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Direct Shoot Regeneration from In Vitro Plantlets
of Three Strawberry Cultivars

Naglaa Abdallah. Cairo University and AGERI, 13 Gamaa
St, Faculty of Agriculture, Cairo University and AGERI,
ARC, Giza-12619, Egypt. Email: naglaa@ageri.sci.eg

HUSSEIN, GIHAN1, Zakaria, Hussam1, Abdallah, Naglaa2
1Agricultural Genetic Engineering Research Institute
(AGERI), ARC, Giza-1619, Egypt
2Faculty of Agriculture, Cairo University and Agricultural
Genetic Engineering Research Institute (AGERI)

The application of biotechnology in plant breeding requires
efficient in vitro regeneration procedures. This study describes
in vitro regeneration of strawberry via direct organogenesis for
three cultivars: Festival, Sweet Sharly, and Florida. The in
vitro juvenile leaves were used as explants. Explants were
collected after culturing the meristem tip and leaving such to
multiply on a propagation medium composed of MS
supplemented with BA at a concentration of 0.5 mg/l and
Kin at a concentration of 1 mg/l. To select the suitable
organogenesis, the explants of the three cultivars were
cultured on MS medium supplemented with different concen-
trations of TDZ (1, 2, 3, and 4 mg/l) and incubated at a
temperature of 22±2°C. Direct shoot regeneration occurred in
all the tested cultivars from juvenile leaves 10 d post-
cultivation. The medium containing 2 mg/l TDZ revealed
the best regeneration efficiency with the three cultivars (72%
for cultivar Festival and 73% for both cultivars Sweet Sharly
and Florida). After 4 wk, the shoots produced were cultured in
MS medium with different concentrations of BA and Kin for
elongation. The medium containing 1.5 mg/l BA and 0.5 mg/
l Kin was the best medium for the all the tested cultivars.

Elongated shoots were rooted by culturing and incubating
shoots on MS medium containing 1.5 mg/l NAA for 4 wk.

S-004

Engineering Plants for Resistance to Insects
and Resistance Management

Michael Adang. University of Georgia, Department of
Entomology, 120 Cedar St., Athens, GA 30602, USA.
Email: adang@uga.edu

ADANG, MICHAEL
University of Georgia, Department of Entomology, 120
Cedar St., Athens, GA, 30602, USA

The in planta production of Bacillusthuringiensis (Bt)
insecticidal proteins provides crops with protection against
pest insects. First-generation engineered corn and cotton are
protected from lepidopteran pests by Cry1 proteins with high
potency against pest species. Bollgard cotton is protected by
Cry1Ac which is highly toxic to tobacco budworm, cotton-
bollworm and pink bollworm. Corn producing Cry1Ab or
Cry1Fa effectively controls European corn borer. Cry proteins
have been stacked to broaden controlled pest species and
provide an extra measure of resistance management. Cry1Ac
plus Cry2Ab are combined in Bollgard 2 cotton and Cry1Ac
plus Cry1Fa in Widestrike™ cotton. Corn in commercial
development combines four Cry proteins for protection
against lepidopteran and coleopteran pests. The rationale for
deploying stacked Cry combinations will be discussed in the
context of binding to insect midgut and mechanisms of insect
resistance. Improvement of Cry proteins has been attained by
engineering Cry proteins based on structure–function analy-
ses. For example, modified Cry3 proteins have improved
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toxicities to corn rootworms. Studies of Cry protein action
have led to discoveries with practical utility for insect control.
Researchers in the Bravo–Soberon laboratory discovered that
removing a fragment of Cry1A proteins bypasses a processing
and toxin binding step. Importantly, modified Cry1A proteins
are toxic to Bt-resistant lepidopteran larvae. While investigat-
ing Cry receptors in midgut, scientists in the Adang laboratory
discovered that fragments of insect proteins called cadherins
can increase the toxicity of Cry proteins. This technology
called BtBooster has applications for enhancing the toxicities
of multiple classes of Cry proteins for improved insect control.

S-006

Spent Medium Analysis in Plant Tissue Culture

Jeffrey Adelberg. Clemson University, Department of
Horticulture Clemson University, Clemson, SC 29634.
Email: jadlbrg@clemson.edu

ADELBERG, JEFFREY1, Halloran, Sean
Clemson University, USA

Analyzing spent medium can quantify mineral use and tissue
nutrition during growth and development. Plant tissue cultures
are closed systems with respect to mineral nutrients, and the
concentration of nutrient in spent medium allows calculation
of tissue nutrient content. A cursory uptake efficiency
coefficient may be viewed as concentration of nutrient used
per tissue water mass: nutrient concentration in spent medium.
In a designed population of Hemerocallis cultures, spent
medium analysis showed that (1) the active uptake of the 11
nutrients were analyzed, (2) uptake continued to luxuriant
levels, (3) one genotype had poor uptake of several nutrients,
and (4) the tissue content of several nutrients (P, Ca, and Mg)
was less than that of well-fertilized plants grown in outdoor
nursery culture. Growth regulators (benzyladenine and
ancymidol) had less effect on tissue nutrient content than
genotype and plant density. Sugar concentration affected
nutrient concentration in dry matter, but not tissue water
volume. A second experiment observed Cucurma in low
micronutrient media with varied amounts of macronutrients,
sugar, and plant densities. Plantlets were acclimatized on a
greenhouse mist bed and survival and fresh weight gain were
compared with the plant nutrient content leaving the lab.
Greatest fresh weight gains in the greenhouse were preceded
by maximum uptake of NO3, NH4, K, and Ca. P (supplied in

MS quantity 1.25 mM) appeared limiting in all conditions. A
more deliberate approach to media formulation should
include monitoring of nutrient use as an indication of the
plants’ subsequent performance. Proportional elemental
ratios and the antagonism and synergism in nutrient uptake
in plant tissue culture systems can be characterized by spent
medium analysis.
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Cryopreservation of Coconut (Cocos nucifera l.):
The Influence of Embryo Maturity upon Rate
of Recovery and Fidelity of Seedlings

Stephen Adkins. The University of Queensland, School of
Land, Crop and Food Sciences, The University of Queensland,
St Lucia, Queensland, 4072, Australia. Email: s.adkins@uq.
edu.au
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The genetic diversity of coconut (Cocos nucifera L.) is
being lost due to a combination of pest and disease attack
and natural disasters. Consequently, there is a need to
undertake germplasm conservation before further loss
occurs. Since coconut has a large, recalcitrant seed
(sensitive to desiccation), it cannot be stored in traditional
ways using a seed bank. Cryopreservation is now seen as an
important storage approach although available techniques
need further improvement. Given the importance of embryo
maturity to the success of cryopreservation in other species,
the effect of coconut embryo maturity upon cryopreserva-
tion success was investigated using two cultivars (Nias
Yellow Dwarf and Takome Tall). After cryopreservation,
using a new four-step protocol (rapid desiccation, rapid
freezing, rapid thawing, and recovery and acclimatization

S2 SPEAKER ABSTRACTS



for 16 wk in the glasshouse), we found that that embryos
isolated from an 11-mo-old fruit gave the highest number of
normal seedlings (ca. 28%) when compared to counterparts
excised from younger or older fruits. In addition, the results
showed that the fruit could be stored for up to 3 wk prior to
the isolation of embryos before their performance in
cryopreservation was compromised. No morphological
and cytological abnormalities were observed in the seed-
lings recovered from 11-mo-old cryopreserved embryos
when compared to their un-cryopreserved counterparts.
Genetic and epigenetic testing using microsatellite and
global DNA methylation rates could not detect any
significant differences between genomic DNA isolated
from seedlings recovered from cryopreserved compared to
their un-cryopreserved counterparts.

S-010

Factors Affecting In Vitro Rooting of Arachis
Paraguariensis

Olubunmi Aina. Agronomy Department, University of
Florida, Gainesville Florida, 285-4 Corry Village, Gainesville,
Florida 32603. Email: ainab@ufl.edu

AINA, OLUBUNMI, Quesenberry, Ken
Agronomy Department, University of Florida, Gainesville,
Florida

The wild peanut species Arachis paraguariensis Chodat &
Hassl. (Section Erectoides) possesses a very high frequency
of in vitro shoot formation and the ability to regenerate
efficiently from protoplast and callus cultures. The high
morphogenic potential displayed by this species supports its
suitability as an ideal model system for studying in vitro
regeneration and morphogenesis of leguminous species, but
regenerated shoots are often recalcitrant with regard to
rooting either in vitro or ex vitro, thereby limiting the
production of large numbers of surviving plantlets. Rooting
of five genotypes of A. paraguariensis on semi-solid MS
medium that was supplemented with indole-3-acetic acid, 1-
naphthaleneacetic acid, and indole-3-butyric acid at various
concentrations was compared in 11.4×8.6×10.2-cm poly-
ethylene terepthalate glycol (PETG) vessels and in 2.5×15-cm
glass tubes. The performance of plantlets in the wide PETG
vessel was superior in terms of rooting percentage (68%),
number of days to rooting (14.9±0.6), number of roots per

plantlet (4.8±0.5), maximum root length (3.7±0.3), and
percentage survival at acclimatization (38%) across all the
auxin treatments. The shoots cultured on hormone-free
MS medium (control) in PETG had the highest root length
(7.1±1.2) and percentage survival (80%) at acclimatization.
The results demonstrated how the size of tissue culture vessel
and the type and concentration of auxin in the nutrient
medium alter rooting of in vitro-derived plantlets.

S-012

Dosage-dependent Gene Expression from Direct
Repeat Locus in Rice Developed by Site-specific Gene
Integration

M. Aydin Akbudak. University of Arkansas, 125 Plant
Sciences Building, University of Arkansas, Fayetteville,
AR 72701, USA. Email: aydin@uark.edu

AKBUDAK, M. AYDIN, Srivastava, Vibha
Department of Crop, Soil and Environmental Sciences,
University of Arkansas, Fayetteville, AR 72701, USA

In standard plant transformation practice, transgene copy
number is often inversely correlated with transgene expres-
sion. As the integration locus generated by standard
methods is mostly complex, consisting of both full-length
and partial copies arranged in direct or inverted repeat
configurations, it is difficult to parse the effect of copy
number and locus structure. To clearly study the effect of
transgene copy number on gene expression, it is important
to control the locus structure and integrate full-length
copies. In the present study, the effect of transgene copy
number on transgene expression in plant cells was
determined using rice callus as a model. To generate full-
length integrations, Cre-lox-mediated site-specific gene
integration method was used. Transgenic rice lines consist-
ing of one to three copies of β-glucuronidase or green
fluorescent protein genes were developed. Site-specific
integration lines were characterized and subjected to
expression analysis. Lines containing two or three copies
of either reporter genes displayed two to four times higher
expression compared to the single-copy lines. Therefore,
dosage-dependent transgene expression can be obtained by
integrating full-length copies, and site-specific gene inte-
gration approach can serve as an efficient tool for
generating precise multi-copy integrations.
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Bioengineered Caco-2 Tissues: Novel, In Vivo-like,
Three-dimensional Tissue Platforms for Drug
Absorption and Metabolism Screening

Addy Alt-Holland. Division of Cancer Biology and Tissue
Engineering, School of Dental Medicine Tufts University,
Science and Clinical Research Center, Department of
Endodontics, Division of Cancer Biology and Tissue
Engineering, Tufts University, School of Dental Medicine,
55 Kneeland Street, SC Building Room 116, Boston, MA
02111, USA. Email: addy.alt_holland@tufts.edu
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Shumin3, Augè, Catherine4, Mogelsvang, Soren4, Gelber,
Cohava4, Garlick, Jonathan3
1Department of Endodontics and Division of Cancer
Biology and Tissue Engineering, Tufts University, School
of Dental Medicine, 55 Kneeland Street, SC Building
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2Department of Endodontics, Tufts University, School of
Dental Medicine, 1 Kneeland Street, Boston, MA 02111, USA
3Department of Oral and Maxillofacial Pathology and
Division of Cancer Biology and Tissue Engineering, Tufts
University, School of Dental Medicine, 55 Kneeland Street,
SC Building Room 116, Boston, MA 02111, USA
4Cell and Developmental Biology, American Type Culture
Collection, Manassas, VA 20110, USA

The generation of bioengineered, three-dimensional (3D)
Caco-2 tissues that could model the structure and function
of intestinal epithelia would provide a powerful new
platform to advance drug discovery and screening. We
have accomplished this by adapting the Caco-2 cell line,
which is currently being used in conventional culture
systems, to 3D tissue formats, and have developed a
spectrum of tissues that incorporate complex microenviron-
ments that consists of a viable supporting stroma, defined
media, and distinct growth conditions. These Caco-2 tissues
exhibit tissue morphology and ultrastructural features that
mimic the architecture of intestinal epithelia. They exhibit
tight junction formation, tissue integrity, and barrier
function that are equivalent to their in vivo counterparts.
Furthermore, these tissues demonstrate permeability rates
similar to those of established drugs and reference stand-
ards. This presentation will illustrate how the application of
these novel tissue platforms establishes the basis for the
broad use of 3D human tissues harboring Caco-2 cells as
novel, physiologically relevant tissue platforms for drug
absorption and safety profiling studies.

S-018

Plant Tolerance to Salinity Stress is Regulated
by the Metabolome and by SUMOylation of SP1,
a Novel Stress-associated Protein

Arie Altman. Institute of Plant Sciences and Genetics in
Agriculture, Hebrew University of Jerusalem, Faculty of
Agriculture, Rehovot 76100, Israel, Institute of Plant
Sciences, Faculty of Agriculture, Herzel st. P.O. Box 12,
Rehovot 76100, Israel. Email: altman@agri.huji.ac.il

Vinocur, Basia1, Drori, Elyashiv2, Rot, Eyal2, ALTMAN,
ARIE2

1Evogene, Ltd., Science Park, Rehovot, Israel
2Robert H. Smith Institute of Plant Sciences and Genetics,
Faculty of Agriculture, Food and Environment, The
Hebrew University of Jerusalem, Rehovot 76100, Israel

Stress-associated metabolites and stress proteins are key
regulators of plant adaptation to abiotic stress. Our under-
standing of the contribution of the metabolome to stress
tolerance is just emerging. Here we report recent findings on
detailed GC-MS metabolite profiling in four salt-sensitive and
salt-tolerant plants (Populus tremula and Populus euphratica
(both wild type), tomato (wild type and betA-trangenic lines),
Arabidopsis thaliana (wild type and RNAi lines), and wild
type Thellungiella halophila-salsuginea) in response to salt
stress and recovery. In addition, the structure and possible
role of poplar SP1 and Arabidopsis AtSP, two members of a
new protein family, are also presented. GC-MS metabolite
profiling revealed significant changes in the concentration
and organ distribution of about 40 metabolites in response to
salt stress in salt-tolerant vs. salt-sensitive plants, in all four
plant species mentioned above. The dynamics of metabolite
content during stress and upon recovery from stress was also
investigated. We conclude that specific organ accumulation
of several mono- and oligosaccharides, organic acids, amino
acids, osmoprotectants, and signaling molecules contributes
to plant adaptation to stress. Moreover, we suggest that
stress-associated metabolites may in fact drive plant adapta-
tion to abiotic stress. SP1 of the salt-tolerant P. euphratica,
but not of the sensitive P. tremula, is SUMOylated upon
stress and consequently translocated from the cytosol to the
plasmalemma. Several independent lines of RNAi A.
thaliana plants, lacking AtSP protein, were considerably
more sensitive to salt stress and showed, in addition,
significant differences in sucrose and serine levels, suggest-
ing an involvement of the AtSP protein in fundamental
metabolic crossroads.
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S-020

Sugarcane Genomics and Genetic Engineering
Towards Efficient Conversion of Ligno-cellulosic
Sugarcane Residues to Fuel Ethanol

Fredy Altpeter. University of Florida, 2191 McCarty Hall
Gainesville, FL 32611. Email: altpeter@ufl.edu
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Je1, Kim, Jae1, Nong, Guang2, Preston, James2, Taparia,
Yogesh1, Vermerris, Wilfred1, Xiong, Yuan1
1Agronomy Department, Plant Molecular and Cellular
Biology Program, Genetics Institute, University of Florida -
IFAS, Gainesville FL-32611
2Department of Microbiology and Cell Science, University
of Florida - IFAS, Gainesville, FL 32611

Sugarcane (Saccharum sp. hybrids) is a highly productive C4

grass used as the main source of sugar and more recently to
produce ethanol, a renewable transportation fuel. Down-
regulation of lignin biosynthesis pathway enzymes and in
planta expression of cell wall-degrading enzymes are prom-
ising strategies to increase the efficiency of bio-ethanol
production from the abundant ligno-cellulosic sugarcane
residues, leaf litter, and bagasse. 4-Coumarate-CoA ligase
(4CL) and caffeic acid 3-O-methyltransferase (COMT) are
key enzymes in the lignin pathway. COMT and 4CL family
genes were isolated from sugarcane by a combination of
cDNA library screening and PCR-based approaches. Follow-
ing characterization of the isolated candidates, vectors were
generated for RNAi suppression and stably introduced into
sugarcane by biolistic gene transfer. Transgenic events were
confirmed by PCR, Southern blot analysis, and ELISA. We
are currently analyzing the expression of the targeted lignin
biosynthetic genes by Northern blot and the lignin content of
the corresponding biomass by Klason lignin determination.
Xylan is after cellulose, the most abundant polysaccharide in
sugarcane residues, and must be hydrolyzed to its component
sugars (xylose or xylobiose) before fermentation to ethanol.
Endoxylanases are the main enzymes involved in xylan
hydrolysis. Constitutive, apoplast- or chloroplast-targeted
expression cassettes of the codon optimized, hypothermosta-
ble GH10 xylanase from Thermotoga maritima (xynB) were
generated for in planta expression. Following biolistic gene
transfer, co-integration of both nptII and xynB was confirmed
in 83% of the transgenic sugarcane lines. Seventeen trans-
genic sugarcane lines showed a clearly detectable xylanase
activity. TLC analysis confirmed that directly fermentable
xylobiose and xylose were the main degradation products
from the in planta-produced enzyme, consistent with the

activity of the native T. maritima enzyme. The comparison of
pretreatment requirements and efficiency of ethanol produc-
tion from transgenic sugarcane biomass expressing xynB and
non-transgenic sugarcane will be presented.

S-022

First Transgenic Geminivirus-resistant Plant
in the Field: The Development of a RNAi-based
Agriculture Technology

Francisco Aragão. Embrapa Recursos Genéticos e Biotec-
nologia, PqEB W5 Norte, 70770-900, Brasília, DF, Brazil.
Email: aragao@cenargen.embrapa.br
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Santo Antônio de Goiás, GO, Brazil

Bean golden mosaic virus (BGMV) belongs to the genus
Begomovirus whose genome is composed of two single-
stranded DNA molecules, designated DNA-A and DNA-B,
both of which are essential for infectivity. BGMV is
transmitted by the whitefly Bemisia tabaci (Gennadius) in
a persistent, circulative manner, causing golden mosaic in
common bean. This disease is the heaviest constraint on
bean production in Latin America, causing significant yield
losses ranging from 40% to 100%. Due to the social and
economic importance of common bean as a source of
protein in the diet of over a billion people worldwide, we
have tried to obtain BGMV-resistant engineered lines since
the early 1990s. Transgenic lines were produced to express
BGMV coat protein gene, the rep-TrAP-REn and BC1 viral
genes in antisense orientation and a mutated rep (AC1)
gene, achieving tolerance and delayed and attenuated
golden mosaic symptoms. More recently, we have explored
the concept of using RNAi construct to silence the AC1
viral gene, which codes for the only protein strictly
essential for viral genome replication. Two transgenic lines
exhibited immunity upon inoculation at high pressure and
at a very early stage of plant development. Studies on the
behavior of transgenic common bean lines under field
conditions were conducted and results confirmed the earlier
greenhouse observations. Biosafety evaluations are being
carried out, taking into account the demands of the
Brazilian Biosafety Committee and other regulatory author-
ities in order to obtain authorization to commercially
release the first transgenic bean varieties.
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S-024

Direct Regeneration of Shoots from Immature
Inflorescence in Dendrocalamus Asper (Edible Bamboo)
Leading to Mass Propagation

Sarita Arya. Indian Council of Forestry Research and Education,
Arid Forest Research Institute, New-Pali Road, PO Krishi
Mandi, Jodhpur-342005, India. Email: aryas@icfre.org

ARYA, SARITA1, Satasnghi, Richa2
1Indian Council of Forestry Research and Education
2Forest Research Institute, Dehradun, India

Flowering in bamboos is a catastrophic event that leads to a
number of post-flowering consequences and is hazardous for
plants, which are monocarpic in nature. Direct shoot regenera-
tion from immature inflorescence explants will help in
overcoming the potential loss caused by unpredictable and
monocarpic flowering in bamboos. Plant regeneration from
cultured immature inflorescence of Dendrocalamus asper was
obtained by direct shoot regeneration on MS medium
supplemented with 7 mg/l BAP. Best-regenerated shoots were
obtained when 0.5–1.0-cm-sized immature inflorescence was
harvested from flowering clumps. Regenerated shoots were
grown on MS medium supplemented with 3 mg/l BAP for
further multiplication and development. Twelve-fold shoot
multiplication rate was observed on MS medium. In vitro
rooting was observed in 90–95% in vitro shoots onMSmedium
supplemented with 10 mg/l IBA. Complete plantlets obtained
were transferred to the field after hardening and acclimatization.
Survival rate in the field as noted to be 80–90%.

S-026

Metabolic Engineering of Lilium × Formolongi
using Multiple Genes of the Carotenoid Biosynthesis Pathway

Pejman Azadi. Chiba University, Laboratory of Plant Cell
Technology, Faculty of Horticulture, Chiba University, 648
Matsudo, Matsudo City, Chiba 271-8510, Japan. Email:
azadip22@yahoo.com
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Suematsu, Nonoichi-machi, Ishikawa 921-8836, Japan
3Central Laboratories for Frontier Technology, i-BIRD, 3-570
Suematsu, Nonoichi-machi, Ishikawa 921-8836, Japan

Lilium × formolongi was genetically engineered by Agro-
bacterium-mediated transformation with the plasmid
pCrtZW-N8idi-crtEBIY containing seven enzyme genes
under the regulation of 35S CaMV promoter. In the trans-
formants, ketocarotenoids were detected in both calli and
leaves which showed a strong orange color. In transgenic calli,
the total amount of the carotenoids (133.3 μg/g fresh weight)
was increased by 26.1-fold compared to wild-type calli.
Chlorophyll content and photosynthetic efficiency in trans-
genic orange plantlets significantly decreased; however, by
several months of subculture, the orange-color plantlets
produced green-leaf plantlets which showed a significant
increase in chlorophyll and photosynthetic efficiency. The
total carotenoid was quantified as 102.9 and 135.2 μg/g fresh
weight, corresponding to 5.6- and 7.4-fold increase in leaves of
transgenic orange and green plantlets respectively, compared
to wild type. The ketocarotenoids such as echinenone,
canthaxanthin, 3′-hydroxyechinenone, 3-hydroxyechinenone,
and astaxanthin were detected in both transgenic calli and
orange leaves. A significant change in the type and composi-
tion of ketocarotenoids during transition from orange trans-
genic plantlets to green plantlets was observed. Although
3′-hydroxyechinenone, 3-hydroxyechinenone, astaxanthin,
and adonirubin were absent and a decrease of echinenone
and canthaxanthin was detected, interestingly, an up-regulation
of carotenoid biosynthesis led to an increase of total carotenoid
concentration (+31.4%) in leaves of transgenic green plantlets.

S-028

Carotenoid Biofortification of Rice Endosperm
through Multiplex Gene Transformation

Chao Bai. Departament de Producció Vegetal i Ciència
Forestal, Universitat de Lleida, Av. Alcalde Rovira Roure,
191, Lleida, 25198, Spain. Email: chaobai37@pvcf.udl.es
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Changfu1, Christou, Paul4
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Universitat de Lleida, Av. Alcalde Rovira Roure, 191,
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2Departament de Química, Universitat de Lleida, Av.
Alcalde Rovira Roure, 191, Lleida, 25198, Spain
3Biosynthesis Group, Molecular Biosciences, J.W. Goethe
Universitaet, Biocampus 213, P.O. Box 111932, D-60054
Frankfurt, Germany
4Departament de Producció Vegetal i Ciència Forestal, Uni-
versitat de Lleida, Av. Alcalde Rovira Roure, 191, Lleida,
25198, Spain and Institució Catalana de Recerca i Estudis
Avançats, Passeig Lluis Companys, 23, Barcelona 08010, Spain
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Carotenoids play fundamental roles in human nutrition as
antioxidants and precursors of vitamin A. The mechanisms
that control carotenoid accumulation in plants are complex
and only poorly understood. The amount of carotenoids in
plant tissues and organs does not appear to depend solely
on carotenogenic enzyme activities responsible for their
synthesis. The upstream precursor (MEP-derived IPP and
GGPP) pathways may also positively influence their
accumulation, while downstream degradation pathways
may deplete the carotenoid pool. The recent identification
and characterization of a novel gene mutation in cauliflower
(or), which appears to mediate the differentiation of
proplastids and/or non-colored plastids into chromoplasts
for the associated carotenoid accumulation, revealed that
creating a metabolic sink to sequester carotenoids is another
important mechanism for their accumulation in plants. In
order to investigate the mechanisms of carotenoid accumu-
lation and enhance carotenoid content in rice endosperm,
we genetically engineered rice (Oryza sativa) utilizing a
recently developed combinatorial transformation method.
Here we report preliminary results from early experiments
which demonstrate that combinatorial transformation is a
useful method for engineering such complex traits in rice
plants.
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Database for Mass Spectrometry-Based Plant Metabolomics

Preeti Bais. Iowa State University, 4313 Harrison Circle,
Ames, Iowa, 50010. Email: pbais05@iastate.edu
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Biology, Iowa State University, Ames, IA 50011, USA
3Department of Plant Biology, Carnegie Institution for
Science, 260 Panama Street, Stanford, CA 94305
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11Institute of Biological Chemistry, Washington State
University, Pullman, WA 99164, USA
12Virginia Bioinformatics Institute, Virginia Polytechnic
Institute and State University, Blacksburg, VA 24061, USA
13Plant Biology Division, The Samuel Roberts Noble
Foundation, Ardmore, OK 73401, USA

Plant metabolomics.org is a database and web portal for
mass spectrometry-based plant metabolomics data in an
effort to establish metabolomics as a functional genomics
tool. Targeted and non-targeted metabolomics analyses
from 11 different platforms are combined in parallel on
identical biological samples. These platforms include gas
chromatography—mass spectrometry, gas chromatogra-
phy–time-of-flight mass spectrometry, capillary electropho-
resis–mass spectrometry, ultra-high-pressure liquid
chromatography coupled to a hybrid quadrupole time-of-
flight mass spectrometer, and liquid chromatography–mass
spectrometry. The database design follows the Architecture
for Metabolomics guidelines and captures metabolomics
data and metadata based on the Metabolomics Standards
Initiative and the Minimal Information for a Metabolomic
Experiment recommendations. Identified metabolites in the
database are linked to relevant experimental data and
information from various annotation databases like KEGG
and AraCyc. The portal also provides easy-to-use data
visualization tools such as ratio and error plots along with
detailed protocols and tutorials on conducting plant
metabolomics experiments to promote metabolomics in
the community. The database currently houses Arabidopsis
metabolomics data and is publicly available at http://www.
plantmetabolomics.org.

S-032

Quinone Oxidoreductases Mediate Rhizosphere
Signaling Between Parasitic Plants and their Hosts’ Roots

Pradeepa Bandaranayake. Department of Plant Sciences,
University of California-Davis, Department of Plant Sciences
137, Asmundson Hall Mail Stop 1 One Shields Avenue,
Davis, CA 95616-8780. Email: pgunathilake@ucdavis.edu

BANDARANAYAKE, PRADEEPA, Tomilov, Alexey,
Tomilova, Natalya, Yoder, John
Department of Plant Sciences, University of California-
Davis, Davis CA 96516
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Allelopathic chemicals released by plants into the rhizosphere
can affect the growth and development of neighboring plants.
This is most obvious in parasitic plants in the Orobanchaceae
which develop infective root organs called haustoria in
response to specific quinones and related phenols released
from host plant roots. The current model for haustorium
initiation factor (HIF) recognition hypothesizes a redox signal
transduction mechanism triggered by a free radical semi-
quinone created by a single-electron reduction of signaling
quinones. Such changes are catalyzed by quinone oxidor-
eductases. We are studying two distinct quinone oxidoreduc-
tases in the roots of the parasitic plant Triphysaria versicolor.
TvQR1 is a member of the zeta-crystallin family that
catalyzes single-electron quinone reductions, generating
semiquinone intermediates. TvQR2 belongs to a family of
detoxifying quinone oxidoreductases that catalyze two-
electron reductions, avoiding radical intermediates. Tran-
scriptional analyses showed that both TvQR1 and TvQR2
transcripts are rapidly up-regulated as a primary response to
HIF exposure, but only TvQR1 is up-regulated in response
to host roots. Hairpin RNAi technology was used to reduce
the TvQR1 and TvQR2 transcript levels in Triphysaria roots
which were then assayed for their ability to form haustoria
with different HIFs. There was a significant decrease in
haustoria formation in TvQR1-silenced roots compared to
vector control transgenic or TvQR2-silenced roots. The small
percentage of TvQR1 transgenic roots that did form
haustoria had TVQR1 transcript levels similar to vector-
transformed control roots. These results suggest TvQR1 as
the first gene on the haustorium signal transduction pathway
activating haustoria-inducing factors by univalent reduction.

S-034

Pluronic F-68 Enhances Shoot Regeneration in Recalcitrant
Microspore-derived Brassica Napus Embryos

Denise Barbulescu. Research Scientist with the Brassica
Doubled Haploid Program at the Department of Primary
Industries- Horsham, Victoria, Private Bag 260 Horsham,
Victoria 3401 Australia. Email: denise.barbulescu@dpi.vic.
gov.au

BARBULESCU, DENISE1, Burton, Wayne2, Salisbury,
Philip3
1Brassica Germplasm Improvement Group, Department of
Primary Industries, Biosciences Research Division, Private
Bag 260, Horsham, Victoria 3401, Australia
2Oilseeds Germplasm Improvement Group, Department of
Primary Industries, Biosciences Research Division, Private
Bag 260, Horsham, Victoria 3401, Australia
3Melbourne School of Land and Environment, University
of Melbourne, 3010, Australia

Recalcitrance to tissue culture is observed in some genotypes
of Brassica napus. To increase the responsiveness of these
lines, the effect of the non-ionic surfactant pluronic F-68 was
investigated at five concentrations (0.01, 0.1, 0.25, 0.5, and
1%w/v). Microspores from seven genotypes of B. napus
were cultured on NLN medium with this compound. The
embryos obtained were plated on solid B5 medium
supplemented with zeatin for shoot induction. Pluronic
F-68 had a highly significant effect on the proportion of
shoot regeneration (P<0.05) in some of the recalcitrant
genotypes. However, no strong dose–response effect was
observed. The estimated probability of a shoot occurring in
the absence of pluronic F-68 ranged from 0.04 to 0.31
depending on the genotype, whilst in the presence of
pluronic F-68 it ranged from 0.07 to 0.53, respectively.

S-036

Influence of Steroid Hormones on Canine Endometrial
Cells in a Three-dimensional In Vitro System

Cordula Bartel. Vetmeduni Vienna, Department of Histology,
Embryology and Anatomy, Veterinaerplatz 1, A - 1210
Vienna, AUSTRIA. Email: cordula.bartel@vetmeduni.ac.at

BARTEL, CORDULA, Walter, Ingrid
Vetmeduni Vienna, Department of Pathobiology, Institute
of Histology, Embryology and Anatomy, Veterinaerplatz 1,
Vienna 1210, Austria

Cystic alterations of the canine endometrium compromise
the reproduction and fertility of the bitch and may lead to
life-threatening diseases like CEH and pyometra. The
pathogenesis of these alterations is still unclear, although
stimulation with estrogen followed by prolonged intervals
of progesterone dominance is thought to be involved.
Therefore, the aim of the study was to establish a three-
dimensional in vitro system of the canine endometrium to
study the influence of steroid hormones on cultured
glandular explants to mimic the cyclic events in the native
endometrium. Compared to a monolayer cell culture, a
three-dimensional cell culture system complies with the
physiological environment. Cell morphology and differen-
tiation, as well as cell–cell and cell–matrix interactions are
only comprehensible in a three-dimensional in vitro system.
For this reason, intact uterine glands were isolated from
four canine uteri and placed together with stromal cells on
BD Matrigel™ for up to 3 d to support the differentiation of
cultured cells. On day 1, hormone substitution started
(group 1: 100 pg/ml b-estradiol; group 2, 30 ng/ml
progesterone), together with a control group (standard
medium) and one with hormone-free medium. Glandular
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structures were differentiated and polarized during culture
time as shown by electron microscopy. Proliferation and
steroid hormone receptor expression of cultured glands
were verified by immunohistochemical staining. Prelimi-
nary results showed an increase of estrogen receptor
expression and mitotic activity after b-estradiol substitution
and a decrease of both after progesterone substitution. For
valuable comparison, the native tissue of the relative uterus
and the glandular explants of the control group were
analyzed, too. This in vitro reconstitution of the canine
endometrium is a promising tool for experimental studies to
elucidate physiological and pathological events induced by
steroid hormones on the cellular level.

S-038

Ionomics of the Maize Nested Association Mapping Panel

Ivan Baxter. United States Department of Agriculture
Agricultural Research Service/ Donald Danforth Plant
Science Center, 975 N. Warson Rd St. Louis, MO, 63132
USA. Email: ivan.baxter@ars.usda.gov

Hoekenga, Owen1, Gustin, Jeff2, Flint-Garcia, Sherry3,
Rocheford, Torbert4, Settles, Mark2, McMullen, Mike3,
BAXTER, IVAN5

1United States Department of Agriculture Agricultural
Research Service/Cornell University
2University of Florida
3United States Department of Agriculture Agricultural
Research Service/University of Missouri
4Purdue University
5United States Department of Agriculture Agricultural
Research Service/Donald Danforth Plant Science Center

Heterogeneity in the elemental composition of soils is among
the major causes of plant stress worldwide. In order to adapt to
these conditions, plants frequently alter their elemental content.
We employed mineral nutrient and trace element profiling in
diverse maize germ plasm to examine the connections between
a plant’s genome and its elemental profile or “ionome”. Maize
has been adapted to a wider range of soil environments and
biomes than any other staple crop. The Nested Association
Mapping (NAM) Panel was constructed to identify QTL with
high precision while taking advantage of genetic diversity
present in maize. The NAM Panel has 25 RIL families sharing
B73 as common parent (5,000 RILs). In preparation for the
analysis of the NAM Panel, we profiled the ionomes of the
NAM parents, five of the RIL families, and the related
Intermated B73 × Mo17 RIL family. Samples from up to three
different sites were analyzed. We found over 150 QTLs for 16
elements, including18 QTLs that were sensitive to environ-

mental factors (p<0.01). We found a major molybdenum (Mo)
QTL on chromosome 1, segregating in five of six RIL
families, accounting for 30–70% of the variance observed in
grain MO. These QTL co-localize with an ortholog of Mot1,
the mitochondrial molybdenum transporter from Arabidopsis.
Examining this locus further, we sequenced part of the
ZmMot1 coding region in the Buckler/Goodman Diversity
Panel and 16 teosinte accessions. Allelic diversity among wild
and cultivated accessions suggests that ZmMot1 was under
selection during domestication or modern plant breeding. Our
studies of the NAM will rapidly lead to the discovery of genes
important for control of the ionome, assist the development of
varieties adapted to stressful soil environments, and promote
global food security.

S-040

Developing Country Biotech Crop Improvement:
Limitations from Event-based Deregulation

Larry Beach. United States Agency for International
Development, 1300 Penssylvania Avenue NW Washington,
DC 20523-3800. Email: lbeach@usaid.gov

BEACH, LARRY, McMurdy, John
United States Agency for International Development

Bioengineered crops are being developed to address
constraints especially targeted to resource-limited farmers
in developing countries. Many important developing
country crops do not have simple genetics that allow
transformation into a single variety with subsequent
introgression of the bioengineered trait into other lines via
crossing. Examples of such crops include cassava, banana,
yam, sweet potato, and potato for which transforming
several different genotypes is difficult. Since many of these
crops are being developed in the public sector or as public/
private partnerships with limited funding, it is likely that
there will be limitations to the number of varieties,
cultivars, land races, and thus bioengineered varieties
developed and available for farmers. Even though biosafety
deregulation can be done more cost-effectively in develop-
ing countries than in developed countries, event-based
deregulation will be time-consuming and expensive. One
alternative to consider is construct-based deregulation.
Given that there is now a history of safe development of
bioengineered crops and there are improved tools to
establish that insertions of DNA sequences do not interrupt
genes or result in unintended gene expression, it is
reasonable to focus on compositional analysis to satisfy
safety concerns. Since introgression of bioengineered traits
for many developing country crops is not a route to rapidly
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transfer the trait into different genotypes or land races, it is
appropriate that regulators in these countries take a new
approach focusing on safety of the final product and
incorporating construct-based deregulation. Our presenta-
tion will focus on the issues in this debate.

S-042

Genomics and Biotechnology Approaches to Improve Oil
Content and Yield of Brassica Papus

Faouzi Bekkaoui. National Research Council, Plant
Biotechnology Institute, 110 Gymnasium Place, Saskatoon,
SK, S7N 0 W9, Canada. Email: Faouzi.Bekkaoui@nrc-
cnrc.gc.ca.

BEKKAOUI, FAOUZI
NRC Plant Biotechnology Institute (NRC-PBI), National
Research Council of Canada, Government of Canada

Canola (Brassica napus) oil is prized as healthy oil by
consumers because it is high in monounsaturated fats and
low in saturated fats. Canola’s unique characteristics also
make it an ideal feedstock for biodiesel production, thus
contributing a positive environmental impact. In Canada,
canola is grown in more than 15 Macres which leads to a
production of approximately 12 Mtonnes, generating a
$13-billion economy. Because of its oil quality and multiple
applications, there is a growing demand of canola seeds. We
are using genomic and biotechnology approaches to enhance
the productivity of canola by increasing oil content, seed
yield, and seedling vigor, all of which would address the
increasing demand for the oil. Our research program is
structured as three integrated projects: Gene Discovery,
Functional Characterization, and Pre-commercialization.
Within the “Gene Discovery” project, we are using DNA
microarray and next-generation sequencing technologies
tools to study gene expression (including studies on small,
regulatory RNAs) at key stages of seed development and
combining gene data with protein and metabolite analyses.
Progress was made in these activities which will allow us to
integrate and associate genes with the specific traits of
interest. In the “Functional Characterization” project, 35
genes that may play an important role in crop improvement
are studied in more detail to define their corresponding
phenotypes and mode of action more completely using
Arabidopsis thaliana as a rapid-cycling model system. Elite
candidate genes are moved into Brassica napus and the most
successful are incorporated into the pre-commercialization
project. This third project involves field evaluation of the
most promising candidate genes that have been produced.
Twelve prototypes were tested in the field with three

prototypes showing improvement compared to a control in
seed size, oil content, and yield.

S-044

Golden Rice on a Mission

Peter Beyer. Center for Applied Biosciences, University
of Freiburg, Germany, Center for Applied Biosciences,
University of Freiburg, Germany. Email: peter.beyer@biolo
gie.uni-freiburg.de

BEYER, PETER
Center for Applied Biosciences, University of Freiburg,
Germany

Golden Rice (GR) is the name given to genetically modified
rice (Oryza sativa) that produces β-carotene (pro-vitamin A) in
the grain’s endosperm. Accumulation of β-carotene confers a
yellow color to the grain, which becomes visible after
polishing, a procedure that is routinely employed to remove
the lipid-rich, oxidation-sensitive outer grain layers. Research
towards the generation of GR was initiated to help millions of
malnourished people in developing countries cope with
vitamin A deficiency, which causes high morbidity and
mortality especially among children under 5 yr of age. GR is
expected to reach the urban poor and rural target populations
through agriculture and local trade. Since the proof of concept
in the year 1999, pro-vitamin A content has been considerably
increased through intense research and development. Getting
GR effectively into the hands of farmers stands nowadays in
the foreground of our activities, which represents a novel area
of work for public sector research. This effort is handled
through a network of partners, mainly based in the Philippines,
India, and Vietnam, and encompasses marker-assisted back-
crossing into adapted Indica rice varieties and the generation of
the necessary data to fulfill regulatory requirements. Additional
research is underway to further improve the nutritional value of
GR by increasing vitamin E, iron, and zinc accumulation and
high-quality protein or essential amino acids in the grain.

S-046

Engineered Minichromosomes Via Telomere Truncation

James Birchler. University of Missouri, Tucker Hall,
University of Missouri, Columbia, MO 65211. Email:
birchlerj@missouri.edu

BIRCHLER, JAMES
University of Missouri, USA
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Engineered minichromosomes provide the potential to
target transgenes to a defined insertion position for
predictable expression on an independent chromosome.
This technology promises to provide a means to add many
genes to a synthetic chromosome in a sequential manner.
An additional advantage is that the multiple transgenes will
not be inserted into the normal chromosomes and thus will
not exhibit “linkage drag” when converging the transgenes
to a different germplasm nor will they be mutagenic.
Telomere truncation coupled with the introduction of site-
specific recombination cassettes has proven to be an easy
and rapid method to produce minichromosomes with the
ability to accept new genes. Telomere truncation results
from the transformation of plasmids carrying a block of
telomere repeats at one end. Minichromosomes consisting
of a little more than a centromere have been produced for
both A and B chromosomes of maize. Minichromosomes
can be recovered from transformed plants that are polyploid
or that carry an additional chromosome as the preferred
target for recovery. By introducing normal B chromosomes
into lines with engineered mini-B chromosomes, the latter
can be increased in copy number, which provides the
potential to augment the expression of the introduced
genes. Because most plant species have the same telomere
sequence, the truncating transgenes should be effective in
most plants to generate engineered minichromosomes. Such
chromosomes establish the means to add multiple trans-
genes, multigene complexes, or whole biochemical path-
ways to plants to change their properties or to use plants
as factories for the production of foreign proteins or
metabolites.

S-048

What Limits the Efficiency of Photosynthetic Energy Storage
and how Might the Efficiency of Plants be Improved?

Robert Blankenship. Washington University in St. Louis,
Departments of Biology and Chemistry, Campus Box 1137,
Washington University in St. Louis, St. Louis, MO 63130
USA. Email: blankenship@wustl.edu

BLANKENSHIP, ROBERT
Washington University in St. Louis, MO, USA

There are wide variations in the reported values of the
efficiency of natural photosynthesis as a solar energy
conversion process, ranging from 100% to 0.1% efficiency.
Part of this variation results from different definitions of
efficiency, ranging from photochemical quantum efficiency
under optimal conditions to net annual primary productivity
averaged over the entire Earth. We have examined where

losses occur in natural photosynthetic systems and consider
possible strategies for minimizing these losses. This
includes using synthetic biology methods to redesign
natural photosynthesis to significantly improve energy
conversion efficiency.

S-050

Prospects for the New Bioeconomy

Hans Blaschek. University of Illinois—Center for Advanced
Bioenergy Reserch, 1207 W. Gregory Drive, Urbana, IL
61801. Email: blaschek@uiuc.edu

BLASCHEK, HANS
University of Illinois, 1207 W. Gregory Dr. Urbana, IL, USA

Opportunities exist for the next-generation transformation of
the current midwest platform for producing ethanol from corn.
Near-term opportunities for this transformation will be
discussed, including fractionation and “bolt-on” opportunities
(e.g., bio-butanol). Ultimately, the goal would be a “smart”
biorefinery that would be able to utilize a number of different
substrates as feedstocks as well as be able to produce different
biofuels and green chemicals. Having a portfolio of products
produced in the smart biorefinery would ultimately decrease
economic risk and be consistent with the vertical integration
approach of the modern petro-chemical refinery. More
complete utilization of co-products (e.g., DDGS) to produce
value-added products is also consistent with this overall
approach. Utilization of both five and six carbon sugars and
development of microbes able to carry out these fermentations
are part of the smart biorefinery strategy. Ultimately, the
integration of the biorefinery unit operations would be
consistent with sustainable bio-product production.

S-052

Lessons from Nature for the Preservation
of Mammalian Cells, Tissues, and Organs

Kelvin Brockbank. Cell and Tissue Systems, 2231 Techni-
cal Parkway, Suite A, North Charleston, SC 29406, USA.
Email: kbrockbank@celltissuesystems.com

BROCKBANK, KELVIN, Campbell, Lia
Cell and Tissue Systems, North Charleston, SC, USA

The study of mechanisms by which animals tolerate
environmental extremes may provide strategies for the
preservation of living mammalian materials. Animals
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employ a variety of compounds to enhance their survival,
including production of disaccharides, glycerol, and anti-
freeze compounds. The cryoprotectant glycerol was dis-
covered before its role in amphibian survival. In the last
decade, trehalose has made an impact on freezing and
drying methods for mammalian cells. An investigation of
disaccharides was stimulated by the variety of organisms
that tolerate dehydration stress by accumulation of dis-
accharides. Several methods have been developed for the
loading of trehalose into mammalian cells including
inducing membrane lipid-phase transitions, genetically
engineered pores, endocytosis, and prolonged cell culture
with trehalose. In contrast, the many antifreeze proteins
(AFPs) identified in a variety of organisms have had little
impact. The first AFPs to be discovered were found in cold-
water fish; their AFPs have not found a medical applica-
tion. Insect AFPs function by similar mechanisms, but they
are more active and recombinant AFPs may offer the best
opportunity for success in medical applications. For
example, in contrast to fish AFPs, transgenic organisms
expressing insect AFPs exhibit reduced ice nucleation.
However, we must remember that nature’s survival strate-
gies may include production of AFPs, glycerol, or
disaccharides, depletion of ice nucleators, and partial
desiccation in synchrony with the onset of winter. We
anticipate that it is only by combining several natural low
temperature survival strategies that the full potential
benefits for mammalian cell survival and medical applica-
tions can be achieved.

S-054

Biotechnology Research for Saving Endangered Flora
in a Region of High Biodiversity (South-west Western
Australia)

Eric Bunn. Kings Park and Botanic Garden, University of
Western Australia, Biodiversity Conservation Centre, Kings
Park and Botanic Garden, Fraser Avenue West Perth, Western
Australia 6005. Email: scienceadmin@bgpa.wa.gov.au

BUNN, ERIC1, Turner, Shane2, Dixon, Kingsley1
1Kings Park and Botanic Garden, West Perth, Western
Australia
2Faculty of Natural and Agricultural Sciences, School of
Plant Biology, University of Western Australia, Nedlands,
Western Australia Kings Park and Botanic Garden, West
Perth, Western Australia

The South West Australian Floristic Region (SWAFR) is a
recognized world plant biodiversity hotspot with high
species richness (>7,000 indigenous taxa) and high ende-

mism (~50%) coupled with high variation in species
distribution over relatively short distances on an extremely
old, weathered, and nutrient-poor landscape. Rapid (over
the past 80 yr) anthropogenic alteration of the landscape via
extensive clearing for agriculture, introduction of feral
animals, and weeds have impacted severely on fragile
landscapes and ecosystems, resulting in loss of natural
ecosystem services. Unsurprisingly, most of the declared
rare and endangered flora are from SWAFR: currently ~400
endangered plant taxa listed for Western Australia, of which
117 have critically endangered (CR) status out of a total of
2,600 species requiring some form of conservation action.
If models predicting significant global climatic changes
(with associated negative impacts on biosphere functions and
services) should turn out as predicted, the SWAFR will incur
additional stresses over and above those already apparent;
consequently, this region of unique plant diversity is a major
conservation concern. Biotechnology is increasingly featured
in the fight to save endangered species in the face of the
aforementioned threatening processes. The remaining habitats
are fragmented and scarce; hence, ex situ conservation is often
the sole viable strategy to save many species from extinction.
The role of in vitro culture and cryogenic storage in ex situ
conservation and restoration of critically endangered species
in a region of mega-diversity is illustrated with relevant case
studies followed by a discussion of current and projected
future research initiatives.

