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P-1000
RNAi-Mediated Silencing of Maize Chromatin Genes Confer Increased
Transformation Efficiency in Maize. M. A. MCGILL, S. M. Kaeppler,
and H. F. Kaeppler. University of Wisconsin-Madison, Dept. of Agron-
omy, Madison, WI 53706. Email: mamcgill@wisc.edu

Chromatin remodeling plays a crucial role in gene regulation and ex-
pression. Therefore, we hypothesize that disruption of chromatin-associ-
ated genes that function either to regulate nucleosome spacing or to main-
tain a ‘silent’ state of transcription will increase transformation frequency
in maize. The maize chromatin-associated gene SGB101 is the probable
maize ortholog of yeast ARD1, an N-terminal acetyltransferase required
for telomere and mating-loci silencing. The maize chromatin gene
HON102 encodes a linker histone protein within the Histone H1 homol-
ogy group. In our study, RNAi-inducing inverted-repeat (IR) constructs
targeting the maize chromatin-associated genes SGB101 and HON102
were bombarded in individual, replicated experiments along with the
empty vector control, pMCG161, and the stable transformation efficiency
was measured. The average stable transformation rate for the IR construct
targeting SGB101 was 9.0%, and was statistically significantly higher
than the pMCG161 control efficiency of 4.3% over 12 independent, rep-
licated experiments. Similarly, the average stable transformation rate for
the IR construct targeting HON102 was 6.9%, and was also statistically
significantly higher than the average transformation rate of 3.9% for
pMCG161 over 9 independent, replicated experiments. Maize RNA-si-
lenced SGB101 and HON102 T2 lines are currently being re-transformed
with a control vector and stable transformation efficiencies compared be-
tween sibling ‘null’ and RNA-silenced embryos. Methylation status of
repetitive sequences in both the individual RNA-silenced T0 lines and
pMCG161 T0 lines will be presented. Our current interpretation is that
RNAi-induced silencing of chromatin-associated genes increase transfor-
mation frequency through a repression of transcriptional gene silencing
(TGS).

P-1001
Stable Transformation of Taxus. HELENA MATHEWS, Nikolaus Math-
eis, Fira Negru, Karin Connors, Vaka Reddy, Al Lammers, Debra Schus-
ter, Mylavarapu Venkatramesh, and D. Ry Wagner. Email: hmathews@
exelixis.com

Paclitaxel (Taxolt), a complex diterpenoid derived from Taxus species
has stimulated intense research during the past two decades due to its
antitumor activity and more recently due to potential additional therapeu-
tic uses. In order to provide reliable, high quality preparations of pacli-
taxel and other taxanes we have turned to Taxus cell culture as a pro-
duction method for these compounds. As a part of our research and de-
velopment program we have undertaken the metabolic engineering of the
paclitaxel biosynthetic pathway. While significant progress has been
made in understanding the biochemical pathways for taxanes biosynthe-
sis, no routine transformation protocol of Taxus cells is currently avail-
able. In this presentation we will report a successful, stable transformation
system for Taxus in which we have achieved up to 10% transformation
efficiency in experiments to date.

P-1002
A Novel Shoot Organogenesis and Transformation System for Nicotiana ob-
tusifolia Accession PI 555573. BAOCHUN LI, Willa (Qingwei) Huang, and
Hui Qiu. Kentucky Tobacco Research and Development Center, University of
Kentucky, Lexington, KY 40546-0236. Email:bli2@uky.edu

N. obtusifolia accession PI 555573 is of important interest for PMP-oriented
plant variety development since it is resistant to P. tabacina, the causal agent
of the major tobacco disease blue mold, in a hypersensitive fashion. There is
a tremendous interest to study this plant using modern genomics tools. To this
end, an efficient regeneration and transformation system will be very bene-
ficial. However, N. obtusifolia accession PI 555573 is not responsive to tissue
culture using its leaf pieces as explants, a common practice for tobacco shoot
organogenesis and transformation. We have identified the immature seeds
from N. obtusifolia accession PI 555573 to be highly responsive for shoot
organogenesis. About 48% of the immature seeds produced shoots or calluses
four weeks after they were incubated on a shoot induction medium; approx-
imately 88% of those responsive produced shoots with an average number of
about 15 shoots after they were subcultured onto the same shoot induction
medium for an additional four weeks. An Agrobacterium-mediated transfor-
mation system using this shoot organogenesis method plus an infection by A.
tumefaciens strain GV3850 carrying binary vector pKM24G that harbors an
nptII gene and a gusA gene has also been developed. Approximately 41 pu-
tative events have been recovered and grown in the greenhouse for T1 seed
production. T1 seeds from 34 events have been collected, and assayed for
kanamycine resistance by germinating them on a kanamycine-containing me-
dium. Kanamycine resistance was able to be transmitted to the T1 progeny
in 32 events, and was transmitted in a Mendelian 3:1 ratio in 8 of the 32
events. The kanamycine resistant T1 seedlings were also found to be gusA
positive by histochemical assays. We are now in the process of performing
Southern hybridization on the genomic DNA from those T1 plants to char-
acterize transgene integration.

