the control of CaMV35S promoter led to a significant in-
crease in cuticular wax loading on leaves of transgenic alfalfa. WXP1
overexpression induced a number of wax-related genes. Transgenic leaves
showed reduced water loss and chlorophyll leaching. Transgenic alfalfa
plants with increased cuticular waxes showed enhanced drought tolerance
demonstrated by delayed wilting after watering was ceased and quicker
and better recovery when the dehydrated plants were re-watered.

P-7
Developing a Commercial Somatic Embryogenesis Platform for Large
Scale Production of Conifer Seedlings. S. M. ATTREE. CellFor Inc., PO
Box 133, Victoria, British Columbia, CANADA, V8M 1R3. Email:
sattree@cellfor.com

CellFor Inc., is a technology company serving the Forest Industry and
private land owners. The majority of CellFor’s employees are located on
Vancouver Island, at our research and production facility. CellFor is the
first company to commercialize the conifer somatic embryogenesis (SE)
production process. CellFor produced about 2 million bare root somatic
seedlings in 2004, and production volumes are expected to double or
triple each year for the next few years. This creates significant challenges
for CellFor’s scientists and staff to identify the problems and bottlenecks
associated with producing such volumes. At the same time, costs of pro-
duction are required to decrease significantly. While some costs can be
simply reduced by ‘‘economies of scale’’, there are nonetheless significant
challenges to be overcome to reduce direct costs. Plant tissue culture has
traditionally been a labor intensive process. Published methods for pro-
ducing conifer seedlings describe inefficient methods for bulking up tis-
sue, transferring embryos and germinating seedlings in vitro, prior to
transferring them to the nursery environment. To be efficient it is essential
to reduce the labor component of the production process using automa-
tion. However, improvements to the overall efficiencies throughout the
process, and reducing or eliminating various sources of variability, are
also key components. This paper provides an overview of CellFor and
the challenges faced, and provides and insight of some of the processes
developed to meet these challenges.

P-8
Plum Pox Virus Resistant Plums - A Case Study of the Potentials and
Pitfalls of Genetically Engineered Fruit Trees. R. SCORZA and M. Rav-
elonandro. 1USDA-ARS Appalachian Fruit Research Station, 2217 Wilt-
shire Road, Kearneysville, WV 25430 and 2Institut De Biologie Vegetale
Et Moleculaire INRA, BP 813383 Villenave d Ornon, FRANCE. Email:
scorza@afrs.ars.usda.gov

Rapid progress in fruit tree breeding is limited by long generation cycles
(3-20 years), and the high costs associated with large land areas and orchard
operations typical of fruit tree breeding programs. High levels of hetero-
zygosity, severe inbreeding depression, complex intraspecific incompati-
bility relationships, and nucellar embryony add to the difficulties in the
breeding of particular fruit species. Combining and selecting for multigenic
traits such as high fruit quality and disease and/or insect resistance add to
the expense and complexity of fruit tree breeding programs and can further
slow the pace of genetic improvement. The culmination of fruit tree breed-
ing programs is the release of improved cultivars. This work can span the
lifetime of one to several generations of breeders. Genetic engineering has
the potential to revolutionize fruit tree breeding by providing an approach
that can specifically target genetic improvements and that offers the pos-
sibility of developing novel useful traits. While the technology does not
provide a panacea for all of the problems associated with fruit tree breeding,
it offers a useful approach to increase the efficiency and effectiveness of
breeding programs. In spite of the potential utility of genetic engineering
for fruit tree improvement, the technology has not, to date, been widely
exploited in these species. Of over 11,000 field tests of transgenic plants
in the United States between 1987 and 2004, less than 1% have been for
fruit tree species. The development and testing of transgenic plum trees
that are highly resistant to plum pox virus can serve as an example of the
potential of genetic engineering for fruit tree improvement and also to
illustrate the hurdles that this technology must overcome for the full real-
ization of its potential in these species.
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P-9
Can GE Trees Help the Environment? S. A. MERKLE. School of Forest
Resources, University of Georgia, Athens, GA 30602. Email: smerkle@
uga.edu