S-056

Comparison of Electroporation and Chariot™
for the Delivery of β-galactosidase into Mammalian Cells

Lia Campbell. Cell and Tissue Systems, Inc., 2231
Technical Pkwy, Suite A, North Charleston, SC 29406,
USA. Email: lcampbell@celltissuesystems.com

CAMPBELL, LIA, Brockbank, Kelvin
Cell and Tissue Systems, Inc. North Charleston, South
Carolina, USA

There are many compounds that can and have been used as
cryoprotectants including disaccharide sugars such as
trehalose. Many organisms in nature use trehalose to help
protect themselves at colder temperatures. Trehalose and
sucrose have also been used to a limited extent for the
preservation of mammalian cells and tissues, but mainly as
a supplement to other cryoprotectants like DMSO. Recent-
ly, their use as the primary cryoprotectant has gained much
interest because of their low potential cytotoxicity. Treha-
lose does not readily pass through mammalian cell
membranes and research has shown that it is most effective
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when present on both sides of the cell membrane prior to
preservation. Different strategies for introducing disaccha-
ride sugars into cells have been investigated but with
limited success. In this study, two separate strategies are
investigated for the introduction of disaccharide sugars into
cells. Electroporation uses an electric pulse to create
temporary holes in the membrane so that molecules can
pass through. The molecule termed Chariot™ is a transport
peptide that covalently binds to the molecule of interest and
then moves it across the membrane. Both strategies have
the potential to load disaccharide sugars into cells at
concentrations that would provide ample protection during
preservation. In preparation for cryopreservation studies,
smooth muscles cells that are difficult to cryopreserve using
conventional preservation protocols were used to evaluate
and compare the translocation potential of these two
strategies using β-galactosidase. Assessment of each
loading strategy was done by measuring viability and the
presence of β-galactosidase inside the cells. The results
indicate that both methods appear feasible as potential
trehalose delivery systems and that treatment cytotoxicity
can be minimized. The next step is definition of the best
loading strategy for introduced trehalose into cells followed
by preservation by freezing.

S-058

What have we Learned from the Positional Cloning
of Genes Conferring Partial Resistance to Wheat Rusts?

Dario Cantu. Department of Plant Sciences, University of
California Davis, Department of Plant Sciences, University
of California Davis, Mail Stop 1, One Shields Avenue,
Davis CA 95616-8780. Email: dacantu@ucdavis.edu

CANTU,DARIO1, Wu, Kati1, Fu, Daolin1, Uauy, Cristobal1,
Distelfeld, Assaf1, Epstein, Lynn2, Ronald, Pam2, Fahima,
Tzion3, Dubcovsky, Jorge1
1Department of Plant Sciences, University of California Davis
2Department of Plant Pathology, University of California Davis
3Department of Evolutionary and Environmental Biology,
University of Haifa, Israel

Virulent races of the fungus Puccinia striiformis f. sp. tritici
(causal agent of stripe rust) that appeared around the year
2000 are producing increasing losses in wheat yield around
the world. Most of the seedling resistance genes (gene by
gene interactions) have been overcome by the pathogen.
Therefore, a better understanding of the mechanisms of
partial resistance against this pathogen is important to fight
this disease. Partial resistance genes have been more
durable but little is known about them. We have recently

cloned the partial resistance gene Yr36 from tetraploid wild
wheat and showed that this gene, designated WKS1, has a
novel architecture including a non-RD kinase and a lipid-
binding START domain. Two similar copies of this gene
are tightly linked at the Yr36 locus (WKS1 and WKS2) but
only TILLING mutants for the WKS1 copy are susceptible
to stripe rust. The TILLING mutants also demonstrated that
both the kinase and the START domains are required to
confer resistance. Two main alternative splicing forms of
WKS1 were detected, but only the form coding for the
complete protein showed the expected up-regulation by
temperature (WKS1 is not effective at low temperature) and
pathogen infection. We have found that WKS1 is located in
the chloroplast and that interacts with other kinases also
present in this organelle. The only other cloned non-race-
specific resistance gene Yr18/Lr34 is an ABC transporter,
suggesting that partial resistance may involve a heteroge-
neous group of genes and mechanisms different from the
detection of pathogen effectors by NBS-LRR genes

S-060

Assessment of Genetic Diversity Among Saccharum
Species and Commercial Cultivars of Northern India

Subhash Chander. Centre for Plant Biotechnology,
CCSHAU Campus, Hisar, India Pin 125004, Subhash
Chander, Senior Scientific Officer-II, Centre for Plant
Biotechnology, CCSHAU Campus, Hisar, India, Pin
125004. Email: ksubhash73@hotmail.com

CHANDER, SUBHASH, Dhawan, Ashok
Centre for Plant Biotechnology, CCSHAU Campus, Hisar,
India Pin 125004

The polymorphism amongst five Saccharum species, i.e., S.
robustum, S. barberi, S. officinarum, S. sinense, and S.
spontaneum, and five commercial cultivars, i.e., CoH-101,
CoH-119, CoS-767, CoS-8436, and CoPant-94215, was
studied individually and between the genotypes. Polymer-
ase chain reaction-based DNA amplification by commer-
cially available decamer random sequence primers having
60% or more (G+C) content were used to generate RAPDs.
Nine primers of arbitrary nucleotides sequence were used to
amplify DNA segments from the genomic DNA of ten
sugarcane genotypes. Among the 68 fragments, 45 were
polymorphic (66.17%) and the remaining 23 were mono-
morphic. The highest (1-F) value among the Saccharum
species was 51.3% between S. officinarum and S. robustum
and the minimum was 10.7% between S. officinarum and S.
sinense. The mean values indicated that S. robustum was
the most polymorphic genotype among Saccharum species
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with a mean (1-F) value of 38.8% and S. sinense showed the
least polymorphism (22%). The sugarcane cultivars exhibited
polymorphism, though with lower (1-F) values which ranged
between 9.2% between CoH 119 and CoS-767 and 25.7%
between CoH-101 and CoS-8436. Among the five cultivars,
group CoH-119 and CoS-767 exhibited the same degree of
polymorphism as shown by an identical mean (1-F) value of
25.7%. Dissimilarity or polymorphism (1-F) was found to be
minimum in CoPant 94215 with the value of 23.3% among
the five cultivars. A comparison of Saccharum species and
cultivars showed a relatively higher degree of polymorphism.
Highest (1-F) value of 53.6% was observed between S.
robustum and CoH-119 and least value of 9.1% between S.
sinensis and CoH-119. Thus, the polymorphism range
appears wide among Saccharum species but is lesser among
commercial cultivars of northern India.

S-062

Autophagy is Enhanced and Floral Development
is Impaired in the ATHVA22D RNAI Arabidopsis

Ching-Nen Chen. National Sun Yat-sen University, Institute
of Marine Biology, National Sun Yat-sen University, 70
Lien-Hai Rd., Kaohsiung, 804, TAIWAN. Email:
nathanc@mail.nsysu.edu.tw

CHEN, CHING-NEN1, Chen, Hau-Ren2, Yeh, Su-Ying3,
Vittore, Gina4, Ho, Tuan-hua4
1National Sun Yat-sen University
2National Chung Cheng University
3University of Missouri-Rolla
4Washington University

Autophagy is an intracellular process in which a portion of
cytoplasm is transported into vacuoles for recycling. The
physiological roles of autophagy in plants include recycling
nutrients during senescence, sustaining life during starva-
tion, and the formation of central digestive vacuoles. The
regulation of autophagy and the formation of autophago-
somes, spherical double-membrane structures containing
cytoplasm moving toward vacuoles, are poorly understood.
HVA22 is a gene originally cloned from barley (Hordeum
vulgare), which is highly induced by abscisic acid and
environmental stress. Homologs of HVA22 include Yop1 in
yeast, TB2/DP1 in human, and AtHVA22a to -e in
Arabidopsis (Arabidopsis thaliana). Reverse genetics fol-
lowed by a cell biology approach were employed to study
the function of HVA22 homologs. The AtHVA22d RNA

interference (RNAi) Arabidopsis plants produced small
siliques with reduced seed yield. This phenotype cosegregated
with the RNAi transgene. Causes of the reduced seed yield
include short filaments, defective carpels, and dysfunctional
pollen grains. Enhanced autophagy was observed in the
filament cells. The number of autophagosomes in root tips
of RNAi plants was also increased dramatically. The yop1
deletion mutant of Saccharomyces cerevisiae was used to
verify our hypothesis that HVA22 homologs are suppressors
of autophagy. Autophagy activity of this mutant during
nitrogen starvation increased in 5 min and reached a plateau
after 2 h, with about 80% of cells showing autophagy, while
the wild-type cells exhibited low levels of autophagy
following 8 h of nitrogen starvation. We conclude that
HVA22 homologs function as suppressors of autophagy in
both plants and yeast. Potential mechanisms of this suppres-
sion and the roles of abscisic acid-induced HVA22 expression
in vegetative and reproductive tissues are discussed.

S-064

Spectral Extension of Photosynthesis Using Chlorophyll D

Min Chen. University of Sydney, Australia, School of
Biological Sciences (A08) University of Sydney, Sydney,
NSW 2006 Australia. Email: min.chen@sydney.edu.au

CHEN, MIN
University of Sydney, Sydney, NSW 2006, Australia

Chlorophyll a is typically the major photosynthetic pigment
in all oxygenic photosynthetic organisms (plants, algae, and
Cyanobacteria) with Chl b and c playing only an accessory
light-harvesting function. The newly discovered cyanobac-
terium Acaryochloris marina contains Chl d as its major
pigment. Chl d in Acaryochloris is involved in both the
accessory light-harvesting processes and as the primary
donor pair in Photosystem I and Photosystem II. This is the
first known example where a chlorophyll other than Chl a is
involved in the primary chemical reaction in a reaction
center as is the case in all other oxygenic photosynthetic
organisms. Chlorophyll d has unique optical properties that
fill in the absorption gap between Chls and bacterio
chlorophylls which have shattered the old scheme that Chl
a is the only major Chl of photosynthesis in oxygenic
organisms and have broadened the potential to extend the
range of photosynthesis into a new spectral region. The
only difference in structure between Chl a and Chl d is
located at the C-31 position, where the vinyl group in Chl a

S14 SPEAKER ABSTRACTS



is replaced by a formyl group in Chl d. This change
provides a selective advantage as it enables Acaryochloris
to use infra-red light (690–750 nm) that is not absorbed by
the normal photosynthetic species. Our recent work on how
Chl d can replace Chl a in the photosystems of cyanobac-
teria has greatly increased our knowledge of how the
primary processes of light energy conversion are modulated
at the biochemical and genetic levels. The discovery of the
biochemical steps leading to the formation of the unique
pigment chlorophyll d will lead us to the possibility for
genetic engineering of these important chlorophylls. A
potential new biotechnology application has been devel-
oped. We are seeking the application in improving the crop
spectral properties by extending their light absorption
properties into a new spectral region.

S-068

In Vitro Regeneration of Camelina sativa,
the Most Promising Second-generation Biofuel

Michael Chennavasin. Penn State University Harrisburg,
408 North Mount Joy Street, Elizabethtown, Pennsylvania
17022. Email: svr11@psu.edu

CHENNAVASIN, MICHAEL1, Fisher, Jodie1, Iqbal,
Aniam1, Patel, Pooja2, Josekutty, Dr. Puthiyaparambil3,
Rudrabhatla, Dr. 3, Potlakayala, Dr.4
1Undergraduate Students, School of Science, Engineering,
and Technology, Pennsylvania State University-Harrisburg,
777 West Harrisburg Pike, Middletown, PA 17057
2School of Science, Engineering, and Technology,
Pennsylvania State University-Harrisburg, 777 West
Harrisburg Pike, Middletown, PA 17057
3Department of Science Engineering and Technology,
Pennsylvania State University-Harrisburg, 777 West
Harrisburg Pike, Middletown, PA 17057
4Department of Continuing Education, Penn State Harrisburg,
777 West Harrisburg Pike, Middletown, PA 17057

Second-generation bio-fuels can extend the amount of bio-fuel
that can be produced sustainably by using non-food crops.
Camelina sativa, also known as “Gold of Pleasure,” is an
oilseed crop (29–41%), naturally cold- and drought-tolerant
and can grow on marginal lands. Camelina was grown
extensively in Europe in the nineteenth century and produc-
tion declined with increased production of wheat and canola.
Over the last few years, Camelina has gained attention and we
think it can serve as an important second-generation bio-fuel

crop. The potential market for Camelina also includes
livestock and pet feed, fiber, cosmetics, and linoleum.
Camelina oil contains 90% of fatty acids that are unsaturated.
With the presence of 35–40% linoleic acid (Omega-3), which
is higher than canola (8%) and soybean (1%), it can be a very
promising crop for developing food-grade oil production.
Camelina is an under-exploited crop until now and very little
research has been done so far. Having a great potential as a
commercial crop, our lab is focusing on increasing the oil
content of Camelina, changing its composition, and also
incorporating other traits that can alleviate the value of the
crop. The successful genetic transformation of a plant depends
upon efficient and dependable regeneration systems. Thus, the
objectives of this experiment were to establish in vitro
regeneration protocols amenable to gene delivery techniques
for selected Camelina varieties. Towards our goal, we have
standardized various tissue culture and genetic transformation
protocols for major commercial varieties of Camelina sativa.

S-070

Learning from Extremes: Mechanisms of Zn
Accumulation in Plants

Stephan Clemens. University of Bayreuth, Germany,
University of Bayreuth, Department of Plant Physiology,
Universitaetsstrasse 30, 95440 Bayreuth, Germany.
Email: stephan.clemens@uni-bayreuth.de

CLEMENS, STEPHAN
Department of Plant Physiology, University of Bayreuth,
Germany

Zinc deficiency in humans is widespread and is estimated to
affect more than 25% of the world’s population. Biofortifica-
tion of crops, i.e., enrichment with bioavailable micronutrients
such as Zn, has therefore recently become an important
breeding goal. Substantial genetic diversity in Zn accumula-
tion exists. Mechanistically, however, Zn uptake, distribution,
and storage processes in plant tissues are poorly understood.
The number of Zn target sites is huge. About 9% of all
eukaryotic proteins appear to require Zn. Thus, the network
controlling Zn trafficking is hypothesized to be quite complex,
but few components have been molecularly identified. A
promising approach to dissect Zn homeostasis focuses on the
ability of certain plant species to hyperaccumulate Zn up to
levels more than 100-fold higher than in non-hyperaccumulating
plants. One such plant is Arabidopsis halleri, a close relative of
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Arabidopsis thaliana, and growing, for instance, in old mining
areas in Central Europe. Comparative transcriptome studies
revealed that key homeostatic processes such as Zn transport
and Zn chelation are regulated differently in metal hyper-
accumulators. Genetic analysis identified quantitative trait loci
underlying metal hypertolerance in A. halleri. More recently,
the importance of dramatically higher xylem loading capacity
and metal chelator synthesis could be demonstrated through
RNAi approaches. Current studies are aiming at identifying the
key events in the evolution of Zn hyperaccumulation that
resulted in the altered regulation of Zn homeostasis.

S-072

Characterisation of the Circadian Clock in Barley
and its Effect on Fitness and Yield

Sean Cotter. University of Liverpool, 19 Meddowcroft Road,
Wallasey, Cheshire, CH45 6UR. Email: s.r.cotter@liv.ac.uk

COTTER, SEAN, Hall, Anthony, Hartwell, James, Salem,
Radia
University of Liverpool, UK

The circadian clock is an endogenous molecular oscillator
that allows terrestrial organisms to predict and adapt to
fluctuations in the environment that occur on a daily basis.
The circadian clock has been shown to confer a competitive
and selective advantage in model clock species throughout
nature and is essential for survival for nearly all organisms
living upon earth. The circadian clock has been illustrated
to confer a competitive and selective advantage in the
model plant species Arabidopsis thaliana, with plants with
a functional clock having up to 50% yield advantage over
plants with a dysfunctional clock (Dodd et al. 2005). One
important question is: does a robust and accurate clock also
confer an advantage in crop species, ultimately affecting
yield? In A. thaliana, CIRCADIAN CLOCK ASSOCIATED
1 (CCA1) is a key component of the central oscillator.
Over-expression of this gene effectively ‘stops’ the Arabi-
dopsis clock and transgenic plants (cca1-ox) display
arrhythmic circadian rhythms. We have identified a homo-
log of CCA1 in barley (HvCCA1) and we have generated
transgenic lines over-expressing HvCCA1 in barley. We
hope to illustrate that these transgenic barley lines have an
arrhythmic clock. These plants will then be scored for key
agronomic traits such as nitrogen use, water use efficiency,
disease resistance, flowering time, and yield to address our
hypothesis that a robust and accurate clock is a key

agronomic trait. Our latest results from these experiments
will be presented.

S-076

Human Colon Mucosa in Organ Culture: Ca2+

Supplementation and Multi-mineral Extract
Induce Differentiation and Reduce Proliferation
of the Epithelial Component

Michael Dame. University of Michigan Medical School,
Department of Pathology, University of Michigan Medical
School, Room 4224 MS1, 1301 Catherine St., Spc 5602, Ann
Arbor, MI 48109-5602, USA. Email: mdame@med.umich.edu

DAME, MICHAEL, Bhagavathula, Narasimharao, Warner,
Roscoe, Varani, James
University of Michigan Medical School, Department of
Pathology, Med. Sci. 1, 1301 Catherine St., Ann Arbor, MI
48109-5602, USA

We have recently shown that a multi-mineral extract from
the red algae, Lithothamnion calcerum, suppresses colon
polyp formation and inflammation in mice. In the present
study, we used intact human colon tissue in organ culture to
compare responses initiated by Ca2+ supplementation vs.
the multi-mineral extract. Normal human colon tissue was
treated for 2 d in culture with various concentrations of
calcium and mineral-rich extract. The tissue was then
prepared for immunohistochemistry and the culture super-
natants were assayed for inflammatory markers and matrix
metalloproteinase-1 (MMP-1). At higher Ca2+ concentra-
tions or with mineral-rich extract, proliferation of epithelial
cells at the base and walls of mucosa crypts was reduced as
visualized with reduced Ki67 staining, while E-cadherin
was more strongly expressed in the upper third of the crypt
and in the luminal epithelium. Calcium-sensing receptor
and pan cytokeratin AE1/AE3 increased in the same
regions, although not as remarkably. Interestingly, the
mineral-rich extract also maintained to a high degree the
stromal element of the tissue. The cytokines GRO-a, MCP-1,
and IL-6 decreased. MMP-1 was slightly reduced. These data
suggest that the mineral-rich supplement has the capacity to
(1) promote differentiation in human colon tissue in organ
culture and (2) reduce pro-inflammatory changes in the colon
epithelium. Finally, we demonstrate that human colon tissue
in organ culture (supporting in vivo finding in mice) is a
valuable model for the preclinical assessment of agents that
regulate growth and differentiation in the colonic mucosa.

S16 SPEAKER ABSTRACTS



S-078

Biotic and Abiotic Stress Analysis in Tea

Sudripta Das. Tea Research Association, Department of
Biotechnology, Plant Improvement Division, Tea Research
Association, Tocklai Experimental Station, Jorhat-785008,
Assam, India. Email: sudriptadas@gmail.com

Bandyopadhyay, Tirthankar1, Gupta, Sushmita1, Bhorali,
Priyadarshini1, Bharalee, Raju1, Gohain, Bornali1, Das,
Sourabh1, Singh, H1, Agarwal, Niraj1, Bhattacharyya,
Neelakshi1, Borah, Chiranjana1, Ahmed, Parveen1, Bhagwati,
Prasenjit1, Ali, Shahnaz1, Shah, Shaheen1, Chakraborty, Setu1,
Bandyopadhyay, Tanoy1, Borchetia, Sangeeta1, Hazarika,
Mridul2, DAS, SUDRIPTA1

1Department of Biotechnology, Plant Improvement Divi-
sion, Tea Research Association, Tocklai Experimental
Station, Jorhat-785008, Assam, India
2Director, Tea Research Association, Jorhat-785008,
Assam, India

To understand the gene networks that underlie tea stress and
defense responses, it is necessary to identify and characterize the
genes that respond both initially and as the physiological
response to the stress or pathogen develops. We used PCR-
based suppression subtractive hybridization to identifyCamellia
sinensis genes that are differentially expressed in response to
drought, fungal pathogen, and infestation by green flies and
thrips. We identified a total of 19,231 differentially expressed
genes from 16 stress cDNA libraries. RT-PCR analysis
revealed that 45% of the stress-inducible genes are rarely
transcribed in unstressed plants and 10% of them were not
previously represented in Camellia-expressed sequence tag
databases. More than two thirds of the genes in the stress
cDNA collection have not been identified in previous studies
as stress/defense response genes. Several stress-responsive cis-
elements showed a statistically significant over-representation
in the promoters of the genes in the stress cDNA collection.
These include W-, F-, and G-boxes, the JA-inducible element,
the abscisic acid response element, and cysteine rich motif. The
stress cDNA collection comprises a broad repertoire of stress-
responsive genes encoding proteins that are involved in both
the initial and subsequent stages of the physiological response
to abiotic stress and pathogens. This set of stress-, pathogen-,
and positively modulated tea quality-related genes is an
important resource for understanding the genetic interactions
underlying stress signalling and responses and may contribute
to the characterization of the stress transcriptome through the
construction of standardized specialized arrays.

S-079

Dawn of a New Era: Plants as Factories Solving Global
Challenges

Scott E. Deeter, CEO, Ventria Bioscience

Plant biotechnology has led to substantial improvements in
food productivity while simultaneously reducing the environ-
mental impact of food production. A new era in plant
biotechnology is emerging from the laboratories with products
being commercialized to address some of the more difficult
global challenges. Case studies of three new products derived
from plant biotechnology and targeting global challenges will
be presented. These products highlight the promise of a new era
in plant biotechnology and will identify the technical, regula-
tory, and public perception hurdles that must be overcome for
commercial success.

S-080

Class A Scavenger Receptors as Innate Antiviral Sensors

Stephanie DeWitte-Orr. Department of Pathology and
Molecular Medicine, MG DeGroote Institute for Infectious
Disease Research, McMaster University, 136 Dellgrove
Circle, Cambridge, Ontario, Canada, N1T2J8. Email:
dewitte@mcmaster.ca

DEWITTE-ORR, STEPHANIE, Mossman, Karen
Department of Pathology and Molecular Medicine, MG
DeGroote Institute for Infectious Disease Research,
McMaster University, 1280 Main Street West, Hamilton,
Ontario Canada L8S 4 L8

Class A scavenger receptors (SR-As) are phagocytic pattern
recognition receptors whose expression is highly conserved
among vertebrates. In addition to their role in regulating low-
density lipoprotein uptake, SR-As have innate immune func-
tions, recognizing pathogens and apoptotic cells. SR-As also
recognize dsRNA, a pathogen-associated molecular pattern
produced by almost all viruses sometime during their replicative
cycle. The dsRNA molecule is not normally found in a healthy
host cell and thus functions as a flag for detecting a viral
infection by the host. Cells can die by lysis during virus
infections, and the intracellular dsRNA is then released into the
extracellular space. We have found that class A scavenger
receptors (SR-As) function as cell surface receptors for dsRNA.
SR-As bind extracellular, viral dsRNA andmediate its entry into
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the cell, where it delivers the dsRNA to known intracellular
dsRNA sensors, activating intracellular antiviral responses. The
intracellular signaling responses are dependent on the length of
the dsRNA molecule, but entry is not. These findings shed new
light on how the host detects and responds to virus infection as
well as demonstrating a mechanism for how extracellular
dsRNA can function as a signaling molecule.

S-082

Genetically Engineered Grapevines Expressing
a Cisgenic Vitis Vinifera Thaumatin-like Protein Exhibit
Fungal Resistance and Improved Post-harvest Storage

Sadanand Dhekney. University of Florida, 2725 Binion
Road, Apopka FL 32703. Email: sadanand@ufl.edu

DHEKNEY, SADANAND, Li, Zhijian, Gray, Dennis
University of Florida/IFAS, Mid-Florida Research and
Education Center, 2725 Binion Road, Apopka, FL 32703

Grapevine produces a number of pathogenesis-related (PR)
proteins in response to pathogen attack. PR proteins produced
by cis genes are good candidates for incorporating fungal
disease resistance. Genetically engineered ‘Thompson Seed-
less’ grapevines constitutively expressing a Vitis vinifera
thaumatin-like protein (vvtl-1) were screened in greenhouse
tests for powdery mildew resistance. Promising vines were
planted alongside non-engineered controls in USDA/APHIS-
approved field sites and screened against a wide array of
naturally occurring fungal diseases. Normal flowering and
fruiting was observed in vines after 2 yr of growth. Among
the plant lines tested, two exhibited significantly lower
symptoms of black rot (Guignardia bidwellii) compared to
control vines after 8 wk following bud burst. A similar
response was observed to infection by anthracnose (Elsinoe
ampelina). Berries from transgenic and control grapevines
were harvested at maturity and placed at room temperature to
study the incidence of post-harvest fruit rot. The incidence of
sour bunch rot was significantly lower in transgenic berries
(34%) compared to berries from control vines (82%). Grape-
vines expressing additional PR proteins are currently being
screened in field tests for their response to fungal diseases.

S-084

Chemokine CK2 is Produced by and Attracts
the Macrophage-like Cell Line RTS11

Brian Dixon. Department of Biology, University of Water-
loo, 200 University Ave West, Waterloo, Ontario, Canada
N2L 3G1. Email: bdixon@uwaterloo.ca

BRIAN, DIXON, Tang, Cynthia, Eshaque, Shathi, Bols, Niels
Department of Biology, University of Waterloo, 200
University Ave West, Waterloo, Ontario, Canada N2L 3G1

Rainbow trout chemokine 2 (CK-2) is a CC chemokine with a
mucin stalk, a family common in teleost fishes but not in other
organisms. A related trout CC chemokine sequence, CK-2.1,
which contains a 42-aa longer mucin stalk, was determined to
be an allele of CK-2 by genomic PCR on several outbred
individuals. While CK-2 transcript levels increased in in vivo
PHA-stimulated head kidney, peripheral blood leukocytes
(PBL), and the rainbow trout macrophage-like cell line
RTS11, an overall decrease in transcripts was observed in
brain and head kidney tissues over 24 h. However, in the
spleen of stimulated heterozygous animals, CK-2 transcript
showed a slight up-regulation at 4 h post-stimulation while
CK-2.1 transcript was not expressed at all. No change in the
amount of protein in brain and head kidney was found by
Western blot 24 h after PHA stimulation. No protein was
detected in spleen tissues of stimulated fish, but RTS11
expressed CK-2 protein. Detected proteins were larger than
predicted from their amino acid sequence, likely because of O-
linked glycosylation. A chemotaxis assay, the definitive assay
for chemokine activity, showed peripheral blood leukocyte
and, interestingly, RTS11 migration toward CK-2. Pre-
treatment of PBL, with pertussis toxin, inhibited migration,
showing that CK-2 acts through a seven-transmembrane, G-
coupled receptor. Treatment of RTS11 cells with recombinant
CK2 induced mild increases in the expression of cytokines
and antigen presentation molecules. Overall, the above
findings indicate that CK-2 is a functional chemokine encoded
by two differentially expressed alleles in rainbow trout.

S-086

The Effect of Soy Proteins and Anti-nutritional Factors on a
Salmonid Gut Cell Line

Brian Dixon. Department of Biology, University of Water-
loo, 200 University Ave West, Waterloo, Ontario, Canada
N2L 3G1. Email: bdixon@uwaterloo.ca

DIXON, BRIAN, Kawano, Atsushi, Raben, Alex, Bols, Niels
Department of Biology, University of Waterloo, 200
University Ave West, Waterloo, Ontario, Canada N2L 3G1

Aquaculture species, which are popular in North America
and Europe, tend to be carnivores, for example salmo-
nids. However, the ingredients for the basic nutritional
role of feed will be more varied as alternatives to
fishmeal will be sought because of the uncertainty with
the supply, price, and quality of fishmeal. One alternative
being explored is plant-based diets, but in turn this had
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led to concerns about anti-nutritional factors including
protease inhibitors, lectins, phytic acid, saponins, phytoes-
trogens, antivitamins, and allergens. The overall concept of
this project is to enhance the development of fish feed through
an in vitro approach with gastrointestinal cell lines. In
particular, this proposal uses these cell lines to study a specific
problem in feed development, soybean meal-induced enteritis.
To this end, we have been using the cell line RT-gut GC, firstly
as a platform to study mucosal immunity in teleosts and also
as a target for treatment with the compounds mentioned above
in order to assess the degree to which they induce enteritis or
immune reactions as assessed by PCR analysis of immune
gene expression for genes already known in rainbow trout as
well as some novel ones that we are attempting to clone such
as HMGB1. We have examined the effect of lipopolysaccha-
ride (LPS) exposure on this cell line. Viability was unchanged
by LPS for cultures in FBS. For cultures at low cell densities
in L15 without FBS or glutamine, cell viability declined in a
LPS dose-dependent manner, allowing calculation of the
concentration causing a 50% decline in viability (EC50). It is
hoped that this project will provide an understanding of the
effects of soy-based diets on the gut of salmonids.

S-088

Metabolic Engineering for Improved Biomass Processing

Richard Dixon. Samuel Roberts Noble Foundation, Plant
Biology Division, 2510 Sam Noble Parkway, Ardmore,
Oklahoma 73401, United States. Email: radixon@noble.org

DIXON, RICHARD1, Chen, Fang1, Gallego-Giraldo,
Lina1, Zhao, Qiao1, Wang, Huanzhong1, Temple, Stephen2,
McCaslin, Mark2
1Samuel Roberts Noble Foundation, Plant Biology Division,
2510 Sam Noble Parkway, Ardmore, Oklahoma 73401, USA
2Forage Genetics International, West Salem, Wisconsin
54669, USA

Economic and environmental factors favor the adoption of
lignocellulosic bioenergy crops for ethanol production.
However, lignocellulosic biomass is recalcitrant to sacchar-
ification, and this is, at least in part, due to the presence of
the phenylpropanoid-derived cell wall polymer lignin.
Likewise, the presence of lignin negatively impacts
ruminant digestion of forages. Alfalfa is the major forage
legume in the United States and is also attracting interest as
a bioenergy crop. Analysis of alfalfa plants in which lignin
content and composition had been modified through
independent down-regulation of each of eight enzymes in
the lignin pathway revealed that reduction in lignin content
increased forage digestibility and sugar release from dried

biomass by both acid pre-treatment (hot sulfuric acid) and
digestion by a cellulase mixture. Acid pre-treatment could
effectively be omitted in the processing of biomass with the
lowest lignin levels. However, the gains in fermentable sugar
production were partially offset by reductions in plant yield
in some, but not all, of these transgenic lines. Transgenic
alfalfa plants with reduced lignin and excellent agronomic
performance can be selected from breeding populations and
have undergone extensive field testing in the US for the
development of biotech varieties with improved forage
quality. This presentation will address balancing agronomic
performance in plants with altered cell wall properties,
potential mechanisms for pleiotropic effects of lignin
modification, and strategies for overcoming these effects.

S-090

New Cytokinin Derivatives for Plant Biotechnology,
Agriculture and Forestry

Karel Dolezal. Laboratory of Growth Regulators, Palacký
University and Institute of Experimental Botany AS CR,
Slechtitelu 11, 783 71 Olomouc-Holice, The Czech
Republic. Email: karel.dolezal@upol.cz

DOLEZAL, KAREL1, Bairu, Michael2, Mala, Jana3,
Spichal, Lukas1, Strnad, Miroslav1, Van Staden, Johannes2
1Laboratory of Growth Regulators, Palacký University and
Institute of Experimental Botany AS CR, Slechtitelu 11,
783 71 Olomouc-Holice, The Czech Republic
2Research Centre for Plant Growth and Development,
School of Biological and Conservation Sciences, University
of KwaZulu-Natal Pietermaritzburg, Private Bag X01,
Scottsville 3209, South Africa
3Institute of Forest and Game Management, Strnady 136,
252 02 Jíloviště, The Czech Republic

In the micropropagation industry, 6-benzylaminopurine is
widely used as an effective and affordable cytokinin. It
nevertheless has some disadvantages as it inhibits rooting of
some microplants during acclimatization and brings about
heterogeneity of growth. Thus, the search for alternative
phytohormones is still desirable. An LC-MS-based search for
naturally occurring aromatic cytokinins recently led to the
discovery of several new plant hormones. Based on these
results, we synthesized a number of their synthetic analogues
that exhibit high activity in three different CK bioassays and
that showed the ability to activate cytokinin receptors. The best
compounds were tested for their use in micropropagation of
selected endangered plant species. Special attention was paid to
endogenous phytohormones, produced by explants, grown on
different cytokinins. Their importance as well as their different

SPEAKER ABSTRACTS S19



roles in the growth processes will be discussed. The develop-
ment of new inhibitors of cytokinin degradation and signalling
was also achieved.

S-092

Diazotrophic Endophytes of Poplar and Willow
Increase Crop Growth

Sharon Doty. University of Washington, School of Forest
Resources, College of the Environment, University of
Washington, Seattle, WA 98195-2100. Email: sldoty@uw.edu

DOTY, SHARON, Xin, Gang, Redman, Regina, Khan,
Zareen, Kim, Soo, Ettl, Gregory
University of Washington, USA

The interior of plants provides habitat for a wide range of
bacteria and fungi, termed endophytes, that benefit the plant
host in multiple ways including phytohormone production,
increasing nutrient acquisition, stress tolerance, pathogen
resistance, and aiding in phytoremediation of environmental
pollutants. Nitrogen fixed biologically by plant-symbiotic
bacteria is ecologically friendly and has been effectively
exploited for important leguminous crop species, but associ-
ations of N-fixing (diazotrophic) endophytic bacteria with
non-legume crops, especially non-tropical crops, have been
less studied. A variety of microorganisms able to grow under
nitrogen limitation was isolated from the stems of native
poplar (Populustrichocarpa) and willow (Salixsitchensis).
Cloning of nitrogenase sequences from the isolates, positive
results from the acetylene reduction assay, and incorporation
of 15N from labeled dinitrogen gas support our hypothesis
that some of these endophytes can fix nitrogen for the host
plant. Inoculation of these poplar and willow endophytes
into commercially important plants including turf grass, rice,
and corn significantly increased plant growth in the absence
of fertilizer. We will present data on the nitrogen fixation
assays and plant growth improvements using endophytes.
Considering the enormous potential impact of the use of
nitrogen-fixing endophytes on global food and bioenergy
crop production, awareness of research in this area is limited.
There is a strong need for the development of sustainable
agricultural practices that use resources more efficiently,
maintain environmental health, and yet increase the food and
bioenergy biomass supply. With more study of the multiple
benefits of diazotrophic endophytes on plants, we can better
understand the role of endophytes in natural systems as well
as utilize that information for a new revolution in agriculture
that is better for the environment.

S-094

Antifreeze Proteins and Glycolipids: Basic Biology
and Applications in Cryopreservation and Agriculture

John Duman. Department of Biological Sciences, University
of Notre Dame, Department of Biological Sciences,
University of Notre Dame, Notre Dame, IN 46556, USA.
Email: duman.1@nd.edu

DUMAN, JOHN
Department of Biological Sciences, University of Notre
Dame, USA

Antifreeze proteins (AFPs) lower the freezing point by a non-
colligative mechanism, producing a difference between the
melting and freezing points termed thermal hysteresis (TH)
that can be as much as 12°C. Structurally different AFPs have
evolved numerous times in a wide range of organisms, with
the common attribute being the ability to bind to ice and/or ice
nucleators, thereby inhibiting crystal growth. Insect AFPs are
arguably the most active. Freeze-avoiding (they die if frozen)
larvae of the beetle Dendroides canadensis have tissue-
specific expression of 30+ AFP isomers that function to
promote supercooling by inhibiting inoculative freezing
across the cuticle and binding to ice nucleators. AFPs in
the Alaskan beetle Cucujus clavipes assist in allowing
survival at −100°C by preventing freezing to −60°C to
−70°C, where vitrification occurs. “AFPs” from freeze-
tolerant species (able to survive freezing of the extracel-
lular fluid), including plants and insects, typically produce
only limited TH, but the AFPs function to affect the shape
of crystals and inhibit recrystallization. Recently, we
identified a membrane antifreeze glycolipid (AFGL) with
significant TH activity in freeze tolerant insects and plants
that may function to inhibit the lethal spread of ice from
the extra- to the intracellular fluid. Due to their high
activities, insect AFPs and AFGLs may be useful in
crypreservation. Also, we have generated transgenic
Arabidopsis expressing beetle AFPs that lower the plant’s
freezing temperatures by 1–3°C.

S-096

Plant–bacteria Mutualism Inspires Novel Medicines
for Recalcitrant Bacterial Infections

Gary Eldridge. Sequoia Sciences, 1912 Innerbelt Business
Center Drive, Saint Louis, Missouri 63114 USA. Email:
geldridge@sequoiasciences.com
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Drive, St. Louis, Missouri 63114, USA

The next generation of plant-inspired pharmaceutical drugs is
being commercialized. These successes are reinvigorating
research efforts to explore the chemistry of plants for new
medicines. Since recent evidence suggests that the vast majority
of known chemical scaffolds have been neglected in drug
discovery, examining small molecules from plants offers
tremendous opportunities to evaluate unexplored chemical
space. We have identified small molecule inhibitors of gram-
negative bacterial biofilms from our library of extensively
purified compounds isolated from plants. After preparing more
than 400 semi-synthetic analogs, a lead compound has been
identified that potently inhibits biofilms of Pseudomonas spp.,
Escherichia coli, Salmonella spp., and Burkholderia spp. Data
from RT-PCR experiments demonstrate that this lead com-
pound decreases the expression of transcriptional regulators
that are enhanced in biofilm populations. A novel mechanism-
of-action is emerging for this plant-inspired, semi-synthetic
compound. These data provide insights into complex
biological mechanisms involved in plant–bacteria inter-
actions. Moreover, these results may support previous
hypotheses that plants attenuate certain bacterial pathogenesis
mechanisms to orchestrate population diversity. This new
understanding of these molecular mechanisms may lead to
novel therapeutics for the treatment of chronic bacterial
infections including the Pseudomonas aeruginosa lung infec-
tions of cystic fibrosis patients. These results exemplify the
far-reaching advantages of working with natural products.

S-098

Tissue Constructs as Test Systems for Studying Tissue
Physiology and Pathology

Elliot Elson. Washington University School of Medicine,
Washington University School of Medicine, Campus
Box 8231, 660 South Euclid Avenue, St. Louis, MO
63110-1093, USA. Email: elson@wustl.edu

Marquez, Pablo1, ELSON, ELLIOT2, Wakatsuki, Tetsuro3,
Pryse, Kenneth2, Nekouzadeh, Ali4, Genin, Guy1
1Washington University, Campus Box 1185, One Brook-
ings Drive, St. Louis, MO 63130, USA
2Washington University, Campus Box 8231, 660 South
Euclid Ave, St. Louis, MO 63110-1093, USA

3Medical College of Wisconsin, 8701 Watertown Plank
Road, Milwaukee, WI 53226, USA
4Department of Biomedical Engineering, Campus Box 1097,
One Brookings Drive, St. Louis, MO 63130, USA

The mechanisms by which cells remodel tissues and the
functional consequences thereof are important to under-
stand a number of tissue- and organ-level pathologies.
Cells remodel tissues by secreting extracellular matrix
material such as collagen and proteoglycans from which
the matrix is assembled and enzymes, e.g., collagenases,
that disassemble the matrix and also by exerting contrac-
tile forces that compress the matrix and orient its fibrillar
constituents. Additionally, cells affect tissues by modulat-
ing their own cytoskeletons and through cell–cell inter-
actions. We have developed methods to dissect these
effects by measuring both cellular contractile force in
tissue constructs and the contributions of cells and matrix
to the tensile properties of the constructs. We have used
these methods to determine how cellular contractility as
well as compression of collagen by cells stiffens tissue
constructs. One application of this approach is to the heart.
Normal fibroblasts convert to myofibroblasts in the heart
in response to hypertension and myocardial infarction.
These cells stiffen cardiac muscle and impair its function.
In contractile tissue models containing cardiomyocytes
and myofibroblasts, the latter exert both positive and
negative influences on the ability of the constructs to exert
twitch forces. These constructs might provide useful
model systems to test the effects of myofibroblasts on
cardiac tissue behavior.

S-100

Cryopreservation for Plant Biodiversity Conservation

Florent Engelmann. Institut de Recherche pour le
Développement, 911 Avenue Agropolis, BP64501, 34394
Montpellier cedex 5, France. Email: florent.engelman-
n@ird.fr

ENGELMANN, FLORENT
IRD, 911 Avenue Agropolis BP 64501 34394, Montpellier
cedex 5, France

Cryopreservation is employed for long-term conservation
of plant biodiversity including species with recalcitrant and
intermediate seeds, vegetatively propagated plants, rare and
endangered species and biotechnology products. New
vitrification-based cryopreservation techniques have been
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developed over the last 20 yr, which allow cryopreserving a
large range of plant species, both from temperate and tropical
origin. Cryopreservation is much more advanced for vegeta-
tively propagated plant species than for recalcitrant and
intermediate seed species. An increasing number of examples
of large-scale, routine application of cryopreservation is found
with orthodox seeds of short-lived and endangered species,
pollen of horticultural crops, non-orthodox seed species,
dormant buds of fruit and forestry species, in vitro shoot tips
of vegetatively propagated plants, and biotechnology prod-
ucts. Large-scale projects focusing on the development and
application of cryopreservation for plant species are underway
at the national level, e.g., the Cryoveg project in France
funded by the National Research Agency (ANR), and at the
international level, e.g. COST Action 871 “Cryopreservation
of crop species in Europe” funded by the European Union and
a project entitled “Development and refinement of cryopres-
ervation protocols for the long-term conservation of vegeta-
tively propagated crops” funded by the Global Crop Diversity
Trust (Rome, Italy). Fundamental research aiming at improv-
ing our understanding of physical and biological mechanisms
related to tolerance of plants to dehydration and cryopreser-
vation is carried out by an increasing number of research
groups worldwide. New additional uses of cryopreservation,
such as cryotherapy for eliminating viruses from plants, are
under investigation. In conclusion, dramatic progress has been
made over the last 20 yr in the development of cryopreserva-
tion techniques. There is a steadily increasing number of
situations where cryopreservation is used routinely for long-
term storage of plant biodiversity.

S-102

Development for Massive Miraculin Production
Using Transgenic Tomato Fruits in Plant Factory

Hiroshi Ezura. Graduate School of Life and Environmental
Sciences, University of Tsukuba, Tennodai 1-1-1, Tsukuba,
305-8572, Japan. Email: ezura@gene.tsukuba.ac.jp

Hiwasa-Tanase, Kyoko1, Hirai, Tadayoshi1, Kato,
Kazuhisa1, Ichikawa, Takanari2, Mizoguchi, Tsuyoshi1,
Fukuda, Naoya1, Kakuta, Hideo3, EZURA, HIROSHI1
1Graduate School of Life and Environmental Sciences,
University of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki,
305-8572, Japan

2Graduate School of Life and Environmental Sciences,
University of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki,
305-8572, Japan/Inplanta Innovations Inc., 506, Leading
Venture Plaza, 75-1, Onomachi, Tsurumi-ku, Yokohama-
city, Japan
3Plant Ecochemicals Research Center, Migumino-kita 3-1-
1, Eniwa, Hokkaido 061-1374, Japan

Miraculin is a taste-modifying protein isolated from miracle
fruit (Richadella dulcifica) in West Africa. Miraculin is able
to turn a sour taste into a sweet taste. Therefore, miraculin
has a great potential as an alternative low-calorie sweetener
for diabetic and dietetic purposes. Recently, we have
succeeded in producing transgenic tomato (line 56B,
upright type, cv. Moneymaker) expressing miraculin pro-
tein. In this study, we tried to further improve the transgenic
tomato for massive miraculin production in plant factory.
The miraculin gene expression of line 56B was genetically
stable in tomato as a result of advancing the generation to
T6. The miraculin accumulation pattern was investigated in
line 56B fruits in detail and it was found that miraculin
accumulation was highest in the exocarp. We investigated
the cellular localization of miraculin in plant cells and
found that miraculin was secreted in the intercellular layer.
We also tried to develop a new cultivation system for
tomato in a plant factory in order to produce recombinant
miraculin stably. The fruit yield of line 56B using this
system was higher than that cultivated under field conditions
in Japan because the system is better in space utility and time
management. Moreover, we tried to produce suitable tomato
architecture for plant factory using cross-breeding. The line
56B was crossed with a dwarf tomato (cv. Micro-Tom). Two
suitable lines were finally selected in F7 generation, and the
miraculin productions were higher than that of line 56B
because of higher fruit yields and miraculin accumulations.
These works were supported by the Ministry of Economy,
Trade, and Industry of Japan (METI).
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Virus Resistance Mediated by Artificial miRNA Against
Wheat Streak Mosaic Virus in Transgenic Wheat Plants

Muhammad Fahim. CSIRO and The Australian National
University, MUHAMMAD FAHIM, Ph.D. student, L2E
Discovery Plant Industry, Blackmountain Labs, CSIRO,
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Canberra ACT 2601, Australia. Email: muhammad.
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Ligia3, Larkin, Philip3
1CSIRO Plant Industry and Research School of Biology.
Division of Plant Sciences, Australian National University,
Australia
2Research School of Biology. Division of Plant Sciences,
Australian National University, Australia
3CSIRO Plant Industry, Australia

Previous work of Nui et al. (2006) and Duan et al. (2008)
highlighted the potential use of miRNAs as antiviral agents in
plants. Genes encoding plant miRNAs are modified with
complementary sequences to the genomic RNAs of plant
viruses replacing the sequences which become native mature
miRNA. On maturation, these ‘artificial’ miRNAs (amiRNAs)
target the invading viruses and the plant becomes specifically
immune to infection. We were encouraged to transform the
more complex wheat genome with rice polycistronic miR395,
modified with a number of 21-bp sequences fromWheat streak
mosaic virus. The star-like secondary structure of miR395,
consisting of multiple duplex arms, provided us the opportunity
to target several areas of the WSMV genome. The synthetic
miR395 construct was named “Fan Guard”. FG-miR395,
driven by ubiquitin promoter, was biolistically transformed
into immature wheat embryos together with a separate plasmid
carrying nptII for plant selection. The transgenic plants (T0)
were analysed for the presence of transgene and selectable
marker. T1 progeny from a number of transgenic events
showed a high level of resistance segregating along with the
transgene. The selection process of WSMV-specific amiRNA
and molecular characterization of amiRNA expressing trans-
genic wheat plants will be discussed in the poster.