P-1003
Selecting Disease Resistant Transgenic Grapevine for Field Tests. D. J.
GRAY, Z. T. Li, S. A. Dhekney, M. Dutt, M. Van Aman, J. Tattersall,
and K. T. Kelley. University of Florida/IFAS, Mid-Florida Research and
Education Center, 2725 Binion Road, Apopka, FL 32703-8504. Email:
djg@ufl.edu

In preparation for field tests of transgenic grapevine, greenhouse screen-
ing was conducted to identify and evaluate a lytic peptide (LIMA-1) gene
that rendered transgenic plants resistant to the xylem-limited bacterium
Xylella fastidiosa, which causes Pierce’s disease (PD). Concurrently, an
endogenous thaumatin-like protein (VVTL-1) gene was re-engineered for
constitutive expression and transgenic lines selected for resistance to the
foliar fungus Uncinula necator, which incites powdery mildew disease.
Transgenic plants of Vitis cultivars ‘Merlot’, ‘Seyval Blanc’ and ‘Thomp-
son Seedless’ and rootstocks ‘Freedom’ and ‘Tampa’ expressing LIMA-
1 are now being screened for PD resistance. ‘Merlot’, ‘Seyval Blanc’ and
‘Thompson Seedless’ containing VVTL-1 are being screened for powdery
mildew resistance. The commonly-adopted practice of grafting grapevine
scions to rootstocks presents unique opportunities to simultaneously eval-
uate several transgenes and/or control unwanted gene flow. For example,
novel biologically active peptides produced by a transgenic rootstock may
be carried in xylem sap through a graft union to protect a non-transgenic
scion from diseases. Possible composition of a transgenic grapevine field
test include the following: 1) PD resistant transgenic rootstock grafted to
various non-transgenic scions, which would contain gene flow, 2) PD
resistant rootstock grafted to powdery mildew resistant scion, which
would allow gene flow of VVTL-1 (limited to pollen for ‘Thompson
Seedless’) but test the concept of resistance to multiple pathogens via
grafting, 3) Non-grafted transgenic and non-transgenic plants to serve as
controls.
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P-1004
The Immunodominant Allergen Ara h2 Is Silenced In Transgenic Peanut Via
The RNA Interference (RNAi) Strategy. K. N. KONAN1, O. M. Viquez2, and
H. W. Dodo1. 1Alabama A&M University, Department of Food and Animal
Sciences, Food Biotechnology Laboratory, Normal AL, 35762; and 2Vander-
bilt University Department of Pathology, C3322-MCN, Nashville, TN 37232.
Email: koffi.konan@email.aamu.edu; hortense.dodo@email.aamu.edu

RATIONALE: Allergy to peanut is a growing health problem worldwide. It
is an IgE mediated hypersensitivity reaction, and the most deadly of food
allergies. Yet to date, there is no effective treatment. A transgenic peanut with
a significant reduction or total elimination in allergen content would consid-
erably reduce the incidence of allergic reactions in peanut sensitive individ-
uals. The objective of this study was to downregulate and/or silence Ara h2,
the most immunodominant allergen from peanut using the RNAi strategy.
METHODS: Peanut hypocotyls were infected with Agrobacterium tumefa-
ciens harboring an Ara h2-specific inverted repeat transgene separated by a
pkd intron sequence. Southern blots were performed to determine the presence
and integration of this transgene in the genome of regenerated plants, and
Western blots were performed using an Ara h2 monoclonal antibody to spe-
cifically detect the presence or absence of the Ara h2 protein. RESULTS: A
total of 51 plants were kanamycin-resistant following transformation. Their
phenotype and growth rate were comparable to the control plants. Southern
analysis revealed 35 out of 51 plants stably integrated the Ara h2 inverted
repeat transgene. Western blot revealed 2 transgenic lines with total elimi-
nation of the Ara h2 protein doublet band of about ; 20 kDa, and 3 other
transgenic lines with a reduction in the Ara h2 protein content as compared
to the control non transgenic. CONCLUSIONS: The immunodominant pea-
nut allergen Ara h2 expression was successfully down-regulated and silenced
by RNAi. These data provide proof of concept and support the feasibility of
the production of hypoallergenic/allergen-free peanut using the RNAi strategy.

