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Indu B. Maiti, University of Kentucky, Joydeep Banerjee, Dipak Kumar Saboo, and Robert L. Houtz
Transformation of Dendrobium nobile for Producing Plants with Blue Flowers

W. Phlaetita, Chiba University, D. P. Chin, and M. Mii

Developing Biomass Deconstruction and Enrichment Technology Suitable for Increased
Saccharification for Biofuel Production from Energy Crops

Dipak Kumar Sahoo, University of Kentucky, Indu B. Maiti, and Seth DeBolt

An Improved Micropropagation Protocol for Pistacia lentiscus

V. Siizerer, Gebze Institute of Technology, L. H. Yildzrim, A. Onay, Y. Ozden Ciftei, E. Tilkat, I Koy,
O. F. Akdemir, F. M. Kiling, N. Calar, and A. Altinknt Uncnogln

Production of Transgenic Okra (Abelnoschus escutentus L.) by Agrobacterium-mediated
Transformation and Inheritance of Transgene

M. Narendran, Mabarashtra Hybrid Seeds Company Ltd., Satish G. Deole, Bharat R. Char, and Usha
B. Zebr

EMBRYOGENESIS/MICROPROPAGATION/REGENERATION

P-3016

P-3017

The Role of Photosynthesis on the Growth of Lily Bulblets Iz 17#ro

Naser Askari, Wageningen UR Plant Breeding, Richard 1 isser, and Geert-Jan De Klerk

Various Emasculation Methods for Haploid Production of Wheat Through Wide Crosses with
Maize
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Yinghui Dan, Institute for Advanced 1 earning and Research, N. F. Campbell, A. Kekkonen, and M.
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Designer Endonuclease-mediated Gene Targeting in Barley
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P-3024 Development of Organic-based Micropropagation Media
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P-3027 Genetic Transformation of Sugarcane to Improve Resistance to Sugarcane Yellow Leaf Virus and
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Yun Judy Zhu, Hawaii Agriculture Research Center, Heather McCafferty, and Ruizong Jia
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P-3028 Preliminary Results on Tobacco Transcriptome Changes Induced by Agrobacterium tumefaciens-
mediated Transformation with the Hygromycin Resistance Gene /p?
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A-3002

A Modular Hydrogel Scaffold for Targeted Gene Delivery
and Tissue Engineering. J. Z. GASIOROWSKI!, H. Han?,
and J. H. Collier?. "Midwestern University, Department of
Biomedical Sciences, 555 31st Street, Downers Grove, 1L
60515 and 2University of Chicago, Department of Surgery,
5841 S. Maryland Ave, Chicago, IL 60637. Email:
jgasio@midwestern. edu

Our goal is to engineer a biomaterial that retains and
protects non-viral DNA plasmids over an extended period
of time, but can release the DNA in response to a trigger.
Such a material would be useful for attracting and
transfecting a targeted population of cells for tissue
engineering and gene therapy strategies. To that end, we
developed self-assembling peptides that form nanofibrils
when solubilized in water, and hydrogel scaffolds upon
exposure to salt-containing buffers. The modular peptides
functionalized with a DNA binding sequence, KWKI,
bind and protect non-viral plasmids through electrostatic
interactions and release the DNA when subjected to
electrical fields. The self-assembling peptides Q11
(QQKFQFQFEQQ) and Q11-KWKK (Q11-SGSG-
KWKK) were synthesized and dissolved in water to
initiate fibril formation. A 5kb, circular pEGFP vector
was added to the soluble peptide solutions and, if present,
allowed to complex with the KWKIK DNA-binding ligand.
Peptide-DNA solutions were gelled upon exposure to PBS
or cell media. Hydrogels composed of Q11-KWKK
retained more than 90% pEGFP after 7 days. In contrast,
control hydrogels made exclusively of Q11 or collagen
retained less than 30% pEGFP. Additionally, Q11-
KWKK  functionalized fibrils protected plasmids from
DNAse I degradation, but the control peptides did not
confer nuclease protection. Square wave pulses also

triggered DNA release. HEK293 and C3H10 T1/2 cells
were encapsulated within collagen, Q11, or Q11-KWKK
gels that each contained pEGFP. The gels were bathed in
media with serum (contains nucleases) for 1 hr.
Electrodes were placed around the gel perimeters to
deliver square wave pulses through the gels. After 24 hrs,
15-50% of the cells within the Q11-KWKK gels were
GIP positive, compared to 0-3% of cells within the
collagen gels or Q11-KWKK gels that were not subjected
to square wave pulses. Moving forward, this method can
be used to selectively overexpress differentiation genes in
adult stem cells that invade and subsequently remodel the
hydrogel into therapeutically useful tissues both in vitro
and in vivo.

CANCER BIOLOGY

A-3000

Alterations in Endocytic Proteins and Cell Morphology
Are Associated with Loss of Dab2 in Squamous Cell
Carcinoma. ELIZABETH BINGHAM!, Shruti Porel,
Anna G. Maione?, Jonathan Garlick?, James D. Baleja*, and
Addy Alt-Holland®. * School of Dental Medicine; 2 Sackler
School of Graduate Biomedical Sciences; 3 Department of
Oral and Maxillofacial Pathology, School of Dental
Medicine, 4 Department of Biochemistry, School of
Medicine, and 5> Department of Endodontics, School of
Dental Medicine, Tufts University, Boston, MA 02111.
Email: Elizabeth.Bingham@tufts.edu

Loss of E-cadherin-mediated cell-cell contact in the
epidermal layer of the skin is a critical component of the
advanced stages of squamous cell carcinoma (SCC).
However, it is only partially understood how augmented
tumor cell motility is promoted by E-cadherin suppression
in the onset of SCC. We found that E-cadherin
suppression in SCC cells is associated with down
regulation of the adaptor protein Disabled-2 (Dab2) that is



involved in endocytosis, cell adhesion, and migration, and
in general is highly expressed in many epithelial cell types.
Whereas Dab2 is greatly reduced in cancers, such as
prostate, breast, and ovarian cancers, its contribution to
SCC development in the skin is not known. Here we
studied the correlation between loss of E-cadherin and
expression of key endocytic proteins in human SCC cells
and determined the consequence of sh-Dab2-mediated
gene silencing on their phenotype. Western blot and
immunofluorescence analyses of E-cadherin suppressed
(II-4-Ecad-) cells revealed reduced expression of Dab2,
Intersectin, EEA1, and Rab5 proteins in compatison to
their levels in E-cadherin competent (II-4) cells.
Simultaneous co-transfection with 3 different si-Dab2
oligomers achieved an effective reduction of Dab2 in both
cell types. But, whereas Epsl5 decreased in II-4-Ecad-
cells it increased in II-4 cells, indicating a possible
compensatory mechanism operating in the latter.
Moteover, whereas si-Dab2 transfection did not alter the
phenotype of individually spread 1I-4-Ecad- cells, it led to
a dramatic morphological change in II-4 colonies that
showed cell spread within colonies and at their periphery.
This suggests that Dab2 down regulation promotes, at
least in part, the loss of cell-cell contact and augment
motility of SCC cells. Thus, E-cadherin loss and reduced
Dab2 expression may act in concert in epithelial cells with
neoplastic potential to promote the eatly stages of skin
SCC. A “Tufts Collaborates!” grant awarded to Drs. Alt-
Holland and Baleja funded this study.

A-3001

Effects of an Aurora Kinase B Inhibitor and a Pan-aurora
Kinase Inhibitor on SW-872 Liposarcoma Cells. M. J.
FAY! L. A. C. Alt!', T. E. LaVallie!, E. A. Spranger!, G.
Golshteyn!, M. Lardo!, and S. Noronha? 'Department of
Biomedical Sciences and 2Physician Assistant Program,
Midwestern University, Downers Grove, IL.  Email:
mfayxx@midwestern.edu

Liposarcoma is the most common soft tissue sarcoma in
humans; however, therapeutic options for this cancer are
currently limited. Previously we demonstrated differential
expression of aurora kinase B mRNA and protein in SW-
872 human liposarcoma cells compared to differentiated
adipocytes. Proliferation of the liposarcoma cells was also
found to be attenuated by the aurora kinase B inhibitor,
AZD-1152.  In the present study we evaluated the
expression of aurora kinase A in the liposarcoma cells
versus the differentiated adipocytes. Real-time RT-PCR
analysis demonstrated a 36-fold statistically significant
increase in the expression of aurora kinase A mRNA
expression in the liposarcoma cells compared to the
differentiated adipocytes. Using Western blot analysis,
aurora kinase A protein expression was evident in the

liposarcoma cells but was not detected in the differentiated
adipocytes. The liposarcoma cells were treated with an
aurora kinase B inhibitor (AZD-1152) or a pan-aurora
kinase inhibitor (AMG-900) for 24, 48, and 72 hrs at
concentrations of 0 - 1,000 nM. Both drugs caused a dose-
dependent growth inhibitory effect that was associated
with the development of polyploidy. These studies suggest
that inhibition of aurora kinases may serve as a novel
therapeutic approach for human liposarcoma.

A-3004

Identifying the NPMI1 linteractome in Neuroblastoma
Cells. J. KWAK!, A. Alvarez!, S. Khan?, S. L. Volchen-
boum?34, and K. Kiristjansdottir'.  'Department of
Biomedical Sciences, Midwestern University, Downers
Grove, IL 60515 and 2Department of Pediatrics, 3Center
for Research Informatics, and *Computation Institute, The
University of Chicago, Chicago, IL 60637. Email: jkwak@
midwestern.edu, kkrist@midwestern.edu

Neuroblastoma, a cancer arising from the sympathetic
nervous system, is the most common extra-cranial solid
tumor in children. Amplified MYCN levels have been
found to correlate with high-risk neuroblastoma. A MYCN
inducible cell line can be used to model high risk and low
risk neuroblastoma. We performed a proteomic screen in
the MYCN inducible cell line to identify phosphoproteins
with altered abundance. We found that NPM1 (nuclear
phosphoprotein B23, nucleophosmin, numatrin) protein
levels are elevated when MYCN levels are high. The
association of high NPM1 and elevated MYCN was
confirmed by Western blots in both the inducible MYCN
cell line as well as in a cell line with high endogenous
MYCN expression. NPM1 is a nucleolar protein and
participates in a wide range of biological processes
including ribosome biogenesis, chromatin remodeling, cell
cycle, apoptosis and DNA repair. NPM1 often functions
in these diverse processes via interaction with different
binding partners. We hypothesize that identifying the
protein interactome of NPM1 will help elucidate its role in
neuroblastoma. To identify NPM1 interactors we
performed a yeast two-hybrid screen and have confirmed a
subset of the interactions by immunoprecipitation in
neuroblastoma cells. Targeting NPM1 in high-risk
neuroblastoma may be a novel viable treatment option as
drugs interfering with nucleophosmin oligomerization and
protein interactions have been shown to induce apoptosis
in other cancers.

A-3005

p53 Regulated miRNA Expression During In itro
Osteoblast Differentiation. T. KUSPER!, O. Couturel, L.
A. C. Alt2, M. J. Fay?, and N. Chandar!. 'Department of
Biochemistry and 2Department of Biomedical Sciences,



Midwestern University, 555, 31st Street, Downers Grove,
IL 60515. Email: tkusper85@midwestern.edu, nchand@
midwestern.edu

Osteoblastic  differentiation is a complex process and
proceeds through steps of proliferation, extracellular
matrix deposition and mineralization. The p53 tumor
suppressor gene is a transcription factor that plays an
important role in this process, by influencing the
expression of important bone specific proteins. Several
recent studies have identified non-coding microRNAs
(miRNAs) that function as post-transcriptional regulators
of gene expression and play important role in bone
formation. The objective of the present study was to
analyze the miRNA expression in undifferentiated and
differentiated MC3T3 p53 wild-type and p53 knocked-
down (KD) murine pre-osteoblast cells and to investigate
how p53 status affects their expression. Osteoblasts were
subjected to differentiation promoting (DP) media for
different lengths of time and miRNA was extracted using
the mirVana miRNA isolation kit and analyzed using a
murine microRNA LC Sciences Microarray. P53 levels
were initially monitored in MC3T3 cells and we chose to
compare Day 4 DP treated cells when p53 levels were the
highest to p53 KD cells treated similarly. There was a
differentiation related modulation in expression of several
miRNAs. Among these miRNAs the ones that showed
p53 dependency were further analyzed. MiR-199a, 34b, 21,
140 and 206 showed a 2-6 fold reduction in expression in
p53 deficient cells. Differentially expressed miRNAs were
confirmed using real-time Taqman and SYBR Green PCR.
For further analyses we chose to study miR-34b and miR-
140. These miRNAs were also transiently overexpressed in
osteoblasts to determine their effect on key bone specific
transcription factors Cbfal and osterix. Overexpression of
mlR 140 produced a significant increase in Cbfal activity
while overexpression of both miR 34b and 140 produced a
reduction in osterix activity. These results indicate that p53
can function through miRNAs to affect bone specific gene
expression.