S-106

The Fight Against Deadly Cassava Viruses in Africa

Claude Fauquet. International Laboratory for Tropical
Agricultural Biotechnology, Danforth Plant Science Center,
975 North Warson Road, Saint Louis, Missouri 63132
United States of America. Email: iltab@danforthcenter.org

FAUQUET, CLAUDE, Fauquet, Claude
Donald Danforth Plant Science Center, USA

Cassava is affected by many viruses throughout the world but
it is in Africa that the highest impact has been recorded for the
last 100 yr. Until recently, the most devastating viruses were
ssDNA geminiviruses (cassavamosaic disease; CMD) and we
have identified in Africa seven out of the nine known cassava
geminiviruses in the world. A destructive CMD pandemic
started 20 yr ago in Uganda, invaded East African, and went
across the continent via the Congo basin to reach West Africa.
CMD is estimated to cause a loss of 35Mtons of food per year,
equivalent to the food independence of the African continent.
More recently, a century-old disease called cassava brown
streak disease, caused by an RNA virus, exploded in East
Africa to the point where it is now considered the most
destructive disease of cassava because it prevents planting
cassava in the following year! These two pandemics are
correlated with the explosion of whiteflies, natural vectors of
these two types of viruses. The first successful attempt to
genetically transform cassava dates from 1995, but it took us
another 10 yr to routinely insert genes into this root crop.
Today, we produce more than 1,500 independent transforma-
tion events per year. We now have plants that are resistant to
these different viruses, using two strategies, and we are
bulking up the six necessary genes in the same plant to have a
pan-African control measure. The resistance has been
estimated by DNA bombardment of virus infectious clones,
by whitefly inoculation, and/or by grafting. Some of the best
lines are being planted in Africa for field evaluation in
Uganda, Kenya, and Nigeria. In parallel, we are integrating
these genes into farmers’ preferred cassava cultivars to readily
ensure adoption of these resistant plants.

S-108

Analysis of Cullin-5 mRNA and Protein Expression During
Monocytic Differentiation of HL-60 Leukemia Cells

Michael Fay. Midwestern University, 555 31st St., Prabhu
Hall, 109 Downers Grove, IL 60515, USA. Email: mfayxx@
midwestern.edu

FAY, MICHAEL, Alt, Lauren, Baxter, Shaneen, Tan, Gary
Midwestern University Dept. of Pharmacology, 555 31st
St., Downers Grove, IL 60515, USA

The HL-60 leukemia cell line has been extensively used as a
model for studying monocytic differentiation since treatment
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with a phorbol ester promotes differentiation to macrophage-
like cells. Previously, we demonstrated that granulocytic
differentiation of HL-60 cells is associated with increased
expression of Cullin-5 (Cul5) mRNA and protein. The goal of
the present research was to determine if Cul5 mRNA and
protein expression increases during phorbol ester-induced
monocytic differentiation of HL-60 cells. The HL-60 cells
were treated with vehicle control (DMSO), phorbol 12-
myristate 13-acetate (PMA, 16.2 nM), super-active phorbol
ester (phorbol 12,13-didecanoate, 16.2 nM), and inactive
phorbol ester (4α-phorbol 12,13-didecanoate, 16.2 nM) for
48 h. Differentiationwas monitored by observing the expected
change from suspension to adherent cells. Changes in Cul5
mRNA and protein expression were determined by RT-PCR
and Western blot analysis, respectively. Treatment with PMA
and phorbol 12,13-didecanoate promoted monocytic differ-
entiation as determined by the appearance of adherent cells,
while DMSO and 4α-phorbol 12,13-didecanoate did not
promote cell attachment. Both PMA and phorbol 12,13-
didecanoate increased Cul5 protein expression compared to
DMSO and 4α-phorbol 12,13-didecanoate. This increase in
Cul5 protein expression was not associated with an increase in
Cul5 mRNA expression in the PMA and phorbol 12,13-
didecanoate treatment groups. This suggests that the increase
in Cul5 protein expression may be due to increased stability or
decreased degradation. Cul5 protein may play an important
role in monocytic differentiation since it functions in the
ubiquitin-mediated protein degradation pathway. This re-
search was supported in part by NIH CA122003-01 and
Midwestern University.
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Dialogues at the Plant–insect Interface

Gary Felton. Penn State University, Department of Entomol-
ogy, Penn State University, University Park, PA 16802, USA.
Email: gwf10@psu.edu

FELTON, GARY
Penn State University, Department of Entomology, Penn
State University, University Park, PA 16802, USA

Our previous work has shown that the saliva of noctuid
caterpillars significantly affects the expression of both direct
and indirect plant defenses. We use the term effectors to
describe molecules secreted by herbivores that either elicit or
suppress plant defenses. We hypothesize that herbivores
produce a cocktail of effectors that interact with plant

defensive pathways, mimic plant hormones, and/or mask
the perception of elicitors. While the saliva of several noctuid
species has been shown to suppress direct and indirect plant
defenses in some plant systems, glucose oxidase remains as
the one identified salivary constituent contributing to this
suppression. Secretion and synthesis of glucose oxidase is
highly dependent upon the host plant and diet, indicating that
the effects of the enzyme on plant defenses is likely to be
context dependent. It is expected that the range of effectors
produced by insect herbivores may be considerably more
varied and complex than is currently known. We completed a
proteomics approach and have identified the majority of the
secreted salivary proteins from Helicoverpa zea. We are now
able to characterize the genes encoding these salivary
proteins. Our central hypothesis is that lepidopteran herbi-
vores deploy multiple effectors to manipulate plant defenses
for their own benefit. These effectors may act pre-ingestively
(by mediating induced defenses) or post-ingestively by
interfering with the toxicity of plant defenses in the midgut.

S-112

Activation of Metabolic Networks in Chlamydomonas
Reinhardtii in Response to Environmental Cues

Oliver Fiehn. UC Davis, UC Davis Genome Center, Davis,
CA 95616. Email: ofiehn@ucdavis.edu

FIEHN, OLIVER1, Park, Jeong-Jin2, Lee, Do Yup3
1UC Davis Genome Center, Davis CA 95616
2GLBRC,Michigan State University, East Lansing,MI 48824
3LBNL 977 Berkeley Square Berkeley, CA 94704

Abiotic stress such as nitrogen limitation has a strong impact
on plant and algal physiology. Metabolic models based on
genome-reconstructed networks can only reveal outer bound-
aries of potential physiological enzyme activations but not
predict the system-wide actual responses of biochemical
modules. We have therefore developed a range of metabolo-
mic platforms comprising primary metabolites, specific
(‘secondary’) metabolism, lipids, and volatiles to be able to
dissect the molecular consequences and adaptive mechanisms
that photosynthetic organisms use to cope with stress factors.
Current capabilities and limitations will be exemplified using
two studies on the photosynthetic alga Chlamydomonas
reinhardtii. Chlamydomonas shows fast growth under
optimal conditions, its cell cycle can be synchronized, its
genome has been sequenced, and molecular biology tools are
available that rival those for other eukaryotes. In order to
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better understand metabolic adaptations to environmental
factors, we have used nitrogen limitation as an important
contributing factor to overall fitness and growth. Time series
studies following four different levels of nitrogen starvation
are presented with respect to cellular growth and responses
of 500 proteins and 300 metabolites. While cell division and
growth was maintained over 28 h even at 50% in reduction
of available nitrogen, we discovered that the initial response
was an up-regulation of biosynthesis of fatty acids, likely as
short-term energy storage, while carbon utilization and
chlorophyll biosynthesis were suppressed. Only at later time
points did limitations in ammonium availability amounted to
higher protein turnover rates, decreases in amino acid
concentrations, and differential regulation of other parts of
the metabolic network. In a similar manner, we studied the
temporal adaptive mechanisms of C. reinhardtii in response
to methyl jasmonate treatments, indicating that this alga has
a full repertoire of classic stress signaling that even comprise
stringent response mechanisms.

S-114

Isolation and Validation of Soybean Promoter Families

John Finer. The Ohio State University, 1680 Madison Ave,
Wooster, OH 44691 USA. Email: finer.1@osu.edu

FINER, JOHN1, Bouchard, Robert1, Chen, Xianfeng2,
Rushton, Paul3
1The Ohio State University, Wooster, OH 44691 USA
2Environment Lab, Engineer Research andDevelopment Center,
US Army Corps of Engineers, Vicksburg, MS 39180 USA
3South Dakota State University, Brookings, SD 57007 USA

Although transgenic soybean is grown on more land than
any other GM crop, few soybean promoters have been
isolated and studied as regulators of transgene expression.
The objective of this research was to isolate and validate
different promoter families of soybean. The following
families were selected based on either gene function or
gene expression profiles: ubiquitin, ERF, WRKY, constitu-
tive, root-specific, pathogen-inducible, seed-specific, and
fatty acid biosynthesis-associated. Promoters were cloned,
placed upstream of the green fluorescent protein (gfp) gene,
and introduced into lima bean cotyledons via particle
bombardment to generate transient expression intensity
profiles. Expression profiles were collected over 100 h
using automated image collection and image analysis.
Promoters were also evaluated in soybean hairy roots

following A. rhizogenes-mediated transformation of soy-
bean cotyledonary tissues. While transient expression
analyses provided information on promoter strength and
timing of expression, hairy roots provided complementary
information on expression in stably transformed tissues.
Tissue specificity was not observed using transient expres-
sion, as a large amount of DNA was introduced and
expression was measured prior to DNA integration and
genomic stability. Production of soybean hairy roots also
provided rapid data on the intensity of promoter activity in
stably transformed soybean tissues. Promoter strength was
generally consistent between transiently expressing cells
and stably transformed roots, but a few promoter constructs
yielded high transient expression intensities and low
expression in roots. These soybean promoters will be
useful to the soybean research community for the biotech-
nological manipulation of this important crop.

S-116

Plant Breeding in the Service of Mankind, Millennium
after Millennium

Richard Flavell. Ceres, Inc., 1535 Rancho Conejo
Boulevard, Thousand Oaks, California 91320. Email:
hdungca@ceres-inc.com

FLAVELL, RICHARD
Ceres, 1535 Rancho Conejo Boulevard, Thousand Oaks,
California, 91320 USA

Agriculture has provided a backbone for our societies,
supplying food, feed and fiber over tens of thousands of
years. The drivers for these extraordinary success stories have
been huge needs and a continual flow of technical innovations
to meet them. Today, the needs for food security and energy
security, locally and globally, and the need to take better care
of the planet as the impact of man gets even greater have a
very high profile. But, thankfully, we are in a phase of huge
technical innovation in the sciences underlying agriculture
and plant breeding, including the understanding of the
molecular basis of plant phenotypes, plant performance, and
the genetic variation underlying the myriad of important plant
traits. If these innovations are to meet the many and critical
agricultural needs of societies tomorrow, we need to ensure
that the innovations are adopted and applied. This theme will
be illustrated with various examples, including the challenges
to breed new crops and bring them to market to serve the new
biofuels industries.
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Sustainable Solutions for Doubling Crop Productivity by 2030

Robert Fraley. Monsanto Company, Monsanto Company
(A3N), 800 N. Lindbergh Blvd., St. Louis, MO 63167.
Email: cecilia.inciarte@monsanto.com

FRALEY, ROBERT
Monsanto Company (A3N), 800 N. Lindbergh Blvd., St.
Louis, MO 63167, USA

Food and water security. Energy demands. Climate change.
Human nutrition and health. These are the looming issues
for today’s global society, and agriculture is at the center of
them all. Now, more than ever before, the continued growth
and development of prosperous, urbanized societies depend
upon advancements in sustainable agricultural technology.
In order to meet the needs of a projected global population
of nine billion, agriculture must produce more food
worldwide in the next 50 yr than has been produced in
the past 10,000 yr. Building upon advances already made in
plant breeding and agricultural biotechnology, innovations
in the coming decade such as drought tolerance, improved
use of nutrients such as nitrogen, enhanced pest resistance,
intrinsic yield increases, and improved nutritional profiles
will be available in crops such as maize and soybean as
well as in vegetables. In maize, soybean, and cotton, there
is a clear path forward to increase yields while at the same
time significantly decreasing the key resources (water, land,
and energy) required to produce each unit of output.
Irrigation systems have created abundance and food self-
sufficiency in many parts of the world. As humanity meets
the challenge of feeding itself while population is growing, the
efficient use of water will be a significant limiting factor. The
advancements in breeding, biotechnology, and improved
production methods will help farmers squeeze more from
every ounce of water, fuel, and fertilizer. We expect that over
the next two decades agricultural efficiency will increase so
that we can reduce the energy, water, and pesticide needed per
bushel of grain produced. Producingmore while using less is a
guiding philosophy of agricultural research today and it will
require enhancements in plant breeding, biotechnology and
agronomic practices. Monsanto’s research and development
pipeline in corn, soybeans, and cotton serves as an excellent
illustrative example of what is possible. Together with others
in the agricultural system, we see a path forward to double
yields from 2000 to 2030. Conserve resources by reducing
agriculture’s use of key resources. Improve lives of all who
use our products.

S-119

Preserving Malagasy Orchid Diversity through Seed
Cryopreservation and in Vitro Propagation

M.M. From. Endangered Plant Research Laboratory, Omaha’s
Henry Doorly Zoo, 3701 South 10th Street, Omaha, Nebraska
68107-2200, USA Email: psl@omaha zoo.com

FROM, M.M. and Roccaforte, K.
Omaha’s Henry Doorly Zoo

The Orchidaceae are threatened worldwide primarily due to
habitat destruction and over-collection, oftentimes illegal. This
is particularly true in Madagascar where the country’s
approximately 1,000 orchid species have experienced a 90%
reduction in natural forested habitats they occupy in just the last
few decades. The plant research laboratory at Omaha’s Henry
Doorly Zoo has developed a new method to cryopreserve sub-
samples of Madagascar seed accessions using a modified
cryoprotectant with limited conditioning time prior to plunging
the samples into the ultra-low temperatures of liquid nitrogen.
The research compared the effects of cryopreservation on
orchid seeds that were several years old with cryopreservation
of fresh seeds. Fresh seeds survived the extreme temperatures
of liquid nitrogen at higher rates than seeds which were several
years old. Small samples of orchid germplasm preserved in this
way are later recovered and used for additional in vitro
propagation research. Some of the in vitro orchids that reach
sufficient sizes are later reintroduced to the natural habitats in
Madagascar in order to preserve plant diversity. By cryopre-
serving samples of the seed accessions made in Madagascar, it
is possible to preserve irreplaceable germplasm. Cryopreserva-
tion and in vitro propagation may possibly be the only means to
prevent extinction for some, if not all, of these orchid species in
the future.

S-120

Genetic Modification of Switchgrass for Improved Biofuel
Production

Chunxiang Fu. Forage Improvement Division, The Samuel
Roberts Noble Foundation, Forage Improvement Division, The
Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway,
Ardmore, OK 73401, USA. Email: zywang@no ble.org
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Switchgrass (Panicum virgatum L.), a perennial C4 warm-
season grass native throughout North America, has been
developed into an herbaceous bioenergy crop. Recalcitrance to
saccharification is one of the major limitations for conversion of
lignocellulosic biomass into ethanol. A transgenic approach has
been taken to genetically modify lignin biosynthesis and the
processing properties of switchgrass. Major lignin biosynthetic
genes were isolated from switchgrass and transgenic plants
carrying RNAi constructs were obtained by Agrobacterium
tumefaciens-mediated transformation. Analyses of the transgen-
ic switchgrass plants by RT-PCR and real-time PCR revealed
that the expression levels of the endogenous genes were down-
regulated. Reduced enzyme activity, decreased lignin
content, and alerted ratios of S/G were found in these
transgenic lines. The down-regulation of lignin biosynthe-
sis resulted in improved sugar recovery. A negative
correlation between lignin content and saccharification
efficiency was found in the regenerated switchgrass lines,
while S/G ratio did not correlate with the efficiency of
sugar release from untreated or pretreated cell wall
residues. Soluble phenolics were increased and specific
phenolic compounds were recovered in the transgenics.
Improved efficiency of carbohydrate conversion from the
lignin down-regulated transgenic materials led to increased
bioethanol production.
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Effect of Electromagnetic Radiation on Seed
Germination of Switchgrass

Allison Funk. Penn State Harrisburg, 207 Atmore Street,
Harrisburg, PA, 17112. Email: svr11@psu.edu
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We studied the effect of electromagnetic radiation (EMR) on
the seed dormancy and germination rates of switchgrass. The
seeds were exposed to EMR inside a gigahertz transverse
electromagnetic cell. The frequency of EMR exposure was set
at 2.45 GHz (wavelength of 12.24 cm) for all the experiments
performed. The radiation level at the exposure site was about
1 V/m. The seeds were treated with EMR for different periods
of time (5, 10, 15, 20, 25, 30, and up to 60 min) and incubated
in the dark at 25°C in a Conviron Adaptis A 1000 growth
chamber. Percentage germination was determined on day 10
from incubation. The results obtained suggest that EMR
treatment could enhance the rate of seed germination in
switchgrass. Best germination rates were observed between
20 and 25 min of EMR exposure. During the same time
intervals, increases in root and shoot length (biomass) were
also observed. This pilot study indicates the possible
application of EMR to increase seed germination and
consequently the biomass of switchgrass. Further studies are
in progress to confirm the effect of EMR on the protein profile
of EMR-treated seeds, further growth, and accumulation of
biomass through various stages of switchgrass’s life cycle.
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An Improved Strategy for Somatic Embryogenesis
in Indian Soybean Cultivars

Andy Ganapathy. Professor and Head, Department of
Biotechnology, Bharathidasan University, Professor and
Head, Department of Biotechnology, Bharathidasan
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Soybean is one of the important crop plants which need
improvement in yield and quality. Improvement through
biotechnological means is severely hindered by the pres-
ence of strong genotypic specificity among the cultivars.
The situation is very acute in India where most of the
cultivars are recalcitrant for gene delivery as well as
recovery of transgenic plants. Somatic embryogenesis is
considered to be a promising transgenic recovery system.
Immature cotyledons collected from field-grown plants (Co
1) after 12–16 d following anthesis were used as explants
for somatic embryo induction. Somatic embryos were
induced in liquid induction medium containing FNN6
Macro salts, MS minor salts, B5 vitamins, 1% sucrose,
10 mg/l 2,4-D, and 3 gm/l glutamine. MSD40 solid
medium, which is known to be the best medium for
somatic embryo induction in soybean, was also used to
check the embryogenic potential of Indian cultivars. Liquid
media evoked 74.9% response when compared with the
solid medium (15.8%). The number of embryos produced
per explant in liquid medium is 5.2 embryos whereas only
2.4 embryos per cotyledon was produced in solid medium.
The former protocol has been used to screen 50 Indian
soybean cultivars and found that six cultivars are best
responding. Among these, Pusa 16 showed a maximum
responding rate of 97.4% and produced 17.7 embryos per
cotyledon, which is eightfold higher as compared with the
MSD40 solid medium. The embryos were grown in plant
growth regulator-free medium for differentiation and
maturation. The well-developed embryos were subjected
to desiccation and germinated in MS basal medium.
Attempts are being made to use this method for genetic
transformation. The paper will present details of the success
in transformation, applications, and limitations of this
protocol.

S-126

Selective MYD88-dependent Pathway Inhibition
by the Cyanobacterial Natural Product Malyngamide
F Acetate

Lena Gerwick. University of California San Diego, 9500
Gilman Dr., MC 0212, La Jolla, CA, 92093, USA. Email:
lgerwick@ucsd.edu

GERWICK, LENA, Villa, Francisco, Lieske, Kelly
Scripps Institution of Oceanography, University of Califor-
nia, 9500 Gilman Dr MC 0212, La Jolla, CA, 92093, USA

We hypothesized that the intense competition seen, in
particular in the marine environment, would have the
prokaryotic organisms produce molecules that would interfere
with the innate immune system of eukaryotic organisms. To
test this hypothesis, we screened a library of purified
cyanobacterial secondary metabolites (marine natural prod-
ucts). Several purified compounds inhibited the nitric oxide
production in the murine cell line RAW264.7 when these cells
were stimulated with LPS. Among the purified compounds
tested was Malyngamide F acetate and it inhibited NO
production with an IC50 of 7.1 mM, showing no cytotoxicity.
Subsequent real-time PCR of selected genes revealed a unique
cytokine profile after LPS stimulation (TLR4) with decreased
expression of iNOS, IL-1β, IL-6, and IL-10 but increased
TNF-α expression. Additional experiments utilizing CpG and
Poly I:C stimulation to selectively activate the MyD88-
dependent and -independent pathways via TLR9 and TLR3
substantiated the finding that Malyngamide F acetate selec-
tively inhibits theMyD88-dependent pathway. In addition, we
have discovered several other compounds with good inhibi-
tion of nitric oxide but displaying a different cytokine profile.
These will also be briefly discussed.

S-128

RNAI for Research and Applications in Plant–nematode
Interactions

Godelieve Gheysen. Ghent University, Department of
Molecular Biotechnology, Coupure links 653, 9000 Ghent,
Belgium. Email: godelieve.gheysen@ugent.be

GHEYSEN, GODELIEVE1, Kyndt, Tina1, Haegeman,
Annelies1, Joseph, Soumi2, Remy, Serge3, Swennen, Rony3
1Ghent University, Coupure links 653, 9000 Ghent,
Belgium
2Ghent University, Coupure links 653, 9000 Ghent, Belgium;
K.U. Leuven, KasteelparkArenberg 13, 3001 Leuven, Belgium
3K.U. Leuven, Kasteelpark Arenberg 13, 3001 Leuven,
Belgium

Suppressing the expression of a certain gene by RNAi is
believed to be one of the most promising techniques for
functional genetics in nematodes. Until now, most success
stories come from the root knot nematodes, where both in
vitro RNAi (by soaking) and in planta RNAi have been
shown to result in lower expression of target genes, which
can lead to a reduced ability of the nematodes to infect
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plants. Reports about cyst and migratory nematodes,
however, are more limited. We have evaluated the potential
of RNAi in the tropical migratory nematodes Radopholus
similis and Ditylenchus africanus by soaking the nematodes
in dsRNA targeting cell wall-degrading enzymes. For R.
similis, a reduced transcript level was attained for endoglu-
canase and xylanase, but success varied according to the
gene and the targeted domain. In the cases where the gene
was successfully silenced, a significantly lower number of
nematodes were detected inside the plants. In the case of D.
africanus, soaking in dsRNA targeting endoglucanase
surprisingly resulted in higher transcript levels, but this
apparent up-regulation did not result in changes in nematode
penetration. In planta RNAi was attempted by transformation
with hairpin constructs in Arabidopsis thaliana against the
cyst nematode H. schachtii and against R. similis in banana.
The A. thaliana results showed a huge variability in infection
level and a loss of resistance with time, suggesting that the
transgene is being silenced by the plant. The transgenic
banana plants are currently under evaluation.

S-130

Expression of Sweet Potato-like Cry Genes to Control
Weevils

Marc Ghislain. International Potato Center, International
Potato Center Sub-Saharan Africa Regional Office PO
Box 25171, Nairobi 00603, Kenya. Email: m.ghislain@
cgiar.org

Ormachea, Milagros, Prentice, Katterinne, Tovar, Jose,
GHISLAIN, MARC
Applied Biotechnology Laboratory, International Potato
Center, P.O. Box 1558, Lima 12, Peru

Weevil active proteins we re-identified previously with
efficacy against the two African weevil species, Cylas
puncticollis and C. brunneus, responsible of huge produc-
tion loss of the sweet potato in Sub-Saharan Africa.
Transformation of sweet potato with their respective genes
(cry7Aa1 and cry3Ca1) yielded a total of 17 events with
either crygene. In order to identify events that are high
expressers of the Cry protein, we tested transcriptional
activity through real-time PCR-based on SYBR Green I
methodology and DAS-ELISA detection of the expressed
protein using rabbit polyclonal antibodies. Five and nine
transformed events bearing the cry7Aa1 and cry3Ca1

genes, respectively, were analyzed for transgene expression
in the leaf, taking as reference the event with the lowest
expression (LE). Two cry7Aa1 events showed statistically
significant differences from the LE, with expression levels
of 10.19 and 1.78 higher than the LE. Likewise, two
cry3Ca1 events showed statistically significant differences
from the LE, with expression levels of 54.65 and 2.78 times
higher than the LE. These results were confirmed by DAS-
ELISA analysis for protein expression in the leaves. The
two cry7Aa1 events had protein expression levels of 0.03
and 0.009 ug/g of fresh weight, and the two cry3Ca1 events
had protein expression levels of 0.04 and 0.03 ug/g of fresh
weight. All other events had very low protein expression
levels. Because the promoters used to guide gene expres-
sion were taken from the genes of the two major proteins in
the tuberous root, it is expected that gene expression in the
tuberous roots will be higher. This will allow us to localize the
expression, a strategy used for insect resistance management.

S-132

RTDS—A Molecular Spell Checker for Trait
Development

Greg Gocal. Cibus US LLC, 4025 Sorrento Valley Blvd.
San Diego, CA 92121. Email: ggocal@cibusllc.com

GOCAL, GREG1, Segami, Rosa1, Pearce, James1,
Schöpke, Christian2, Beetham, Peter1, Walker, Keith1
14025 Sorrento Valley Blvd., San Diego, CA 92121, USA
2Cibus US LLC, 4025 Sorrento Valley Blvd., San Diego,
CA 92121, USA

Imagine a molecular spell checker capable of altering any
base within an entire genome. The Rapid Trait Development
System™ (RTDS) is just such a gene repair platform that has
been advanced at Cibus over the past several years and is
being deployed to develop new and useful traits in crops.
With the continuing concerns from environmental groups
and consumers about the inclusion of foreign genetic
material in transgenic crops, a new technology is needed
that is more precise than random mutagenesis but does not
involve the incorporation of foreign DNA. Several techni-
ques are currently being evaluated; however, most of these
techniques are not site-specific, may be transgenic, and
require extensive screening to deliver the desired phenotype.
One non-transgenic technique that is site-specific and very
precise is RTDS. The RTDS technology harnesses the cell’s
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normal DNA repair system to correct and change specific
targeted bases within the genome of a cell. The Gene
RepairOligoNucleotide, a chemically synthesized oligonu-
cleotide, is designed to create a mismatched base pair. This
mismatched base pair acts as a signal to attract the cell’s
repair system to the site and correct (replace, insert, or delete)
the designated base(s) within the target region. Once the
correction process is complete, the RTDS molecule is
degraded and the now-modified or repaired gene retains its
normal pattern of expression. This technique has been
successfully applied in bacterial, fungal, and mammalian
systems and to develop traits in crop plants. The current
status of our work in plants will be discussed, emphasizing
the opportunities and challenges of this technology.

S-134

Identification of Genetically Engineered Grapevines
in the Field for Pierce’s Disease and Fungal
Disease Resistance

Dennis Gray. Mid-Florida Research and Education Center,
University of Florida/IFAS, Mid-Florida Reasearch and
Education Center, University of Florida/IFAS, 2725 Binion
Road, Apopka, FL 32703-8504. Email: djg@ufl.edu

GRAY, DENNIS1, Li, Zhijian1, Dhekney, Sadanand1,
Zimmerman, Thomas2
1Mid-Florida Reasearch and Education Center, University of
Florida/IFAS, 2725 Binion Road, Apopka, FL 32703-8504
2University of Virgin Islands Agricultural Experiment
Research Station, RR1 Box 10,000, Kingshill, St. Croix,
VI 00850

‘Thompson Seedless’ grapevines genetically engineered with
synthetic lytic peptide transgenes (lima-a or lima-b) were
screened in greenhouses via direct inoculation with Xylella
fastidiosa, the causative agent of Pierce’s disease (PD).
Those plant lines that showed resistance to PD were cloned,
placed in USDA APHIS-approved field tests, and subjected
to natural infection by the endemic insect vector. PD is slow
to establish in nature. After 3 yr, we found that non-
engineered control plants began to show severe symptoms
indicative of PD and one had died, whereas several lines of
transgenic plants showed little to no PD symptoms.
Significantly, the X. fastidiosa bacterium could be recovered
from control plants, but not from transgenic plants, suggest-
ing a prophylactic effect of the lima genes. Concurrent to PD
screening, plants containing the cisgenes Vitis vinifera
thaumatin-like protein gene (vvtl-1) and V. vinifera albumin

protein gene (vvalb), selected in the greenhouse for
resistance to natural infection by powdery mildew caused
by Oidium tuckeri, were also placed in replicated field trials.
To date, plants containing vvtl-1 show significant resistance
to anthracnose, black rot, and sour bunch rot diseases. Plants
containing the vvalb gene are still in test.

S-136

Golden Rice: Development, Nutritional Assessment,
and Potential for Alleviating Vitamin A Deficiency

Michael Grusak. USDA, Agricultural Research Service,
USDA/ARS Children’s Nutrition Research Center, 1100
Bates Street, Houston, TX 77030, USA. Email: mgru
sak@bcm.tmc.edu
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Robert2
1USDA/ARS Children’s Nutrition Research Center, Dept.
of Pediatrics, Baylor College of Medicine, 1100 Bates
Street, Houston, TX 77030, USA
2Jean Mayer USDA Human Nutrition Research Center on
Aging, Tufts University, 711 Washington St., Boston, MA
02111, USA
3National Institute for Nutrition and Food Safety, Beijing,
China
4Zhejiang Academy of Medical Science, Zhejiang, China

Golden Rice (GR) is a transgenic product engineered to
produce beta-carotene in the rice endosperm. It has been
developed as a means to combat vitamin A malnutrition,
which exists throughout much of the developing world
(especially in rice-eating populations) and can lead to
blindness, increased susceptibility to various diseases, and
higher incidence of childhood mortality. To determine the
vitamin A value (i.e., beta-carotene conversion efficiency) of
this rice, GR beta-carotene was intrinsically labeled with
deuterium, a non-radioactive stable isotope of hydrogen, by
growing plants in a nutrient solution containing 23% heavy
water (deuterium oxide). The GR beta-carotene was enriched
with deuterium with the highest abundance isotopomer peak
atM+9. Human subjects were given a known amount of an oil
capsule of 13C-retinyl acetate as a reference dose, in addition
to a single serving of deuterium-labeled GR. Serum samples
collected from the subjects were analyzed using GC/ECNCI-
mass spectrometry for the enrichment of labeled retinol by
monitoring the isotopomers M+5 (derived from GR) and M
+10 (derived from 13C-retinyl acetate). By using the response
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to the dose of 13C-retinyl acetate as reference, the conversion
efficiency of GR beta-carotene could be determined. The
results of two studies, one involving healthy adults and the
other a comparative study with children (replete or margin-
ally deficient in vitamin A), will be presented. Results will
be discussed in the context of GR’s potential contribution to
the alleviation of vitamin A deficiency and the maintenance
of population-based vitamin A adequacy. Discussion will
also focus on how this information has been used for event
selection and in strategic planning to move this technology
into locally adapted cultivars.
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Correlative Analysis of Macronutrient use and Plant
Quality in a Multi-factor Nutrient Platform with Curcuma
Longa L.

Sean Halloran. Clemson University Department of Horti-
culture, Department of Horticulture, E142 Poole Agricul-
tural Center, Clemson, SC 29631 United States of America.
Email: shallor@clemson.edu

HALLORAN, SEAN, Adelberg, Jeffrey
Clemson University Department of Horticulture, USA

Turmeric (Curcuma longa L.) was observed in liquid
culture on an orbital shaker in a response surface design
that combined a two-component mixture (NH4 + K amount
equal to NO3) where K proportion ranged from 0.5 to 1.0
and NH4 proportion ranged from 0.0 to 0.5 crossed with
four quantitative non-mixture factors including concentra-
tion of NO3 (10–50 mM), sucrose (1.5–6.0% m/v), media
volume (25–45 ml/vessel), and explant density (three to
nine plants per vessel), with micronutrient concentrations
limited to approximately 5% of MS media. Stage II
plantlets during four 35-day cycles in vitro under experi-
mental conditions were counted and massed, sugar and
media use were quantified, and dry weight was estimated.
After cycle 4, spent medium was analyzed, plantlets were
acclimatized on a greenhouse mist bed, and survival and
fresh and dry weight gain were measured. Sugar used and
media used during laboratory cycle 4 best predicted dry
weight gains in the greenhouse. Fresh weight gains in the
greenhouse were best predicted by the plantlets’ prior
uptake of NO3, NH4, K, and Ca as percentage of total. NO3,
NH4, and K use was highly correlated with multiplication
ratio in laboratory conditions and survival of plantlets in
greenhouse conditions. Media with the lowest nitrate
concentrations (10 mM) had the highest multiplication

rates and used the highest percentages of NH4, NO3, K, P,
Ca, Mg, and Mn. Phosphorus (supplied in MS quantity
1.25 mM) appears to be limiting. This platform identifies
media formulation that produces large numbers of plants
that multiply quickly in vitro and perform well in the
greenhouse.
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Down-regulation of Hydroxycinnamoyl CoA: Shikimate
Hydroxycinnamoyl Transferase in Switchgrass
Panicum Virgatum)

Clyde Hardin. The Samuel Roberts Noble Foundation,
2510 Sam Noble Parkway, Ardmore, Oklahoma 73401.
Email: cfhardin@noble.org

HARDIN, FRANK, Xiao, Xirong, Hisano, Hiroshi, Wang,
Zeng-Yu
The Samuel Roberts Noble Foundation, 2510 Sam Noble
Parkway, Ardmore, OK 73401

Global dependence on fossil fuels to meet energy demands
has led to the exploration of alternative energy sources.
Cellulosic ethanol, a renewable, sustainable energy source
produced from lignocellulosic biomass, is considered a
promising alternative biofuel. As a high biomass-
producing, non-grain, low-input crop, switchgrass is a
favorable feedstock for the production of cellulosic ethanol.
During cellulosic ethanol production, sugars released from
the cell wall are fermented into ethanol. However, the
presence of lignin, a major barrier in biofuel production,
limits the release of fermentable sugar. Previous studies
indicate that modification of lignin biosynthesis improves
fermentable sugar release for biofuel production. Down-
regulation of HCT, a gene involved in the lignin biosyn-
thetic pathway, reduced lignin content in alfalfa and
increased sugar release almost twofold compared to wild-
type plants. Herein, we report on efforts to genetically
modify lignin biosynthesis in switchgrass by using RNAi to
down-regulate HCT to improve the efficiency of biofuel
production. RNAi vectors were designed and Agrobacte-
rium-mediated transformation was used to introduce the
RNAi cassette into switchgrass. Putative transgenic
plants, regenerated under selective pressure, were
screened by PCR analysis to verify the presence of the
transgene. Using this approach, transgenic plants have
been generated and further analysis will be conducted to
determine if down-regulation of HCT affects lignin
biosynthesis, sugar release, and bioethanol production
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from switchgrass. Data obtained from these studies will
further define the function of HCT in lignin biosynthesis
and provide insights to enhance bioethanol production
from switchgrass.
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Gene Stacking of Antifungal Genes in Transgenic Pea
to Enhance the Level of Resistance

Fathi Hassan. Leibniz University Hannover, Institute of
Plant Genetics, Department of Plant Biotechnology,
Leibniz University Hannover, Institute of Plant Genetics,
Department of Plant Biotechnology, Herrenhauser str.2,
30419 Hannover-Germany. Email: jacobsen@lgm.uni-
hannover.de

HASSAN, FATHI, Müller, Anna, Jacobsen, Hans-Jörg
Leibniz University Hannover Institute of Plant Genetics
Department of Plant Biotechnology Herrenhauser str.2
30419 Hannover-Germany

Pea is an important grain legume worldwide, used as a
source of dietary protein for both human and animal
nutrition. Gene stacking is the combination of traditional
crossing and genetic engineering of different transgenic
plants (pea with different antifungal genes) to enable
synergistic effects for higher antifungal resistance. Gene
stacking may result in gene silencing when multiple
copies of homologous DNA sequences are integrated
into the plant genome. Another major problem is the
segregation of the genes in the progeny and thus
impeding the establishment of homozygous lines for
all combined genes, requiring a high number of
offspring requiring time-consuming analysis. The aim
of this study was to analyze the progeny of crossed
plants on the presence of four antifungal genes since not
enough information is known about inheritance and
segregation. In the present study, two different trans-
genic lines of pea were studied, each carrying two
antifungal genes: line A is homozygous for both the
Vst1 gene coding for stilbene synthase from grape and the
PGIP gene encoding a polygalacturonase-inhibiting pro-
tein from raspberry and line B bears a 1,3-β-glucanase
gene from barley and a chitinase gene from Streptomyces.
Leaf paint tests were used as functional assays for
phosphinotricin expression (the herbicide resistance gene
was used as selectable marker in both cases). Not all plants
in this test were positive, probably due to post-
transcriptional gene silencing of the bar gene. PCR was

used for analyzing the integration of GOIs in the crossed
plants which could prove the presence of all four genes in
one line; the other lines contain mainly three genes.
Further analysis is required to establish a homozygous line
for all genes which will be used for functional character-
ization to understand the inheritance and breeding of
transgenic plants

S-144

Applying Genomics to Agricultural Productivity and
Sustainability

Jacqueline Heard. Monsanto Company, 800 North Lind-
bergh Boulevard, Saint Louis, Missouri 63167, USA.
Email: jacqueline.e.heard@monsanto.com

HEARD, JACQUELINE, Bonin, Christopher, Stephens,
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The first decade and a half of commercial crop biotech-
nology traits has been enormously successful, with the
2008 global planted area exceeding 300 million acres
(James, C. 2008). The total added value brought by crop
biotechnology since the first trait launch in 1996 through
2007 has been estimated to be over $44 billion (James, C.
2008). The first generation of traits focused on systems for
insect and weed control with products like Roundup
Ready™ crops, Bollgard™ cotton, and YieldGard™ corn.
In the future, the market will continue to demand
improved traits for insect and weed control. In addition,
new traits in the areas of yield improvement and abiotic
stress control—such as drought tolerance—will represent
a step-change in crop yield performance by improving
water use efficacy. The ability to generate vast quantities
of RNA expression, DNA sequence, and marker data in
crops should enable better systems models to enhance the
predictability of gene performance in crops. Translational
research efficiently moves newly discovered genes into
the product development pipeline transformation of test
genes into relevant germplasm, systematic plant pheno-
typing and genotyping, and a robust multi-year field
evaluation of trait performance across the target market
will continue to be required to assure large-scale trait
efficacy. By linking breakthroughs across multiple disci-
plines of science, the next decade of crop biotechnology
traits promises to deliver unprecedented value to growers
around the world.
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Engineering Seed Protein Content

Eliot Herman. Donald Danforth Plant Science Center, 975
N Warson Rd, St. Louis MO 63132. Email: eherman@
danforthcenter.org

HERMAN, ELIOT
Donald Danforth Plant Science Center, 975 North Warson,
St. Louis, MO, USA, 63132

High-protein-content oil seeds have the capacity to produce
potentially valuable co-products in other storage substances
as either intrinsic proteins and/or carbohydrates. These value-
added products increase the economic viability of oil seed
production. Oil seeds, such as soybean and Camelina,
accumulate 40% and 25%, respectively, of the seed mass
as seed storage proteins. We are developing protocols to
exchange the production/accumulation of low-value intrinsic
seed storage protein for higher-value, high-volume, industri-
ally useful proteins such as enzymes and feed proteins. We
have discovered that seeds possess biological mechanisms
that maintain seed protein content at a specific level without
impacting the seed’s oil content. We have termed this a
protein content box where the seed’s protein composition
possesses plasticity that can be manipulated to produce
foreign proteins. By manipulating the composition of seed
proteins within a fixed protein content box, it is feasible to
engineer oil seeds to produce high-value proteins that can be
recovered from the meal. The economic implications are
that, after seed oil is recovered for either food or fuel use, the
remaining protein co-product may be used to recover
industrially valuable enzymes and other biologics, thereby
increasing the crop’s value, utility, and efficiency.
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Embyronic and Pluripotent Stem Cells to Engineer 3D
Tissues

Kyle Hewitt. Tufts University, 55 Kneeland Ave. Room #116,
Boston, MA, USA, 02111. Email: kyle.hewitt@tufts.edu
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Pluripotent cells, with the potential to differentiate into the
numerous cell types needed to form functional, complex
tissues, are important potential sources for tissue engineer-
ing applications. Our lab result has shown that human
embryonic stem cells (hESC) could be differentiated into
fibroblast-like cells (EDK) capable of organizing within a
3D collagen matrix and secreting appropriate growth
factors that could support the formation and repair of an
engineered stratified epidermis. We have also demonstrated
that cells with similar properties as fibroblasts could be
derived from other pluripotent cell sources, such as induced
pluripotent stem (iPS) cells. During differentiation, these
cells (iPDK) display rapid down regulation of the pluri-
potency gene Oct4. Furthermore, differentiating cells began
to express fibroblast lineage markers such as PDGFRβ and
type I collagen 21 d after induction of differentiation. When
grown on polycarbonate membranes for 5 wk, iPDK cells
self-assembled a thick collagen matrix that supported the
growth of a multilayer epithelium on its surface. Similar to
EDK, iPDK also supported epidermal stratification when
incorporated into a pre-existing 3D collagen gel. Thus, our
findings indicate that iPS cells can differentiate into
functional fibroblast-like cell lineages in a similar manner
to hESC and can be used as alternatives to dermal
fibroblasts in the construction of 3D skin equivalents. The
characterization of ES- and iPS-derived fibroblasts in an in
vivo-like tissue environment provides a critical step
towards establishing their stability, safety, and efficacy
before future therapeutic transplantation. Furthermore, the
capacity of iPS-derived fibroblasts to assemble an extracel-
lular matrix that exceeded that generated by fibroblasts
from which they were derived suggests that the potency of
iPS-derived fibroblasts may be augmented by reprogram-
ming and subsequent differentiation.

S-150

Using C4 Photosynthesis to Increase Yield of C3 Crops

Julian Hibberd. University of Cambridge, Department
of Plant Sciences, Downing Street, University of
Cambridge, Cambridge, CB2 3EA, UK. Email:
jmh65@cam.ac.uk

HIBBERD, JULIAN
Department of Plant Sciences, University of Cambridge,
Cambridge, CB2 3EA, UK

C4 photosynthesis allows radiation use efficiency to be
increased because CO2 is concentrated around RuB is CO.
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This increased radiation use efficiency associated with the
C4 pathway compared with C3 photosynthesis allows
faster growth and productivity. Water and nitrogen use
efficiencies are also higher in C4 species than in C3

species. Overall, this has led to the suggestion that
integrating characteristics of the C4 pathway into C3 crops
could be used to increase yield. This will only be feasible
if we generate a better understanding of mechanisms
underlying the C4 pathway. In the most productive C4

crops, leaves show alterations to their cell biology and
morphology, as well as the biochemistry of photosynthe-
sis. Our understanding of the biochemistry of the C4

pathway is relatively good, but that of the mechanisms
generating the altered cell biology and Kranz anatomy is
rudimentary. I will provide an overview of mechanisms
underlying the spatial separation of photosynthesis pro-
teins between mesophyll (M) and bundle sheath (BS) cells
in C4 plants. This will include recent insights from
comparative analysis of closely related C3 and C4 species
and high-throughput sequencing technologies. I will then
introduce approaches being used to assess the feasibility
of placing the C4 pathway into rice. The ‘C4 rice project’
is coordinated by the International Rice Research Institute
in The Philippines. There are three complementary
approaches being used. First, a transgenic approach is
being used to generate rice with substantial parts of the C4

pathway operating in M or BS cells. Second, screens of
wild rice, insertional mutants, and activation-tagged lines
of rice are being conducted to determine the extent to
which elements of Kranz anatomy can be induced in rice.
Third, screens of populations of maize and sorghum are
being conducted to isolate lines with loss of Kranz
anatomy. Analysis of these lines would allow loci
controlling Kranz anatomy to be initiated. Together these
approaches should allow us to test the feasibility of the
ambitious endeavor.
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Purpose-grown Trees for a Sustainable Future

Maud Hinchee. ArborGen, LLC, PO Box 840001, Summer-
ville, South Carolina 29484. Email: mahinch@arborgen.com
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ArborGen, the world’s leading tree stock company with
over 300 million seedlings sold annually, applies advanced
breeding, propagation, and biotechnology methods to

improve trees as a renewable feedstock for bioenergy,
wood, and paper products. Biotech traits are being
introduced into pines and hardwoods in order to achieve a
step-change in tree performance characteristics such as
increased productivity, increased processing efficiency for
fiber, lumber and bioenergy production, and greater
production sustainability. One example is the development
of a freeze tolerant Eucalyptus which can produce greater
than 50 green tonnes per hectare per year on 5- to 7-year
rotations. These high-yielding, fast-growing trees are ideal
candidates for biomass plantations since they can be
managed on short rotations, are capable of coppice
regeneration, have a high ratio of wood to foliage, and
can be grown at high densities. Purpose-grown trees which
produce more wood on smaller land base address society’s
increased demand for sustainable generation of renewable
energy while meeting the world’s continuing demand for
wood to produce fiber and building materials.
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Easing the Regulatory Burden Surrounding
Biotechnology-derived Crops

Elizabeth Hood. Arkansas State University, Arkansas
Biosciences Institute 504 University Loop East Room 305
Jonesboro, AR 72401. Email: ehood@astate.edu
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The USDA SBIR program has invested several million
dollars over the last few years to develop crops with
biotechnology-derived traits. However, almost none have
been brought to market. Commercialization of agricultural
biotechnology requires significant effort in several sectors:
scientific capability—can you create your crop/trait combi-
nation to yield your desired result?; intellectual property—
can you protect your invention/crop?; market realities—can
you market your product to a consumer?; and regulations—
can you scale the mountain of government regulations?
Some of the regulatory barriers that face crop developers in
commercializing biotechnology-derived crops include: (1)
understanding the complex regulatory framework, (2)
preparing a road map to follow for achieving non-

S34 SPEAKER ABSTRACTS



regulated status from APHIS, achieving registration at EPA,
or for voluntary consultation with the FDA, (3) defining
normal ranges to establish a definition of “substantial
equivalence” (OECD 1993), to which the transgenic crop
is to be compared; (4) collecting relevant and comprehen-
sive data sets, (5) controlling costs associated with
deregulation, (6) standardization of data collection and
analysis. It is desirable to address these barriers and take
advantage of the benefits of biotechnology along with the
contributions of other technologies in agriculture. Providing
food, feed, fiber, and fuels for the growing human
population will require all technologies available to us.
We are working to establish a new paradigm for data
collection and coordination to simplify and standardize the
petition process for federal agencies—fulfilling data needs
for crop assessment and ensuring the safety of the product.
The process involves modern IT applications to simplify
data acquisition.
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The Role of Science in Adapting to Climate Change: The
Australian Experience so far

Mark Howden. CSIRO Climate Adaptation Flagship, Chief
Research Scientist, Theme Leader, Adaptive Primary
Industries and Enterprises, CSIRO Climate Adaptation
Flagship, GPO Box 284, Canberra, ACT, Australia 2601.
Email: mark.howden@csiro.au

HOWDEN, MARK1

1CSIRO Climate Adaptation Flagship, GPO Box 284,
Canberra, ACT, Australia 2601

Climate is a defining factor that has shaped the Australia of
today. We are a people of a land of droughts and flooding
rains and are consequently sensitized to climate variability.
There is now growing evidence that the Australian climate
is not only variable but changing, with recorded increases
in temperature, changes in rainfall, and alterations in
extreme events, and that there is a human ‘fingerprint’ in
these changes. Furthermore, these changes are well aligned
with future projections of climate, providing additional
confidence that the ongoing climate change will need to be
managed by Australian agriculture. Australian science is re-
aligning to these challenges, implementing structural
change and working with industry and policymakers to
develop a range of adaptation technologies and strategies.
These include inter alia more sustainable management

practices, enhancements of crops and livestock, transfor-
mative changes to new systems, and/or new locations and
re-design of governance systems. To be effective, these
climate change adaptations need to be assessed in both an
integrative and participatory way. Plant biotechnology is an
integral part of this broader adaptation research portfolio,
being able to both reduce some of the risks of climate
changes when combined with appropriate management
adaptations and also provide options for positive outcomes.
For example, there is some evidence that new crop varieties
are less responsive than older varieties to elevated atmo-
spheric CO2—the most certain, and generally positive,
aspect of forthcoming global changes. Understanding this
response and reversing it will likely provide significant
yield benefits, especially in water-limited cropping environ-
ments such as Australia. We are also identifying plant traits
by experiments linked to gene by environment by manage-
ment modelling to develop wheat and sorghum varieties
that will be suited to the hotter and drier climates they will
likely experience when they are released in 10- to 20-yr
time—not the climate of the past 10 to 20 yr.