P-1005
Antibiotic Marker Free Approach for Obtaining Salt Stress Tolerant Vigna
mungo (blackgram). N. B. SARIN1, P. Bhomkar1, C. P. Upadhyay1, S.
Deb Roy1, R. Rajwanshi1, A. Muthusamy1, M. Saxena1, N. Shiva Prak-
ash1, M. Pooggin2 and T. Hohn2. 1School of Life Sciences, Jawaharlal
Nehru University, New Delhi-110067, INDIA; and 2Botanical Institute,
University of Basel, SWITZERLAND. Email: ceracon@vsnl.com,
hohn@fmi.ch

The production of pulses is facing a number of constraints due to soil
salinity, poor soil fertility and moisture retention capacity of marginal
and submarginal soils. Blackgram [Vigna mungo (L.) Hepper] is an im-
portant pulse of India providing a rich source of dietary protein to the
largely vegetarian population. Adverse biotic and abiotic stresses limit
the yield of Vigna mungo. Because of a narrow genetic base in the pure-
line selection and limited natural variation for abiotic stress tolerance, a
viable option is to genetically engineer blackgram for abiotic stress tol-
erance. In this investigation, the candidate gene was the Glyoxalase-1
(Gly1), the over-expression of which has earlier been shown to impart
salt, drought and heavy metal stress tolerance in a model plant. For an-
tibiotic marker free approach, a novel construct, pnptlox1csm-Gly1, in
which the Gly1 gene is driven by the constitutive promoter, Cestrum
(csm) viral and the selection marker (kanamycin) gene is flanked by lox
sites, allowing its removal by the lox-sequence specifice cre-recombinase,
has been used. Transgenics of V.mungo have been developed, in which
the Southern analysis showed single copy insertion of the Gly1 trans-
gene.The transgenic plants showed higher salt and methylglyoxal toler-
ance as compared to the controls under laboratory conditions. Experi-
ments are continuing to assess the efficacy of this system under contained
glass-house conditions.

P-1006
In Vitro Production of Turmeric (Curcuma longa L.) Microrhizomes as
a Potential Source for Secondary Metabolites. MATTHEW COUSINS1,
Jeffrey Adelberg1, Feng Chen2, and James Rieck3. 1Dept. of Horticulture,
Clemson University, Clemson, SC 29634; 2Dept. of Food Science and
Human Nutrition, Clemson University, Clemson, SC 29634; and 3Dept.
of Experimental Statistics, Clemson University, Clemson, SC 29634.
Email: jadlbrg@clemson.edu

Production of phytochemicals through the use of cell, callus, and hairy-
root culture has been studied significantly in the past. In this study, mi-
crorhizomes of turmeric (Curcuma longa L.) plantlets were developed in
vitro in large (6-liter) Liquid Lab vessels. Fresh and dried microrhizomes
were processed from four clonal accessions. Methanolic, soxhlet derived
extracts were assayed as to their ability to scavenge the DPPH radical
and chelate ferrous iron to determine their antioxidant potentials. Paired
comparisons were made between extracts of fresh and dried tissue within
clones. EC50s of tissue extracts were compared with extracts from com-
mercially produced store bought powdered turmeric. Fresh tissue extracts
were significantly more potent than extracts from store bought turmeric
powder in all cases for both assays. In the DPPH assay, tissue drying led
to a significant decrease in potency in all clones. The effect of tissue
drying on ferrous iron chelating ability of extracts was clone specific.
DPPH scavenging effects of dried tissue were usually of similar intensity
to store bought powders with only one clone showing a significant dif-
ference in potency. Extracts from recently dried tissue were significantly
more potent than extracts from store bought turmeric powder with regard
to the iron chelation assay. Commercial harvest, curing, processing, and
storage methods may have negative effects on the antioxidants present in
rhizomes of turmeric although genotypic selection can minimize this ef-
fect. This research presents an alternative method to acquire quality-as-
sured, pest-free plant material on a schedule irrespective of uncertainty
associated with international outsource of seasonal, agricultural products.

P-1007
Castor Seed Development and Storage Lipid Biosynthesis. GRACE Q.
CHEN1, Yeh-Jin Ahn, and Louisa Vang. US Department of Agriculture,
Agricultural Research Service, Western Regional Research Center, 800
Buchanan Street, Albany, CA 94710 Email: QHGC@pw.usda.gov

Castor seed (Ricinus communis L.) produces an oil at 60% of seed dry
weight, and its fatty acid composition consists of 90% ricinoleate (12-
hydroxy-oleate). Because of the presence of the hydroxy group, the fatty
acid has physical and chemical properties that make it desirable for many
industrial uses, including lubricants, coatings, plastics, and fungicides.
However, castor seed contains toxin ricin and hyper-allergenic 2S albu-
mins detrimental to castor grower and processor. Thus, considerable effort
has been directed toward the understanding of the mechanisms of rici-
noleate biosynthesis and transgenic production of ricinoleate from tem-
perate oilseed plants. To explore the control points contributing to the
ricinoleate accumulation, a series of seed development studies including
morphogenesis, fatty acids accumulation and expression profiles of lipid
genes involved in castor oil biosynthesis have been conducted. By using
quantitative real time polymerase chain reaction analysis, the transcripts
levels for 14 lipid genes at various stages of seed development have been
determined. The lipid genes displayed various temporal patterns and had
maximum induction ranging from 2 fold to 43,000 fold. Furthermore,
gene expression clustering analysis using a computer software revealed
that the expression pattern of the lipid genes fell into five distinct clusters.
These expression-profiling data provides insight into the regulatory net-
works that coordinate the global response to seed developmental pro-
grams and lead to castor oil synthesis.
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P-1008
Production of Biologically-active Acidothermus cellulolyticus endo-1, 4-b-glucanase (E1) En-
zyme in Transgenic Rice Plants for Alcohol Fuels and Cleaner Environment. HESHAM OR-
ABY1, Balan Venkatesh2, Bruce Dale2, Rashid Ahmad1, Callista Ransom1, James Oehmke3, and
Mariam Sticklen1. 1Department of Crop and Soil Sciences, Michigan State University, East
Lansing, MI 48824; 2Department of Chemical Engineering and Material Sciences, MichiganState
University, East Lansing, MI 48824; and 3Department of Agriculture Economics, Michigan State
University, East Lansing, MI 48824. Email: orabyhes@msu.edu