A-3006

E-Cadherin Loss Modifies Endocytic Processes in Human
Squamous Cell Carcinoma. SHRUTI PORE!, Elizabeth
Bingham!, Tanja Petnicki-Ocwieja?, Jonathan Garlick?,
James D. Baleja*, and Addy Alt-Holland>. 'School of
Dental Medicine and 2Division of Geographic Medicine
and Infectious Diseases, School of Medicine; 3Department
of Oral and Maxillofacial Pathology, School of Dental
Medicine, “Department of Biochemistry, School of
Medicine; and *Department of Endodontics, School of
Dental Medicine, Tufts University, Boston, MA 02111.
Email: shruti.pore@tufts.edu

Although loss of E-cadherin function and tumor cell
invasion are well characterized in advanced stages of
Squamous Cell Carcinoma (SCC), little is known about the
mechanisms that regulate the early stages of this disease.
We have recently shown that Disabled-2 (Dab2), an
adaptor protein that regulates endocytosis processes, is
markedly decreased in engineered tissues comprised of E-
cadherin suppressed SCC cells. Moreover, reduced Dab2
expression is maintained in tumors developed from
grafting of these tissues to mice. To further explore the
role of Dab2 in SCC development, we studied the cellular
localization of endocytic proteins and acidified vesicular
compartments in ras-transformed, E-cadherin-competent-
(II-4) and E-cadherin-suppressed (I1I-4-Ecad-) human SCC
cells in monolayer cell cultures. Whereas 1I-4 cells grow in
compact keratinocyte colonies, 1I-4-Ecad- cells grow as
individual cells and display increased cell motility and
spread. Using immunofluorescence analysis we found that
in contrast to intense staining of the endocytic proteins
Dab2, Rab5, and Rab11 in the cytoplasm of fixed II-4
cells, these proteins stained weakly in the perinuclear area
of fixed 1I-4-Ecad- cells. These staining patterns correlated
with the re-distribution of acidified vesicles in live cultures
of these cell types. Exposing live 11-4 cells to Lysotracker
Red-fluorescent dye revealed that acidified vesicles spread
throughout the cells’ cytoplasm over 30 minutes after
addition of the probe to the culture media. In these cells,
the lysosome specific protein, Lamp-2, was detected
around the cells’ nuclei. Conversely, in 11-4-Ecad- cultures,
acidified vesicles were trafficked towards the cells’
perinuclear area as early as 5 minutes after exposure to the
probe, and Lamp-2 was detected throughout the cells’
cytoplasm. Collectively, these findings suggest that
suppression of E-cadherin function in concert with
decreased Dab2 expression modify the rate of endocytosis,
trafficking of acidified compartments, and lysosomal
degradation pathway of internalized proteins in SCC cells.
These processes may contribute to the regulation of tumor
cell adhesion and motility and thus drive the eatly stages of
SCC development. A “Tufts Collaborates!” grant awarded
to Drs. Alt-Holland and Baleja funded this study.

A-3007

Effect of Overexpression of miR-34b and miR-140 on p53
Dependent Osteoblast Differentiation. S. SHAH, O.
Couture, and N. Chandar. Department of Biochemistry,
Midwestern University, 555, 31st Street, Downers Grove,
IL. 60515. Email: sshah59@midwestern.edu, nchand@
midwestern.edu

MicroRNAs, small non-coding RNA sequences, are a
relatively novel area of research that has been shown to
play a multifaceted role in number of cellular processes by
regulating a number of genes. Our laboratory has been



investigating the role of p53 tumor suppressor gene in
osteoblast differentiation and have found several miRNAs
to be modulated in a p53 dependent way. In this study we
chose to further analyze two such miRNAs, miR-34b-3p
and miR-140-3p. These two miRNAs were chosen because
miR-34b has been shown to regulate p53 expression and
there is some evidence to show that miR-140 might
regulate expression of BMP-2 a bone anabolic agent.
Expression vectors containing these miRNAs were stably
transfected into MC3T3 osteoblasts and genticin resistant
single cell colonies were isolated and expanded. MiR-34b
overexpressing cells showed a lower rate of growth when
compared to control. MiR-140 overexpression however
did not affect growth rate when compared to control. As
expected p53 expression was increased in cells expressing
miR-34b and not miR-140. Transient transfection of these
miRNA constructs also produced similar results. Realtime
PCR analyses of these cells showed that overexpression of
miR-140 produced a 6 fold increase in BMP-2. In separate
studies we were able to demonstrate that p53 acts as a
transcription factor to directly affect the BMP-2 gene.
These results indicate that miR 34b may play a role in
influencing p53 expression and miR-140 may represent a
p53 regulated miRNA important during osteoblast
differentiation.

A-3010

Luteolin Induces the Expression of Caspase-14 in a
Prototypical Human Immortal Keratinocytes (HaCaT) Cell
Line - An Important Protein in the Continuum of Events
from Proliferation to Terminal Differentiation. V. CIJO
GEORGE!, D. R. Naveen Kumar!, P. K. Suresh!, and R.
Ashok Kumar?. 'Cell Culture Lab (T'T-114), School of Bio
Sciences and Technology, VIT University, Vellore, INDIA
and 2Department of Zoology, Government Arts College,
Dharmapuri, INDIA. Email: Corresponding Author:
p-k.suresh@vit.ac.in; Presenting Author: cijo2004@gmail.
com

Caspase-14 is a cysteine-dependent aspartate protease,
which is mainly involved in terminal differentiation of
epidermal cells. However, recent iz vitro and in vivo studies
showed that expression of caspase-14 might reduce tumor
progression, since it induces differentiation in human
immortalized keratinocytes (HaCaT cells). We have also
recently confirmed that luteolin (well known flavonoid)
has the abilities to induce DNA fragmentation as well as
cell cycle arrest at G2/M phase in HaCaT cells. Hence, in
the present study, we further assessed its potential
associated with caspase-14 expression in HaCaT cells. The
qualitative and quantitative expression levels of caspase-14
(the catalytically active form) were demonstrated by
ELISA and the presence of the mRNA, for this protein
was further demonstrated by RT-PCR (Reverse

transcriptase) studies. Results revealed that, luteolin, at
37.14 uM (ICs value from our earlier reported cytotoxicity
results), induced the expression of caspase-14 (3.19 ng/ml)
in HaCaT cells in comparison with that of our positive
control (Vitamin Ds). It also disrupts the nucleus (as
evident from DAPI staining data) and also supports its
role in inducing epidermal differentiation. We have also
assessed the presence of involucrin (a marker for terminal
differentiation) by RT-PCR, which was found to be over-
expressed in luteolin-treated HaCaT cells at the same
aforesaid 1Cso dosage. We therefore, for the first time,
conclude that luteolin may induce terminal differentiation
in HaCaT cells via inducing caspase-14 and also be related
to the process of denucleation in human keratinocytes. Co-
localization by immunocytochemical experiments, for both
caspase-14 and involucrin, will setve as confirmatory/
corroborative evidence to validate these findings.

CELLULAR IMMUNOLOGY

A-3003

Prostaglandins Modify Phosphorylation of Specific
Proteins in the Insect Cell Line BCIRL-HzAMI.
CYNTHIA L. GOODMAN and David Stanley. USDA,
ARS, BCIRL, 1503 S. Providence Rd., Columbia, MO
65203. Email: Cindy.Goodman@ars.usda.gov

Prostaglandins (PGs) play crucial roles in vertebrate
biology, particularly in immune functions. Because PGs
also mediate specific cell functions in insect immunity, we
are investigating how these signaling molecules affect
insect cells. We reported that PGs, notably PGA1, PGA,,
and PGE;, up and/or down regulate expression of
proteins  involved in  cellular  protection, signal
transduction, protein structure/degradation, and cell
metabolism/energetics. Here we report on how they
influence protein phosphorylation, an important action in
intracellular signal transduction. We incubated the corn
earworm cell line, BCIRL-HzAM1, with 15 oM PGA,,
PGE: or PGFa, for 20 min or 40 min and then subjected
the resulting homogenates to 2D electrophoresis. We
stained the gels with a phosphoprotein-specific stain, as
well as a total protein stain. Following the 20 min
incubations, we noted changes in the phosphorylation of 7
proteins incubated with PGA,, 10 proteins with PGE;, and
8 proteins with PGFa. We analyzed the proteins using
MS/MS (MALDI TOF/TOF) and, with bioinformatics,
determined their functions. For PGA», phosphorylation
increased in 2 proteins involved in protein-protein
interactions, 1 in transcription, 1 in RNA processing;
phosphorylation decreased in 2 proteins involved in
protein degradation/folding and 1 in metabolism. For
PGE/, phosphorylation increased in 5 proteins involved in
protein folding/degradation and 2 in cell structure or
metabolism; phosphorylation decreased for 3 proteins


mailto:p.k.suresh@vit.ac.in

involved in cell proliferation, signal transduction and RNA
processing. For PGFa, phosphorylation increased in 1
protein involved in protein folding and another in cell
cycle control; phosphorylation decreased in 5 proteins
involved in protein folding/degradation, protein synthesis
or protein-protein interactions, and increased in one
protein associated with metabolism. We are determining
changes in protein phosphorylation for cells exposed to
PGs for 40 min and will report our results.

CELLULAR AND MOLECULAR BIOLOGY

A-3012

Effects of Low Oxygen and FGF2 on Human Dermal
Fibroblasts. OLGA KASHPUR and Tanja Dominko.
Department of Biology and Biotechnology, Worcester
Polytechnic Institute, 100 Institute Road, Worcester, MA
01609. Email: kashpur@wpi.edu

Culture conditions are important for maintaining cellular
phenotype and can affect plasticity of the specific cellular
type. Defined culture conditions have been previously
shown to be an effective method of direct reprogramming.
Our lab has shown that specific, stem cell culture
conditions (including the addition of basic fibroblast
growth factor FGF2 and low oxygen) can induce the
expression of stem cell markers (OCT4, NANOG, SOX2,
REX1 and LIN28) in human dermal fibroblasts (Page et al.
2009). Human dermal fibroblasts (hDFs) expressing stem
cell genes demonstrated regeneration competence when
tested in a skeletal muscle injury model (Page et al. 2011).
We explored the molecular basis of FGF2 and low oxygen
regulation of plasticity of hDFs. The comparative
transcriptome  analysis was performed to identify
differentially expressed genes due to FGEF2 treatment.
FGF2 regulated genes were involved in regulation of cell
cycle, proliferation, regulation of extracellular matrix
organization, cell adhesion, cell migration, and wound
healing. When effects of low oxygen on hDF
transcriptome were investigated, differentially expressed
genes included, among others epigenetic chromatin
modifiers. The key sensors of oxygen concentration atre
hypoxia-inducible factors (HIF-a). We set to investigate
the role of HIF-2«¢ in the plasticity of the human
fibroblasts by overexpressing HIF-20 in hDFs and
determining its direct transcriptional targets. This study
will aid the isolation and culture of fibroblasts, help to
understand how this knowledge can be utilized to directly
reprogram human fibroblasts into other cell types, and
form the basis for studies to gain insights into genes that
confer on these cells plasticity of phenotype, and their
greater regenerative potential.

DIFFERENTIATED CELLS

A-3011

Alternative Sources of Human Smooth Muscle Cells. M.
VEBER!, M. Frohlich!, M. Knezevi¢!2) M. W. Rolle3, and
T. Dominko*5. 'Educell Ltd., Prevale 9, 1236 Ttrzin,
SLOVENIA; 2Biotechnical ~Faculty, University of
Ljubljana, Jamnikarjeva 101, 1000 Ljubljana, SLOVENIA;
3Department of Biomedical Engineering, Worcester
Polytechnic Institute, 100 Institute Road, Worcester, MA
01609; “Department of Biology and Biotechnology,
Worcester Polytechnic Institute, 100 Institute Road,
Worcester, MA 01609; and S5Bioengineering Institute,
Worcester Polytechnic Institute, 100 Institute Road,
Wortcester, MA 01609. Email: matija.veber@educell.si

With the recent advances in the field of tissue engineered
blood wvessels the need of cell sources with great
proliferative potential is becoming more and more
apparent. Primary cell cultures of neonatal and adult
vascular cells have limitations in the accessibility of human
material and their ability to proliferate extensively 7 vitro.
Because pluripotent stem cells (PSCs) are able to self-
renew and also differentiate into multiple cell types, they
could be used as alternative and abundant source of
vascular cells. Even though human embryonic stem cells
(ESCs) and induced pluripotent stem cells offer great
potential, ethical and safety concerns are limiting their use
in clinical applications. Recently there was shown that
culture of human dermal fibroblast in low oxygen tension
and presence of FGF-2 results in induction of regenerative
competence (RC) which is supported with increased
expression of pluripotency genes and extension of their
lifespan in culture. Furthermore, iRC cells contribute to
tissue repair and prevent scar formation in the mouse
model of skeletal muscle injury. iRC cells differentiated
into smooth muscle cells (SMCs) would present safe, easily
accessible, abundant cell source with increased i vitro
lifespan and would therefore exceed limitation of both
primary cultures and PSCs. hESCs and iRC cells were
differentiated at specific conditions which were previously
shown to support differentiation of PSCs and adult stem
cells towards SMC phenotype. These conditions include:
low oxygen tension, collagen IV coated surface, presence
of TGF B1, PDGF-BB or retinoic acid. Differentiation of
ESC and iRC cells towards SMC phenotype was compared
with the detection of expression levels for smooth muscle
o actin, calponin, SM MHC and myocardin.