While the possible negative environmental impacts of the application of
transgenic technology to forestry have been widely publicized, the potential
positive environmental aspects of this technology have received much less
attention. However, it is likely that some of the first applications of transgenic
trees will be for the improvement of the environment and the conservation
or restoration of forest trees. Transgenic technology may offer hope of con-
servation or restoration of forest species that have been devastated by insect
pests or diseases to which no resistance has been found in the natural pop-
ulation. American chestnut (Castanea dentata) was wiped out as a canopy
species by a fungal disease accidentally introduced into the United States
around 1900. Similarly, American elm (Ulmus americana) has virtually dis-
appeared as a favored street tree from Northeastern U.S. cities following the
introduction of the Dutch elm disease fungus in the 1940s. Little or no natural
resistance to these pathogens has been found in the native populations. While
conventional breeding has made great progress in producing chestnut and
elm trees that promise to be disease-resistant, an integrated approach that
includes engineering with anti-fungal genes may accelerate the restoration of
these ‘‘heritage trees.’’ Because transgenic technology makes it possible to
engineer trees with genes that simply do not exist in tree genomes, it offers
the potential to adapt trees for production of goods and services never pre-
viously associated with forestry. One such service is environmental remedi-
ation. The use of biotechnology may make it possible to enormously enhance
the abilities of plants, including forest trees, to take up and detoxify or se-
quester organic and heavy metal pollutants from soil and water. Cottonwood
(Populus spp.) and sweetgum (Liquidambar styraciflua) trees engineered with
genes to enhance breakdown of halogenated hydrocarbons or to detoxify
mercury compounds are already being tested for their ability to remediate
sites contaminated with these pollutants.

P-10
Regulation of Vegetative Phase Change in Arabidopsis by miRNAs and
Endogenous Trans-acting siRNAs. SCOTT POETHIG. Department of Bi-
ology, University of Pennsylvania, Philadelphia, PA 19104. Email:
spoethig@sas.upenn.edu

The transition between discrete stages of shoot development in plants is
known as ‘‘phase change’’. At least two such stages exist during the
vegetative phase of shoot growth—a juvenile phase and an adult phase.
These phases are distinguished both by phase-specific vegetative traits
and by the capacity of the shoot to undergo reproductive development.
Mutations affecting the position of the juvenile-to-adult transition along
the axis of the shoot have been identified in both maize and Arabidopsis.
Cloning of these genes in Arabidopsis revealed that they encode proteins
involved in the biogenesis or function of miRNAs and endogenous trans-
acting siRNAs. Our studies demonstrate a role for post-transcriptional
silencing (RNAi) in the regulation of vegetative phase change and have
revealed the identity of some of heterochronic genes that are regulated
by this mechanism.

P-11
Plant Growth Phases Affecting In Vitro Growth. SYLVIA ADJOA
MITCHELL. University of the West Indies, Biotechnology Center, Mona,
Kingston 7, St. Andrews 7, JAMAICA. Email: sylvia.mitchell@
uwimona.edu.jm

Higher plants pass through a sequence of growth phases as they develop
from a fertilized egg to an adult organism. In many plants these phases
are distinguished by morphological differences. When explants are placed
in the in vitro environment there is a general tendency towards rejuve-
nation, or an increase in juvenile characteristics and this is usually as-
sociated with an increased rooting and an increased multiplication rate.
In Dioscorea, an herbaceous viny genus with both monocotyledonous
and dicotyledonous characteristics, this general pattern was not found.
For Dioscorea, whilst tissue culture did result in more juvenile-like
growth (called type I) that had more profuse rooting than the adult-like
form (type II), the juvenile-like form was slower growing. A single ad-
dition of a cytokinin (zeatin, 2-iP, BAP or kinetin) to the MS (1962) basal
medium produced type II growth and an associated increased multipli-
cation rate, the degree depending on yam species, hormone concentration
and pH of the medium but not photoperiod. Addition of auxin (IBA, IAA,
2-4D or NAA), resulted in 100% type I growth. The effect of gibberellic
acid has been extensively studied in Hedera helix, another viny species,
and in this species GA3 caused morphological reversion to the juvenile
form; so the effect of GA3 on two Dioscorea species was studied. The
results were complex but indicated that gibberellic acid was able to negate
to some degree the maturation effect of the added cytokinin with this
effect being stronger for D. trifida than for D. cayenensis. By manipu-
lation of the culture medium to maximize type II shoot growth, the num-
ber of sprouted minisetts after 31 months from one original node rose
from 2,725 (when only type I growth produced) to 2,431,656 sprouted
minisetts when type II growth was maximized. The implication of these
results will be discussed.