A great deal of efforts has been exerted towards improving ethanol yield and reducing its
production costs. A vision to enhance U.S. economic security has set a target of using plant-
derived materials to meet 10% of chemical feedstock demand by 2020—a fivefold increase.
The vast majority of ethanol has been produced from maize seeds. The cheap availability of
lignocellulosic biomass, the less greenhouse effect and the large quantity of ethanol that could
be produced from cellulose compared to maize seeds might have the potential to make the cost
of ethanol competitive with the cost of gasoline. For ethanol to be produced from plant biomass
sources, enzymatic hydrolysis of cellulose to fermentable sugars is employed. These enzymes
are still expensively produced in large-scale microbial fermentation tanks. A cost reduction
might be achieved by producing biomass crops that can sustainably and actively self-produce
the desired hydrolysis enzymes. While rice seed is the useful portion of this crop, its remaining
biomass has limited use. Traditionally, farmers throughout the world burn rice fields after har-
vest. Burning is inexpensive and mitigates against rice diseases. However, the increased levels
of smoke give rise to health concerns such as increased incidence of asthma. These concerns,
for example, gave rise to California legislation that limits rice straw burning to its minimum in
2001. Therefore, rice could be recommended for use as a viable bio-based energy crop. The
aim of this study was to develop transgenic rice plants that produce a high amount of active
microbial (Acidothermus cellulolyticus) endoglucanase (E1) and test the enzymatic activity in
the cellulose to glucose conversion. The Agrobacterium strain LBA4404 was used to transform
mature seed derived calli of the rice cv. Taipei 309 to transfer a plasmid construct containing
the e1 gene designed for apoplast-targeting of the E1 enzyme, beta-glucuronidase (uidA; gus)
and the bar herbicide resistance selectable marker genes. Molecular analyses of T1 plants con-
firmed presence and expression of the transgene. The amount of E1 enzyme extracted from T1
plants accounted for up to 4.9% of the plant total soluble proteins, and its accumulation had no
apparent deleterious effects on plant growth and development. Approximately 22 and 30% of
the cellulose in the Ammonia Fiber Explosion (AFEX)-pretreated rice and maize biomass re-
spectively was converted into glucose using rice E1 heterologous enzyme. As rice is the major
crop of the world with minimal use for its straw, the results may suggest an economically
successful strategy for producing biologically active hydrolysis enzymes in rice for alcohol fuel
while substituting the wasteful practice of rice straw burning with an environmentally conscious
technology.

P-1009
High-yields and Extended Serum Half-life of Therapeutic Proteins Ex-
pressed as Fusion Glycoproteins in Tobacco Cells. J. F. XU, S. Okada,
K. J. Goodrum, J. J. Kopchick and M. J. Kieliszewski. Department of
Chemistry and Biochemistry, Ohio University, 350 W. State St., Athens,
OH 45701. Email: xuj@ohio.edu

Therapeutic proteins like human interferon a (IFNa) and human growth
hormone (hGH) generally possess short serum half-lives due to their sus-
ceptibility to serum proteases and small size, hence rapid renal clearance.
Chemical derivatization, such as addition of polyethylene glycol groups,
overcomes these problems but does so at the expense of bioactivity,
which is often greatly decreased. Here we describe a new method that
yields biologically potent IFNa2 and hGH in high yield and with in-
creased serum half-life when expressed as arabinogalactan-protein (AGP)
fusions in cultured tobacco cells. We designed synthetic genes encoding
a secretion signal peptide, IFNa2 or hGH and 2, 10 or 20 Ser-Pro repeats
at the C-terminus of the transgenic fusion proteins. As predicted by the
Hyp-Contiguous Hypothesis, the proline residues in the Ser-Pro repeats
were all hydroxylated and subsequently arabinogalactosylated. The se-
creted fusion glycoproteins gave 500–1800 fold greater secreted yields
than the corresponding non-glycosylated IFNa or hGH controls. Impor-
tantly, an increased in vivo serum half-life of up to 13 fold was observed
for the fusion glycoproteins, and their biological activity was similar to
native IFNa2 and hGH. Thus, the use of arabinogalactan glycomodules
may provide a general approach to the enhanced production of therapeutic
proteins by plants.