S-160

Dormant Bud Cryopreservation for Germplasm
Conservation

Maria Jenderek. National Center for Genetic Resources
Preservation, UDSA-ARS, 1111 S Mason, Fort Collins, CO
80521. Email: maria.jenderek@ars.usda.gov

JENDEREK, MARIA1, Ambruzs, Barbara1, Postman,
Joseph2, Ellis, David1
1NCGRP, USDA-ARS, 1111 S Mason, Fort Collins, CO
80521
2NCGR, USDA-ARS, 33447 Peoria Rd, Corvallis, OR
97333

The suitability of dormant buds (DB) for cryopreservation
of different plant species has been demonstrated in several
reports. For the majority of the species, processing DB for
long-term liquid nitrogen storage does not involve estab-
lishing tissue cultures and the time for growing out post-
cryo material to usable plants is much shorter than growing
plants from cryopreserved shoot tips. Pre-cryo preparation
of DB does not require aseptic conditions and takes less
time than tissue culture; hence, thousands of accessions
may be processed in a single season. These factors are
major advantages of using DB for cryopreservation of
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germplasm. One difficulty of using DB is the post-cryo
viability testing. Viability is determined by grafting of the
cryo’ed buds on rootstocks, and the outcome is highly
dependent on the grafter skills and together with the
rootstock quality can add to the variability of the process.
Another limitation is the DB applicability only for woody
and semi-woody accessions and the highest chance of post-
cryo survival are from plants of temperate and cold zones
origin. Among known species for which DB are used in routine
germplasm cryopreservation are Malus, Prunus cerasus, and
Allium sativum. Currently, our laboratory is actively researching
the possibility of using DB in the cryopreservation of Juglans
regia, Juglans cinerea, Prunus avium, Prunus armeniaca, and
Prunus dulcis, and protocols for long-term DB conservation of
butternut and walnut are near completion.

S-162

Quality Biofuels from In Vitro Grown Genetically Uniform
Plants of Jatropha Curcas

Timir Jha. Department of Botany, Presidency College, 86/1
College Street, Kolkata-700073, West Bengal, India. Email:
tbjha2000@yahoo.co.in

JHA, TIMIR, Mukherjee, Priyanka.
Department of Botany, Presidency College, 86/1 College
Street, Kolkata-700073, West Bengal, India

Climatic changes and energy security have intensified
interest in sustainable biofuel production from edible and
non-edible crop plants. Production of quality biofuels
depends on the quality of planting materials. Jatropha
curcas has been recognized worldwide as an important
eco-friendly, non-edible biorenewable crop. However, the
percentage of oil has been reported to vary between 4%
and 40% within the populations of the said species. Plant
biotechnological methods have been applied to produce
genetically uniform plants through somatic embryogenesis
(SE), micropropagation (MP), and excised zygotic embryo
culture (ZE). R1 plants in the field produce flowers, fruits,
and viable seeds. Mitotic and meiotic chromosome
analyses as well as amplified fragment length polymor-
phism were employed to assess the diversity in the tissue
culture-raised plants. We could not detect polymorphism
among the tissue culture-raised plants and thus they are
confirmed as genetically uniform. Quantitative analysis of
biofuel from seeds/ kernels of donor and R1 plants using gas
liquid chromatography revealed 29/39% oil from donor
plants and 31/41% oil from SE plants as well as 30/40% oil
from the MP plants. Significant improvement in linoleic acid

composition has been obtained in SE and MP plants.
Methods and well-documented results will be discussed.
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Physiological Characterization of Two Transgenic
Forage Legume Species for Drought Tolerance

Qingzhen Jiang. The Samuel Roberts Noble Foundation, 401
Willowridge St. Apt E4, USA. Email: qjiang@noble.org

JIANG, QINGZHEN1, Zhang, Jiyi1, Guo, Xiulin2, Wang,
Zengyu1
12510 Sam Noble Parkway, Ardmore OK 73401, USA
2Institute of Genetics and Physiology, Heibei Academy of
Agricultural and Forestry Sciences, Shijiazhuang, Hebei
050051, China

Alfalfa (Medicago sativa) and white clover (Trifolium
repens) are important forage legumes widely grown in many
areas of the world. To improve their drought tolerance, a
gene related to wax production, WXP1, was isolated and
placed under the control of an epidermis-specific promot-
er. This gene construct was transformed into these two
species. Independent transgenic WXP1 lines, empty vector,
and wild-type controls of both species were subjected to
drought stress treatment. Drought tolerance of these plants
was characterized by measuring a number of physiological
parameters including gas exchange, chlorophyll fluores-
cence, relative water content, and leaf water potential.
Compared to the controls for both alfalfa and white clover,
the transgenic lines showed higher net photosynthetic rate,
transpiration rate, stomatal conductance, and higher
efficiency of photosystem II, quantum yield of photosys-
tem II, photochemical quenching, and apparent electron
transport rate under water stress and after re-watering. The
transgenic alfalfa and white clover lines also showed
higher relative water content and leaf water potential under
water-deficit conditions. In addition, the growth and
development of the transgenic plants were normal, and
the plants showed enhanced drought tolerance.
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Caspase-activated Cell-penetrating Probes for In Vivo
Optical Imaging of Retinal
Neurodegeneration

James Johnson. Washington University School of Medicine,
Washington University School of Medicine, Mallinckrodt
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Radiology, and Department of Developmental Biology,
Washington University School of Medicine, St. Louis,
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2Department of Ophthalmology and Visual Sciences,
Washington University in St. Louis, 660 S. Euclid
Avenue, Campus Box 8096, St. Louis, MO 63110,
USA

Glaucoma is an optic neuropathy characterized by the
death of retinal ganglia cells (RGCs), axon loss, and an
excavated appearance to the optic nerve head. RGC
death mechanisms in animal models of glaucoma and
human glaucoma involve apoptosis. Regardless of
trigger, the apoptotic cascade produces cell suicide by
invoking caspase activation, a mechanism conserved in
RGCs. To monitor cellular commitment to apoptosis, a
series of activatable, cell-penetrating peptide probes
(CPPs) were developed to measure the cytosolic
activity of caspase-3. Our quenched probe (KcapQ647)
incorporates a CPP sequence and a fluorophore-
quencher pair linked by a caspase labile site. This
structural motif allows for efficient cell uptake and
renders the probe optically silent until cleavage by
caspase-3. To monitor cellular uptake and further study
internalization mechanisms, a nonquenched probe
(Kcap647) was prepared. Herein we applied these
probes to a retinal ganglial cell (RGC-5) culture model
to further characterize biological events behind probe
activation. RGC-5 cells readily differentiate into neurites
upon treatment with 2.5 μM staurosporine (SS) for 1 h,
allowing a more accurate cell culture model of neuro-
degeneration. Both native and differentiated RGC-5 cells
show a concentration-dependent uptake of Kcap647. In
both RGC-5 types, 10 μM Doxorubicin (Dox) treatment
for 3 h followed by KcapQ647 exposure produced
distinct probe activation as observed by fluorescence
microscopy. Based on these RGC-5 cell results,
KcapQ647 was applied to an in vivo rat glaucoma
model. Intravitreal (eye) administration of KcapQ647
showed activation in RGCs with a dose-dependent
response to N-methyl D-aspartate neurotoxicity with
>3.5-fold signal increases when compared to vehicle
controls. This RGC cell-type-specific property of our
probes provides a noninvasive tool for in vivo imaging of
retinal pathology.
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Biotechnology, Sustainability, and Society: Sources
of Resistance to New Technologies

Calestous Juma. Prof., Belfer Center for Science and
International Affairs, Harvard Kennedy School, Harvard
University, 24 Oxford Street, Littauer-356, Cambridge, MA
02138. Email: calestous_ juma@harvard.edu

JUMA, CALESTOUS
Harvard University, USA

Agricultural biotechnology holds great promise in fostering
the transition to a more sustainable world by offering
additional economic benefits to farmers, reducing the use of
polluting chemicals and diversifying farm activities. Emerg-
ing evidence indicates that the ecological benefits of
agricultural biotechnology have been downplayed and the
technology should take center stage in efforts to address
major concerns such as climate change. However, the last
two decades have been marked by intense resistance to the
adoption of agricultural biotechnology. This lecture
explores the socio-economic roots of resistance to agricul-
tural biotechnology around the world. It draws from
contemporary debates over the safety of agricultural
biotechnology as well as historical cases of resistance to
new technologies. It uses examples ranging from farm-level
responses to international treaties adopted under the United
Nations to regular agricultural biotechnology. It specifically
focuses on the role that risk perception plays in shaping
popular beliefs about agricultural biotechnology. It con-
cludes by offering suggestions on how to address the
challenge and broaden the base for applying agricultural
biotechnology to sustainability.

S-170

OsENOD93-1, An Early Nodulin Gene Has an Important
Role in Improving Nitrogen Use Efficiency in Rice

Surya Kant. University of Guelph, 682 College Avenue West
Guelph, Ontario, N1G1T8, Canada. Email: skant @uoguelph.ca

KANT, SURYA, Bi, Yong-Mei, Rothstein, Steven
Department of Molecular and Cellular Biology, University
of Guelph, Guelph, Ontario N1G 2 W1 Canada

Improving nitrogen use efficiency (NUE) in crop plants is
very important to help reduce producer’s input costs, and it
will also decrease the environmental damage caused by the
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loss of N compounds into air and water. This could be
achieved by development of genetic varieties with im-
proved NUE. We developed a defined N growth system for
rice to identify lines having an increased yield under the
same N supply or the same yield under a decreasing N
supply. Through a whole-genome transcriptional profiling
approach, N-responsive genes were identified. Transgenic
rice lines over-expressing these genes were generated to test
their role in NUE. Two strategies were performed to screen
transgenic plants, one for N assimilation efficiency and the
other for utilization efficiency. An early nodulin gene
designated as OsENOD93-1 responded significantly to a
transient increase or decrease in N level. The OsENOD93-1
over-expresser plants had higher shoot dry biomass,
number of spikes, spikelets, and seed yield as compared
to wild-type plants, particularly under low N conditions.
The OsENOD93-1 gene was expressed at high levels in
roots during the panicle emergence stage, and its protein
product was localized in mitochondria. The transgenic
plants accumulated higher levels of total amino acids and
total N content in roots. The amino acid level was also
higher in xylem sap and an elevated level of aspartate in
shoots was detected in the transgenic plants, especially
under low N supply. In situ hybridization studies revealed
that OsENOD93-1 is expressed in vascular bundles as well
as in epidermis and endodermis. The results suggested that
OsENOD93-1 plays an important role in the transportation
of amino acids from root towards shoot and is a good
candidate gene to improve NUE in rice.
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Mycotoxin-free Maize for Sub-Saharan Africa—
A Genetic Engineering Approach Deploying Antifungal
Proteins

Jagdeep Kaur. Donald Danforth Plant Science Center, 975
N Warson Road, St. Louis, MO 63132, USA. Email:
jkaur@danforthcenter.org
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1Donald Danforth Plant Science Center, USA
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Fusarium verticillioides and Fusarium proliferatum cause
ear rot of maize and also produce mycotoxins called
fumonisins. Fumonisin contamination of maize has been
reported from at least 16 Sub-Saharan African countries.
Fumonisins pose great risk to human and animal health.

Deployment of ear rot-resistant transgenic maize will provide
small-holder farmers of Africa with economical control of
Fusarium ear rot and fumonisins. We have identified two
plant defensins, MsDef1 and MtDef4, and a virally encoded
antifungal protein KP4 from P4 strain of Ustilago maydis
that exhibit potent in vitro antifungal activity against multiple
field isolates of these fungal pathogens. These three proteins
inhibit fungal growth using different modes of action. We
have generated several transgenic maize lines overexpressing
each of these proteins using a strong constitutive maize
ubiquitin (Ubi1) promoter. Several two-gene-combination
transgenics were also generated. Inoculated field trials of
these transgenic lines were conducted at two different
locations in North Carolina during the 2009 growing season.
A transgenic line, 417x6b-12, expressing both MsDef1 and
MtDef4, showed significant control of ear rot at both
locations. Preliminary data indicate that this line also had
significant resistance to fumonisin contamination.
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Engineering Microorganisms with Plant-derived Genes to
Produce Drugs and Fuels

Jay Keasling. Lawrence Berkeley National Laboratory,
Joint BioEnergy Institute, University of California, Berke-
ley, c/o Joint BioEnergy Institute, 5885 Hollis St., Fourth
Floor, Emeryville, CA 94608. Email: ovdiaz@lbl.gov

KEASLING, JAY
Lawrence Berkeley National Laboratory, Joint BioEnergy
Institute, University of California, Berkeley, USA

Synthetic biology is the design and construction of new
biological entities such as enzymes, genetic circuits, and
cells or the redesign of existing biological systems.
Synthetic biology builds on the advances in molecular,
cell, and systems biology and seeks to transform biology in
the same way that synthesis transformed chemistry and
integrated circuit design transformed computing. The
element that distinguishes synthetic biology from tradition-
al molecular and cellular biology is the focus on the design
and construction of core components (parts of enzymes,
genetic circuits, metabolic pathways, etc.) that can be
modeled, understood, and tuned to meet specific perfor-
mance criteria and the assembly of these smaller parts and
devices into larger integrated systems that solve specific
problems. Just as engineers now design integrated circuits
based on the known physical properties of materials and
then fabricate functioning circuits and entire processors
(with relatively high reliability), synthetic biologists will soon
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design and build engineered biological systems.We have used
synthetic biology to create inexpensive, effective anti-malarial
drugs. Currently, malaria infects 300–500 million people and
causes one to two million deaths each year, primarily children
in Africa and Asia. One of the principal obstacles to
addressing this global health threat is a lack of effective,
affordable drugs. The chloroquine-based drugs that were used
widely in the past have lost effectiveness because the
Plasmodium parasite which causes malaria has become
resistant to them. The faster-acting, more effective
artemisinin-based drugs—as currently produced from plant
sources—are too expensive for large-scale use in the
countries where they are needed most. The development of
this technology will eventually reduce the cost of
artemisinin-based combination therapies significantly below
their current price. To reduce the cost of these drugs and
make them more widely available, we have used synthetic
biology to engineer microorganisms to produce artemisinin
from renewable resources. Having successfully completed the
artemisinin work, we are now engineering the metabolism of
the same microorganisms (Escherichia coli and Saccharomy-
ces cerevisiae) for production of advanced biofuels. Unlike
ethanol, these biofuels will have the full fuel value of
petroleum-based biofuels, will be transportable using exist-
ing infrastructure, and can be used in existing automobiles
and airplanes. These biofuels will be produced from natural
biosynthetic pathways that exist in plants and a variety of
microorganisms. Large-scale production of these fuels will
reduce our dependence on petroleum and reduce the amount
of carbon dioxide released into the atmosphere while
allowing us to take advantage of our current transportation
infrastructure.
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Initiation of Proembryogenic Mass (PEM) from Hybrid
Seeds and Somatic Embryogenesis in Yellow Poplar
(Liriodendron tulipifera)

Yong Wook Kim. Department of Forest Genetic Resources,
Korea Forest Research Institute, Dr. Yong Wook Kim,
Division of Forest Biotechnology, Korea Forest Research
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Institute
2Division of Tree Breeding, Korea Forest Research Institute

Proembryogenic mass (PEM) lines were initiated from
immature hybrid seeds of yellow poplar on MS basal medium
(MS) supplemented with 9.0 μM 2,4-dichlorophenoxyacetic
acid, 2.2 μM benzyladenine, 1.0 g/L casein hydrolysate, and
0.2% gelrite. Among the cone collection dates, the highest
initiation frequency of 8.9%was recorded for July 31. Among
64 (4.3%) PEM lines produced, the line 08-1 produced the
highest number (194/5 mg FW PEM) of matured somatic
embryos when transferred onto one half MS medium
containing 40 g/L sucrose, 500 mg/L casamino acid,
500 mg/L L-glutamine, and 0.4% gellan gum. The somatic
embryos germinated upon transfer onto a half-strength MS
medium plus 20 g/L sucrose and 0.25% gellan gum.
Germination frequency varied much with the PEM lines
ranging from 17.5% (line 08-46) to 93.9% (line 08-13). The
plantlets derived from somatic embryos were transferred to
soils and acclimatized for 4 wk before transferring to the
greenhouse. Most of them were transplanted successfully to
the experimental field.
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High Oleic Soybean Oil: A Renewable Alternative
for Industrial Use

Susan Knowlton. DuPont

Vegetable oils are beginning to penetrate a variety of
industrial applications as the industry looks for ‘green’
technologies which can replace petroleum-based materials.
Biobased products face two primary challenges as they
move into these markets. The first is pure economics: the
relative cost of the biobased replacement versus the
incumbent and the investment required to qualify the new
material within existing equipment specifications. The
second challenge is performance: do these new materials
have attributes which allow them to function in systems and
equipment which were designed based on petroleum-
derived material criteria? In many cases, conventional
vegetable oil compositions fail in the performance chal-
lenge. Altering the composition of vegetable oil has been
and continues to be a technically fruitful endeavor for
biotechnology. The fatty acid composition of oil signifi-
cantly changes the physical and chemical interactions the
oil undergoes during use. While intended for the food
industry, some oils have been modified in ways which
make them highly suitable as biobased feedstocks in
industrial applications. One example of this is the modifi-
cation of conventional soybean oil into high-oleic soybean
oil. This new oil, which is poised for commercial
introduction, will be discussed.
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Photosynthetic Carbohydrate Partitioning under Limiting P
Supply

Jens Kossmann. Institute of Plant Biotechnology, Stellen-
bosch University, Merriman Avenue, Private Bag X1,
Matieland, 7602, South Africa. Email: kossmann@sun.ac.za
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Africa

Carbohydrate partitioning between starch and sucrose is an
essential and finely tuned process in photosynthetic carbon
metabolism inmany plant species. Triose-phosphate (triose-P)
generated from carbon assimilation and reduction in the
reductive pentose phosphate pathway inside the chloroplast is
either channeled into starch synthesis or can be exported into
the cytosol to be converted into sucrose. Both processes make
phosphate available for photosynthetic ATP synthesis to
continue. The export of triose-P from the plastids is mediated
by the triose-P/phosphate translocator (TPT), which ensures
that no net export of phosphate from the plastids is occurring.
This system, however, is not operational when plants are
suffering from Pi malnutrition due to the relatively low
affinity of TPT for Pi. A high-affinity phosphate transporter
will be described as that which localizes to the chloroplast
envelope and which is exclusively expressed when plants are
suffering from low Pi supply. Mutants and antisense plants
with down-regulated expression for this transporter fail to
photosynthesize under low Pi conditions, illustrating the
significance of this protein. We assume that the export of
carbohydrates from low-Pi chloroplasts is occurring via
starch turnover and maltose is the primary carbohydrate
released under those conditions. This study sheds light on a
long-time neglected field of research, as photosynthetic
carbohydrate metabolism was almost exclusively undertaken
with well-nourished plants and studies on phosphate starva-
tion responses had mostly focused on roots or phosphate
distribution within the starved plant.
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Towards Coloring Soybeans with Anthocyanins—identification
and Characterization of an Anthocyanidin/Flavonol 3-O-gluco-
syltransferase cDNA from the Seed Coat of Black Soybean

Nikola Kovinich. Agriculture and Agri-Food Canada,
Carleton University, University of Ottawa, Nik Kovinich,
Ph.D. candidate, Agriculture and Agri-Food Canada, 960

Carling Ave, Ottawa, Ontario, Canada K1A OC6. Email:
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As the prevalence and diversity of engineered crops increase,
contamination of non-modified grains with transgenics is
becoming problematic. Distinct colors for the visible identi-
fication and quantitation of transgenic materials could provide
increased safety to the consumer and freedom to the producer.
We have proposed to engineer pigment biosynthesis in black
soybean (Glycinemax (L.) Merr.) to generate distinct seed
colors for the visible identification of transgenic grains. The
seed coats of black soybean are known to accumulate all
anthocyanins required for the red (cyanidin-), blue (delphi-
nidin-), purple (petunidin-), and orange (pelargonidin-3-O-
glucoside) coloration of plant tissues. In addition, significant
amounts of flavonols, seed colorants in Arabidopsis thaliana,
accumulate in the seed coats of black soybean. Before grain
coloring can be considered as a viable solution towards the
identification of GE soybeans, it is necessary to identify the
gene specific to biosynthesis of these pigments. We here
report the identification and cDNA cloning of a UDP-
glucose: flavonoid 3-O-glucosyltranferase (named
GmUF3GT) from seed coat of black soybean. Of the 28
flavonoid substrates tested, the purified recombinant enzyme
glucosylated only anthocyanidins and flavonols and demon-
strated strict 3-position region specificity. Transfer of
GmUF3GT into the A. thaliana T-DNA mutant ugt78d2
restored anthocyanin and flavonol biosynthesis, confirming
the in vivo function of the enzyme as an anthocyanidin/
flavonol 3-O-glucosyltransferase. Interesting analytic fea-
tures of the recombinant enzyme in comparison to its
heterologous activities in A. thaliana will also be presented.
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Distinct Resistance Profiles Against Phytophthora
Infestans in Potato Transformed with the Rb Gene from
Solanum Bulbocastanum

Jan Kreuze. International Potato Center, Avenida La Molina
1895, La Molina, Lima, Peru. Email: j.kreuze@cgiar.org
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The late blight pathogen Phytophthora infestans continues
to be the major biotic constraint in potato production
worldwide. Current strategies to control this devastating
disease include stacking of broad-spectrum resistance genes
isolated from wild potato relatives through transgenesis. At
CIP, the RB, Rpi-Blb2, and the Rpi-vnt1 genes are being
considered for stacking to generate durable resistance in
potato. To be able to predict the durability of a gene stack,
it is essential to understand the spectrum and level of
resistance provided by each individual gene to the different
P. infestans isolates present in a given environment. The
current study examined the response of eight transgenic
potato lines containing the RB gene to five P. infestans
isolates from Peru. Results showed that all lines were fully
susceptible to an isolate originally collected from a somatic
hybrid of S. bulbocastanum and S. tuberosum, indicating
that resistance-breaking isolates of P. infestans are present
in Peru. Lines ranged from fully susceptible to fully
resistant to the remaining isolates but unexpectedly
exhibited different resistance spectra against different
isolates. Resistance was correlated to the level of gene
expression prior to infection as well as the level of
induction of gene expression after inoculation.

S-184

Evaluating the Biocidal Activity of Antimicrobials Using
Fish Cell Lines

Lucy Lee. Wilfrid Laurier University, 75 University Avenue
West, Waterloo, ON, N2L 3C5 Canada. Email: llee@wlu.ca
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Antimicrobial compounds are increasingly being used in the
aquaculture industry to prevent disease outbreaks. This is
especially true in commercially important fish species such as
Atlantic salmon and rainbow trout, a multimillion dollar
industry where fish losses to disease have been of highest
concern. The crowded conditions in which aquacultured
species are subjected to lead to outbreaks of many diseases,
including those triggered by pathogens. Most antimicrobial
compounds have been developed for use in terrestrial animals;
thus, there is a lack of studies on their effectiveness in fish.
The few studies involving the evaluation of antimicrobials
have been done in whole organisms and their mode of action
and effects on the pathogens and on the fish host cells are
poorly known. Especially, data on the effects of antimicrobials
on epithelial cells such as skin, gills, and intestinal lining cells,

which are the barriers, are lacking due to the difficulty in
isolating such cells from aquatic organisms. In this study,
established cell lines derived from gills, skin, and guts of
several fish species, including rainbow trout and Atlantic
salmon, were evaluated for cytotoxic effects on cells and on
target microorganism models, including bacteria, amoeba and
microsporidians (representative fungal pathogens). Epithelial
monolayer disruption as measured by transepithelial resis-
tance and changes in protein expression profiles was
monitored in response to pathogens with or without added
antimicrobial compounds such as common antibiotics, anti-
fungal agents as well as an array of antimicrobial peptides.
Broad-spectrum antimicrobial compounds, such as lactoferrin
and lysozyme and other antimicrobial peptides whose stability
and/or costs make them difficult candidates for in vivo testing,
were evaluated in vitro for their effectiveness and/or side
effects.
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Fish and Chips: Towards the Development of Portable
Water Testing Devices
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Miniaturization, portability, speed, efficiency, and cost-
effectiveness are hallmarks of new technological innova-
tions geared at developing novel testing devices either in
biomedical, pharmaceutical, or other biotechnological
fields. Similarly, in the area of environmental monitoring,
rapid sensitive assays capable of detecting contamination or
toxicity are being sought, especially with drinking water
sources. Water is essential for life and it is well known that
we have limited resources that require continuous monitor-
ing and protection. The United Nations declared 2005 to
2015 the International Decade for Action: “Water for Life”
(http://www.un.org/waterforlifedecade/) to provide safe
drinking water to the world population by 2015. Towards
this goal, we have teamed up to develop biochips using fish
cell lines and microfluidic devices for water safety
screening. The miniaturized prototype devices rely on
electroosmotic flow to deliver a series of concentrations
of a test sample (e.g., a toxicant) or a series of different test
samples to fish gill cells seeded onto microfluidic chips
fabricated from polydimethyl siloxane (PDMS) using
conventional soft-lithography techniques. Experimental
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parameters and applicability to natural water samples using
the rainbow trout gill cell line (RTgill-W1) as model
biological test systems within these chips are being optimized
for sensitivity, fast responses, and replicability. Aspects that
are being worked out include minimal water sample prepara-
tion, efficiency, portability, and cost compared to conventional
laboratory test methods. The coupling of PDMS chips with
fish cell lines that are easily manipulated holds promise for
creating self-contained, field-deployable and disposable,
single-use “lab on a chip” systems.

S-187

KeyBase™—a Novel Targeted Mutagenesis Method
for Crop Species

Franck Lhuissier. KeyGene NV

LHUISSIER, FRANCK. KeyGene NV. P. O. Box 216,
6700 AE Wageningen, The Netherlands. Email: franck.
lhuissier@keygene.com

In recent years, increasing amounts of genomic information
has been generated for both model and crop plants. This
wealth of information can be used in reverse genetic
approaches to link phenotypes and genotypes and subse-
quently to identify key genes involved in important
agronomic traits. Crops with improved characteristics can
then be produced by the introduction of subtle mutations
into such genes. We have developed a method, KeyBase,
which can be used to introduce single-point mutations into
any plant gene of interest. This is achieved by introducing
chemically modified oligonucleotides into KeyBase-
proficient plant protoplasts. The sequence of the oligonu-
cleotide is identical to the target gene except at the position
of the desired mutation. This mismatch between the
oligonucleotide and the target gene drives the alteration of
the genomic sequence. Individual protoplasts containing the
alteration can then be selected and regenerated into plants.

S-188

Expressing RNA Interference of Three Nematode Repro-
duction or Fitness Genes in Soybean: Suppressed Soybean
Cyst Nematode Fecundity

Jiarui Li. Kansas State University, 2153 Prairie Glen PL,
Manhattan, KS 66502. Email: hnt@ksu.edu

LI, JIARUI1, Oakley, Tom1, Todd, Timothy1, Schapaugh,
William2, Trick, Harold1
1Department of Plant Pathology, Kansas State University,
Manhattan, KS 66506, USA
2Department of Agronomy, Kansas State University, Man-
hattan, KS 66506, USA

The soybean cyst nematode (SCN), Heteroderaglycines, is
an obligate parasite of soybean, accounting for $4 billion
loss per year worldwide and $460–818 million annual loss
in the USA. Nematicides, crop rotation, and resistant
varieties represent the current choices for SCN manage-
ment; however, each approach has serious limitations. To
control SCN in soybean, our laboratory has been using
RNA interference strategy targeting on nematode reproduc-
tion or fitness genes. Using a rapid screening system–hairy
roots bioassay system, we demonstrated that transgenic
soybean roots expressing RNAi constructions of three
genes (Y-1, P-6, C-3) among 15 genes displayed a
significant reduction for nematode cysts and eggs. Real-
time PCR analysis demonstrated that the nematodes
collected from Y-1 and P-6 RNAi-expressing roots
exhibited significant suppression of the respected mRNA
transcripts. Stable transgenic soybean lines have been
obtained from Y-1 and P-6. Molecular analysis and
bioassay data for these transgenic lines will be presented.
The results in this study indicated that over-expressing
RNA interference constructs of nematode reproduction or
fitness-related genes in the host plant can effectively control
SCN.

S-189

Toward Molecular Design of Ideal Plant Architecture
of Rice

Jiayang Li. Institute of Genetics and Developmental
Biology, Chinese Academy of Sciences, Beijing 100101,
China

LI JIAYANG and Yonghong Wang
Institute of Genetics and Developmental Biology, Chinese
Academy of Sciences, Beijing 100101, China

Increasing crop yield is a major challenge for modern
agriculture. Rice (Oryza sativa L.) is one of the most
important staples that feed more than half of the world’s
population. To enhance rice yield potential over existing
high-yield varieties, the concept of new plant type (NPT)
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has been proposed. Rice plant architecture, a collection of
the important agronomic traits that determine its grain
production, is mainly affected by factors including tillering
(tiller number and tiller angle), plant height, and panicle
morphology. To elucidate molecular mechanisms that
control rice plant architecture, we have identified several
related mutants and isolated their corresponding genes.
Among them, the MONOCULM1 (MOC1) gene was
characterized as an essential regulator involved in tiller
bud initiation and outgrowth; the DWARF27 (D27) gene
acts as a new component involved in the biosynthesis of
strigolactones and controls rice tiller number by regulating
the outgrowth of tiller buds; the LA1 gene plays an
important role as a negative regulator of polar auxin
transport (PAT) and loss of function of LA1 enhances PAT
greatly and thus alters the endogenous IAA distribution in
shoots; the SMALL PANICLE (SP) gene encodes a
transporter that regulates the panicle size. Most importantly,
we recently cloned and characterized an important quanti-
tative trait locus gene, Ideal Plant Architecture 1 (IPA1),
which profoundly affects rice plant architecture and
substantially enhances rice grain yield. IPA1 encodes
SQUAMOSA PROMOTER BINDING PROTEIN-LIKE
14 (OsSPL14) and is regulated by miRNA156 in vivo.
Our results demonstrated that a point mutation in IPA1/
OsSPL14 perturbs miRNA156-directed regulation of IPA1/
OsSPL14, generating an ideal rice plant that exhibits a
reduced tiller number, increased lodging resistance, and
enhanced grain yield. Our studies demonstrate that the
application of these genes will facilitate the breeding of
new elite varieties by modifying the tiller number, tiller
angle, plant height, and panicle morphology.

S-190

Biomarkers: At the Intersection Between Nutrition, Human
Health, and Agriculture

Mary Ann Lila. North Carolina State University, 600
Laureate Way North Carolina Research Campus Kannapolis,
North Carolina, 28081 USA. Email: mlila@ncsu.edu

LILA, MARY ANN1, Luther, Michael2
1Plants for Human Health Institute, North Carolina State
University, 600 Laureate Way, North Carolina Research
Campus, Kannapolis, NC 28081
2David H Murdock Research Institute, 150 Research
Campus Dr., North Carolina Research Campus, Kannap-
olis, NC 28081

Biomarkers are the critical indicators requisite for the
objective evaluation of high-value traits and responses in
plant, animal, and human research. They signal biological
events or provide measures of exposure, composition,
response, or susceptibility. In the wake of new biotechnol-
ogies including genomics, proteomics, metabolomics, gly-
comics, imaging, and meta-analysis, biomarkers have
redefined the quest for evidence-based approaches to
human health and wellness. Sensitive, cutting-edge tech-
nology platforms coupled with high-performance comput-
ing and data analysis are now available to monitor, with an
unprecedented degree of precision, biomarkers of potent
therapeutically active phytochemicals in plants or of disease
susceptibility, diagnosis, or treatment response in animal
and human systems. By integrating our analyses of these
complex and previously unintelligible or intractable bio-
markers and the wealth of insights acquired by probing
genomic/epigenetic and metabolomic status, science can
now, for the first time, begin to interpret how functional
foods and phytopharmaceuticals interface with human
pathophysiology at the molecular level to protect or
enhance health and metabolism. Many of the same
approaches applied to pharmacogenetic and pharmacoge-
nomic responses for drug therapies can now be adapted for
the plant and food arenas. Specific research outcomes
targeting antimalarial, anti-diabetic, neuroprotective, and
other bioactive natural products and their relevant bio-
markers (both in the plant and in the patient, at cellular or
whole-organism levels) all converge on the same con-
clusions: generic treatments are not solutions when health
outcomes hinge on the metabolic variations of the
individual.

S-192

Bioactive Secondary Metabolites from Higher Fungi
in China

Ji-Kai Liu. State Key Laboratory of Phytochemistry and
Plant Resources in West China, State Key Laboratory of
Phytochemistry and Plant Resources in West China,
Kunming Institute of Botany, Chinese Academy of
Sciences, Kunming 650204, China. Email: jkliu@mail.
kib.ac.cn

LIU, JI-KAI
State Key Laboratory of Phytochemistry and Plant Resour-
ces in West China, Kunming Institute of Botany, Chinese
Academy of Sciences, Kunming 650204, China
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China is extraordinarily rich in higher fungi. To date,
about 10,000 species of fungi have been reported from
the vast territory of China. Among them, nearly 6,000
species, belonging to about 1,200 genera, are higher
fungi. Higher fungi in bio-resources belong to the very
productive biological sources which produce a large and
diverse variety of secondary metabolites. We have been
interested in the biologically active substances present in
untapped and diverse source of higher fungi from China.
In order to search for naturally occurring bioactive
metabolites from higher fungi, we have investigated the
chemical constituents of more than 100 higher fungi in
China since the last 10 yr. More than 300 novel terpenoids,
phenolics, and nitrogen-containing compounds were isolated
from basidiomycetes and ascomycetes (Albatrellus confluens,
Albatrellus dispansus, Boletus edulis, Boletopsis grisea,
Boreostereum vibrans, Cortinarius tenuipes, Cortinarius
vibratilis, Craterellus odoratus, Daldinia concentrica, Eng-
leromyces gotzii, Hexagonia speciosa, Hydnum repandum,
Hygrophorus eburnesus, Lactarius deliciosus, Lactarius
hirtipes, Lactarius mitissimus, Lactarius rufus, Polyporus
ellisii, Russula cyanoxantha, Russula foetens, Russula
lepida, Russula nigricans, Sarcodon leavagatum, Sarcodon
scabrosus, Shiraia bambusicola, Suillus granulatus, Thele-
phora aurantiotincta, Thelephora ganbajun, Tremella aur-
antilba, Tricholomopsis rutilans, Trogia sp., Tylopilus
plumbeoviolaceus, Xylaria euglossa, etc.). Some of them
showed very interesting pharmacological activities. The
isolation, structural elucidation, and biological activity of
the new compounds are discussed. Supported by the
National Basic Research Program of China (973 Pro-
gram, 2009CB522300), the National Natural Science
Foundation of China (30830113). Selected references:
1. N-containing Compounds of Macromycetes, Ji-Kai
Liu*, Chem. Rev. 2005, 105:2723–2744; 2. Natural
terphenyls, development since 1877, Ji-Kai Liu*, Chem.
Rev. 2006, 106:2209–2223; 3. A lipase inhibitor with an
unusual fused beta-lactone produced by cultures of the
basidiomycete Boreostereum vibrans. Dong-Ze Liu, Fei
Wang, Tou-Gen Liao, Jian-Guo Tang, Wolfgang Steglich,
Hua-Jie Zhu, and Ji-Kai Liu*, Org. Lett. 2006, 8:5749–
5752; 4. Induced daldinin A, B, C with a new skeleton
from cultures of the ascomycete Daldinia concentrica,
Hong-Jun Shao, Xiang-Dong Qin, Ze-Jun Dong, Hong-
Bin Zhang, Ji-Kai Liu*, J. Antibiot. 2008, 61:115–119; 5.
Rare merosesquiterpenoids from basidiomycete Craterel-
lus odoratus and their inhibition of 11b-hydroxysteroid
dehydrogenases, Ling Zhang, Yu Shen, Fei Wang, Ying
Leng, Ji-Kai Liu*, Phytochemistry 2010, 71:100–103; 6.
Speciosins A–K, oxygenated cyclohexanoids from the
basidiomycete Hexagonia speciosa, Meng-Yuan Jiang,
Ling Zhang, Rong Liu, Ze-Jun Dong, Ji-Kai Liu*, J.
Nat. Prod. 2009, 72:1405–1409

S-194

Understanding and Harnessing Enhancer–-promoter
Interactions and Insulation Systems for Precisely
Engineering Gene Function and Agronomic Traits
in Plants

Zongrang Liu. USDA-ARs Appalachian Fruit Research
Station, 2217 Wiltshire Road, Kearneysville, WV 25430.
Email: zongrang.liu@ars.usda.gov

Singer1*, Stacy1, Hily1*, Jean-Michel2, Yang1,2, Yazhou3,
LIU1, ZONGRANG4

11USDA-ARS Appalachian Fruit Research Station, 2217
Wiltshire Road, Kearneysville, WV25430, USA. *Current
address: Department of Plant Pathology, New York State
Agricultural Experiment Station, Cornell University, NY,
14456, USA
21USDA-ARS Appalachian Fruit Research Station, 2217
Wiltshire Road, Kearneysville, WV25430, USA. *Current
address: Department of Plant Pathology, New York State
Agricultural Experiment Station, Cornell University, NY,
14456, USA
3(1) USDA-ARS Appalsachian Fruit Research Station,
2217 Wiltshire Road, Kearneysville, WV25430, USA. (2)
College of Life Sciences, Northwestern A&F University,
Yangling, Shaanxi 712100, P.R. China
41USDA-ARS Appalachian Fruit Research Station, 2217
Wiltshire Road, Kearneysville, WV25430, USA

Plant biotechnology provides a powerful tool for both basic
research and agronomic trait improvement in a variety of
crops through engineering gene expression. Often, this
requires the simultaneous insertion of multiple, tandemly
arranged genes that are controlled by distinct promoters.
However, the presence of multiple promoter and enhancer
elements within a single transgene cassette might, due to
the inherent orientation-independent nature of enhancers,
provoke enhancer–promoter or promoter–promoter cross-
talk, which could inevitably alter the specificity and
strength of discrete promoters in transgenic plants and
consequently affect the outcome of the engineered traits.
We found that both tissue-specific and constitutive enhanc-
er elements can effectively activate adjacent promoters in
non-targeted tissues. The detailed analyses revealed that
enhancer-mediated gene activation occurred through the
non-specific activation of gene transcription at multiple
sites. Using this system, we developed an assay strategy for
the identification of enhancer-blocking insulators. Our
study showed that at least two of the DNA fragments
tested had insulating activity. Potential applications of these
insulators for eliminating the enhancer–promoter interac-
tion and crosstalk within a composite transgene cassette
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during plant transformation and in transgenic plants will be
discussed.

S-196

Expression of Engineered Xylan-degrading Chimeric
Enzymes for Bioenergy and Biofuel Applications

Indu Maiti. University of Kentucky, University of Kentucky,
KTRDC Bld 224, 1401 University Drive, Lexington, KY
40546-0236, USA. Email: imaiti@uky.edu

MAITI, INDU1, Chatterjee, Aparajita2, Das, Narayan3,
Raha, Sumita4, Babbitt, Ruth1, Huang, Qingwei1, Zaitlin,
David1, Fan, Zhanmin1, Kurt, Wagscha5, Charles, Lee6,
Kong, Que1
1University of Kentucky, KY
2Boston University, Boston, MA
3Scottish Church College, Calcutta, India
4Northwestern University, IL, USA
5SDA Agricultural Research Service, Western Regional
Research Center, Albany, CA
6USDA Agricultural Research Service, Western Regional
Research Center, Albany, CA

Xylanases are used in various agricultural and industrial
applications including biomass degradation. A synthetic,
modified, codon-optimized xylanase gene (XynZ) from
Clostridium thermocellum was expressed in transgenic
tobacco plants. The coding sequence of XynZ was placed
between the modified Mirabilismosaic virus (MMV) full-
length transcript promoter with duplicated enhancer
domains and the terminator sequence from the rbcSE9
gene. Three constructs were developed to evaluate XynZ-
gene expression levels by targeting gene products into
either the cytosol, intercellular space, or endoplasmic
reticulum in transgenic plants. These chimeric genes,
expressed in transgenic tobacco (Nicotiana tabacum cv.
Samsun NN), were stably inherited in successive plant
generations (R0, R1, and R2 progeny; primary, second, and
third generation) as shown by molecular characterization
(RT-PCR and q-RT-PCR analysis) and enzymatic assays. In
addition, we have also generated transgenic tobacco plants
that produce the xylanase-arabinofuranosidase chimeric
enzyme. Degradation of xylan requires several enzymes.
Several chimeric enzymes were constructed by linking
the catalytic portion of a xylanase to either an
arabinofuranosidase or axylosidase with a flexible
peptide linker. The recombinant parental enzymes
and chimeras were produced in Escherichia coli at
high levels and purified for characterization of their
enzymatic and kinetic properties as well as activities

on natural substrates. The chimeras closely resemble
the parental enzymes or their mixtures with regard to
protein properties. They share similar temperature profiles
and have similar catalytic efficiencies as the parental
enzymes when assayed using substrates 4-nitrophenyl-a-L-
arabinofuranoside or 2-nitrophenylb-D-xylopyranoside.
The chimeras also exhibit unique enzymatic character-
istics and synergistic effects in the degradation of natural
xylans.

S-198

A Hierarchical Modular One-pot Cloning Method
for Creation of Libraries of Construct Variants
and for Streamlined Generation of Multigene Constructs

Sylvestre Marillonnet. Icon Genetics, Weinbergweg 22,
Icon Genetics, 06120 Halle, Germany. Email: marillonnet@
icongenetics.de

MARILLONNET, SYLVESTRE
Icon Genetics

We have developed a method to clone in one step and
one tube at least nine separate DNA fragments together
into an acceptor vector, with 90% of recombinant clones
obtained containing the desired construct. The principle
of the cloning strategy is based on the ability of type IIs
restriction enzymes to cut outside of their recognition
site. Two DNA ends can be designed to be flanked by a
type IIs restriction site such that digestion of the
fragments removes the enzyme recognition sites and
generates ends with complementary four nucleotide
overhangs; such ends can be ligated seamlessly, creating
a junction that lacks the original site. This property
allows cloning to be performed using a one-step
restriction–ligation. Cloning is performed by simply
subjecting a mix of two to ten undigested input plasmids
(one to nine entry plasmids and the acceptor vector) to a
restriction–ligation and transforming the resulting mix in
competent cells. This method has several applications,
ranging from DNA shuffling of individual coding
sequences to streamlined assembly of multigene con-
structs, depending on the nature of the entry vectors that
are used. DNA shuffling of coding sequences can be
obtained by using libraries of entry clones containing
gene fragments prepared from several homologues. At a
higher structural level, libraries of expression cassettes
can be obtained that differ in promoter and terminator
sequences by using libraries of entry modules containing
various promoter and terminator sequences. Finally,
multigene constructs can be obtained using a one-pot
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assembly from several entry vectors that contain the
entire transcription units.

S-200

Tackling Chronic Diseases: The Potential of Preventive
Medicine Through Improvements to Diet

Cathie Martin. John Innes Centre, John Innes Centre,
Norwich Research Park, Colney, Norwich, NR4 7UH,
UK. Email: cathie.martin@bbsrc.ac.uk

MARTIN, CATHIE1, Titta, Lucilla 2, Giorgio, Marco2,
Mock, Hans-Peter3, Matros, Andrea3, Peterek, Silke3,
Schijlen, Elio4, Hall, Robert 4, Bovy, Arnaud4, Luo, Jie1,
Recupero Reforgiato, Giuseppe5, Licciardello, Concetta5,
Butelli, Eugenio1
1John Innes Centre, UK
2European Institute of Oncology
3Leibniz Institute of Plant Genetics and Crop Plant
Research
4Plant Research International
5Centro di Ricerca per l’Agrumicoltura e le Colture
Mediterranee

Chronic disease is traditionally considered the affliction
of old people in wealthier developed countries, but 80%
of mortality from chronic disease occurs in low- and
middle-income countries and 60% of sufferers are
between the ages of 18 and 64. Chronic diseases are
particularly exacerbated by declining levels of exercise
and increasingly poor diets. Humans are genetically
adapted to the dietary environment of their ancestors and
many chronic diseases result from evolutionary discor-
dance with modern diets. Numerous epidemiological
studies have demonstrated the efficacy of diets high in
fruit and vegetables in reducing the incidence of
cardiovascular disease, cancer, and age-related degener-
ative diseases. The importance of fruit and vegetables in
the diet results from their containing important phytonu-
trients which often serve to promote antioxidant defence
mechanisms. Despite the specific recommendations of
the “five-a-day” program, only 23% of the US popula-
tion reached these dietary targets. These figures argue
strongly for strategies to increase the levels of health-
promoting phytonutrients in the fruits and vegetables
that people actually consume in significant amounts.
Plant biotechnology can make a very significant contri-
bution to exploring this option in a number of ways:
developing model foods that test the importance of specific
phytonutrients in promoting particular aspects of health,
developing markers that allow molecular breeding for

enhanced levels of phytonutrients in crops, and genetic
engineering that provides novel, health-promoting foods.
Nutritional improvements developed through plant breeding
and plant genetic engineering represent a feasible means of
developing preventive strategies against chronic degenerative
diseases for the future.

S-202

Synplant Cultures Raised in Artificial Plant Ovary (APO)

Laszlo Marton. University of South Carolina, 715 Sumter,
Columbia, South Carolina, SC 29208, USA. Email:
martonl@mailbox.sc.edu

Fari, Miklos1, Kertesz, Tamas2, Czako, Mihaly3, MARTON,
LASZLO3

1Orsós Ottó Laboratory, Department of Plant Biotechnolo-
gy, University of Debrecen, UD-AGTC, Hungary
2Kristaly KFT, Hungary
3University of South Carolina, 715 Sumter, Columbia SC
29208

The demand for sustained economy generates a basic
challenge for science and technology in the twenty-first
century. This demanding environment stimulated the rapid
development of plant biotechnology, utilizing more cutting-
edge sciences. One of the urgent needs is a general, cost-
effective propagation technology for elite crop plant lines.
Automatic systems can improve the time and cost-
effectiveness of the micro-propagation technologies; how-
ever, there has not been much progress in this area. The
artificial seed (“syn-seed”) is a promising further special
application of the micro-propagation technologies but has
also not been widely applied. The “syn-plant” (our own
terminology for specific plants, mass produced from
synchronized sustained embryogenic callus cultures) tech-
nology allows the establishment of mega-plantations,
thousands of hectares within a few months by the fast
supply of cost-effectively priced propagules. The industrial-
scale syn-plant technology has been only a theoretical
possibility, approached by several laboratories. Here, we
report a major breakthrough, the creation of the “Artificial
Plant Ovary” (APO) system (P 0900018 sz., 2009. 01. 20,
HPO, Hungary). In the Orsos Otto Lab. of UD, the first
APO instrument has been completed and started to work in
2009. The APO allowed the synchronized conversion of
somatic embryos into functional plantlets without transfers,
time, and cost-efficiently. The acclimatized syn-plants can
be treated just like other field-ready propagules used in
horticulture or forestry. The first APO has been set up to
produce syn-plants from Arundodonax-sustained embryogen-
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ic cultures originated from USC Columbia (CM, LM).
Research has been initiated to produce syn-plants from other
clonally propagated species, serving the global market.

