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P-2000
Protoplast Fusion for Transferring Late Blight and Colorado Potato Beetle
Resistance Genes from Mexican Wild Solanum Species Into Cultivated Po-
tato. Q. CHEN, Y. Z. Shi, H. Y. Li, D. Beasley, D. Lynch, M. Goettel, and
L. Kawchuk. Agriculture and Agri-Food Canada, Lethbridge Research Centre,
PO Box 3000, Lethbridge, Alberta, T1J 4B1, Canada. E-mail: chenqi@agr.
gc.ca

Potato (Solanum tuberosum L.) is one of the most important food crops in
the world. Together late blight (Phytophthora infestans ) and Colorado potato
beetle (CPB) cause the most disastrous losses of potato crops. The develop-
ment of new potato cultivars with genetic resistance to these pests is a key
component for the management of late bight and CPB. Several Mexican wild
species, S. pinnatisectum, S. bulbocastanum, S. cardiophyllum and S. cha-
coense have been identified as useful sources of resistance to both pests.
However, cross breeding through conventional methods is not possible due to
sexual incompatibility barriers. In this study, somatic hybridization via pro-
toplast fusion was used to transfer the resistance from the four Mexican wild
species. An effective procedure for isolating large numbers of high quality
protoplasts was developed and used to isolate mesophyll protoplasts from the
Mexican species and 4x breeding clones. Protoplast fusion was conducted
using both PEG and electrofusion methods. Fused cells were cultured in VKM
medium with or without BSA and MS medium in the dark at 208C. Regen-
erated plants were obtained from all fusion combinations after 4 months of
culture. Morphological and cytological analyses demonstrated somatic hybrids
were successfully obtained from the combinations of S. tuberosum and three
Mexican species: S. pinnatisectum, S. cardiophyllum and S. chacoense. The
majority of regenerated plants had 72 to 96 chromosomes although some had
48 to 71 chromosomes. Late blight resistance is highly variable among the
fusion combinations. However, all somatic hybrids derived from the combi-
nation of S. tuberosum and an accession of S. pinnatisectum showed high
resistance to late blight. These results indicated that late blight resistance can
be transferred from S. pinnatisectum into tetraploid potato clones through
somatic hybridization. CBP testing and molecular analyses are in progress.

P-2001
Development and Evaluation of Transgenic Peanuts for Induced Resistance to
the Indian Peanut Clump Virus. KIRAN K. SHARMA, F. Waliyar, M. La-
vanya, and A. S. Reddy. Genetic Transformation Laboratory, International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru
502 324, Andhra Pradesh, India. E-mail: k.sharma@cgiar.org

Peanut or groundnut (Arachis hypogaea L.) is an economically important oil
and protein rich crop whose seeds contain about 48% oil and 25% protein
that has significant impact in the semi-arid tropics (SAT). Several biotic and
abiotic constraints affect the productivity of this crop that results in great
economical losses annually. The Indian peanut clump virus (IPCV) which is
soil-borne and seed-borne is transmitted by the fungus Polymyxa graminis is
very significant due to the non-availability of resistance sources in the avail-
able germplasm. We have developed efficient protocols for Agrobacterium
tumefaciens-mediated genetic transformation of peanut by using cotyledon
explants from mature seeds that can provide large numbers of independently
transformed lines. Over 50 transgenic lines of peanut were developed by using
either the coat protein (cp) or replicase (rep) genes of IPCV, and characterized
for gene integration and expression. Replicated field evaluations against IPCV
were carried out under controlled conditions during the rainy seasons of 2002
and 2003 by using 20 transgenic lines carrying single gene inserts (10 with
IPCVcp and 10 with IPCVrep) in a sick plot. The preliminary results of this
trial have provided very encouraging results where six lines (4 with IPCVcp
and 2 with IPCVrep) showed complete resistance to IPCV. The resistant plants
did not show any stunting or expression of any morphological symptoms on
the leaves where the virus titer declined with maturity in the resistant plants.
In the first ELISA test conducted three weeks after sowing, all the tested
plants showed the presence of IPCV while the subsequent three tests at 15
day intervals did not reveal any virus in these six lines, thus suggesting the
potential of capsid and replicase genes in the induction of resistance to IPCV.
Detailed results on the controlled field evaluation for virus resistance in peanut
and future strategies for their deployment in the developing countries of the
semi-arid tropics are discussed.

P-2002
Characterization of Cultivated Peanut (Arachis hypogaea L.) Transformed
with the N-gene of Tomato Spotted Wilt Virus. Y. CHU, H. Y. Yang1,
and P. Ozias-Akins. Department of Horticulture, University of Georgia,
Tifton Campus, Tifton, GA 31793 and 1Present address: Center for Ap-
plied Genetic Technologies, University of Georgia, Athens, GA 30602.
E-mail: ozias@tifton.uga.edu

Tomato spotted wilt virus (TSWV) causes millions of dollars in losses to
the peanut industry. Suppression of TSWV outbreaks with chemical con-
trol is not effective. In plants, post-transcriptional gene silencing has been
shown to antagonize viral infection. A 403 bp sequence from the trun-
cated nucleocapsid protein gene of TSWV has been bombarded into pea-
nut somatic embryos in three arrangements, i.e., sense only, antisense
only, and sense co-bombarded with antisense sequence. Both sense and
antisense sequences were each placed under the control of the actin 2
promoter from Arabidopsis. The presence of sense and antisense sequenc-
es in the progenies has been verified by PCR and southern blot analysis.
The number of N-gene insertions ranged from one up to 12 copies. RT-
PCR results indicated that the N-gene was transcribed in four lines PCR-
positive for only sense (2 lines) or antisense (2 lines) orientations and
was not transcribed in one line (sense only). One out of seven events that
were PCR-positive for the N-gene in both sense and antisense orientations
exhibited N-gene transcription in the majority of plants, suggesting that
gene silencing may have occurred in the other six lines. The resistance
of TSWV in these transgenic lines will be tested by mechanical inocu-
lation.

P-2003
Production of Disease Resistant Transgenic Pigeonpea. PRATHIBHA
DEVI1, K. K. Sharma2, S. Manoj Kumar1, and Suneetha Dayal2. 1Bio-
technology Laboratory, Department of Botany, Osmania University, Hy-
derabad, 500007, India and 2ICRISAT, Patancheru, Hyderabad, India. E-
mail: prathi56@hotmail.com

As part of the AP-Netherlands project on the production of disease re-
sistant transgenic pigeonpea, in vitro culture conditions for plantlet re-
generation from various pigeonpea (two cultivars) explants (cotyledonary
node and leaf) have been optimized. Efficient production of healthy mul-
tiple shoots from the cotyledonary node explants and the leaf explants
was achieved when cultured on MS medium supplemented with different
concentrations of phytohormones. The shoots could be successfully root-
ed on basal MS medium and transplanted to pots with 80% survival.
Optimal parameters for the genetic transformation of the pigeonpea ex-
plants by particle bombardment as well as the Agrobacterium-mediated
method have been standardized and obtained positive GUS Assay. Trans-
genic plantlets have been obtained by the transfer of the rice chitinase
gene gifted by the Kansas State University, USA (subcloned in
pRT99.GUS:RChit for particle bombardment and pCAMBIA 1302:RChit
for Agrobacterium-mediated method). T0 plantlets have been obtained at
the Department of Botany, O.U., albeit with a very low survival rate due
to the genotype specific problems related to hardening. However, T0, T1
and T2 transgenic plants have been obtained at ICRISAT and successfully
maintained in the glasshouse. Molecular analysis of the transgenics viz:
PCR and Southern blot hybridization have been completed and the trans-
genics characterized. Western Blot and Fungal Field Assay are in pro-
gress.
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P-2004
Transgenic Tomato Expressing an Arabidopsis Thionin (Thi2.1) Counter-
vails Phytopathogenic Attack and Bears Palatable Fruits. VENKATESH
PRASAD1, Li-Jen Liao2, Chiu-Ping Cheng1, Yuan-Li Chan1, Shiang-Chun
Liu3, Tsai-Hung Hsieh1, and Ming-Tsair Chan1. 1Institute of Bio-
Agricultural Sciences, Academia Sinica, Taipei, 11529, Taiwan, Republic
of China; 2Institute of Life Science, National Kaohsiung Normal Univer-
sity, Kaohsiung, Taiwan, 80264, Republic of China; and 3Institute of Bot-
any, Academia Sinica, Taipei, 115, Taiwan, Republic of China. E-mail:
prasadvenkatesan@hotmail.com

We engineered tomato (Lycopersicon esculentum) with an Arabidopsis
thionin (Thi2.1) with the prime directive of countervailing Ralstonia so-
lanacearum attack. Possibility of thionin toxicity in fruits was negated
by the use of a root-specific promoter (RB7) to drive the transgene. A
CaMV35S/Thi2.1 tomato plant served as a positive control. Stable inte-
gration and expression in the transgenic lines was confirmed by Southern
and northern hybridization. Constitutive and pathogen induced RB7/
Thi2.1 expression were detected in root and incidentally in leaves but not
in fruits. Measurable effects of the Thi2.1 expression were discernable in
transgenic lines exhibiting resistance when stringently challenged with R.
solanacearum and Fusarium oxysporum. Results are concordant with the
view that thionins are potent antimicrobial peptides against both fungal
and bacterial phytopathogens. The present investigation is another step
forward, demonstrating thionin practicality in crop plants, by adopting a
safe engineering strategy.

P-2005
Expression and Molecular Analysis of Oryza sativa ssp. Japonica cv. Nip-
ponabare for the Development of Dwarfism in Rice. A. NEILL1, C. Longo1,
H. Duong(1*), J. West(1*), B. Lebeau(1*), L. Thompson(1*), M. Neff2, J. Chandlee1,
H. Luo1, and A. Kausch1. 1University of Rhode Island, Kingston, RI 02881;
(1*)University of Rhode Island Undergraduate Internship in Biotechnology and
2Washington University, Saint Louis, MO 63130. E-mail: anei2432@mail.
uri.edu

In recent years, the advent of recombinant DNA-technology has begun to assign
specific functions to known genes which have been used for the production of
superior trait improvements in argonomically significant crops. Rice has been
estimated to feed half of the world‘s population, despite decreased yields due
to lodging. Although the Green Revolution offered an increase in yield by
introducing dwarf plants through hybridization, the physiology of rice restricted
it from such modifications. It has been previously shown in Arabidopsis and
tobacco that a plant expressing a mutant bas1 gene has shorter internodes and
increased root mass, which results in dwarf plants and increases in drought
tolerance respectively. In this study, we have introduced a mutant bas1 gene
into Oryza sativa ssp. Japonica cv. Nipponabare via Agrobacterium-mediated
transformation. Embryogenic rice callus was co-transfomed with two strains of
A. tumefacians, respectively containing the mutant bas1 vector and a hygro-
mycin resistance vector. Separate Ti plasmids were used to test transgene seg-
regation later in a breeding program. Putative transformants were analyzed by
PCR to establish co-transformation frequencies, and phenotypic analysis is cur-
rently being performed and will be presented in this poster. We aim to acquire
250 transformants, each resulting from a unique transformation event, which
express the desirable phenotype. Position effect of the bas1 gene gives rise to
a range of phenotypes that will be screened in this study and analyzed for their
effects on plant development. We expect to competitively inhibit brassinosteroid
function within the plant, thus shortening internodes and slowing growth. The
results of this project intend to have agronomic ramifications that will confer
desirable traits in rice with improved yields and drought tolerance through the
utilization of dwarfism in plants.

P-2006
Genetic Manipulation of Auxin and Ethylene to Alter the Growth and
Development of Populus. JOO YOUNG KIM1, Zong Ming Cheng1, and
Yi Li2. 1Department of Plant Sciences, University of Tennessee, Knox-
ville, TN 37996 and 2Department of Plant Sciences, University of Con-
necticut, Storrs, CT 06269. E-mail: jkim9@utk.edu

Populus species areone of the most important hardwood species for pulp-
wood and the other forest products, and have a great potential as biomass
energy crops. The major goal of this project is to develop strategies for
improving growth rate and productivity of wood through genetic trans-
formation. Since auxin stimulates xylogenesis and wood formation, auxin
biosynthetic gene (iaaM) was inserted in a hybrid aspen (P.x canescens
x P.grandidentata). Since elevated auxin can trigger overproduction of
ethylene which can cause reduction in plant growth, an ethylene inhibi-
tion gene (ACC deaminase gene) was also inserted along with the iaaM
gene. To reduce the undesirable aspects caused by constitutive promoter
on whole plant, vascular tissue specific promoter, GRP, was used to drive
the iaaM gene (GRP-iaaM). Fourteen transgenic aspen with GRP-iaaM
and thirteen transgenic aspen with GRP-iaaM-35S CaMV-ACC deami-
nase gene were confirmed by PCR and Southern blot. The change in
growth was compared with non-transgenic aspen, and many of transgenic
aspen showed faster growth than non-transgenic controls. To confirm that
the change in growth rates are due to altered auxin and ethylene produc-
tion, auxin and ethylene will be analyzed by GC-MS.

P-2007
Biocontainment of Genetically Modified Grasses for the Control of Transgene
Escape Using Male Sterility. C. LONGO1,2, Q. Luo1, K. Nelson1, H. Luo1,
and A. Kausch1,2. 1HybriGene Inc, West Kingston, RI 02892 and 2University
of Rhode Island, Kingston, RI 02881. E-mail: chipperdoo@msn.com

Trait improvement of turfgrass through genetic engineering is important to
the turfgrass industry and the environment. New genes can be introduced into
turf that confer desirable traits such as, drought and stress tolerance, insect
and pest resistance as well as environmental qualities such as phyto-remedi-
ation. However, The possibility for transgene escape to wild and non-trans-
formed species raises commercial and ecological concerns. Male sterility pro-
vides a method for the prevention of transgene escape. We have designed and
synthesized chimeric gene constructs consisting of a rice tapetum-specific pro-
moter (TAP) fused to either a ribonuclease gene barnase, or the antisense of
a rice tapetum-specific gene rts. Both constructs were linked to the bar gene
for selection by resistance to the herbicide bialaphos. Using Agrobacterium-
mediated transformation, we have successfully introduced those gene con-
structs into creeping bentgrass (cv Penn-A-4), producing a total of 221 stably
transformed individual events. Tapetum-specific expression of barnase and
antisense genes did not affect the vegetative phenotype compared with the
control plants, and male-sterile flowers were obtained with both constructs.
Microscopic studies confirmed the failure of mature pollen formation in male-
sterile transgenics. Mendelian segregation of herbicide resistance and male-
sterility has been observed in T1 generation plants derived from crosses with
wild type plants. Crosses between male sterile plants from different transfor-
mation events produced no seeds. Similar results have also been obtained for
perennial ryegrass, tall fescue and bluegrass. The success in producing male-
sterile transgenic grasses provides an effective way of controlling transgene
escape from genetically modified plants and should facilitate the application
of genetic engineering in producing environmentally responsible grasses with
enhanced traits.
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P-2008
Increasing Methionine Levels in Alfalfa by Co-expressing Genes for Cysta-
thionine Gamma Synthase, a Key Enzyme in Methionine Biosynthesis and
the Methionine Rich Zein Proteins. SUMAN BAGGA1, Jamie Ross1, Carol
Potenza1, Nina Klypin2, Tom Leustek3, and Champa Sengupta-Gopalan1. 1De-
partment of Agronomy and Horticulture, 2Department of EPPWS, New Mex-
ico State University, Las Cruces, NM 88003, and 3Center for Agriculture
Molecular Biology, Rutgers University, NJ 08903. E-mail: sbagga@nmsu.edu

Alfalfa, an important forage crop, is high in protein but deficient in sulfur
amino acids. Efforts to use conventional plant breeding and cell selection
techniques to increase S-amino acid content in alfalfa have not been success-
ful. The two genetic engineering approaches to increase methionine content
of plants have either been the overexpression of genes encoding for methio-
nine rich protein or the genes for key enzymes in methionine biosynthesis.
We have overexpressed the high methionine maize delta (10/18KD) and beta
(15KD) zein genes in tobacco and alfalfa individually and have co-expressed
them. The overall level of methionine could not be increased to high enough
levels to make any significant impact in alfalfa. A significant increase in
accumulation of zeins was observed when embryogenic cultures of alfalfa co-
expressing the delta and beta zeins were supplemented with methionine sug-
gesting that free methionine pools in the alfalfa cells are the limiting step. To
increase the free methionine pools in alfalfa we have introduced an Arabi-
dopsis gene encoding Cystathionine gamma synthase(CGS) a key enzyme in
methionine biosynthesis behind the CaMV 35S promoter. Our results show
high levels of CGS transcript and protein accumulation in several transfor-
mants. The CGS gene has also been introduced into alfalfa containing the
beta or delta, the delta and beta zein (in the same construct driven by two
different promoters). These co-expressors show a significant increase in level
of gene transcript and protein compared to the non-coexpressors. The results
suggest that increased CGS levels in alfalfa affect the steady state level of
the zein transcripts. Experiments are in progress to understand the basis for
increased zein accumulation in the co-expressors.

P-2009
Understanding Monolignol Biosynthesis in Medicago by Down-regula-
tion of p-coumarate 3-hydroxylase. LISA JACKSON, M. S. Srinivasa
Reddy, Gail Shadle, Fang Chen, and Richard Dixon. Plant Biology Di-
vision, Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway,
Ardmore, OK 73401. E-mail: lajackson@noble.org

Lignin is a complex polymer that is mainly present in secondary thick-
ened plant cells, where it provides rigidity and impermeability to the cell
walls. The genetic manipulation of lignin quantity and/or quality is of
great interest due to its impact on forage digestibility and paper pulping
efficiencies. We hope to aid our understanding of monolignol biosynthesis
by the down-regulation of the key enzymes in the lignin pathway and
determining the function of each enzyme using Medicago as the model
species. In the present study, p-coumarate 3-hydroxylase (C3H) gene
from Medicago truncatula was used in antisense orientation to down-
regulate the C3H gene in M. sativa. Currently, we have thirty independent
M. sativa transgenic lines. Of the twenty lines that have been analyzed
by Northern blot analysis; nine were found to be down-regulated in C3H
expression. The degree of down-regulation differs for each individual
transgenic line. The analyzed down-regulated M. sativa lines show a def-
inite increase in H lignin when compared to the non-downregulated lines.
Greater variation was seen in the H/total lignin ratio which varied from
0.025 in controls to 0.55 in one of the transgenic lines. Transcript and
metabolic profiling of the C3H down-regulated lines are currently under-
way and will be presented in the poster.

P-2010
Expression of a Polyubiquitin Promoter Isolated from Gladiolus. K.
KAMO1 and Young Hee Joung2. 1Floral and Nursery Plants Research
Unit, Building 010A Room 122, USDA National Arboretum, Beltsville,
MD 20705 and 2Plant Genomics Laboratory, KRIBB, PO Box 115, Yu-
sung-Gu, Taejon, South Korea. E-mail: kamok@ba.ars.usda.gov

Previously ten promoters (Arabidopsis UBQ3, rice actin, rolD, manno-
pine synthase, translation elongation factor, CaMV 35S, duplicated
CaMV 35S, potato Ubi 3 and Ubi 7, and phosphoenolpyruvate carbox-
ylase) were tested by developing stable transformants of Gladiolus. The
highest levels of expression were from the CaMV 35S promoter even
though Gladiolus is a monocot. The lowest levels of expression in Glad-
iolus were with cereal monocot promoters including rice actin, alcohol
dehydrogenase, and maize ubiquitin. It would be useful to have a pro-
moter other than the CaMV 35S that directs high levels of gene expres-
sion in Gladiolus and other floral monocots and to understand why the
strong constitutive cereal monocot promoters do not direct high levels of
gene expression in Gladiolus. A polyubiqutin promoter was isolated from
the floral monocot Gladiolus using the Genome Walker library. Sequenc-
ing showed highly conserved 5’ and 3’ intron splicing sites for the 1.2
kb intron. The coding sequence of the first two ubiquitin genes showed
the highest homology (88%) to the ubiquitin genes of Malus domestica,
Oryza sativa RUBQ1, and Nicotiana tabacum. Transient expression fol-
lowing gene gun bombardment of Gladiolus cells showed higher levels
of GUS expression than the CaMV 35S promoter. Transient levels of
GUS expression with the Gladiolus polyubiquitin promoter will be pre-
sented for a variety of floral monocots including Easter lily, Freesia, Calla
lily, and Cannas to determine the potential usefulness of this promoter in
transformation work of floral monocots.

P-2011
Transformation of Carnations with Jasmonate Methyl Transferase Gene
for Fusarium Tolerance. B. J. AHN, H. Y. Shin, K. H. Hwang, B. H.
Min, and H. Y. Joung. College of Bioresources Science, Dankook Uni-
versity, Cheonan 330-714, Korea. E-mail: bjahn@dankook.ac.kr

To produce disease-tolerant carnation plants, Jasmonate Methyl Transfer-
ase (JMT) gene was introduced to ‘Desio’ carnation plants. Explants of
leaves, stems and shoot tips were inoculated with overnight grown Agro-
bacterium, LBA4404 harboring a binary vector pCAJMT in induction
broth (10 mg/ml bacto-tryptone, 10 mg/ml bacto-yeast extract, 5mg/ml
NaCl, 2.5 mM phosphate, 20mM MES, 3% sucrose, 0.2 mM acetosyrin-
gone). Cocultures of carnation explants were maintained in the light at
24 on 1/2MS medium solidified with 0.3% Gelite and supplemented with
1.0 mg/L BA for 10 days. After 10days of coculture, the explants were
transferred to a selection medium containing 250 mg/L cefotaxime/car-
benicillin, 500 mg/L kanamycin. They were subcultured every two weeks
for over six times and regenerated. Forty eight transgenic plants were
selected in vitro and grown to mature plants in a greenhouse. Integrations
of the transgene in the putative transformants were confirmed through
genomic DNA PCR using primers for the inserted genes 2 nptII, and
JMT as well as southern hybridizations. When plantlets of the transfor-
mants were inoculated with spores of Fusarium oxysporum dianthi, some
transformants continued to grow expressing tolerance to Fusarium ox-
ysporum dianthi. Some rooted cuttings of them showed various rate of
fusarium tolerance when they were also grown in pots filled with soils
mixed with the fungal spores.
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P-2012
In Vitro Regeneration of Pistachio (Pistacia vera L.) Through Organo-
genesis: Effect of Silver Nitrate, Polyvinylpyrrolidone, and Citric Acid.
Y. OZDEN-TOKATLI, E. A. Ozudogru, and A. Akcin. Gebze Institute
of Technology, Faculty of Science, Department of Biology, Plant Tissue
Culture Laboratory, Cayirova Fabrikalar Yolu No: 101, Gebze, 41400
Kocaeli, TURKEY. E-mail: yelda75@yahoo.com

Effects of silver nitrate, polyvinylpyrrolidone and citric acid on shoot
differentiation and shoot growth were examined to improve the regen-
eration efficiency of pistachio (Pistacia vera L. cv ‘Kirmizi’) in vitro.
Various concentration of silver nitrate (AgNO3), polyvinylpyrrolidone
(PVP) and citric acid were combined with 6-benzylamino purine (BAP)
and Gibberelic acid (GA3) on node explants excised from in vitro-grown
seedlings. High frequency of shoot regeneration was obtained from node
explants on Murashige and Skoog (MS) medium containing 2 mg l21

BAP combined with either 2 mg l21 AgNO3 or 1.5 mg l21 citric acid.
Results obtained on MS medium supplemented with 1.5 mg l21 PVP and
2 mg l21 BAP were also encouraging but browning of the media was the
major obstacle. After at least three subcultures, microshoots were sub-
jected to rooting media supplemented with either full strength MS with
IBA and NAA or 1/2 strength MS with the same hormone compositions.
Rooted plantlets were successfully acclimatized and established in soil.