P-1010
Plant Transformation and Horizontal Gene Flow of a Plant ABC Trans-
porter Gene. C. N. STEWART, JR., R. J. Millwood, J. S. Davis, K. P.
Burris, A. Mentewab, and J. N. Burris. Department of Plant Sciences,
University of Tennessee, Knoxville, TN 37996. Email:nealste-
wart@utk.edu

Recently the arabidopsis ABC transporter WBC19 was described to be
an effective kanamycin selectable marker in tobacco. ABC transporters
are membrane-spanning proteins involved in the active transport of sub-
strates across membranes. The putative subcellular target for WBC19 is
the tonoplast as kanamycin is shunted into the central vacuole. Through
collaborations WBC19 is being tested for efficacy in different plant spe-
cies. We have produced transgenic canola and have compared the efficacy
against the bacterial NPTII gene. In both tobacco and canola, WBC19
seems to be a viable NPTII substitute. One biosafety issue with the NPTII
gene and other bacterial resistance genes is the potential threat of hori-
zontal transfer back to bacteria from transgenic plants in the environment,
which might create new antibiotic resistance problems. While this threat
has not proven to be real, there remains public and regulatory concerns,
especially in Europe. To that end, we tested a horizontal transfer scenario
by subcloning WBC19 under the control of a bacterial promoter and
transforming it into bacteria to test for kanamycin resistance. Even though
bacteria harbored the construct in a plasmid, no kanamycin resistance
was conferred to the bacterial host, which is consistent with the subcel-
lular target being the tonoplast. Since bactera have no central vacuole, it
apparently is mistargeted in bacterial cells. It might be that plant-derived
transgenes could be as effective and less controversial than transgenes
from other organisms in certain cases.

P-1011
Quantitative Multiplex Real-time PCR as a Screening Tool for Estimating
Transgene Copy Number in Transgenic Citrus. A. A. OMAR, M. G. H. Dek-
kers, J. H. Graham, and J. W. Grosser. University of Florida, IFAS, CREC,
700 Experiment Station Road, Lake Alfred, Fl 33850. Email: omar71@ufl.edu

Quantitative real-time PCR (RT-PCR) was adapted to estimate transgene copy
number in transgenic citrus plants. This task is normally achieved by Southern
analysis, a procedure that requires relatively large amount of plant material
and is both costly and labor-intensive. ‘Hamlin’ sweet orange (Citrus sinensis
(L.) Osbeck) transgenic plants were generated using protoplast/GFP transfor-
mation system. These transgenic materials represented a range of copy num-
ber. The standard curve is the key element for the quantitative assay: since it
is based on the standard DNA used, the choice and the preparation of this
DNA is extremely important. One of the proposed methods to prepare the
standard DNA consists of mixing plant DNA with a plasmid carrying the
transgene (Ingham et al., 2001). This procedure, however, introduces several
sources of error that cannot be controlled: previous absolute quantification of
both plant and plasmid DNA is necessary, together with precise knowledge
of the nuclear genome size of the plant species to be assayed. Unfortunately
for most plants, only approximate estimates are available. All these problems
were by-passed by simply taking the DNA of one transgenic line and using
its dilutions to construct the standard curve. From the standard DNA stock
solution, accurate four-fold serial dilutions were prepared and utilized to ob-
tain the standard curves necessary for relative quantification of an endogenous
gene and transgene. Estimated copy number in the plants using RT-PCR was
correlated with the actual copy number found with Southern blot analysis.
The results indicated that there was a significant correlation between the two
methods. Thus, RT-PCR can provide an efficient means of estimating copy
number in transgenic citrus.
Ingham, D.J., Beer, S., Money, S. and Hansen, G. (2001). Quantitative real-
time PCR assay for determining transgene copy number in transformed plants.
Biotechniques 31, 132–134, 136–140.
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P-1012
Abstract has been withdrawn

P-1013
Medium-term In Vitro Storage of Pear (Pyrus L.) Germplasm. B. M.
REED. USDA-ARS, National Clonal Germplasm Repository, 33447 Pe-
oria Rd, Corvallis, OR 97333–2521. Email: corbr@ars-grin.gov