IN VITRO TOOLS, TECHNIQUES AND
OPTIMIZATION

A-3008

A Multi Level Approach to the Iz 1/itro Study of
Cadmium-induced Carcinogenesis. C. URANI', M.
Fabbriz3, P. Melchioretto!, M. Forcella®, P. Fusi4, and L.



Gribaldo2. 'Department of FHarth and Environmental
Sciences, University of Milan Bicocca, Piazza della Scienza,
1 - 20126 Milan, ITALY; ZInstitute for Health and
Consumer Protection, European Commission, Via E.
Fermi, 2749 - 21027 Ispra (VA) ITALY; 3Experimental
and Clinical Medicine Department, University of Insubria,
Varese, ITALY; and *Department of Biotechnology and
Biosciences, Piazza della Scienza, 2 - 20126 Milan, ITALY.
Email: chiara.urani@unimib.it

The in wvitro cell transformation assay (CTA) with
C3H10T1/2 cells provided evidence for the tumorigenic
potential of cadmium (CdCly), and suggestions for its
mechanism of action. Cd (1 uM) induced the formation of
foci showing morphological features typical of transformed
cells. To investigate the molecular pathways underlying the
effect of Cd, we analysed: (1) the gene expression profile
of C3H immediately after treatment (24 hrs), and in cells
transformed after 6 weeks of culture, to identify the genes
that primarily trigger this process; (2) the altered pathways
in transformed cells; (3) the expression of connexin4d3
(cx43) visualized by fluorescent microscopy within foc
areas and in the normal monolayer. Total RNA extracted
from C3H cells was fluorescently labelled and hybridized
on mouse Agilent whole-genome microarrays. Very few
genes (13) were found to be up-regulated in the cells after
24 hrs of Cd exposure, whereas cells sub-cultured from
transformed foi revealed that 770 genes were down-
regulated and 541 up-regulated. The ecarly genes'
disregulation, seemed an essential prerequisite for
cadmium-induced carcinogenesis, as the involved genes
were significantly enriched in Gene Ontology biological
process classes mainly related to zinc, as zinc ion
homeostasis. Cluster of genes from foc-derived cells was
enriched in pathways like focal adhesion, and cell adhesion
molecules, which represent critical steps in the
carcinogenetic process. The AKT (Protein Kinase B)
activation in foci—derived cells confirmed as well the
regulation of pathways related to the carcinogenetic
process (Epidermal Growth Factor Receptor, EGFR
pathway). A high cx43 signal was observed within foc
areas, while in contact-inhibited cells no fluorescence has
been detected. Despite the high level of complexity in the
transformation process, our results demonstrate that the
use of zn vitro methods and a multi level approach can
provide an insight into the understanding of the
mechanism of the multi-stage carcinogenesis, and could
represent a good starting point for the study of the
chemical induction of this process.

A-3009

Image Descriptors of Transformed Foo in BALB/c 3T3
Cell Transformation Assay: a Statistical Analysis. C.
URANI!, G. Callegaro!, and F. M. Stefanini?. 'Department

of Earth and Environmental Sciences, University of Milan
Bicocca, Piazza della Scienza, 1 - 20126 Milan, ITALY and
2Department of Statistics, Informatics, Applications “G.
Parenti”, University of Florence, Viale Morgagni 59, 50100
Florence, ITALY. Email: chiara.urani@unimib.it

In wvitro cell transformation assays (CTAs) have the
potential to predict carcinogenicity in humans by partially
reproducing important stages of 7z vivo carcinogenesis both
at genotoxic and non-genotoxic level. From the standpoint
of 3Rs (reduce, replace, refine), CTAs promise to lower
the number of animal used, not only experimental costs.
Traditional endpoints of the CTA are the number and type
of foci of transformed cells, visually scored under light
microscopy based on morphological features. Visual
scoring is inherently subjective, because differences of
scoring due to experts are likely to be substantial, even
after extensive training. Statistical descriptors calculated on
digital foci images may substitute visual scores prescribed
by the catalogue of BALB/c images (Sasaki et al., 2012) if
they are formulated to capture eye-scored morphological
features. Objectivity is guaranteed if the calculations are
performed after separating each focus from its surrounding
monolayer (image segmentation). In this work, we
introduce statistical descriptors to quantitatively describe
the morphology of transformed foi in BALB/c 3T3 cell
line, which cover foci size, multilayering and invasive cell
growth into the background monolayer. Candidate
descriptors were applied to a test database of 407 foc
images to explore their numerical features. Two types of
open issues were identified: (1) those due to the increase of
precision needed while substituting fuzzy verbal
statements with precise geometric rules and statistical
calculations, for example while defining the focus diameter
descriptor; (2) other issues are generated by actual data,
where a high degree of variability was found within visually
defined foci classes, more than expected on the basis of the
BALB/c catalogue. Perspectives and proposals to face the
above issues close this work.

SILENT ABSTRACT

A-3013

An In Silico Method for the Comparison of the
Involvement of Glycolysis and Oxidative Phosphorylation
Metabolic Pathways in Human Embryoinc Cells at Various
Stage of Development. P. K. SURESH! and Ayyappa
Kumar? !School of Biosciences & Technology, VIT
University, Vellore, Vellore Dt., PIN:632014, Tamil Nadu,
INDIA and 2M.Sc. Biotechnology, VIT University,
INDIA. Email: p.k.suresh@yvit.ac.in

Human embryonic stem cells (from the inner cell mass),
meet their energy requirements primarily from glycolysis
whereas the same cells switch to oxidative phosphorylation



processes only after implantation. Our iz silico approach
provides a systematic method to evaluate microarray data
sets of cells at different stages of embryonic development
up until the pre-implantation stage. Microarray (NCBI
GEO datasets) were analyzed using open source software
like multiple array viewer (MeV), Affymetrix expression
console, and DAVID and R bio conductor to determine
differential gene expression for glycolysis and oxidative
phosphorylation pathways. The up-regulated genes of all
the cell stages were analyzed (up regulated genes of 1-2, 2-
4, 4-8, 8-16, 16-32 cell stages). The genes involved in
glycolysis and oxidative phosphorylation are down-
regulated at the 1-2 and 2-4 cell stages. However, during 4-
8 and 8-16 cell stages (5 and 10 glycolysis-associated genes
are respectively differentially). For e.g., in the 8-16 cell
stage, among other genes, facilitated glucose transporter
member 3 (GLUT3- glucose transport across plasma
membranes) as well as hexokinases, enzymes committing
glucose into the glycolytic pathway, showed a 2-fold up-

regulation. Also, the switch from o-enolase to y -enolase
(glycolytic enzymes) (in the 16-32 cell stage) demonstrated
in model systems, during neural development, was
validated using our approach. Similarly, differential
expression was also demonstrated for oxidative
phosphorylation genes. For example, in the 8-16 cell stage,
several isoforms of the mitochondrial NADH
dehydrogenase family involved in the mitochondrial
electron transport chain as well as genes encoding for ATP
synthases showed a 2-fold upregulation. This approach,
however, further underscores the need for the generation
of more real time experimental data to better explain the
experimentally determined plasticity/variations in the
pathways involved in energy metabolism in the different
cell types (for example human embryonic stem cells, iPSCs
and specific cancer stem cells ).

EDUCATION POSTER ABSTRACTS

E-3000

lifeedu.us: a Delivery Platform for a Massive Open Online
Course on Biotechnology Intended for a General
Audience. K. NELSON!2, J. Hague!, M. Tilelli', D.
Cunha!, L. Mellen!, B. Kingsborough!, A. Johnson!, L.
Perrettal, and A. P. Kausch!2. 'Department of Cell and
Molecular Biology, University of Rhode Island, Kingston,
RI 02892 and Zifeedu.us, 530 Liberty Lane, West
Kingston, RI 02892. Email: akausch@etal.uri.edu

A highly successful General Education OnLine course has
been developed to meet the need for a general audience
educational platform on biotechnology which is now made
further accessible as a MOOC. The material and format
for this course on general biotechnology has created a
versatile platform for teaching about the various topics in
biotechnolog. This course is intended for the general
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public, life sciences industry science and non-science staff,
high school teachers and undergraduate students regardless
of their major or degree program. There are no
prerequisites. An online series of lectures and the platform
of educational materials has been created that allows for
the presentation of independent modules on the various
topics. This flexible platform also has been used to
develop workshops for various industries and their science
and non-science staff. All course lectures and materials can
be viewed at www. lifeedu.us. This OnLine course and its
MOOC aim to accomplish three goals: 1) to provide basic
knowledge about DNA, genomics and biotechnology that
is fundamental to the how biological life functions, 2) to
provide a literate knowledge of the current applications in
biotechnology, and career opportunities in the growing
fields that are related to biotechnology; and 3) to learn
about the issues and ethics concerning the future of
biotechnology and our society. The Course can be taken in
four ways: (I) As a three (3) credit hour General Education
class for College Credit through the University of Rhode
Island; (II) to receive a recognized Certificate through
lifeedu.us ; (III) As Certification Modules suited to the
student's interest to receive a recognized Certificate and,
(IV) As a Massive Open OnLine Course for free as an
open educational experience.

E-3001

Agriculture, Biotechnology and GMOs: Informing the
Debate - a One Credit Educational Online Module. A. P.
KAUSCH!?, J. Hague!, M. Tilelli!, D. Cunha!, L. Mellen!, B.
Kingsborough!, A. Johnson!, L. Perretta'!, and K. Nelson?
Department of Cell and Molecular Biology, University of
Rhode Island, Kingston, RI 02892; and Z2ifeedu.us, 530
Liberty Lane, West Kingston, RI 02892. Email:
akausch@etal.uti.edu

Biotechnology education has simply not kept pace with its
science. The on-going anti-GMO debate is one example. A
highly successful General Education OnLine course called
Issues in Biotechnology has been developed to meet this need.
This OnLine course has now been modularized and made
further accessible as MOOC:s intended for the general public,
life sciences industry science and non-science staff, high
school teachers and undergraduate students regardless of
their major or degree program. There are no prerequisites.
The Agricultural Biotechnology OnLine Module consists of
nineteen video captured lectures with embedded powerpoint
slides followed by study guide questions. The series begins
with twelve lectures providing a basic background for the
biology and techniques necessary to inform the discussion
about biotechnology generally as a field. This platform of
educational materials has been created and allows for the
presentation of independent modules on the vatious
biotechnology topics. The Module on Agricultural



Biotechnology consists of seven lecture lectures: 1. Where
Does Our Food Come From? II DNA-based Biotechnology
And Modern Agriculture Illa. Setting the Stage about Food
and Agriculture IIlb. Issues, Controversies and Concerns
IIIc. The Organic Food Debate IV. The Ethics of
Agriculture V. Renewable Energy and the Future of
Humanity. All entire course lectures and materials are free
and can be viewed at www. lifeedu.us. The Course can be
taken in three ways: (I) As a one (1) credit hour course for
College Credit through the University of Rhode Island; (II)
To receive a recognized Certificate through the University of
Rhode or lifeedu.us; and, (III) As a Massive Open OnlLine
(MOOC) Course for FREE as an open educational
experience.