S-204

Uptake and Exclusion of Plant-expressed Fluorescent Proteins
by the Soybean Cyst Nematode Heterodera Glycines

James McCarter. Divergence, Inc., 1005 North Warson
Road Suite 401 St. Louis MO 63132 USA. Email:
mccarter@divergence.com

Gao, Bingli, Bradley, John, Hresko, Michelle, Caruano-
Yzermans, Amy, Williams, D., MCCARTER, JAMES
Divergence, Inc., St. Louis, MO, USA

Cyst nematodes, major pathogens of soybean, potatoes,
sugar beets, and other crops, are sedentary root feeders that
limit the size of ingested molecules by the use of an
organelle-like feeding tube believed to act as a “molecular
sieve” between the nematode stylet and the surrounding
syncytial plant feeding site. The feeding tube constrains the
delivery of proteins and nucleic acids from the plant to the
nematode. The size cutoff for molecular uptake into the
soybean cyst nematode (SCN), Heterodera glycines, has
never been determined and work on other cyst nematode
species provides conflicting values between 20 and 40 kDa.
We have therefore studied the uptake of variously sized
fluorescent proteins expressed in transgenic roots into H.
glycines in comparison to other sedentary endoparasites, root
knot nematode (Meloidogyne incognita) and the migratory
lesion nematode (Pratylenchusscribneri). We provide the
first evidence for uptake of plant-expressed fluorescent
proteins into the SCN intestine and describe this uptake by
developmental stage. We show how the likelihood of
uptake into the intestine decreases with molecular weight
establishing a molecular size cutoff for ingestion. The
results obtained from this study clarify and expand the
understanding of SCN host plant feeding and provide
guidance for the development of biotechnology-based
strategies for nematode control.

S-206

Development and Application of Embryonic Stem
Cell-derived Neurons for Botulinum Neurotoxin Research

Patrick McNutt. US Army, ATTN: MAJ Patrick McNutt,
USAMRICD, 3100 Ricketts Point Road, APG, MD 21010,
USA. Email: patrick.mcnutt@us.army.mil

MCNUTT, PATRICK
USAMRICD, 3100 Ricketts Point Road, APG, MD 21010,
USA

Internalization of botulinum neurotoxin (BoNT) results in
a rapid and prolonged paralysis of neuromuscular
signaling. The BoNTs are the most poisonous substance
known, and there is currently no effective pharmacolog-
ical therapy. In part, this failure can be attributed to the
lack of a physiologically relevant neuron tissue culture
system compatible with drug discovery methodologies
and suitable for the molecular characterization of intox-
ication and synaptic recovery. We have found that
neurons differentiated from murine embryonic stem
(mES) cells exhibit characteristics consistent with an
effective drug discovery platform. Suspension-adapted
mES cells are reliably differentiated into homogenous
(>95%) neuron cultures (ESNs) that express botulinum
substrate proteins, exhibit action potentials, construct
synapses, and undergo trans-synaptic signaling. Exposure
of ESNs to BoNT/A and /B results in (a) proteolysis of
SNAP25 and VAMP2 at concentrations commensurate
with primary cholinergic neurons and (b) inhibition of
neurotransmitter release as measured by HPLC. We are
currently using this model to develop novel therapies for
BoNT research, based on systems biology approaches.
We are also characterizing the suitability of human ESCs
for BoNT research as well as developing protocols to
derive enriched cholinergic neuron populations. These
complementary assays will be used to identify and
validate candidate BoNT inhibitors in real-time, nonde-
structive screening assays. If successful, it is anticipated
that this model system will have widespread applicability
as a cell-based in vitro toxicology platform for candidate
BoNT therapeutics, as well as for other neuron-specific
diseases.

S-207

dsRNA: The Next Generation of Pyramided
Insect-protection traits

William Moar. Monsanto Company, 800 North Lindbergh,
Creve Coeur, MO 63167. Email: william.moar@monsanto.
com

MOAR WILLIAM1, Tom Clark1, Gerrit Segers1, Graham
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2USDA-ARS, Plant Genetics Research Unit, 205 Curtis
Hall, University of Missouri, Columbia, MO 65211
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The expression of dsRNA in crop plants, such as maize, to
control damaging insect pests such as western corn
rootworm (WCR, Diabrotica virgifera virgifera) repre-
sents a new class of environmentally friendly insect
control traits. In order to increase the durability of this
new trait, WCR-active dsRNA will be co-expressed with
other insecticidal traits such as the Bacillus thuringiensis
(Bt) Cry protein Cry3Bb1. Expression of both dsRNA and
Cry3Bb1 also increases insect control and decreases root
damage as compared to Cry3Bb1 alone. As with any new
plant-expressed insect control trait, the potential for WCR
to evolve resistance to dsRNA also needs to be under-
stood. This presentation will discuss the preliminary
results of this characterization including the potential for
cross-resistance between CRW-active dsRNA and
Cry3Bb1 and the potential mechanisms of resistance to
dsRNA.

S-208

The Bioenergy Science Center (BESC) and Overcoming
Recalcitrance of Populus to Biofuel Production

Debra Mohnen. University of Georgia-Complex Carbohydrate
Research Center- BioEnergy Science Center, 315 Riverbend
Road, Athens, GA 30602. Email: dmohnen@ccrc.uga.edu
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2West Virginia University
3National Renewable Energy Laboratory
4University of California-Riverside
5Joint Genome Institute
6Alpha Hudson
7Dartmouth

8Samuel Roberts Noble Foundation
9ArborGen
10Oak Ridge National Laboratory

The aim of the Bio Energy Science Center (BESC) is to
overcome the recalcitrance of plant biomass, i.e., plant cell
walls, to deconstruction and thereby enable the facile
conversion of plant biomass to biofuels. To achieve this
goal, BESC research focuses on (1) understanding the
biosynthesis and molecular structure of plant biomass and
(2) manipulating the microbes and enzymes that decon-
struct this biomass. The talk will describe two strategies
taken by BESC to identify recalcitrance-associated genes/
proteins in Populus. Strategy one is to identify natural
variation for recalcitrance in the Populus population and
strategy two is to use transgenic approaches to identify
and understand the role of recalcitrance-associated genes
in biomass formation. Both strategies rely on a set of
multi-institutional pipelines: the Populus transformation,
biomass characterization, and recalcitrance high-
throughput pipelines. Several examples of how BESC
integrates these pipelines to increase the understanding of
biomass formation and to identify and understand
recalcitrance-associated proteins in Populus will be
presented.
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The Opportunities of the Microsporidian Anncaliia
Algerae: In Vitro They Seem Unlimited

S. Richelle Monaghan. University of Waterloo, 200
University Avenue West, Waterloo, ON, Canada N2L
3G1. Email: rmonagha@uwaterloo.ca

MONAGHAN, S.1, MacLeod, Michael2, Lee, Lucy2, Bols,
Niels3
1University of Waterloo, 200 University Avenue West,
Waterloo, ON, N2L 3G1 Canada
2Wilfrid Laurier University, Canada
3University of Waterloo, Canada

Microsporidia are intracellular parasites that require a host
cell in order to proliferate. Taxonomically, microsporidia
encompass over 1,200 species and approximately 150
genera but are informally categorized according to their
economically and clinically relevant hosts. These categories
are insect, mammalian, and fish. Anncaliia algerae (previ-
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ously Brachiola algerae) is a microsporidian originally
identified in insects and had been considered as an agent to
control mosquitoes until it was then discovered to be a
pathogen of mammals, including humans. Could fish cells
be infected? This research demonstrates that, in vitro at 27°
C, A. algerae proliferates in insect, mammalian, and fish
cells. Goldfish skin (GFSK-S1), zebra fish (Zeb2J), and
fathead minnow testis (FHMT) cell lines were infected with
A. algerae spores in addition to the insect and mammalian
cell lines, Sf9 and RK-13, respectively. Polar tube extru-
sion, indicative of spore germination, could be seen in these
cultures. Development of mature spores was apparent after
3 d, and proliferation of spores continued for 7 d. Mature
spores were visible using phase contrast and fluorescence
microscopy following staining with 1 μg/ml of 4′,6-
diamidino-2-phenylindole. To the best of our knowledge,
this is the first demonstration that a microsporidian is
capable of infecting all three informal categories of hosts.
Although some microsporidian species show restrictions
and/or tropisms with respect to hosts, this research suggests
that A. algerae can infect any animal cell in vitro, which
may mean that it is a parasite of opportunity, capable of
infecting any host under the appropriate conditions.

S-212

Biologically Active Compounds from the Israeli Flora
Affecting the Cytoskeleton Organization of Cancer Cells

Yoni Moskovitz. Ph.D. Einat Sadot, Hagolan 11, Natania,
42758, Israel. Email: yonimosko@gmail.com

MOSKOVITZ, YONI1, Yehuda, Osnat1, Halpert, Michal1,
Abu-Abied, Mohamad1, Dudai, Nativ2, Riov, Joseph3, Perl,
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Natural products have been a source for many approved
drugs and serve as scaffolds for combinatorial library
design. The Israeli flora is rich in ethno-botanical-
characterized medicinal plants with traditional uses. There

are more than 2,600 native species in Israel, of which more
than 700 are noted for their uses as medicinal herbs or
biological pesticides. In an ongoing study, 1,500 samples
were collected, identified, ground, and freeze-dried. Meth-
anol extracts of the samples were applied to different cancer
cell lines, which were then fixed and stained for actin,
microtubules, or b-catenin. A new biological activity was
found in extract #406, which led to increased cancerous cell
adhesion and actin stress fibers formation in a Rac1-
dependent manner. As a result, decreased cell migration
and proliferation occurred. Extract #762 was found to be
able to exclude b-catenin from the nucleus of SW480 colon
cancer cells. In the colon cancer cell line SW480, the
oncogene b-catenin accumulates in the nucleus, where it
activates other oncogenes. This accumulation of b-catenin
results from a mutation in APC, a mutation that character-
izes about 85% of the cases of colon cancer and can happen
dozens of years before the onset of the disease. A drug that
will prevent b-catenin from accumulation in the nucleus in
colon cells could potentially serve as a prophylactic
treatment. In addition, extract #1503 exhibits vinblastin-
like activity, which disrupts microtubules. Disruption of
microtubules leads to cell cycle arrest and apoptosis. Work
to identify the active compounds is in progress.

S-214

Real-time Bioluminescence Imaging of NF-κB Signal
Transduction in Live Cells

Britney Moss. Washington University School of Medicine,
Campus Box 8225 Washington University School of
Medicine; St. Louis, MO 63110, USA. Email: blmoss@artsci.
wustl.edu
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1Molecular Imaging Center, Mallinckrodt Institute of
Radiology, and Department of Molecular Biology and
Pharmacology, Washington University School of Medicine,
St. Louis, MO 63110, USA
2Molecular Imaging Program at Stanford, Departments of
Pediatrics, Radiology, Microbiology and Immunology,
Stanford University School of Medicine, Stanford, CA
94305, USA

The transcription factor NF-κB regulates immunity, inflam-
mation, and survival and is implicated in many human
pathologies. We have developed a bioluminescence molec-
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ular imaging reporter (pκB5→IκBα-Fluc) that allows real-
time in cellulo visualization of a critical NF-κB regulatory
node, the inhibitor of NF-κB α (IκBα) negative feedback
loop: ligand stimulation leads to IκBα degradation and
release of NF-κB which subsequently translocates into the
nucleus and activates IκBα gene transcription. This reporter
was transiently expressed in HepG2 cells to systematically
evaluate in sequential order ligand-induced degradation, re-
synthesis, and stabilization of IκBα by real-time biolumi-
nescence imaging. Surprisingly, extremely brief pulses (as
short as 5 s) of NF-κB-activating ligands, such as tumor
necrosis factor α (TNFα), produced robust IκBα degrada-
tion (35±9% signal decrease from baseline) and re-
synthesis (3±0.9-fold signal increase over baseline), sug-
gesting that even instantaneous ligand exposure can
generate a substantial response in target cells. Increasing
ligand pulse duration from 5 to 900 s increased the
amplitude of IκBα degradation (71±3% decrease from
baseline) and re-synthesis (5.7±0.9-fold increase over
baseline) but had less striking effects on the timing of
these events. In contrast, modulation of ligand concentra-
tion revealed strong impacts on both the amplitudes and
timing of IκBα degradation and re-synthesis, with TNFα
and IL-1β eliciting similar patterns of IκBα degradation
but differing trends during re-synthesis. These data dem-
onstrate a real-time bioluminescence imaging tool to
interrogate the dynamic and kinetic properties of IκBα, a
key regulatory node within the NF-κB pathway.

S-218

Expression of Antimicrobial Peptide Gene (Magainin)
in Soybean

Rama Nanna. Kakatiya University, Department of Biotech-
nology, Kakatiya University, Warangal-506 009(AP), IN-
DIA. Email: swamynr.dr@gmail.com
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Transgenic technology is an alternative method of engi-
neering disease resistance in crop plants. In recent years,
some insect-, bacterial-, fungal-, and virus-resistant crops
produced by this strategy have made their way to
commercial production. In the present investigation, we
have attempted to develop transgenic soybean resistant to a
wide spectrum of diseases. Soybean (Glycine max (L.)
Merr.) is now a global staple food and about 110 million
tons of beans are produced. About two third of all
manufactured food products contain derivatives or ingre-

dients made from soya. Soya is used as soya foods and soya
drinks, including soya cheeses and soya yogurt. Soy foods
provide high-quality protein generally while staying
cholesterol-free and being low in saturated fat. Due to its
high economic value and susceptibility to bacterial, fungal
and viral diseases, soybean plants were transformed to
express a gene (magainin) encoding the antimicrobial
magainin peptides by using biolistic method. Multiple
shoots were regenerated on MS medium supplemented
with BAP from embryonic axes. The embryonic axes were
isolated aseptically from soaked seeds. These were posi-
tioned in the bombardment medium with the meristematic
region directly upwards in the culture dishes. Micro-
projectiles were prepared using tungsten particles and these
were coated with plasmid vector pBSSAN168 harbouring
AHAS as selectable marker gene and magainin gene. After
bombardment, the embryonic axes were cultured on shoots
induction medium +500 nM imazapyr. The transgenic
plants resistant to imazapyr were selected and transferred
to a greenhouse. The transgenic plants were assayed
individually using PCR and Southern hybridization meth-
ods in T0 and T1 generations. These transgenic plants were
tested for possible enhancement of bacterial and fungal
resistance. Thus, the expression of antimicrobial peptide
gene against plant diseases will be discussed.

S-220

Dual Role for Cassava Hydroxynitrile Lyase: Increasing
Protein Concentrations and Decreasing Cyanide

Narayanan Narayanan. Donald Danforth Plant Science
Center, 975 N. Warson Road, St. Louis, MO 63132. Email:
nnarayanan@danforthcenter.org
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Cassava is the major source of calories for more than 250
million Africans, but unfortunately it has the lowest
protein-to-energy ratio of any staple food crop in the world.
Cassava diet provides less than 30% of the minimum daily
requirement for protein. Moreover, both leaves and roots of
cassava contain potentially toxic levels of cyanogenic
glucosides. Acetone cyanohydrin, a chemically unstable
compound, was found to be the major cyanogen in poorly
processed cassava. This deglycosylated product can spon-
taneously decompose at pH >5.0 or temperatures >35°C or
is enzymatically broken down by hydroxynitrile lyase
(HNL) to produce acetone and free cyanide which is then
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volatilized during root processing. Unlike the leaves,
cassava roots have very little HNL activity. It was evident
that the high acetone cyanohydrin levels present in
processed cassava roots could be attributed to a low level
of HNL activity. We hypothesized that the over-expression
of HNL in cassava roots accelerates cyanogenesis, resulting
in substantially reduced acetone cyanohydrin levels. There-
fore, we have over-expressed HNL in cassava under the
control of a root-specific patatin promoter using Agro-
bacterium-mediated transformation. Sixty-eight indepen-
dent transgenic lines were obtained and 42 lines showed
the presence of gene by molecular analysis. Transgenic
lines carrying HNL show ten- to 15-fold increase in relative
mRNA expression in roots and there is no significant
difference of mRNA expression in the leaves. These lines
also showed substantially reduced cyanogens both in roots
(60–90%) and leaves (10–40%). Furthermore, 5-mo-old
transgenic cassava roots also show two- to threefold
increase in total protein content, suggesting the reassimila-
tion of cyanide into proteins. We will present hypotheses of
mechanisms that explain the role of HNL in accelerating
the conversion of cyanide-containing compounds into
proteins.
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The Development of Drought-tolerant Corn
and its Global Impact

Dianah Ngonyamo-Majee. Monsanto Company, 700
Chesterfield Parkway West Mail Zone GG3N St. Louis, MO
63017, United States. Email: dianah.majee@monsanto.com
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Sustainable increases in crop yields will be essential to feed
the growing global population. Efficient use of water will
be a major challenge in reaching full food production
potential for both commercial and small-holder farmers
around the world. Transgenic approaches supported by
complex genomic and systems biology are adding to our
understanding of pathways that are important to water
stress tolerance in crop plants and are leading to commer-

cially viable ways of improving yields. In the Sub-Saharan
Africa region, 300 million people depend on corn as their
staple food. Unfortunately, corn is severely affected by the
frequent droughts, making farming risky for the millions of
small-holder farmers. Monsanto has an intense effort to
bring transgenic corn drought traits to all growers and has
joined the public–private partnership called the Water
Efficient Maize for Africa (WEMA) project. This presen-
tation will highlight data from the first generation of
transgenic drought tolerance traits that demonstrate the
enormous opportunity that exists for the application of
genomics to feed a growing global population.
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Determining Mineral Nutrient Effects using ARS-Media to
Remove Ion Confounding

Randy Niedz. United States Department of Agriculture,
Agricultural Research Service, 2001 S. Rock Rd. Ft. Pierce,
FL 34945. Email: randall.niedz@ars.usda.gov
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Adequate growth of plant cells, tissues, and whole plants is
a prerequisite for various plant breeding applications such
as cell selection and genetic engineering. The most
fundamental constituent of any plant culture media are the
mineral nutrients. This is true for all plants grown under all
conditions (e.g., field, greenhouse, hydroponic, and in vitro
culture). When mineral nutrients of the correct type,
concentration, and proportion are provided, the result is
healthy and vigorous growth. However, experiments
concerned with determining appropriate mineral nutrient
levels are generally performed using salts, as opposed to
ions. This means that researchers have had to accept a
covariance in the co-ion of the salt used to manipulate the
mineral nutrient of interest. Because of this difficulty, the
majority of research studies concerned with determining
mineral nutrient-specific effects exhibit ion confounding.
The software application ARS-Media utilizes a linear
programming optimization algorithm to determine the
combination of salts, acids, and bases that satisfy any given
target solution of ions. ARS-Media therefore allows
researchers to construct experimental designs that use
mineral nutrient ions, as opposed to salts, as individual
factors and hence experimentally determine mineral
nutrient-specific effects on biological responses relating to
ion type, concentration, and proportion.
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The Effect of Zeatin Riboside, BA, IAA, and NAA
on Shoot Regeneration from Grapefruit Epicotyls

Randy Niedz. United States Department of Agriculture,
Agricultural Research Service, 2001 S. Rock Rd., Ft.
Pierce, FL 34945. Email: randall.niedz@ars.usda.gov
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Plant growth regulators are used to manipulate in vitro
morphogenesis and growth. Procedures to transform citrus
commonly use epicotyl segments from in vitro seedlings as
the source explants, making adequate adventitious shoot
production a prerequisite. Shoot organogenesis is typically
stimulated by a cytokinin and/or auxin with the efficiency
strongly influenced by the type, concentration, and proportion
of plant growth regulators used. In this study, we examined the
effects of two cytokinins (zeatin riboside and BA) and two
auxins (IAA and NAA) on shoot regeneration from grapefruit
epicotyl stem segments. The design geometry used (four-
component mixture amount) resolved all proportional and
amount effects between these compounds. Three responses
were measured: (1) number of explants that formed buds/
shoots, (2) the number of shoots greater than 2 mm, and (3) an
overall quality (gestalt) assessment. The resulting ANOVAs
for each response were significant at p<0.0001 (p>F) and the
predictive ability throughout the design space was high.
Some salient conclusions included the following: (1) zeatin
riboside singly or in combination with IAA resulted in the
greatest number of explants with buds/shoots and number of
shoots >2 mm and of the highest quality, (2) the strongest
effects from BA were observed in the presence of IAA or
NAA, and (3) the proportion of growth regulators interacted
strongly with amount (i.e., the amount varied depending on
type and proportion).
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High-spatial Resolution Metabolomics Analysis:
A Case Study of Imaging Plant Surface Metabolites
by laser Desorption Ionization Mass Spectrometry
using Colloidal Silver

Basil Nikolau. Department of Biochemistry, Biophysics and
Molecular Biology, Iowa State University, Iowa State
University, 3254 Molecular Biology Building, Ames,
IA50011, USA. Email: dimmas@iastate.edu
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Dissecting metabolic processes in a multicellular organism
requires the observation of metabolites among and within
individual cellular structures. We are developing such high-
spatial-resolution techniques using mass spectrometric
imaging of epicuticular lipids of the surface of Arabidopsis
thaliana. Single-cell-level spatial resolution of ~12 μm was
achieved by reducing the laser beam size by using an
optical fiber with 25-μm inner core diameter in a vMALDI-
LTQ mass spectrometer and improved matrix application
using an oscillating capillary nebulizer. Fine chemical
images of intact flowers were visualized by this high-
spatial-resolution technique showing metabolite abundan-
ces on such organ structures as anthers and single pollen
grains on the stigma and anthers. LTQ-Orbitrap with
MALDI ion source was adopted to achieve MS imaging
in high mass resolution, which enables the resolution of
isobaric ions, for example, silver adducts of C29 alkane
(m/z 515.3741) and C28 aldehyde (m/z 515.3377), which
are indistinguishable in low-resolution mass spectrometric
instruments. We will illustrate the application of this
technology by investigating the metabolite redistribution
that occurs in the Arabidopsis cer1 mutant, a gene whose
functionality in surface lipid deposition is indicated via
genetic analysis; however, the biochemical functionality in
this gene in the process of surface lipid biosynthesis is
unambiguously assigned.
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Tropical Fruit Germplasm Preservation—Issues
and Perspectives

Normah Noor. The National University of Malaysia, Institute
of Systems Biology, The National University of Malaysia,
Bangi, Selangor, 43600, Malaysia. Email: normah@ukm.my
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Many tropical fruit species produce recalcitrant seed that is
known to be intolerant of desiccation and low temperature.
This recalcitrance renders them unsuitable for long-term
conservation in a seed bank whose methods are appropriate
for orthodox (i.e., desiccation- and freezing-tolerant) seeds.
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Among the recalcitrant tropical fruit species are mangosteen
(Garcinia mangostana), langsat (Lansium domesticum),
rambutan (Nephelium lappaceum), and rambai (Baccaurea
motleyana). Citrus suhuiensis, Citrus madurensis, Citrus
hystrix, and Fortunella polyandra are among the Citrus and
Citrus-related species with recalcitrant or intermediate cate-
gory of seeds. Several successful cryopreservation protocols
were developed for some types of recalcitrant embryonic axes
and shoot tips using rapid dehydration–freezing and vitrifi-
cation techniques. These include studies on the effects of
steps in the vitrification protocol including preculture,
loading, and exposure to PVS2 solution on survival after
exposure to liquid nitrogen. Our experience in developing
protocols for successful cryopreservation of these tropical
fruit species includes both difficulties and successes. Success
was attained with embryonic axes and shoot tips of several
Citrus species using rapid dehydration–freezing and vitrifica-
tion techniques, respectively. Standard protocols were not
successful for species with highly recalcitrant seeds such as
the Garcinia and Nephelium species. Possible cause of
failures are the large structure of the embryonic axes, the
presence of seeds without differentiated embryos, or the
structures of the shoot tips not amenable to desiccation and
freezing. These species are different from the vegetatively
propagated (clonal) species such as banana and pineapple that
are successfully cryopreserved because they have standard
meristem structures. For recalcitrant species, modification of
existing protocols or development of new methods is required
for the cryopreservation of these difficult species. Successful
cryopreservation can be accomplished only when a detailed
understanding of recalcitrant seeds or recalcitrant explants is
achieved.
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Increased Resistance to Fusarium Wilt in Transgenic
Tobacco Lines Co-expressing Chitinase and Wasabi
Defensin Genes

Valentine Ntui. Chiba University, Laboratory of Plant
Cell Technology, Graduate School of Horticulture, Chiba
University, Matsudo-city, 271-8510, Matsudo, Japan.
Email: ntuival@yahoo.com
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The multiple auto-transformations (MAT) vector system is
one of the novel and effective systems to stack transgenes

into plants using a single selectable marker (ipt) gene, with
a site-specific recombination that generates marker-free
plants independent of asexual crossing. In this study,
Agrobacterium tumefaciens strain EHA105 harboring an
ipt-type MAT vector, pMAT21, containing chitinase (ChiC)
gene was used to generate marker-free tobacco plants
expressing the ChiC (an antimicrobial) gene. The presence
of ChiC gene and the absence of ipt gene were confirmed
by PCR in six out of 37 ipt-shooty phenotypes, indicating
that the six plants were marker-free transgenic tobacco
plants expressing the ChiC gene. One marker-free trans-
genic line TC-1 was re-transformed with Agrobacterium
strain EHA101 which harbors the binary vector pEKH1-WD
that contains the wasabi defensin (WD) gene. Thirty-seven
percent of the re-transformed shoots co-expressed ChiC//WD
genes. Southern blot analysis showed that no chromosomal
rearrangement was introduced between the first and the
second transformation. Furthermore, the expression of ChiC
gene in marker-free transgenic plants and re-transformed
plants as well as the WD gene in the re-transformed plants
was confirmed by northern and western blot analyses.
Transgenic plants expressing either ChiC gene or WD gene
or co-expressing ChiC/WD genes were challenged with
Fusarium oxysporum. Assessment of plant survival in the
presence of F. oxysporum showed that transgenic lines co-
expressing both genes revealed significantly enhanced
protection against the fungus when compared with
corresponding isogenic lines expressing either of the genes.
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Reprogramming Alkaloid Biosynthesis in Madagascar
Periwinkle

Sarah O’Connor. Massachusetts Institute of Technology, 77
Massachusetts Avenue, 18-592, Cambridge, MA 02139.
Email: soc@mit.edu
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Monoterpene indole alkaloids from Catharanthus roseus
(Madagascar periwinkle), such as the anticancer agents
vinblastine and vincristine, have important pharmacological
activities. Metabolic engineering of alkaloid biosynthesis can
provide an efficient and environmentally friendly route to
analogs of these synthetically challenging and pharmaceuti-
cally valuable natural products. This lecture describes our
efforts to both mechanistically understand and manipulate
this plant metabolic pathway.
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Improving Plant Nutrition through Symbiotic Interactions

Giles Oldroyd. Department of Disease and Stress Biology,
John Innes Centre, Department of Disease and Stress
Biology, John Innes Centre, Norwich Research Park,
Norwich, UK. Email: giles.oldroyd@bbsrc.ac.uk
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The ability to take up mineral nutrients, particularly nitrogen
and phosphorus, is generally the major limitation to plant
growth. Because of this, farmers apply nitrogen and phospho-
rus through fertilizer application to promote crop growth.
Sustained yields are dependent on this fertilizer application, but
it comes at a high price, both in the cost of the fertilizer and the
environmental damage caused by the resulting greenhouse gas
emissions. A number of plant species have evolved beneficial
interactions with micro-organisms that facilitate the uptake of
these nutrients. Legumes form symbiotic interactions with
mycorrhizal fungi that facilitate phosphate uptake and with
rhizobial bacteria that provide the plant with a source of
nitrogen. The establishment of these symbioses involves a
molecular communication between the plant and the symbiotic
micro-organisms in the soil. Mycorrhizal fungi and rhizobial
bacteria release signals that are recognized by the host plant and
lead to developmental changes associated with the accommo-
dation of the symbionts. Genetic dissection in the legume
Medicago truncatula has defined the signalling pathways
involved in these symbioses. A number of the genes required
for the mycorrhizal interaction are also necessary for the
rhizobial interaction, indicating a conserved symbiosis signal-
ling pathway. This implies that the evolution of nodulation
involved the recruitment of a signalling pathway already
functioning in mycorrhizal signalling. This signalling pathway
is present in most plant species, including cereals, suggesting
that engineering the perception of rhizobial bacteria in cereals
is simplified and requires an understanding of the legume-
specific components that activate and are activated by the
common symbiosis signalling pathway.
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High-throughput Natural Products Chemistry:
Is it possible?

Mark O’Neil-Johnson. Sequoia Sciences, Inc, 1912 Innerbelt
Business Center Dr., St. Louis, MO 63114. Email:
johnso99@gmail.com

O’NEIL-JOHNSON, MARK1, Eldridge, Gary1, Milling,
Craig2, Norcross, Jim2, Peck, Tim2

1Sequoia Sciences, Inc. 1912 Innerbelt Business Cntr. Dr.
St. Louis, MO 63114 USA
2Protasis, Inc. 101 Tomaras Ave. Savoy, IL 61874

Sequoia Sciences identifies novel chemistry from its
library of structurally diverse small molecules isolated
from plants. The proprietary design of this library allows
for the screening of these compounds at optimal HTS
concentrations without non-drug-like interferences. Se-
quoia built this analytical process such that rapid
isolation and structure elucidation of active compounds
could be accomplished. Using the extremely sensitive
CapNMR probe, structure elucidation of active com-
pounds is completed on samples of limited mass.
Relative to synthetic library HTS, the question remains:
is it really high-throughput natural products chemistry?
Can the rate-limiting step, structure elucidation process,
be a higher throughput process? The scientific strategy
that Sequoia employs in order to rapidly uncover the
chemical diversity contained in plant natural products
will be outlined. This presentation will expand upon the
ground-breaking CapNMR probe by describing the
MultiSample™ CapNMR probe. This advanced capillary
NMR probe acquires complete NMR data sets on two
samples simultaneously. The Protasis Dual Sample™
Probe (DSP) has now extended the high-throughput
process to include NMR data acquisition. This talk
outlines sample loading and data acquisition ease of the
DSP probe, presenting data on biologically active
compounds isolated from preparative HPLC fractions
from Sequoia’s library. By essentially achieving the same
performance for each sample as achieved using a single-
sample CapNMR probe, the DSP probe provides a
doubling of throughput in 1D proton as well as all
gradient 2D experiments. Sequoia’s inclusion of the DSP
probe compliments its current platform technologies for
high-throughput natural products research.
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Optimized Renewable Fat and Cellulosic Biomass
Accumulation in Peanut Through Biotechnology

Godson Osuji. Cooperative Agricultural Research Center,
Prairie View A&M University, Cooperative Agricultural
Research Center, E.E. O’Banion Street, P.O. Box 519-2008,
Prairie View, TX 77446, USA. Email: professorosuji@
yahoo.com
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Peanut is the ideal energy crop because its oil and cellulose
produce more bioenergy per acre than soybean, but its food
value makes peanut oil costly for biodiesel production. To
optimize peanut fat and cellulosic biomass yields through
biotechnology, it was fertilized with trace quantities of
mineral nutrients as abiotic stress inducers of glutamate
dehydrogenase (GDH) isomerization. The RNAs synthe-
sized by GDH regulate the abundance of mRNAs. Peanut
plants were analyzed for fat, cellulose, total RNA, and the
synthesis of RNA by GDH. The mRNAs encoding acetyl
CoA carboxylase (ACC, fat biosynthesis), phosphate trans-
locator (cellulosic biomass), glycinamide ribonucleotide
(GAR) synthetase/GAR transformylase (purine biosynthe-
sis), and nitrate reductase (NR) were probed with GDH-
synthesized RNA. Phosphate (5 mM) fertilization decreased
the GDH-synthesized RNAs that were homologous to
mRNA encoding ACC, thereby increasing fat accumulation
by 13% equivalent to additional 100 gallons of biodiesel
per ton of peanut. Phosphate (20 mM) minimized the GDH-
synthesized RNAs homologous to mRNA encoding phos-
phate translocator, thereby increasing cellulosic biomass
by 76% equivalent to additional 13.5 MJ/kg of feedstock
that is convertible to fuel ethanol. The GDH-synthesized
RNAs homologous to the mRNAs encoding GARS/
GART, NR, and ACC shared extensive sequence homol-
ogies. The cross-bindings between GDH-synthesized
RNAs and mRNAs encoding enzymes in different meta-
bolic pathways permitted the down-regulation of metabol-
ic fluxes through N-assimilation pathways (GARS/GART,
NR) while optimizing metabolic flux through ACC-
catalyzed fat biosynthesis. Therefore, the GDH-based
biotechnology considerably optimized peanut oil and
cellulosic biomass renewables for satisfying food and
bioenergy demands.

S-244

How Agricultural Biotechnology is being Kept
out of Africa

Robert Paarlberg. Wellesley College, Department of
Political Science, 106 Central Street, Pendleton Hall East
Rm. 235, Wellesley MA 02481, USA. Email: rpaarlberg@
wellesley.edu

PAARLBERG, ROBERT
Wellesley College, 106 Central Street, Pendleton Hall East
Rm. 235, Wellesley, MA, 02481, USA

When genetically engineered agricultural crops were first
commercialized in rich countries in the mid-1990s, the
assumption was that poor countries would want access to
this new technology but might find it difficult given the
fact that it was being developed primarily in the private
sector under claims of patent protection. Today, 15 yr
later, most farmers in Africa still lack access to GE
crops, yet the IPR claims of patent-holding biotechnol-
ogy firms are not the reason. GE crops are being kept
out of Africa today by restrictive biosafety policies
embraced by African governments themselves. In all of
Sub-Saharan Africa today, only two governments—the
Republic of South Africa and Burkina Faso—have yet
made it legal for farmers to plant any GE crops. In most
of the countries of Sub-Saharan Africa, biosafety policies
do not yet make it legal even to do research on GE
crops. GE crops are facing this stifling regulatory
environment in Africa in large part because of the
Continent’s close historic, economic, political, and
cultural ties to Europe. Africa has imported its prefer-
ences regarding the regulation of GE crops from Europe,
with comparable results in terms of technology uptake.
Countries in the developing world less closely tied to
Europe, including the countries of Latin America and
now also China, are moving ahead more quickly to
commercialize the technology. In the regulation and
uptake of crop biotechnology then, geo-historical rela-
tionships can have continuing influence.

S-246

The Development of Techniques for Tissue Culture
of Mango (Mangifera Indica L.) var. Carabao
and Successful Transfer of Plants to Soil and the Field

Lilian Patena. Office of the College Secretary, College of
Agriculture, University of the Philippines, Los Banos,
College, Laguna 4031, Philippines. Email: lilianfpatena@
yahoo.com

PATENA, LILIAN1, Barba, Ramon2
1College of Agriculture, University of the Philippines Los
Banos, College, Laguna 4031 Philippines
2National Academy of Science and Technology, Taguig,
Metro Manila, Philippines

The mango, a virtually neglected fruit before the advent of
KNO3 flower induction, is the third leading Philippine
export fruit. The ‘Carabao’ mango is the only variety for
export. Delay or control of ripening as well as to program
market availability would further increase the value of
mango. Prolonging its shelf life and improving its other
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characteristics can be done through biotechnology. In any
biotechnology work, a reliable tissue culture protocol and a
successful transfer system to soil are required. Since 2004
until 2008, immature mango fruits were collected and cultured
in vitro. Primary (1°) somatic embryo (SE) induction ranged
from 16% to 100% depending on the strain, time of collection,
and source. A single SE was required to initiate SE
proliferation. When subcultured, the SEs proliferated, germi-
nated, and produced plantlets. Initial shoot formation was 8–
64%, while succeeding true leaf formation was 0–36%. In
some cultures, abscission and browning of regenerated
plantlets were observed. Gas chromatography assay ruled
out ethylene as the cause. While it took us 1 year to develop
the tissue culture protocol, it took us 3 yr to develop the
technique for transfer of plantlets to soil and the field. This
consisted of ‘transfer system 2’ combined with ‘ex vitro’
grafting. Plantlets from regenerated SEs survived transplant to
soil but at low percentage. This is the first report, in a
polyembryonic mango, the variety Carabao, of a successful
tissue culture system up to transfer to the field. The technology
is equally important as a rapid propagation method of uniform
rootstocks of superior ‘Carabao’ strains or other varieties, for
generation of variability, for genetic transformation, and for
germplasm conservation and exchange.

S-248

RNAI-mediated Resistance to Diverse Isolates
of Cassava Brown Streak Virus

Basavaprabhu Patil. Donald Danforth Plant Science Center,
975 North Warson Road, St. Louis, MO 63132, USA.
Email: bpatil@danforthcenter.org

PATIL, BASAVAPRABHU1, Ogwok, Emmanuel2, Wagaba,
Henry3, Mohammed, I.4, Yadav, Jitender5, Bagewadi,
Basavaraj5, Tamayo, Jorge6, Taylor, Nigel5, Kreuze, Jan7,
Maruthi, M. N. 8, Alicai, Titus9, Fauquet, Claude1
1International Laboratory for Tropical Agricultural Biotech-
nology, Donald Danforth Plant Science Center, St. Louis,
MO 63132 USA
2International Laboratory for Tropical Agricultural Biotech-
nology, Donald Danforth Plant Science Center, St. Louis,
MO 63132 USA; National Crops Resources Research
Institute, Namulonge, Kampala, Uganda
3International Laboratory for Tropical Agricultural Biotech-
nology, Donald Danforth Plant Science Center, St. Louis,
MO 63132 USA; National Crops Resources Research
Institute, Namulonge, Kampala, Uganda

4Natural Resources Institute, University of Greenwich,
Chatham Maritime, Kent, UK
5International Laboratory for Tropical Agricultural Biotech-
nology, Donald Danforth Plant Science Center, St. Louis,
MO 63132 USA
6Germplasm Enhancement and Crop Improvement Divi-
sion, Applied Biotechnology Laboratory, International
Potato Center, Lima, Peru
7Germplasm Enhancement and Crop Improvement Divi-
sion, Applied Biotechnology Laboratory, International
Potato Center, Lima, Peru
8Natural Resources Institute, University of Greenwich,
Chatham Maritime, Kent, UK
9National Crops Resources Research Institute, Namulonge,
Kampala, Uganda

Cassava brown streak virus (CBSV), a ssRNA virus
belonging to the family Potyviridae, genus Ipomovirus,
is emerging as one of the most important viral diseases of
cassava (Manihot esculenta) and is considered the
biggest threat to cassava cultivation in eastern Africa.
The CBSV genome is ~9,069 nt in length and
represented by at least two phylogenetically distinct
strains: coastal Lowland (Tanzania and Mozambique)
and Highland (LakeVictoria Basin) in East Africa. In
this study, we demonstrate that CBSV can be efficiently
controlled using post-transcriptional gene silencing.
Three RNA interference (RNAi) constructs targeting
the coat protein (CP) of a Ugandan strain (CBSV-UG)
were generated consisting of 894 nt of CP (full length),
397 nt N-terminal or 491 nt C-terminal portions of this
gene and expressed constitutively in Nicotiana ben-
thamiana. After challenge with CBSV-UG, plants ho-
mozygous for the transgene showed high levels of
resistance, with lines expressing the full length showing
the highest resistance, followed by N-Terminal and C-
Terminal with similar amount of resistance. In the case
of the full length, approximately 85% of the transgenic
lines produced were completely resistant. Further, we
challenged these transgenic lines with six distinct
isolates of CBSV representing both coastal Lowland
and Highland strains. Two lines derived from 894 nt of
CP showed 90–100% resistance and one from C-
terminal with 50–100% resistance, whereas the N-
terminal succumbed to the Lowland isolates. Northern
blotting revealed a positive correlation between the level
of transgene-specific siRNAs detected in transgenic
plants and the level of virus resistance. This is the first
demonstration of RNAi-mediated resistance to CBSV
and cross-protection to distant CBSV isolates.
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The Role of Crop Science in Industrial Biotechnology

Nii Patterson. Metabolix Incorporated, 21 Erie Street
Cambridge MA 02139. Email: patterson@metabolix.com

PATTERSON, NII
Metabolix Incorporated, 21 Erie Street, Cambridge, MA
02139 USA

Metabolix is commercializing a family of polymers made
from renewable resources such as sugars and vegetable oils.
Polyhydroxyalkanoate biobased plastics are high-performing
new materials that have the potential to put a large portion of
the plastics and chemicals industry on a sustainable basis.
Robust in use yet biodegradable, they offer a renewable and
environmentally friendly alternative in many applications now
served by synthetic plastics, including fiber, film, molded
goods, extruded products, adhesives, and coatings. In addition
to fermentation-based production of biobased plastics, Metab-
olix, the global leader in genetic pathway engineering is also
developing several crop platforms for large-scale production
of plastics and energy, including switchgrass, sugarcane, and
industrial oilseed crops. Plants represent an attractive and
cost-efficient alternative to conventional systems for the
production of novel biomolecules. Amongst others, obvious
advantages are the low energy costs for production, the
flexibility of production, and the possibility to produce bulk
quantities. Metabolix’s efforts and progress in engineering
different crops for plant-based polymer production will be
highlighted.

S-252

In Vitro Methods for Ex Situ Conservation: Possibilities
and Challenges

Valerie Pence. Cincinnati Zoo and Botanical Garden, Cincin-
nati Zoo and Botanical Garden, 3400 Vine Street, Cincinnati,
OH 45220, USA. Email: valerie.pence@cincin natizoo.org

PENCE, VALERIE
Cincinnati Zoo and Botanical Garden, 3400 Vine Street,
Cincinnati, OH, 45220, USA

In vitro methods are an integral part of the propagation and
preservation research at the Cincinnati Zoo and Botanical
Garden. Tissue culture propagation methods for over 30

endangered US species have been developed, and many of
these have been cryopreserved in the Frozen Garden of
CREW’s CryoBioBank. Tissue culture-propagated plants of
Ranunculus aestivalis, Crotalaria avonensis, Minuartia
cumberlandensis, and Asimina tetramera are being used
in reintroduction projects in Utah, Kentucky, and Florida.
Outplantings with R. aestivalisi and M. cumberlandensis
have demonstrated the use of in vitro-propagated plants to
test habitat, a use that may be of benefit in outplantings or
translocations in response to loss of habitat or climate
change. Tissues of multiple genetic lines of Hedeoma
todsenii, C. avonensis, A. tetramera, Deeringothamnus
pulchellus, and D. rugelii are being banked for long-term
storage in liquid nitrogen, as an alternative to seed banking for
these species with few, no, or recalcitrant seeds. In vitro
methods are also being used to support conservation efforts
with several species of endangered pteridophytes from south
Florida. While in vitro methods have the potential to support
ex situ conservation efforts, the cost of these methods is higher
than traditional propagation and preservation. The need for
these methods will be discussed, along with possible ways of
meeting the challenge of the higher cost of in vitro
approaches. (Supported in part by grants from the Institute
of Museum and Library Services, the US Army, the US Forest
Service, and the US Fish and Wildlife Service.)
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Rapid Clonal Multiplication through In Vitro Axillary
Shoot Proliferation of Glory Lily Glorisoa superba L.: An
Endangered Medicinal Plant

Venkatachalam Perumal. Department of Biotechnology,
Periyar University, Reader, Department of Biotechnology,
Periyar University, Salem-636011, Tamilnadu-India. Email:
pvenkat67@yahoo.com

M, Thiyagarajan1, PERUMAL, VENKATACHALAM2

1Biotechnology Department, Periyar University
2Department of Biotechnology, Periyar University, Salem-
636011, Tamilnadu-India

Gloriosa superba L. (Colchicaceae) is commonly grown
from seeds and tubers and the tuber is used traditionally for
the treatment of bruises and sprains, colic, chronic ulcers,
hemorrhoids, cancer, and leprosy and also for inducing
labor pains. Seeds and root tubers contain a valuable
alkaloid, colchicine, as the major constituent. Since the
seeds and tubers are harvested extensively for their
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therapeutic uses, the plant is becoming a threatened species
in India. In order to protect such endangered species from
possible extinction, the present micropropagation study was
undertaken for large-scale production of uniform plants.
Axillary shoot buds collected from field-grown plants were
used as initial explants, cultured on MS (Murashige and
Skoog, 1962) medium supplemented with 1–5.0 mg/l 6-
benzyl aminopurine (BAP) either alone or in combination
with 0.5 mg/l 1-naphthalene acetic acid (NAA) and kept at
26±1°C and 16-h photoperiod (48 μmol/m−2/s−1 cool-white
fluorescent tubes) for 21 d. The highest frequency of
multiple shoot formation after 45 d occurred in the medium
containing 5.0 mg/l BAP and 0.5 mg/l NAA. The presence
of NAA inhibited root formation when combined with
different concentrations of cytokinin (BAP, 1 to 5 mg/l).
Higher BAP concentrations induced an increase in the
number of explants with shoots and a more number of
shoots/axillary shoot bud. The in vitro-proliferated and in
vitro-elongated shoots were excised and planted individu-
ally on MS medium supplemented with 2.0 mg/l IBA for
rooting. These shoots produced profuse roots within 3 wk.
The in vitro regenerated plantlets were hardened using 1:1
mixture of sand and garden soil under greenhouse culture
conditions. The developed protocol would be useful for
mass propagation and germplasm conservation and for
further investigation of bioactive constituents of this
important medicinal plant.

S-256

Selsa-1 and Selsa-2 are more Potent Histone Deacetylase
Inhibitors and better than SAHA in Lung Cancer

Brandon Pfeffer. Penn State Harrisburg, 25 Bonnywick Dr.,
Harrisburg, PA 17111, USA. Email: bkp127@psu.edu

PFEFFER, BRANDON, Karelia, Nilkamal, Yun, Jong,
Desai, Dhimant, Rudrabhatla, Sairam, Amin, Shantu
Penn State Harrisburg, Harrisburg, PA, USA

Lung cancer is a leading cause of cancer death. Despite
ongoing efforts to find effective treatment, the leading
cause of tumor-related death rates continues to rise.
Therefore, there is importance for a more mechanism-
based targeted approach for cancer treatment. Histonedea-
cetylase (HDAC) is one of the most widely studied
chromatin modifications in relation to cancer progression

by affecting cell function, differentiation, and proliferation.
Suberoylanilide hydroxamic acid (SAHA) is a known
HDAC inhibitor that induces apoptosis and enhances cell
differentiation, resulting in growth inhibition of lung cancer
cells, and is a novel approach for the treatment of lung
cancer. We studied Selsa-1 and Selsa-2, newly developed
selenium analogues of SAHA, in relation to growth
inhibition and Erk and AKT protein signaling pathway
inhibition, which result in apoptosis and autophagy in lung
cancer cells. Preliminary results indicated that Selsa-1 and
Selsa-2 are more potent HDAC inhibitors than SAHA.