P-2013
Effect of Silver Nitrate on Organogenesis of Peanut (Arachis hypogaea
L.). E. A. OZUDOGRU, Y. Ozden-Tokatli, and A. Akcin. Gebze Institute
of Technology, Faculty of Science, Department of Biology, Plant Tissue
Culture Laboratory, Cayirove Fabrikalar Yolu, No: 101, 41400, Gebze-
Kocaeli, TURKEY. E-mail: elif75@yahoo.com

Silver nitrate is known to be the inhibitor of the physiological action of
ethylene and has been reported to improve morphogenetic efficiency in
several species. Previous use of silver nitrate (AgNO3) in organogenesis
of peanut was designed to assess the effect of culture temperature on
regeneration protocols from cotyledon and leaf explants. In our experi-
ments nodal explants were tested to determine the effect of different
concentrations of AgNO3 on plant regeneration and multiple shoot for-
mation at culture temperature of 258C. Explants were cultivated on MS
medium supplemented with BAP (0; 33; 66 mM), NAA (0; 5,3; 15,9 mM)
and AgNO3 (0; 23,54; 47,08; 70,62 mM). The elongated shoots transfered
to the rooting media supplemented with IBA (12,3 mM) after 3 subcul-
tures of 30 days each for the development and elongation of adventitious
shoot buds. Rooted shoots were successfully transferred to soil and ac-
climatized.

P-2014
Diamagnetic Levitation: Novel Applications in Plant Biotechnology. M.
R. DAVEY, R. Hampp*, M. Martzivanou*, P. Anthony, J. B. Power, and
K. C. Lowe**. School of Biosciences, University of Nottingham, Sutton
Bonington Campus Loughborough LE12 5RD, UK; *Department of
Physiological Ecology of Plants, University of Tübingen, Germany and
**School of Biology, University of Nottingham, University Park, Not-
tingham NG7 2RD, UK E-mail: mike.davey@nottingham.ac.uk

Gravity is a ubiquitous, uniform and inescapable force on the Earth’s
surface that influences the development of living organisms. Experimental
systems for studying gravitational effects on biological processes have
relied upon laboratory-based clinostats, space orbiting stations and free-
fall conditions, all of which present specific limitations. To overcome
constraints associated with these approaches, a high-field, closed-cycle,
liquid helium-cooled, super-conducting magnet system, unique in the UK,
is being exploited at Nottingham. The research aims to investigate the
effects of (1) zero (0 3 g; diamagnetic levitation), normal (1 3 g), or
enhanced (2 3 g) gravity, and (2) intense magnetic fields on gene ex-
pression in cultured cells of the model plant Arabidopsis thaliana, Eco-
type Columbia. In microgravity experiments, cells were held for 1–2 h
in culture vessels within the magnetic bore. Cells were harvested and
flash frozen prior to RNA extraction and array analyses for genes encod-
ing enzymes involved in major metabolic pathways (e.g. glucose-6-phos-
phate dehydrogenase) and signalling factors (e.g. calcium binding pro-
tein). Array analyses in these preliminary studies indicate that short-term
exposure to microgravity does not induce major changes in gene expres-
sion in Arabidopsis. Future experiments will determine the effects of
longer-term exposure to altered gravity on gene expression, cell metab-
olism and development.

P-2015
Production of Somatic Hybrids Between Solanum tuberosum and S. cardi-
ophyllum Carrying Late Blight Resistance. Y. Z. SHI, Q. Chen, H. Y. Li, D.
Beasley, D. R. Lynch, M. S. Goettel, and L. M. Kawchuk. Agriculture and
Agri-Food Canada, Lethbridge Research Centre, 5403-1st Avenue South, P.O.
Box 3000, Lethbridge, AB, Canada T1J 4B1. E-mail: shiy@agr.gc.ca

Wild Mexican Solanum species are very important gene sources of disease
and insect resistance for potato improvement. Due to the high susceptibility
of cultivated potato to the late blight disease, a major worldwide problem for
potato production, it is very important to incorporate resistant traits from wild
Solanum species into cultivated potato. Recently, a novel Mexican wild potato
species, S. cardiophyllum, has been identified to carry high level of resistance
to late blight at the Lethbridge Research Centre and has been used as a po-
tential source for the potato breeding program. However, S. cardiophyllum is
a 1EBN species and not crossable with S. tuberosum because of the sexual
incompatibility barriers. Somatic hybridization can provide a means of over-
coming the problem by circumventing the sexual barrier. In vitro plants of S.
tuberosum and S. cardiophyllum were subcultured on MS basal medium. Pro-
toplasts were isolated from the leaf tissues detached from the aseptic shoots
of these two species. Fluorescein diacetate staining showed the viability of
88 to 91%. Somatic hybridization was carried out by electrofusion method.
The resulting fused protoplasts were cultured in VKM or MS media supple-
mented with 2,4-D, NAA and Zeatin. The cells underwent the first division
on the fifth day and continued division. Microcalluses were picked up and
transferred to callus medium. Buds formed after 2-month cultures on the re-
generation medium were transferred onto MS basal medium for plant differ-
entiation. One to ten buds were produced from a single callus. Fifty-six re-
generated plants were obtained. Potted plants exhibited various morphological
characteristics in growth vigor and leaf shape, which provided an opportunity
for selection. Morphological characteristics and chromosome counting dem-
onstrated that most of the regenerated plants were hybrids. Disease assessment
and molecular analysis are in progress.
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P-2016
Micropropagation of Threatened Medicinal Plants (Allium wallichii, Ber-
genia ligulata and Lillium nepalense) of Nepal. PRAKASH MALLA,
Sajani Malla, Mina Gurung, and Navin Shreshtha. Department of Micro-
biology, Tri-Chandra Campus, Department of Botany Amri Campus, Tu
Kathmandu, NEPAL, and In Vitro Lab, Kathmandu, NEPAL. E-mail:
PrakashpMalla@hotmail.com

Bulbs and aerial parts of the Nepalese plants such as Allium wallichii,
Bergenia ligulata and Lilium nepalense are widely used for medicinal
purposes and as a spice.1 Due to indiscriminate collection and over-ex-
ploitation of the natural resources these plants are rapidly disappearing
and are therefore listed under the endangered species of Nepal2. In view
of this there is an urgent need for the conservation of this valuable spe-
cies, and the use of micropropagation techniques might be a promising
approach. For the purpose of the production of plantlets suitable for field
culture, a micropropagation procedure based on multiple shoot culture
has been established. Multiplication factors of 4.6 on average were pos-
sible on MS medium supplemented with 20 mM zeatin for Allium wal-
lichii and Lilium nepalense similarly shoot cultures of B. ligulata. Of the
various cytokinins tested herein Z gave the best results: an average mul-
tiplication factor of 8.8 was achieved with 10 mM After rooting on MS
medium with 10 mM Indolebutyric acid, plantlets were acclimatized to
greenhouse conditions and transferred to the field with good success. Our
findings indicate that in vitro techniques might have potential for the
propagation of endangered plants in Nepal.
1HMG Nepal, Bull. Dept. Med. Plants, 11 (1986) 692.
2Shrestha, T.B.; Joshi, R.M., (1996), Rare, Endemic and Endangered
Plants of Nepal, WWF Nepal Program, Kathmandu, Nepal.

P-2017
Cloning of RAPD Polymorphic Bands Identified in Potato Late Blight
(Phytophthora infestans) from Romania. C. BOTEZ, D. Pamfil, and M.
Ardelean. University of Agricultural Sciences and Veterinary Medicine,
3-5 Manastur St., Postcode 400372, Cluj-Napoca, Romania. E-mail:
cbotez@email.ro

As it is known, RAPD molecular markers can be used for revealing ge-
netic variability of different Potato Late Blight (PLB) patotypes (Mauf-
rend, R. et al., 1995, Botez, C. et al., 2003). In spite of its simplicity the
repeatability of this technique could be a problem. In order to improve
this aspect, RAPD markers could be converted into more stable SCAR
markers. The first step in this procedure should be the cloning of poly-
morphic bands identified among different potato late blight pathotypes.
Actually, this is exactly what we have done and is presented in our paper.
Seven accessions of PLB derived from different potato varieties and dif-
ferent Romanian locations, were isolated and mutilpied in vitro on selec-
tive Zea medium with Vancocine (200 ppm) and Nystatine (100 ppm)
antibiotics. The extracted DNA was amplified with several decamer prim-
ers. The amplification products were separated by electrophoresis in 1.4%
agarose gel and revealed in UV. DNA from polymorphic bands was pu-
rified using Gene Elute Agarose Spin Columns (Sigma 5-6500) and
cloned by pGEM T Easy Vector Sistem II (Promega A 1380). The genetic
transformation of host bacteria (JM 109 E.Coli) with polymorphic bands
integrated in pGEM T vector was confirmed by blue/white reaction. Thus,
there were cloned nine polymorphic bands obtained from six PLB ac-
cessions (K,10, 24, 25, 27, 28) with primer P13; each polymorphic bands
obtained from two PLB accession (27,28) with two primers (P 07 si P
09) and one polymorphic band obtained from one PLB accession (27)
with only one primer (P12). Some of the cloned polymorphic bands are
to be sequenced in order to convert the RAPD markers into more stable
SCAR markers.

P-2018
Overexpression of Arabidopsis Phytochelatin Synthase (AtPCS1) in In-
dian Mustard (Brassica juncea) Shows Partial Enhancement for Cd Tol-
erance. Kesnija Gasic and SCHUYLER S. KORBAN. Department of Nat-
ural Resources and Environmental Sciences, 310 ERML, University of
Illinois, Urbana, IL 61801. E-mail: Korban@uiuc.edu

Phytochelatins (PC) are heavy metal binding peptides with important role
in sequestration and detoxification of heavy metals in plants. To develop
transgenic plants with increased tolerance and/or accumulation of heavy
metals from soil, the Arabidopsis thaliana AtPCS1 gene encoding phy-
tochelatin synthase (PCS) was overexpressed in Indian mustard (Brassica
juncea). Eight transgenic Indian mustard plants with high AtPCS1 mRNA
accumulation were selected for further studies. Heavy metal tolerance was
assessed by measuring root length of 10 day-old seedlings grown on agar
medium supplemented with different concentrations of Cd (0, 100, 150,
and 200 mM CdCl2). Two out of four transgenic PCS lines carrying the
2.0 kb AtPCS1 promoter fused to a FLAG - tagged AtPCS1 genomic
DNA, and four lines carrying the 35S promoter fused to a FLAG - tagged
AtPCS1 cDNA, showed significantly longer roots, compared to wild-type,
when grown on an agar medium supplemented with 100 mM CdCl2. No
differences between transgenic lines and the wild type were observed
under higher Cd concentrations.

P-2019
The Influence of Agar Concentration on Agrobacterium-mediated Trans-
formation of Lycopersicon esculentum cv. Sweet Chelsea. SCOTT C.
SCHAEFER and Schuyler S. Korban. Department of Natural Resources
and Environmental Sciences, 310 ERML, University of Illinois, Urbana,
IL 61801. E-mail: scschaef@uiuc.edu

The influence of three different concentrations of agar, including 0.8, 1.0,
and 1.2%, on the frequency of Agrobacterium-mediated transformation
of tomato was investigated. Tomato cotyledons were transformed with
Agrobacterium tumefaciens strain GV3101. The pCAMBIA 2301 plasmid
containing the reporter gene uidA, coding for b-glucuronidase (GUS) and
driven by the CaMV 35S promoter, and the selectable marker gene nptII
for kanamycin selection, was used. In addition, modified plasmids car-
rying each of the following defense-related genes, b-glucanase, chitinase,
ribosome-inactivating protein, or an antimicrobial protein gene, were also
used for transformation. The number of surviving explants on the initial
selection medium was recorded, however, following regeneration of
shoots, the survival number of selected shoots decreased. Putative trans-
genic plants were established in jars, and were confirmed for stable in-
tegration and transgene copy number using Southern blot hybridization.
The influence of agar concentration in the medium on the frequency of
transformation will be discussed.
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P-2020
Transformation and Expression of Plant Defense Genes in Tomato.
SCOTT C. SCHAEFER and Schuyler S. Korban. Department of Natural
Resources and Environmental Sciences, 310 ERML, University of Illi-
nois, Urbana, IL 61801. E-mail: scschaef@uiuc.edu

Pathogenesis-related (PR) proteins are an important defense mechanism
in many plant species. A large number of PR-proteins have been shown
to inhibit fungal activity. In this study, iris ribosomal-inactivating protein
and maize glucanase genes were separately transferred into tomato (Ly-
copersicon esculentum cv. Sweet Chelsea) cotyledons via Agrobacterium
tumefaciens-mediated transformation. Putative transformants were ini-
tially verified by the GUS staining assay for the uidA reporter gene, also
present in the gene construct. Further confirmation of the transgene was
accomplished by Southern blot hybridization. Transgenic tomato lines
carrying either of the PR transgenes were evaluated for gene expression
using northern blot analysis. Selected lines were grown in the greenhouse,
and then inoculated with the fungal pathogen Alternaria solani in order
to assess the disease resistance response to early blight, and determine
whether there is a correlation between the level of gene expression and
the disease resistance response. Results of the disease assays along with
level of gene expression in different transgenic lines will be presented.

P-2021
Micropropagation and Influence of Growth Regulators on Production of
Essential Oil Constituents of Melissa officinalis L*. Briolanja M. P. L. S.
Cruz and MANUEL FERNANDES-FERREIRA. Department of Biology,
University of Minho, Campus de Gualtar, 4710-057 Braga, Portugal. E-
mail: mfferreira@bio.uminho.pt

Rooted plantlets of lemon balm (Melissa officinalis L.) were obtained and
proliferated from nodal shoot segments on either MS or N30K modified
basal medium devoid of growth regulators (GR) or supplemented with a-
naphthaleneacetic acid (NAA), alone, or with NAA and zeatin (ZEA) or
with NAA and benzyladenine (BA). The proliferation rate and linear
shoot growth on basal media devoid of GR were somewhat higher with
N30K than with MS. However, the linear root growth was similar with
both basal media. After several multiplication and growth cycles, the
plantlets with around 50 days after subculturing, were transferred to con-
ditions ex vitro and acclimated in Nature with survival rates higher than
70%. The ability of the in vitro lemon balm shoots in producing essential
oil compounds was searched by submitting them to hydrodistillation and
analysis of the respective hydrodistillates by GC and GC-MS. A range
of 7-13 lemon balm essential oil components were found and identified
in shoots from plantlets developed with MS or N30K basal media devoid
of GR or supplemented with NAA, alone, or with NAA 1 BA or NAA
1 ZEA, in a total of eight medium variants. The major constituents were
geranial and neral as they are characteristic from the lemon balm essential
oil. In both basal media, NAA led to an increase of the total essential
constituents. The supplementation of both basal media with the cytoki-
nins, in presence of NAA, decreased strongly the accumulation of those
compounds. *This work was supported by FCT through the Project POC-
TI/AGR/43482/2001.

P-2022
The Effect of Light Intensity and Growth Regulators on Morphogenesis and
Essential Oils of Lavandula angustifolia Shoots*. ANA M. S. VICENTE1 and
Manuel Fernandes-Ferreira2. 1DRAEDM, S. Pedro de Merelim, Braga, Por-
tugal and 2Departamento de Biologia, Universidade do Minho, Campus de
Gualtar, 4710-057 Braga, Portugal. E-mail: anamvic@hotmail.com

Four hormonal variants of the MS medium and two levels of light intensity
(8 and 53 micromol/m2/s, PAR) were tested on morphogenesis and production
of essential oils of Lavandula angustifolia of in vitro cultures. Shoots and
calli were obtained from nodal shoot segments under the influence of each
one of the cytokinins, benzyladenine (BA) or kinetin (KIN) or zeatin (ZEA),
tested at the same concentration, in the absence of exogenous auxin, as well
as with BA in presence of indole-3-butyric acid (IBA). Cultures maintained
with BA, with or without IBA, in presence of 8 micromol/m2/s, PAR, showed
the highest multiplication rates and the highest linear growth. However, the
respective dry biomass growth were the lowest of all the culture conditions
tested. The addition of IBA to basal medium supplemented with BA led to
the increase of calli biomass dry weight, in both light regimens, and to the
decrease of shoot biomass dry weight as well as the decrease of linear shoot
growth and shoot multiplication rate. Shoots maintained with the eight culture
conditions tested produced essential oils which, after isolation by hydrodis-
tillation and analysis by GC and GC-MS, revealed the presence of more than
thirty compounds, 85-90% of which were identified. Shoots grown in presence
of BA under 8 micromol/m2/s, PAR showed the lowest accumulation of es-
sential oils while those ones grown with ZEA, under the same light intensity,
showed the highest production of essential oil compounds. With the exception
of cultures submitted to ZEA, shoots grown under 53 micromol/m2/s, PAR,
accumulated higher amounts of essential oils than those grown under 8 mi-
cromol/m2/s, PAR. *This work was supported by the Programme AGRO/8/
8.1/Project HERBAROM, Ref. 338.

P-2023
Recovery of Cryopreserved Apple Shoot Tips by Vitrification and En-
capsulation-Dehydration. I. KOVALCHUK, S. Kushnarenko, and I. Rak-
himbaev. Laboratory of Biotechnology, Institute of Plant Physiology, Ge-
netics and Bioengineering, 480090, 45 Timiryazev str., Almaty, Kazakhs-
tan. E-mail: kovalchuk_i_u@mail.ru

Kazakhstan is a center of diversity for apples. In order to safeguard this
important resource, we are developing cryopreservation techniques for
long-term conservation of apple. Shoot tips excised from in vitro-grown
apple (Malus domestica Borkh.) cvs. Grushovka Vernenskaya, Voshod,
and Tulpan were used to study cryopreservation employing PVS2-vitri-
fication and encapsulation-dehydration techniques. All in vitro cultures
were cold acclimated for 3 weeks (228C for 8 h and -18C for 16 h) prior
to shoot tip excision. PVS2 vitrification with a preculture on MS medium
with 5% DMSO for 2 days in cold-acclimation conditions; pretreatment
in 1% BSA and 0.4 M sucrose for 2 hours at 08C; and treatment by PVS2
solution for 20 min at 08C prior to liquid nitrogen exposure produced
45% regrowth. Encapsulated and dehydrated shoot tips dried to 22-26%
moisture over 4 hours also had 45% regrowth. Improved regrowth (66-
87%) was obtained after preculture of shoot tips on MS medium with 0.3
M sucrose for 2 days in cold-acclimation conditions; pretreatment in 2
M glycerol and 0.4 M; sucrose for 20 min at 258C; and treatment in PVS2
solution for 80 min at 08C. Shoot tips cryopreserved with either of the
PVS2 vitrification protocols recovered faster than those from the encap-
sulation-dehydration procedure.
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P-2024
Stable Transformation of Commercially Important Six-rowed Barley Cul-
tivars. X.-H. YU1, M.-J. Cho1, P. Bregitzer2, and P. G. Lemaux1. 1Depart-
ment of Plant & Microbial Biology, University of California, Berkeley,
CA 94720-3102 and 2USDA-ARS, Aberdeen, ID 83210. E-mail:
xhyu@nature.berkeley.edu

Although stable transformation of an amenable cultivar of two-rowed
barley, Golden Promise (GP), was reported in 1994, successful transfor-
mation of commercially important varieties, particularly the important
six-rowed malting varieties, has not been reported. Albinism and loss of
regenerability is a major hurdle in transforming these barley genotypes
due in part to the prolonged tissue culture periods necessary for trans-
formation efforts. To minimize these problems, a reproducible system for
maintaining over extended periods highly regenerative, green tissues was
developed and used for transformation. The green, regenerative tissues
derived from immature scutellar tissues of two, commercial, six-rowed
barley cultivars, Drummond and Morex, in addition to GP, could be main-
tained for more than 18 months without a noticeable loss of regenerability
or evidence of albinism. The use of these highly regenerative, green tis-
sues as the recipient target for bombardment resulted in successful trans-
formation of the previously recalcitrant, commercially important barley
genotypes, Drummond and Morex.

P-2025
Organ-specific Expression of Putative Anti-Fusarium Genes in Transgen-
ic Wheat. M. N. SOMLEVA and A. E. Blechl. USDA-ARS, WRRC,
Albany, CA 94710. E-mail: msomleva@pw.usda.gov

Fusarium head blight (FHB) or scab is one of the most destructive dis-
eases of wheat causing significant reductions in grain yield and quality.
Although partial resistance has been identified in wheat varieties, no
sources of immunity to Fusarium have yet been found. Genetic engi-
neering is a promising method to create new sources of wheat germplasm
with host plant resistance to scab. Expression of genes conferring resis-
tance to FHB in wheat is desired in the glume and lemma, because these
organs comprise the outer most protective barrier encasing the reproduc-
tive organs. Our objective was to introduce recombinant anti-Fusarium
proteins into bread wheat, cv. Bobwhite and characterize their expression
using transient assays. Two expression vectors carrying the barley Lem1
gene promoter were constructed. We have previously shown that the
Lem1 promoter is active in wheat florets from anthesis to the soft dough
stage of kernel development, making it ideal for directing antifungal gene
expression to the path of Fusarium invasion. Genes selected for their
ability to induce an array of naturally occurring plant defense mecha-
nisms-the Aspergillus glucose oxidase gene and two barley peroxidase
genes, Prx7 and Prx8 - were cloned and introduced into wheat by particle
bombardment. The activity and tissue localization of the transgene-en-
coded proteins were studied in callus cultures and in spike tissues using
enzyme assays and histological techniques. Effects of the transgene prod-
ucts on enhancing plant structural defenses and inhibiting Fusarium
growth are discussed.