E-3002

Pharmaceutical Biotechnology: Bridging the Education
Gap in the Post-Genomics Era. A. P. KAUSCH'?2 J.
Hague!, M. Tilelli', D. Cunha!, L. Mellen!, B.
Kingsborough!, A. Johnson!, L. Perretta!, and K. Nelson?.
Department of Cell and Molecular Biology, University of
Rhode Island, Kingston, RI 02892 and Zifeedu.us, 530
Liberty Lane, West Kingston, RI 02892. Email: akausch
@etal.uri.edu

Pharmaceutical biotechnology has now reached an
exponential growth phase, growing much faster than
society can assimilate it or its implications, with many
misconceptions affecting public health. The wvaccine
debate is one example. A General Education OnLine
course called Issues in Biotechnology has now been
modularized and made further accessible as MOOCs
intended for the general public, life sciences industry
science and non-science staff, high school teachers and
undergraduate students regardless of their major or degree
program. The Pharmaceutical Biotechnology OnLine
Module consists of sixteen video captured lectures with
embedded powerpoint slides followed by study guide
questions. This module a begins with (Part Ia) A Historical
Perspective, an overview of Alternative Therapies and an
introduction to modern Emergent Technologies. Part Ib.
Emergent Technologies DNA-based Biotechnology and
Pharmaceutical Drug Development includes the influence
of DNA-based tools on small molecule drug design,
recombinant DNA drug design, antibody based drugs and
vaccine development. Part Ila. Pharmaceutical Biotech-
nology In the Genomics Era and Part IIb. Pharma-
cogenomics and Personalized Medicine considers the
influence of genomics on personalized medicine. There
are no prerequisites. All entire course lectures and
materials are free and can be viewed at www. lifeedu.us.
The Course can be taken in three ways: (I) As a one (1)
credit hour course for College Credit through the
University of Rhode Island; (II) To receive a recognized
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Certificate through the University of Rhode or lifeedu.us;
and, (III) As a Massive Open OnLine (MOOC) Course for
FREE as an open educational experience.

E-3003

Laboratory Internships in Plant Biotechnology: An
Inquiry-driven Experiential Learning Opportunity in
Agricultural Biotechnology. K. NELSON!2, J. Hague!, M.
Tilelli', D. Cunha!, L. Mellen!, B. Kingsborough!, A.
Johnson!, L. Perretta!, and A. P. Kausch!2. 'Department
of Cell and Molecular Biology, University of Rhode Island,
Kingston, RI 02892 and Zlifeedu.us, 530 Liberty Lane,
West Kingston, RI 02892 Email:akausch@etal.uri.edu

An undergraduate internship experience has been created
as a model program to provide students real-world training
and laboratory skills in plant biotechnology. The goal of
this experience is to engage students in real world science
in plant biotechnology in the context of an on-going
research program providing undergraduate students the
opportunity to learn current techniques applied in plant
genetic engineering and agricultural biotechnology. The
research program areas include: Genetic Engineering of Corn
Jor  Nutritional — Enbancement — for — African — Germplasm
(HatrvestPlus/CIAT) Hybrid Technologies for Heterosis in Rice
and Related Cereals INSEF BREAD) and, Genetic Improvement of
Switchgrass, Biomass (DOE). Students work in teams where
"The nature of science education needs to mirror the process of science
aself’ in the context of this project-based experience,
students learn significant laboratory skills and gain rigorous
training. These laboratory skills include aspects such as
laboratory safety, tissue and cell culture, aseptic technique,
media preparation, bacterial cell preparation, DNA
introduction  methods, such as  microprojectile
bombardment and _Agrobacterinm-mediated transformation,
analysis  of transient and stable transformation
comparisons, DNA isolation, reporter gene analysis, PCR
and Southern blot analysis, photomicrography, data
presentation and proper laboratory notebook record
keeping. During the course, students contribute to
Standard Operating Procedures (SOPs) for various
techniques and protocols. This approach drives interest in
underlying fundamentals through current and advanced
technologies. Students learn science by actually doing it.

PLANT POSTER ABSTRACTS

BIOFUELS

P-3000

Overexpression of TcEG1, an Insect Endoglucanase, in
Switchgrass for Improved Sugar Release. JONATHAN D.
WILLIS!3, A. Grace Collins!, Juan-Luis Jurat-Fuentes?,
and C. Neal Stewart!3. IDepartment of Plant Sciences, The
University of Tennessee, Knoxville, TN; 2Department of
Entomology and Plant Pathology, The University of
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Tennessee, Knoxville, TN; and 3BioEnergy Science
Center, Oak Ridge National Laboratory, Oak Ridge, TN.
Email: jdwillis@utk.edu

It is important to improve the efficiency of converting
cellulosic feedstocks to biofuel. Insect species that
predominately feed on lignocellulosic sources harbor
enzymes that serve as potential catalysts for cell-wall
breakdown. Insects have digestive system micro-
environments that maintain vatied temperature and pH’s
that serve as bioreactors. TcEG1, an endoglucanase from
the digestive system of the red flour beetle (Trbolium
castanenns). 'The Tregl gene was overexpressed in the
cellulosic feedstock switchgrass (Paznicum virgatum), and the
transgenic plant cell walls were characterized for various
traits including sugar release. Under the control of the
maize ubil promoter Teeg? was constitutively expressed in
the switchgrass cv ‘Performer’ using seed derived callus as
explants. A hygromycin resistance gene was used as a
selectable marker and pporRFP, an orange fluorescent
protein, was used as a visual marker to efficiently select 10
transgenic events. Gene expression was confirmed via
qRT-PCR targeted for the 3’ end of the transgene.
Recombinant protein synthesis was analyzed using
Western blotting with an antibody probe for the AcV5
epitope tag included at the C terminus of the TcEGI1
protein.  Quantitative functional protein analysis was
verified by DNSA colorimetric assay using the model
cellulose substrate carboxymethyl cellulose. Biomass was
collected at R1 growth stage, dried at room temperature,
and analyzed for sugar release and lignin content from all
events. One exceptional transgenic event resulted in a
48.7% increase for glucose release, a reduction of lignin by
9.3%, an increase of the S/G monolignol ratio by 14%, an
increase of xylose release by 4.2%, which resulted in an
overall increase of glucose/xylose release by 28%
compared with the non-transgenic control.  Our results
show that cytoplasmically expressed Treg? is active in
planta, shows no detrimental phenotype, and demonstrates
that insect cellulases could provide value to improve sugar
release efficiency in switchgrass.

BIOTECHNOLOGY

P-3001

Transgene Integration Complexity and Expression Stability
Following _Agrobacterinm-mediated or Biolistic Gene
Transfer to Sugarcane. H. WU!, A. Vilarinho!?, F. S.
Awan'3, Q. Zeng!#, T. Phipps!, J. McCuiston’, W. Wang?,
K. Caffall>, and F. Altpeter!. Agronomy Department,
Plant Molecular and Cellular Biology Program, Genetics
Institute, University of Florida - IFAS, Gainesville, FL
32611; 2Current address: Embrapa Roraima, PO Box 133,
Boa Vista, RR, 69301-970, BRAZIL; 3Current address:
Centre of Agricultural Biochemistry and Biotechnology

12

(CABB), University of Agriculture, Faisalabad, 38000,
PAKISTAN; 4Current address: Biochemistry and Biotech-
nology Department, Yunnan Agricultural University,
Kunming 650201, CHINA; and 5Syngenta Biotechnology
Inc. Research Triangle Park, NC 27709. Email: altpeter
@ufl.edu

Sugarcane (Saccharum spp. hybrids) is one of the most
productive crops and is extensively utilized for table sugar
or Dbiofuel production. Both agrobacterium-mediated
transformation or biolistic gene delivery have been
successfully used in the past for efficient gene transfer to
sugarcane. Recent optimizations of biolistic gene transfer
include reducing the amount of DNA and/or removing
the vector backbone prior gene transfer. These
modifications resulted in reduced complexity of transgenic
loci and improved performance of transgenic plants. A
direct comparison for biolistic transfer of minimal
expression cassettes and  agrobacterium-mediated  gene
transfer to sugarcane will be presented here. Callus
derived from 6 weeks culture of immature leaf whorl cross
sections of commercial cultivar CP88-1762 was used as
target for either biolistic gene transfer of the minimal #pAl
expression cassette or agrobacterium-mediated gene transfer
of the mpAl expression cassette in five independent
experiments.  Selection of transgenic events followed the
same concentrations and types of selective agents for both
transformation procedures. Real-time PCR for mpAl
(TagMan®) and NPTII  immuno-chromatography
confirmed 279 transgenic lines from _Agrobacterium-
mediated transformation and 234 lines from biolistic gene
transfer. Copy numbers of the mpAl transgene were
determined by TagMan® real-time PCR and Southern
blot. 20 lines, including 10 single copy lines and 10
multiple copy lines, from each gene transfer method were
selected to propagate vegetative progenies. NPTII ELISA
was carried out for these 40 lines for both primary
transgenic plants (V0) and their vegetative progeny (V1).
We will discuss the transformation efficiency, frequency of
single copy integration, level and stability of expression
following both gene transfer systems.

P-3002

Identification of Hyphomicrobium as a Bacterial Endophyte
of Cassava (Manihot Esculenta Crantz) and its Elimination
from In 1itro Cultures. R. D. CHAUHAN, G. Beyene, and
N. J. Taylor. Donald Danforth Plant Science Center, St.
Louis, MO. Email: rchauhan@danforthcenter.org

While some endophytes have been shown as beneficial to
their hosts, their presence 7z vitro can adversely affect
manipulation of plant tissues and application of
technologies such as genetic transformation. A
contaminant has been identified growing in association



with cultures of many cassava cultivars when explants are
introduced to 7 vitro conditions from the greenhouse and
field. The contaminant is persistent through subsequent
subcultures, where it suppresses plantlet rooting, growth
and the embryogenic potential of leaf explants. Our
research goal was to isolate and identify the responsible
microorganism(s) and develop methods for its elimination
from cultured tissues of cassava. Shoots were obtained
from greenhouse-grown plants of cultivar TME204, and
explants carrying an axillary bud were surface sterilized
with 15% v/v bleach. After 7-14 days culture on
Murashige and Skoog medium supplemented with 2% w/v
sucrose and solidified with 2.5 g/1 phytogel, a slow
growing, white colored contaminant was seen growing at
the base of otherwise axenic explants. Attempts were made
to culture the suspected bacterial contaminant on nutrient
agar and marine salt media. 16S ribosomal RNA
sequencing of the isolate exhibited 99% similarity to
Hyphomicrobium spp and morphological features charac-
teristic of the genus Hyphomicrobium observed under phase
contrast microscopy. In addition mxalF, the gene encoding
alpha subunit of methanol dehydrogenase was detected,
suggesting that the bacteria could survive on methanol
containing media. Studies on identification of antibiotics
effective against this bacteria without hampering in vitro
plant growth are underway. Isolation and identification of
endophytes from other cassava cultivars is ongoing.

P-3003

Effects of Carbohydrate Sources and EDTA Concen-
trations on the Growth of Switchgrass Suspension
Cultures. A. G. COLLINS, J. D. Willis, and C. N. Stewart,
Jr. Department of Plant Sciences, The University of
Tennessee, Knoxville, TN. Email: acolli21@utk.edu

Switchgrass cell suspension cultures could be targets for
rapid genetic transformation and screening for bioenergy
applications. One hurdle for optimal use in many
suspension culture systems is the formation of aggregates,
which prevent synchronous growth patterns. Ideally, a
single-cell  system  would maximize targets for
transformation and screening. The objective of this study
was to decrease aggregation by manipulating sugar in
media, testing a chelating agent EDTA) and size
fractionation. Cultures were grown in Murashige and
Skoog liquid medium containing 9.0 uM 24-
dichlorophenoxyaceatic acid (2,4-D), 44 uM ©6-
benzylaminopurine (BAP), and finally 30 g L1, of fructose,
galactose, glucose, maltose, and sucrose as the source of
sugar. Growth rates were measured by cell counts and
packed cell volume. Next, the cultures grown with maltose
as the carbohydrate source were used for EDTA
treatments. Cell populations were monitored for aggregate
size and aggregate percentage with respect to total
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population. Cell strainers in sizes 210, 100, 70, and 40 um
were used to mechanically separate cell cultures by size to
reduce aggregation. Media containing maltose and sucrose
as the carbohydrate sources showed the best growth and
morphological characteristics. The use of EDTA in the cell
cultures resulted in a dose-dependent reduced aggregation,
yet reduced cell growth with 6.8, 29.1, and 27.5% loss for
0.27, 0.53, and 1.06 uM of EDTA, tespectively. In
conclusion, it is clear that further optimization of sugar
and chelator is needed to achieve acceptable growth and
aggregation characteristics, but that switchgrass cell
suspension cultures can be improved with regards to
growth and aggregation.