P-12
Molecular Genetics of the AP3/PI Pathway in Arabidopsis. THOMAS
JACK. Department of Biological Sciences, Dartmouth College, Hanover,
NH 03755. Email: thomas.p.jack@dartmouth.edu

Angiosperm flowers consist of four organ types: sepals, petals, stamens,
and carpels. We are interested in understanding the specification of organ
identity in flowers of the plant Arabidopsis thaliana. Specifically, our
studies focus on the floral organ identity genes APETALA3 (AP3) and
PISTILLATA (PI). In ap3 and pi mutants, the petals are converted into
sepals, and the stamens into carpels. AP3 and PI are members of the
MADS transcription factor family. We are presently pursuing both genetic
and biochemical approaches to identify additional components of the
AP3/PI pathway. Starting with the unusual pi-5 allele, we carried out an
enhancer/suppressor mutant screen. One mutant, B class modifier 1
(bcm1) not only enhances the pi-5 phenotype but also exhibits a pheno-
type in a wild-type background. Specifically, bcm1 homozygous mutants
develop filamentous structures in place of stamens. Via map-based clon-
ing we are attempting to identify the BCM1 gene. At present, we have
strong evidence that BCM1 encodes an AP2 domain protein. Our progress
on the characterization of the role of this AP2 domain protein in petal
and stamen development will be presented. In addition, our characteriza-
tion of other BCM genes will be presented.
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P-13
In Vitro Flowering in Orchids. K. RAJMOHAN. Kerala Agricultural
University, Department of Plant Biotechnology, College of Agriculture,
Vellayani, Thiruvananthapuram, Kerala 695 522, INDIA. Email:
rajmohan33@yahoo.com

Flowering is a complex process involving morphological and physiolog-
ical changes, influenced by several external signals and internal factors.
In vitro flowering is a powerful tool for plant physiologists and molecular
biologists, to have better insight into the flowering process. In orchids, it
has significant importance in hastening the development of new varieties.
An exciting future in orchid breeding is predicted. There are a few reports
on the in vitro flowering of orchids. We could induce in vitro flowering
in the orchid Dendrobium var. Sonia 17, in a period of sixteen weeks. In
vitro flowering is influenced by components of culture media and culture
conditions. Roles of cytokinins like benzyl adenine, kinetin, thidiazuron,
and zeatin; adenine sulphate; auxins like indole acetic acid and naphtha-
lene acetic acid; gibberellic acid; abscisic acid; ethylene; interaction
among plant growth substances; antagonists and inhibitors of plant
growth substances, like paclobutrazol and silver nitrate; polyamines like
spermidine and putrescine; hypomethylating agent like 5-azacytidine and
regulating agents of osmotic potential, have been documented. Culture
conditions like light, temperature and moisture content are important.
Flower induction is influenced by the growth of other organs, nutrient
status, carbon : nitrogen ratio, genotype, tissue type, sub-culturing, root
excision etc. Treatments favouring rooting are detrimental for in vitro
flowering. Various aspects of in vitro flowering in orchids will be pre-
sented.

P-14
The In Vitro Environment and Alterations to Growth. P. J. WEATHERS.
Biology/Biotechnology Department, Worcester Polytechnic Institute,
Worcester, MA 01609. Email: weathers@wpi.edu

The artificial environment created by in vitro culture can produce anom-
alies in growth and development. Besides the germplasm of the inoculum,
the constituents found pre and post inoculum in the headspace gases and
nutrient medium provide constantly varying conditions for impacting the
cultures. For example, some strains of transformed root cultures can ex-
crete auxins into their medium thereby complicating hormone addition
studies. These same cultures can also produce ethylene, which if it ac-
cumulates in cultures, may alter not only growth, but also secondary
metabolism. Further, the addition of sugars to the culture medium can
dramatically affect not only growth and development of the roots, but
also their secondary metabolism. In micropropagation, stale headspace
gases and high humidity can induce hyperhydration and abnormal de-
velopment of shoots and roots. To maintain normal growth and devel-
opment in the in vitro environment, both gases and nutrient levels should
be controlled. Whereas it is not so simple to control all of these conditions
in all cases, there are methods that allow for both small and large scale
control of culture conditions for improved culture growth. These ap-
proaches will be summarized here.