P-2026
Novel Technology to Develop a Safe Castor Crop. GRACE Q. CHEN
and Thomas A. McKeon. U.S. Department of Agriculture, Agriculture
Research Service, Western Regional Research Center, 800 Buchanan
Street, Albany, CA 94710. E-mail: QHGC@pw.usda.gov

Castor oil is the only commercial source of ricinoleic acid and has nu-
merous industrial applications, such as lubricants, coatings, plastics and
fungicides. However, the presence of a protein toxin and hyperallergenic
2S albumins deters domestic production of castor. Castor seed meal after
the oil extraction need to be heat-denatured before its utilization. The
health concern and energy cost have thus limited castor domestic pro-
duction. Although antisense gene silencing technology has been shown
to reduce the levels of gene products by greater than 99%, its application
in castor is hampered by the recalcitrant nature of castor in tissue culture
and plant regeneration. To overcome this hurdle, castor tissue culture and
plant regeneration have been investigated, and Agrobacterium- or micro-
projectile-mediated transformation methods have been investigated to
identify an efficient transformation system for castor genetic engineering.
The success of castor genetic engineering techniques are keys to develop
a safe castor crop with suppressed ricin and 2S albumin levels.

P-2027
Oxalate Oxidase: A Novel Reporter Gene for Monocot and Dicot Trans-
formation. J. SIMMONDS, L. Cass, E. Routly, K. Hubbard, P. Donaldson,
B. Bancroft, A. Davidson, S. Hubbard, and D. Simmonds. Agriculture
and Agri-Food Canada, Eastern Cereal and Oilseed Research Centre, Ot-
tawa, Ontario, K1A 0C6, Canada. E-mail: simmondsja@agr.gc.ca

A wheat oxalate oxidase (OxO) gene can be used as a sensitive reporter
gene in both monocot and dicot transformations. Detection of hydrogen
peroxide generated from OxO oxidation of oxalate provides simple, rapid
histochemical and quantitative assays of gene expression. Inexpensive
substrates are required for both assays. OxO activity could be detected
histochemically in minutes, without chlorophyll clearing procedures. This
assay was used to optimize transformation procedures and to track stable
transgene expression in breeding populations over many generations. A
simple spectrophotometric quantitative enzyme activity assay was used
to select lines with various levels of transgene expression and to monitor
transgene silencing phenomena. The simplicity of the assays are ideal for
screening large populations to identify primary transgenics, for monitor-
ing transgene segregation in large populations in field studies and for
assessing stability of transgene expression over numerous generations.
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P-2028
Gene Expression During Normal Embryogenic Induction Using Semi-
permeable Membranes in Citrus sinensis. MICHAEL G. BAUSHER and
Randall P. Niedz. United States Horticultural Research Laboratory, 2001
South Rock Road, Fort Pierce, FL 34945. E-mail: mbausher@ushrl.ars.
usda.gov

In an earlier work, we describe the use of semi-permeable membranes to
induce normal somatic embryogenic tissue to form viable somatic em-
bryos (InVitro Cell Dev-Plant, 38:552-557, 2002). To further character-
ize this system, we examined the gene expression profiles of the induced
and non-induced tissues using nylon filter arrays constructed from cDNAs
of a Citrus sinensis L. Osbeck expression library (array of 3456 cDNAs).
In eight biologically replicated experiments, we were able to account for
the systematic and biological variation between the replicates and con-
sequently determined several significant differences in gene transcription
levels during membrane-induced embryogenesis. Two cDNAs, demon-
strated to be induced .1.5 fold during somatic embryo formation, have
no significant match to public databases suggesting the need for further
characterization of these genes and their role in embryogenesis. In ad-
dition, the analysis revealed two cDNAs with suppressed transcription
(,1.5 fold) during somatic embryo formation that have strong similarities
to sucrose synthase and extension. The use of nylon filter cDNA arrays
in combination with quantitative RT-PCR can a powerful tool to detect
small differences in gene transcription when properly replicated. The abil-
ity to lessen biological and systematic variability or at least account for
the variables and determine the part they play in the outcome of the
results is absolutely necessary in gene profiling experiments.

P-2029
Evaluation of RNA-interference Induced Gene Silencing at Low Tem-
peratures. MONICA T. BRITTON, Matthew A. Escobar, Charles A. Les-
lie, Gale H. McGranahan, and Abhaya M. Dandekar. Department of Po-
mology, University of California, 1 Shields Ave., Davis, CA 95616. E-
mail: mtbritton@ucdavis.edu

Agrobacterium tumefaciens is the pathogen responsible for crown gall
disease, an economically important disease in agricultural tree crops. Pre-
viously, transgenic Arabidopsis, tomato (Lycopersicon esculentum) and
walnut (Juglans regia) were generated containing a self-complementary
construct of the A. tumefaciens oncogenes iaaM and ipt. Plants expressing
this construct accumulate iaaM and ipt-homologous small interfering
RNA (siRNA) and show high-level suppression of A. tumefaciens-in-
duced tumorigenesis. To be useful in perennial tree crops it is important
that this gene silencing remain effective at low temperatures. In the cur-
rent research, the crown gall-resistant transgenic plants were tested to
determine if there is a breakdown of gene silencing at low temperatures
as has been recently reported in other plants. Wild-type and transgenic
tomato and walnut microshoots were grown and inoculated at tempera-
tures ranging from 158 to 278C. Nearly all wild-type walnut microshoots
inoculated with virulent A. tumefaciens strain 20W-5A formed galls. None
of the transgenic walnut microshoots formed galls at any temperature.
Most wild-type tomato plants inoculated with 20W-5A produced galls. A
few transgenic tomato plants at 158C also developed swelling or small
galls. Blots of RNA isolated from the plant material were probed to detect
the level of siRNA corresponding to the oncogenes. Preliminary evidence
supports no difference in silencing at low temperatures. The crown gall
resistant phenotype appears to be unaffected by low temperature in to-
mato and walnut.

P-2030
Development of a Transformation Competent Elite Maize Line by Marker
Assisted Breeding. B. A. LOWE, M. M. Way, J. M. Kumpf, J. R. Rout, R.
Johnson, D. Warner, C. Armstrong, T. M. Spencer, and P. S. Chomet. Mystic
Research, Monsanto, Mystic, CT 06355. E-mail: brenda.lowe@monsanto.com

Most maize genotypes that are readily transformable are either not inbred (Hi-
II) or not elite (H99). Product development and forward genetics studies
would be greatly enhanced by the ability to transform elite inbred lines. Hi-
II is a complex hybrid developed from the lines A188 and B73. Hi-II produces
a highly friable typeII culture that is amenable to bialaphos, kanamycin and
glyphosate selection. In addition, Agrobacterium transformation is very effi-
cient in the Hi-II line. Nearly all elite inbred lines are not readily transform-
able. This study was undertaken to transfer the transformability of Hi-II to a
non-transformable elite stiff-stalk line, FBLL by marker-assisted breeding.
FBLL is an elite female inbred parent used to make up several of Dekalb’s
best selling hybrids. The project was initiated by culturing BC1 immature
embryos (FBLL x FBLL (Hi-II) with the assumption that cultures would ini-
tiate from only those embryos that inherited all of the necessary culturability
genes from Hi-II. Marker analysis identified six regions from the A188 parent
that were selected by culturability and these were transferred into FBLL over
several generations. Two transformation systems were developed and used to
screen the FBLL-MAB lines and select the most efficient for Agrobacterium
mediated transformation system using glyphosate selection. Highly efficient
transformation protocols were developed for both immature embryos and
maintained type-II callus. Two testcross hybrids were produced for three of
the lead FBLL-MAB lines. A 28-location, 3-rep yield trial was used to eval-
uate yield, yield stability, and agronomic characteristics of the hybrids. Yields
were found to be slightly lower (2-5%) and more stable (across a diverse set
of environments) among hybrids produced from the converted lines when
compared to their non-converted checks.

P-2031
Molecular Characterization of a Peanut Genomic Clone Containing Allergen
Genes Arah2 and Arah6. M. L. RAMOS, G. H. Fleming, and P. Ozias-Akins.
Department of Horticulture, University of Georgia, Tifton Campus, Tifton,
GA 31793. E-mail: ozias@tifton.uga.edu

Peanut (Arachis hypogaea L.) is a crop grown worldwide. However, multiple
peanut seed storage proteins have been identified as allergens. Because peanut
is used as a protein supplement in a variety of processed foods, accidental
consumption is highly likely. Thus it is important to understand the molecular
structure and regulatory features of the allergen genes to provide information
for gene knockdown/knockout to make possible the development of a hypo-
allergenic peanut. A lambda genomic library was screened to isolate, se-
quence, and characterize genomic clones containing allergen genes from A.
hypogaea. Sequence analysis from one genomic clone revealed two full-length
allergen gene sequences. One of these sequences showed 100% homology in
the coding region with the published cDNA sequence Arah2.02 (Genbank
Accesion Number AY158467) considered the more potent allergen. A putative
tata box (TATAAATA) is present at position -79 of our genomic sequence.
Eight additional stop codons and a putative polyadenylation signal, AATAAA,
are present in the 3’ untranslated region (UTR). The other full-length genomic
sequence shared homology with Arah6 (Genbank Accesion Number
AF092846). Seven single nucleotide polymorphisms were identified in the
coding region and all were correlated with predicted changes at the amino
acid level. A possible alternative start codon was identified at -63 upstream
from the start codon proposed in the published sequence. The terminator co-
don is TGA. In the 3’ UTR of this gene seven additional stop codons and a
putative polyadenylation signal, AATAAA are present. PCR amplification of
Arah2 or Arah6 from this genomic clone showed a size consistent with that
from A. ipaensis and different from A. duranensis. These PCR results provide
additional evidence to consider A. ipaensis as a possible ancestor of allote-
traploid peanut. Since copies of Arah2 and Arah6 are physically linked and
the two genes share 64% similarity at the nucleotide level, they probably
represent members of a clustered gene family.
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P-2032
Transgenic Soybean Seeds for the Elevated Production of Foreign Proteins.
M. A. SCHMIDT and E. M. Herman. USDA/ARS, Danforth Plant Science
Center, St.Louis, MO 63132. E-mail: mschmidt@danforthcenter.org

Soybean (Glycine max L.) seeds contain approximately 40% protein by weight
with 80% of this comprised of the two major storage proteins: 7S conglycinin
and 11S glycinin. With its capacity to produce and store proteins, soybean
seeds are seemingly an ideal vehicle for genetic modification to produce large
amounts of heterologous proteins. Typically, the capacity of a seed to syn-
thesize a foreign protein is limited by such constraints as space availability,
cellular compartmentization and nutrient resources. These constraints largely
limit the production of a heterologous protein to be minor constituents of a
seed. In an effort to overcome such limitations we have used RNA interfer-
ence (RNAi) technology to down-regulate the 7S and 11S storage proteins,
both individually and in concert. Along with the targeting of storage proteins,
RNAi constructs specific for oleosin were used to attempt to down-regulate
the production of oil in soybean seeds by suppressing the production of oil
bodies. In order to test the potential of substituting foreign protein synthesis
for the loss of endogenous storage proteins and perhaps oils, the expression
of the storage protein, phaseolin, from green bean (Phaseolous vulgarus)was
introduced into soybean seeds simultaneously with the RNAi constructs for
the endogenous storage proteins and oleosin. Since phaseolin has been suc-
cessfully produced in other plant systems, its use in our experiments elimi-
nates the potential problem of protein post-translational instability allowing
us to critically test whether freeing protein synthesis capacity will allow the
transgenic seeds to reallocate resources for the accumulation of large amounts
of a foreign protein. Transgenic soybean lines have been identified from some
of these treatments and the level of the foreign protein, phaseolin, determined
by western blot analysis. We will show results on the consequences of sup-
pressing either 7S conglycinin, 11S glycinin, or oleosin, separately or in com-
binations, on the expression of phaseolin.

P-2033
Screening of Elite Germplasm and Micropropagation of Coptis teeta, a
Rare and Endemic Medicinal Plant Species of Eastern Himalayas. P. J.
HANDIQUE, S. Chetia, P. Bhuyan, and J. G. Handique. Department of
Biotechnology, Gauhati University, Guwahati 781014, India. E-mail:
pjhandique@sify.com

Coptis teeta is an endemic and threatened species found only in the East-
ern Himalayan part (Arunachal Pradesh) of India. This herb is highly
priced in trade and is being exploited in large quantities. It has antifungal
and antibacterial properties. It can cure cold, fevers, tropical diarrhea,
inflammation of eyes, whooping cough, diphtheria and typhoid fevers.
Rhizomes contain alkaloids of Berberine group, which is a primary con-
stituent and can decrease ventricular fibrillation, releases arachidonic acid
from cell membranes and inhibits platelet aggregation. Twenty accessions
of Coptis, collected from three habitats, were investigated phytochemi-
cally and a few accessions were selected as elite clone that produces
relatively higher amount of berberine. Standard procedures were followed
for Isolation and characterization of berberine. Concentration of berberine
was determined by UV-VIS spectrophotometric analysis. Rhizome yields
Berberine in the range of 6.5 to 8.2% dry weight. Tissue culture was
done using various plant parts of the identified elite germplasm as ex-
plant. A micropropagation protocol has been standardized through this
study. Regeneration of shoots occurred from shot apices explant in MS
medium supplemented with kinetin (3mg/l) and NAA (1.0mg/l). Maxi-
mum number of shoots developed on each explant was five. Growth of
the shoots was very slow and took almost 90 days to attain a height of
3-5 cm after sub-culture. Regenerated shoot produced roots on MS me-
dium containing NAA (2mg/l) and IAA (0.05mg/l). The rooting was very
slow. After hardening, the plantlets were transferred to small pots con-
taining sterilized mixture of sand, soil and compost (2:1:1). Tissue cul-
tured plants grew well in the green house under controlled environmental
conditions.

P-2034
Not So Super After All: Introgressed Insect Resistance Transgene in a Canola Weed
Tagged with Genetic Load. Matthew D. Halfhill1,2, Jaime Sutherland3, Guy Poppy3,
Suzanne I. Warwick4, Arthur K. Weissinger2, Thomas W. Rufty2, and C. N. STEW-
ART, JR.1. 1University of Tennessee, Department of Plant Sciences, Knoxville, TN
37996-4561; 2North Carolina State University, Crop Science Department, Raleigh,
NC 27695-7612; 3University of Southampton, Division of Biodiversity and Ecol-
ogy, Southampton, SO16 7PX, UK; and 4Agriculture and Agri-food Canada, East-
ern Cereal and Oilseeds Research Centre, Ottawa, Ontario K1A 0C6, Canada. E-
mail: nealstewart@tennessee.edu

Transgenes have the potential to move between transgenic canola (Brassica napus)
and closely related species, such as the weed Brassica rapa, via hybridization.
Concerns exist that transgenic crop 9 weed hybrid populations could be more vig-
orous and competitive with neighboring plants compared to parental weed species.
The growth potential and fitness of transgenic hybrids were evaluated to determine
the consequences of introgression of transgenes. Vegetative growth potential was
analyzed for transgenic hybrid generations (F1, BC1F1, BC2F1, and BC2F2) along
under optimal (high N) and sub-optimal (low N) hydroponic conditions. Under
optimal conditions, B. rapa exhibited higher rates of growth when compared to
transgenic hybrid generations. Under sub-optimal conditions, parental and hybrid
generations had similar growth indices. Reproductive fitness and vegetative growth
of hybrid generations were also decreased under greenhouse and field conditions
under insect herbivory. The competitive ability of transgenic hybrids, non-trans-
genic hybrids, canola and B. rapa when grown with a model crop, wheat (Triticum
aestivum), was quantified by determining crop reduction under field conditions.
Hybrids (BC2F2) were the least competitive with wheat when compared to the other
Brassica competitors, although differences between transgenic and nontransgenic
hybrids varied by year. From these experiments, wild B. rapa demonstrated the
greatest potential for growth and competitive ability. Hybridization and transgene
introgression resulted in populations with lower vegetative growth potential and
competitive ability. The transgenic crippling may be the result of the co-introgres-
sion of crop-adapted genes causing a semi-domestication of the weed.

P-2035
Nature of Transgene Locus Affects Tendency To Silence as a Result of In
Vitro Stress. Ling Meng, Meira Ziv1, and PEGGY G. LEMAUX2. Department
of Plant and Microbial Biology, University of California, Berkeley, CA and
1Present address: Department of Agricultural Botany, Hebrew University of
Jerusalem, 76100, P.O. Box 12, Rehovot, Israel. E-mail: lemauxpg@nature.
berkeley.edu

This study focused on understanding how different applied stresses affect
transgene expression stability in two populations of barley (Hordeum
vulgare). Stably expressing T6 plants were used from either multi-copy lines
with ubiquitin-driven bar and uidA produced via bombardment or from sin-
gle-copy lines with only ubiquitin-driven bar developed using Ds-mediated
gene delivery. Imposing certain stresses, water and nutrient deprivation and
heat shock, did not reproducibly affect transgene expression in either popu-
lation; however, high frequencies of complete or partial transcriptional gene
silencing (TGS) occurred in the bombardment-derived, multi-copy subline
T3#30, following in vitro culture. Identical in vitro culture conditions did not
cause silencing in the single copy lines or another multi-copy, bombardment-
mediated line with a less complex transgene locus. T3#30 stably expressed
transgenes up to the T9 generation, while an identical sibling subline, T3#31,
became completely transcriptionally silenced in the T6 generation. Plants from
T3#30 with complete TGS after in vitro culture had identical epigenetic mod-
ification patterns to silenced T3#31 plants. TGS in T3#30 correlated with meth-
ylation of the nontranslated exon and intron in the ubi1 promoter complex
and condensation of chromatin around the transgenes, while the partial TGS
correlated only with methylation in the ubi1 promoter complex. The DNA
methylation appeared to occur prior to chromatin condensation and primarily
during regeneration. Analysis of transgene expression in R1 generation plants
demonstrated that the in vitro culture-induced TGS in T3#30 was heritable
and homozygous. The implication of these results is that the nature of the
transgene locus, its location or structure, affects its tendency to silence as a
result of in vitro culture.
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P-2036
Biogenesis of Zein Protein Bodies in Transgenic Tobacco Leaves. JENNIFER
RANDALL and John D. Kemp. EPPWS, New Mexico State University, Box
3BE Skeen Hall, Las Cruces, NM 88003. E-mail: jrandall@nmsu.edu

Zeins are alcohol soluble seed storage proteins synthesized within the endo-
sperm of maize and subsequently deposited into endoplasmic reticulum (ER)
derived protein bodies. The genes encoding the beta and delta zeins have been
introduced into tobacco with the expectation of improving the nutritional qual-
ity of plants (Bagga, 1997). Novel protein bodies are produced in leaves of
these transgenic plants accumulating the beta or delta zein proteins. The mech-
anism of protein body formation within leaves is unknown. We are currently
undertaking the daunting task of unraveling the mechanism of protein body
formation in leaves. It is postulated that the protein bodies are ER derived,
as they are in maize endosperm. It is our hypothesis that the beta and delta
zein proteins have inherent properties due to their tertiary structures that allow
them to interact with specific proteins and complexes which lead to the for-
mation of ER derived protein bodies. It is not known how zeins are retained
in the ER given that they do not contain known ER retention motifs. Retention
may be due to an association of zeins with an ER chaperone such as BiP. We
have demonstrated protein-protein interactions with the beta and delta zeins
and BiP using an E. Coli two-hybrid system. Mutations in both zein genes
were made to ‘‘knock-out’’ putative BiP binding motifs. Mutations resulted
in reduced BiP-zein protein interaction. One specific mutation also eliminated
interaction of the delta-zein with itself. These altered genes are currently being
studied in plants to determine if protein accumulation, targeting, or protein
body formation is altered. Screening of an Arabadopsis expression library
resulted in several proteins that interact with delta zein protein and may be
involved in protein body formation. These proteins along with the delta-zein
mutation, which eliminates interaction with itself, indicate that there are spe-
cific ‘‘zein-motifs’’ which are necessary for zein protein-protein interactions.

P-2037
Cytochrome P450 (CYP71A1) Response to Chemical and Fungal Elici-
tors in Avocado Cell Suspension Culture. Rui Li and KRISTIN BOA-
ZAK. Department of Biology, California State Polytechnic University,
3801 W. Temple Ave. Pomona, CA 91768. E-mail: kbozak@
csupomona.edu

Ethylene regulates a specific set of genes that encode proteins with spe-
cific functions in plant growth and developmental processes. One of these
genes has been identified as a cytochrome P450 monooxygenase enzyme,
and designated Cyp71A1. However, the role of this protein in plant
growth and development remains unknown. Our previous results showed
that wounding stress induced the accumulation of Cyp71A and the pro-
duction of ethylene in Avocados. In establishing a cell suspension culture
of avocado to study expression patterns of P450, we found that contstant
shaking (shearing stress) induced the expression of P450, and released
ethylene (92.0 ppm/d/g fresh cell) during culture. The induction of the
gene was intensified when cells were exposed to 50 mM jasmonic acid,
100 mM of methyul jasmonates, 100 mM salicylic acid, and fungal elicitor
(100 mg/ml of P. cinamomi) for 4-6 h. Application of AVG (amino-eth-
oxy-vinyglycine), an ethylene synthesis inhibitor, reduced the production
of ethylene, but did not affect the induction of P450 at the transcriptional
level. These results are consistent with the preliminary resuts obtained
from transgenic Arabidopsis harboring a chimera with the reporter gene
GUS under control of a 1kb promoter from Cyp71A. Our results implicate
that the effect of shearing during cultures should be considered if using
a cell suspension culture as model system to study gene expression. This
work was supported by an NIH-MBRS grant to KRB.