P-3004

Development and Genetic Characterization of Mutants in
Tomato cv. Micro-Tom Towards Discovery of New
Economic Traits. N. F. CAMPBELL!, D. W. Phelps!, C.
Burnett!, A. Kekkonen!, A. Shockley!, and Y. Dan!?23.
Institute for Advanced Learning and Research, Danville,
VA 24540 and 2Department of Horticulture and 3Depart-
ment of Forest Resources and Environmental Conset-
vation, Virginia Polytechnic Institute & State University,
Blacksburg, VA 24061. Email: yinghui.dan@ialr.org

Tomato (Solanum lycopersicu L.) is the second most
consumed vegetable crop in the world, as well as a dicot
model to investigate various developmental pathways that
are not possible in _Arabidopsis  thaliana. The major
bottleneck to tomato traditional breeding is the narrow
genetic  diversity of tomato.  The lack of tomato
developmental mutants in a single genetic background
limits the stacking of mutations, which facilitates analysis
of double and multiple mutants for discovering new
economic traits, and elucidating developmental pathways.
Therefore, creating useful native plant genetic variation
and understanding the associated mechanisms of plant
enhancement are necessary to remove these constraints to
improve tomato. We took advantage of the small size and
rapid life cycle of the tomato cultivar Micro-Tom (MT)
and developed single and double mutant lines by chemical
mutagenesis in single genetic background of tomato cv.
MicroTom.  Approx. 3000 EMS mutagenized seeds
generated 1755 plants. Phenotypic characterization of the
mutants revealed four major categories of variation,
including morphology, size, number and color (leaf,
flower, fruit and whole plant). Our genetic studies indicate
that three mutant lines are near-isogenic lines to
MicroTom, with alterations of fruit color. The fruit color
alteration was controlled by ecither a single gene at a
homozygous locus or two genes. Phenotypic and genetic
characterization of the mutants will be presented in detail
in this presentation.



P-3005

Engineering Tolerance to Imidazolinone Herbicides by
Single Target-site Mutation of the Sweet Orange (Citrus
sinensis) Acetolactate Synthase (ALS) Gene. M. DUTT, F.
A. C. Rodrigues, and J. W. Grosser. Citrus Research and
Education Center, University of Florida/IFAS, 700
Experiment Station Road, Lake Alfred, FL. 33850. Email:
manjul@ufl.edu

A homolog of the Arabidopsis thaliana acetolactate synthase
(AtALS/AHAS) gene was cloned from Valencia Sweet
Orange (Citrus sinensis (L) Osbeck). The CsALS protein
was deduced to be approximately 83% identical to the
ArALS protein. Since mutations in this gene are known to
cause resistance to imidazolinone herbicides in many plant
species, we undertook single base pair changes to produce
four putative herbicide-resistance mutations in the CsALS
gene (A122V, D376E, W574L or W574S; based upon
mutations identified in the Arabidopsis ALS gene) by site-
directed mutagenesis. We used a mutant Arabidopsis ALS
gene (A122V) as control. Each of the modified genes
(358:mCsALS  or 35S:mAfALS) were introduced into
tobacco by  _Agrobacterinm  mediated  transformation.
Herbicide resistance was monitored by the ability of
progeny seeds to germinate and grow in the presence of
increasing concentrations of the herbicide Imazapyr (an
imidazolinone herbicide), and by monitoring plant
phytotoxicity after foliar spray applications with Arsenal (a
commercial herbicide containing Imazapyr). Approx-
imately half of the tobacco transformants expressing the
mutated CsALS gene(s) were observed to be resistant to
field recommended doses of the herbicide, whereas the
wild type plants did not survive. The A122V and W574S
mutations were superior to the others in conferring
resistance to the herbicide. Numerous transgenic citrus
plants, expressing either the 35S:mCsALS (A122V) or
355:mCsALS (W574S) gene and selected in a medium
supplemented with Imazapyr, were generated. Our results
demonstrate the utility of the 35S:mCsALS gene as an
alternative selectable marker for transformation and
transgenic citrus production.

P-3006

Development of High Throughput Genetic Transfor-
mation Systems for Forage and Biofuel Crops.
CHUNXIANG FU!, Tim Hernandez!, Steven Tudor!, and
Zeng-Yu Wang!2 'Forage Improvement Division, The
Samuel Roberts Noble Foundation, 2510 Sam Noble
Parkway, Ardmore, OK 73401 and 2BioEnergy Science
Center, Oak Ridge National Laboratory, Oak Ridge, TN,
37831-6226. Email: cfu@noble.org

Genetic transformation has become an important research
tool in revealing the direct link of gene sequence with gene
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function. With increasing information on gene sequences
in forage and biofuel crops, large numbers of genes can be
isolated in a relatively short time, while functional analyses
of the isolated genes by genetic transformation have
become a bottleneck. Alfalfa (Medicago sativa) and
switchgrass (Panicum virgatum) are important perennial
forage crops. Switchgrass has also been identified as an
important biofuel crop in the United States. To produce
large numbers of transgenic alfalfa plants with low cost
and a short time frame, sonication-assisted .Agrobacterium-
mediated transformation was employed to increase
Agrobacterium infection efficiency. Beside leaf explants
derived from greenhouse-grown plants, the modified
alfalfa transformation protocol also worked efficiently with
root explants derived from tube-grown sterilized plantlets.
By optimizing culture conditions and identifying
responsive genotypes, we have developed a highly efficient
switchgrass  genetic  transformation  system. The
transformation efficiency reached more than 90%. One
person can easily produced more than 800 independent
transgenic switchgrass lines in six months.

P-3007

Comparisons of Switchgrass Cell Wall Components
Containing an Overexpression of a Putative Switchgrass
Endoglucanase. JOSHUA N. GRANT!, Jonathan D.
Willis'2, and C. Neal Stewart'2. Department of Plant
Sciences, The University of Tennessee, Knoxville, TN and
’BioEnergy Science Center, Oak Ridge National
Laboratory, Oak Ridge, TN. Email: jgrant2@utk.edu

Cellulose is the most abundant carbohydrate in the world
and is degraded by the synergistic action of multiple
enzymes. One large family of enzymes capable of
hydrolyzing cellulose is glycoside hydrolase family 9
(GHY), which includes several endoglucanases. Recent
research into the molecular biology of plants has revealed
certain genes coding for endo-B-1,4-glucanases (EGases).
The EGases in plants are primarily functional during cell
elongation through wall stress relaxation. GH9 enzymes
have been found in insects, bacteria, oomycetes, and fungi.
EGases ate able to cleave cellulose at the 3-1,4 linkages in
the cellulose chain with a net inversion of anomeric
configuration. A putative EGase from switchgrass
(Panicum  virgatum) was isolated from leaf cDNA.
Switchgrass calli was transformed with an overexpression
vector containing the putative membrane-bound EGase.
Multiple transgenic events were recovered and compared
with wild type plants to establish morphological and
anatomical differences. The compared plant parts include
the third leaf from the bottom of the stem, the second
node from the bottom of the stem, and the internode stem
above the second node. The sections were taken from the
same location and development stage for each plant. The



samples were fixated and mounted in plastic and
histological stains (Pontamine Fast Scarlet 4B, Safranin O,
Fast Green, Toulidine Blue, and Calcafluor White) were
applied. Comparisons were then made using Image] and
Python algorithms to determine the most descriptive stain
for cell wall characteristics. Preliminary results indicate that
staining with Pontamine Fast Scarlet 4B reveals larger cell
walls in overexpression of the EGase when compared with
wild-type cell walls.

P-3008

Development of a Summer Ruby Grapefruit Via
Accidental Cybridization. J. W. GROSSER!, A. Satputel,
C. X. Chen!, F. G. Gmitter, Jr'. P. Ling!, M. R. Grosser,
and C. D. Chase2 !'University of Florida/IFAS, Citrus
Research and Education Center, 700 Experiment Station
Road, Lake Alfred, FL 33850 and 2University of
Florida/IFAS, Horticultural Sciences Dept., 2215 Fifield
Hall, Gainesville, FL. 32611. Email: jgrosser@ufl.edu

The harvesting season for grapefruit in Florida generally
ends in May. After this time, fruits begin to lose adequate
acidity and juice content, and seeds germinate within the
fruit, making the fruit unmarketable. Years ago, we
conducted experiments to potentially generate seedless
triploid citrus hybrids directly by fusing diploid protoplasts
isolated from an embryogenic suspension culture of Dancy
tangerine (Citrus reticnlata Blanco) with haploid tetrad-
derived protoplasts isolated from staged anthers of Ruby
grapefruit (Citrus paradisi Mact.). Only one triploid plant
was recovered, and it produced poor quality fruit;
however, several diploid plants with typical grapefruit
morphology were regenerated, grafted to Swingle
cittumelo rootstock, and planted in the field. We have
recently learned that all of these trees maintain excellent
fruit quality throughout the summer, whereas commercial
grapefruit rapidly lose quality. Fruit on the experimental
trees remains firm with exceptional sweetness and good
flavor into August, with virtually no seed germination.
Summer brix levels in the test grapefruit were as high as
13, while the titratable acidity remained at 1.0.  This
provides a new marketing opportunity for Florida
grapefruit growers and packers. Upon further examination
of the test grapefruit trees, it was determined that they are
all cybrids, containing the nucleus of Ruby grapefruit and
the cytoplasm of Dancy mandarin.  The nuclear
composition of the test grapefruit trees was validated by 8
SSR  markers, with all alleles equivalent to that of
commercial Ruby grapefruit. Mitochondrial (mt) #ad7
intron 1 and chloroplast (cp) 7dhK gene polymorphisms
revealed that the mt and cp genomes in the test grapefruit
trees originated from the embryogenic Dancy suspension
culture.  Our current hypothesis as to the origin of these
cybrid grapefruit trees is that the haploid tetrad protoplast
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preparations probably contained contaminant diploid
pollen wall protoplasts that fused with the Dancy
suspension culture derived protoplasts, resulting in cybrid
cells following the loss of the Dancy nucleus. Diploid
cybrid citrus plants are often a byproduct of protoplast
fusion experiments in citrus. Further study will be
required to determine why the change in cytoplasm
affected the harvest season of the cybrid grapefruit.

P-3009

A Novel Method for Recovery of Non-GMO Hybrids
from Wide Crosses Using Transgenics as Bridge Inter-
mediates. K. NELSON, J. Hague, M. Tilelli, D. Cunha, A.
Deresienski, and A. P. Kausch. Department of Cell and
Molecular Biology, University of Rhode Island, Kingston,
RI 02892 Email: akausch@etal.uri.edu

While transgenics offer access to traits outside the
conventional breeding pool they are time consuming,
costly, and involve unresolved issues regarding gene
confinement, USDA deregulation and commercial release.
Wide crosses have been used as a method in plant
breeding for decades and proven to be a useful method for
transferring novel genetic materials and traits for new
cultivar development. Historically wide crosses require
tedious and inefficient manual embryo rescue to recover
plants that are often sterile due to genetic incompatibility.
We have utilized transgenic switchgrass (Panicum virgatum,
cv 'Alamo’) and herbicide or antibiotic selection for
recovery of wide intra-and inter-specific F1 crosses by a
novel method we have termed i situ entbryo rescue’. Hybrids
were generated between transgenic switchgrass lines and
wild type Atlantic Coastal Panicgrass (Panicum aramrum ElL
var. amarulum). In one set of crosses, the male parent, a
transgenic Alamo line (HYG resistant, and GIP positive)
was used as a pollen donor with the female WT ACP
plants. The selection procedure was used to select Fi
embryogenic callus from immature caryopses, and clonal
plants were successfully regenerated. Using a similar
procedure with herbicide resistance in place of Ayg, a subset
of the Fy hybrid plants were backcrossed to WT reference
Alamo and non-GMO FBC; progeny were recovered by
screening for herbicide sensitivity using the “leaf painting”
assay (3% Finale). The opportunity presented here
involves the development of an innovative breeding
strategy that makes use of transgenic herbicide resistance
for early embryo rescue from wide crosses as genetic
bridge intermediates followed by backcrossing to recover
non-GMO hybrids that it is likely applicable to other crop
species.

P-3010
Recovery of Intraspecific and Interspecific Hybrids in
Switchgrass (Panicum virgatum L.) via a Transgenic Herb-



icide Resistance Selectable Marker. A. DERSIENSKI, K.
Nelson, J. Hague, M. Tilelli, D. Cunha, and A. P. Kausch.
Department of Cell and Molecular Biology, University of
Rhode Island, Kingston, RI 02892. Email: akausch@etal.
uri.edu

Rapid genetic improvement of various crop species are
anticipated by current advances in  genomics,
bioinformatics, association genetics, marker assisted
breeding, conventional genetics and other non-GMO
approaches. Here we demonstrate the use of an herbicide
resistance selectable marker (bar) for recovery of
intraspecific hybrid offspring of ‘Alamo’ switchgrass
(Panicum virgatum cv. Alamo) and ‘Southlow’ switchgrass
(Panicum  virgatum cv. ‘Southlow’) as well as interspecific
hybrid offspring of switchgrass (Panicum virgatum cv.
‘Alamo’) and ‘Atlantic’ Coastal Panicgrass (Panicum amarnm
Ell. var. amarulum). Pollen cages were set up enclosing a
bar positive transgenic ‘Alamo’ switchgrass primary
transformant that served as a pollen donor to either a wild-
type ‘Southlow’ individual or a wild-type ‘Atlantic’ Coastal
Panicgrass individual as a maternal parent. After seed
maturation and germination the developing seedlings were
assayed for bialaphos resistance by an application of 3%
bialaphos. Resistant plantlets were verified for inheritance
of the bar gene nuclear marker from the TO ‘Alamo’ parent
through Southern blot. A cytoplasmically inherited
cpDNA marker was utilized to verify the maternal
inheritance of the ‘Atlantic’ Coastal panicgrass cytoplasm
in the hybrid offspring. Bar positive hybrid offspring were
backcrossed to wild-type ‘Alamo’ plants and bialaphos-
sensitive offspring of this cross were isolated as non-
transgenic novel hybrid germplasm. This platform could
serve as a method for combining desirable characteristics
through exploiting additive genetic variation and provide a
more timely approach to developing novel switchgrass
lines for increased biomass production for biofuel
production.