The United States Department of Agriculture, Agricultural Research Ser-
vice National Clonal Germplasm Repository (NCGR) at Corvallis,
Oregon, preserves genetic resources for pears (Pyrus L.). More than 1800
clones and more than 300 seed accessions in 26 Pyrus species are main-
tained in this genebank. The main collections are held as trees in the
field. The backup collection includes about 200 in vitro and more than
100 cryopreserved accessions. The in vitro collection is stored at a con-
stant 48C with 12 h of low light following one week of cold acclimation.
Data on plant health and length of storage was taken for Pyrus accessions
stored at NCGR from 2001 to 2005. Multiple storage cycles were eval-
uated for 66 accessions and a single cycle for 187 accessions. The mean
storage time for 253 Pyrus accessions was 30.4 6 12 mo. Many acces-
sions varied with storage cycle, probably due to medium preparation or
handling of shoots. Among the European pear (P. communis) accessions,
five wild collected accessions stored for an average of 26 6 2.4 mo,
seven clones of ‘Bartlett’ pear for 3.5 years (42.7 6 12.5 mo), four clones
of ‘Doyenne du Comice’ for 19.8 6 9.9 mo, and eight ‘Old Home x
Farmingdale’ clones averaged more than 4 years (50 6 13 mo) in cold
storage. Pear species stored very well under standard conditions. Six P.
amygdaliformis accessions averaged 38.76 11 mo, eight P. calleryana
36.7 6 5 mo, and three accessions each of P. cordata 44.6 6 10 and P.
cossonii 33.76 15.5 mo. The longest storing accession was P. gharbiana
No. 4 which remained in storage for over 8 years before requiring repro-
pagation. A few cultivars consistently stored for short times, but no par-
ticular trends were observed. Storage at 48 C with a photoperiod appears
to be excellent for most Pyrus germplasm.

P-1014
Indirect Shoot Organogenesis from Leaves of Dieffenbachia: A Method
to Produce Somaclonal Variants. X. SHEN, M. E. Kane and J. Chen.
Environmental Horticulture Department, University of Florida, P.O. Box
110675 Gainesville, FL 32611. Email: xis300@ufl.edu

Dieffenbachia, one of the most popular ornamental foliage plants in the
United States, continuously ranks in the top ten for annual wholesale
value. Market demand for new cultivars with novel features put a high
demand on the breeding of Dieffenbachia. Selection of somaclonal var-
iants produced in vitro can be an efficient approach for new cultivar
development. A novel protocol for indirect shoot organogenesis was de-
termined for four Dieffenbachia cultivars using leaf explants excised from
in vitro shoot cultures. For callus induction, leaf blade explants, 5 3 5
mm2, were cultured on MS medium supplemented with TDZ at 0, 1, 5,
or 10 mM and 2,4-D at 0, 0.5 or 1 mM. For subsequent shoot formation,
callus clumps were transferred to MS basal medium supplemented with
2-iP at 0, 20, 40 or 80 mM and IAA at 0 or 2 mM using cv. ‘Camouflage’.
Optimal callus induction was obtained on MS medium containing 1 mM
2,4-D and 5 mM TDZ for all cultivars tested. A significant effect of
cultivar on callus formation and subsequent shoot differentiation was ob-
served. Nodular callus production was induced from ‘Camouflage’ and
‘Camille’ leaf explants, whereas compact and friable calli were produced
from ‘Octopus’ and ‘StarBright’. The frequency of callus formation was
96 % for ‘Camouflage’, 62 % for ‘Camille’, 66 % for ‘Octopus’ and
52 % for ‘StarBright’, but no shoot organogenesis was observed on ‘Oc-
topus’ calli. The maximum shoots regenerated per callus (7.9) was ob-
tained in ‘Camouflage’ after 16 weeks from calli cultured on MS medium
with 40 mM 2 iP and 2 mM IAA. Ex vitro survival of in vitro regenerated
plantlets was 100 %. Significant phenotypic variation in leaf variegation
was observed and is being evaluated.

P-1015
Micropropagation of Calopogon tuberosus, a Native Terrestrial Orchid, by
Shoot Production from Corm Explants. P. J. KAUTH, W. A. Vendrame, and
M. E. Kane. Environmental Horticulture Department, University of Florida,
PO Box 110675, Gainesville, FL 32611. Email: pkauth@ufl.edu

In the United States native orchids have recently become popular landscape
plants within a small group of enthusiasts and hobbyists. Production of native
orchids by in vitro seed culture is centralized among hobby nurseries and
growers. A major obstacle to market advancement of native orchids is the
availability of plants, as well as the extensive growth and flowering period of
many native orchids. Micropropagation may provide a system to clonally
propagate native orchids on a large-scale or more efficient basis than in vitro
seed culture. No published protocols exist for successful micropropagation of
native terrestrial orchids. Previous experiments by the authors have shown
that Calopogon tuberosus may be a model native orchid to establish an op-
timum micropropagation system. Three in vitro derived corm explants divided
into top, middle, and bottom sections were cultured on 1/2 MS supplemented
with 3% sucrose and 0.8% TC agar. Three cytokinins (BA, TDZ, 2iP) at two
concentrations (1 and 5 mM) were screened for shoot production. PhytoTech
Culture Boxes with 100 ml medium were used as culture vessels with 8
replications per treatment with nine total explants per replication. After 4
weeks culture, explants were subcultured to corresponding medium supple-
mented with 0.1% charcoal to reduce phenolic browning of tissues. Shoot
number was recorded weekly for 8 weeks, and leaf number and length, root
number and length, corm diameter, fresh weight, and dry weight was recorded
after 16 weeks culture. The highest number of shoots was observed on 5 mM
BA derived from the bottom corm explant. In all shoot growth parameters,
those on both 1 and 5 mM BA proved to be significantly higher than most
other treatments. Additional experiments involving corm explants to deter-
mine optimum conditions for shoot induction will be discussed.