P-15
Availability and Balancing of Inorganic Nutrients in the Plant Tissue
Culture Media. BYOUNG RYONG JEONG. Department of Horticulture,
Gyeongsang National University, Jinju, KOREA 660-701. Email:
brjeong@gsnu.ac.kr

The formulation of the culture medium is important in developing plant
tissue culture/micropropagation protocols. In plant tissue culture the me-
dium volume is usually relatively small (4;10 mL per plantlet) as com-
pared to that in hydroponics and other plant production systems. In ad-
dition, the tissue culture medium is not replenished for a long period of
time, making the initial medium composition critically important. An ide-
al tissue culture medium should provide plantlets with sufficient amounts
of essential nutrients to the end of culture so that such nutrients do not
limit growth. On the other hand, the medium should contain the minimum
possible amounts of nutrients to minimize the water- and chemical-stress-
es to plantlets, especially at the early stages of culture. Hence, varying
nutrient contents in the culture medium is one of the ways to regulate
the growth of the plantlet. Due to lack of a convenient nutrient resupply-
ing method, plant tissue culture medium must be supplied with a com-
plete nutrient formulation. Many researchers in plant tissue culture area
often experience difficulty in adjusting/balancing inorganic nutrients, es-
pecially when their water contains minerals, carbonate and bicarbonate
in excess amounts. A system of balancing anions and cations according
to water analysis has been developed and has been used widely in hy-
droponics. Water analysis expressed in me/L ionic concentrations allows
a flexibility in salt/fertilizer selection and adjustment. Nutrient require-
ments of selected plant species and examples of ion balancing for plant
tissue culture medium will be presented.

P-16
Assessing the Bioavailability of Enhanced Dietary Carotenoids in Vege-
table Crops. D. A. KOPSELL and Joanne Curran-Celentano. 1Department
of Plant Sciences, The University of Tennessee, Knoxville, TN 37996
and 2Department of Animal and Nutritional Sciences, The University of
New Hampshire, Durham, NH 03824. Email: dkopsell@utk.edu

Phytonutrient enhancement of vegetable crops is an emerging area in
plant physiology. One area gaining attention is the role of diet in the eye
health of older adults. Age-related macular degeneration is the loss of
vision in the central region of the sight pattern, increasing in incidence
with the aging population. Lutein and beta-carotene are two plant-derived,
dietary carotenoids responsible for antioxidant and photoprotective func-
tions in the macular region of the eye. The goal of our research program
is to investigate the ability to enhance the carotenoid content of Brassica
and Spinacia vegetable crops. Our project objectives were: 1) to deter-
mine how environmental and genetic factors affect the concentration of
carotenoid compounds in vegetable crops; and 2) to assess the bioavail-
ability of dietary carotenoids after consumption of vegetables vs. mono-
molecular supplements. Research compared blood serum carotenoid pro-
files and macular pigment optical densities (MPOD) in human subjects
administered various dosages of mono-molecular lutein supplements, re-
ceived from commercial sources, or lutein enhanced spinach products,
grown at the Woodman Horticulture Farm (Durham, NH). Treatments
included a placebo supplement group, a 10 mg lutein supplement group,
a 30 mg lutein supplement group, a 9 mg lutein spinach group, and a 12
mg lutein spinach group. Heterochromatic flicker photometry (HFP) was
used to determine MPOD at 4 separate retinal loci. There were increases
in MPOD at all the retinal loci (20’, 30’ and 60’) in subjects receiving
spinach with 12 mg lutein and the 30 mg lutein supplement. This data
supports the importance of enhancement efforts to increase valuable di-
etary carotenoids.
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P-17
Bioavailable Iron - The Determinant in the Iron Nutritional Value of Food
Crops. R. M. WELCH. USDA-ARS, U.S. Plant, Soil & Nutrition Labo-
ratory, Cornell University, Ithaca, NY 14853. Email: rmw1@cornell.edu

Over 3 billion people globally are iron deficient mostly among the poor
in the Global South. Commonly, total iron consumption from typical diets
is enough to meet nutritional needs. However, many people dependent
on staple plant foods as their major source of iron do not consume enough
bioavailable iron to meet their nutritional requirements for iron. This re-
sults from the fact that most staple food crops (e.g., legume seeds and
cereal grains), as eaten, contain antinutritive substances (e.g., phytate,
polyphenols, etc.) that inhibit the absorption of iron form the gut. Thus,
bioavailable iron levels in food crops and diets are an important factor
to consider when addressing iron deficiency among vulnerable popula-
tions. Various models have been developed to test iron bioavailability in
foods and diets. We have employed an in vitro model using human Caco-
2 cells that allows rapid screening of large numbers of staple food crops
and diet constituents for bioavailable iron. This model has also been used
in studies directed at isolating and identifying those factors that either
promote or inhibit iron bioavailability from foods and complex diets. It
can also be used in molecualr biology experiements directed at improving
the nutritional value of iron in transformants. Examples of the use of this
model in these types of studies will be discussed.