S-258

Conservation and Genetic Improvement of Fine
Hardwood Tree Species

Paula Pijut. USDA Forest Service, Hardwood Tree
Improvement and Regeneration Center, Purdue University,
715 West State Street, West Lafayette, Indiana 47907,
United States of America. Email: ppijut@purdue.edu

PIJUT, PAULA
USDA Forest Service, Hardwood Tree Improvement and
Regeneration Center, Purdue University, 715 West State
Street, West Lafayette, Indiana 47907, USA

Hardwood tree species, such as Juglans nigra (black
walnut), Prunus serotina (black cherry), Quercus rubra
(northern red oak), and Fraxinus spp. (green, white, and
black ash), in forest, plantation, and urban environments are
important biological resources and play a significant role in
the economy, the ecology of terrestrial ecosystems, and
have aesthetic value. Because of the high value of
hardwood tree species for lumber and wood products,
conservation and genetic improvement through the use of
biotechnological approaches should be an integral compo-
nent in any forestry program, in addition to large-scale
ecologically sustainable management. The demand for
quality hardwood from tree plantations will continue to
rise as the worldwide consumption of forest products
increases. The long generation and reproductive cycle,
intermittent or scarce seed crops, disease and pest problems,
and recalcitrance to routine, commercial-scale vegetative
propagation of selected elite or economically important tree
species are some limiting factors in a tree improvement
program. In vitro clonal reproduction of commercially
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important hardwood tree species will provide improved
planting stock. Development of in vitro methods will allow
for mass production of clones of mature, elite genotypes or
genetically improved genotypes. Use of genetic modifica-
tion technologies could potentially produce trees with
disease and pest resistance and improved wood quality
and could manipulate reproduction in commercial planta-
tions. Development of these technologies will be needed
for deployment of improved germplasm through restora-
tion activities. This presentation will focus on some of the
factors that influence in vitro culture of fine hardwood tree
species.

S-260

Real-time Imaging of Signal Transduction Pathways and
Drug Action in Live Cells and Animals

David Piwnica-Worms. Molecular Imaging Center,
Washington University School of Medicine, Washington
University School of Medicine, 510 S. Kingshighway
Blvd., Box 8225, St. Louis, MO 63110, USA. Email:
piwnica-wormsd@mir.wustl.edu

PIWNICA-WORMS, DAVID
Molecular Imaging Center, Mallinckrodt Institute of Radi-
ology and BRIGHT Institute, Washington University
School of Medicine, 510 S. Kingshighway Blvd., St. Louis,
MO 63110, USA

Genetically encoded imaging reporters introduced into cells
and transgenic animals enable noninvasive, longitudinal
studies of dynamic biological processes in intact cells and
living animals. The most common reporters include firefly
luciferase (bioluminescence imaging), green fluorescence
protein (fluorescence imaging), herpes simplex virus-1
thymidine kinase (positron emission tomography), and
variants with enhanced spectral and kinetic properties
optimized for use in vivo. When cloned into promoter/
enhancer sequences or engineered into fusion proteins, imaging
reporters enable fundamental processes such as transcriptional
regulation, signal transduction cascades, protein–protein
interactions, oncogenic transformation, cell trafficking, and
targeted drug action to be temporally and spatially registered
in vivo. Spying on biology with genetically encoded
imaging reporters provides new insight into pathway-
specific molecular and regulatory machinery within the
contextual environment of live cells and the whole animal.
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Tarwi (Lupinus Mutabilus Sweet) as a Novel Platform for
the Production of Plant-made Pharmaceuticals: Musculus
Adenosine Deaminase—A Case Study

Patricia Polowick. National Research Council Canada/
Plant Biotechnology Institute, National Research Council
Canada/Plant Biotechnology Institute, 110 Gymnasium Place,
Saskatoon, SK, S7N 0W9, Canada. Email: patricia.polo-
wick@nrc-cnrc.gc.ca

Doshi, Ketan1, Loukanina, Natalia1, POLOWICK, PATRICIA2

1Prairie Plant Systems, #1 Technology Road, Box 19A,
RR#5, Saskatoon, SK, S7K 3J8, Canada
2National Research Council Canada, Plant Biotechnology
Institute, 110 Gymnasium Place, Saskatoon, SK, S7N 0W9,
Canada

The goal of this study was to develop a novel non-food
plant host platform for the production of therapeutic
pharmaceutical proteins. Lupinus mutabilus Sweet, also
known as tarwi, is a large-seeded Andean legume with a
seed protein content of over 40% chosen for its potential
for protein storage. Adenosine deaminase (ADA), the
enzyme lacking in the sufferers of the ‘Bubble Boy
Syndrome,’ was chosen as a target protein. Agrobacterium
tumefaciens-mediated methodology for tarwi was devel-
oped using longitudinal slices through the embryo axes of
imbibed mature seed combined with a series of media for
co-cultivation, shoot induction, shoot elongation, and
rooting. PCR-positive, rooted shoots were obtained from
an average of 4.5% of the explants, with individual
experiment highs of 9%. A plasmid was constructed with
the mouse (Musculus) ADA (mADA) gene driven by a
seed-specific legumin (LegA2) promoter with the addition
of an apoplast-specific signal peptide (PinII). The vector
was used to generate transgenic tarwi. Transgenic pea
(Pisum sativum L.) and tobacco (Nicotiana benthamiana
L.) were also generated with the same vector. These were
compared to previously generated canola (Brassica napus
L. cv. Westar) plants with the mADA gene under the
direction of a constitutive 35S promoter. The insertion of
the gene was confirmed by PCR and the copy number was
determined through Southern hybridization analyses.
Western hybridization established that the resulting protein
was the correct size and a quantitative assay indicated that
the resulting enzyme was active. Approximately 60% of
the plants containing the mADA gene exhibited enzyme
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expression. On the basis of units of activity per 100 mg of
seed, the enzyme activity was greatest in tarwi seed
(19.81), followed by pea seed (10.04), tobacco seed
(5.57), canola leaf (1.32), and canola seed (0.5). The same
pattern was obtained when the values were compared in
terms of units of activity per milligram of protein. These
results will be discussed in terms of the requirements of
the enzyme for treatment of the ‘Bubble Boy Syndrome’
and the production of human ADA.

S-264

Enhancing Beta-Carotene (Pro-vitamin A) Content
in Orange Fruits

Elsa Pons. Centro de Proteccion Vegetal y Biotecnologia.
Instituto Valenciano de Investigaciones Agrarias, Carretera
Moncada-Náquera, kilometro 4.5, Moncada (Valencia),
46113, Spain. Email: pons_els@gva.es

PONS, ELSA1, Rodríguez, Ana1, Alquezar, Berta1,
Rodrigo, María2, Zacarías, Lorenzo2, Peña, Leandro1
1Centro de Protección Vegetal y Biotecnología. Instituto
Valenciano de Investigaciones Agrarias (IVIA), Carretera
Moncada-Náquera, kilometro 4.5, Moncada, Valencia
46113, Spain
2Instituto de Agroquímica y Tecnología de Alimentos
(IATA-CSIC), Avenida Agustín Escardino, 7, Paterna,
Valencia 46980, Spain

Orange fruit contains high amounts of vitamin C and
carotenoids as well as other health-promoting phytochemicals
such as flavonoids and folic acid. Carotenoids are isoprenoid-
derivedmolecules responsible for the attractive color of the peel
and pulp of most citrus fruits and indispensable components of
the human diet. In addition to being potent antioxidants, some
of them, most importantly β-carotene, can be converted by the
body to retinol and are called pro-vitamin A carotenoids. The
most abundant carotenoids present in the peel and pulp of
mature oranges are β-β-xanthophylls, which have null or low
provitamin A activity. With the aim of increasing orange fruit
nutritional value, we have attempted to enhance its content in
β-carotene (provitamin A) by metabolic engineering of
carotenoid biosynthesis. Recent advances in the identification
and isolation of the genes responsible for the biosynthesis of
carotenoids in citrus fruits have made this feasible. In this work,
we blocked the expression of the endogenous β-carotene
hydroxylase gene (β-CHX), involved in the conversion of β-
carotene into xanthophylls, using either antisense or RNA
interference (RNAi) technology. Transgenic orange fruits that
showed important changes in carotenoid content and compo-
sition in both fruit peel and pulp were obtained, with β-

carotene increases accompanied by a general decrease in the
accumulation of downstream xanthophylls. This change in the
carotenoid profile may have implications related with a
putative enhanced capacity of transgenic oranges and their
juice for protection against oxidative stress and/or degenera-
tive diseases, due to a possible additive and synergistic effect
of increased vitamin A content in a background matrix rich in
vitamin C and other phytonutrients.
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Microshoot Encapsulation for Cold Storage, Cleanup from
Arthropod Infestations, and Acclimatization
to the Ambient Environment

John Preece. National Clonal Germplasm Repository, Davis, CA
USDA-ARS, One Shields Avenue, University of California,
Davis, CA 95616-8607, USA. Email: john.preece@ars.usda.gov
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1National Clonal Germplasm Repository, Davis, CA and
National Arid Land Plant Genetic Resource Unit, Parlier,
CA, USDA-ARS, One Shields Avenue, University of
California, Davis, CA 95616-8607, USA
2West Virginia University, Division of Plant and Soil
Sciences, 1090 Agriculture Sciences Building, Morgan-
town, WV 26506-6108, USA

Nodal segments (4-mm long) were excised from proliferating
stage II axillary shoot cultures of Hibiscus moscheutos and
encapsulated in a sodium alginate gelled Driver and
Kuniyuki Walnut DKW medium solidified with 50 mM
CaCl2, then stored under refrigeration for at least 4 wk in
darkness. During a mite infestation of proliferating hibiscus
cultures, the incorporation of the insecticide acephate into the
encapsulation medium during lab cleanup eradicated the
mites. We were less successful in incorporating the fungicide
benomyl into the medium to eliminate fungal contamination
introduced by the culture mites. Encapsulated hibiscus nodes
could be stored under refrigerated darkness for up to 1.5 yr
and retain their viability. The longer the storage time, the
slower the recovery to normal rates of shoot proliferation.
After removal from dark refrigeration, if nodes were given
2–3 wk of light pretreatment, they could be planted in a
greenhouse in vermiculite and placed under mist. If planted
1-cm deep, all encapsulated nodes rooted and their axillary
shoot elongated into plants. Anatomical comparisons were
made among in vitro-produced leaves, leaves produced
under mist on sprouting encapsulated nodes, and leaves
from rooted cuttings in the greenhouse. The new leaves from
the encapsulated nodes were intermediate in anatomy and
epicuticular waxes.
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The Global Rush to Biofuels andWhat We are Learning About
Food Production, Sustainability, and the Carbon Economy

Steven Pueppke. Michigan State University, Office of
Biobased Technologies, Director, Office of Biobased Tech-
nologies, Michigan State University, 109 Agriculture Hall,
East Lansing, MI 48824-1039. Email: pueppke@anr.msu.edu

PUEPPKE, STEVEN
Michigan State University, Office of Biobased Technologies

The past decade has ushered in an unprecedented interest in
technologies to produce biofuels and make them cost-
competitive with conventional petroleum-derived fuels. The
candidate feedstocks for these new fuels include dedicated
biomass plants (miscanthus, switchgrass, and various tree
species) as well as crops that are currently grown mostly for
food (sugarcane, maize, canola, and palm oil). Wide-scale
introduction of biofuels will bring great change to tomorrow’s
agricultural systems, which will be called upon not only to
feed the world’s population but also to accommodate an
increasing share of our energy needs. More efficient use of
current crop acreage, harvest of biomass from land not in
cultivation now, and the development of new technologies all
hold promise to help meet these needs. The pending
introduction of carbon markets, too, has the potential to alter
agricultural policy and influence the economics of biofuels
production. Significant challenges nevertheless remain, espe-
cially as they relate to long-term environmental sustainability
of land-based food and fuel production.

S-270

Economic and Social Impacts of Genetically Modified
Crops in Developing Countries

Matin Qaim. Georg-August-University of Goettingen,
Department of Agricultural Economics and Rural Develop-
ment, Platz der Goettinger Sieben 5, 37073 Goettingen,
Germany. Email: mqaim@uni-goettingen.de

QAIM, MATIN
Georg-August-University of Goettingen, Germany

The potential impacts of genetically modified (GM) crops on
income, poverty, and nutrition in developing countries
continue to be the subject of controversy. Here, a review of
the evidence is given. Separation is made between first-
generation GM crops, with improved agronomic traits, and
second-generation technologies, with improved quality traits.

As an example of first-generation technologies, the impacts of
insect-resistant Bt cotton are analyzed. Bt cotton has been
adopted by millions of small-scale farmers around the world,
including in India, China, Argentina, South Africa, and other
developing countries. On average, adopting farmers benefit
from insecticide savings, higher effective yields through
reduced crop losses, and net revenue gains, in spite of higher
seed prices. This also translates into higher household incomes,
including for poor and vulnerable farmers. Evidence from
India suggests that Bt cotton is employment-generating and
poverty-reducing. As an example of second-generation tech-
nologies, the potential nutrition and health impacts of beta-
carotene-rich Golden Rice are analyzed from an ex ante
perspective. The focus of this analysis is on India, where
vitamin A deficiency (VAD) is a serious public health problem,
causing a sizeable disease burden. Simulations show that, with
appropriate public backing, Golden Rice could reduce the
burden of VAD by 60%, preventing up to 40,000 child deaths
in India every year. These examples clearly demonstrate that
GM crops can contribute to poverty reduction and improved
nutrition and health. To realize these important benefits on a
larger scale will require more financial and institutional support
for research targeted to the needs of the poor, as well as more
efficient regulatory and technology delivery systems.
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Expression of Endomembrane Chitinase
(CAZY—Carbohydrate Active Enzymes)–glycosyl
Hydrolase in Arabidopsis–Pseudomonas Syringae DC3000
Interactions

Radhajeyalakshmi Raju. Donald Danforth Plant Science
Center, 975 N Warson Road, Saint Louis, MO-63132,
USA. Email: rraju@danforthcenter.org

RAJU, RADHAJEYALAKSHMI
975 N Warson Road, Saint Louis, MO-63132, USA

Most plants produce or accumulate protective proteins
under certain situations. In particular, protective plant
proteins are specifically induced in pathological or related
situations. Endomembrane chitinases are coming under
CAZY (carbohydrate active enzymes). Arabidopsis con-
tains 730 ORF corresponding to two major classes of
CAZY: glycosyl hydrolases (GHs) and glycosyl trans-
ferases (GTs). Of these, 379 represent GHs classed in 29
families, participating in cell wall dynamics, viz., degrada-
tion and reorganization which present both in rice as well as
in Arabidopsis. GHs (class III) are protective plant proteins
and specifically induced in pathological or related situations.
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These proteins are called pathogenesis-related proteins (PR
proteins) and involved in the protection of plants against
pathogens. Classes III and Vare among the candidate of GHs
enzymes that are involved in the protection of plants against
pathogens. These enzymes hydrolyse β-1,4-N-acetyl-D-
glucosamine (GlcNAc) linkages and have been classified
according to their primary structures. They can be able to
show higher lysozyme/chitinase activity on bacterial cell walls
peptidoglycan (murein). During inoculation of a virulent strain
DC3000 Pseudomonas syringae on Arabidopsis mutants
(NUDT 7, NUDT6 RNAi lines), expression of GHs 19
(endomembrane chitinase) was noticed as a systemic and
local response and those mutants expressed with reduced
levels of symptom development. This kind of preliminary
study paved the way to further the findings on purification
and heterologous expression of the enzymes and would be
most useful to determine substrate specificity and perform
structural analysis.
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Development of a Novel Bioassay for Detection
of Functional Ricin

Vipin Rastogi. US Army - Edgewood Chemical and Biological
Center, E-3150Kingscreek St. N., Aberdeen ProvingGrounds,
MD 21010, USA. Email: Vipin.Rastogi@Us.Army.Mil

RASTOGI, VIPIN, Wallace, Lalena, Ryan, Shawn, Shah,
Saumil
US Army - Edgewood Chemical and Biological Center,
E-3150 Kingscreek St. N., Aberdeen Proving Grounds, MD
21010, USA

Ricin toxin, found in the bean of the castor plant, is one of the
most toxic and easily produced plant toxins. It is a lectin
consisting of two polypeptide chains, the A chain and the B
chain, linked by a disulfide bond. The active A chain has the
ability to catalytically remove adenine on the 28S RNA subunit
of eukaryotic ribosomes, resulting in cessation of protein
synthesis and cell death. Current methods for detection of ricin
include immunological in vitro translation inhibition and
general cellular toxicity assays. The present study was initiated
with the objective of developing a novel bioassay for the
detection of functional ricin. Recently, a cell-based assay
expressing green fluorescent protein under the control of
cytomegalovirus promoter was reportedly used for detecting
low levels of ricin (Halter et al. 2009; Assay and Drug Dev.
Tech. 7:356–365). However, this assay has not been devel-
oped as a high-throughput method. An engineered mamma-
lian HeLa cell line (with an inducible gene expression system)
was stably transfected with a luciferase gene resulting in

inducible expression of the gene. The expression of luciferase
in the engineered cell line was repressed in the presence of the
antibiotic doxycycline and, in its absence, was induced
by >1,000-fold. A typical assay in a 96-well plate contained
10E4 cells in a volume of 100 ml and an aliquot (25 mL) of
ricin, which was added at the start of luciferase induction.
Luciferase was assayed after 24-h incubation at 37°C, and its
expression was inhibited by the presence of very low levels of
ricin (20–50 pg/125 mL). Utility of the cell-based assay was
investigated following decontamination of steel coupons
contaminated with crude ricin (<1% active ricin by weight).
No active ricin was detected after a 30-s exposure with a 1:20
diluted bleach or 250 ppm chlorine dioxide. However, ~80%
ricin was detected following treatment with 1% H2O2 under
the same conditions. In conclusion, a novel cell-based assay
for detection of functional ricin has been developed, which
can be used to determine the efficacy of disinfectants used for
ricin contamination. Cellular toxicity is elicited only in the
presence of functional holo-ricin. Current immunological and
other chain-based methods do not provide conclusive evi-
dence for the presence of functional ricin. Availability of the
novel bioassay developed in this study will permit detection
and the development of a high-throughput method for
detecting very low amounts of functional ricin (<0.4 ng/mL),
and this assay could be used as a confirmatory test in ricin
decontamination studies.
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BASF and Embrapa Genetically Modified Soybean
at Commercialization Stage

Elibio Rech. EMBRAPA Genetic Resources and Biotech-
nology, Embrapa Genetic Resources and Biotechnology,
Parque Estação Biológica, PqEB Av. W5 Norte, Brasília,
DF, 70770-917, Brazil. Email: rech@cenargen.embrapa.br

RECH, ELIBIO
Embrapa Genetic Resources and Biotechnology, Parque
Estação Biológica, PqEB Av. W5 Norte, Brasília, DF,
70770-917, Brazil

BASF and Embrapa’s Cultivance® soybeans receive approval
for commercial cultivation in Brazil: first genetically modified
crop developed in Brazil to reach commercialization stage.
Brazilian Biosafety Technical Commission and other countries
already stated that Cultivance® meets the standards and laws of
biosafety for the environment, agriculture, as well as human
and animal health. The decision will allow BASF and Embrapa
to bring the new production system to the farmers. Companies
are seeking approval of this product in several other important
countries. Buyers of the Brazilian soybean include China and
EU. Cultivance® will be the first genetically modified crop
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available to Brazilian farmers that has been developed in Brazil.
The approval is the result of 10 yr of successful cooperation
between Embrapa, Brazil’s public agricultural research insti-
tute, and BASF, a global leader in providing agricultural
solutions. The Cultivance® Production System combines
genetically modified soybean varieties with a broad spectrum
of BASF’s imidazolinone’s class of herbicides tailored to
regional conditions. This herbicide-tolerant technology pro-
vides farmers with a new weed control system that effectively
manages a broad spectrum of weeds. Designed to be applied
post-crop emergence, Cultivance herbicides provide farmers
with the flexibility to apply the herbicide as needed to control
weeds during the critical first few weeks of crop growth. A
single application provides season-long control of both broad
leaf and grass weeds, including those difficult to control.
Farmers will also experience logistical and environmental
benefits. Fewer herbicide applications per hectare will reduce
the use of machinery and labor, reducing costs for growers and
the release of CO2 into the environment. The partners believe
that plant biotechnology is a key for delivering innovative
solutions for farmers in the twenty-first century, which will
contribute to develop sustainable agriculture worldwide.
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Recombinant Proteins in Soybean Seeds Under Control of
Legumes Storage Proteins Regulatory Sequences

Elibio Rech. EMBRAPA Genetic Resources and Biotech-
nology, Embrapa Genetic Resources and Biotechnology,
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9Ludwig Institute for Cancer Research Ltd, New York
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Soybeans supply a major portion of the world’s demand for
vegetable oil and protein and have also an important part in the
development of plant molecular biology. Plant seed storage
proteins are of great interest for the development of regulated
tissue-specific gene products of commercial interest through
recombinant DNA technology. The two major storage proteins
within soybean and bean seeds are multimeric and have been
characterized biochemically. The 7S proteins of many legumes
consist of subunit combinations yielding a molecular mass of
approximately 150–220 kDa. The 7S globulins are comprised
of β-conglycinin and β-phaseolin subunits. The individual
protein subunits vary in size within and among species. These
proteins account for approximately 50–70% of the total protein.
β-Conglycinin and β-phaseolin regulatory sequences are seed
tissue-specific, temporally regulated, and expressed in both the
embryonic axis and cotyledons of developing seeds. Coding
sequences of the human growth hormone, human coagulation
factor IX, ScFv CD-18 (antibody), Masp1(synthetic spider-like
fibers), cyanovirin, griffiths in (microbicides), CTAG, GAGE-
1, and PLAC1 (tumor antigens) genes were placed under
control of different promoters and signal peptides. Utilizing
biolistic-mediated transformation, each construct was intro-
duced into the soybean genome and putative transgenic plants
were obtained. Presence of introduced coding sequences was
confirmed by molecular analysis. Biochemical assays were
conducted to detect the expression and/or bioactivity of the
recombinant proteins. Ultrastructural immunocytochemistry
assays revealed that the recombinant proteins accumulated in
the endoplasmic reticulum-derived protein storage vacuoles
(PSVs). Recombinant molecules were visualized all along the
cistern lumen but were absent from the interior of seed oil
bodies. A nano-UPLC fractionation and Synapt high-definition
mass spectrometry allowed the development of a nano-ESI-
positive mode system to conduct a characterization of the
recombinant proteins in a few seeds with identity. Exploiting
the utilization of seed-specific regulatory sequences capable of
directing and accumulating recombinant proteins in the PSVs
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from soybean seeds, associated with recent tools in biological
research, has great potential to accelerate the preliminary
characterization of plant-derived biopharmaceuticals and in-
dustrial macromolecules.
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Improving Shoot Tip Cryopreservation
with Antioxidant and Antistress Compounds

Barbara Reed. United States Department of Agriculture,
Agricultural Research Service, National Clonal Germplasm
Repository, 33447 Peoria Road, Corvallis, OR 97333-2521,
USA. Email: barbara.reed@ars.usda.gov
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1USDA ARS, National Clonal Germplasm Repository,
33447 Peoria Rd., Corvallis, OR 97333-2521, USA
2Dept. of Plant Agriculture, University of Guelph, E.C.
Bovey Bldg. RM 4227, Ontario Agriculture College,
Guelph, ON, N1G 2W1 Canada
3Dept of Biotechnology, Tashkent Chemical-Tech. Institute,
32 Navoyi str., Tashkent, Uzbekistan
4Linus Pauling Institute, Oregon State University, Corvallis,
OR 97331-6512, USA

Cryopreservation techniques have improved so that many
germplasm collections are now being stored. Multiple stresses
are involved in cryopreservation protocols and can reduce
cryopreservation success. Adding antioxidants that counteract
the oxidation induced by these stresses should increase
regrowth. Shoot tips of in vitro-grown blackberry cultivars
were cryopreserved using a PVS2 vitrification protocol.
Antioxidants were added at four critical steps: pretreatment,
loading, rinsing, and regrowth. Vitamin E (Vit. E), ascorbic
acid (AA), polyvinylpyrrolidone (PVP), glutathione (GSH),
lipoic acid (LA), and glycine betaine (GB) were tested over a
range of concentrations. At each step, a lipid peroxidation
product, malondialdehyde (MDA), was detected at signifi-
cantly higher concentrations (P<0.001) than in fresh un-
treated shoot tips. Shoot tips treated with Vit. E had the same
low MDA concentrations as the control shoot tips and
contained significantly more Vit. E. Regrowth of shoot tips
treated with Vit. E (11.04 and 14.72 mM), AA (0.14–
0.58 mM), GB (10 mM), or GSH (0.16 mM) had significantly
increased regrowth at all four steps. LA (4 mM) was very
effective in the first three steps. Only PVP had a negative or
neutral effect at all steps. Shoot tip regrowth of both
blackberry cultivars increased from ~45% for standard PVS2
vitrification to 92%with AA treatments. Increases in regrowth
were highest with AA; however, all except PVP improved
regrowth by 25% to 30%. Adding antioxidants protected in

vitro cultures from oxidative stress during cryopreservation.
We recommend adding AA (0.28 mM) to the pretreatment or
loading stage for improved regrowth after cryopreservation.
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Improving In Vitro Mineral Nutrition for Diverse Pear
Germplasm
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3Horticulture and Breeding Unit, U.S. Horticultural Re-
search Laboratory, 2001 South Rock Road, Ft. Pierce, FL
34945-3030

Mineral nutrition of in vitro plants is often difficult to
optimize due to the complex chemical interactions. The
USDA-ARS National Clonal Germplasm Repository, Cor-
vallis, Oregon, has over 200 pears in culture, including 18
species and many cultivars. Plant growth response on
standard tissue culture medium varies widely due to the
wide horticultural diversity of this collection. This study
was designed to determine the mineral nutrient require-
ments for micropropagation of pear shoot tips. Five mineral
nutrient factors were created from MS salts—NH4NO3,
KNO3, mesos (Ca–Mg–Cl–Mn–SO4–PO4), metals (Zn–
Mn–Cu–Co–Mo–B–I), and Fe–EDTA. Each factor was
varied over a range of concentrations. Treatment combina-
tions were selected using response surface methods. Five
pears (Old Hone x Farmingdale 87, Pyrus dimorphophylla,
Horner 51, Hang PaLi, and Winter Nelis) were grown on
each treatment combination; five responses were measured
(shoot quality, severity of leaf spotting/necrosis, leaf size,
shoot number, and shoot length), and each measured
response was analyzed by ANOVA. Analysis for all
genotypes identified the factors with the single largest effects:
quality (mesos, Fe), leaf spotting/necrosis (mesos), leaf size
(mesos), shoot number (NH4NO3, Fe), and shoot length (Fe).
Analysis of each genotype showed that the factors with the
largest effects were similar. Mineral nutrient formulations
were identified for each genotype that resulted in insignif-
icantly better growth. This approach was very successful for
defining the appropriate types and concentrations of mineral
nutrients for shoot proliferation of pear.
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Techniques for Short- and Long-term Preservation
of Plant Tissues and Organs

Barbara Reed. US Department of Agriculture, Agricultural
Research Servise, National Clonal Germplasm Repository,
33447 Peoria Road, Corvallis, OR 97333-2521, USA.
Email: barbara.reed@ars.usda.gov

REED, BARBARA
33447 Peoria Road Corvallis, OR 97333-2521, USA

Preservation of plant tissues can be accomplished using a range
of technologies. Whole plants or plant parts from temperate
regions can usually be stored under cool to cold conditions for
several months to a year. For example, whole strawberry plants
can be held at 4°C for up to 6 mo. In vitro cultures of temperate
plants are routinely stored at 4–5°C for 3 mo to as long as 4 yr
without subculture. Subtropical and tropical plants can be held
at subnormal temperatures (15–18°C) for long periods as well.
For long-term storage, cryopreservation in liquid nitrogen is
becoming widely used for plant materials of all types. Callus
tissues, suspension cultures, shoot tips, and seeds or seed parts
of a wide range of plants are now stored in liquid nitrogen.
Desiccation is one of the most common pretreatments for seeds
and seed parts prior to cryopreservation. Dormant buds of
temperate woody plants can be dehydrated and cryopreserved
as well. For actively growing plant materials such as callus,
suspension, and shoot tip cultures, there are several effective
cryopreservation techniques. Controlled rate cooling is com-
monly used for callus and suspension cultures and for shoot
cultures of temperate plants. Vitrification protocols include those
with vitrification solutions and those that employ sucrose
loading and dehydration to achieve vitrification. Both of these
vitrification strategies are effective for many types of plant
materials.
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A New Selectable Marker Gene from Alfalfa

Daniele Rosellini. Dept. of Applied Biology, University of
Perugia, Italy, Borgo XX giugno 74, 06121 Perugia, Italy.
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2Dept. of Veterinary Pathology, Diagnostics and Clinic,
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Selectable marker genes (SMG) of bacterial origin confer-
ring antibiotic or herbicide resistance have been a valuable
tool in plant genetic engineering for many years. Consumer
concerns and regulatory requirements have stimulated the
development of alternative selection systems. In plants,
algae, and cyanobacteria, the enzyme glutamate semi-
aldehyde aminotransferase (GSA-AT) catalyses the conver-
sion of glutamate-1-semialdehyde into aminolevulinic acid,
a step in the synthesis of tetrapyrrole compounds. GSA-AT
is irreversibly inhibited by gabaculine (3-amino-2,3-dihy-
drobenzoic acid). With the aim to develop a plant-derived
SMG, we cloned and sequenced the Medicago sativa (Ms)
GSA-AT cDNA. Then, we point-mutated it by PCR, so as to
reproduce a methyonine to isoleucine substitution that
contributes to conferring gabaculine resistance to the
GSA-AT of the cyanobacterium Synechococcus elongatus
(strain GR6). This mutated MsGSA-AT gene was assessed
for the ability to confer gabaculine resistance in Agro-
bacterium-mediated tobacco and alfalfa transformation.
Two transformation experiments were performed in each
species. In tobacco, 100% of the green shoots regenerated
in the presence of gabaculine showed the integration of the
MsGSA-gr gene. In alfalfa, the percentages of transgenic
plants were 92–95%. Transformations with the GSA-AT
wild-type gene did not generate transgenic events, demon-
strating that gabaculine resistance was due to the introduced
point mutation and not to gene over-expression. In our lab,
the MsGSA-AT-gabaculine selection system is more effi-
cient than the NptII-kanamycin system, and it could be
applied with success to other plant species as a more
acceptable alternative to antibiotic resistance SMG.

S-286

In Vitro Propagation and Antioxidant Activity of Curculigo
Orchioides Gaertn.—An Endangered Medicinal Herb

Nagesh S. Department of Botany, Sri Krishnadevaraya
University, Anantapur-515003 Andhra Pradesh, Nagesh K.
S. Door No. 48, Ramakrishnanagar, I block Mysore-570022
Karnataka, India. Email: nageshinvitro@yahoo.co.in

S, NAGESH
Department of Botany, Sri Krishnadevaya University,
Anantapur-515003, Andhra Pradesh India

Curculigo orchioides Gaertn. is an endangered medicinal
plant with anticancer properties. The rhizome and tuberous
roots of the plant have been used extensively in India in
indigenous medicine. Due to its multiple uses, the demand for
Curculigo orchioides is constantly on the rise; however, the
supply is rather erratic and inadequate. Destructive harvest-
ing, combined with habitat destruction in the form of
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deforestation, has aggravated the problem. The plant is now
considered ‘endangered’ in its natural habitat. Therefore, the
need for in vitro propagation of this plant is crucial. Also,
attention has been paid towards the evaluation of the
retention of antioxidant activity. Present investigation high-
lighted a successful protocol for in vitro propagation of C.
orchioides and its biopotency. Results indicated the (1)
potency of proximal rhizome discs potent for optimum de
novo shoot bud formation, (2) maximum number of shoot
buds regenerated from proximal rhizome disc due to the
synergic effects of 6-benzylaminopurine (BAP) and kinetin
(Kn) at 1 mg/l each, (3) morphogenic callus induced on
medium with 0.5–3 mg/l of 2,4-dichlorophenoxy acetic acid
(2,4-D) containing BAP (0.5 mg/l), (4) maximum number of
somatic embryos induced on Murashige and Skoog’s (MS)
medium + BAP (2 mg/l), (5) root induction as optimum on
half-strength MS liquid medium with 1 mg/l of indole-3-
butyric acid (IBA), (6) rooted shoot-lets acclimatized on sand
and soil, (7) demonstration of twofold increase in antioxidant
activity observed in an in vitro-derived rhizome (proximal
rhizome disc) callus extract relative to that of native rhizome
extract. The present study therefore provided a successful in
vitro propagation of C. orchioides for conservation as well as
extraction of antioxidants as potential anticancer compounds
for medicinal uses.
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Crop-expressed Enzymes for Ethanol Production

Manuel Sainz. Syngenta Biotechnology, Inc, Syngenta
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Agricultural residues are plentiful, readily available biomass
feedstocks for cellulosic ethanol production. Since collection
and transport are major cost components, corn cobs and sugar
cane bagasse feedstocks are attractive in being already present
in significant quantities at existing processing plants. Efficient
conversion of lignocellulose to fermentable sugars is the
major techno-economic challenge to commercially viable
cellulosic ethanol production. Bioconversion involves bio-
mass pretreatment by a combination of high temperatures and
pressures in the presence of chemicals, facilitating subsequent
enzymatic hydrolysis to break the cellulose and hemicellulose
down to fermentable sugars. The large amount of enzymes

required makes the process economically unfeasible using
current fermentation-based enzyme production. Expression of
enzymes in crop plants is a promising approach to reducing
the cost of enzyme production and is an area in which
Syngenta has strong intellectual property and advanced
proprietary technologies. Syngenta Enogen™, currently un-
dergoing regulatory approval in the United States, features a
thermostable α-amylase expressed in the grain that improves
the dry grind corn ethanol production process. Use of cell
wall-degrading hydrolases in cellulosic ethanol production
will require an integrated approach encompassing upstream
pretreatment and downstream fermentation methodologies in
addition to enzyme expression, extraction, storage, and usage
technologies. Progress in the development of this suite of
technologies will be described.
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Genetic Dissection of the Arabidopsis Thaliana Ionome

David Salt. Purdue University, 1165 Horticulture Building,
West Lafayette, Indiana, 47907, USA. Email: dsalt@pur-
due.edu
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Understanding how organisms control their ionome, or
mineral nutrient and trace element composition, could have
a significant impact on both plant and human health.
Furthermore, associating the genetic determinants that
underlie natural ionomics variation with the landscape of
the individuals that carry these genotypes will provide
insight into the genetic basis of adaptation and speciation.
We have employed high-throughput mineral nutrient and
trace element profiling to determine the biological signif-
icance of connections between an organism’s genome and
its ionome. Our focus is on genes that control the uptake
and accumulation of mineral elements, including Ca, K,
Mg, P (macronutrients in plant fertilizer), Co, Cu, Fe, Li,
Mn, Mo, Ni, Se, Zn (micronutrients of significance to plant
and human health), and As, Cd, Na, and Pb (elements
causing agricultural or environmental problems). We have
analyzed the ionome of over 135,000 Arabidopsis thaliana
plants, 16,000 rice grains, and 50,000 yeast samples. This
includes several A. thaliana forward genetic screens and a
screen of 360 natural A. thaliana accessions. We have used
PCR-based positional cloning, DNA microarray-based
approaches, QTL, and association mapping to identify
genes that control the ionome. Association of polymorphic
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loci with the landscape is starting to reveal the genetic
architecture underlying specific adaptations to the environ-
ment. We are also finding specific ionomic “fingerprints”
associated with functionally related sets of genes and with
the physiological status of the organism. Further, we have
developed a publicly searchable online database containing
over 3.7 million ionomic data elements from over 1,900
different experiments (www.ionomicshub.org), and the
database is being updated regularly.
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Development of Transgenic Sweet Potato [Ipomoea Batatas
(L. Lam)] Expressing Synthetic Lytic Peptide Genes JC41N
and JC41ND as a Plant-based Treatment Regimen against
HIV

Steven Samuels. Tuskegee University, Plant Biotech and
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Alabama 36088. Email: megnin@tuskegee.edu
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Epidemic diseases such as AIDS caused by human
immunodeficiency (HIV) virus are responsible for millions
of deaths annually. CDC estimated in 2008 that about 1.1
million people infected and in need of treatment in the US,
especially the Black Belt regions, which hold the highest
HIV rates in rural America. Although treatments for HIV
are available, they are costly. Many epidemic diseases are
now being fought by a new revolution of plant-based
therapeutic treatment as alternatives, which greatly reduce
costly production processes such as posttranslational
modifications and synthesis of tradition modes of adminis-
tration. Synthetic antiviral peptides JC41N and JC41ND,
which are capable of inhibiting the progression of HIV,
have been developed at Tuskegee University. In order to
produce these peptides in planta, two de novo synthetic
gene constructs were designed with an intron sequence to
facilitate cloning in bacteria and accumulation in plants
without lethality. These genes, jc41N and jc41ND, were
cloned into the right border of the binary plasmid, pGPTV-
KAN, containing a kanamycin resistance gene at the left
border. Escherichia coli DH5α cells were transformed with
recombinant plasmid pGPTV/jc41N and pGPTV/jc41ND.
Positive colonies were confirmed by restriction digest of
recombinant plasmid DNA. The resulting recombinant
pGPTV/jc41N and pGPTV/jc41ND was mobilized in
disarmed Agrobacterium tumefaciens strain EHA105 using

“freeze and thaw” method. Confirmed Agrobacterium
strains carrying the recombinant plasmids were utilized in
sweet potato transformation. This presentation will report
the results of the molecular screening of putative trans-
genics via PCR, RT-PCR, western analyses, and viral
inhibition assay. USDA/CSREES, GWCAES, UC-Davis
CREATE IGERT.
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Algal Biofuels, a Systems Approach
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One of the more environmentally sustainable ways to
produce energy and capture carbon dioxide is the conver-
sion of solar energy into biomass. The first-generation
biofuels (alcohol and diesel) were produced from only a
few crop systems including sugar cane (sugar), maize
(starch), and soy (oil). These biofuel systems were often not
very efficient. Typically, only a fraction of the solar energy
captured in biomass was harvested as fuel. Inefficiencies in
feedstock processing further reduced the recoverable energy
and reduced net carbon capture. Extensive land area was
also required to produce fuels from first-generation biofuel
crops. Second-generation biofuel systems utilizing cellulose
and hemicellulosics are now being developed. Conversion
of cellulosics to sugars using advanced enzyme catalysts
promises to increase the available carbon resources for fuel
production and reduce the land area required for biofuel
production. Second-generation biofuel systems, e.g., mis-
canthus and switch grass, can reduce competition with food
production, require less agronomic (fertilizer, plowing,
pesticide) inputs, and have lower environmental impact
than first-generation biofuels. Third-generation biofuel
systems will offer additional advantages of improved
productivity, less impact on agriculture, and greater carbon
capture. Algae have the greatest biomass yield potential and
are capable of producing two to ten times more fuel per
acre than any terrestrial crop system with reduced environ-
mental impact. We are using advanced molecular and
engineering strategies to enhance biofuel production and
harvesting from algae including enhanced photosynthetic
efficiencies and conversion of sugars into oils. We also
have developed non-destructive processes for continuous
oil extraction from live algae that do not require concen-
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trating algae before extraction. This system substantially
reduces residence time in ponds and increases oil produc-
tivity. These and other developments in the sustainable
production of biofuels from algae will be discussed.
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Enhanced B-carotene in Oilseed Crops
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Carotenoids belong to a class of C40 isoprenoids and are
well known lipid-soluble natural pigments. There are nearly
600 carotenoids in nature with interrelated and very
complex biochemical pathways. We have genetically
manipulated the carotenoid biosynthetic pathway in soy-
bean seeds by strongly expressing crtB as a means to
increase the amount of carotenoids in seeds. Developing
green soybean seeds produce some carotenoids, presumably
to play a role as a phytoprotective agent. This indicates that
the initial steps in the carotenoid pathway are present and
functional in soybean seeds so only the necessary genes for
the seed-specific production of the carotenoid of interest
need to be added. Developing soybean seeds normally
contain 0.5 mg/g b-carotene, and by engineering a seed-
specific expression of a chloroplast-targeted soybean
codon-optimized bacterial phytoene synthase gene, the
initial gene product necessary to shuttle the substrate
geranylgeranyl diphosphate to b-carotene, we have
obtained levels near 870 mg/g b-carotene in soybean seeds,
an enrichment of 1,700-fold over wild-type levels. As a
pro-vitamin A source, this level is over 20-fold greater than
the enhanced Golden Rice and twice the level of b-carotene
measured in most carrots. Once shown that soybean seeds
can produce and accumulate such an enriched level of
b-carotene, we are now using it as a precursor to the red-
colored carotenoid, astaxanthin, since it is a desirable
additive in salmon farm-raised feed and a lucrative
commodity due to its extreme difficulty in chemical
manufacturing. Current progress on using b-carotene
overproduction in the non-food oil seed Camelina as a
means to identify preservation will also be presented.
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Virus-resistant Plums through Genetic Engineering—from
Lab to Market

Ralph Scorza. United States Department of Agriculture—
Agricultural Research Service, USDA-ARS Appalachian
Fruit Research Station, 2217 Wiltshire Road, Kearneysville,
West Virginia 25430. Email: ralph.scorza@ars.usda.gov

SCORZA, RALPH
USDA-ARS Appalachian Fruit Research Station, 2217
Wiltshire Road, Kearneysville, West Virginia, 25430, USA

Genetic engineering (GE) has the potential to revolutionize
the genetic improvement of fruit trees and other specialty
crops and to provide greater flexibility and speed in respond-
ing to changes in climate, production systems, and market
demands and to maintain the competitiveness of American
agriculture. It is an approach that can precisely target genetic
improvements and allow for the development of novel, useful
traits. The benefits of this technology have been demonstrated
in field crops. In spite of the potential utility of GE for the
genetic improvement of fruit trees and other specialty crops,
the technology has not, to date, been widely exploited in these
species and few GE specialty crops have been commercial-
ized. Plum pox virus (PPV) is a major pathogen of stone
fruits that entered the US in 1999 and is the subject of
quarantine and eradication programs. We have developed a
GE plum ‘HoneySweet’ that is highly resistant to PPV
through the mechanism of RNA silencing. ‘HoneySweet’ is
an example of GE that can be of significant benefit to
growers and consumers, one that also provides a unique
genetic resource for use in conventional breeding. A number
of other specialty crops with improved traits have undergone
successful field testing, yet few have gone beyond the field
test stage. Why has progress been so slow? Do scientists
have the training, desire, and support of their institutions and
granting agencies to undertake market-oriented work that
involves managing regulatory and intellectual property issues
and industry and public outreach? Should they be involved
in this work at all? When should industry be engaged? Are
new models and support structures needed to develop the
pipeline from lab to product? The development and progress
in the public release of ‘HoneySweet’ plum will be used,
along with other examples, as a backdrop for discussing the
issues related to the development of GE specialty crops for
commercial release, with an emphasis on the public sector.
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Control of Corn Rootworm by dsRNA Expressed in Planta

Gerrit Segers. Monsanto Company, 800 N. Lindbergh, Creve
Coeur, MO 63167. Email: gerrit.c.segers@monsanto.com

SEGERS, GERRIT, Clark, Tom, Flannagan, Rom, Heck,
Gregory, Ivashuta, Sregey, Wiggins, Elizabeth, Zhao, Suling
800 N. Lindbergh, Creve Cour, MO 63167

Environmental uptake of double-stranded RNA (dsRNA) has
been demonstrated to occur in a number of invertebrate
species including the pest western corn rootworm (WCR;
Diabrotica vergifera vergifera, LeConte). The effect of
dsRNA as a control agent for rootworm can be varied by
choice of rootworm target gene and specific gene segment.
Variation in target gene efficacy observed in artificial diet has
been extended to in planta feeding studies in transgenic corn
plants expressing inverted repeats. Targets with lower LC50s
have created events with less root injury. Sequence variation
in rootworm populations is also being assessed to aid in
target selection. Some genes show lower sequence diversity
amongst target rootworm populations and thus provide
opportunities for enhancing durability of control. Field
studies have been conducted with transgenic plants express-
ing dsRNA to WCR target sequences. Under the dynamic
pressure of rootworm herbivory in the field, higher levels of
root damage were noted than in some growth chamber
evaluations. Combinations of RNAi and Bacillus thuringien-
sis protein toxins (Bt protein) provide two modes of action
for prevention of insect resistance. The impact of a two-
mode action is not unique to a particular RNAi/Bt protein
combination. The RNAi component appears to bring a
potent component to the combination as noted in the
reduction of WCR adult beetle emergence.
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Gene Regulation in White Spruce: Functional Analyses of
Transcription Factors in the Context of Wood Formation

Armand Seguin. Canadian Forest Service, Natural Resour-
ces Canada, Canadian Forest Service, 1055 du PEPS,
Quebec City (Quebec), G1V 4C7, Canada. Email: armand.
seguin@nrcan.gc.ca

Duval, Isabelle1, Nguyen, An1, Boyle, Brian2, MacKay,
John2, SEGUIN, ARMAND1

1Natural Resources Canada, Canadian Forest Service, 1055
rue du PEPS, Quebec City (Quebec), G1V 4C7, Canada
2Arborea and Centre d’Étude de la Forêt, Université Laval,
Pavillon Charles-Eugene-Marchand, Quebec City, (Quebec)
G1V 0A6, Canada

Cell division and differentiation are highly regulated by tightly
controlled gene expression to ensure coordinated growth and
development. A crucial step in the complex regulation of gene
transcription is DNA binding of transcription factors (TFs) to
specific sequence targets within promoters. Our goal is to
evaluate the effects of overexpression of a wide variety of TFs
putatively related to wood formation to assess the biological
role of these genes and impact on transcriptome regulation. In
the present work, we focus on coniferous R2R3-MYB genes
and assess their impact in planta on phenylpropanoid
metabolism and secondary cell wall biogenesis. In transgenic
white spruce over-expressing MYB genes, we observed
enhanced lignin deposition and ectopic secondary cell wall
deposition. Misregulation of many genes encoding phenyl-
propanoid enzymes involved in lignin monomer synthesis and
several cell wall-related genes was also associated with this
phenotype. We also evaluated functional interactions in spruce
embryonic tissue using a transient expression assay. This in
vitro assay is based on the use of spruce gene promoter
associated with cellular processes such as vascular differenti-
ation, cell expansion, secondary cell wall formation, and
lignification. Using Agrobacterium transformation, we co-
transform promoter-GUS construct together with expression
vectors for several TFs. The list of TFs targeted to date
emphasizes specific gene and protein families, including
MYB, NAC, LIM, and bZip, which have been linked to wood
formation. We have tested over 600 different promoter/TF
interactions, involving 12 promoters with more than 50 TFs. In
total, 27% of these combinations gave a positive interaction
which led to a significant increase in GUS activity relative to
the control. Several positive interactions were found with TFs
belonging to families known to play a key role in xylem
differentiation. Taken together, our results suggest that this
approach will help us to reveal global patterns of gene
regulation related to growth and wood quality.