P-2038
Pathogenesis-related 1 (PR1) Gene Expression in Transgenic Oat Lines
Expressing the Arabidopsis Resistance Cascade Regulatory Gene NPR1
and Its Rice Homolog NH1. ALVAR CARLSON and Heidi F. Kaeppler.
University of Wisconsin, Madison, 1575 Linden Dr., Madison, WI 53706.
E-mail: arcarlson@wisc.edu

Fungal pathogens cause significant damage to cereal crops worldwide.
Understanding the molecular mechanisms underlying fungal resistance
will facilitate genetic enhancement of cereals crops and reduce crop losses
to disease. The Arabidopsis gene, NPR1, controls the expression of the
defense gene, PR1, during systemic acquired resistance. Recently, ex-
pression of NPR1 in transgenic rice was shown to regulate PR1 following
infection with a bacterial pathogen, demonstrating conservation of path-
way components in monocots. The goals of this research were to deter-
mine if the NPR1-regulated resistance cascade was conserved at the poly-
ploid level in cereals, if native PR1 homeologues responded to fungal
pathogen infection, and the effects of overexpressing Arabidopsis NPR1
and its rice homolog, NH1 on native PR1 expression profiles following
infection. We identified three PR1 gene homeologues in the hexaploid
cereal monocot, oat, and examined native oat PR1 expression profiles
following infection with the fungal pathogen rust (Puccinia coronata).
Expression profiles were also investigated in transgenic oat lines over-
expressing Arabidopsis NPR1 and rice NH1 during rust infection. The
effects of constitutively expressed NPR1 and NH1 on PR1 oat gene fam-
ily expression profiles will be presented.

P-2039
Towards Improved Insect Resistance of Papaya by Transgenic Expression
of Snowdrop Lectin. HEATHER MCCAFFERTY1, Paul H. Moore2, and
Y. Judy Zhu1. 1 Hawaii Agriculture Research Center, Aiea, HI 96701 and
2USDA-ARS, Pacific Basin Agricultural Research Center, Aiea, HI
96701. E-mail: hmccafferty@harc-hspa.com

Papaya (Carica papaya L.) is an important fruit crop of the tropics. Pro-
ductivity is often limited by susceptibility to a number of natural enemies,
including aphids, leafhoppers, mites and nematodes. Transgenic insect-
resistant plants have been developed through the introduction and ex-
pression of genes encoding plant defense proteins such as protease in-
hibitors or lectins, which have anti-metabolic action against insects. Here
we are targeting papaya pests by introducing a gene encoding a lectin
with proven entomotoxic properties. The lectin gene, GNA, originally
isolated from bulbs of snowdrop (Galanthus nivalis), was placed into the
pBI121 binary vector containing the NPTII gene as a selectable marker.
Expression of the lectin gene was controlled by a constitutive 35S pro-
moter. Bombarded embryogenic calli of the cultivar Kapoho were se-
lected on tissue growth media containing G418. Integration of the trans-
genes in surviving plants was confirmed by molecular analysis. We have
obtained a number of independent lines. Western blotting showed that
the recombinant protein had a similar molecular weight to the native
snowdrop one. Biological activity of the recombinant protein was shown
through an agglutination assay. Further analysis of the papaya lines will
be presented.
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P-2040
Initiation and Proliferation of Gossypol-Producing Cotton Hairy Roots.
S. C. MOSS, B. A. Triplett, and M. K. Dowd. USDA-ARS, Southern
Regional Research Center, New Orleans, LA 70124. E-mail: smoss@
srrc.ars.usda.gov

Hairy roots are masses of differentiated, transformed cells resulting from
infection with Rhizobium rhizogenes (Agrobacterium rhizogenes). Hairy
root cultures derived from many plant species have been valuable re-
search tools for producing secondary plant metabolites and for examining
nematode-plant interactions. Gossypol, a di-sesquiterpene, is known to be
produced by cotton (Gossypium spp.) leaves, stems, seeds, and roots.
Several research groups have reported the inhibitory effects of gossypol
and related compounds on in vitro growth of cancer cell lines. Gossypol
is also reported to have antiviral activity against enveloped viruses such
as HIV and to inhibit the growth of numerous parasitic organisms, fungi,
microbes, and insects. This study was initiated to determine whether gos-
sypol and related compounds could be produced in hairy root cultures.
Our team is also interested in using hairy root cultures to propagate axe-
nic cultures of nematodes, an economically important pest on cotton. The
following variables were investigated to maximize efficiency of transfor-
mation: cotton species, plant tissue to inoculate, age of tissue at inocu-
lation, and media composition. Over 100 independently transformed lines
were established from G. barbadense and G. hirsutum. Immediately after
transfer to liquid culture, hairy root growth was very rapid and gossypol
production evident. In addition to the gossypol retained within hairy root
tissues, gossypol was also secreted into the culture medium. We are cur-
rently identifying cultures that are producing the highest levels of gos-
sypol and gossypol-related compounds. These cotton hairy root cultures
will be valuable for studying the biochemistry of gossypol synthesis and
degradation, and for examining plant responses to nematode infection.

P-2041
Transformation of Barley with Antifungal and Antitoxin Genes. D. J.
TOBIAS, A. K. Jha, and L. S. Dahleen. Department of Plant Sciences,
North Dakota State University/USDA-ARS Cereal Crops Research Unit,
Fargo, ND 58105. E-mail: tobiasd@fargo.ars.usda.gov

Fusarium head blight (FHB) in barley (Hordeum vulgare L.), caused
mainly by Fusarium graminearum, is a major disease of devastating eco-
nomic impact. The fungus also produces the mycotoxin deoxynivalenol
(DON) in infected grains which poses safety concerns for human and
livestock. Breeding efforts are underway to develop FHB resistant barley
but even the most resistant genotypes showed unacceptable levels of
DON when FHB is prevalent. Insertion of a combination of antifungal
and antitoxin genes may lead to enhanced resistance against FHB. In this
study, genes encoding for a thaumatin-like protein from rice (tlp) and for
a 3-OH trichothecene acetyltransferase from F. sporotrichioides (Tri101)
were both introduced to cv. Conlon by bombardment-mediated transfor-
mation. PCR analysis confirmed that 39 regenerated plants contained both
genes. Progeny analysis of T1 lines from the regenerants will be pre-
sented. Selected transgenic lines will be advanced to identify homozy-
gotes and tested for FHB and DON in the greenhouse and in the field.

P-2042
Early Somatic Embryogenesis and In Vivo Imaging of the Nitric Oxide Bursts in Long Term
Cultures of Araucaria angustifolia, a Recalcitrant Tropical Conifer. A. J. MATKOWSKI*
and D. J. Durzan. Dept. Environmental Horticulture, University of California, One Shields
Ave., Davis, CA 95616 and *Present address: Dept. Biology and Botany, Med. University
in Wrocław, Al. Jana Kochanowskiego 10, 51-601 Wrocław, Poland. E-mail: mmatka@
wp.pl

Propagation of conifers through somatic embryogenesis (SE) has become an important tech-
nique in forest tree breeding. However, in the numerous recalcitrant species serious problems
have been encountered in maturation and germination of viable somatic embryos. Araucaria
angustifolia (Bert.) O. Kuntze is an important timber and paper pulp tree in South America
that has been severely overexploited from natural habitats. The elucidation of the mechanisms
controlling the embryogenic processes in vitro are therefore of considerable interest both for
the forest industry and physiology of recalcitrant gymnosperms. Here, we have successfully
induced a fast growing embryonal-suspensor mass (ESM) in long term callus cultures of A.
angustifolia maintained in the solid modified B5 medium for 4 years. Several cell lines of
intensively cleaving embryos have been selected, two of which produced over 3-fold incre-
ment of the fresh weight within a week, both in solid (0.3% w/v Gelrite) and liquid media.
We have also attempted to induce the maturation of the early somatic embryos by ABA
treatment and increasing the osmolarity of the auxin-free media with mannitol of high sugar
(sucrose or maltose) concentration. Few embryos only developed to the stage III on media
containing mannitol at 60 g/L and maltose at 60 g/L but no further growth or greening has
been observed. Unlike in many other conifers, ABA did not exert any influence on further
development. In order to initiate the search for potential factors involved in the regulation
of SE in Araucaria we explored the role of nitric oxide (NO) bursts and apoptosis in the fast
growing ESM. The NO production by the ESM was monitored by microscopic in vivo
imaging using two fluorescent probes DAF-2 DA and the novel rhodamine-based DAR-4M
AM that differ in their pH stability. The apoptosis symptoms in the enlarged suspensor cells
has been examined with DAPI nuclear staining and fluorescent TUNEL assay. The presence
of nitric oxide in living A. angustifolia embryonic cells was easily visualized in the fluores-
cence microscope using excitation wavelengths for fluoresceine (DAF-2 DA) or rhodamine
(DAR-4M AM). No differences have been noticed between the two fluorescent indicators.
The addition of ABA did not affect NO fluorescence but applying of the mechanical stress
(vortexing or centrifugation) yielded an intensification of NO bursts. In the unstressed sam-
ples the level of spontaneous NO production appeared to be higher in the intensively cleaving
embryonal cell clusters. The above observations confirm the ubiquitous occurrence of nitric
oxide bursts in cells of this conifer and suggest a potential role of this signaling molecule in
the regulation of the early SE in conifers which should be further explored.

P-2043
Sensitivity of In Vitro Culture Stages to Silver Nitrate in Date Palm. J.
M. AL-KHAYRI, A. M. Al-Bahrany, and M.A. Abu-Ali. Date Palm Re-
search Center, King Faisal University, P.O. Box 400, Al-Hassa 31982,
Saudi Arabia. E-mail: jkhayri@kfu.edu.sa

Silver nitrate (AgNO3), a potent ethylene inhibitor, has a stimulatory ef-
fect on date palm (Phoenix dactylifera L.)tissue culture. This study was
conducted to determine the culture phase sensitive to AgNO3 based on a
comparison of growth and embryogenesis competency between callus
exposed to AgNO3 during callus multiplication and somatic embryogen-
esis phases to that exposed during either phase. Callus derived from shoot
tip explants of cvs. Barhee and Naboot Saif was maintained on MS me-
dium supplemented with 10 mg l21 NAA and 1.5 mg l21 2iP. Either 0 or
25 mM AgNO3 was added to callus cultures and incubated for 6 wk.
Afterward, each callus culture from both treatments was divided into two
equal portions and transferred to hormone-free regeneration medium con-
taining either 0 or 25 mM AgNO3. Callus growth was enhanced by the
addition of AgNO3 in both cultivars tested. Regeneration percentage was
positively affected by the presence of AgNO3 during the callus multipli-
cation phase regardless of its presence in the somatic embryogenesis
phase. Embryo numbers were greatest when silver nitrate was limited to
the callus phase. This study suggests that AgNO3 influence on somatic
embryogenesis may be elicited during the callus growth phase.
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P-2044
In Vitro Tomato Plant Regeneration Revisited: Photomorphogenic Mu-
tants as a Case Study. B. STEINITZ, A. Amitay, Y. Tabib, N. Gilboa,
and I. Levin. Dept. of Plant Genetics, Institute of Field and Garden Crops,
Agricultural Research Organization, The Volcani Center, Bet Dagan
50250, Israel. E-mail: steinitz@volcani.agri.gov.il

We are interested in genetic transformation of tomato (Lycopersicon es-
culentum Mill.) photomorphogenic mutants such as high pigment (hp-1,
hp-2 and hp-2j) and dark green (dg) that, to our knowledge, were not yet
a transformation target. Because of their effect on fruit color, attributed
to enhanced lycopene content, these mutations have been introgressed
into several commercial tomato cultivars that are currently marketed as
Lycopene Rich Tomato (LRT). We initially focused on the establishment
of a robust plant regeneration procedure. Attempts to regenerate plants
from cotyledons cultured on shoot induction media previously described
in the literature, failed in hp-2 and hp-2j mutants: although bud induction
occurred in these genotypes, the buds eventually developed into aberrant
shoots but in seldom instances also into normal plants. In contrast, using
decapitated seedlings grown on a medium without plant growth regulators
yielded plants with a similar degree of success across all genotypes ex-
amined; at least part of the plants produced in every genotype originated
from adventitious shoots. We will present results of a study comparing
the two plant regeneration methods mentioned, and we will discuss the
advantages and possible weaknesses of each approach with regard to
genetic transformation.

P-2045
Micropropagation of Sweetpotato (Ipomoea batatas (L.) Lam.): Introduc-
tion and Field Evaluation in Marshall Islands. VIRENDRA MOHAN
VERMA. Cooperative Research Extension (USDA Land Grant), College
of the Marshall Islands, Majuro MH 96960, Marshall Islands. E-mail:
vmvpvmv@hotmail.com

Sweetpotato (Ipomoea batatas (L.) Lam.) ranks seventh in the world
among food crops with respect to annual production and it is the fifth
most important food crop in developing countries. According to the In-
ternational Potato Centre (CIP), Kenya, today’s inhabitants of the Pacific
Islands are among the largest per capita consumers of sweetpotato in the
world. A project aiming towards introduction and field evaluation of mi-
cropropagated sweetpotato in Marshall Islands is being developed with
the future plans to establish an in vitro germplasm bank of sweetpotato
varieties. As a first step, a micropropagation protocol using vegetative
apices as initial explants was developed. Two mediums, Gamborg et al.,
1968 (B5) and Murashige and Skoog, 1962 (MS), were used for the
multiplication of sweetpotatobut best results were observed on MS me-
dium. Shoot multiplication was initiated on MS medium augmented with
5mM 6-furfurylaminopurine (KIN), 20mM gibberellic acid (GA) and
100mg/L ascorbic acid. The best multiplication and growth rates were
observed on MS medium with 1mM indole-3-acetic acid (IAA), 10mM
6-Benzylaminopurine (BAP), 20mM GA and 100mg/L ascorbic acid. In
the second step, with the objective of evaluating the best conditions for
in vitro conservation by slow growth induction, best results were ob-
served on half MS medium supplemented with 1mM BAP. MS medium
augmented with 2mM IAA was used for rooting. A sixteen-hour photo-
period with temperature of 258C day and 228C night, light intensity of
3000 lux, and 5565% relative humidity were maintained for multipli-
cation. Rooted plants were transferred to soil: vermiculate (1:1, v:v) mix-
ture in pots and acclimatized with 90% survival rate. Fully acclimatized
plants were planted in the field.

P-2046
Shoot Organogenesis in Nicotiana Species: Benzylaminopurine is Effec-
tive for a Broad Range of Species, While 6-(d,d-Dimethylallyamino)-
purine and Thidiazuron are Only Effective for Certain Species. Willa
(Qingwei) Huang, Huan Xie, and BAOCHUN LI. Novel Transgenics
Laboratory, Kentucky Tobacco Research and Development Center, Uni-
versity of Kentucky, Lexington, KY 40546-0236. E-mail: bli2@uky.edu

Regenerability is one of the desirable traits for plant varieties to be used
for the production of plant-made pharmaceuticals (PMP). As part of the
effort to develop plant varieties optimal for PMP production, two exper-
iments were conducted in this study to determine and/or improve the
shoot organogenic potential of Nicotiana species with important traits for
PMP-oriented breeding. Effects of benzylaminopurine (BA) and 6-(d,d-
Dimethylallyamino)-purine (2iP) on shoot organogenic potential of 46
Nicotiana accessions, representing 15 species, were examined in the first
experiment. BA was found to be more effective than 2iP in enhancing
shoot organogenesis for 23 Nicotiana accessions from 10 species, while
2iP was more effective than BA for four accessions from three species.
The effects of BA and 2iP were similar on the remaining 19 accessions.
Effects of varying concentrations of thidiazuron (TDZ) in combination
with indole-3-acetic acid (IAA) on shoot organogenic potential of 12
poorly responsive Nicotiana accessions from 10 species were examined
in the second experiment. Compared with the control that included BA
as the cytokinin, TDZ was found to enhance the shoot organogenic po-
tential of two accessions from one species (N. rustica) only, but reduced
or inhibited that of seven accessions from six species. The remaining
three accessions did not regenerate. These results suggested that BA is
an effective cytokinin for shoot organogenesis of a broad range of Ni-
cotiana species, while 2iP and TDZ are only effective for certain species.

P-2047
Callus Induction and Shoot Regeneration in Campanula Species and
Their F1 Hybrids In Vitro. GYEONG HEE KIM1, Zhoo Hyeon Kim1,
Byoung Ryong Jeong1, and Jong Il Chung2. 1Dept. of Horticulture, Di-
vision of Applied Life Science, Graduate School, Gyeongsang National
University, Jinju 660-701, Korea and 2Dept. of Agronomy, Division of
Applied Life Science, Graduate School, Gyeongsang National University,
Jinju 660-701, Korea. E-mail: nany96@hanmail.net

In an effort to establish a plant regeneration system for Campanula spe-
cies and their F1 hybrids, effect of genotype and plant growth regulator
(PGR) on callus and shoot induction was investigated. Three Campanula
species, Campanula punctata var. Rubriflora, C. punctata Lam, and C.
punctata Gyepchorong and four hybrids obtained from crossings between
them, C. punctata var. Rubriflora x C. punctata Lam, C. punctata Lam
x C. punctata var. Rubriflora, C. takesimana var. Sunginbong x C. punc-
tata Lam, and C. punctata Lam x C. takesimana var. Sunginbong, were
cultured in vitro and were used as the plant material. Calli were induced
in five weeks from the leaf explant of all species and hybrids on the
modified MS medium containing various combinations of 2,4-D and BAP.
Shoots were induced in seven weeks on the modified MS medium con-
taining various combinations of 2,4-D and BAP. Shoot regeneration re-
sponse varied by species and hybrid, and the frequency of regeneration
was low. Therefore, PGRs for promoted shoot regeneration was sought.
Callus induced on the callus induction medium (4.5 mM 2,4-D and 22
mM BAP) regenerated shoots on the modified MS medium containing
NAA and BAP. The F1 hybrid C. punctata Lam x C. punctata var. Rub-
riflora was the most responsive to PGRs among the seven species and
hybrids examined.
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P-2048
Regeneration of Black Grama (Bouteloua eriopoda Torr. Torr) Plants Via
Somatic Embryogenesis and the Internal Colonization of Endophytic
Fungi. PEDRO OSUNA-AVILA1 and Jerry R. Barrow2. 1 USDA, Agri-
cultural Research Service, Jornada Experimental Range, Las Cruces, NM
88003 and 2USDA-ARS-Jornada Experimental Range P.O. Box 30003,
MSC 3JER, NMSU Las Cruces, NM 88003-8003. E-mail: jbarrow@
nmsu.edu

Abstract Black grama (Bouteloua eriopoda) is an important forage grass
in southwestern USA rangelands. Plants were regenerated by somatic
embryogenesis. Surface disinfested seeds were germinated and the em-
bryonic shoots were excised and cultured on Murashige and Skoog (MS)
medium gelled with agar. Callus was induced from apical meristems.
Calluses were cultured on MS solid medium with six concentrations of
2,4, D (2,4-dichlorophenoxyacetic acid) or Dicamba (6-dichloro-o-anisic
acid) for 6 weeks under light or dark conditions. Somatic embryo induc-
tion was greatest on 4.52 um Dicamba, under light, after transferring to
an auxin- free medium. Embryo development progressed from globular,
torpedo to mature embryos phenotypically identical to those naturally
produced in seed that developed into intact plants and were established
in soil and grown to maturity. Two fungal species, Aspergillus ustus and
Puccinia sp consistently associated with native populations were also
found to be intimately integrated with meristematic mother cells from
germinating seedlings and were associated with cells, tissues and regen-
erated plants. Fungi form protective biofilms on cells and tissues in cul-
ture and on root and leaf surfaces of regenerated and native plants. The
ecological role of these endophytes is to protect plant surfaces from hos-
tile external environmental conditions.

P-2049
In vitro Mass Clonal Propagation and Hyperhydricity Reversal of Four-
Wing Saltbush [Atriplex canescens (Pursh) Nutt.]. ISAAC REYES-
VERA1, John Hubstenberger2, and Jerry Barrow1. 1USDA, Agricultural
Research Service, Jornada Experimental Range, Las Cruces, NM 88003
and 2Department of Agronomy and Horticulture, New Mexico State Uni-
versity, Las Cruces, NM 88003. E-mail: jbarrow@nmsu.edu

A successful, in vitro mass propagation system for cloning four-wing
saltbush [Atriplex canescens (Pursh Nutt)] and rooting was achieved. In
Vitro propagated shoots of A. canescens showed severe symptoms of
hyperhydricity, a frequent physiological problem reported in micropro-
pagation of A. canescens and other plant species. Hyperhydricity was
exacerbated when cultured in airtight culture vessels and high ammonium
concentrations in common media formulations and drastically reduced the
quality of in vitro cultures. Hyperhydric shoots reverted to normal shoots
by culturing on modified Murashige and Skoog basal medium and using
larger culture vessels with vented closures. Resulting normal shoots sig-
nificantly improved all aspects of micropropagation. One of the most
relevant aspects of hyperhydricity reversal is the fact that only reverted
shoots were able to root. Shoots were rooted in vitro by supplementing
the culture medium with 2.46 mM of indolebutyric acid (IBA). Plants
were successfully reestablished in soil transplanted and surviving in na-
tive sites.

P-2050
Comparative Field Performance of In Vitro Propagated Uniola paniculata
L. Genotypes. NANCY L. PHILMAN, Michael E. Kane, Christine Em-
shousen, Carmen Valero-Aracama, and Michelle Rau. University of Flor-
ida, Environmental Horticulture Department, P.O. Box 110675, Gaines-
ville, FL 32611-0675. E-mail: nphilman@mail.ifas.ufl.edu

Uniola paniculata L. (sea oats) is the primary native dune grass used for
beach restoration in the southeastern U.S. Sea oats are propagated in
nurseries using field-collected seed. Dwindling natural populations, con-
cerns regarding limited genetic diversity and potential use of non-locally
adapted genotypes have resulted in severe restrictions on field harvesting
and use of seed by native plant nurseries. Genetic analyses (RAPDs) have
revealed extensive genetic variation within and between natural sea oats
populations on the Atlantic and Gulf coasts. Reciprocal planting of in
vitro propagated sea oats genotypes, from two Gulf and two Atlantic coast
populations, was completed to assess the relationship between geographic
source, genotype and growth response. In September 2001, sixteen in
vitro propagated genotypes, four per geographic source, were planted at
St. George Island (Gulf coast) and Anastasia State Parks (Atlantic coast).
The experimental design consisted of five replicate planting blocks per
site with four replicates of each genotype per block. Data were collected
after 10 and 22 months post-planting. Thirty-one percent of the sea oats
genotypes exhibited flowering the first year and 62% the second. Geno-
types that flowered did so at both planting sites. Shoot production was
greatest in the St. George Island genotypes. Significant interactions in-
dicated that survival and growth was influenced by localized conditions
and genotype.