P-18
Will Flowers Smell Again? N. DUDAREVA. Department of Horticulture
and Landscape Architecture, Purdue University, West Lafayette, IN 47907.
Email: dudareva@purdue.edu

In nature, structure, color, and scent are critical factors in attracting polli-
nators to flowers. The same features determine consumers’ attraction to cut
flowers, potted flowering plants, and flowering herbaceous plants, which
play an important role in human life from an esthetic point of view. Floral
scent is a diverse blend of low molecular weight (under 300 Da) mostly
lypophilic compounds emitted from flowers into the surrounding atmo-
sphere. While the chemistry of plant volatiles is well understood, less is
known about the biosynthesis of this diverse group of compounds. Using
functional genomic and biochemical approaches we have identified and
characterized several genes responsible for the formation of scent volatiles.
Diurnally emitting snapdragon and nocturnally emitting petunia were used
as model systems to study the flux through the metabolic pathway(s) in situ.
We found that volatiles are synthesized de novo in the epidermal cells of
plant tissues from which they are emitted and their production and emission
is spatially and developmentally regulated. The amount and/or type of emit-
ted compound is often determined by the availability of substrates for the
final reaction, especially for enzymes with broad substrate specificity. While
petunia flowers produce almost exclusively benzenoid/phenylpropanoid
compounds, snapdragon floral scent is rich in both terpenoids and phenyl-
propanoids. In snapdragon the orchestrated emission of volatiles produced
by more than one biochemical pathway is regulated upstream of individual
metabolic pathways and includes the coordinated expression of genes that
encode enzymes involved in the final steps of scent biosynthesis. Recent
advances in the isolation of scent biosynthetic genes have opened up the
possibility for the genetic manipulation of floral scent, which was only par-
tially successful. A comprehensive understanding of the regulation of floral
scent production in plants will provide a foundation for successful metabolic
engineering of the odorant trait.

P-19
Molecular Growth Regulation of Warm Season Turfgrass. F. ALTPETER, M.
Agharkar, H. Zhang. University of Florida - IFAS, Agronomy Department,
PMCB, Laboratory of Molecular Plant Physiology, 2191 McCarty Hall, P.O.
Box 110300, Gainesville, FL 32611-0300. Email: faltpeter@ifas.ufl.edu

Bahiagrass (Paspalum notatum Flugge) is a low input, drought tolerant and
disease resistant warm season turfgrass used for residential lawns and along
highways in the Southeastern US. However turf quality of currently available
bahiagrass cultivars is poor, due to prolific seedhead production, open growth
habit and light green color. The objective of this experiment was to develop
a genetic transformation protocol for bahiagrass and over-express a gibberellin
catabolizing enzyme, Gibberellin 2-oxidase, to enhance turf quality and re-
duce mowing frequency. Gibberellin 2-oxidase8 cDNA was isolated from Ar-
abidopsis using primers as suggested by Schomburg et al. (2003). Co-transfer
of a constitutive nptII (Altpeter et al. 2000)and GA-2 oxidase expression
cassette, into seed derived callus cultures from turf-type bahiagrass (cv. ‘Ar-
gentine’) was followed by selection with paromomycin sulphate during callus
subculture and, or regeneration (Altpeter and James 2005). Transgenic plants
were confirmed by NPTII ELISA (Agdia), PCR and altered phenotype. Con-
clusions: Over-expression of Gibberellin 2-oxidase8 from Arabidopsis in bah-
iagrass resulted in dwarf phenotypes. Transgenic plants were established suc-
cessfully in soil. Data correlating Gibberellin 2-oxidase over-expression in
transgenic bahiagrass with physiological parameters will be collected. Ref-
erences: Altpeter, F., J. Xu, & S. Ahmed. (2000). Generation of large numbers
of independently transformed fertile perennial ryegrass (Lolium perenne L.)
plants of forage- and turf-type cultivars. Mol. Breeding 6:519-528. Altpeter,
F. & V. James (2005) Genetic transformation of turf-type bahiagrass (Pas-
palum notatum Flugge) by biolistic gene transfer. Intern. Turfgrass Soc. Res.
J. (accepted for publication). Schomburg, F. M., C. M. Bizzell, D. J. Lee, J.
A. D. Zeevaart & R. M. Amasino (2003) Overexpression of a novel class of
Gibberellin 2-Oxidases Decreases Gibberellin Levels and Creates Dwarf
Plants. Plant Cell 15:151-163.