Plant Contributed Papers

24-AIn Vitro Biology Meeting Abstracts

P-1016
Comparative In Vitro Shoot Multiplication, Rooting and Ex Vitro Accli-
matization of Sea Oats (Uniola paniculata L.) Genotypes. M. E. KANE,
N. L. Philman, P. Kauth, X. Shen, P. Sleszynski, S. Stewart, and C. Valero
Aracama. Environmental Horticulture Department, P.O. Box 110675, Uni-
versity of Florida, Gainesville, FL 32611–0675. Email: kane@ifas.ufl.edu

Coastal dunes serve as a natural barrier against the destructive forces of
hurricanes and storms but are continually being eroded. Dune stabiliza-
tion is usually accomplished by planting native dune species, such as sea
oats (Uniola paniculata L.). Sea oats are propagated by seed; however,
frequent hurricane damage to donor populations has significantly limited
seed availability. A complete sea oats micropropagation protocol was
developed to complement seed propagation. To maintain genetic diver-
sity, the protocol must be applicable to the production of numerous sea
oats genotypes. The in vitro and early ex vitro growth performance of
fifteen RAPDs differentiated sea oats genotypes from four Florida pop-
ulations were evaluated. Shoot explants were cultured for 4 wks on MS
mineral salts, 87.6 mM sucrose, 0.56 mM myo-inositol,1.2 mM thiamine-
HCL supplemented with 2.2 mM BA and solidified with 0.8% TC agar.
Genotypes exhibited significant differences in Stage II shoot and leaf
production, morphology and biomass. Microcuttings cultured on 1/2-
strength MS mineral salts supplemented with 87.6 mM sucrose, 0.56 mM
myo-inositol, 1.2 mM thiamine-HCL, 10 mM 6-naphthalene acetic acid
and solidified with 0.8% TC agar exhibited high rooting (84–100%) with
10 of 15 genotypes rooting 100%. Genotype had a significant effect on
Stage III microcutting root number and biomass as well as root:shoot
ratios. Ex vitro survival (30–93%), shoot production, leaf number and
width and plant height varied significantly between genotypes. Although
Stage III rooting percentages were very high, 40% of the genotypes ex-
hibited less than 50% ex vitro survival. A genotype dependent negative
carry-over effect of in vitro culture on ex vitro survival is suggested.

P-1017
In Vitro Regeneration of Periwinkle. ANDREA SWANBERG and Wenhao
Dai. Department of Plant Sciences, North Dakota State University, Fargo, ND
58105. Email: wenhao.dai@ndsu.edu

Periwinkle (Catharanthus roseus) is a common bedding and landscaping
plant. It is a natural host of phytoplasma pathogens which cause diseases in
more than 300 higher plant species, such as X-disease, aster yellows, and ash
yellows. Therefore, periwinkle is an ideal experimental plant species for study
of phytoplasma disease, including plant resistance and host/pathogen inter-
action. Tissue cultures of three periwinkle cultivars (‘Pacific Coral’, ‘Sun-
storm Rose’, and ‘Sunstorm Apricot’, Syngenta Seeds, Inc., Downers Grove,
IL) were established by incubation of sterile seeds in Murashige and Skoog
(MS) medium. In vitro plants were proliferated from nodal explants in MS
medium supplemented with 2.5 mM benzyladenine (BA). To elongate in vitro
shoots, 1.0 mM gibberellic acid (GA3) was added into proliferation medium.
All cultures were maintained at 25 8C under cool-white fluorescent light with
a 16-hr photoperiod and subcultured every 4 weeks. Adventitious shoots were
regenerated from both leaf segments and internodes when incubated on
Woody Plant Media (WPM) containing various concentrations of BA and
naphthalene acetic acid (NAA). The effect of genotype, explant, plant growth
regulator (PGR) on in vitro regeneration of periwinkle was investigated. More
shoots produced from internodal explants than from leaf explants. Internodal
explants of ‘Pacific Coral’ regenerated a mean of 4.9 shoots in the medium
with 5 mM NAA and 5 mM BA, while ‘Sunstorm Rose’ produced a mean
of 4.7 shoots in the medium with 10 mM NAA and 20 mM BA. ‘Sunstorm
Apricot’ failed to regenerate shoots in all treatments. Microcuttings were in
vitro rooted in half strength MS medium with 0, 0.5 and 5 mM NAA. The
treatment with 5 mM NAA had 100% rooting rate and produced more than
10 roots per explant. Rooted plants were transferred to flats filled with Sun-
shine Mix #1 (Sun Gro Horticulture Canada, LTD,Seba Beach, AB, Canada)
and covered with clear plastic tops. The covers were gradually removed in a
3-week period. Surviving plants were potted into Sunshine Mix #1 and grown
in the greenhouse.