P-2051
Axillary Bud Position Affects Shoot Growth and Response to PGR of
Rose ‘‘Silk Red’’ In Vitro. GYEONG HEE KIM and Byoung Ryong
Jeong. Dept. of Horticulture, Division of Applied Life Science, Graduate
School, Gyeongsang National University, Jinju 660-701, Korea. E-mail:
nany96@hanmail.net

Effect of buds from different locations on the stock plant on shoot growth
and rooting was examined. Single node cuttings with a five-leaflet leaf
of the miniature rose ‘‘Silk Red’’ were excised from six axillary bud
positions, and were cultured in vitro after removing the leaf and petiole.
Axillary bud position affected type of shoot growth and rooting. Multiple
shoot formation was affected by the axillary bud position depending on
the type of cytokinin tested. Number of shoots per explant, mean no. of
leaves, longest leaf length, and fresh and dry weights of new shoots were
significantly affected by the axillary bud position and type of cytokinin
supplemented to the medium. The best axillary bud for the formation of
multiple shoots was those taken from the middle section of the shoot.
The best shoot proliferation was obtained with 4.4¥iM 2iP. Three shoot
types, single shoot, elongated single shoot, and multiple shoots, were
produced during 24 days of culture on the MS medium without any
supplemental PGR. Plant height and the longest leaf length were signif-
icantly affected by bud position, shoot growth type, and PGR when the
explant was transferred to the MS medium with various combinations
BAP and NAA. It is suggested that influence of axillary bud position in
this rose cultivar is an independent phenomenon intrinsic to the axillary
bud. Therefore, difference in growth potential of axillary buds at different
positions was thought to be caused by difference in endogenous hor-
mones.
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P-2052
Modification of Lignin in Medicago by Down-regulation of Ferulate-5-
Hydroxylase. GAIL SHADLE, M. S. Srinivasa Reddy, Lisa Jackson, Fang
Chen, and Richard Dixon. Plant Biology Division, Samuel Roberts Noble
Foundation, 2510 Sam Noble Parkway, Ardmore, OK 73401. E-mail:
glshadle@noble.org

Lignin imparts mechanical strength to plant stems and hydrophobicity to
water conducting vascular elements and impacts forage quality and paper
pulping efficiency. Therefore, there is much interest in genetically mod-
ifying the quantity and /or quality of the lignin polymer in forage legumes
such as Medicago sativa (alfalfa). We are interested in studying the ef-
fects of down-regulating the individual genes in the lignin pathway by
genetically modifying alfalfa. An antisense approach is being taken in
down-regulation of the Ferulate-5-Hydroxylase (F5H) gene. Thirty one
independent transgenic lines have been generated thus far. Of those lines,
several have been analyzed by Northern blot hybridization and found to
be down-regulated in F5H expression. The extent of down-regulation
varies between transgenic lines. There was a decreased syringyl/guaiacyl
monomer ratio in the F5H down-regulated transgenic alfalfa lines. Mi-
croarray analysis and metabolic profiling of the down-regulated lines are
in progress and the data generated will be presented.

P-2053
Development of Regeneration and Genetic Transformation Technology
for Plum Grown in Canada for Plum Pox Virus Resistance. LINING
TIAN, Dan Brown, and Susan Sibbald. Southern Crop Protection and
Food Research Centre, Agriculture and Agri-Food Canada, 1391 Sand-
ford Street, London, Ontario N5V 4T3, Canada. E-mail: tianl@agr.gc.ca

Plum pox is a viral disease of stone fruits including peaches, plums,
apricots, nectarines, almonds, and cherries. Few naturally occurring re-
sistance genes are available for plant breeders to use in developing highly
resistant fruit varieties. At this time, the most promising tool in devel-
oping resistance to plum pox virus is through genetic engineering of stone
fruit trees. For this purpose, research was conducted to develop a regen-
eration and transformation technique via organogenesis for plum (Prunus
demestica) grown in Canada. Results showed that shoots can be efficient-
ly induced from certain staged-immature seeds and mature seeds. Seed
variability for shoot induction was observed. Different varieties showed
difference in their regeneration and rooting capability in vitro. An effi-
cient plum regeneration has been developed for a number of plum vari-
eties. Studies were also conducted to develop gene transfer technique via
Agrobacterium-mediated transformation. Different aspects of gene trans-
fer was studied and optimizaed, these include different Agrobacterium
strains, different selections (e.g hygromycin and kanamycin), different
infection strategies. Plum transformation technique is now being devel-
oped.

P-2054
Liquid Culture for Rapid In Vitro Propagation of Vitis. M. DUTT, M. Van
Aman, and D. J. Gray. Mid Florida Research and Education Center, IFAS,
University of Florida, 2725 Binion Road, Apopka, FL 32703. E-mail:
mdutt@ifas.ufl.edu

Multiplication of Vitis vinifera ‘Cabernet Sauvignon’, ‘Chardonnay’ and‘Pinot
Noir’ and Vitis rotundifolia ‘Carlos’ by direct organogenesis of shoot tips was
compared in liquid and solid medium culture systems. Shoot tips were cul-
tured in C2D medium containing 4 mm/l of BA in either liquid (125 ml
Erlenmeyer flasks with 25 ml medium@120 rpm constant shaking) or solid-
ified (0.7% agar; 25 ml per 100 x 15 mm Petri dish) culture conditions. To
investigate the effect of illumination on growth, cultures were kept in either
light or dark conditions. There were 4 replications of each cultivar/medium/
illumination treatment. After 4 weeks, weight increase, number of shoots and
nodes per original shoot tip explant were determined. Explants in liquid media
exhibited approximately 10 times greater shoot weight and more tips and
nodes compared to solid grown cultures. Cultures under light conditions in
solid media performed better than cultures kept in dark while there was no
significant difference between either dark- or light-grown liquid cultures. To
evaluate subsequent shoot growth and development, all explants (both shoot
tips and nodes) from the best replication in each cultivar were grown on solid
C2D media containing 4 mm/l of BA for 6 weeks in light. Shoots of 1.5 to
2 cm length containing at least 2 nodes plus the shoot tip were then harvested
for rooting in C2D media containing 0.4 mm/l NAA. The final number of
shoots available for rooting showed cultivar dependent variation. It ranged
from 210 in ‘Cabernet Sauvignon’ cultures initially kept in liquid (dark) to
14 in ‘Pinot Noir’ cultures kept under similar conditions. Rooting percent in
general was highest in shoots initially obtained from liquid media in light and
ranged from 89.7% to 95.2%. Also cultures initially grown in liquid media
had higher number of shoots available for rooting over the corresponding solid
grown cultures. This ranged from 520% in ‘Carlos’ to 116% in ‘Chardonnay’.
Thus, an initial liquid medium culture stage was better than solid medium for
in vitro propagation in Vitis.

P-2055
The Development of an Efficient Somatic Embryogenesis System in Potato.
S. K. SHARMA, G. Bryan, and S. Millam. Scottish Crop Research Institute,
Invergowrie, Dundee DD25DA, Scotland, UK. E-mail: s.sharma@scri.sari.
ac.uk

The process of somatic embryogenesis (SE), envisaging dedifferentiation and
then redetermination of somatic plant cells towards the embryogenic pathway,
is yet another way of exhibiting totipotency by plant cells and holds potential
applications in both fundamental and applied aspects of plant development.
Whilst the progress in the former aspect has progressed well using model
plant species, the adoption of later aspect of SE in valuable crop species is
less well developed, yet highly desirable. The present study is focused on
developing and utilizing an efficient somatic embryogenesis system in potato
(Solanum tuberosum L.) using internodal segments as principal explants for
experimentation following a three-stage culturing regime viz. shoot multipli-
cation, induction and expression of somatic embryogenesis on modified Mu-
rashige and Skoog (1962) medium with stage specific fortifications. The re-
sults were analysed as a function of genotypic differences, the effect of plant
growth regulators (PGR), cultural conditions, and omission of either of the
later stages. The key developmental stages during potato SE were analysed
and confirmed using a histological approach. The SE response was visible
within 3 weeks of explant transfer to auxin free medium, after an initial in-
cubation for 2-3 weeks on auxin (alone or in combination with a cytokinin)
containing medium. The transfer of potato somatic embryos to PGR free me-
dium exhibited growth patterns similar to potato seedlings, in contrast to those
observed in in vitro propagated shoots. Transplantation of emblings to glass-
house conditions resulted in potato plants and tubers with normal morphology.
This somatic embryogenesis protocol offers a platform, not only for com-
mercial production, but also as a novel biological system for studies on gene
expression and regulation. Currently, the project involves the development of
methods for characterization of potato SE as a function of differentially ex-
pressed SE specific marker gene and results from this aspect will also be
presented.
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P-2056
Plant Recovery from Cryopreserved Embryogenic Cultures of ‘Kohala’
Longan. S. H. T. RAHARJO, S. A. Dhekney, and R. E. Litz. Tropical
Research and Education Center, IFAS, University of Florida, 18905 SW
280 Street, Homestead, FL 33031-3314. E-mail: sraharjo@ifas.ufl.edu

Longan (Dimocarpus longan (Laur.) Stend.), an important tropical and
subtropical fruit tree, is highly embryogenic in vitro under optimal con-
ditions. Embryogenic cultures of longan ‘Kohala’ were induced from ex-
plants of very young leaves on modified B5 medium containing 400
mg.l21 glutamine, 200 mg.l21 casein hydrolysate, 30 g.l21 sucrose, 3
mg.l21 gellan gum, 4.52 mM 2,4-D and 9.30 mM kinetin. Embryoganic
cultures consisting of proembryonic masses (PEMs) were maintained on
modified MS containing 4.52 mM 2-D and 0.91 mM zeatin. Before or
during cryopreservation the cultures were given one of the following
treatments: a) air-drying for 1h prior to transfer to cryovials; b) increase
of sucrose concentration in the medium to 150 mg.l21 5 days prior to
cryopreservation, plus air-drying for 1h prior to transfer to cryovials; c)
air-drying for 1h prior to transfer to cryoprotectant solution (5% glycerol,
5% DMSO in the maintenance medium) in cryovials. Slow cooling pro-
tocol was used. Cryovials containing the cultures were inserted in ‘‘Mr.
Frosty’’ containers which were placed in a -808C freezer for 2h before
the cryovials were plunged into liquid N2 tank for 4 days. After thawing
and reculturing PEMs on maintenance medium with 60 mg.l21 sucrose,
only treatment c) resulted in culture regrowth, with a recovery rate of
18.3% after 2-4 weeks. Following transfer to MS medium with 20% (v/
v) coconut water, the recovered PEMs produced white opaque somatic
embryos after 4 weeks and mature somatic embryos were obtained after
4-6 more weeks.

P-2057
Description of Two Distinctive Vegetative Shoot Types Produced During
In Vitro and In Vivo Growth of Dioscorea trifida cv Short Neck Yampie
and D. cayenensis cv Round Leaf Yellow Yam. S. A. MITCHELL and
M. H. Ahmad. Biotechnology Centre, University of the West Indies,
Kingston 7, Jamaica. E-mail: sylvia.mitchell@uwimona.edu.jm

Dioscorea species produce a juvenile seedling shoot so unlike the adult
vegetative shoots that farmers think they are weeds. This juvenile shoot
form has been produced in vitro. To further characterise these shoot
forms, two Dioscorea species were grown on various media in vitro and
monitored after transfer to in vivo conditions. The two shoot types of
Dioscorea trifida L. cv SNY and D. cayenensis Lam. cv RLYY that
developed in vitro and in vivo were significantly different in terms of
morphology (shoot tip position, stem type, leaf shape) and histology.
During the multiplication stage of the micropropagation process - only
type I shoots (juvenile form) were found on media without hormones,
type II shoot (adult vegetative form) production was promoted on media
supplemented with BAP and zeatin and to a lesser extent with kinetin,
while 2iP was inactive. On media with four types of auxin or gibberellic
acid, only type I shoots were found. After hardening, there was a gradual
transition to type II growth. An analysis of the nutrient make-up of both
types of shoots was carried out. Differences between the two shoot types
were identified using SDS-PAGE. The significance of these results will
be discussed.

P-2058
In Vitro Seed Germination and Development of Epiphytic and Terrestrial
Orchids of Mexico. B. S. LUNA-ROSALES and A. Barba-Alvarez. Un-
idad de Investigación en Biologı́a Vegetal, Facultad de Estudios Super-
iores-Zaragoza (Campo II), UNAM, AP 0920, CP 09230, México, D.F.
E-mail: barbaral@servidor.unam.mx

Epiphytic and terrestrial orchids are often highly adapted to specific en-
vironments and the disturbance or disappearance of their natural habitats
threaten their survival. For conservation reasons it is desirable to deter-
mine efficient propagation methods for these species. In nature, orchid
seeds germinate only following fungal infection. In vitro, two practical
seed germination methods utilizing fungi (symbiotic) or a relatively sim-
ple sugar containing medium (asymbiotic) were developed. Tropical epi-
phytic orchid species are germinated through a range of asymbiotic seed
germination techniques. Terrestrial species from northern temperate cli-
mates are much more difficult to germinate in vitro than tropical epiphytic
species. Asymbiotic method has been perfected and in some cases adapt-
ed to the special requirements of selected genera and species for both
epiphytic and terrestrial orchids. The aim of this investigation was to
obtain in vitro asymbiotic germination and subsequent development of
produced plantlets on Knudson C, Murashige & Skoog or Mitra media
of Epidendrum michuacana and Cattleya aurantiaca, epiphytic species,
and Bletia gracilis, B. campanulata and B. macristhmochila, terrestrial
species, of Mexico.

P-2059
In Vitro Regeneration, Chromosome Doubling and Analysis of Novel
Lines of Solanum phureja. S. MILLAM. Gene Expression, Scottish Crop
Research Institute, Invergowrie, Dundee, DD2 5DA, UK. E-mail:
smilla@scri.sari.ac.uk

Solanum phureja is a diploid relative of potato, grown as a tuber crop in
South America and also grown and marketed to consumers at certain
times of the year in the UK as a gourmet tuber product. There exists a
very wide collection of germplasm in this species with an extensive range
of morphology and, significantly, a wide range of tuber characteristics
such as carotenoid content. In this work, twelve lines were selected for
their novel tuber morphology. Using in vitro de-differentiation- re-differ-
entiation techniques and generating callus and subsequent shoots from
leaf and internode explants, these lines were induced to, at varying rates,
double their chromosome complement (i.e from 2x to 4x). Following the
tissue culture stage, material was assessed for ploidy level using flow
cytometry. A population of control, somaclonal 2x and induced 4x ma-
terial from these lines were grown in replicated trials under controlled
conditions and an assessment of phenotypic, cytological and molecular
characters undertaken.
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P-2060
Effects of a Short Duration Weak Acid Treatment on Intracellular pH, Division
and Embryogenic Potential of Hybrid Larch Protoplasts (Larix x eurolepis). F.
C. B. C. TRAN and S. Laliberté. GREFi, Département des sciences biologiques,
Université du Québec à Montréal, C.P. 8888, Succ. Centre-Ville. Montréal (Qué-
bec) Canada, H3C 3P8. E-mail: tran.cuupbaopchau@courrier.uqam.ca

Intracellular pH is involved in various regulatory processes, particularly in rela-
tion to metabolism, growth and development. The objectives of this study were
to evaluate the possible relationships between intracellular pH, cell cycle, division
and embryogenic potential of hybrid larch protoplasts. Freshly isolated proto-
plasts were treated for one hour with 1.74 mM potassium acetate 1 1/2 MSG at
pH 5.0. For the control, MSG culture medium at pH 5.8 (Klimaszewska, 1989,
Plant Science 63: 95-103) was applied. Protoplasts were then washed and cul-
tured in MSG including 2 mg/l 2,4-D and 0.5 mg/l BAP (pH 5.8) for 35 days.
For intracellular pH, cell cycle and 2C absolute DNA amount determination, flow
cytometric analyses of protoplasts loaded with c-SNARF-1 and isolated nuclei
stained with propidium iodide were carried out at 2 and 3 hours intervals over
35 hours. A morphological study was also performed by microscopic observa-
tions together with cell cycle and DNA amount analyses over the whole culture
period. An intracellular alkalinization, observed in the first 21 hours, preceded
cell cycle activation in both treated and untreated protoplasts. Treated protoplasts
had a lower pHi, and a more pronounced cell cycle activation characterized by
higher percentages of S and G2 nuclei. Patterns of DNA amount variation in
treated and control cells were out of phase. On a long term basis, treated cells
showed higher levels of division, microcolonies and somatic embryos formation,
as well as higher percentages of S nuclei. Although patterns of DNA amount
variation were similar, values for treated cells were higher. Therefore, an intra-
cellular pH modulation seems to be involved in the control of cell division and
a change in the initial pHi affected the subsequent expression of cell proliferation
and differentiation. A better understanding of the factors involved in the control
of embryogenic potential will contribute to improve in vitro protocols of hybrid
larch plantlets production for reforestation.

P-2061
Regeneration of Somatic Embryos from Sweet Orange (C. sinensis (L.)
Osbeck) Protoplasts Using Semi-permeable Membranes. RANDALL P.
NIEDZ. U.S. Horticultural Research Laboratory, Agricultural Research
Service, Ft. Pierce, FL 34945. E-mail: rniedz@ushrl.ars.usda.gov

Sweet orange (C. sinensis L. Osbeck) protoplasts were isolated from nu-
cellar-derived embryogenic callus, cultured in alginate beads for 5-30
days, and the resulting p-calli released by liquefaction and cultured on
semi-permeable membranes overlaid on MT culture medium. Somatic
embryos did not develop from 5 or 10 day old p-calli but did develop
from 15, 20, 25, and 30 day old p-calli. There were no significant dif-
ferences in the numbers of embryos produced among the 15-30 day old
p-calli and no abnormal embryo morphologies were observed. The min-
imum size of p-calli to form embryos was 77.84 micro-m in diameter.
Embryos were substantially smaller from p-calli than those produced
from embryogenic callus and averaged 200 micro-m and .1 mm in di-
ameter, respectively. Embryos produced from p-calli of all ages did not
germinate.

P-2062
Somatic Embryo Development and Plantlet Recovery from Cryopreserved
Embryogenic Cultures of Papaya (Carica papaya L.). S. A. DHEKNEY1, R.
E. Litz1, and A. K. Yadav.2 1University of Florida, Tropical Research and
Education Center, Homestead, FL 33031. 2Agricultural Research Station, Fort
Valley State University, Fort Valley, GA 31030. E-mail: sadanand@ufl.edu

Plant regeneration and genetic transformation can be achieved in papaya
through the somatic embryogenesis pathway. Regrowth of embryogenic cul-
tures, somatic embryo development and plantlet recovery was studied in pa-
paya Sunrise Solo following storage in liquid nitrogen (LN). Embryogenic
cultures were established from hypocotyls of in vitro germinated seedlings.
Four different cryoprotectant combinations were tested: 1) glycerol 1 DMSO
(5% each); 2) glycerol 1 DMSO (10% each); 3) polyethylene glycol 1 glu-
cose 1 DMSO (10% each); and 4) Plant Vitrification Solution 2 [glycerol
(30%) 1 ethylene glycol (15%) 1 DMSO (15%)]. The cryoprotectant treat-
ments were compared with a frozen and nonfrozen control. The slow cooling
method was used where embryogenic cultures (200mg) were incubated with
cryoprotectants in 1.5 ml cryo vials and then transferred to Mr. Frostyt con-
tainers. The containers were cooled to -808C (18C min21) and then cryo vials
were plunged in LN. For vitrification, embryogenic cultures were treated with
a loading solution (2.0M glycerol 1 0.4M sucrose) followed by a vitrification
solution and directly plunged into LN. Regrowth, somatic embryo develop-
ment and plantlet recovery were recorded in different treatments following
storage in LN for 48 h. The maximum increase in weight of embryogenic
cultures after 90 days were 0.543g for the non frozen control, 0.506g for the
vitrification treatment and 0.288g for treatment 3. The maximum number of
somatic embryos was recorded for the nonfrozen control (256.0) followed by
vitrification (225.2) and treatment 3 (103.0). The percentage of morphologi-
cally normal somatic embryos was higher in the cryopreservation treatments
than the nonfrozen control. No differences in somatic embryo germination
and plantlet recovery were observed between control and cryopreserved cul-
tures.