P-20
Plant-based Vaccines: Prospects After 15 Years of Research. H. S. MA-
SON. Biodesign Institute at Arizona State University, Tempe, AZ 85287-
5401. Email: Hugh.Mason@asu.edu

After the first patent on plant-based vaccines was published in 1990, and
the first peer-reviewed publication in 1992, there was first a gradual and
then exponential increase in the work done in this area. There are now
many demonstrations of production of vaccine antigens in plants, and
fewer but substantial numbers of studies showing antibody responses in
animals that were administered the plant-derived vaccines. However,
there are very few studies that show true vaccine activity, i.e., protection
from disease upon challenge with the causative agent, and no plant-based
vaccine has been registered commercially. The reasons for this are many,
including limited coordination between plant scientists and medical or
veterinary scientists, relatively poor antigen expression in many plant
systems, a bias toward oral delivery of crude plant preparations, and the
inherently poor immunogenicity of most subunit antigens in the gut.
Moreover, most vaccine development is performed by pharmaceutical
companies, and these entities are rightly reluctant to invest the funds
needed on a system whose commercial potential is uncertain due to
murky issues of industry regulation and intellectual property. The pros-
pects for addressing these problems and the realization of plant-based
vaccines will be discussed.
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P-21
Plant-based Technologies: Potential for Vaccine Development and Delivery. Kon-
stantin Musiychuk, Natalia Ugulava, Vadim Mett, and VIDADI YUSIBOV.
Fraunhofer USA Center for Molecular Biotechnology, 9 Innovation Way, Suite
200, Newark, DE 19711. Email: vyusibov@fraunhofer.org

Interest in plants as an alternative system for producing therapeutic proteins and
vaccine antigens is rapidly increasing. This approach provides an experimental
platform for the time-efficient production of candidate vaccines against single or
multiple pathogens. One of the more recent developments is the use of plant
RNA viruses as expression vectors for the production and delivery of antigenic
determinants. To this date a number of plant RNA viruses such as, Tobacco
mosaic virus, Cowpea mosaic virus, Cucumber mosaic virus, Tomato bushy stunt
virus and Alfalfa mosaic virus have been successfully used to express and deliver
antigenic determinants from different pathogens. At Fraunhofer USA CMB we
use plant virus-based expression vectors to produce target proteins. One of our
strategies for expression, recovery and delivery of antigens is based on using a
thermostable enzyme (maintains full activity at 758 C), beta-1,3-1,4-glucanase
(LicB), from Clostridium thermocellum as a carrier for target polypeptides of up
to 100 kDa. The polypeptides can be produced as N-, C-terminal or internal
fusions in the surface loop of the protein. Recombinant LicB can be efficiently
produced in variety of expression systems, including plants. The thermostable
properties of LicB facilitate purification of the candidate antigens. We have used
this approach to engineer and produce more then ten target antigens from dif-
ferent pathogens, including, Respiratory syncytial virus, Human immunodeficien-
cy virus and B. anthracis [Domain four (145 amino acids) of PA and N-terminus
(220 amino acids) of LF of anthrax toxin]. A recombinant LicB that contained
Domain four of PA of B. anthracis (LicB-PAD4) had specific reactivity to poly-
clonal rabbit sera from animals immunized with PA, human sera from individuals
that received AVA vaccine and monoclonal antibody 14B7 that specifically reacts
with Domain four, indicating that the conformation of Domain four was main-
tained in the fusion protein. Mice immunized with three doses of recombinant
LicB-PAD4 responded by mounting strong PA-specific IgG responses, and sera
from these animals demonstrated neutralizing activity against Lethal Toxin from
B. anthracis.