P-3011

Transgenic Tomato Plants Expressing Two Antifungal
Protein Genes Driven by a Root-specific AzZNRTZ2.7
Promoter Confer Resistance Against Root Pathogen.
KYNET KONG, So Makabe, Valentine Ntui, Raham Sher
Khan, and Tkuo Nakamura. Graduate School of Horticul-
ture, Chiba University, JAPAN. Email: kongkynet
@yahoo.com

Fusarium wilt is an economically important disease of
tomato, caused by the soil-born fungus Fusarium oxysporum
. sp. byeopersici. We previously reported that wasabi defensin
(WD) gene (0.5 kb) and synthetic chitinase (INIC) gene
(1.2kb) were used to confer resistant against soil-borne
diseases. In this study, these two antifungal genes were
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linked to a root-specific promoter (1.1 kb) of AzZNRT2.7
(nitrate transporter 2.1) gene derived from A. thaliana then
transform into tomato to enhance resistant against F.
oxcysporum. Generated tomato was confirmed by southern
hybridization and western blot analysis. The result
indicated stable integrations of the transgene into tomato
genome with different locations and the protein were
accumulated only in root. Disease resistant bioassay against
F. oxysporum was conducted, all transgenic plants showed
increased levels of resistant compared to control.
Antifungal activity of protein extract from root or leaf
tissue was assayed as CFU (colony forming unit). The CFU
values of the control plants did not have significant
differences between roots and leaf extracts, however, their
values of root extracts in transgenic plants expressing
ANRT2.1:WD2 and AMNRIT2.1:NIC7 ( 3.83 and 4.33
CFU respectively) were much lower than those of control
(15.33CFU). These results suggest that promoter of
AINRT2.1 gene successfully trigger the two antifungal
genes to be expressed in root and conferred increased level
of resistant against root pathogen F. oxysporum. On the
view of food security, root specific expression of the
transgenes is desirable due to T-DNA does not express in
the fruit of edible part of tomato.

P-3012

An Intergenic Region Shared by Arabidopsis At4g35985 and
At4¢35987 Divergent Genes Is a Spatial, Tissue Specific
and Stress Inducible Bidirectional Promoter Analyzed in
Transgenic Arabidopsis and Tobacco Plants. INDU B.
MAITT!, Joydeep Banerjee!, Dipak Kumar Sahoo!, and
Robert L. Houtz2. 'KTRDC, College of Agriculture,
University of Kentucky, Lexington, KY 40546 and
2Department of Horticulture and Plant Physiology/Bio-
chemistry/Molecular Biology Program, University of
Kentucky, Lexington, KY 40546. Email: imaiti@uky.edu

In the chromosome 4 of Arabidopsis genome, two neigh-
boring genes (calmodulin methyl transferase At4g35987
and senescence associated gene At4g35985) are located in
a head-to-head divergent orientation sharing a putative
bidirectional promoter. This 1258 bp intergenic region
contains a number of environmental stress responsive and
tissue specific «s regulatory elements. Expression analysis
(transcript  profiling) of _Arabidopsis  At4g35987 and
At4¢35985 genes by quantitative real time PCR showed
tissue specific and stress inducible expression profiles. We
have tested the bidirection promoter-function of the
intergenic region shared by the divergent genes At4g35985
and At4g35987 using two reporter genes (GFP and GUS)
in both orientations in transient tobacco protoplast and
Agro-infitration assays, as well as in stably transformed
transgenic Arabidopsis and tobacco plants. In transient
assays (tobacco protoplast, and Agro-infiltration in



benthamiana) with GFP and GUS reporter genes,
At4¢35985pro showed stronger expression (about 3.5 fold)
compared to At4g35987pro. The spatial and tissue
specific as well as stress responsive functional nature of
the bidirectional promoter was evaluated in independent
transgenic Arabidopsis and tobacco lines. Expression of
At4¢35985pro activity was detected in midrib of leaves,
leaf trichomes, apical meristemic regions, throughout the
root and lateral roots. The expression of At4g35987pro
was observed in leaf-tip, hydathode, apical meristem, root
tips, emerging lateral root tips and root stele region. Both
promoters (At4¢35985pro and At4g35987pro) showed
similar level of expressions in floral tissues. The
bidirectional promoter in both orientations has shown
differential up-regulation (2.5 to 3 fold) under salt stress.
Use of such regulatory elements of bidirectional promoter
showing spatially tissue specific and stress inducible
promoter-functions in heterologous system might be an
important tool for plant biotechnology and gene stacking
applications.

P-3013

Transformation of Dendrobium nobile for Producing Plants
with Blue Flowers. W. PHLAETITA, D. P. Chin, and M.
Mii. Plant Cell Biotechnology Laboratory, Graduate
School of Horticulture, Chiba University, 648 Matsudo,
Matsudo  City, Chiba 271-8510, JAPAN. Email:
wasanaptt26@gmail.com

Dendrobium nobile is an important ornamental plant species
grown in different regions of the world for its attractive
flower colors. Unfortunately, there is no Dendrobinm variety
with blue flowers. In this study, D.nobile was transformed
by cocultivating young protocorms (21 days after sowing)
for 3 days with Agrobacterium tumefaciens strain EHA101
carrying 4 different vectors containing flavonoid-3°,5>-
hydroxylase (F3’5’H) gene for producing delphinidin and
hygromycin phosphotransferase (4p?) gene as selectable
marker. After selection of the infected protocorms on ND
medium containing 1% maltose, 30 mg/1 hygromycin and
10 mg/1 meropenem for 4 months, regenerated plantlets
were obtained from survived protocorms through
secondary protocorm-like body (PLB) proliferation. In the
regenerated plantlets, the shoots and leaves showed bluish
coloration, suggesting that these plants are transgenic.
Integration and expressing of the transgene in the
transgenic plants was confirmed by PCR, Southern and
Northern analyses.

P-3014

Developing Biomass Deconstruction and Enrichment
Technology Suitable for Increased Saccharification for
Biofuel Production from Energy Crops. DIPAK KUMAR
SAHOO!, Indu B. Maiti!, and Seth DeBoltz. 'KTRDC,
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College of Agriculture, University of Kentucky, Lexington,
KY 40546 and 2Department of Horticulture and Plant
Physiology/Biochemistry/Molecular  Biology = Program,
University of Kentucky, Lexington, KY 40546. Email:
dipak.sahoo2@uky.edu

A point mutation zxr7-2 in Arabidopsis cellulose synthase
gene (A/CESAJ) results in modifying the cellulose
microfibril structure as well as cellulose recalcitrance. We
have translated this genetic modification in heterologous
tobacco  plants. A chimeric gene construct of
AtCESA312 fused with GFP was expressed in tobacco
(Nicotiana tabacum cv. Samsun NN) directed by the
heterologous strong constitutive M24 promoter (GenBank
accession no. NM120599). The tobacco plants expressing
AtCESA3#~72 displayed isoxaben resistance and aberrant
spatial distribution of lignified secondary cell wall tissue
with a reduction in the zone occupied by parenchyma cells.
During enzymatic saccharification, transgenic leaf and
stem-derived cellulose was found to be 54-66% and 40-
51% more efficient, respectively, compared to the wild
type. Enzymatic saccharification analysis of biomass
demonstrated 45% and 25% more sugar release from
transgenic leaf and stem biomass samples, respectively,
than wild type samples. The gain in saccharification
efficiency was achieved without chemical or heat
pretreatment. Additionally, leaf and stem biomass from
transgenic A/CESA3572 required less amount of enzyme
compared to wild-type plant biomass for saccharification.
More sugar was released from A#CES.A3x1-2 leaf samples
using the lowest enzyme concentration (7.5 FPU) than that
of wild type using the lots higher enzyme concentration
(30 FPU). In presence of excess amount of enzyme (60
FPU) also wild-type leaf biomass could release about 48%
sugar; while in less amount of enzyme (15 FPU), greater
sugar (53%) was released from transgenic leaf biomass
samples. In presence of higher amount of enzyme (30
FPU) wild-type stem biomass released about 17% sugar,
whereas such saccharification rate could be achieved in
transgenic stem samples with minimal amount of enzyme
(7.5 FPU). From a practical point of view, to develop
high-value biomass systems, this cellulose deconstruction
technology could be employed to translate mutated CESA
into energy crops (like poplar, switch grass, sorghum,
maize, and miscanthus) to improve the efficiency of
biomass conversion.

P-3015

An Improved Micropropagation Protocol for Pistacia
lentisens. 1.. H. Yidirim2, V. SUZERER!, A. Onay3, Y.
Ozden Ciftci!, E. Tilkat*, I. Kog!, O. F. Akdemir3, F. M.
Kiling?, N. Calar’, and A. Altunkut Uncuoglu®. 'Gebze
Institute of Technology, Department of Molecular Biology
and Genetics, 41400, Kocaeli, TURKEY; 2Dicle



University, Faculty of Agriculture, Department of
Horticulture, 21280, Diyarbakir, TURKEY; 3Dicle
University, Faculty of Science, Department of Biology,
21280, Diyarbakir, TURKEY; 4Batman University, Faculty
of Science and Arts, Department of Biology, 72100,
Batman, TURKEY; and *Marmara University, Faculty of
Engineering, Department of Bioengineering, 34722,
Goztepe - Istanbul, TURKEY. Email: beyso1985@gmail.
com

The lentisk or the Mastic tree (P. fentiscus L.) is a
dioeciously evergreen shrub or a deciduous forest tree
belonging to the Anacardiaceae family. P. lentiscus L. is the
unique source of the aromatic ivory colored resin, also
known as mastic from lentisk. It is very valuable at
markets. Currently and traditionally, P. /lentiscus L. is
propagated by seed with not only consequent increase of
genetic variability but also high differences on germination
rate among genotype due to the problems such as
parthenocarpy and ovary abortion. Moreover, cuttings
from mature trees of Pistacia species are also considered to
be very difficult-to-root. The aim of this study was to
improve micropropagation of seedling-derived apical
shoot tips of P. lentiscus L. These shoots proliferated and
maintained on an Murashige and Skoog (1962) medium
supplemented with 1 mg I BA. Using these proliferated
cultures, effects of: 1) the different cytokinins; ii) the
different of carbohydrates; iii) combination of
Glucose+Sucrose; iv) the different concentrations of
amino acids; v) addition of different concentrations of
GA; for shoot proliferation, and vi) explant sizes for root
induction were studied. The highest, number of
shoots/explant (3.64) among the cytokinins MS medium
supplemented with a 30 g I'! glucose and 1 mg I'! BA. The
effect of GA3 on shoot proliferation was also positive in
combination with 1mg I BA. Adding a high percentage
(100 mg 1Y) of Trp, Val, Ala to MS medium was also
effective for shoot proliferation. Maximum shoot length
1.7520.11 was observed in the MS medium containing 1
mgl~! BA and a combination of 10% Glu+90% Suc. The
highest rooting frequency (91.18%) of shoots was
recorded at 2.0 cm long shoots and rooting was apparent
within 10 days. The method developed for plant
acclimatization was satisfactory because a high percentage
of plant survival in the growth room was obtained and the
regenerated plantlets resumed their growth after 2 years.
Major improvement of the present study over previously
published protocols has been achieved with the
improvement of the proliferation percentages of juvenile
lentisk plantlets.