P-2063
Contamination and Growth in Cultures of Three Endangered Florida Pawpaws Initiated
by In Vitro Collecting. V. C. PENCE. Center for Conservation and Research of Endan-
gered Wildlife, Cincinnati Zoo and Botanical Garden, 3400 Vine Street, Cincinnati, OH
45220. E-mail: valerie.pence@cincinnatizoo.org

In vitro collecting methods are being used to collect and establish tissue culture lines
from a number of genotypes of three endangered Florida pawpaws, Asimina tetramera,
Deeringothamnus rugelii, and D. pulchellus. Multiple genotypes are needed for outplant-
ing in situ to augment and establish new populations, as well as for germplasm banking
in liquid nitrogen, since the seeds cannot be stored. Techniques for initiating cultures
from young bud and leaf tissues were previously developed. New collections were made
of 16, 10, and 21 individuals, respectively, of A. tetramera, D. rugelii, and D. pulchellus,
10 isolates per genotype, and the rate of loss to contamination and browning as well as
the production of buds was followed. Cultures were initiated from small pieces of young
leaves and buds that were isolated from plants in the wild and surface sterilized with
70% ethanol. These were placed onto Linsmaier and Skoog medium plus 0.5 mg/L BAP,
0.5 mg/L NAA, 100 mg/L benlate, with 0.05 ml of freshly prepared antibiotic solution
(5 mg/ml cefotaxime and 0.25 mg/ml vancomycin) added on top of each newly collected
explant. Tissues were examined within a week of collecting and transferred to medium
containing 0.66 mg/L TDZ, 0.2 mg/L BAP, and 0.22 mg/L IBA and then transferred and
examined 2-3 more times over the next month. Tissues were transferred every 7-12 days
over the next 6 months in order to minimize browning, and a drop of freshly prepared
antibiotic solution was added on top of the explant after each transfer until shoot cultures
were established. The percent of clean cultures after one week was generally over 90%,
dropping to 75% after one month. Material from one site, however, was initially only
70% clean, dropping to 35% after one month. A further 9-35% of material was lost
within the first month to browning, depending on the species. The initiation of buds
within the first 6 weeks of culture ranged from 48% to 80% of the genotypes collected
for each of the three species, but after 7 months over 80% of these were still producing
buds or well-established shoots. While the establishment of new culture lines was higher
than previously obtained, further improvements in the control of contamination and
browning should provide even more efficient methods for collecting multiple genotypes
for tissue banking and reintroductions. The development of protocols for this research
was funded in part by grants from the Institute of Museum and Library Services (IC-
00034-00 and IC-03-02-0130-02), and was done in collaboration with the Center for
Plant Conservation (St. Louis, MO) and Historic Bok Sanctuary (Lake Wales, FL).
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P-2064
In Vitro Propagation and Acclimation of Avon Park Harebells (Crotalaria
avonensis), an Endangered Florida Species. S. M. CHARLS and V. C.
Pence. Center for the Conservation and Research of Endangered Wildlife
(CREW), Cincinnati Zoo and Botanical Garden, 3400 Vine Street, Cin-
cinnati, OH 45220. E-mail: susi.charls@cincinnatizoo.org

One of Florida’s rarest species, Crotalaria avonensis (Avon Park hare-
bells) is being propagated through tissue culture as part of the Endangered
Plant Propagation Program at CREW, in collaboration with the Center for
Plant Conservation (St. Louis, MO) and Historic Bok Sanctuary (Lake
Wales, FL). Shoot cultures were established from cuttings and were main-
tained on MS medium with 0.1 mg/L BAP and 0.01 mg/L NAA. The
rate of taproot initiation occurring on MS medium containing 0.1 mg/L
NAA and 0.01 mg/L BAP averaged 36%. However, the highest rooting
percentages were obtained on WP medium with (73%) and without (60%)
0.5 mg/L IBA, although the roots had a more fibrous morphology. Ac-
climation to soil of plants rooted on WP media with or without IBA was
more successful than those rooted on the MS rooting medium containing
NAA and BAP. After one month, 1/3 of the plants acclimated from the
WP medium were surviving whereas none of the plants acclimated from
the MS medium had survived. Rooted plants have also been acclimated
by collaborators at Historic Bok Sanctuary and at Archbold Biological
Station (ABS) in Lake Placid, FL. Plants are being produced at CREW
for outplanting this year at a site at ABS where their growth and survival
will be monitored. Research funded in part by the Institute of Museum
and Library Services, Grants No. IC-000034-00 and IC-03-02-0130-02.

P-2065
Adventitious Rooting and Clonal Plant Production of Hybrid Walnut (Juglans)
Rootstock Selections. C. A. LESLIE1, W. P. Hackett2, D. Bujazha1,2, S. Hirbod1,
and G. H. McGranahan1. 1Department of Pomology, 2Department of Environmental
Horticulture, University of California-Davis, Davis, CA 95616. E-mail: caleslie@
ucdavis.edu

Walnuts (Juglans) are difficult to root and commercial rootstocks are therefore
almost entirely of seedling origin. Production of improved rootstocks will require
an efficient and reliable rooting method. The preferred rootstocks in California are
hybrids between black walnut and Persian walnut (commonly J. hindsii x J. regia)
known as Paradox. In this study micropropagated shoots of 15 Paradox genotypes
selected for disease or nematode resistance, 3 Paradox backcrosses to J. regia
selected for virus tolerance, and the J. regia cultivar ‘Sunland’ were used to eval-
uate rooting methods. Addition of 1 mM phloroglucinol to shoot multiplication
medium (DKW) enhanced subsequent rooting by 24%. Roots were induced on MS
based media supplemented with 3 to 40 ppm IBA for 3 to 7 days in the dark.
Rooting was evaluated 3 weeks after transfer to hormone-free 1/4 strength DKW
root expression medium. Optimum IBA application differed by clone but generally
higher concentrations increased the rooting percentage. Rooting of clones induced
on 40 ppm IBA ranged from 100% to 19%. Clones induced on 5 ppm IBA ranged
from 80% to 0%. Excessive IBA produced stunted roots and, in some clones, excess
callus. An expression medium consisting of an 80:90 (v/v) gelled medium:vermic-
ulite mix produced far better rooting percentages and root quality than either sta-
tionary liquid medium or conventional gelled medium. Addition of 5 g/l activated
charcoal to root expression media enhanced the rooting percentage but in some
clones resulted in development of weaker roots. Rooted plants were acclimated in
a fog chamber for 2 weeks and then grown for 3 months in a greenhouse to desired
size for field planting. Survival by clone ranged from 90% to 22% and averaged
65%. Trees were then chilled (108C) under short day-length and low light for 3 to
4 weeks to initiate dormancy and defoliation. Dormant trees have been stored suc-
cessfully for up to 6 months at 58C. Over 5000 trees were produced last year for
disease testing and field trials.

P-2066
The Effect of Carbohydrate Concentration on Cassava Micropropagation.
J. WILTSHIRE and T. W. Zimmerman. University of the Virgin Islands
Agricultural Experiment Station, RR2 Box 10,000, Kingshill, VI 00850.
E-mail: tzimmer@uvi.edu

Cassava (Manihot esculenta) line TMS 60444, which has been used in
cassava transformation, was grown under varying sucrose concentrations
in vitro to find a combination that produces a stronger plant to survive
acclimatization. Single nodal segments from the cassava were grown on
agar gelled Murashige and Skoog basal medium that was supplemented
with 0, 1, 2, 4 or 6% sucrose. Cassava shoot growth and development
was monitored over a five week period. Sucrose levels of 2% and 4%
produced the most internodal growth and the tallest plants. Plant inter-
nodal length and leaf size were reduced at the 6% sucrose level. This
was attributed to the increased osmotic potential of the medium. Though
the growth rate was reduced at the 6% sucrose level, the plants may be
more adapted to acclimatization ex vitro. The elevated sucrose concen-
tration should allow more carbohydrates to be stored in the plant tissue
for it to draw on as it becomes photoautotrophic ex vitro.

P-2067
The Effect of Different Plant Growth Regulators on In Vitro Adventitious
Shoot Formation in Virginia Pine (Pinus virginiana Mill.). WEI TANG,
Latoya C. Harris, Vilay Outhavong, and Ronald J. Newton. Department
of Biology, Howell Science Complex, East Carolina University, Green-
ville, NC 27858-4353. E-mail: tangw@mail.ecu.edu

The effects of different plant growth regulators on in vitro adventitious
shoot formation in Virginia pine (Pinus viginiana Mill.) were quantita-
tively evaluated in this investigation. In TE basal medium supplemented
with 2.0 mg/l indole-3-acetic acid (IAA) and 0.5 mg/l N6-benzyladenine
(BA), organogenic callus was formed after 3 to 6 weeks of culture. Or-
ganogenic calli were transferred to TE basal medium supplemented with
0.1 mg/l indole-3-butryic acid (IBA) 2.0 mg/ N6-benzyladenine (BA) for
6 to 9 weeks, where they differentiated into numerous small shoot pri-
morida. In the TE basal medium supplemented with 0.1 mg/l indoe-3-
bytryic acid (IBA) and 1.0 mg/l N6-benzyladenine (BA), growth and elon-
gation of adventitious shoots were promoted. After elongated shoots were
transferred to TE medium containing 0.01 mg/1a-naphthaleneacetic acid
(NAA) for 6 weeks, adventitious roots were formed at the base.
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P-2068
Use of KN1, EF-1a, 2S Seed Storage Protein and LEA Genes as Early Indicators
of Somatic Embryo Maturation in Norway Spruce (Picea abies). W. WANG-
LOUGHEED1, T. Beardmore2, Y. S. Park2, and G. Adams1. 1SE Laboratory, J. D.
Irving Canada Limited, 1350 Regent Street, Fredericton, NB E3B 5P7, Canada and
2Canadian Forest Service, 1350 Regent Street, Fredericton NB E3B 5P7, Canada.
E-mail: wwang@nrcan.gc.ca

Norway sprucesomatic embryogenesis occurs in two phases, initiation and matu-
ration. The initiation phase involves induction and proliferation of proembryogenic
masses (PEMs). The maturation phase involves PEMs-to-somatic embryo transition
and further development of the somatic embryos (SEs). During these phases, SEs
exhibit morphological and genotypic variation, and some genotypes cannot com-
plete the maturation phase. The goal of this study is to develop an early diagnostic
tool to estimate SE maturation competence. We propose that the level of embryo-
genesis-associated gene expression can serve as an indicator of the maturation
competence forming mature SE. Two distinct types of SE clone lines were identi-
fied; the A-lines form healthy mature SEs, and the F-lines are unable to produce
mature SEs. Based on the reported involvement in embryogenesis in other plant
species, four genes coding for KN1 (KNOTTED 1), EF-1a (translation Elongation
Factor 1-a), 2S seed storage protein and LEA (Late Embryogenesis Abundant)
were selected and their expression profile was analyzed by Northern hybridization.
In the A-line, LEA-like transcripts were detected one day after PEMs were trans-
ferred to maturation treatment, and the transcript level increased as maturation
progressed. In contrast, the expression of LEA2like genes in the F-line was either
undetectable or expressed in very low level after PEMs were transferred to matu-
ration treatment. Although both KN1 and EF-1a genes were expressed in both A
and F-lines, their transcript levels increased gradually in A-line after maturation
treatment, but decreased in F-line. The expression of a 2S seed storage protein gene
increased rapidly in A-line SEs after 5 days of the maturation treatment, but did
not increase in the F-line. These results suggest that the compromised maturation
competence in the F-line is associated with reduced expression of the above genes.
In the A-lines, an increase in the expression of the four genes corresponds to the
ability of the PEMs to successfully undergo maturation, producing mature SEs.

P-2069
Application of Somatic Embryogenesis in an Industrial Tree Improvement
Program. W. WANG-LOUGHEED1, G. Adams1, Y. S. Park2, and T.
Beardmore2. 1J. D. Irving Canada Limited, 1350 Regent Street, Freder-
icton, NB E3B 5P7, Canada and 2Canadian Forest Service, P.O.Box 4000,
Fredericton, NB E3B 5P7, Canada. E-mail: wwang@nrcan.gc.ca

Through the tree breeding program of J. D. Irving Limited, high value
families were developed by controlled breeding among selected parents.
The seeds from these crosses were used to produce clone lines by somatic
embryogenesis. In this project, about 2500 seeds representing 23 control-
crossed families of white spruce (Picea glauca) and Norway spruce (P.
abies) were used for somatic embryo (SE) induction, SE maturation and
germination resulting in the production of somatic seedlings. Subsequent-
ly, the somatic seedlings were transplanted to the field for genetic testing.
The data showed a strong genetic influence in SE induction. SE induction
rate for white spruce was ranged from 40 to 90% among the families,
and 44 to 92% for Norway spruce. SE maturation frequency was also
under genetic control with a range from 74-100% for white spruce and
52-86% for Norway spruce. However, there was no significant correlation
between SE induction rate and its maturation frequency, indicating higher
SE induction rate of a family does not necessarily result in a higher
maturation frequency. Germination rate was 100% for all SE clone lines
developed. We suggest that SE technology in spruce is ready for imple-
mentation in commercial tree improvement programs because the pro-
duction of SEs can be obtained at a high rate.

P-2070
In Vitro Regeneration from Mature Seeds of Stewartia koreana Nakai. S. G.
SON and H. K. Moon. Biotechnology Division, Korea National Forest Sci-
ence Institute, Omokdong 44-3, Suwon, Gyeonggido, Republic of Korea, 441-
350. E-mail: sonsak@foa.go.kr

As one of the distinguished landscape tree species, Stewartia koreana Nakki
(Korean Stewartia) has so beautiful mottled bark that called as ‘‘silk tree’’ in
Korea. The availability by conventional propagation method of seeding is
limited because it takes two years to germinate due to double dormancy and
the rate of sound seed is low. The alternative method of cutting has its inherent
problems like cold damage and necrosis. The present study was initiated to
establish an in vitro micropropagation protocol via adventitious shoot for-
mation and somatic embryogenesis from mature seeds. We investigated the
effects of some growth regulators on adventitious shoot induction and on
initiation of somatic embryos. Mature seeds were collected in 2002. The ex-
tracted cotyledons from the seeds were cultured on MS media supplemented
with different levels combinations of BA, NAA and 2,4-D. Adventitious
shoots and somatic embryos looked differ in form, color, shape and number
depending on the combinations of plant growth regulators. When BA and
NAA were present, the shoots became short and developed dark color. Normal
looking shoots were developed from explants with small callus. Multiple
shoots (about 11 per explant) were formed when treated with 1.0 mg/L BA
alone. Embryogenesis was observed mostly on the callus showing bright yel-
low color which had been treated with 0.5 mg/L BA and 0.5 mg/L 2,4-D.
From the callus, various forms of somatic embryos were induced according
to different levels of PGRs. The highest frequency of somatic embryos was
obtained by treatment of 0.5 mg/L NAA and 0.1 mg/L BA. These types of
embryos could be classified as bowl-shaped, bowling pin-shaped and torpedo-
shaped. Each shape showed different germination rate. The torpedo-shaped
embryos germinated best when encapsulated with alginic acid. The effect of
activated charcoal into MS and 1/2 MS on further growth will also be dis-
cussed in details.

P-2071
Tissue Culture Studies and In Vitro Clonal Propagation of Three (Cardiospermum halica-
cabum L., Spilanthes acmella L., and Boerhaavia diffusa L.) Herbal Ethnomedicinal Plants
of North East India and Establishment of the Plantlets in a Natural Environment. M. C.
KALITA, Purabi Deka, Anamika Baro, S. Phukan, and A. C. Deka. Department of Biotech-
nology, Gauhati University, Guwahati 781014, Assam, India. E-mail: mckalita@sify.com

Cardoispermum halicacabum L., commonly known as ‘‘Kapalphuta’’ in Assam, India, be-
longs to the family Sapindaceae and is an annual or sometimes perennial climber with a
height of around 3.5 meters. The plant is generally found in most tropical countries. The
plant is ethno-medicinally used in rheumatism, nervous disorders, dropsy, cough, piles, and
also in preparation of herbal cosmetics. Nodal segments of field-grown young plants of C.
halicacabum were used to evaluate the effect of BAP, Kn, and NAA for in vitro clonal
propagation in MS media. The highest multiplication of shoot was obtained in MS medium
supplemented with Kn 5 mg/l. The best condition for rooting was found in MS basal medium.
The rooted plantlets were acclimatized subsequently following different appropriate steps and
finally transferred to the natural environment. Spilanthes acmella L. belongs to the family
Asteraceae and is commonly known as ‘Pirazha’ in Assam. It is an erect, annual herb at-
taining a height of 50 to 60 cm. The plant has a number ethno-medicinal as well as pesticidal
properties. As per traditional use in Assam, a person can even temporarily get relief from
toothache by chewing flowers of it. It is highly toxic to the adult houseflies and mosquitoes.
Multiple shoots of Spilanthes acmella were regenerated in MS medium using different con-
centrations of BAP, Kn, and different combinations of BAP with IAA, NAA, and IBA.
Highest multiplication of shoots was obtained with BAP (0.75 mg/l) and found number of
28.4 shoots per explant after 60 days of culture. Shoots were rooted best in IBA (0.5 mg/l)
with a maximum number of 48.8 per explant. Callus induced in 2-4-D (0.5 mg/l) proliferated
best in BAP (0.75 mg/l). Callus exhibited best organogenic response with BAP (2.0 mg/l)
and IAA (1.0 mg/l). The plantlets were finally established in a natural environment. Boer-
haavia diffusa L. is the source for many important ayurvedic drugs with potent pharmaceu-
tical importance. It belongs to the family Nyctaginaceae and is popularly known as ‘Punar-
nava’ being found in Himalayan region at an altitude of 2000 m. The root extract of this
plant finds application as anti-hepatotoxic and anti-viral agents. It is traditionally practiced
to cure corneal ulcers and night blindness. Optimum shoot initiation was observed from
nodal segments (3rd to 5th from apical node) with MS basal media supplemented with IAA
(2 mg/l) 1 BAP (5 mg/l) after 15 days of interval. Callus growth was recorded highest (70%)
when supplemented with IAA (3mg/l) 1BAP (2 mg/l). Highest number of multiple shoots
(14) regenerated from single explant with Kn (4mg/l) after 45 days. Embryogenic response
was found from callus grown with IAA (1 mg/l) 1 BAP (2 mg/l).



Plant Poster Sessions

61-AWorld Congress on In Vitro Biology Abstracts

P-2072
Ethylene Inhibitors, AgNO3 and Aminoethoxyvinylglycine Stimulates Direct Ad-
ventitious Shoot Organogenesis in Cotyledon Explants of a Fruit Tree, Pomegranate
(Punica granatum L. cv. Ganesh). SOUMENDRA KUMAR NAIK1 and Pradeep
Kumar Chand2. 1The ICFAI Institute of Science & Technology, Fortune Towers,
Chandrasekharpur, Bhubaneswar-751023, Orissa, India and 2Plant Tissue and Cell
Culture Facility, Post-Graduate Department of Botany, Utkal University, Bhuba-
neswar-751004, Orissa, India. E-mail: sknuu@yahoo.com

Pomegranate (Punica granatum L.) is an important fruit tree of the tropical and
subtropical regions of the world. Besides, the tree is also cultivated for its phar-
maceutical usages. Genetic improvement of fruit trees, in general and pomegranate
in particular, by conventional breeding methods is a slow and difficult process due
to their long life cycles. In this respect, the introduction of agronomically useful
traits by genetic transformation is an alternative method. For successful genetic
transformation, development of an efficient in vitro protocol of plantlet regeneration
via adventitious shoot formation is a desirable requirement. Here a protocol is
outlined for adventitious shoot organogenesis and complete plant regeneration from
the cotyledon explants of pomegranate (cv. Ganesh), which could be useful for
genetic improvement of this multipurpose fruit tree. Murashige and Skoog (1962)
medium (MS) augmented with 8.9 mM benzyladenine (BA), 5.4 mM naphtha-
leneacetic acid (NAA) and 10% coconut water induced adventitious shoot bud
differentiation in axenic seedling derived cotyledon segments. Addition of ethylene
inhibitors such as AgNO3 (10-40 mM) and aminoethoxyvinylglycine (AVG) (5-15
mM) to the regeneration medium significantly increased the regeneration frequency
as well as number of shoots obtained per explant. The highest shoot organogenesis
was achieved on the regeneration medium with 20 mM AgNO3. The promotive
effect of AVG on shoot regeneration was reversed by exogenous application of 20
mM 2-chloroethylphosphonic acid (CEPA), an ethylene releasing compound. In
contrast, the effect of AgNO3 was relatively less affected by CEPA. Rooting of
regenerated shoots was best induced (90%) in half-strength MS containing 0.54
mM NAA. The well rooted plantlets were acclimatized and eventually established
in soil.

P-2073
Lambda Integrase: A Useful Site-specific Recombination System for
Plants. J. L. SUTTIE, M. Chilton, A. deFramond, W. Gu, and Q. Que.
Syngenta Biotechnology, Inc., Research Triangle Park, NC 27709.
E-mail: jan.suttie@syngenta.com

Site-specific recombination systems are useful in a variety of applications
for manipulating genomic DNA. Here we report that both wild type and
mutant lambda integrases are active in plant cells on episomal and chro-
mosomal substrates with integrase recombination sites. Wild type inte-
grase requires the co-expression of genes encoding its accessory host
factors to mediate these reactions. Mutant integrases have a reduced re-
quirement for these host factors. Stable transgenic plant lines constitu-
tively expressing wild type or mutant integrase and accessory factors have
also been established in maize without noticeable adverse phenotypic
effect.

P-2074
The Characterization of Metallothionein cDNAs from Leguminous Plants.
XIAO-HONG SUN, X. Xian, Kyung-Jin Hong, and Toshio Kajiuchi.
Laboratory of International Development Engineering, Tokyo Institute of
Technology, 2-12-1, Ookayama, Meguro-ku, Tokyo, 152-8550, Japan. E-
mail:xhsun@ide.titech.ac.jp

We isolated Type I and Type II metallothionein (MT) cDNAs from some
leguminous plants, soybean, red bean, green gram, kidney bean, green
peas and broad bean. The Type I MT cDNAs were about 530-550 bp in
full length, including 216-240 bp open reading frame. The Type II MT
cDNAs were 540- 570 bp full length and 231-243 bp open reading frame.
Both the MT cDNAs encode proteins with arrangements of rich cysteine
residues characteristic. At each of the N- and C- terminal of the putative
proteins, cysteine residues were arranged in a CxCxxxCxCxxxCxC and
CxCxxxCxCxxCxC structure for Type I MT, and CCxxxCxCxxxCx-
CxxxCxxC and CxCxxxCxCxxCxC for Type II MT, respectively.