P-22
Corn-based Vaccines: Challenges and Opportunities. K. WANG1, S. Karaman1,
and J. Cunick2. 1Center for Plant Transformation, BioPharmaceuticals Initiative,
Plant Science Institute, Iowa State University, Ames, IA 50011-1010 and 2De-
partment of Animal Sciences, BioPharmaceuticals Initiative, Plant Science In-
stitute, Iowa University, Ames, IA 50011. Email: kanwang@iastate.edu

LT-B is a non-toxic subunit of a holotoxin (hLT), which causes diarrhea, pro-
duced by enterotoxigenic strains of E. coli. It is highly immunogenic and can
be a potent adjuvant for co-administered antigens. We have previously dem-
onstrated that a strong mucosal and systemic immune response in young mice
could be elicited upon administration of corn-derived LT-B in the form of feed
pellets. Orally immunized mice were protected against hLT and CT (cholera
toxin) challenge (Chikwamba et al., Transgenic Research 11: 479, 2002). In
addition, using immunogold labeling/electron microscopy, cell fractionation
and protein analysis techniques, we observed that LT-B protein could be de-
tected both internally and externally on starch granules of corn kernels (Chik-
wamba et al., PNAS 100: 11127, 2003). We further investigate long-term sys-
temic and mucosal immune responses and secondary response in aged mice
that were orally administered corn-derived LT-B when they were young. Sys-
temic and mucosal antibody levels were monitored for 11 months in mice that
had been immunized with LT-B corn at 3-month of age. Our results indicated
that anti-LT-B secretory IgA and IgG antibodies are detectable over 14-month
period even though the level of antibodies declines gradually. However, booster
feeding and injections dramatically increased the immunoglobulin levels that
had declined over the previous 11 months after initial feedings. These data
indicate that corn-derived LT-B can elicit systemic and mucosal immune re-
sponses that persist for long time. In addition, re-administration of the antigen
through oral and parenteral routes in aged mice can effectively enhance the
immune response against the antigen. We have conducted small scale field
release for seed increase purpose for the LT-B corn in confined field conditions
in both Iowa and Colorado for three summer seasons. Preliminary analysis on
inadvertent occurrence of corn-based pharmaceuticals in food supply and its
impact on human health will be presented.

P-23
The Vitamin C Network - New Branches in Plant Biochemistry. C. L. NES-
SLER, A. Lorence, B. Chevone, and P. Mendes*. Department of Plant Pathol-
ogy/Virginia Bioinfomatics Institute* Virginia Tech, Blacksburg, VA 24061.
Email: cnessler@vt.edu

L-Ascorbate is a major antioxidant molecule, an essential cofactor for several
important metal-containing enzymes and is implicated in control of cell division
and growth. Understanding plant AsA biosynthesis is important because they
are the major dietary source of vitamin C for humans. The pathway that leads
to AsA in animals has been known since the 1950s. However, it was only in
the late 1990s that a plant model was proposed that explains radiolabel feeding
results. This model, known as the Smirnoff-Wheeler pathway, proposes D-man-
nose (Man) and L-galactose (Gal) as the main intermediates for AsA biosyn-
thesis. Recently different research groups, including ours, have obtained evi-
dence for additional AsA biosynthetic pathways in plants. The new entry points
for this network are: D-galacturonic acid, and myo-inositol (MI). Only a few
genes encoding enzymes from each branch of the network have been cloned
and characterized. We have data supporting the importance of the MI pathway
for AsA biosynthesis and for normal growth and development. The first enzyme
in the MI pathway is MI oxygenase (MIOX, EC 1.13.99.1). We have found that
the MIOX family is composed of four members in the Arabidopsis thaliana
genome: miox1, miox2, miox4 and miox5, numbered according to the chromo-
some on which they are located. Assays performed with homozygous T-DNA
knockout lines revealed that miox1 is the family member that contributes the
most to the AsA content of Arabidopsis leaf tissue. The next enzyme in the MI
pathway catalyzes the conversion of the MIOX product, D-glucuronic acid
(GlcUA) to L-gulonic acid. This enzyme known as GlcUA reductase (EC
1.1.1.19), belongs to the family of aldo/keto reductases. We identified close to
40 members of this family in the Arabidopsis genome. Screening of T-DNA
knockout lines using HPLC and spectrophotometric-based assays of some of
the members of the aldo/keto reductases allowed us to identify three SALK
lines which had a substantial reduction (;50%) of AsA in rosette leaves com-
pared to wild type. Expression of these ORFs in wt plants leads to a two-fold
increase in foliar AsA.