P-3030
Production of Transgenic Okra (Abelmoschus esculentus 1..)
by Agrobacterium-mediated Transformation and Inheritance
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of Transgene. M. NARENDRAN, Satish G. Deole, Bharat
R. Char, and Usha B. Zchr. Mahyco Research Centre,
Maharashtra Hybrid Seeds Company Ltd., Dawalwadi,
Jalna-Aurangabad Road, Maharashtra, PIN 431203,
INDIA. Email: narendran.naitr@mahyco.com

Agrobacterium  —mediated transformation system  was
developed for okra using embryos. A total of 22 primary
transformants (To lines) expressing GUS gene were
generated using either hygromycin or kanamycin selection.
Molecular analysis (PCR) and GUS assays confirmed the
presence of the transgene (GUS). The transgenic plants
carrying the GUS gene driven by a CaMV 35S promoter
showed GUS gene expression in histochemical GUS
assays. Five of the primary transformants (To) displayed
the transgene (GUS) inheritance into the subsequent
generation (T1) as a single dominant gene (3:1 ratio) where
as transgene inheritance in seven transformants was not in
3:1 ratio. Ten primary transformants did not display
transgene inheritance to the next (T'1) generation. The data
demonstrate gene transformation  and
inheritance of transgene in 12 lines. The transformation
system for this important vegetable will accelerate the
development of transgenic okra carrying agronomically
important traits.

successful

EMBRYOGENESIS/MICROPROPAGATION/
REGENERATION

P-3016

The Role of Photosynthesis on the Growth of Lily
Bulblets I Vitro. NASER ASKARI, Richard Visser, and
Geert-Jan De Klerk. Wageningen UR Plant Breeding,
Wageningen, THE NETHERLANDS. Email: naser.
askarirabori@wur.nl

We examined the role of photosynthesis during the growth
of lily bulblets in tissue culture (cv. Santander). We placed
a small vial with 3 ml saturated KOH solution in the tissue
culture container to absorb COz from the headspace. The
medium was supplemented with 0%, 3% or 6% sucrose.
Two types of lily explants (11 week old bulblets either with
or without a small piece of the original scale explant) were
cultured on the medium. After 11 weeks of growth, there
was a significant difference between fresh weight (FW) of
bulblets and leaves depending on the presence of KOH.
KOH decreased the FW of lily bulblets by 25 % and 29%
in bulblets attached or detached to the small piece of scale
explant, respectively. KOH decreased the FW of leaves by
52% and 53 %, respectively. In medium without sucrose,
KOH decreased FW by 40% and 61% in bulblets and
leaves respectively (only detached bulblets were exmined).
There was no significant difference between FW of bulblet
and leaves in containers in medium supplemented with 6%
sucrose, possibly because the high concentration of
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sucrose  inhibited  photosynthesis. In  conclusion,
photosynthesis is important for the growth of lily bulblet
in vitro. Bulblets cultured attached to the small piece of the
original explant did grow much more than detached

bulblets (ca. 30-50%).

P-3017

Various Emasculation Methods for Haploid Production of
Wheat Through Wide Crosses with Maize. YOUNG-JIN
KIM, Kyeong-hoon Kim, Induck Choi, Jong-nae Hyun,
Kee-jong Kim, and Ki-hun Park. Winter Cereal and
Forage Crop Research Div., National Institute of Crop
Science, RDA, Tksan 570-080, REPUBLIC OF KOREA.
Email: yjikim@korea.kr

Haploids are of great interest as genetic and breeding tools.
Haploid techniques will greatly shorten the breeding cycle
for development of new cultivars. Emasculation of wheat
spikes is the most time consuming procedure in haploid
production from the wide cross system with maize. We
carried out the experiment to replace the routine
emasculation procedure with effective time-saving
alternatives. Emasculated spikelets of wheat are pollinated
with maize pollen and soaked with 100 ppm 2,4-D 24 hr
after pollination, and then incubated in culture solution
containing 40 g/ sucrose and 7 M/L sulfurous acid.
Fourteen days after pollination, the embryos are excised
and cultured in half-strength MS basal medium
supplemented with 20 g/{ sucrose and 1 Mg/¢ NAA. The
efficiency of eight emasculation methods based on the
seed set, embryo formation and plant regeneration in
wheat crossed with maize. The analysis of variance for
seed set and embryo formation identified significant
differences among the emasculation methods (p<0.01).
The most effective treatment was without cut glume
method, which gave the highest seed set (96.7%), embryo
formation (23.6%) and plant regeneration (53.5%). The
hot water method (43 C, 6 minutes) showed 86.4%, 17.2%
and 48.5%, respectively. The hot water emasculation with
43°C for 6 minutes gave higher embryo formation than the

other hot water methods (43C for 4 min and 45C for 4
min or 6 minutes). The hot water methods atre feasible to
inactivate the wheat pollen if the right temperature and
time of treatment effectively reduce the frequency of
selfing seeds and to reduce the labor for wheat haploid
production.

GENOMES/GENOMICS/BIOINFORMATICS

P-3018

Sequencing and Annotation of the Transformation-
relevant Maize Lines A188 and B73 Provides Markers to
Study Plastid Inheritance. M. BOSACCHI, C. Gurdon,
and P. Maliga. Waksman Institute of Microbiology, Rut-
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gers University, Piscataway, NJ. Email: massimo.bosacchi
@ rutgers.edu

The A188 and B73 maize genotypes are of interest to us
because they are the progenitors of Hi-II germplasm,
whose robust tissue culture performance and strong
agronomic properties make it ideal for transformation. We
sequenced and annotated the A188 and B73 plastid
genomes. Our analysis revealed 16 SNPs and 10 indels, a
subset of which will be used as markers to measure
chloroplast DNA inheritance in progeny from A188 and
B73 reciprocal crosses. Annotated sequences will be
deposited into GenBank.

IN VITRO TOOLS, TECHNIQUES, AND
OPTIMIZATION

P-3019

Development of High Throughput Micropropagation
Systems for Arundo donax. YINGHUI DAN!23, N. F.
Campbell!, A. Kekkonen!, and M. Waller!. 'Institute for
Advanced Learning and Research, Danville, VA 24540 and
?Departments of Horticulture and 3Forest Resources and
Environmental ~ Conservation,  Virginia  Polytechnic
Institute & State University, Blacksburg, VA 24061. Email:
yinghui.dan@ialr.org

Giant reed (Arundo donax 1.) is one of the most promising
species for energy, cellulose paste, and second-generation
biofuel production because of its perennial nature, ease of
adaptation to different environmental conditions, high
levels of biomass production, and low annual input
requirements after establishment. It is also useful in the
control of soil erosion and an effective candidate for
phytoremediation of nitrate- or heavy metal contaminated
water and soils, as it also has a robust root system,
provides ground cover, and retains living stems during
winter. It is vegetatively-propagated from fragments of
stems and rhizomes due to its sterile pollen, which is time-
consuming and cost expensive and limits large-scale
cultivation. Therefore, to alleviate these negative aspects,
we have developed a high-throughput micropropagation
system using meristematic explant, and a regeneration
system from rhizome-derived calli. By using this meristem
system we are able to produce a 10- to 30-fold increase in
number of shoots over 3 to 4 weeks, with 100% of these
shoots rooting in 2 to 3 weeks, for the Arundo genotypes
tested. For our callus system, we are able to produce up to
approx. 160 shoots/buds from a single callus unit with
100% of these shoots also rooting in 2 weeks. For large
scale production we can produce in the order of 35,000 to
40,000 Arundo plants per person per year. Detailed
information of the system development and plant
production will be discussed in this presentation.



P-3020

Designer Endonuclease-mediated Gene Targeting in Bar-
ley. G. HENSEL, S. Hiekel, S. Schedel, V. Valkov, and J.
Kumlehn. Leibniz Institute of Plant Genetics and Crop
Plant Research (IPK), Physiology and Cell Biology,
Gatersleben, Corrensstrasse 3, 06466 Stadt Seeland/OT
Gatersleben, GERMANY. Email: hensel@ipkgatersleben.
de

Transcription  activator-like  (TAL) effectors from
pathogenic bacteria of the genus Xanthomonas are excreted
into infected plant cells and bind to specific DNA motifs
to manipulate host gene expression. The DNA-binding
domain of TAL effectors consists of basically four types of
repeats, each having specific affinity to one of the four
nucleotides A, T, G and C. This principle allows us to
design sequences to code for DNA-binding domains with
specificity to genomic target sequences of choice. In TAL
effector nucleases (TALENS), such designer DNA-binding
domain is coupled to a Fokl nuclease which facilitates the
creation of double strand breaks (DSBs) at a user-defined
genomic position. DSBs are then processed by the cell’s
DNA repair machinery, which is error-prone to some
extent and thus causes mutated target sites. To establish
gene targeting technology in a cereal crop, a gfp specific
TALEN pair was designed and used for gene transfer in
barley embryogenic pollen cultures made from gfp lines. In
this setup, a deleterious mutation of just one gfp allele is
effective due to the haploid nature of the pollen-derived
target cells. In addition, visual screening of knock-out
events among thousands of individuals is possible 7 vitro.
Moreover, instantly homozygous mutant plants can be
generated upon genome duplication. Screening for loss of
fluorescence and sequencing the gfp gene of TALEN
transgenics resulted in the detection of gfp knock-out
mutants that were then analysed for genetic homogeneity
and generative transmission of the mutation events. Gene
targeting is a breakthrough technology offering versatile
novel possibilities of crop improvement. Our results may
also pave the way for the establishment of even more
sophisticated procedures using TALENSs to precisely edit
plant genomes based upon DSB repair vz homologous
recombination.

P-3021

Effects of Chromosome Doubling Methods on Doubled
Haploid System in Wheat. YOUNG-JIN KIM, Hag-sin
Kim, Chon-sik Kang, Jong-nae Hyun, Kee-jong Kim, and
Ki-hun Park. Winter Cereal and Forage Crop Research
Div., National Institute of Crop Science, RDA, Iksan 570-
080, REPUBLIC OF KOREA. Email: yjikim@korea.kr

Doubled haploid system is a biotechnological tool which
has been widely applied in wheat breeding programs.
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Wide-hybridization, wheat x maize cross, is used for the
production of wheat doubled haploids because of its
efficiency. Wheat haploids derived from the wide cross
system with maize require chromosome doubling to
produce fertile homozygous plants. The most common
method used for chromosome doubling in wheat is the
application of colchicine. We carried out the experiment to
obtain doubled haploids of wheat. Chromosome analysis
of 83 regenerated plants without colchicine treatment
showed 6 diploids and 77 haploids. Two different
colchicine application methods were used for chromosome
doubling. Method 1 was 7z vitro application to haploid
embryos. Germinated embryos were transferred to MS
basal medium supplemented with 0.05 and 0.1% colchicine
and incubated for 2, 4, and 8 hours. A high chromosome
doubling efficiency of 72.4% was obtained from 0.05%
colchicine for 4 h in /n wvitro. The survival rate was
dramatically reduced in a high concentration of colchicine
and duration of treatment although some treatments had a
polyploid induction. Method 2 was i# planta application to
the roots of regenerated plants. The roots of regenerated
plants were immersed in colchicine solution at 0.05 and
0.1% supplemented with 2% dimethyl sulphoxide and
wete incubated for 3, 5 and 7 hours. The chromosome
doubling efficiency varied from 25.2 to 97.7%. Some
plants were observed chimeras seeding.

P-3022

An Efficient Protocol for Elimination of Canna Yellow
Mottle Badnavirus (CaYMV) in Canna (Canna indica) Plantlets
Cultured In Vitro. N. KUNAGORN!, P. Chiemsombat?,
and S. Sundhrarajun’. 150 Ngamwongwan Rd., Kasetsart
University Research and Development Institute, Bangkok,
10900, THAILAND; 21 Malaiman Rd., Dept. of Plant
Pathology, Kasetsart University at Kamphaengsaen,
Nakhon Pathom, 73140, THAILAND; and 350 Ngam-
wongwan Rd., Kasetsart Agricultural and Agro-Industrial
Product Improvement Institute, Bangkok 10900, THAI-
LAND. Email: nongnapatk@gmail.com

Canna are herbaceous flowering plants in the family
Cannaceae that grown in tropical and subtropical regions
worldwide. Most of canna plants are propagated using
rhizome cuttings. Since the most common virus diseases in
canna plants are disseminated through vegetative
propagation. Widespread destruction of the plants and
losses for commercial canna growers in many countries is
caused by viral diseases. Production of disease free plants
is therefore considerable. Elimination of CaYMYV in the in
vitro canna shoots was conducted using MS liquid medium
containing various concentrations of 5-bromouracil, 2-
thiouracil, ribavirin (0.1, 0.2 and 0.4 mg ') and acyclovir
(20, 40, 60, 80 and 100 mg I'"). All canna shoots cultured in
the media containing 5-bromouracil and 2-thiouracil were



dead. The shoots cultured in the media containing ribavirin
and acyclovir developed shoot proliferation. The leaves
were then used for CaYMV investigation using PCR
technique. PCR products of the canna leaves from
cultured shoots treated with either ribavirin or acyclovir
presented only 0 — 33.3% of positive results, which
indicated that ribavirin and acyclovir are effective against
CaYMV in canna shoots cultured in vitro.