S-304

Engineering Resistance to Fungal Pathogens
and Mycotoxin Accumulation in Transgenic Plants

Dilip Shah. Donald Danforth Plant Science Center, 975
North Warson Road, Saint Louis, Missouri 63132. Email:
dshah@danforthcenter.org
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Fungal pathogens cause significant losses of crop yield
worldwide and, in some cases, pose a major threat to
food safety by producing mycotoxins. The ascomycete
Fusarium graminearum is a devastating mycotoxin
(deoxynivalenol or DON)-producing fungal pathogen of
small grains. Effective resistance to this pathogen and
mycotoxin accumulation in cereals is urgently needed. We
have identified a small cysteine-rich plant defensin,
MtDef4, which inhibits the growth of this pathogen at
micromolar concentrations. Using a recently developed F.
graminearum–Arabidopsis pathosystem, we have found
that overexpression of MtDef4 confers robust resistance
to this pathogen in the foliar and floral organs of
transgenic Arabidopsis plants. Transgenic Arabidopsis
plants expressing high levels of MtDef4 exhibit greatly
reduced disease symptoms when challenged with the
pathogen and accumulate significantly low levels of
DON, indicating the potential use of this technology for
reducing mycotoxin contamination of cereal grains. The
basidiomycete Ustilago maydis is a causal agent of corn
smut disease. It induces tumor formation in all aerial
organs of corn, resulting in stunted growth and yield
losses. The P4 strain of this pathogen secretes a virally
encoded killer toxin, KP4, which potently inhibits the
growth of other strains of this pathogen. For expression in
transgenic corn, we have designed a chimeric KP4 gene
which uses monocot-preferred codons and a signal peptide
sequence of a plant defensin gene. KP4 is expressed at high
levels in the apoplast of several transgenic corn lines.
Transgenic corn lines expressing KP4 are phenotypically
normal and exhibit robust resistance to the corn smut disease
with little or no symptoms.

S-306

Transgenic Short Rotation Poplar for Biomass
with Increased Efficiency of Cell Wall Saccharification

Ziv Shani. CBD-Technologies Ltd., Tamar Science Park, PO
Box 199, Rehovot 76100, Israel. Email: zshani@cbd-tech.com

SHANI, ZIV1, Abramson, Miron1, Barimboim, Noga1,
Dekel, Mara1, Shoseyov, Oded2
1CBD-Technologies Ltd., Tamar Science Park, PO
Box 199, Rehovot 76100, Israel

2The Robert H. Smith Institute of Plant Sciences and
Genetics in Agriculture, Faculty of Agricultural, Food and
Environmental Quality Sciences, The Hebrew University of
Jerusalem. Rehovot, Israel

Cellulosic biomass is projected to be a leading future
feedstock for sustainable biofuel. To answer this need,
“Short Rotation Poplar”, grown as a “field crop”, is being
developed as a source of cellulosic biomass. The natural
recalcitrance of lignocellulosic biomass must be overcome in
an economic manner to gain access to cell wall polysacchar-
ides and remove lignin. We have developed several
transgenic concepts to deal with recalcitrance. We success-
fully reduced cellulose crystallinity by disruption of the
cellulose microcrystalline lattice subsequent to transgenic
enzyme activity. The transgenic plants showed improved
processability. In addition, our “Trojan Horse” concept
embodies production of exotic soluble polysaccharide
polymers within the cell wall during its normal development.
When processed, these intercalated polymers dissolve upon
mild pretreatment and open the wall for cellulases and other
catalysts mediating saccharification. We have successfully
introduced a number of genes into plants for the production
of such polysaccharides. Transgenic plants exhibited signif-
icantly enhanced cellulose hydrolysis upon mild pre-
treatment. The results and their implication will be discussed.
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Bioethanol Production from Sugarcane in India

Mukut Sharma. Sugarcane Research Institute, UP Council
of Sugarcane Research, Shahjahanpur, U.P. India-242001;
Sugarcane Research Institute, UP Council of Sugarcane
Research, Shahjahanpur, U.P. India-242001. Email:
upcsr@sancharnet.in

SHARMA, MUKUT, Singh, Ram
Cane Development and Sugar Industries, U.P. Govt., India.

India is the largest consumer and second largest producer of
sugar in the world next to Brazil. The use of sugarcane to
produce sugar, ethanol, and electricity is not accomplishing
the full potential of this crop. The full development of the
process for the commercial production of second-generation
ethanol (the cellulosic ethanol) in the years to come can be a
transformational change in the sugarcane industry. Sugarcane
is a proven biofuel feedstock and accounts for about 40% of
the biofuel production worldwide. It has a more favorable
energy input/output ratio than that of corn, the other major
biofuel feedstock. The rich resource of genetic diversity and

S70 SPEAKER ABSTRACTS



the plasticity of complex genomes offer a wealth of
opportunities for the application of genomics and technologies
to address fundamental questions in sugarcane towards
maximizing biomass production. With the objective of
generating information on, some historic facts of the ethanol
industry in India, the role of sugarcane breeding, and the
prospects of sugarcane biotechnology were reviewed to
provide research and development support for the biofuel
production technology needs. Presently, molasses are used in
ethanol production which does not fulfill the demand which is
required for the purpose. In recent past, the government of
India has got attention in this direction to produce ethanol
directly from sugarcane juice. U.P. Council of Sugarcane
Research has developed 185 sugarcane varieties well suited
for sugar, ethanol, and cogeneration production. Some of
these promising varieties, viz, CoS95255, CoS97261,
CoSe95422, UP49, CoSe03234, and UP0097 may be best
suited for bioethanol production. However, the projected
increase in the sugarcane cultivated area for bioethanol
production will require development of new varieties tolerant
to various biotic and abiotic stresses. Considering the present
scenario, biotechnological interventions are necessary and
thus it has been incorporated in our research objectives to
develop sugarcane for biofuel production. These findings
will be utilized in the exploration of high ethanol-producing
varieties to get more and more ethanol.
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Sustainable and Environmentally Enhanced Pest
Management through Plant Biotechnology

Anthony Shelton. Department of Entomology, Cornell
University’s NYS Agricultural Experimental Station, Geneva,
New York 14456, USA. Email: ams5@cornell.edu

SHELTON, ANTHONY
Department of Entomology, Cornell University’s NYS
Agricultural Experimental Station, Geneva, New York,
14456, USA

Plants that resist pest attack (host plant resistance, HPR)
should be the foundation of integrated pest management
(IPM) programs. Traditionally bred HPR has been an
effective tool for some insect pests, but not for most
caterpillar and beetle pests, which are the most damaging
groups of insect worldwide. Insect-resistant genetically
modified (IRGM) crops have expanded the range of
available HPR. In 2008, IRGM crops were grown on 46
million hectares in 23 countries. The presently available
IRGM plants express insecticidal crystal proteins from the

bacterium Bacillus thuringiensis (Bt) that target destructive
caterpillars and beetles. Bt cotton and Bt maize are the only
IRGM crops commercially grown and their adoption has
led to a dramatic reduction in the use of traditional
insecticides. Bt cotton led to a decrease of 37% in the total
volume of insecticide active ingredient applied to cotton
worldwide in 2007. For maize, the reduction in insecticides
was 32%. Other IRGM crops are waiting in the wings. Bt
rice was approved in China in the second half of 2009 and
Bt eggplant, a popular vegetable in India, was approved by
India’s Genetic Engineering Approval Committee (GEAC),
although final government approval is pending. As with
any technology, Bt crops need to be evaluated for safety to
humans and the environment and for their durability.
Studies have shown no negative effects on humans and no
direct effects on arthropod natural enemies important for
biological control. Resistance to Bt crops remains a concern
but there have been only two isolated cases in which
control failures have occurred because of resistance. The
success of the first wave of IRGM crops has set the course
for a second wave of IRGM crops with novel insecticidal
molecules.
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JAZ Proteins in Peach Have Different Responses
and Characteristics than their Orthologs in Arabidopsis

Sherif Sherif. Department of Plant Agriculture, University
of Guelph, Guelph, ON, E.C. Bovey Building, University
of Guelph, Guelph, ON, N1G2W1, Canada. Email: ssherif@
uoguelph.ca
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1Department of Plant Agriculture, University of Guelph,
Guelph, ON, N1G2W1, Canada and Department of Plant
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2Department of Plant Agriculture, University of Guelph,
Guelph, ON, N1G2W1, Canada
3Department of Plant Agriculture, University of Guelph,
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The discovery of JAZ proteins as targets for the F-box-type
ubiqutin ligase, Coi1, in Arabidopsis solved a missing link
in jasmonate signaling in plants. These proteins are
degraded in response to the increased levels of JA in the
cell that are usually triggered by herbivory attack or
wounding. Although the link between the degradation of
JAZ proteins and the induction of wounding-responsive
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genes has been demonstrated in Arabidopsis, the role of
JAZ proteins in other plant species or their responses to
different stimuli have not been investigated yet. In this
work, we performed in silico analysis into the peach EST
library which ended up with complete sequences of six
genes encoding for JAZ proteins. Peach JAZ proteins have
the conserved ZIM and Jas domains that determine the
characteristics and functions of these proteins. We studied
the response of various JAZ genes to (a) Xanthomonas
pruni (X. pruni) inoculation, (b) leaf wounding, and (c) JA
application in peach (Prunus persica) by quantitative RT-
PCR. In spite of their close sequence homology to their
counterparts in Arabidopsis, the expression of the six JAZ
genes in peach is repressed in response to wounding
treatment or JA application. Moreover, the expression of
JAZ genes after pathogen infection varied among peach
varieties. Only in the susceptible variety were most of the
JAZ genes stimulated within 1 h of inoculation with X.
pruni; however, in both susceptible and resistant varieties,
gene expression dramatically decreased overtime. These
results not only contradict the previous data from Arabi-
dopsis but also suggest that JAZ proteins might have a
different role in peach or, for that matter, in perennials than
herbaceous plants. To test this hypothesis, we further over-
expressed a member of these proteins (Pp-JAZ1) in
Arabidopsis and tobacco in order to detect the inducible
degradation of the JAZ proteins by JA application.
Although the initial results are in line with our hypothesis,
we are continuing further investigations with these trans-
genic plants to confirm our findings.
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Targeted Genome Modification in Plants: The ExZact™
Precision Technology Platform

Vipula Shukla. Dow Agrosciences LLC, 9330 Zionsville
Road, Indianapolis, IN 46268, USA. Email: vkshukla@
dow.com
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Trait development via agricultural biotechnology is limited
by the inefficiency and unpredictability of conventional
random mutagenesis and transgenesis. In order to overcome
these challenges, we have developed a broadly applicable,
versatile technology platform for precise genome modifi-
cation, known as ExZact™ Precision Technology.
ExZact™ is based on designed, highly specific zinc finger
nucleases (ZFNs) that induce double-stranded breaks at

their target locus. The current ExZact™ design platform
allows for rapid assembly and HTP validation of ZFNs for
any gene. Because the repair of DSBs is a widely conserved
mechanism, we can exploit this repair to engineer specific
insertions, deletions, and edits in the genomes of diverse
plants, including crops. We have used ExZact™ to modify
endogenous loci in several plant species, including the
important crop Zea mays (corn). In one example, we show
that simultaneous expression of ZFNs and delivery of a
simple heterologous donor molecule leads to high-
frequency targeted addition of an herbicide-tolerant gene
at the intended locus. Insertional disruption of one target,
ZmIPK1, resulted in both herbicide tolerance and alter-
ations of the inositol phosphate profile in developing maize
seeds, essentially delivering a stacked trait through the
targeted manipulation of a single locus. ExZact™ is
amenable to any plant species for which DNA delivery
methods exist; therefore, our results establish a new
paradigm in plant genome modification for both basic
science and trait development applications.
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Co-silencing Mirabilis Antiviral Protein Enables
Virus-induced Gene Silencing Studies for Gene
Functional Analysis in Mirabilis Jalapa

Alka Singh. University of California Davis, California,
Department of Plant Sciences, UC Davis 95616, Davis,
California, US. Email: dralkasinghdhaka@gmail.com
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2Crops Pathology and Genetics Research Unit, USDA
ARS, One Shields Avenue, Davis, CA 95616

Virus-induced gene silencing (VIGS) has been suggested as
a powerful and rapid technique for analysis of gene
function in plant growth and development. This PTGS
technique has been found effective in various plants earlier.
However, the effectiveness and efficiency of this PTGS
system is dependent upon the plant host range of viral
vectors. We are testing VIGS system for functional analysis
of genes associated with flower senescence and abscission
in Mirabilis jalapa as the model plant. Infecting M. jalapa
with cloned PDS gene fragment as a reporter gene into the
Tobacco Rattle Virus (TRV) failed to produce any signif-
icant phenotype. Here, we hypothesized the role of MAP, a
ribosomal antiviral protein in interrupting with the applica-
tion of the VIGS system in this plant. We cloned the MAP
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gene fragment from the M. jalapa into the TRV/PDS
construct. Inoculating Mirabilis plants with TRV containing
a fragment of the gene encoding mirabilis antiviral protein
and phytoene desaturase, an essential enzyme in carotene
synthesis, resulted in a photo-bleached phenotype in
photosynthetic tissues. Knowing the significant role of
temperature in the VIGS studies, we accessed the role of
temperature on further development of phenotype in
conjugation with endogenous gene silencing. Tempera-
ture had profound effects on vector DNA accumulation
and the spread of endogenous gene silencing. Plants
grown at 16°C and 18°C day/night temperature had
greater viral symptoms and endogenous gene silencing
compared to plants grown at 22°C, although viral
symptoms were greater but endogenous gene silencing
was lower and delayed at 16°C. In preliminary tests with
a TRV/PDS + MAP construct, the typical effects of
post-transcriptional gene silencing of PDS in Mirabilis
jalapa—symmetrical and asymmetrical white patches on
the green leaves—indicated the ability to use the system in
Mirabilis studies.
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Surveillance of Co-existence Between PGPR and EPNs for
Sustainable Crop Improvement

Sivaramakrishnan Sivaramakrishnan. Department of
Biotechnology, Bharathidasan University, Tiruchirappalli
-620024, Tamil Naud, India. Email: sivaramakrishnan
123@yahoo.com
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Department of Biotechnology, Bharathidasan University,
Tiruchirappalli -620024, Tamil Nadu, India

The present investigation is focused to evaluate the
coexistence of plant growth-promoting rhizobacteria
(PGPR) and entomopathogenic nematodes (EPNs) in
different crop ecosystems for sustainable crop management.
About 200 rhizosphere soil samples were collected from
five different crop lands as groundnuts (GS), sugarcane
(SS), maize (MS), banana (BS), and sunflower (SFS). The
pH, organic contents, and soil type, respectively, of the soil
samples were recorded. More than100 heterotrophic iso-
lates were isolated and the potential PGPR were screened
based on the colony morphology, biochemical tests,
physiological characteristics, and stability in sub-culturing.
Selected PGPRs GS-3, SFS-1, BS-4, SS-3, MS-1, MS-2, and
MS-4 were identified and screened for NH3 production, seed
germination assay, indole acetic acid production (IAA), HCN

production, antibiotic production, antifungal activity, prote-
ase activity, chitinase activity, ACC deaminase activity,
siderophores production, and phosphate solubilization. Fur-
ther, the collected soil samples were analyzed for existence
of EPNs using Galleria larva bait. Totally, two soil samples
were positive for epns from sugar cane and sunflower soils
and the collected isolates were identified through morpho-
metrics and at the molecular level as Steinernema glaseri
and Heterorhabditis indica. Survivability and establish-
ment of epns and their associated bacteria were estimated
alone and combined with potential PGPR (Bacillus sp.
GS-3) in broth as well as in culture medium. In our study,
report survivability and proliferation of epns was not
affected by PGPR, but symbiotic bacteria have negative
impact on PGPR. The combination of epns and GS-3
enhanced seedling vigour, associated with increase in
overall biochemical parameters. As a result, the combina-
tion of Steinernema sp. and GS-3 enhanced seedling
vigour; the plant production system may be significantly
improved. Integration of selective PGPR and EPNs will
improve crop production, protection, and soil biological,
chemical, and physical processes, and will protect the
pristine soil fertility.
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Efficient Plant Genome Engineering Using Designed
Homing Endonucleases

Jeff Smith. Precision BioSciences, 104 T.W. Alexander Dr.,
Research Triangle Park, North Carolina 27709. Email: jeff.
smith@precisionbiosciences.com
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Triangle Park, NC, 27709

The ability to target genome modification in a plant is
already having a significant impact on plant biotechnology.
The most successful genome engineering strategies are
based on the production of a double-strand DNA break at a
chromosomal target locus using a site-specific endonucle-
ase. Repair of the DNA break by homologous recombina-
tion or non-homologous end-joining can result in a wide
range of chromosomal modifications, including gene
knockout and targeted transgene insertion. We have
demonstrated that engineered endonucleases derived
from the I-CreI homing endonuclease can be used to
target highly specific DNA breaks in a variety of plant
species, including several commercial row crops. These
“custom” endonucleases have been used to insert and
remove DNA from predetermined genomic loci to
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generate precisely engineered plants. The chromosomal
modifications introduced using this approach are stable
and heritable. Our results indicate that engineered
endonucleases derived from I-CreI are attractive alternatives
to zinc finger nucleases as plant genome engineering
reagents.
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Operation of a Cell Culture Core Laboratory to Provide
Human Cell and Tissue Models used in the Study
of Chemical Warfare Agents

William Smith. US Army Medical Research Institute of
Chemical Defense, USAMRICD, 3100 Ricketts Point Rd,
APG, MD 21010-5400, USA. Email: william.j.smith3@us.
army.mil
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Sulfur mustard (SM) is a potent alkylating agent that results in
cutaneous, respiratory, and ocular injury. Historically, SM has
been used over the past century in numerous battlefield
conflicts. The primary in vitro model for studying SM injury
is normal human cells grown in culture. These cells may be
more appropriate to study the mechanisms of SM damage
through individual events than whole animal studies, which
may be very complex. Several human cellular models have
been used: skin (normal human epidermal keratinocytes,
NHEK), lung (normal human bronchial epithelial cells,
NHBE), and eye (human corneal epithelial cells, HCEC). In
addition, several human tissue constructs were used: skin
(EpiDerm), lung (EpiAirway), and eye (EpiOcular). NHEK and
NHBE were purchased from Lonza, HCEC were purchased
from Cascade Biologics, and tissue models were purchased
from MatTek. NHEK and NHBE have a very reproducible
growth pattern and provide ample numbers of cells to satisfy
customer needs. The HCEC grew very slowly and did not
provide enough cells for further study. The tissue models
maintained normal growth characteristics throughout the
observed 24-h time period. EpiDermFT exhibited good
histological results, but EpiAirway and EpiOcular failed to
meet our requirements. The tissue constructs are relatively new
to our lab andwill require further research to evaluate and select
appropriate models for routine incorporation in future studies.
The cell culture core lab provides highly reproducible cultures
to researchers in the medical chemical defense community. The
use of these cell and tissue models in the study of chemical
warfare agents is a vital building block to successfully transition
medical countermeasures to advanced development.
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The Conserved Zn Finger Domain and Adjacent Basic Motifs
of the P23 Silencing Suppressor of Citrus Tristeza Virus are
Required for Pathogenesis in Transgenic Mexican Lime Plants
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RNA silencing is a sequence-specific mechanism that
regulates endogenous gene expression and defends against
infecting viruses. As counter-defense, viruses encode
proteins able to suppress RNA silencing. Citrus tristeza
virus (CTV), a member of the genus Closterovirus with the
largest genome among plant RNA viruses, encodes three
proteins acting as silencing suppressors in Nicotiana
benthamiana: p23, p25, and p20. The first inhibits
intracellular silencing, the second inhibits intercellular
movement of the silencing signal, and the third operates
at both levels. Protein p23, with no homologue in other
closteroviruses, is an RNA-binding protein with a cysteine-
and histidine-rich motif forming a putative zinc-finger
domain flanked by basic motifs that regulate the balance
of plus and minus RNA strands during replication. Ectopic
expression of p23 in transgenic citrus plants induces
developmental aberrations resembling CTV symptoms in
Mexican lime (Citrus aurantifolia) and other citrus
genotypes. To better define the role of p23 in CTV
pathogenesis, the p23 gene from CTV T36 and three
truncated versions thereof under the control of the
Cauliflower mosaic virus 35S promoter were used to
transform Mexican lime. While expression of a fragment
comprising only the first 99 amino acids (p23-D99) did
not induce morphological aberrations in transgenic plants,
expression of amino acids 1 through 157 (p23-D157)
elicited CTV-like symptoms, similar to, albeit milder than,
those incited by expressing the whole p23 protein (209
amino acids). Deletion of the fragment comprising amino
acids 50 through 86 (p23-DZn) disabled symptom induc-
tion, thus delimiting the region responsible for p23
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pathogenesis in citrus to a 107-amino acid fragment
including the Zn finger and flanking basic motifs.

S-326

Eicosanoid Signaling in Insect Immunity

David Stanley. USDA/ARS/BCIRL, 1503 S. Providence
Rd., Columbia, MO 65203-3535, USA. Email: david.
stanley@ars.usda.gov

STANLEY, DAVID
USDA/ARS/BCIRL, 1503 S. Providence Rd., Columbia,
MO, 65203-3535, USA.

In the early 1990s, we discovered that prostaglandins and other
eicosanoids are the predominant, and crucial, mediators of
insect cellular immune reactions to infections, although at the
time we did not have so much as a hint of what specific cellular
actions involved eicosanoids. We have since learned that
eicosanoids mediate a large number of cellular defense
reactions, including phagocytosis, microaggregation, nodula-
tion, cell spreading, cell migration, encapsulation of parasitoid
eggs, and release of pro-phenoloxidase from hemocytes. In this
presentation, I will briefly describe insect immunity, particu-
larly these cellular immune functions, and outline eicosanoid
biology. I will present some of our most recent work. We
cloned five genes encoding phospholipases A2 from the
sequenced Tribolium (red flour beetle) genome. Treating
larval beetles with gene silencing dsRNA specific to each of
the five genes led to transient silencing (ca. 48 h) of each
gene. For four of the five genes, dsRNA treatments
inhibited nodulation reactions to bacterial infection. The
inhibition was rescued by treating beetles with arachidonic
acid, the end product of phospholipase A2. I will also
present some of our unpublished work showing that
prostaglandin A2 influences the expression of a large
number of genes in an established insect cell line. I will
briefly mention our on-going work on the influence of
eicosanoids on permissiveness to baculovirus replication
in an established cell line. I will conclude with a
discussion of the practical significance of eicosanoid-
mediated signaling in insect immunity.

S-328

The Role of Tissue-resident Mesenchymal Stem Cells
in Injury Response and Repair

Thadeus Stappenbeck. Washington University, 660 S Euclid,
St. Louis, MO 63131, USA. Email: stappenb@ wustl.edu

STAPPENBECK, THAD
Washington University, St. Louis, MO, USA

For colonic homeostasis, the mucosal immune system must
be regulated to control improper response to a large and
diverse population of indigenous microbes. This process
requires multiple inhibitory pathways. We hypothesized
that prostaglandin-endoperoxide synthase 2 (Ptgs2, also
known as Cox-2) and its downstream products play a role
in this process because of the well-recognized role of this
pathway in the response to injury that occurs in a variety of
systems. We previously found that a partially defined
population of colonic stromal cells constitutively expressed
high levels of Ptgs2 and that the location of these cells was
mediated by Myd88 signaling. We have now found that
these colonic stromal cells were mesenchymal stem cells
(MSCs). These colonic MSCs expressed high Ptgs2 levels
not through interaction with bacterial products but instead
as a consequence of mRNA stabilization downstream of
fibroblast growth factor 9 (Fgf9), a growth factor that is
constitutively expressed by the intestinal epithelium. This
stabilization was mediated partially through a mechanism
involving endogenous CUG binding protein 2 (CUGbp2).
These studies suggest that Fgf9 is an important factor in the
regulation of Ptgs2 in colonic MSCs and may be a factor
involved in its constitutive expression in vivo.

S-330

Modulation of Cell Development Elicited by AgNO3,
Silver Thiosulfate, and Thiosulfate Ion Supplements
to Culture Medium

Benjamin Steinitz. Dept Vegetable Research, Institute of
Plant Sciences, ARO, The Volcani Center, P.O.B. 6, Bet
Dagan 50250, Israel. Email: steinitz@volcani.agri.gov.il

STEINITZ, BENJAMIN1, Tabib, Yona2, Barr, Nurit2,
Bernstein, Nirit3
1Department of Vegetable Research, Institute of Plant Scien-
ces, ARO, The Volcani Center, Bet Dagan 50250, Israel
2Department of Vegetable Research, Institute of Plant Sciences,
ARO, The Volcani Center, Bet Dagan 50250, Israel
3Department of Environmental Physics and Irrigation,
Institute of Soil, Water and Environmental Sciences,
ARO, The Volcani Center, Bet Dagan 50250, Israel

Plant tissues cultures incubated in vitro emanate ethylene, and
accumulation of the phytohormone in the culture vessel
headspace may be unfavorable for culture growth. Undesirable
influences of ethylene are avoided mostly by adding to the
culture medium silver ion (Ag+), a potent ethylene action
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inhibitor. Silver is added to a medium in form of silver nitrate
(AgNO3) or silver thiosulfate (STS). Ag+ reacts chemically
with different anions and compounds to form insoluble
precipitates; however, generation of such precipitates can
often be avoided when Ag+ is bound in the STS complex. We
followed precipitates formation in gels of several agar types
to which AgNO3 has been added and found that precipitation
is effectively prevented in STS-supplemented gels. We will
demonstrate and discuss these observations. Further, on the
background described, we addressed two questions: (1) Is
culture development in a medium with AgNO3 or STS alike?
(2) Is it correct to regard STS as a supplement of Ag+ only,
without considering a possible concomitant influence of
thiosulfate ion (S2O3

2−) on cell development? We will show
that cultures respond differentially to AgNO3 and STS and
that the morphogenic response to STS may be composed of
two experimentally separable components, one being Ag+

dependent and another elicited by S2O3
−2. Conclusions drawn

from the study: (a) Culture systems may respond significantly
better to STS than to AgNO3 with regard to prevention of
ethylene-mediated undesirable impacts on culture develop-
ment; (b) The preferred type of silver supplement (AgNO3 or
STS) to be used as medium supplement should be selected on
ground of a comparative examination including a S2O3

2−

control for a culture treated with STS; (c) Cells respond to
S2O3

2− in the medium.

S-332

Phytosensors: Plants to Report Pathogens
and Environmental Contaminants

Neal Stewart. University of Tennessee, 2431 Joe Johnson
Dr., 252 Ellington, Knoxville, TN 37996, USA. Email:
nealstewart@utk.edu

STEWART, NEAL, Mazarei, Mitra, Liu, Wusheng, Rao,
Murali, Rudis, Mary, Abercrombie, Laura, Mann, David,
Sykes, Virginia
University of Tennessee, USA

Real-time monitoring systems that report the presence of
environmental contaminants or agriculturally important bio-
logical agents would be an important new line of early defense
in agricultural centers. Plant sentinels, or ‘phytosensors’,
potentially have tremendous utility as wide-area detectors for
biosurveillance of contamination by chemical or biological
agents including plant pathogens. Phytosensors are constructed
by genetically engineered plants to contain biotic- or abiotic-
inducible promoters fused to a reporter gene to produce plants
with altered phenotypes in response to the presence of the
agents. We have employed cis-acting elements from promoter

regions of pathogen-inducible genes as well as those
responsive to the plant defense signal molecules salicylic
acid, jasmonic acid, and ethylene. Synthetic promoters were
constructed by combining various regulatory elements sup-
plemented with the enhancer elements from the Cauliflower
mosaic virus (CaMV) 35S promoter to increase the basal
level of reporter expression. The inducibility of synthetic
promoters was examined in stably transgenic Arabidopsis and
tobacco plants. For inadequate inducible expression of
reporter in a phytosensing system, low absolute expression
of reporters, signal amplification systems are required. Here
we have tested a site-specific recombination strategy to
amplify the signal from a reporter in model Arabidopsis and
tobacco phytosensors. Our overriding goal is to produce a
sensing and reporting platform that can be applied to many
targets other than pathogens. Toward that end, we discovered
and exploited other gene switches for explosives, heavy
metals, and other contaminants. In addition, we exploited
natural molecular machinery to design new ways to sense and
report contaminants and pathogens.

S-334

Cloning and Characterization of a Prunus Gibberellin
2-oxidase Gene

Jayasankar Subramanian. University Of Guelph, University
Of Guelph, 4890 Victoria Ave N., Vineland Station, On,
L0r 2e0, Canada. Email: jsubrama@uoguelph.ca

El-Sharkawy, Islam1, El-Kayal, Walid2, Prasath, D.3,
Mila, Isabelle4, Bouzayen, Mondher4, SUBRAMANIAN,
JAYASANKAR3

1VRIC, 4890 Victoria Av. N., Box 4000 Vineland Station,
ON, L0R 2E0 Canada
2University of Alberta, Department of Biological Sciences,
Edmonton, AB, T6G 2E9
3University of Guelph, Vineland Station, 4890 Victoria Av.
N., Box 4000 Vineland Station, ON, L0R 2E0 Canada
44UMR 990 INRA/INPT-ENSAT “Génomique et Biotech-
nologie des Fruits”, Av. de l’Agrobiopole, BP 32607, F-
31326 Castanet-Tolosan Cedex, France

Bioactive hormone concentrations are regulated both at the
level of hormone synthesis and through controlled inactiva-
tion. Based on the ubiquitous presence of 2β-hydroxylated
gibberellins (GAs), a major inactivating pathway for the plant
hormone GA seems to be via GA 2-oxidation. In this study,
we cloned and extensively characterized a GA 2-oxidase (GA
2-ox) gene from Japanese plum (Prunus salicina L.).
Analysis of PsGA2ox expression throughout fruit develop-
ment illustrated its role during flowering and fruit develop-
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ment. The effect of the plant hormones gibberellin and auxin
in regulating the transcription levels of PsGA2ox was also
investigated. Subcellular localization revealed that the gene
is present throughout the cytoplasm and the nucleus. The
function of PsGA2ox in plant development was further
investigated through over-expression in Arabidopsis plants.
To further study the gene expression, transgenic Arabidopsis
were grown under different conditions that are known to
affect GA. Results indicate a definitive involvement of GA2-
ox in several aspects of plant development. Further details of
these results will be presented.

S-336

Microfluidic Engineering of Stem Cell Niches and 3D
Tissue Models

Shuichi Takayama. University of Michigan, 2200 Bonisteel
Blvd, 1115 Gerstacker Bldg, Ann Arbor, MI 48109-2099,
USA. Email: elliswheat@aol.com

TAKAYAMA, SHUICHI
University of Michigan, 2200 Bonisteel Blvd, Ann Arbor,
MI 48109-2099, USA

The gap between the cellular microenvironment in vivo and
in vitro poses challenges for obtaining physiologically
relevant responses from cells used in basic biological studies
or for drawing out the maximum functional potential from
cells used therapeutically. One of the reasons for this gap is
because the fluidic environment of mammalian cells in vivo
is microscale and dynamic whereas typical in vitro cultures
are macroscopic and static. This presentation will give an
overview of efforts in our laboratory to develop microfluidic
systems that enable spatio-temporal control of both the
chemical and fluid mechanical environment of cells. The
technologies and methods close the physiology gap to
provide biological information otherwise unobtainable and
to enhance cellular performance in therapeutic applications.
Specific biomedical topics that will be discussed include in
vitro fertilization on a chip, microfluidic models of cancer,
and high-throughput stem cell niche engineering.

S-338

Plant Regeneration Studies of Jatropha Curcas Via Somatic
Embryogenesis and Organogenesis

Chong-Siang Tee. Universiti Tunku Abdul Rahman, Uni-
versiti Tunku Abdul Rahman, Jalan Universiti, Bandar Barat,
31900 Kampar, Perak, Malaysia. Email: teecs@utar.edu.my

TEE, CHONG-SIANG, Siow, Then-Soong, Ting, Adeline
Universiti Tunku Abdul Rahman

Jatropha curcas, a promising biofuel-producing plant, has
been intensively cultivated in many countries, including
Malaysia. This study is aimed to establish a plant
regeneration system for micropropagation and genetic
manipulation studies. In this study, callus was induced
from leaf, petiole, and cotyledon explants using different
types of auxins with different concentrations. Calli induced
from cotyledon explants using MS medium containing
4 mM dicamba were found to be embryogenic after
subculturing to fresh induction medium. Somatic embryo
regeneration was studied using two approaches: (a) in-
volved embryo maturation prior to plant regeneration and
(b) direct plant regeneration in the medium containing N-6-
benzylaminopurine (BAP) or gibberellic acid (GA3). BAP
and GA3 were more effective in obtaining regenerated
plantlets than applying embryo maturation using abscisic
acid (ABA) or polyethylene glycol 6000 (PEG 6000).
Approximately 83.3% and 73.3% plant regeneration were
obtained from the MS medium containing 1.5 μM BAP and
1 μM GA3, respectively, and less than 40% plant
regeneration was obtained from the matured embryos
cultured on the phytohormone-free MS medium. Besides,
shoot organogenesis was observed from leaf and petiole
explants cultured in the medium containing a combination
of 5 μM thidiazuron, 0.5 μM 3-indolebutyric acid, and
50 μM adenine sulphate. Shoots were able to form from
granular buds induced from petiole and leaf explants.
Rooting was achieved in the medium containing 0.5 μM
NAA and 1% (w/v) activated charcoal. In conclusion, plant
regeneration systems for J. curcas were established through
somatic embryogenesis and organogenesis.

S-339

To What Extent do Soil Communities Respond
to Plants: Metagenomic Analyses

James Tiedje. Great Lakes Bioenergy Research Center and
Center for Microbial Ecology, Center for Microbial Ecology,
540 Plant and Soil Science Building, Michigan State University,
East Lansing, MI 48824, USA. Email: tiedjej@msu.edu

Jesus, Ederson1, Howe, Adina2, Chain, Patrick3, Liang,
Chao1, TIEDJE, JAMES2
1Great Lakes Bioenergy Research Center, Wisconsin,
Madison, WI, USA
2Great Lakes Bioenergy Research Center, Michigan State
University, East Lansing, MI 48824, USA
3Los Alamos National Laboratory, Los Alamos, NM, USA
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Microbial selection by rhizospheres is a long-researched
topic since microbes can influence plant productivity both
positively and negatively depending on the plant–microbe
capacities and the particular soil environment. We have
reinvestigated this relationship with the newer sequence-
based technologies since they can provide much better
resolution of communities, including gene content, than
previously possible. We conducted this work on biofuel
crops including maize, canola, sunflower, soybean, and
switchgrass on different marginal lands using 16S rRNA
gene-targeted pyrosequencing and on three GLBRC switch-
grass sites by PLFA analysis, by16S rRNA and nifH gene-
targeted sequencing, and shotgun titanium (Roche/454) and
Illumina sequencing. The former study showed that the
soil–climate condition was more important than the plant in
determining the rhizosphere community and that those
communities were significantly different from the nearby
soil communities under native vegetation. The second more
in-depth study was carried out on five mature switchgrass
communities, two replicate plant rhizospheres from two
particularly productive switchgrass sites on marginal lands,
one in Wisconsin and one in Michigan, and one additional
switchgrass site. Pseudomonacea-affiliated genes are
enriched in the rhizospheres consistent with culture-based
and qPCR results. The metagenomic data could be partially
assembled using results from both platforms and was
searched by HMMER models for proteins or motifs and
those associated with ecological functions were identified
and compared.

S-340

New Molecular Tools for Improved Crop Biotechnology

Roger Thilmony. USDA Agriculture Research Service,
Western Regional Research Center, 800 Buchanan Street,
Albany CA 94710-1105 USA. Email: roger.thilmony@ars.
usda.gov

THILMONY, ROGER, Guttman, Mara, Meridith, Cook
USDA Agriculture Research Service, Western Regional
Research Center

We are developing molecular tools and strategies for
improved biotechnology of rice and other cereal grain
crops. We have identified a series of promoters that allow
precise organ-specific control of transgene expression. We
are also developing novel strategies and constructs that can
be used to genetically engineer “intragenic” rice plants

(containing only native rice-derived DNA sequences).
Microarray gene expression profiling and analyses of
publicly available gene expression resources were used to
identify candidate genes with distinct organ-specific pat-
terns of expression in rice and barley. The corresponding
upstream promoter sequences of validated candidates have
been fused to a gusA-enhanced GFP bifunctional reporter
or a GUSPlus reporter gene in binary vectors specifically
designed for promoter characterization. These constructs
have been transformed into rice, Brachypodium distachyon
and/or Arabidopsis. Reporter gene expression has been
documented throughout plant development in the trans-
formed plants. The rice LP2 promoter, derived from a
leucine-rich repeat receptor-like kinase, controls light-
responsive organ-specific expression in the aerial, vegeta-
tive parts (primarily leaves) of transgenic rice and Brachy-
podium plants. The rice Root3 promoter, derived from a
putative plastocyanin-like gene, exhibits expression only in
the roots. The PS1, GEX2, and two other rice promoter
candidates control anther/pollen-specific expression pat-
terns. These promoters will enable spatially defined trans-
gene expression in crop plants and facilitate the
development of intragenic constructs, reducing potential
unintended effects genetic engineering may have on plant
physiology and the environment.

S-342

Plant Cold Acclimation: Identifying Gene Regulons In-
volved in Freezing Tolerance

Mike Thomashow. Michigan State University, MSU-DOE
Plant Research Laboratory Michigan State University East
Lansing, MI 48824. Email: thomash6@msu.edu

THOMASHOW, MICHAEL
MSU-DOE Plant Research Laboratory, Michigan State
University, East Lansing, MI 48824 USA

Many plants increase in freezing tolerance in response to
low temperature, a phenomenon known as cold acclima-
tion. Our long-range goal is to achieve a systems-level
understanding of plant cold acclimation and to use the first
principles gained to develop novel strategies to improve
the freezing tolerance of plants. Our work focuses on
identifying low-temperature transcriptional networks that
plants have evolved to survive freezing. To date, the best-
described pathway is the CBF cold response pathway of
Arabidopsis. It involves action of three transcription
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factors, CBF1-3, that control the expression of more than
100 cold-regulated genes that contribute to freezing
tolerance. Recent analysis of transgenic plants constitu-
tively over-expressing wild-type and dominant negative
versions of CBF2 has revealed the existence of CBF-
dependent, CBF-coregulated and CBF-independent cold
response pathways and indicates a significant role for
additional cold responses pathways in freezing tolerance.
The potential of using CBF and other transcription factors
for improving the abiotic stress tolerance of crop species
will be discussed. This research was supported by grants
to MFT from the NSF Plant Genome Project
(DBI0110124 and DBI 0701709), the Department of
Energy (DE-FG02-91ER20021), and the Michigan Agri-
cultural Experiment Station.
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Development of Site-Specific Recombinase Technology for
Precise Crop Plant Genome Modification

James Thomson. United States Department of Agriculture
(USDA), USDA-WRRC, 800 Buchanan Street, Rm. #2122,
Albany, Ca 94710. Email: james.thomson@ars.usda.gov

THOMSON, JAMES1, Yau, Yaun-Yeu2, Chan, Ronald1,
Thilmony, Roger1
1USDA-WRRC-CIU, Albany, CA 94701
2Plant Gene Expression Center, Albany, CA 94701

Plant biotechnology has a role in addressing global needs
for food, fiber, and fuel by developing new crop varieties
with increased pest resistance, biofortification, and abiotic
stress tolerance. Publicly acceptable forms of biotechnology
offer an avenue for meeting these demands. Recombinase-
mediated genetic engineering provides a favorable direction
for enhancing the precision of biotechnological approaches.
Concerns over the presence of antibiotic resistance genes in
the food supply and their escape into the environment can
be relieved through the use of recombinase technology to
excise unwanted DNA from the genome of genetically
engineered (GE) crops prior to marketing or release.
Previous studies have documented how use of site-
specific recombination can produce transgenics with stable
gene expression over multiple generations and also resolve
multicopy transgene inserts, initially silenced for expres-
sion, to a single functional genomic copy. Research in this
lab addresses the need of novel publicly available recombi-
nases. Our team has developed a series of novel recombi-

nases for use as molecular tools. We have identified and
characterized the recombinase Bxb1, CinH, ParA, and
phiC31 for practical use towards genomic engineering of
crop plants. We describe here the unique features of each
recombinase, practical application, and potential combina-
torial approaches for recombinase utilization.

S-346

Modular Assembly and Delivery of Large Multigene
Binary Vectors into Plants

Tzvi Tzfira. University of Michigan, University of
Michigan, Department of Molecular, Cellular, and
Developmental Biology, 830 N. University Ave, 4071D
Natural Science Building, Ann Arbor, MI 48109-1048,
USA. Email: ttzfira@umich.edu

Zeevi, Vardit, Liang, Zhuobin, Tovkach, Andriy, TZFIRA,
TZV
University of Michigan/Department of Molecular, Cellular
and Developmental Biology/Ann Arbor, MI 48109, USA

The use of transgenic technologies for the genetic manip-
ulation of plant species has had a profound impact on basic
plant research and biotechnology. The ability to control
integration, inheritance, and expression of multiple trans-
genes is a prerequisite for analyzing and manipulating
complex metabolic pathways and agronomic characteristics
attributed to multigene traits in plants. We previously
described the construction of a basic yet modular set of
satellite (pSAT) vectors useful for the assembly of up to six
expression cassettes onto a single Agrobacterium binary
plasmid using a set of rare-cutting enzymes. To overcome
the limited number of commercially available rare-cutting
enzymes, a set of zinc finger nucleases (ZFNs) and
compatible plasmids was developed, allowing the expan-
sion of our current cloning system beyond seven indepen-
dent cassettes. Using a combination of commercial
rare-cutters and home-made artificial ZFNs, plant binary
vectors carrying up to nine individual cassettes of function-
al units or reporter gene modules in T-DNA have been
constructed. Transgenic plants, carrying nine cassettes
consisting of ca. 24-kb-long artificial T-DNA molecule,
have been produced. PCR analysis confirmed the presence
of the entire transgenes in selected plants. Phenotypical
analysis indicated that all nine gene units are functional in
these plants and that the transgene is stably inherited by
successive generations. Our data show that extremely large
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multigene transformation vectors can be assembled and
used for plant genetic transformation efficiently, creating a
novel route for the possible application to implement
genetic engineering of multi-gene involving biological
processes in plants by this system.

S-348

Phosphatidylcholine-Specific Phospholipase C Dysregula-
tion of Gap Junctional Intercellular Communication, A
Robust Cellular Response to Environmental Toxicants, and
Prevention by Resveratrol

Brad Upham. Michigan State University, 243 Food Safety
and Toxicology, East Lansing, MI 48824. Email:
upham@msu.edu

Sovadinova, Iva Babica, Pavel, Boke, Hatice, Kumar, Esha,
Wilke, Andrew, Park, Joon-Suk, Trosko, James, UPHAM,
BRAD.
Department of Pediatrics and Human Development, Center
for Integrative Toxicology, Michigan State University, East
Lansing, MI, 48824-1302

Inhibition of gap junctional intercellular communication
(GJIC) has been associated with different pathologies
including cancer, but molecular mechanisms regulating
GJIC are not fully understood. Currently, two pathways
have been implicated in the regulation of GJIC: MEK1/2
and phosphatidylcholine-specific phospholipase C (PC-PLC).
We surveyed various toxicants as to whether they inhibit GJIC
via MEK1/2 or PC-PLC or other signaling pathways, using a
pluripotent rat liver epithelial cell line, WB-F344. We also
studied the chemopreventative effects of the red wine
antioxidant, resveratrol, on inhibition of GJIC induced by
these toxicants. TPA, EGF, and lindane regulated GJIC
through a MEK-dependent mechanism, whereas eight differ-
ent lower molecular weight PAHs, DDT, PCB 153, methoxy-
chlor, vinclozolin, dicumylperoxide, and perfluorodecanoic
acid inhibited GJIC through PC-PLC. Both MEK1/2 and PC-
PLC were involved in deregulating GJIC induced by
perfluorooctanoic acid, thrombin receptor activating peptide
6 and R59022. These effects, except perfluorodecanoic acid,
were prevented by resveratrol. Inhibition of GJIC induced by
benzoylperoxide, arachidonic acid, 18B-glycyrrhetinic acid,
perfluorooctanesulfonic acid, 1-monolaurin, pentachlorophe-
nol, and alachlor was dependent neither on MEK1/2 nor PC-

PLC and was not prevented by resveratrol (except alachlor).
Our study demonstrates that the inhibition of GJIC induced
by various chemicals is regulated by different, ligand-specific
intracellular signal pathways, with PC-PLC being a major
regulator for many environmentally relevant contaminants.
The preventive effects of resveratrol identified in this study
could be one of the possible mechanisms contributing to its
anti-cancer properties. Funding: NIEHS-R01-ES013268-
01A2 to UPHAM.
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Substitution of Benzyladenine with Meta-Topolin
During Shoot Multiplication Increases Acclimatization of
Easy- and Difficult-to-acclimatize Sea Oats (Uniola Pan-
iculata) genotypes

Carmen Valero Aracama. University of Florida, 1729 Bluejay
Cove, St. Louis, MO 63144. Email: micropro@ufl.edu
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1University of Florida, P.O. Box 110675, Gainesville, FL
32611. USA
2University of Florida, 22199 South Rock Road, Indian
River Research and Education Center, Fort Pierce, FL
34945, USA

Benzyladenine (BA) has been the only cytokinin to
effectively induce shoot multiplication in genotypes in the
dune grass species Uniola paniculata (sea oats). However,
a genotype-specific negative carry-over effect of BA on
acclimatization has been observed. The effects of meta-
topolin (mT), a BA-analog, on in vitro multiplication,
rooting, and ex vitro acclimatization between an easy- and
difficult-to-acclimatize sea oats genotype were compared.
Both genotypes exhibited similar in vitro shoot and leaf
production and rooting when multiplied with 2.2 μM BA or
mT. Ex vitro acclimatization of rooted microcuttings of the
difficult-to-acclimatize genotype significantly increased
when produced on multiplication medium containing mT.
Survival of the difficult-to-acclimatize genotype was sig-
nificantly greater when cultured in the presence of any mT
concentration than in BA-containing medium. A solution to
overcome the detrimental carry-over effect on ex vitro
survival in sea oats when BA is used for stage II shoot
multiplication is the substitution of BA with 2.2 μM mT.

S80 SPEAKER ABSTRACTS



Use of mT may provide an ecologically sound method to
ensure efficient in vitro propagation of a large number of
diverse sea oats genotypes for dune restoration.