P-24
Inducible Polyhydroxybutyrate Formation in Arabidopsis. LAURALYNN
KOURTZ, Kevin Dillon, Sean Daughtry, Oliver Peoples, and Kristi D.
Snell. Metabolix, 21 Erie Street, Cambridge, MA 02139. Email:
lkourtz@metabolix.com

Polyhydroxyalkanoates (PHAs) are a family of biodegradable biopoly-
mers capable of matching or exceeding the performance characteristics
of petroleum-based plastics. PHB, a short-chain member of the PHA fam-
ily, is currently being produced via large-scale Escherichia coli fermen-
tations, but the development of agricultural systems, in which bioplastics
can be produced economically and sustainably in green plants, has the
potential to not only dramatically lower the cost of the bioplastics, but
to sequester CO2. The production of polyhydroxybutyrate (PHB), which
involves a multigene pathway consisting of a thiolase, a reductase and a
synthase gene, has been achieved in several plant species, but high levels
of polymer production in chloroplasts resulted in chlorotic plants that
failed to achieve full size. The use of inducible promoter systems and
their potential to surmount this barrier to large-scale PHB production by
permitting plants to achieve full-size growth before turning on the PHB
production machinery will be discussed. In addition, the ability of gene
fusions to simplify the PHB biosynthetic pathway for plant based ex-
pression will be addressed.
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P-25
Production of Gums in Plants. K. S. DHUGGA. Crop Genetics Research
and Development, Pioneer Hi-Bred International, Inc., A DuPont Com-
pany, Johnston, IA 50131. Email: kanwarpal.dhugga@pioneer.com

Gums are high molecular mass polysaccharides that can absorb large
volumes of water, resulting in viscous solutions. Their ability to alter the
rheological properties of solutions makes them suitable for many indus-
trial uses. Although most commonly used as food additives to provide
stiffness and texture, prevent ice crystal formation, maintain crispiness,
and retain moisture, gums have many other applications in the non-food
industries. For example, they are used in: textile as dyeing and printing
aids; cosmetics to thicken shampoos and conditioners; paper as binders
and hardeners; construction to alter flow properties of concrete; petroleum
as drilling agents for oil and gas wells; mining and mineral for separation
of minerals from crude ores; and explosives to thicken slurries and as
desiccants. The seeds of some plants accumulate hemicellulosic polysac-
charides as storage carbohydrates, a role that is analogous to that of starch
in cereals. For example, guar and locust bean seeds accumulate galacto-
mannan, the most commonly used plant gum, in their endosperm. We
have isolated the gene that forms mannan, the backbone of galactoman-
nan, from guar through a combination of genomic and biochemical ap-
proaches. This has allowed us to employ biotechnological approaches to
exploit the synthesis of this polysaccharide in a commercial crop, soy-
bean. Initial results are encouraging in that the soybean seeds expressing
the guar mannan synthase gene contain elevated levels of mannose. Abil-
ity to produce galactomannan in non-native species has opened the door
for producing high quality as well as novel gums.

P-26
Response of Soybean Cell Cultures to Biological Elicitors for the
Production of Antiestrogenic Phytoalexins. S. M. BOUE1, S. Kale-Ire-
land*, S., Khan2, K. Rajasekaran1, B. Shih1, C. Carter-Wientjes1, J.
McLachlan2, and T. E. Cleveland1. 1SRRC, USDA, New Orleans, LA
70124 and 2Tulane-Xavier CBR, New Orleans, LA 70112. Email:
sboue@srrc.ars.usda.gov

Soybean products are known for their high protein content and their pro-
duction of isoflavones (natural products) which have estrogenic activity.
Interestingly, soy plants also display a natural resistance to Aspergillus
flavus and A. parasiticus, the fungi that make the highly mutagenic and
carcinogenic secondary metabolites, the aflatoxins. Since the aflatoxigen-
ic fungi routinely infect crops of human and animal consumption, but the
soybean plant is able to avoid this infection, it is possible that the soybean
cells release stress-response compounds, mainly isoflavones called phy-
toalexins, which offer a protective role to avoiding this infection. Some
of these phytoalexins, including genistein and daidzein, have been shown
to be beneficial to human health. In this study the ability of several elic-
itors at inducing phytoalexins in soybean liquid cell culture were evalu-
ated. Of particular interest was the ability of each elicitor to induce the
isoflavone phytoalexin glyceollin, which has recently been shown to be
antiestrogenic in several in vitro assays. Soybean cells from both control
and elicitor-exposed cultures were analyzed using HPLC-MS. Several
constitutive isoflavones have been identified and preliminary data indicate
novel phytoalexins related to the glyceollins are formed.