P-3023

Use of Cell Selection for Creation of Phytophthora
Infestans Resistant Forms of Potato. V. S. SOPRU-
NENKO! and N. A. Zakharchuk? !Stary Boulevard, No.
7, Department of Selection and Biotechnology, Zhytomyr
National Agroecological University, Zhytomyr, 10008
UKRAINE and 2Chkalov St., No. 22, Institute for Potato
Research of the National Academy of Agrarian Sciences of
Ukraine, Village Nemishaeve, Borodianka District, Kyiv
Region 07853 UKRAINE. Email: selection_znaeu
@ukr.net

The purpose of this work was to examine the effectiveness
of somaclonal wvariability and cell selection using
phytotoxic metabolites of the fungus P. Infestans for
resistance improvement to potato late blight, as well as to
create source material and donors of resistance to major
fungal diseases of potato. The studies were held during
2009-2012 in the Department of Selection and
Biotechnology of Zhytomyr National Agroecological
University, Laboratory of Phytopathology of the Institute
for Potato Research of the National Academy of Agrarian
Sciences of Ukraine and State Enterprise “Experimental
Farm “Nemishayeve”. The objects of research were 7
selected varieties of potato with different levels of
resistance to late blight: susceptible — Zov, Nezabudka,
Povin, relatively resistant — Kobza, Lugovska, Obriy,
Slovianka; races of P. infestans R 1-11 xyz (1.2.3.4.5.6.6.
+0.7.8.10.11), R 1.2.3.4 and the local population of the
fungus isolated from selection nursery of the Institute for
Potato Research of NAAS, Ukraine in 2008; phytotoxic
metabolites P. infestans, isolated from culture filtrates of
the pathogen. As a result it was revealed that Phytophthora
infestans can be used as a selective factor when obtaining
forms of potato with increased resistance to the pathogen.
The scheme for extraction of phytotoxic metabolites of
Phytophthora infestans based on the cultural filtrates
fractionation and active metabolites detection was
developed. While studying morphogenetic abilities of
suspension and callus cultures of the examined potato
varieties it was revealed that varieties Nezabudka, Obriy
and Slovianka had high morphogenetic potential iz vitro,
did not lose regeneration capacity during long-term
cultivation and were convenient for use in experiments on
cell selection. Use of 7# vitro methods allowed obtaining
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cellular and callus lines, and plant regenerants with
resistance to pathogen increased by 2-4 scores. Lines K-19,
K-21, K-23, K-24, K-28, K-30 of variety Slovianka, K-172,
K-176 of variety Lugovska, K-2, K-11 of variety Obriy, K-
29 of variety Kobza characterized by high resistance to late
blight combined with commercially valuable characters
were identified using method of somaclonal variation and
cell selection phytotoxic metabolites of Phytophthora
infestans as selective factors.

P-3024

Development of Organic-based Micropropagation Media.
P. NGUYEN, G. R. Seckinger, and K. C. Torres.
PhytsTechnology Laboratories, 9245 Flint St., Overland
Park, KS 66214. Email: garys@phytotechlab.com

The desire for organic media has become more popular as
growers of organic crops are looking for plants
micropropagated in organic-based media rather than
conventional media. This study investigated 45 different
organic media formulated to contain ionic compositions
similar to Murashige and Skoog medium. The organic-
based media were formulated using only organic
components approved by the Organic Raw Material
Institute (OMRI) for organic crop production. Shoot
nodal segments of potato were cultured on either organic-
based media formulations supplemented organic plant
growth regulators or a control medium of Murashige and
Skoog (MS) supplemented with 1 mg/L BA and 0.025
mg/L. NAA. Of the organic-based media that were
formulated and tested, only two were found to have
growth results equal to or exceeding that of the MS control
medium. After 60 days in culture, growth on the organic-
based formulations OBM-7E and OBM-14B showed an
increase in fresh weight of 2295% and 4874%,
respectively; growth on the MS control medium increased
1680%.

P-3025

Solution Stability of Adenine-based Cytokinins. D. S.
HART!, A. Keightley?2, G. R. Seckinger!, and K. C.
Torres!. 'PhytoTechnology Laboratories, 9245 Flint St,
Overland Park, KS 66214; and 2Biological Mass
Spectrometry and Proteomics Facility, University of
Missouri at Kansas City, Kansas City, MO 64110. Email:
david@phytotechlab.com

Synthetic cytokinins and other plant-growth regulators
have traditionally been considered heat labile with
manufacturers stating storage temperatures (e.g. ,-20°C
and 2-6°C) for these dry chemicals often without known
stability profiles. Yet plants synthesize these compounds
through late-stages of development and sometimes under
harsh growing conditions (e.g., 40°C field conditions for



agriculturally important monocarpic plants like maize and
wheat). Early work in our laboratory suggested these
compounds under dry conditions were more stable than
what manufacturers stated were there shelf-live dates. We
have evaluated the stability of #rans-zeatin, kinetin, and 2iP
at -20°C, 2-6°C, and 25°C in alkaline solutions for several
months with FTIR, HPLC and Mass Spectrometry. The
main degradant witnessed for these cytokinins with time
was adenine. These analyses showed #rans-zeatin to lose
20% of its mass in a 0.5 N KOH solution in the first 2
weeks for all temperatures studied. The remaining 80%
mass of #rans-zeatin was stable for 3 months at both -20°C
and 2-6°C. Similar stability profiles were seen with kinetin
and 2iP.

MONOCOT TRANSFORMATION

P-3026

High Throughput Transformation System for Production
of Cell Wall Degrading Enzymes in Monocot Crops.
ANDRIES SMIGEL, TIM TARBELL, Jon Larsen, Kelly
Bondanza, Katie White, Oleg Bougri, Gabor Lazar,
Dongcheng Zhang, Philip Lessard, Binzhang Shen,
Vladimir Samoylov, Jeremy Schley Johnson, and R.
Michael Raab. Agrivida Inc., 200 Boston Ave., Medford,
MA 02155. Email: michael.raab@agtivida.com, Website:
www.Agrivida.com

Agrivida is an agricultural biotechnology company
developing energy crops designed to produce chemicals,
tuels, and bioproducts from non-food cellulosic biomass.
Agrivida's technology enables the delivery of low cost
sugars for the production of a wide variety of industrial
biotechnology products. We are exploiting intein splicing
technology that allows expressing cell wall hydrolytic
enzymes as inactive precursors in plants to reactivate the
enzymes after harvest. This strategy decouples enzyme
production from hydrolysis and enables high level
expression without detrimental effects. This technology
has utility in the auto-hydrolysis of lignocellulosic biomass
and in other industrial and agricultural applications.
Agrivida is developing varieties of switchgrass, corn,
sorghum, sugarcane, and other energy crops for the
production of environmentally friendly chemicals, fuels,
and bioproducts. By enabling the production of cheap
sugars from this non-food, cellulosic biomass, Agrivida's
energy crops and processing technology can reduce costs
by over 30% for these industrial biotechnology products.
We have developed high throughput maize and
switchgrass Agrobacterium tumefaciens transformation systems
allowing production of transgenic plants within three to
four months and thousands of transgenic events per year.
Using these model systems we have generated transgenic
plants expressing xylanases and cellulases allowing
evaluation of cell wall degrading enzymes for industrial
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applications. This research was funded in part by the
United States Departments of Agriculture (USDA) and
Energy (DOE ARPA-E).

P-3027

Genetic  Transformation of Sugarcane to Improve
Resistance to Sugarcane Yellow Leaf 1irus and Tolerance to
Drought. YUN JUDY ZHU, Heather McCafferty, and
Ruizong Jia. Hawaii Agriculture Research Center, 94-340
Kunia Road, Waipahu, HI 96797. Mailing address: PO Box
100, Kunia, HI, 96759. Email: jzhu@hatc-hspa.com

Traditional plant breeding, coupled with biotechnological
approaches, has been extensively used to increase crop
yields by producing improved varieties which are resistant
to diseases and pathogens and tolerant to abiotic stresses
such as drought and cold.  Swugarcane yellow leaf virus
(SCYLL) has been reported worldwide to infect sugarcane
and to cause significant yield losses, and abiotic stresses
including drought are the most serious environmental
factors limiting the productivity of agricultural crops,
including sugarcane. Genetic transformation of sugarcane
using various methods has been reported. In this report,
the technical approaches used to create transgenic
sugarcane  through transformation, selection and
regeneration will be reported and reviewed. Our work in
production of transgenic sugarcane with constructs
conferring resistance to SCYL]” and drought will be
highlighted. In addition, the result from several bioassays
to validate the transgenic sugarcane for improved
resistance or tolerance to SCYLI/, drought and salt
stresses will be discussed. Meanwhile, fundamental
research on sugarcane in our laboratory via collaboration
has provided significant gains in the understanding of the
physiological and molecular response of plants to water
deficits and some of the work will be highlighted in this
report.

PLANT SECONDARY METABOLISM

P-3028

Preliminary Results on Tobacco Transcriptome Changes
Induced by _Agrobacterium  tumefaciens-mediated Trans-
formation with the Hygromycin Resistance Gene /pz. D.
M. QUINTANILHA, E. M. De Jesus, and M. Van Sluys.
Sao Paulo University (USP). Av. Prof. Almeida Prado,
Butanta, 05508-070 Sao Paulo, SP BRAZIL. Email:
dani_quintanilha@hotmail.com

The non-targeted effects on global gene expression caused
by the expression of selectable marker genes are not
completely elucidated. To date, no studies have addressed
the wunintended effects of the expression of the
hygromycin B resistance gene (4p7). The present work does
so, using next generation RNA sequencing in order to



evaluate the impact of /pr expression in tobacco (Niotiana
tabacum) plants. Two independent transgenic tobacco lines
expressing the hygromycin B phosphotransferase gene
(bp?) were  obtained  through  _Agrwbacterium-mediated
transformation, and grown on selective media containing
20mg/1 of hygromycin B. There were no phenotypic
differences between the wild type plants vs. transformants.
Leaf transcriptome profiling of the wild type vs.
hygromycin resistant plant was obtained, and the data was
analyzed using a P value cut-off of 0.001 and a criterion of
2-foldchange. Of the 1057 genes modulated in the
transgenic plant, 518, representing 69 functional categories,
are annotated. The largest number of down-regulated
genes control photosynthesis and cell-wall metabolism,
whereas a number of transcription factors, protein
degradation and vesicular trafficking genes were up-
regulated. Twelve genes known to be related to drug
metabolism and detoxification were also up-regulated.
Previous studies using _Arabidopsis  thaliana identified
transcriptome changes of specific genes caused by the
expression of marker genes or Agrobacterinm co-cultivation.
A few genes were equally modulated both in our sample
and in those studies: 21 genes were modulated in our
sample and in _Arabidopsis expressing the bialaphos
resistance gene; 5 genes in Arabidopsis infected with a non-
oncogenic Agro strain and 18 genes in Arabidopsis infected
with an oncogenic Agrobacterium strain. This study provides
the first description of the putative pleiotropic effects of
the expression of /jpt gene and hygromycin B on the
tobacco transcriptome. Further experiments regarding
position effects are required for the elucidation of
unintended transcriptome effects of /p# expression and to
avoid their erroneous assingment to the actual gene(s) of
interest.

P-3029

Investigating the Regulation of Vindoline in Catharanthus
rosens Plants and Plant Cultures. SYDNEY E. SHAW and
Carolyn W. T. Lee-Parsons. Northeastern University,
Department of Chemical Engineering, Boston, MA 02115.
Email: shaw.sy@husky.neu.edu; ca.lee@neu.edu

Catharanthus roseus is a widely studied plant and is the
natural source of terpenoid indole alkaloids (TTAs), a class
of medicinal compounds that include the wvaluable
chemotherapeutics vinblastine (VBL) and vincristine
(VCR). These important compounds are naturally found at
very low concentrations in the plant, and production
difficulties contribute to high drug costs of $4-40 MM /kg.
These complex TIAs cannot be organically synthesized,
and the estimated 30 enzymatic steps for its biosynthesis
cannot be expressed recombinantly in a bacterial host.
Therefore, manipulating the native regulatory pathway to
increase TIA concentration in the plant may be the most
promising means to reduce production costs of VBL and
VCR. The work presented here focuses on the production
of vindoline, a direct and limiting (~0.00003% by dry
weight) precursor of VBL and VCR. Limited production
of vindoline (and therefore VCR and VBL) in plant tissue
cultures is believed to be related to the absent or low
expression of specific enzymatic proteins in the pathway.
Some transcripts are localized to certain leaf cell types, and
some proteins are activated by light. Therefore, we will
use PCR techniques to investigate the expression of this
pathway in whole plants, hairy root cultures, and callus
cultures to better understand its tissue-specific regulation.
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