S-352

Inducible Plant Lectins as Defense Proteins Against Pest Insects

Gianni Vandenborre. Ghent University, Faculty of Bioscience
Engineering, University of Ghent, Department of Crop
Protection, Coupure Links 653, 9000 Ghent, Belgium. Email:
gianni.vandenborre@ugent.be
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Links 653, 9000 Ghent, Belgium
2Department of Molecular Biotechnology, Ghent University,
Coupure Links 653, 9000 Ghent, Belgium
3Department of Molecular Ecology, Max Planck Institute
for Chemical Ecology, Hans-Knöll-Strasse 8, 07745 Jena,
Germany
4Department of Natural Product Biotechnology, Leibniz
Institute of Plant Biochemistry, Weinberg 3, D-06120 Halle
(Saale), Germany
5Department of Secondary Metabolism, Leibniz Institute of
Plant Biochemistry, Weinberg 3, D-06120 Halle (Saale),
Germany

To successfully survive in their natural habitat, plants have to
recognize and respond to a wide variety of biotic challengers
including many herbivorous pest insects. Each plant species
has developed its own set of inducible defense proteins to
successfully cope with those hostile attacks. Defense proteins
that were shown to have insecticidal properties towards pest
insects belong to one particular class called lectins. Plant lectins
are carbohydrate-binding proteins that are ubiquitously present
in the plants. Recently, a lectin called Nicotiana tabacum
agglutinin or NICTABAwas found to be specifically induced
by jasmonic acid (JA) in the leaves of tobacco (Nicotiana
tabacum). Because JA is a plant hormone that plays an
important role in the regulation of induced defense responses
during folivory, the jasmonate-specific induction of NIC-
TABA and its toxicity towards pest insects were analyzed in
detail. First, the importance of feeding guild of the phytopha-
geous arthropods was demonstrated for the induction of
NICTABA by challenging tobacco plants with chewing

caterpillars (the cotton leafworm Spodopteralittoralis and
the tobacco hornworm Manducasexta), phloem-feeding her-
bivores such as aphids and whiteflies (Myzus nicotianae and
Trialeurodes vaporariorum), and cell content feeders such as
spider mites (Tetranychus urticae). To further examine the
hormonal regulation of NICTABA induction, differences in
the temporal dynamics of several jasmonates were monitored
in the tobacco leaf during folivory by the cotton leaf worm
and correlated to NICTABA expression. Because the JA-
mediated induction of NICTABA strongly suggests a role in
the direct defense response against herbivorous insects, the
insecticidal effects of NICTABA on the cotton leafworm
larvae were further analyzed by in vivo feeding experiments.
The performance of the cotton leafworm larvae was enhanced
when fed with transgenic tobacco plants that selectively
silence endogenous NICTABA expression by RNA interfer-
ence. Feeding of the larvae on transgenic tobacco constitu-
tively expressing NICTABA resulted in a clear mass gain
reduction and slower development. These feeding experi-
ments provided clear evidence for the defensive role of
NICTABA in tobacco leaves against lepidopteran larvae.

S-353

Vectors for Biotechnology

Marguerite (Rita) Varagona. Monsanto Company, St. Louis,
MO, USA

VARAGONA, MARGUERITE (RITA), Ward, Jason, Zu,
Jianping, and Gilbertson, Larry
Monsanto Company, St. Louis, MO, USA
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Philip R. White (1901–1968)—A Tribute

Indra Vasil. University of Florida, Box 110690, Gainesville,
FL 32611-0690. Email: ivasil@ufl.edu

VASIL, INDRA
University of Florida, Box 110690, Gainesville, FL 32611

The groundbreaking research carried out by Philip R. White
in the 1930s and 1940s played a critical early role in the
development of modern plant biotechnology. He gained
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instant fame and became a historical figure early in his
career by becoming the first person to attain unlimited
growth of cultured plant tissue. White was one of the best-
known and more influential figures of his generation in
plant cell culture research. His tireless and lifelong efforts
to promote the use of plant cell culture systems inspired a
generation of scientists and stimulated much scientific activity.
His deeply held conviction that science had to be international
and without borders in order to be of service to humankind led
to the founding of the International Association for Plant
Biotechnology (IAPB) in 1963, which has become an
important forum for the international plant biotechnology
community. This tribute honors and celebrates Philip R. White
for his inspiring science, for his kind and generous mentoring
of young scientists, for his advocacy of plant cell culture
research and its applications, and for his promotion of
international scientific exchange and cooperation.

S-356

The Study of the Interaction of Plant Translation Initiation
Factor Genes and Plum Pox Virus (PPV)
for PPV Resistance

Xinhua Wang. University of Western Ontario, 1279
Basswood Road, London, Ontario, Canada N5V4C5.
Email: tianl@agr.gc.ca

WANG, XINUA1, Kohalmi, Susanne2, Wang, Aiming3,
Svircev, Antonet3, Sanfaçon, Hélène3, Tian, Lining3
1University of Western Ontario; Agriculture and Agri-Food
Canada
2University of Western Ontario
3Agriculture and Agri-Food Canada

Plum pox potyvirus (PPV) causes the most economically
devastating viral disease in Prunus fruit species, including
peaches, plums, cherries, and apricots. Resistance through
screening naturally resistant germplasm was not successful
for the control of PPV. Since viruses depend on host factors
for life cycles, manipulating host factors is a potential
approach for development of virus resistance in plants. Our
research focused on studying the translation initiation
factors eIF4E and eIF(iso)4E on PPV infection in its natural
host Prunus species. The eIF4E and eIF (iso)4E genes were
cloned from plum. Sequence analysis indicates that eIF4E
and eIF (iso)4E in woody tree plant have certain similarities
with herbaceous plants but still have unique identities. The
expression profiles of the two genes are similar in different
tissues analyzed by real-time PCR. The plasmids containing
hairpin RNAs of plum eIF (iso)4E and eIF4E were

constructed and introduced into plum via genetic transfor-
mation. The gene expression analysis showed that RNAs of
eIF4E and eIF (iso)4E were significantly decreased in
transgenic plants expressing the corresponding hairpin
RNA and the down-regulation of one gene caused an
increase in the level of the other gene. Two species of
siRNAs, the hallmarks of gene silencing, were detected in
transgenic plum plants. Plants transformed with eIF (ieo)4E
were challenged with PPV. The results showed that PPV
infection in transgenic plants expressing eIF (iso)4E hairpin
RNA was significantly reduced compared to the control
plants. The results suggest that eIF(iso)4E has been
involved in PPV infection and manipulation of host gene
expression can lead to plant resistance to the virus. To our
knowledge, this is the first report of control of plant host
gene expression for PPV resistance.

S-358

Lipid Signaling: Connecting Stress and Nutrient
Sensing to Growth Responses

Xuemin (Sam) Wang. Donald Danforth Plant Science
Center and University of Missouri, St. Louis, Donald
Danforth Plant Science Center, St. Louis, MO 63132,
USA. Email: swang@danforthcenter.org

Li, Maoyin, Peters, Carlotta, Hong, Yueyun, Narasimhan,
Rama, WANG, XUEMIN
Donald Danforth Plant Science Center; University of
Missouri, St. Louis, MO 63132, USA

Conservative estimates suggest that a future doubling of
world’s food production would require at least the tripling
of nitrogen and phosphate fertilizer application to agricul-
tural land. The increased use of fertilizers has broad,
adverse environmental impacts and increases energy con-
sumption and costs for crop production. To improve plant
nutrient capture and utilization efficiency, we have been
investigating the role of membrane-associated changes in
plant response to nutrient status. Cell membranes are initial
sites where nutrient cues are perceived and transduced into
the cell. Membrane lipids provide not only a barrier
separating the cell from its environment but also rich
sources for generating intracellular messengers. The activa-
tion of phospholipases often occupies a critical and early
step in the messenger production. When plants are deprived
of phosphorus, membrane phospholipids are degraded to
provide phosphate necessary for other cellular metabolism,
whereas galactolipids are increased to compensate for the
loss of phospholipids. Recent results show that both
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phospholipase D (PLD) and non-specific phospholipase C
(NPC) play a role in the membrane lipid remodeling under
phosphate-deprived conditions. In addition, phospholipases
and derived lipids play signaling roles in plant root growth in
response to phosphorus and N deficiency. PLD and NPC are
composed of multi-members with distinguishable biochemi-
cal andmolecular properties. Specific PLDs and NPCs and the
lipid mediators affect cellular processes through different
modes of action, including direct target protein binding and
biophysical effects on cell membranes. The phospholipases
and lipid-mediated signaling are involved in connecting the
stimulus perception on membranes to intracellular actions and
physiological responses.

S-360

Genetic Transformation and Biotechnological
Improvement of Forage Grasses and Legumes

Zeng-Yu Wang. The Samuel Roberts Noble Foundation,
Forage Improvement Division, The Samuel Roberts Noble
Foundation, 2510 Sam Noble Parkway, Ardmore, OK
73401, USA. Email: zywang@noble.org

WANG, ZENG-YU, Fu, Chunxiang, Ge, Yaxin, Hardin,
Frank, Hisano, Hiroshi, Hou, Chunyan, Jiang, Qingzhen,
Liu, Tingsong, Ma, Xuefeng, Metelli, Alessandra, Tudor,
Steven, Xiao, Xirong, Zhang, Jiyi, Zhou, Chuanen
Forage Improvement Division, The Samuel Roberts Noble
Foundation, 2510 Sam Noble Parkway, Ardmore, OK
73401, USA

Forage grasses and legumes contribute extensively to sustain-
able agriculture. We have established genetic transformation
systems for a number of important forage, turf, and bioenergy
species including tall fescues, witchgrass, miscanthus, ber-
muda grass, darnel ryegrass, alfalfa, white clover, and
Medicago truncatula. The target traits are forage quality,
drought tolerance, phosphate uptake, and improved biofuel
production. Forage digestibility is a limiting factor for animal
productivity. We produced transgenic tall fescue plants that
showed reduced lignin content, altered lignin composition.
and increased dry matter digestibility. Drought tolerance is
an important trait for improvement in perennial forages. We
characterized novel ERF transcription factor genes from the
model legume M. truncatula. Overexpression of the genes in
alfalfa and white clover led to a significant increase in
cuticular wax loading on leaves, decreased water loss, and
enhanced drought tolerance. Phosphorus is immobile and
often deficient in pasture soils. We cloned and characterized
a constitutive promoter, two root-specific promoters, a novel

phytase gene, and a purple acid phosphatase gene from M.
truncatula. Transgenic expression of the phytase gene or the
purple acid phosphatase gene in alfalfa and white clover led
to a significant improvement in organic phosphorus uptake
and plant growth. Switchgrass is an important bioenergy
crop. Lignification of grass cell walls negatively affects
enzymatic hydrolysis and utilization of structural polysac-
charides. We have cloned major lignin genes from switch-
grass and regenerated transgenic switchgrass plants with
RNAi constructs of the lignin genes. Improved sugar release
was obtained from the transgenics.

S-361

Toward Durable Disease Resistance

Eric Ward. Two Blades Foundation

WARD, ERIC

Two Blades Foundation

Despite dramatic advances in the field of plant–pathogen
interactions in the last 15 yr, little or none of that science has
reached practical application. Two Blades Foundation has the
sole mission of promoting the development of durable disease
resistance. 2Blades supports and manages projects in collab-
oration with academic institutions and CROs and now, in
collaboration with The Sainsbury Laboratory, has launched a
significant effort to identify and isolate new, useful disease
resistance genes. Several of the projects supported by Two
Blades Foundation will be discussed.

S-362

Exogenous Sugars Affect Artemisinin Production
in Artemisia Annua L.: Transcription and Metabolite
Measurements

Pamela Weathers. Worcester Polytechnic Institute, 100
Institute Rd, BB Dept., WPI, Worcester, MA 01609,
USA. Email: weathers@wpi.edu

Arsenault, Patrick1, Vail, Daniel2, Wobbe, Kristin3,
WEATHERS, PAMELA1

1Worcester Polytechnic Institute,100 Institute Rd, Dept.
Biology/Biotechnology, Worcester, MA 01609, USA
2Arkansas Bioscience Institute, Jonesboro, AR, 72401 USA
3Worcester Polytechnic Institute, 100 Institute Rd, Dept.
Chemistry/Biochemistry, Worcester, MA 01609, USA
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The biosynthesis of the valuable sesquiterpene anti-malarial,
artemisinin, responds to exogenous sugar concentrations.
Using young Artemisia annua L. seedlings (strain YU), the
transcripts of six key genes in artemisinin biosynthesis were
measured in response to growth on sucrose, glucose, or
fructose. The measured genes are: from the cytosolic arm of
terpene biosynthesis, 3-hydroxy-3-methyl-glutaryl-CoA re-
ductase (HMGR), farnesyl disphosphate (FPS); from the
plastid arm of terpene biosynthesis, 1-deoxyxylulose 5-
phosphate synthase (DXS), 1-deoxyxylulouse 5-phosphate
reductoisomerase (DXR); from the dedicated artemisinin
pathway, amorpha-4,11-diene synthase (ADS), and the P450,
CYP71AV1 (CYP). Changes in intracellular concentrations of
artemisinin (AN) and its precursors, dihydroartemisinic acid
(DHAA), artemisinic acid (AA), and arteannuin B (AB), were
also measured in response to these three sugars. FPS, DXS,
DXR, ADS, and CYP transcript levels increased after growth
in glucose, but not fructose. However, the kinetics of these
transcripts over 14 d was very different. AN levels were
significantly increased in glucose-fed seedlings, while levels
in fructose-fed seedlings were inhibited; in both conditions,
this response was only observed for 2 d after which AN was
undetectable until day 14. In contrast to AN, on day 1, AB
levels doubled in seedlings grown in fructose compared to
those grown in glucose. Transcript level was often negatively
correlated with the observed metabolite concentrations. When
seedlings were grown in increasing levels of AN, some
evidence of a feedbackmechanism emerged, but mainly in the
inhibition of AA production. Together these results show the
complex interplay of sugars on the biosynthesis of artemisinin
in young A. annua seedlings.

S-364

A Portable Impedance-Based Biosensor and Automated
Cell Maintenance System for Water Toxicity Testing

Mark Widder. US Army Center for Environmental Health
Research, 568 Doughten Drive, Fort Detrick, MD 21702,
USA. Email: mark.widder@us.army.mil

WIDDER, MARK, Brennan, Linda, van der Schalie, William
US Army Center for Environmental Health Research, USA

Toxic industrial chemicals (TICs) are a potential threat to
drinking water supplies for both the military and public
sectors. Current capabilities for rapid field testing of
drinking water are limited to a relatively few chemicals.
Recent efforts at the US Army Center for Environmental
Health Research have focused upon the development of
portable cellular biosensors than can rapidly respond to a
wide range of TICs in drinking water and have sufficient

viability to allow extended field use. Cells are maintained
in a closed-system fluidic biochip (Agave Biosystems,
Austin, TX) imprinted with a microelectrode array for
impedance monitoring of the cells. A portable, automated,
cell maintenance system maintains the cells on the biochips
for up to 30 d in a ready state for testing. Successful storage
and maintenance using a primary mammalian cell line
(bovine lung microvessel endothelial cells) was demon-
strated and replicate toxicant tests were performed at 1-wk
intervals to validate system sensitivity over the 30-day
period. Further improvements in long-term viability, re-
duced maintenance requirements, and increased toxicant
sensitivity have been explored using non-mammalian cell
lines. Results with the fish cell line RTgill-W1 (ATCC CRL
2523) have shown improvement for enhanced toxicant
sensitivity and cell viability as well as greatly reducing
logistical requirements for maintaining the cells for field
use. Disclaimer—the views, opinions, and/or findings
contained in this abstract are those of the authors and
should not be construed as official Department of the Army
position, policy, or decision unless so designated by other
official documentation. Citations of commercial organiza-
tions or trade names in this report do not constitute an
official Department of the Army endorsement or approval
of the products or services of these organizations.

S-366

Role of Minerals in the Regulation of Plant
Development In Vitro

Richard Williams. The University of Queensland, Australia,
P.O. Box 1101, University of Queensland, Gatton Campus,
Queensland 4343, Australia. Email: richard.williams@uq.
edu.au

WILLIAMS, R
The University of Queensland, Australia

Minerals are major components of in vitro media for plant
tissue culture but are usually given only cursory consider-
ation in the development of protocols. A full range of
minerals is required to sustain plant growth but they may
also have specific direct or indirect effects on the pattern of
plant development. The response of in vitro plant cultures
to particular minerals depends on the balance of minerals in
the tissues. This in turn depends not only on the
composition of the medium but also on the relative uptake
of minerals from the medium. This paper will discuss the
role of minerals in the regulation of plant development in
vitro and review relevant recently published research.
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Wheat Genetic Transformation in China: Current Status and
Challenges

Lanqin Xia. Institute of Crop Science, Chinese Academy of
Agricultural Sciences, Institute of Crop Science, Chinese
Academy of Agricultural Sciences, 12 Zhongguancun Street,
Beijing 100081, China. Email: xialq@mail.caas.net.cn

XIA, LANQIN, He, Yi
Institute of Crop Science, Chinese Academy of Agricultural
Sciences 12 Zhongguancun Street, Beijing, 100081 China

Genetic transformation is fundamental to wheat functional
genomics and improvement through genetic engineering. At
present, biolistic and Agrobacterium-mediated transformation
are two mainly employed ways for foreign gene transfer into
wheat in China. Agrobacterium-mediated transformation is
perceived to have several advantages over other forms of
transformation. Wheat (Triticum aestivum L.) has lagged
behind rice and maize in their ability to be transformed by
Agrobacterium and remains to be genotype dependent. The
ability to transform wheat cultivars adapted to environmental
conditions in China at acceptable frequencies would be very
useful as this would reduce the amount of backcrossing
required for the breeding program following the production of
transgenic lines. Here we not only review the current status of
wheat genetic transformation in China but also report the
successful Agrobacterium-mediated transformation of Chinese
wheat varieties and durum wheat cv. Stewart by using the
pGreen/pSoup system with improved transformation fre-
quency. Following research and development initiative on
genetically modified plants in China, development of a safe,
precise, and effective wheat transformation system will be
essential for later commercialization of transgenic lines.

S-370

Metabolic Engineering of Branched-Chain Amino Acid
Biosynthesis in Plants

Liming Xiong. King Abdullah University of Science and
Technology, Plant Stress Genomics Research Center, 4700
King Abdullah University of Science and Technology
(KAUST), Thuwal 23955-6900, Saudi Arabia. Email:
liming.xiong@kaust.edu.sa

Chen, Hao1, Saksa, Kristen1, Zhao, Feiyi1, Qiu, Joyce1,
XIONG, LIMING2

1Donald Danforth Plant Science Center
2King Abdullah University of Science and Technology

The branched-chain amino acids (BCAA) valine, leucine,
and isoleucine are essential amino acids that play critical
roles in many aspects of animal growth and development.
Animals cannot synthesize these amino acids and must
obtain them from their diet. Plants are the ultimate source
of these essential nutrients for animals and they synthesize
BCAA through a conserved pathway that is inhibited by its
end-products. This feedback repression has prevented
scientists from engineering high-BCAA-accumulating
plants by simply over-expressing the respective biosyn-
thetic genes. To identify components critical for this
feedback regulation, we conducted a genetic screen for
Arabidopsis mutants that exhibit enhanced resistance to
BCAA end-products. Multiple dominant allelic mutations
in the VALINE-TOLERANT 1(VAT1) gene were identified
that could confer plant resistance to valine inhibition. We
isolated the VAT1 gene by using a map-based cloning
method. Transgenic plants expressing the mutated vat1
gene exhibit valine tolerance and accumulate higher levels
of BCAA. Our studies uncovered novel regulatory charac-
teristics of the plant BCAA biosynthesis pathway and
identified a method to enhance BCAA accumulation in crop
plants that will significantly enhance the nutritional value of
food and feed.

S-372

Generation of Transgenic Watermelon Resistant
to Zucchini Yellow Mosaic Virus and Papaya Ringspot
Virus Type W

Ching-Fu Yang. National Chung Hsing University, Depart-
ment of plant pathology National Chung Hsing University
250, Kuo Kuang Rd., Taichung 402, Taiwan R.O.C. Email:
sdyeh@nchu.edu.tw

YANG, CHING1, Yu, Tsong2, Chiang, Chu2, Wu, Hui1, Li,
Chin2, Chen, Jun2, Yeh, Shyi1
1Department of Plant Pathology National Chung Hsing
University 250, Kuo Kuang Rd., Taichung 402, Taiwan,
ROC
2Department of Molecular Biotechnology, DaYeh University,
168, University Rd., Dacun, Changhua 51591, Taiwan, ROC

Zucchini yellow mosaic virus (ZYMV) and papaya ringspot
virus type W (PRSV W) are major limiting factors for the
production of watermelon worldwide. For the effective
control of these two viruses by transgenic resistance, an
untranslatable chimeric construct containing truncated
ZYMV coat protein (CP) and PRSV W CP genes was
transferred to commercial watermelon cultivars by Agro-
bacterium-mediated transformation. When seed coat-
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removed watermelon cultivar ‘Feeling’ seeds were pre-
treated on the basal medium under darkness and the
cotyledons were transversely split into proximal and distal
halves, each was further cut into 1.5×1.5-mm segments as
explants for transformation: 96.9% of the explants with 3 d
treatment developed callus and a shoot regeneration rate of
78.9% was noticed from the proximal region. Using our
protocol, a total of 27 putative transgenic lines were
obtained from three cultivars of ‘Feeling’ (23 lines), ‘China
baby’ (three lines), and ‘Quality’ (one line). PCR and
Southern blot analyses confirmed that the chimeric con-
struct was incorporated into the genomic DNA of the
transformants. Greenhouse evaluation of the selected ten
transgenic lines of ‘Feeling’ cultivar revealed that two
immune lines conferred complete resistance to ZYMV and
PRSV W, from which virus accumulation was not detected
by Western blotting 3 wk after inoculation. The transgenic
transcript was not detected but short interfering RNA
(siRNA) was readily detected from the two immune lines,
indicating that RNA-mediated post-transcriptional gene
silencing (PTGS) is the underlying mechanism for the
double-virus resistance. These transgenic lines of the
commercial watermelon cultivar have great potential for
control of the two important viruses.

S-374

Application of Plant Gene Switch System to Metabolic
Engineering

Jaemo Yang. Donald Danforth Plant Science Center, 975 N.
Warson Road, St. Louis, MO 63132, USA. Email:
jyang@danforthcenter.org

YANG, JAEMO, Ordiz, M, Beachy, Roge1

Donald Danforth Plant Science Center, St. Louis, MO, USA

Plants possess the capacity to carry out multiple functions and
scientists continue to strive for ways to control pathways at
will for use in biotechnology. For example, some plants may
be used to provide food supply, to provide necessary biomass
for energy conversion, phytoremediation and other uses, or to
produce high amounts of materials upon demand. We have
used, and continue to develop, a gene switch technology that
can be used to control the expression of target genes in
response to addition of a small molecule ligand. The plant
gene switch system (PGSS) that we prefer contains three basic
components: (1) a chimeric receptor that responds to a ligand
to activate gene expression. The chimeric protein VGE
contains three components: V, the transcription activation
system from Vp16 activation domain derived from herpes
simplex virus; G, the Gal4 DNA binding protein from yeast;

and E, the ecdysone receptor from Choristoneura fumiferana.
We recently replaced ‘V’ with a transcription activator from
a rice transcription factor, referred to as ‘A’, to yield the
chimeric protein AGE; (2) a DNA sequence that binds the
receptor, in this case the sequence to which Gal 4 binds; and
(3) a ligand that acts as an inducer, in this case methox-
yfenozide (MOF). This compound has been approved for
environmental use and is readily accessible and safe for
experimental as well as field use. Here we present several
examples for the application of PGSS to plant metabolic
engineering: (1) inducible accumulation of epidermal wax
resulting in drought tolerance and (2) controlled reduction of
lignin. Our studies provide basic understanding of the
molecular and biochemical mechanism of plant metabolism
and moves forward the likely development of a commer-
cially viable gene switch system.
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Efficient Glycyrrhizin Production by Non-Transgenic and
Transgenic Chinese Licorice; Glycyrrhiza Uralensis

Kayo Yoshimatsu. Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation, 1-2
Hachimandai, Tsukuba, Ibaraki 305-0843, Japan. Email:
yoshimat@nibio.go.jp
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Takashi3, Kawahara, Nobuo1
1Tsukuba Division, Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation, 1-2
Hachimandai, Tsukuba, Ibaraki 305-0843, Japan
2Hokkaido Division, Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation,
108-4 Ohashi, Nayoro, Hokkaido 096-0065, Japan
3Technology Transfer and Research Cooperation Section,
National Institute of Agrobiological Sciences, 3-1-3
Kannondai, Tsukuba, Ibaraki 305-8602, Japan

Glycyrrhiza, dried roots and stolons of Glycyrrhiza uralen-
sis (Chinese licorice), is a most frequently prescribed crude
drug in Kampo medicines (over 70% of commercialized
Kampo formulations contains glycyrrhiza in Japan). Gly-
cyrrhizin extracted from glycyrrhiza is generally used as
curatives for liver and allergic diseases and as a natural
sweetener. Although the importance of glycyrrhiza is
recognized, its supply still depends on collection of the
wild plants in the northwestern region of China. Recently,
People’s Republic of China fortifies the control of glycyr-
rhiza collection to prevent desertification. Thus, it is an
important issue to establish efficient glycyrrhizin and
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glycyrrhiza production systems. Some field cultivation
studies on G. uralensis revealed that over 3 yr of cultivation
is required to obtain the esteemed crude drug (over 2.5%
glycyrrhizin). Plant factory (cultivation of plants in a highly
controlled environment) is one of the solutions for efficient
production of crude drug and useful secondary metabolites.
We established hydroponic cultivation system for some
medicinal plants including G. uralensis. One of the non-
transformed clones of G. uralensis that has been hydro-
ponically cultivated in the containment greenhouse demon-
strates high glycyrrhizin contents in the roots (3.0% after
401 d and 5.5% after 738 d as dry weight bases). For
further improvement of the productivity, we have estab-
lished a genetic transformation method for G. uralensis and
succeeded in the production of genetically modified G.
uralensis plants by direct gene transfer into mature seeds
via electroporation. Selection of non-transformed and
transformed clones of G. uralensis suitable for the
production of glycyrrhizin in the plant factory is now in
progress and will be presented.

S-378

Alternation of Starch Property by the Regulation of Starch
Metabolism in Transgenic Cassava and Sweet Potato

Peng Zhang. Institute of Plant Physiology and Ecology,
SIBS, Chinese Academy of Sciences, 300 Fenglin Road,
200032 Shanghai, China. Email: zhangpeng@sibs.ac.cn

Jun Yang, Shanshan Zhao, PENG ZHANG*
SIBS-ETH Shanghai Center for Cassava Biotechnology,
National Key Laboratory of Plant Molecular Genetics,
Institute of Plant Physiology and Ecology, SIBS, Chinese
Academy of Sciences, China

Cassava and sweet potato starches have a wide range of
bioindustrial applications such as modified starches and
biofuels. To further extend their application potential,
development of novel starches with different amylose/
amylopectin ratio is demanding. The amylose is synthe-
sized by granule-bound starch synthase I (GBSSI) and
amylopectin is synthesized by branching enzymes (BE) in
plants. Down-regulation of GBSSI or BE expression in
cassava and sweet potato could result in reduced or
increased amylose content, respectively. More than 100
transgenic cassava and sweet potato plant lines were
produced to express hairpin dsRNAs homologous to their
corresponding GBSSI conserved region under the control
of CaMV 35S or vascular-specific promoter p54/1.0. The
plant lines were verified by Southern blot analysis for
transgene integration and RT-PCR for GBSSI expression

using in vitro plants. Iodine staining of storage roots and
starch granules of several selected transgenic plant lines
harvested from the field demonstrated a significant reduction
of amylose content. Less than 1% of amylose was detected in
lines both from transgenic cassava and sweet potato. Analyses
of GBSSI protein level by SDS-PAGE and enzymatic activity
by zymogram analysis showed the decrease of GBSSI
expression among these transgenic lines. The inner crystal
structure of starch granules of transgenic lines was differen-
tiated from untransformed ones by transmission electron
microscopy, which is further illustrated by the morphology
of iodine–starch complex. The alternation of starch properties
from transgenic lines was also proved using analyses of
pasting viscosity, differential scanning calorimeter, and X-ray
diffraction. In parallel, the amylose content was also increased
from transgenic cassava and sweet potato with down-
regulated BE expression. Our study provides a biotechnolog-
ical tool to improve the starch quality in cassava and sweet
potato, hence promoting their industrial utilization.

Keywords: cassava and sweet potato, starch metabolism,
starch property, genetic engineering
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The Role of Genetic Background in Determining Qualitative
and Quantitative Carotenoid Profiles in Corn Endosperm

Changfu Zhu. Departament de Produccio Vegetal i Ciencia
Forestal, Universitat de Lleida, Av. Alcalde Rovira Roure,
191, E-25198 Lleida, Spain. Email: zhu@pvcf.udl.es
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Universitat de Lleida, Av. Alcalde Rovira Roure, 191,
Lleida, 25198, Spain; Institucio Catalana de Recerca i
Estudis Avancats, Passeig Llúis Companys, 23, Barcelona
08010, Spain

Lutein and zeaxanthin are major carotenoids in the human
retinal macula. Their yellow pigmentation helps to absorb
blue and ultraviolet light and there is evidence that they
protect against age-related macular degeneration. Neither
molecule can be synthesized de novo, but whereas lutein is
abundant in the human diet there are only a few good
sources of zeaxanthin, including certain varieties of corn. In
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these varieties, the β-carotene/zeaxanthin branch of the
carotenoid pathway is favored over the α-carotene/lutein
branch due to a high ratio of β:ε lycopene cyclase activity.
We previously described a transgenic white corn (Zea mays)
line expressing the early enzymes in the carotenoid pathway
and accumulating high levels of carotenoids. Here we
demonstrate that introgressing the induced (transgenic)
mini-carotenoid pathway in this transgenic line into a wild-
type yellow-endosperm variety known for its high β:ε ratio
gives rise to a novel hybrid line producing zeaxanthin at an
unprecedented 56 μg/g dry weight. We also demonstrate that
introgressing the same pathway from this line into an
alternative yellow corn line with a low β:ε ratio results in
a very different carotenoid profile in the resulting hybrid. We
discuss the role of the genetic background in determining
carotenoid profiles in corn and we identify further rate-
limiting steps in the pathway in view of our recent data.
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Investigating the Mechanism and Control
of Post-Harvest Physiological Deterioration in Cassava
(Manihot Esculenta)

Tawanda Zidenga. Donald Danforth Plant Science Center,
975 North Warson Road, St. Louis, MO 63132. Email:
tzidenga@danforthcenter.org
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1Donald Danforth Plant Science Center, St Louis MO
63132; The Ohio State University, Columbus, OH 43210
2The Ohio State University, Columbus, OH 43210
3Department of Biology, University of Puerto Rico, Mayaguez
4Donald Danforth Plant Science Center, St. Louis, MO 63132

Cassava roots undergo rapid post-harvest physiological dete-
rioration (PPD) within 72 h of harvest. Traditionally, PPD has
been controlled by keeping the crop in the soil and harvesting
as needed or immediately processing after harvest. This limits
the distribution and marketing of cassava as well as the extent
of harvesting. It has recently been demonstrated that PPD is
associated with an initial burst of reactive oxygen species
(ROS) production immediately after tissue damage (Reilly et
al. 2003). We are investigating the cause of this oxidative burst
in an attempt to find strategies to control PPD. We have
preliminary evidence in support of the link between cyano-
genesis in damaged cassava roots and the onset of PPD. By
measuring ROS accumulation in transgenic low-cyanide plants
and in lines in which the low cyanide is biochemically
complemented by adding 5 mM potassium cyanide, we show
that this oxidative burst in cassava roots is cyanogen-induced.

In light of these data, we have generated transgenic plants
expressing codon-optimized Arabidopsis alternate oxidase
(AOX), a cyanide-resistant terminal oxidase in the mitochon-
drial respiratory chain in plants, as a strategy to control PPD
by reducing ROS accumulation. The transgenic AOX plants
show reduced production of ROS compared to wild-type
plants as expected, both in vitro and under greenhouse
conditions. Furthermore, preliminary data show that AOX
expression delays PPD from the normal 3 d to up to 8 d after
harvest. These data reveal a mechanism of post-harvest
physiological deterioration in cassava and a potential control
strategy.

S-384

Accelerating Forest Health Restoration
through Biotechnology

C.D. Nelson, J.E. Carlson, S.A. Merkle, W. Powell, C.J.
Nairn, C. Maynard, T.L. Kubisiak, F.V. Hebard, S.
Anagnostakis, J Creighton, A. Barakat, A.G. Abbott

NELSON, CD
University of Georgia

Increasingly exotic, invasive pests are threatening forest
ecosystem health as globalization continues to move
organisms around the world. Several existing and emerging
threats are well known in the eastern United States
including chestnut blight, Dutch elm disease, emerald ash
borer, and hemlock woolly adelgid. A new initiative has
been launched to develop and utilize biotechnology to
respond to these threats in timely and environmentally
responsible ways. The Forest Health Initiative (FHI) is
integrating genomics and genetics to identify the genes
required for effective pest resistance and to develop
efficient tools for transferring these genes to locally
adapted, genetically diverse breeding lines for use in
species conservation and restoration. As a test case, the FHI
is mapping and sequencing the Chinese and American
chestnut genomes in an effort to identify the genes providing
resistance to chestnut blight (caused by Cryphonectria para-
sitica) and other limiting pests such as the ink disease
pathogen (Phytophthora cinnamomi) and the chestnut gall
wasp (Dryocosmus kuriphilus). Disease screening based on
clonal testing is being developed to improve the efficiency
and effectiveness of mapping resistance genes and genetic
transformation is being utilized to transfer desired non-native
genes to the native breeding lines. This work is building on
many decades of breeding work conducted by USDA, the
Connecticut Agricultural Experiment Station, and The
American Chestnut Foundation, a couple decades of tissue
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culture and transformation research at the State University of
New York and the University of Georgia, and an ongoing
NSF Plant Genome project. In addition to the biological
sciences work, the FHI is engaging the environmental and
local communities in dialogue about the technologies being
developed and their potential applications. The overall
approach of the FHI will be described as well as results to
date focusing on genomics-based fungal resistance candidate
gene discovery.

S-386

The Economics of Biotechnology: Implications
for Biofuel Sustainability

David Zilberman. University of California at Berkeley, 206
Giannini Hall, Mail Code: 3310
Berkeley, CA, 94720. Email: zilber11@berkeley.edu

ZILBERMAN, DAVID, Sexton, Steve
University of California—Berkeley

The impact of agricultural biotechnology on farm output per
acre has been evaluated in many adopting countries. Esti-
mated impacts vary by crop, seed technology, and region, with
some studies finding that the use of genetically modified seed
generates considerable improvements in output per acre, while
others show no improvement relative to conventional seed.
Estimates of small yield effects in the US are used to justify
the redirection of research and development effort away from
agricultural biotechnology toward conventional crop breed-
ing. This paper presents the first worldwide econometric
evaluation of the impact of genetically modified crop adoption
on farm output per acre. We find that agricultural biotechnol-
ogy adoption boosts crop yields, especially in developing
countries. We use estimates from this econometric analysis to
assess the degree to which agricultural biotechnology can
minimize food market and land use change effects of biofuel
production. We find that genetic plant engineering can
dramatically improve the sustainability of biofuel production.

S-388

Advancement in Genetic Engineering of Heat and Drought
Stress Tolerance for Crop Yield Protection

Jiangxin Wan, Mingde Deng, Monika Kuzma, Linda
Tremblay, Yang Wang, Maryse chalifoux, Rebecca
Griffiths, Hung-Mei Wang, Tina Uchacz, Erin Hupaelo,
Claire Burkitt, Angela Sample, Roy Killins, Jifeng Ying,
Shujun Yang, and Yafan Huang

HUANG, YAFAN
Performance Plants, Ontario, Canada

Recent agronomic and economic studies indicate that small and
gradual temperature rises worldwide over a growing season of
many staple crops such as rice, wheat, corn, and soybean make
measurable negative impact on their eventual yield. Especially,
heat stress that occurs at the reproductive stage causes
significant yield reduction. Furthermore, combined stress of
heat and drought triggers multiple folds of higher damage in
crop productivity than a single stress. Therefore, improvement
of dual stress tolerance to heat and drought in crop plants has
become a top priority for the development of agricultural
biotechnology. Aiming to solve this problem, we employed
forward genetic screens in Arabidopsis to unearth a series of
genes that may be involved in the regulation of heat and
drought tolerance (HDT). In particular, we are focusing on a
subset of HDT genes that constitute a novel transcriptional
regulatory cascade that controls plant’s responses to the
combined stress. In the laboratory conditions, Arabidopsis
and canola plants over-expressing these genes were able to
tolerate independent higher-temperature or drought treatment.
More importantly, these plants produced higher seed yield
compared with their controls when both stresses were applied
simultaneously. The dual stress tolerance and yield enhance-
ment properties of the transgenic plants were further con-
firmed by our large-scale, multiple-location field trials with the
HDT transgenic canola. Thus, these results indicate that these
HDT genes are the effective targets for genetic engineering of
crops for yield enhancement through increased tolerance to
multiple stress conditions.

S-390

Fast Corn Inside-Out: Pioneer/DuPont Functional
Genomics Platform

Igor Oliveria. Pioneer Hi-Bred International, Inc., DuPont
Agricultural Biotechnology, Trait Discovery and Technology,
Johnston, Iowa, USA. Email: igor.oliveira@pioneer.com.

Nicole H. Lehman, Eric Argosinter, Lisa Hagen, Wang-Nan
Hu, Guofu Li, Yinghong Li, Robert B. Meeley, TimMoriarty,
Jon Musgrave, Dennis O’Neill, Andrew Slattery, Dan
Spielbauer, Beimeng Sun, Jijun Zou, OLIVEIRA, IGOR C
Pioneer Hi-Bred International, Inc., DuPont Agricultural
Biotechnology, Trait Discovery and Technology, Johnston,
Iowa, USA

FAST Corn (Functional Analysis System for Traits in Corn) is
the functional genomics platform of Pioneer/DuPont and was
developed with the goal of permitting the evaluation in planta
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of a large number of candidate genes feeding from various lead
mining efforts. FAST Corn combines high throughput vector
construction methods and high efficiency plant transformation
techniques in a proprietary germplasm which has a short life
cycle time and high transformation efficiency. Plants are grown
in a controlled-environment facility and characteristics such as
growth, architecture, color, and photosynthetic performance are
measured throughout the life cycle of the plant using a fully
automated quantitative, non-destructive imaging technology.
Quantitative trait assays are deployed to assess a gene’s ability
to enhance agronomic performance and tolerance under
different environmental conditions. In addition, all test plants
are characterized both at metabolite andmolecular levels. FAST
Corn allows researchers to rapidly evaluate transgene function
in a large scale, helps prioritize multi-location replicated field
trials, and accelerates the discovery and commercialization of
new trait products. Specific examples of using FAST Corn
technology as a screening/validation tool to identify/confirm
gene of values in transgenic corn will be presented.

S-392

Distinct Biosynthesis of Resveratrol Analogues in Hairy
Root Cultures of Peanut and Muscadine Grape

Fabricio Medina-Bolivar. Arkansas State University, PO
Box 639, State University, AR 72401, USA. Email:
fmedinabolivar@astate.edu

MEDINA-BOLIVAR FABRICIO1,3, Jose Condori1, Cesar
Nopo-Olazabal1, Luis Nopo-Olazabal1, Jordan Baker1,
Richard Atwill1, Julie Abbott2, Maureen Dolan1,3,
Julie Carrier2, Ganapathy Sivakumar1, Vipin Nair1, John
Hubstenberger1
1Arkansas Biosciences Institute, Arkansas State University,
Jonesboro, AR 72401
2Dept. of Biological and Agricultural Engineering, University
of Arkansas, Fayetteville, AR 72701
3Nature West, Jonesboro, AR 72401

Stilbenoids are polyphenolic compounds produced in a selected
group of taxonomically unrelated plants in response to abiotic
and biotic stresses. Resveratrol, the most studied of the
stilbenoids, has been associated with a multitude of health
benefits. Interestingly, in some plants that produce resveratrol,
analogues of this compound can also be found. To study the
biosynthesis of these compounds and establish a sustainable
bioproduction system, we developed hairy root cultures of
peanut (Arachis hypogaea) and muscadine grape (Vitis
rotundifolia). Production of stilbenoids was induced upon
medium exchange in combination with elicitors (sodium
acetate and methyl jasmonate). A distinct profile of stilbenoids

was observed in the cultures from these two species. In peanut,
most of the stilbenoids included monomeric and oligomeric
prenylated stilbenoids, whereas in muscadine grape prenylated
stilbenoids were not found. The production of stilbenoids was
followed at specific times after treatment. In addition to
resveratrol, other major stilbenoids included arachidin-1 and
arachidin-3 in peanut. Inmuscadine grape, themain stilbenoids
included resveratrol, piceid, and viniferins. Whilst most of
stilbenoids were found in the medium of peanut hairy root
cultures, in muscadine grape these compounds were found in
the tissue and culture medium. Centrifugal partition chroma-
tography was used to purify the stilbenoids from the culture
medium. Arachidin-1 purified from the culture medium
showed higher antioxidant activity than resveratrol in a lipid
peroxidation assay. Our results indicate that the hairy root
cultures provide a valuable tool for studying the biosynthesis
of stilbenoids and discovering bioactive polyphenolic com-
pounds with potential applications in human health.

S-393

Trees Now and in the Future: A Fantastic Molecular Bounty

Norman Lewis. Institute of Biological Chemistry,
Washington State University, Pullman, WA 99164-6340

LEWIS, NORMAN
Institute of Biological Chemistry, Washington State University

Our enormous dependence on the biochemical bounty from
trees is seldom fully appreciated. Yet, the evolution of woody
plant cell walls eventually provided humanity with the means
for pulp/paper, wood and lumber, fuels, musical instruments,
nanocomposites, structural dwellings, sailing vessels, and so
forth. In addition, woody plants provide an enormous array of
medicinals, commodity chemicals (gums, rubbers, resins,
essential oils), spices, specialty chemicals, fruits, nuts, cork
and bark products, etc., through their formation and deposition
in highly compartmentalized phytochemical factories within
various anatomical structures. This contribution, however,
also addresses our new insights gained as regards woody
xylem secondary wall formation in poplar and the effects of
manipulating specific gene and transcription factor expression
in monolignol/lignin/secondary wall-forming pathways (e.g.,
4-coumarate CoA ligase, peroxidase, and various NAC
transcription factors) as regards opportunities to manipulate
the lignified vascular apparatus of wood. Additionally, associ-
ated upstream (arogenate dehydratase)/downstream (allyl/
propenyl synthases and related metabolic) pathways that can
lead to aromatics suitable as petrochemical replacements in a
wide range of applications are also discussed, e.g., as biofuels,
fine chemicals, and for synthetic polymer replacement. Taken
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together, these biotechnological approaches and strategies,
principally using poplar as well as other model species as
needed, are providing the necessary critical information as
regards identifying and exploiting key factors affecting carbon
allocation from photosynthesis to those metabolites urgently
needed for petroleum replacement at scale and cost.

S-394

Characterization of Tree Species Gene Space
and the Discovery of Metabolic Pathway Genes
through Illumina RNA Sequencing and Assembly

Gregory May. National Center for Genome Resources.
Email: gdm@ncgr.org.

MAY, GREGORY D.1, Crow, John1, Farmer, Andrew1,
Mudge, Joann1, Bharti, Arvind1, Hateley, Shannon L.1,
Ketchum, Raymond E.B.2, Lee, Choonseok2, Davin,
Laurence B.2, Lewis, Norman G.2
1National Center for Genome Resources, 2935 Rodeo Park
Drive East, Santa Fe, NM 87505,
2Institute of Biological Chemistry, Washington State Uni-
versity, Pullman, WA 99164-6340

The evolution of DNA sequencing technologies has changed
the ways in which we address complex biological questions.
Due to greater data output of these technologies and advances
in assembly algorithms, de novo transcript assembly and
analysis are now routine for previously uncharacterized plant
transcriptomes. Numerous tree species are considered to have
medicinal, herbal, or health-protective value. Most of the
underlying beneficial compounds have complex chemical
structures and biochemical pathways. Many of these bio-
chemical pathways and their genes, however, are poorly
characterized. Our goal is to generate the needed infrastructure
to help establish operative biochemical pathways to their
medicinal compounds, including that of gaining critical
knowledge as to cell/tissue specificities and regulatory
processes. For each species, a reference sequence has initially
been established through deep Illumina RNA sequencing and
assembly of target tissue RNAs. Expression profiling and
genetic variant analysis of specific tissues/developmental
stages using Illumina RNA-Seq is being performed. These
analyses include above- and below-ground tissues that
generally have distinct natural product profiles, together with
harvesting of cell types (in a limited number of cases) that
harbor the medicinal compounds. Application of next-
generation DNA sequencing technologies to the characteriza-
tion of tree species transcriptomes will be reported. Results of
data generation, de novo assembly, and analysis will be
discussed.

S-395

Tools to Improve the Second Generation of Genomics-
Based Gene Discovery and Molecular Breeding

Neal Gutterson. Mendel Biotechnology, Inc. Hayward,
California, USA. Email: ngutterson@mendelbio.com

GUTTERSON, NEAL. Mendel Biotechnology, Inc.

Fifteen years ago, the rapid acceleration of gene sequencing
capacity spurred a first generation of functional genomics for
the identification of candidate genes for plant trait engineering.
Industrialization of the process of gene discovery necessitated
trade-offs that resulted in the need to screen a very large
number of potential constructs in experimental plants as well
as crops. The harvest of this first generation has been a
relatively small number of transgenic products from a few
companies that should come to the market in the next several
years. With insights gained from this first-generation process,
we are developing an improved approach to trait discovery that
we expect to improve the efficiency of trait discovery, both for
transgenic strategies and for improved molecular breeding. An
overview of the first-generation industrial approach and some
new tools Mendel is deploying for the second generation of
discovery through industrial-scale biology will be provided.
The advanced understanding of regulatory networks is a key
element of our approach. Applications of these discoveries to
both current and emerging crops, such as the bioenergy crop
miscanthus, will be discussed.

S-396

Genomic Analysis of Small RNAs, Target RNAs,
and RNA Decay

Pamela Green. Department of Plant and Soil Sciences and
Delaware Biotechnology Institute, University of Delaware,
Newark, DE, 19711, USA

GREEN, PAMELA J1, Jeong, Dong-Hoon1, Rymarquis,
Linda1, De Paoli, Emanuele1,2, Zhai, Jixian1, German,
Marcelo1,3, Accerbi, Monica1�, Park, Sunhee1, Thatcher,
Shawn1, S.-H. Brown, Rebecca1, Pillay, Manoj1, Mahalingam,
Gayathri1, and Meyers, Blake C.1
1Department of Plant and Soil Sciences, and Delaware
Biotechnology Institute, University of Delaware, Newark,
DE, 19711, USA
2Present affiliation: Institutio Agario Agrario di San Michel
all’Adige, Trento, Italy
3Present affiliation: Dow AgroSciences, Portland, OR, USA

MicroRNAs play important regulatory roles in develop-
ment, stress responses, and many other processes. In
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plants, they guide the cleavage of complementary target
RNAs and can also silence genes at the translational level.
Deep sequencing has been an important tool for small RNA
discovery; it has led to the identification and characterization
of many new miRNAs and siRNAs and sub-categories of
each. In the case of miRNAs, the identification of their targets
is a key step in elucidating function. To identify targets on a
genome-wide scale, we have been using a method called
parallel analysis of RNA ends (PARE). PARE is an RNA
degradome approach that involves the deep sequencing and
analysis of cleaved miRNA targets and other RNA decay
products. Much of our work has been carried out in
Arabidopsis, in which mutants and genomic resources are
readily available to enhance analysis. Mutants of XRN4, the
Arabidopsis cytoplasmic homolog of the 5′ to 3′ exoribonu-

clease XRN1, have been useful to increase the sensitivity of
miRNA target detection because the 3′ cleavage products of
miRNA targets are stabilized. We have also used PARE,
microarrays, and transgenic plants to examine what controls
the differential accumulation of XRN4 substrates, such as
cleaved miRNA targets, in xrn4 mutants. Rice, a key food
crop and major monocot model, has also been a very useful
system, particularly for studying miRNAs associated with
environmental stress responses and the function of miRNA
variants in different tissues. ExtendingmiRNA analysis across
the plant kingdom has also been accomplished with the deep
sequencing of about 100 small RNA libraries from 33 different
plants and algae. These model and non-model systems are
providing new insights about miRNAs, target RNAs, and
RNA decay. Funded by the NSF, DOE, and USDA.
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