P-1018
Comparison of Different Callus and Plant Regeneration from Different
Explants in Triploid and Tetraploid Turf-type Bermudagrasses. SONG
ZHANG1, Wayne Hanna1, and Peggy Ozias-Akins2. 1Department of Crop
and Soil Science, Coastal Plain Experiment Station, University of Geor-
gia, GA 31793 and 2Department of Horticulture, Coastal Plain Experi-
ment Station, University of Georgia, GA 31793. Email: szhang@uga.edu

The turf-type bermudagrasses are recalcitrant in tissue culture. The com-
plicated genetic backgrounds make the tissue culture and plant regener-
ation even more difficult. In this experiment, young inflorescence, nodes
and mature embryos were used as explants to induce callus in triploid
TifSport, TifEagle, 97-4 and tetraploid 93-132, 93-135, 93-156 and 93-
157 on MS medium supplemented with 2,4-D 1–1.5 mg/l 1 BA 0.01
mg/l 1 proline 1.16 g/l. There were 4 types of callus observed in callus
induction and subculture. Type I was fluffy, soft, and white non-embryo-
genic callus, commonly observed in all cultures. Type II was globular,
transparent, and hard, but sticky callus, which was pre-embryogenic and
could be selected for subculture. Type III callus was transparent compact
embryogenic and Type IV callus was white opaque and compact. Both
Type III and Type IV calluses were embryogenic and regenerative. Em-
bryogenesis was observed in TifEagle and 93-132. Shoots were regen-
erated from compact calluses in TifEagle, 93-132 and TifSport on MS
medium with 2,4-D 0.1 mg/l 1 BA 0.5–1.0 mg/l.

P-1019
The HBK3 Homeobox of Knox Gene is Responsible for Developmental
Control and Shoot Apical Meristem Determination in Maturing Somatic
Embryos of Picea abies. M. F. BELMONTE, M. Tahir, and C. Stasolla.
Department of Plant Science, University of Manitoba, Winnipeg Mani-
toba R3T 2N2, CANADA. Email: stasolla@ms.umanitoba.ca

Plant homeobox genes have been shown to orchestrate many develop-
mental processes including shoot apical meristem development. The class
I homeobox of knox gene, HBK3, has been previously isolated from the
conifer Picea abies (L.) Karst (Norway spruce). In the present study, the
HBK3 gene was used to assess the function of the shoot apical meristem
during somatic embryogenesis of Norway spruce. Production of both
over-expressing and antisense somatic embryo lines carrying the HBK3
gene was examined and verified using PCR and Northern blot analysis.
Somatic lines over-expressing the HBK3 gene were shown to improve
the overall number of embryos produced in culture. These lines were also
able to convert more readily. This improved quality was a direct result
of a larger and structurally competent shoot apical meristem. In support
of this suggestion, we have found the HBK3 over-expressing line to tran-
sition into stably determined somatic embryos from their pro-embryo
mass form more readily then their antisense counterparts. When HBK3
is overexpressed in an Arabidopsis thaliana SHOOTMERISTEMLESS
(STM)—beta-glucuronidase (GUS) reporter line, the shoot apical meri-
stem of mature embryos also increases. We show further that HBK3
appeared to promote over-expression of STM outside of the central zone
of the shoot apical meristem and into the petiole of more mature plants
perhaps explaining the more severe and aberrant leaf phenotype. Taken
together, these results suggest a direct and positive role for HBK3 in the
determination and competence of the shoot apical meristem.



Plant Contributed Papers

25-AIn Vitro Biology Meeting Abstracts

P-1020
Mineral Nutrient Requirements for Regulating the Growth of Plant Tis-
sue. R. P. NIEDZ and T. J. EVENS. USDA-ARS-U.S. Horticultural Re-
search Laboratory, 2001 South Rock Road, Ft. Pierce, FL 34945-3030.
Email: rniedz@ushrl.ars.usda.gov

The mineral nutrient requirements of nonembryogenic citrus callus were
characterized by breaking the MS salts into the following five factors—
NH4NO3, KNO3, Ca-Mg-Cl-Mn-SO4-PO4, metals, and Fe-EDTA. A D-
optimal response surface experimental design where each factor was var-
ied over a range of concentrations was constructed. Callus was grown on
each treatment combination, fresh/dry weights and friability were mea-
sured, and each measured response analyzed by ANOVA. Callus growth
ranged from 31%–135% MS levels and the resulting polynomial model
had an R2 of 0.98 and a predictive R2 of 0.92. The model was validated
by generating predictions of salt combinations not included in the original
design but within the original experimental design space. The responses
of callus grown on these new salt combinations were then compared to
the predicted values. The implications of this approach in defining the
appropriate types and concentrations of mineral nutrients for in vitro re-
sponses, including the importance of mineral nutrition, the limitations of
traditional methods of defining mineral nutrient formulations, and what
it means to ‘‘optimize’’ in vitro responses will be discussed.