P-2075
A Functional Genomics Pipeline to Identify and Characterize Genes In-
volved in Seed Development in Wheat. MARK C. JORDAN and Nan-
dadeva Yakandawala. Cereal Research Centre, Agriculture and Agri-Food
Canada, 195 Dafoe Rd., Winnipeg, MB, R3T 2M9, Canada. E-mail:
mcjordan@agr.gc.ca

In species without available reverse genetic resources (large populations
of mutants from transposon tagging or insertional mutagenesis) transfor-
mation can play a powerful role in the elucidation of function of unknown
genes identified either through genome sequencing efforts or functional
genomics. In wheat there is now a large number of ESTs (over 500,000)
as well as several publically available BAC libraries and an Affymetrix
Genechip. The characterization of the many interesting genes and regu-
latory sequences identified using these resources will be bottlenecked by
limitations in reverse genetic resources. This can be remedied through
development of gene tagging systems, high throughput systems for anal-
ysis of chemically mutagenized populations or high throughput transfor-
mation using both overexpression and gene silencing strategies. In our
work we have developed a pipeline to identify and characterize genes
involved in seed development. Using ESTs and gene expression analysis
candidate genes are identified. These genes are used to rapidly develop
transformation vectors for overexpression and silencing in wheat plants
as well as to express the protein in E. coli for antibody production. To
date some genes identified have strong homologies to known genes in
other species (lec1, BABYBOOM, SERK) and others have unknown
function. Transformation and the use of BAC libraries are being used to
confirm function of these genes in wheat and to identify regulatory se-
quences.
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P-2076
Gene Tagging of Morphological Traits in Oregon Wolfe Barley Using
Transposable Elements. CHRISTOPHER LOWE, Christopher Gates, Ser-
gio Rangel, Peggy G. Lemaux, and Jaswinder Singh. Department of Plant
and Microbial Biology, University of California, Berkeley, CA 94720. E-
mail: banpei1@yahoo.com

The Oregon Wolfe Barleys (OWBs) are a population of 94 doubled hap-
loid lines, developed by performing crosses between dominant and re-
cessive marker stocks. Resulting phenotypes at 13 morphological loci are
visually striking. Because of the positioning of these loci on a molecular
marker linkage map and the high degree of genetic polymorphism, the
OWB population is both a useful mapping resource as well as a tool for
teaching plant genetics and breeding. A gene-tagging system using maize
Ds- and transposase (AcTPase)-containing plants was successfully used
for functional genomics studies in a barley variety, Golden Promise.
Based on this success, we introduced these two elements into the OWB
dominant (OWBD) stock because most genes controlling morphological
traits in this variety have not yet been identified. Therefore, the main aim
of this study is to disperse Ds elements throughout the genome by acti-
vating Ds via crossing with AcTPase-expressing lines. Mapped Ds trans-
positions near a known morphological marker can be reactivated using
the same strategy to facilitate tagging of genes responsible for the trait.
To this end, callus was induced from immature embryos of OWBD and
then bombarded with either pSP-Ds-bar, pBS-codA-Act:Ubi-Ac or pBS-
codA-Act:Ac-Ac, to obtain transgenic OWBD, containing either Ds-bar
or AcTpase. Selection of transgenic callus was accomplished using co-
bombardment with the hygromycin gene. PCR and phenotypic analyses
were used to analyze for the presence of the transgenes in plants. Cur-
rently, 5 Ds-bar, 4 Ubi-AcTPase and 4 Ac-AcTPase putative lines are at
the T0 generation. Plants expressing AcTPase are being crossed with Ds-
containing lines to reactivate Ds and randomly disperse Ds into the
OWBD genome to tag novel genes.

P-2078
Generation of Human-Mouse Hybridomas Secreting Antibodies to Food
and Pollen Allergens. HIROSHI SHINMOTO1, Toshihiro Takahashi2, and
Michie Shimmoto3. 1National Food Research Institute, 2-1-12 Kannondai,
Tsukuba 305-8642 Japan; 2Faculty of Agriculture, Miyazaki University,
1-1 Gakuen-konohanadai-nishi, Miyazaki 889-2192 Japan; and 3The To-
kyo Metropolitan Institute of Medical Science, 3-18-22 Hon-komagome,
Bunkyo-ku, Tokyo 113-8613, Japan. E-mail: shinmoto@affrc.go.jp

To analyze structure of food and pollen allergens, we planned to obtain
human monoclonal antibodies. Our method employed the transformation
of human peripheral blood B-cells with Epstein-Barr virus (EBV) fol-
lowed by cell fusion with mouse myeloma cells to establish human-
mouse hybridomas. We obtained EBV-transformed human B-cells se-
creting antibodies against rice, soybean, peanut, wheat, pork skin gelatin,
milk proteins, egg-white proteins, and cedar pollen. EBV-transformed B-
cells secreting antibodies to rice, peanut, and cedar pollen, were fused
with ouabain-resistant mouse myeloma SP2/O3 cells, and fused cells were
selected with ouabain-HAT medium. Five human-mouse hybridomas se-
creting human monoclonal antibodies to rice, five hybridomas secreting
antibodies to peanut, and three hybridomas secreting antibodies to cedar
pollen, were established. Anti-rice monoclonal antibody #4 reacted with
rice allergen RA17 and anti-peanut monoclonal antibodies #4 and #5
reacted with peanut allergen Ara h1. Two antibodies to cedar pollen re-
acted with pollen allergen Cry j1. Epitope analysis with overlapping pep-
tide on a multi-pin apparatus revealed antibody-binding sequences of
RA17 and Ara h1.

P-2079
Inhibitory Effects of Membrane Filtered Media on Microspore Devel-
opment and Embryogenesis of Brassica napus and Triticum aestivum. D.
H. SIMMONDS1, J.-P. Zhao2, C. Gervais2, J. Simmonds1, and W. New-
comb2. 1Eastern Cereal & Oilseed Research Centre, Agriculture & Agri-
Food Canada, Ottawa, Ontario, Canada K1A OC6 and 2Department of
Biology, Queen’s University, Kingston, Ontario, Canada K7L 3N6. E-
mail: simmondsdh@agr.gc.ca

Plant tissue culture media, sterilized through commercial filter mem-
branes, suppressed embryogenesis from microspore cultures of Brassica
napus cv. Topas and anther cultures of Triticum aestivum cv. Norstar, and
also in vitro pollen development of B. napus cv. Topas. Inhibitory effects
were produced by culture media sterilized through non-washed filters of
all brands tested, including Nalgene, Corning, Millex-GS, Sterivex-GV,
and Sartorius-Minisart. Similar results are obtained with Costar Tran-
swells and Millipore inserts (Millicell-CM, -HA and -PCF). Washing the
filter membranes before media sterilization eliminated the deleterious ef-
fects and resulted in normal growth and development of embryos and
pollen.

P-2080
Intra-specific Differences in Callus Induction and Shoot Differentiation
in Two Accessions of Dioscorea alata L. A. SANADA1, Y. Noshiro1, H.
Toyohara1, H. Fujimaki1, Y. Sakagami2, Y. Matsubayashi2, and A. Ko-
mamine3. 1Tokyo Univ. of Agri., 1-1-1, Sakuragaoka, Setagaya, Tokyo,
156-8502, Japan; 2Nagoya Univ., Nagoya, Japan; and 3Res. Inst. of Evol.
Biol., Tokyo, 158-0098, Japan. E-mail: tunten@yahoo.co.jp

Intra-specific differences in callus induction and shoot differentiation
were investigated in two accessions of D. alata cv. Sulka and Okinawa-
A, introduced from Papua New Guinea and Okinawa, Japan, respectively.
Solid MS medium supplemented with 30g/l sucrose, 2mg/l 2,4-D and
2g/l gellan gum was used for callus induction in both accessions. In
addition, various concentrations of PSK-Á(phytosulfokine-Á) ranged
from 0 to 100nM were supplemented. The cultures were maintained at
28¡ı̂ in dark. In Okinawa-A, the callus induction was promoted by the
addition of PSK-Á, especially at 20nM, and the shoot differentiation was
further observed after 2 months on the media supplemented with 5, 10
and 20nM PSK-Á. It is worth noticing that the shoot differentiation could
not be observed on the PSK-Á-free medium in spite of the supplemen-
tation of 2,4-D and BA. Therefore it is inferred that PSK-Á enhances the
potential of shoot differentiation from callus in Okinawa-A. In case of
Sulka, on the contrary, shoot differentiation was observed after calli were
transplanted to fresh media supplemented with the combinations of 2,4-
D(0, 0.1, 0.5 and 1mg/l) and BA(0, 0.1 and 0.5mg/l) under 8 hr photo-
period(50.4Ìmol m22s21) at 28¡ı̂. PSK-Á was not effective on both callus
induction and shoot differentiation in Sulka. Different responses of two
accessions of D. alata to growth regulators will be discussed.
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P-2081
Development of Potato Protoplast System Using Mexican Wild Species
as Gene Pools for Improvement of Late Blight and Colorado Potato Bee-
tle Resistance. Q. CHEN, Y. Z. Shi, D. R. Lynch, H. Y. Li, D. Beasley,
and M. S. Goettel. Agriculture and Agri-Food Canada, Laboratory of
Molecular Cytogenetics, Lethbridge Research Center, 5403 - 1st Avenue
South, P.O. Box 3000, Lethbridge, AB, T1J 4B1, Canada. E-mail:
chenqi@agr.gc.ca

Protoplast culture and cell fusion are promising and enabling tools that
can be used by breeders to increase the accessibility of existing germ-
plasm and to create new variation for crop improvement. Development
of an effective potato protoplast fusion system will greatly extend the
breeders opportunities to develop new resistant potatoes using Mexican
wild species as gene resources in potato breeding program. Currently,
methods for protoplast isolation and plant generation from several Mex-
ican wild species carrying high levels of disease (late blight) and insect
(Colorado potato beetle, CPB) resistance are not sufficiently established.
In this study, a systematic procedure is developed for the isolation, fusion
and regeneration of a large number of high quality protoplasts from the
Mexican wild species. Conditions for protoplast release and regeneration,
including plantlet age, enzyme combination, pH and temperature have
been standardized and determined. Regenerated plants and somatic hy-
brids have been obtained at a high frequency from the protoplasts and
protoplast fused cells of Solanum tuberosum and its fused cells with three
Mexican wild species: S. pinnatisectum, S. cardiophyllum, and S. cha-
coense. Assessment for disease and insect resistance demonstrated that
several of the protoplast-derived clones and somatic hybrids showed a
higher resistance to late blight and CPB than original plants, confirming
that the protoplast system is useful in potato breeding programs to im-
prove late blight and CPB resistance.

P-2082
The Problem of Anionic/Cationic Balance in the Design of Media For-
mulations for Mineral Nutrition Studies. RANDALL P. NIEDZ and T. J.
Evens. Agricultural Research Service, Horticultural Research Laboratory,
Ft. Pierce, FL 34945. E-mail: rniedz@ushrl.ars.usda.gov

Designing culture media for mineral nutrition studies is a complicated
problem. A primary reason is that in order to change the concentration
of a single anion or cation it is generally necessary to change the com-
plementary cat-/anion of the salt complex, thereby making it difficult to
devise media that differ only in the concentration of a single ion. Con-
sequently, it often becomes necessary to simultaneously alter both the
type and/or concentration of multiple salts to achieve a final set of media
that differ only in the concentration of a single ion; when the objective
is to alter the concentration of multiple ions the problem’s complexity is
increased considerably. The anion/cation balance problem is easily solved
by linear programming (LP), a technique of applied mathematics devised
specifically for solving a wide range of practical, complex, resource al-
location problems such as scheduling, mixing, blending, and routing. The
anionic/cationic balance problem, how it is easily solved using LP tech-
niques, and a public domain software program designed for nutrient for-
mulation research will be presented.

P-2083
ARS-MEDIA: A New Public-domain Software Package for the Design
and Evaluation of Plant Tissue-culture Media. T. J. EVENS and R. P.
Niedz. USDA-Agricultural Research Service, US Horticultural Research
Laboratory, Ft. Pierce, FL 34945. E-mail: tevens@ushrl.ars.usda.gov

The success of plant tissue culture is highly influenced by the nature of
the culture medium used. In general, media formulas are complex mix-
tures of inorganic salts, vitamins, amino acids, sugars, undefined supple-
ments and buffers, and are modifications of recipes that were empirically
derived. Media selection depends on the species of plant, the kind of
culture and/or the cultural stage being undertaken. Consequently, in order
to choose or formulate an optimal media recipe it is necessary to evaluate
and/or manipulate multiple ion concentrations and ratios. This can be a
daunting task if one considers the number and variety of salts within any
given recipe. Accordingly, we have developed a LabVIEW-based soft-
ware package that allows users to: 1) select potential media recipes from
a comprehensive database of published media recipes, 2) systematically
compare multiple recipes, and 3) manipulate target recipe ion concentra-
tions via a linear programming approach. The ARS-MEDIA program is
public-domain and will be available as a stand-alone executable file after
beta testing.

P-2084
Production of Tropane Alkaloids from Transgenic Hairy Root Lines of Scopolia
parviflora. YOUNG-MIN KANG and Myung-Suk Choi. Forest Biotechnology Lab-
oratory, Division of Forest Science, GyeongSang National University, Jinju,
660701, Korea. E-mail: mschoi@nongae.gsnu.ac.kr

Tropane alkaloids (TA) are valuable anticholingergic drugs employed as antispas-
modics and in the treatment of motion sickness. Although this usefulness of these
compounds need, the current supply is problematic. Genetic engineering can lead
to increased yields of theses compounds. We cloned different genes of TA biosyn-
thesis and also took a genetic engineering approach to increase productivity. Thus,
this study reported that differences of gene expression, TA contents, growth rate
and morphology among the obtained various transgenic hairy root lines.
S. parviflora was provided by Korea National Arboretum and induced the hairy
roots and in vitro plants. Various TA biosynthetic genes (A: Wild type root of S.
parviflora, B: pmt gene of Nicotiana sylvestris, C: h6h gene of Hyoscyamus niger,
D: pmt1 gene of S. parviflora, E: pmt2 gene of S. parviflora, F: h6h gene of S.
parvifloa) were transformed to S. parviflora by using Agrobacterium rhizogenes
KCTC 2703. Induced hairy roots were cultured at B5 liquid medium with 0.1
mg/L IBA and 5% sucrose. Transgenic lines were screened kanamycin resistant
assay, PCR, Northern and Western analysis. Growth rate was measured by the
growth index (harvest weight - inoculum weight/ inoculum weight). Morphology
of hairy root lines was measured by Scanning Electron Microscope (SEM). TA
contents were quantified by HPLC. Most transgenic hairy root lines were well-
developed, and lateral branching appeared. Growth index of hairy root lines (D, E
and F) were higher than those of others (A, B and C). Growth rate of transgenic
root line E up to 4.4 times compared to wild type. Different gene of TA had various
expressions in the transgenic root lines. The levels of TA in transgenic lines varied
greatly from 1.06 to 8.12 mg per g D.W. Most of transgenic hairy root lines were
higher than that of wild type root. Also, these hairy roots were converted from
hyoscyamine to scopolamine. Thus this study shows that yields of tropane alkaloid
could be enhanced by genetic and metabolic engineering of the secondary metabolic
pathways.
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P-2085
Genetic Modification of Flower Colour in Three Cultivars of Cyclamen. M.
R. BOASE, D. H. Lewis, G. B. Marshall*, T. A. Lill*, D. R. Bowatte, L. C.
Harvey, K. E. Schwinn, K. M. Davies, and H. S. Arathoon. New Zealand
Institute for Crop & Food Research Ltd, Private Bag 11-600, Palmerston
North, New Zealand. E-mail: boasem@crop.cri.nz (*formerly with Crop &
Food Research).

Cyclamen cultivars are an economically significant pot plant in the interna-
tional floriculture markets, particularly in Germany and Japan. Genetic engi-
neering technologies provide opportunities to introduce novel traits into the
cyclamen genome. We have genetically modified cyclamen flower colour in
the F1 hybrid cultivar, Sierra Rose, and in two parental lines of F1 hybrid
minicyclamen, cv. Purple and cv. Wine-Red. This modification of the flavo-
noid biosynthetic pathway was achieved using Agrobacterium tumefaciens
strain EHA105 containing either pLN96, pPN48 or pPN51 binary vectors.
These binary vectors harboured on their T-DNA’s, the antisense flavonoid-
39,59-hydroxylase (F3959H) gene under a CaMV35S promoter and either nptII
(pLN96, pPN50) or hpt (pPN48, pPN51) selectable marker genes under
CaMV35S or NOS promoters. The modified flower colours occurred mostly
in the inner petal zone (eye) of cv. Sierra Rose and in the eye and outer petal
zone (slip) of the minicyclamen cultivars. Analyses of anthocyanin types and
concentrations by ultraviolet-visible absorption spectrophotometry and high-
performance liquid chromatography supported the expected outcome from
expression in the flowers of antisense F3959H. Tri-hydroxylated pigment lev-
els relative to the total anthocyanins detected in petals of transformants with
modified flower colour, were significantly reduced while the percentage of di-
hydroxylated pigments increased. In terms of total anthocyanin concentrations
in petals, transformed lines with modified flower colour showed an overall
decrease in comparison to untransformed controls. Molecular analyses are
being conducted to investigate whether the expression of antisense F3959H in
flowers of these three cyclamen cultivars is correlated with their modified
colours.

P-2086
Sweet Nothings: Do Sugars Control Terpenoid Metabolism in A. annua
Hairy Roots? P. J. WEATHERS1, L. DeJesus1, Y. J. Kim2, F. F. Souret1,
and M. Towler1. 1Department of Biology and Biotechnology and 2De-
partment of Chemical Engineering, Worcester Polytechnic Institute, 100
Institute Rd., Worcester, MA 01609. E-mail: weathers@wpi.edu

Transformed root cultures of Artemisia annua grown in autoclaved me-
dium show large variations in biomass and artemisinin production re-
gardless of culture conditions or clonal type. However, using filter ster-
ilized sugars singly or in combination while holding the carbon level in
the medium constant showed unexpected variability in biomass produc-
tion and artemisinin yield. Autoclaving results in variable hydrolysis of
sucrose in the culture medium. Subsequent experiments using combina-
tions of filter sterilized sugars at a constant total carbon level in the
medium showed stimulation of artemisinin production by glucose.
Growth in sucrose was equivalent to growth in fructose and significantly
better than in glucose. These and other results suggest that sugars may
be affecting terpenoid metabolism not only as carbon sources, but also
as signal molecules.

P-2087
In Vitro Adventitious Root Cultures of American Ginseng, Panax quin-
quefolium L. SANG-UN PARK1, Yun-Soo Kim2, and Peter J. Facchini1.
1Department of Biological Sciences, University of Calgary, 2500 Uni-
versity Drive N.W. Calgary, Alberta T2N 1N4, Canada and 2Plant Bio-
technology Team, Dongbu Advanced Research Institute, Daeduck Science
Town, Daejeon 305-708, Korea. E-mail: spark@ucalgary.ca

American ginseng is an important herbal medicinal plant in North Amer-
ica belonging to the Aralia family (Araliaceae). The ginseng root has a
high price market, because of its difficult and long-term cultivation. Ad-
ventitious root cultures of Panax quinquefolium L. are an attractive al-
ternaive for the production of ginseng roots and ginsenosides, the active
ingredients in ginseng. We induced callus from young roots ofAmerican
ginsengonMurashige and Skoog (MS) medium (1962) supplemented with
2.0 mg/L 2,4-D (2,4-dichlorophenoxy acetic acid) and 0.1 mg/L kinetin.
For adventitious root induction from ginseng callus, the effect of adding
various concentrations of auxins, indole-3-acetic acid (IAA), indole-3-
butyric acid (IBA) and 1-naphthaleneacetic acid (NAA), to the culture
medium was tested. Treatment with 2.0 mg/L IBA was effective for ad-
ventitious root induction. To improve adventitious root induction, differ-
ent concentrations of silver nitrate (AgNO3) and putrescine were tested
in MS medium supplemented with 2mg/L IBA. The addition of silver
nitrate (AgNO3) and putrescine substantially improved the frequency of
adventitious root induction with an optimal concentration of 5 mg/L and
70mg/L, respectively. Ginseng adventitious root cultures create an op-
portunity for the establishing large-scale cultivation of this medicinal spe-
cies.

P-2088
Production of Transgenic Sorghum Plants Expressing a Synthetic cry1Ac Gene Showing
Protection Against Sorghum Spotted Stem Borer (Chilo partellus Swinhoe) via Particle
Bombardment. V. Girijashankar1,2, M. Swathisree2, KIRAN K. SHARMA1, H. C. Shar-
ma1, B. V. Bhat1, L. Sivarama Prasad1, Monique Royer3, M. Lakshmi Narasu2, and N.
Seetharama1. 1Genetic Transformation Laboratory, International Crops Research Institute
for Semi-Arid Tropics, Hyderabad, 502324, India; 2Center for Biotechnology, Jawaharlal
Nehru Technological University, Hyderabad, 500028, India; and 3BIOTROP and Crop
Protection Programmes, CIRAD, TA40/03/34398 Montpellier Cedex 5, France. E-mail:
n.seetharama@cgiar.org

Insect pests such as the spotted stem borer (Chilo partellus) and shoot fly (Atherigona
soccata) are the major constraints to sustainable productivity of sorghum [Sorghum bi-
color (L.) Moench.]. The cultivated germplasm of sorghum has low to moderate levels
of resistance to these pests. Because of high cost and deleterious effects of insecticides
on the environment, there is a need to utilize host plant resistance for integrated pest
management in sorghum. In our attempts to utilize insecticidal genes from Bacillus thu-
ringiensis for genetic transformation of sorghum, shoot apices from 7-day-old seedlings
of cultivar BTx623 were co-bombardment by using indigenously built particle-inflow
gun. The plasmids pJS108 carrying a reporter (uidA) and a selectable marker gene (bar)
under the control of rice Act1 and CaMV35S promoters, respectively and the plasmid
pmpiC1cry1Ac carrying the plasmid synthetic cry1Ac gene under the control of wound-
inducible promoter from maize protease inhibitor gene was used for co-transformation.
The bombarded explants were regenerated in vitro via direct somatic embryogenesis
within a period of 16 weeks on Murashige and Skoog medium supplemented with phy-
tohormones. Following four weeks after bombardment, a three-step selection strategy
was imposed for 15 days each where the tissue cultures were exposed to Basta at 1
mg/L, 2 mg/L and 2.5 mg/L for selection of putative transgenics. From a total of 200
explants bombarded, 45 plants originating from three independently transformed explants
were successfully regenerated and transplanted in the glasshouse. Molecular character-
ization of the genomic DNA based on PCR, RT-PCR and Southern blot analysis of the
T0 plants indicated 5 plants as positive for cry1Ac and uidA genes. Analysis of the T1
generation comprising of 50 plants from 5 lines against the spotted stem borer showed
mortality rates ranging from 40 to 60% of the first instar larvae after 4 days of release
and a significant decrease in larval weight (25 to 50% over control). This also resulted
in the reduction of damage rate by 60-70%. Strategies for further testing and utilization
of the selected transgenic lines have been discussed.
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P-2089
Agrobacterium-mediated Transformation of Chickpea (Cicer arietinum);
Gene Integration, Expression and Inheritance. P. L. POLOWICK and D.
S. Baliski. Plant Biotechnology Institute, National Research Council Can-
ada, Saskatoon, SK, S7N 0W9, Canada. E-mail: Patricia.Polowick@
nrc-cnrc.gc

Chickpea (Cicer arietinum) is a legume rich in protein for both human
and animal consumption. Typical of legumes, tissue culture and trans-
formation has been difficult. This report describes a method of transfor-
mation, recovery of transgenic plants and testing of expression and in-
heritance of the introduced gene. Initial explants were longitudinal slices
from embryonic axes of imbibed, mature seed. The plasmid contained a
35S35SAMV promoter and a bi-functional fusion gene, conferring both
B-glucuronidase (GUS) and neomycin phosphotransferase (NPTII) activ-
ities. The average success rate through co-cultivation, shoot induction and
rooting media was 1.4%. Addition of a shoot-elongation medium in-
creased the mean tissue culture phase, from co-cultivation to soil, from
160 to 217 days. However, the frequency of recovery also increased to a
mean of 3.1%. Southern hybridization analysis confirmed the incorpora-
tion of the inserted genes, indicated copy number and confirmed the clon-
al nature of rooted shoots arising from a single explant. It also showed
that from more than 100 recovered plants, only one did not contain the
inserted gene. Gus gene expression, quantified by MUG assays, was var-
iable but not reduced by the increased period of tissue culture. Recovered
plants were fertile. Inheritance of the gus gene was followed beyond four
generations. This Agrobacterium-mediated chickpea transformation meth-
od is both reliable and reproducible with both Kabuli and Desi chickpea
cultivars.

P-2090
Transfer of cDNA of the Xa21 Xanthomonas Resistance Gene from Rice
into ‘Hamlin’ Sweet Orange [Citrus sinensis (L.) Osbeck] Using a Pro-
toplast/GFP Transformation System. A. A. OMAR and J. W. Grosser.
University of Florida, Citrus Research Education Center, Lake Alfred, FL
33850. E-mail: omar@crec.ifas.ufl.edu

Citrus canker disease caused by the bacterial pathogen Xanthomonas ax-
onopodis pv. citri is becoming a worldwide problem. The development
of canker resistant sweet oranges has become an important research ob-
jective. ‘Hamlin’ orange (Citrus sinensis (L.) Osbeck) is one of the lead-
ing commercial cultivars in Florida because of its high yield potential
and early maturity. ‘Hamlin’ also has a high regeneration capacity from
protoplasts, and is often used in transformation experiments. Plasmid
DNA (pARS108) encoding the non-destructive selectable marker EGFP
(Enhanced Green Fluorescent Protein) gene, and the plasmid cDNA
(pCR506-mtaq) of the Xa21 gene from the Xa21 gene family of rice
(which provides broad spectrum Xanthomonas resistance in rice) were
co-transformed into ‘Hamlin’ orange protoplasts using polyethylene gly-
col. Since the citrus canker pathogen is in the same genus, this gene may
have potential to function against canker in citrus. The wild-type Xa21
gene contains an intron, and there is some question as to whether dicot
plants can process genes containing monocot introns (the cDNA is intron
free). Following protoplast culture in liquid medium and transfer to solid
medium, transformed colonies were microscopically selected via expres-
sion of GFP (Green Fluorescence Protein), physically separated from non-
transformed tissue, and cultured on somatic embryogenesis induction me-
dium. More than twenty transgenic embryoids were recovered and are
growing rapidly, and should develop into transgenic plantlets soon. Co-
transformants containing the Xa21 cDNA gene will be identified using
PCR (Polymerase Chain Reaction). Transgenic plants will be assayed for
canker resistance using standard methods.

P-2091
Efficient Shoot Regeneration, Transient Expression Studies, and Agro-
bacterium-mediated Transformation of Blueberry (Vaccinium corymbos-
um L.). K. C. SINK and Q.-G. Song. Plant Transformation Ctr., Michigan
State University, E. Lansing, MI 48824. E-mail: sink@msu.edu

Efficient shoot regeneration systems based on optimum responses of four
blueberry (Vaccinium corymbosum L.) cvs. to stock culture media com-
bined with leaf explants placed on modified Woody Plant Medium
(MWPM) with different growth regulators; and transient expression stud-
ies on Agrobacterium tumefaciens strains, co-cultivation time and medi-
um, and use of acetosyringone (AC) were carried out to establish a trans-
formation protocol. In transient studies, monitored by the GUS assay,
strain EHA105 was optimum compared to LBA4404, or GV3101; and
use of AC at 100 micro-M for 6 days co-cultivation was optimum to 2,
4, 8,10 or 12 days. Subsequently, leaf explants of the cvs. Aurora, Blue-
crop, Brigitta, and Legacy were inoculated with strain EHA105 contain-
ing the binary vector pBISN1 having the nptII gene and an intron inter-
rupted GUS directed by the promoter (Aocs)3AmasPmas. After inocula-
tion for 1 h at 288C with 100 rpm rotary shaking, co-cultivation was for
6 days at 258C on MWPM in the presence of 100 micro-M AC. Leaf
explants were then placed on MWPM 1 TDZ 1.0 mg/l, NAA 0.5 mg/l,
kanamycin (Km) 10 mg/l and cefotaxime 250 mg/l. Selection for the Km-
resistant shoots was done in the dark for 2 weeks followed by culture
under a 16 h photoperiod of 30 mE m22s21 at 258C. Selected shoots that
were both Km resistant-GUS positive were obtained from 15.3% inocu-
lated leaf explants of cv. Aurora within 12 weeks. Sixty-eight clones
derived from such shoots all tested positive by PCR using an nptII primer.
Eight of these 68 clones were confirmed by Southern hybridization using
a gusA gene derived probe. The same protocol also yielded Km resistant-
GUS positive shoots that were also PCR positive at frequencies of 5.0%
for Bluecrop, 10.0% for Brigitta and 5.6% for Legacy.

P-2092
Transformability of Nicotiana Species by Agrobacterium tumefaciens:
Using a Transient Approach. BAOCHUN LI and Troy Bass. Novel Trans-
genics Laboratory, Kentucky Tobacco Research and Development Center,
University of Kentucky, Lexington, KY 40546-0236. E-mail:
bli2@uky.edu

Transformability is a desirable trait for plant varieties to be used for the
production of plant-made pharmaceuticals (PMP). As part of the effort
to develop plant varieties optimal for PMP production, this study inves-
tigated the transformability of diverse Nicotiana species by Agrobacter-
ium tumefaciens using a transient approach. Leaf explants derived from
one-month-old seedlings of in vitro grown Nicotiana plants were infected
by A. tumefaciens GV3850 carrying a binary vector that harbors a gusA
gene and an nptII gene. The infected leaf explants were incubated for
two days before they were subjected to gusA histochemical assay. The
transformability was determined as the percentage of leaf explants ex-
pressing gusA gene and the gusA gene-expressing intensity per responsive
leaf explant. Forty-four Nicotiana accessions have been examined so far
and significant differences were observed among them with regard to
their transformability by A. tumefaciens. Examination for the transform-
abilities of the remaining Nicotiana accessions in our collection is in good
progress.



Plant Poster Sessions

66-AWorld Congress on In Vitro Biology Abstracts

P-2093
Field Performance and Pollen-mediated Gene Flow of Transgenic Tall Fescue
Plants. ZENG-YU WANG, Robert Lawrence, Jeremey Bell, Andrew Hopkins,
and Megann Scott. Forage Improvement Division, The Samuel Roberts Noble
Foundation, 2510 Sam Noble Parkway, Ardmore, OK 73401. E-mail:
zywang@noble.org

Information regarding agronomic performance and risk assessment in wind-
pollinated, outcrossing forage grasses is essential for any future releases of
value-added transgenic cultivars. Tall fescue (Festuca arundinacea) is the pre-
dominant cool-season forage grass in the US. Primary transgenics and their
progenies, primary regenerants and their progenies, as well as control seed-
derived plants were transferred to the field and evaluated for two years. Ag-
ronomic performance of the primary transgenics and regenerants were gen-
erally inferior to the seed-derived plants. However, no major differences be-
tween the progenies of transgenics and the progenies of seed-derived plants
were found. To effectively assess in vitro pollen viability in tall fescue, an
optimized germination medium was developed. Viability of pollen from trans-
genic progenies was similar to that from seed-derived control plants. Pollen
from transgenic progenies and nontransgenic control plants could survive up
to 22 h under controlled conditions in growth chamber. However, under sunny
atmospheric conditions, viability of transgenic and nontransgenic pollen re-
duced to 5% in 30 min, with a complete loss of viability in 90 min. An
independent experiment on pollen dispersal has been carried out using trans-
genic tall fescue in a central plot, surrounded by exclosures containing recip-
ient plants up to a distance of 200 m from the central source plants in eight
directions. Seeds were collected from the recipient plants and more than
21,000 germinated seedlings were analyzed by PCR. Transgenes were de-
tected in recipient plants at up to 150 m from the central transgenic plot. The
highest transgene frequencies, 5% at 50 m, 4.12% at 100 m and 0.96% at
150 m, were observed in the prevailing wind direction. Lower transgene fre-
quencies were detected in other directions, particularly at 100 m and 150 m
distances. Southern blot hybridization analysis confirmed the transgenic nature
of the PCR positive plants.

P-2094
Transformation of Arabica Coffee for Root-knot Nematode Resistance Using
Cysteine and Serine Proteinase Inhibitor Genes. R. CABOS1, C. Nagai, 2, B.
Sipes1, D. P. Schmitt1, and H. Atkinson3. 1University of Hawaii at Manoa,
Plant and Environmental Protection Sciences, 3050 Maile Way, Room 310,
Honolulu, HI 96822; 2Hawaii Agriculture Research Center, 99-193 Aiea
Heights Drive, Suite 300, Aiea, HI 96701-3911; and 3University of Leeds,
Plant Nematology Lab, Leeds, UK LS2 9JT. E-mail: roxana@hawaii.edu

Root-knot nematodes adversely affect coffee production around the world. In
Hawaii, Meloidoygne konaensis causes decline of Kona coffee, Coffea arab-
ica cv. Typica. Coffee growers have been using Typica grafted onto C. lib-
erica rootstocks, although this only provides partial resistance to M. konaen-
sis. A genetic engineering approach is being explored as an alternative or
additional control method. In this study, cysteine and serine proteinase inhib-
itor genes from rice were used for genetic transformation of coffee. A cystatin
construct with the 35S (35S-OcI-D86) or a tubulin (tubulin-OcI-D86) pro-
moter and a dual construct of cystatin and cowpea trypsin inhibitor with a
35S promoter (35S-OcI-D86/GO/CpTI) were utilized. Agrobacterium tume-
faciens-mediated transformation and particle gun bombardment were per-
formed on somatic embryos derived from Typica leaf discs. After 7 months
of G418 selection (30 mg/L), secondary somatic embryos were transferred to
regeneration media without G418. When the plantlets were obtained, they
were transferred again to media with G418 for further selection. Over 1,000
lines were initially selected from Agrobacterium-inoculated somatic embryos.
Plants were regenerated from 29 lines. About 1,200 lines were selected from
somatic embryos bombarded with 3 constructs. A total of 147 plantlets were
produced from 15 lines. PCR analysis indicated the presence of the cystatin
gene in some of the transformed lines. Multiple plants regenerated from the
same somatic embryo showed PCR positive for the transgene using 2 different
primer sets. Genomic DNA of selected plantlets will be tested by Southern
analysis.

P-2095
Improved Gene Transfer in Pine Embryogenic Suspensions. S. TERESO, K. Zog-
lauer, C. Miguel, and M. M. Oliveira. ITQB/IBET, Apartado 12, 2780 Oeiras, Por-
tugal. E-mail: stereso@itqb.unl.pt

Tree improvement is one of the most important tools for facing the increasing world
demand for forest products (McNutt and Rennel, 1997). In Portugal, maritime pine
(Pinus pinaster) is the most representative forest species, but its low productivity
has led to a chronic deficit of pinewood. Embryogenic suspensions have shown to
be a fast growing material with high automation potential - key qualities for a plant
large-scale propagation. This work shows the possibility to genetically transform
embryogenic suspensions by using Agrobacterium. Different methods for genetic
transformation of Pinus pinaster embryogenic tissues have been developed (Tereso
et al., in press) and the most efficient protocol has been applied to the introduction
of a gene involved in regulation of nitrogen metabolism (Tereso et al., 2003). A
comparison study of different in vitro culture systems for clonal propagation of
Pinus pinaster has revealed somatic embryogenesis as the most appropriated system
for our purposes. Efficient strategies for somatic embryogenesis (Miguel et al.,
2004) and cryopreservation in Portuguese maritime pine have been successfully
applied to the genetic transformation systems tested. A number of crypreserved
transformed lines have been re-established and are presently under maturation con-
ditions aiming to regenerate plants. These biotechnological approaches can be an
important contribution to improve efficiency and automation of forest production
required for a future sustainable forest.
McNutt J and Rennel J 1997. Future of fiber in tomorrow’s world. Pulp Paper Int
39: 48-51.
Miguel C, Gonçalves S, Tereso S, Marum L and Oliveira M M. 2004. Somatic
embryogenesis from 20 open-pollinated seed families of Portuguese plus trees of
maritime pine. Plant Cell Tiss Org Cult 76: 121-130.
Tereso S, Zoglauer K, Miguel C and Oliveira M M. 2002. Establishing a genetic
transformation system in Pinus pinaster. Proceedings of the International Meeting
Biofor‘02 Sustainable Forestry, Wood Products & Biotechnology. Vitoria-Gasteiz,
Spain. In press.
Tereso S, Zoglauer K, Miguel C and Oliveira M M. 2003. Genetic Engineering as
a tool for studies of nitrogen metabolism in maritime pine. Proceedings of the
International Congress Tree Biotechnology 2003. Ümea, Sweden.

P-2096
Transformation of New Zealand Cultivars of Cymbidium Orchids. M. R.
BOASE, T. A. Lill*, D. Patel, and X. Y. Wang*. New Zealand Institute
for Crop & Food Research Ltd, Private Bag 11 600, Palmerston North,
New Zealand. E-mail: boasem@crop.cri.nz (* formerly with Crop &
Food Research).

New Zealand’s leading export cut flowers are Cymbidium orchids. We
intend to produce novel flower colours in Cymbidium by genetically mod-
ifying the flavonoid biosynthetic pathway. To develop transformation sys-
tems, experiments were conducted using a modified particle inflow gun
and Agrobacterium tumefaciens. The target organs for transformation
were protocorm-like bodies (plbs) of three New Zealand Cymbidium cul-
tivars: Fuss Fantasy (FF), Rose Armstrong Sunray (RASR) and Jung Frau
dos Pueblos (JFDP). Three plasmids were used for transformation: (1)
RT99-GUS, a shooting plasmid that contained CaMV35S promoter-gusA-
CaMV35S terminator and CaMV35S promoter-nptII-CaMV35S termi-
nator; (2) pPN93, another shooting plasmid that contained CaMV35S
promoter-gfp-nos terminator and CaMV35S promoter-nptII-CaMV35S
terminator; and (3) pPN92, a binary vector that contained CaMV35S
promoter-gfp-nos terminator and NOS promoter-nptII-nos terminator on
its T-DNA. After 9 months of selection with geneticin, transgenic plbs
that expressed either gusA or gfp were recovered from the shooting ex-
periments. Southern hybridization analysis of control and transformed
plbs of two cultivars showed nptII plasmid fragments only in the trans-
formants. Northern analysis of FF plbs indicated strong expression of the
nptII gene that confers resistance to geneticin. Transgenic plantlets of FF
showed stable expression of gusA in plbs, roots and shoots. Plbs of RASR
showed stable expression of gfp. JFDP transformed using Agrobacterium
tumefaciens strain LBA4404 containing pPN92 showed large GFP sectors
in plbs when observed 16 days after inoculation, and smaller GFP sectors
at 40 days after inoculation. These plbs are now under geneticin selection.
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P-2097
Maize Transformation Efficiency and Genomic Methylation Status are
Affected by RNAi-mediated Silencing of Maize Chromatin Genes. M. A.
MCGILL, L. Schmitt, S. M. Kaeppler, and H. F. Kaeppler. University of
Wisconsin-Madison, Dept. of Agronomy, Madison, WI 53706. E-mail:
mamcgill@wisc.edu

Chromatin remodeling plays a crucial role in gene regulation and ex-
pression. A more complete understanding of the role of chromatin effects
on transgene integration and expression is needed to elucidate mecha-
nisms of lateral DNA transfer and to further facilitate plant transformation
experiments. Inverted-repeat (IR) constructs targeting the maize chro-
matin genes CHR106, HON102, CHR110, and GTC101 were prelimi-
narily determined to confer increased or reduced transformation efficiency
during the process of a routine transformation experiment. The goal of
this study was to further characterize the effects of dsRNA-mediated si-
lencing of these chromatin genes on transformation efficiency and ge-
nomic methylation status. The constructs were then used in replicated
transformation experiments to confirm their effect on the frequency of
transgenic events produced. IR constructs containing the maize chromatin
gene CHR106 and HON102 showed a 4X and 2.3X increase, respectively,
in transformation over the empty vector pMCG161. Conversely, a 1/3X
reduced transformation efficiency was obtained with the IR construct for
the gene GTC101. Three constructs targeting CHR106 and its homolog
CHR101 (homologs of Arabidopsis ddm1) were used in our experiments,
one specific to each gene, and the other silencing both. Transgenics from
the construct targeting both CHR101 and CHR106 show reduced meth-
ylation of repetitive sequences. Constructs which target only CHR101 or
CHR106 do not show reduced methylation of repetitive sequences, yet
CHR106 gives an enhanced transformation phenotype. Our preliminary
interpretation is that CHR101 and CHR106 are functionally redundant
with respect to repetitive sequence methylation in callus, but reduction
of CHR106 provides a unique benefit during the transformation process.

P-2098
Decreased Salt Concentration and Antioxidants Improve Agrobacterium tu-
mefaciens-mediated Transformation of Maize Embryos in a Standard Binary
Vector-based System. P. ZENG, M. A. McGill, and H. F. Kaeppler. University
of Wisconsin-Madison, Dept. of Agronomy, Madison, WI 53706. E-mail:
hfkaeppl@facstaff.wisc.edu

Recent advances in maize transformation have allowed for the development
of a reproducible protocol to transform maize Hi II immature zygotic embryos
in an Agrobacterium tumefaciens standard binary vector-based system. Con-
tinued improvement of this system is crucial to the advancement of maize
research, both at the level of producing transgenics for study as well as to
further understanding of how transformation occurs. The goal of this study
was to determine the effects of basal salt concentration and antioxidants on
transformation efficiency and transgene integration using the A. tumefaciens
strain AGL0 containing the binary vector pBU-B35S.IG. This construct con-
tains the bar gene driven by a maize ubiquitin promoter and ubiquitin intron
1 enhancer, and an intron-containing GUS (UidA) gene driven by an enhanced
CaMV35S promoter. Insertion of the intron within the coding sequence pre-
vented expression of the GUS gene in A. tumefaciens. Antioxidant treatments
included L-cysteine, Dithiothreitol (DTT), or a combination of both of these
antioxidants (L-cysteine/DTT) in the co-cultivation medium in replicated
transformation experiments. The overall stable, GUS-positive clone recovery
rates for L-cysteine, DTT, and L-cysteine/DTT were 1.7%, 3.1%, and 9.9%,
respectively. Similarly, the basal salt concentration in the co-cultivation me-
dium was varied from 0.25X to 1X in replicated transformation experiments.
The overall stable, GUS-positive clone recovery rates for 1X N6 salts, 0.5X
N6 salts, and 0.25X N6 salts with L-cysteine/DTT were 6.9%, 10.8%, and
4.0%, respectively. Statistical analysis indicated that the observed increases
in transformation frequency were significant. Following the modified standard
binary vector-based transformation system, we now routinely obtain maize
transformation frequencies in the range of 10-15%.

P-2099
Rice Transformation at Syngenta. D. NICHOLL, J. Cromer, J. Adams, T.
Cherry, E. van Grinsven, F. Woldeyes, and E. Dunder. Syngenta Biotech-
nology Inc., RTP, NC 27709. E-mail: david.nicholl@syngenta.com

Efficient rice transformation technology has been developed utilizing
Agrobacterium mediated transformation coupled with the Phosphoman-
nose Isomerase (PMI) selectable marker gene and the mannose selection
agent. This has been successfully applied to Japonica, Javanica and Indica
rice cultivars. Frequencies are comparable to those reported with the HPT
selectable marker/Hygromycin selection agent. Characteristics of the sys-
tem include a consistently efficient transformation technology that re-
quires minimal time and labor and is extremely productive.

P-2100
Development of Large-scale Medicago truncatula Tagged Mutants Using
Tnt1 Retrotransposon as a Mutagen. MILLION TADEGE1, Younsig
Kwak1, Pascal Ratet2, and Kirankumar Mysore1. 1Plant Biology Division,
The Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway, Ard-
more, OK 73401 and 2Institut des Sciences du Vegetal, CNRS, Avenue
de la Terrasse, 91198 Gif sur Yvette Cedex, France. E-mail:
mctadege@noble.org.

Autonomous long-terminal repeat (LTR) retrotransposons are retrovirus
like elements which encode functions required for their own replication
and transposition. The retroelement is first transcribed into an RNA which
moves into the cytoplasm and reverse transcribed into cDNA by self
encoded reverse transcriptase. The new retroelement then moves back to
the nucleus and inserts into new location. The requirement of a cyto-
plasmic phase and the absence of excision during transposition make
retrotransposons ideal tools for saturation mutagenesis with stable tags.
Tobacco Tnt1 is such an autonomous LTR retrotransposon which can be
activated to transpose in tissue culture, but with insertions stable in prog-
enies. We are employing this property of Tnt1 to mutagenize and tag the
whole genome of the model legume Medicago truncatula. Tnt1 was first
introduced into M. truncatula (R108) by Agrobacterium mediated trans-
formation and has been shown to actively transpose in M. truncatula
during tissue culture (Plant J. 34:95-106). One Tnt1 containing line is
then used as the source of explant for in vitro activation of Tnt1 trans-
position to construct a large collection of Tnt1 tagged M. truncatula mu-
tants. Owing to the multiple nature of Tnt1 transposition per generation
in tissue culture, we plan to make more than 600,000 Tnt1 insertions in
30,000 independent lines. DNA samples will be collected and stored in
three-dimensional pools, which will be used for reverse genetic screen in
any functional genomics study in M. truncatula. We will present data
showing activation of Tnt1 transposition by tissue culture and the feasi-
bility of genome-wide mutagenesis in M. truncatula.
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P-2101
RNAi Suppression of Phospholipase D in Soybean Seed. JUNG-HOON
LEE1, William T. Schapaugh1, Xuemin Wang2, and Harold N. Trick3. 1De-
partment of Agronomy, 2Department of Biochemistry, and 3Department
of Plant Pathology, Kansas State University, Manhattan, KS 66502. E-
mail: hnt@ksu.edu

Post-harvest degradation of phospholipids deteriorates the nutrient quality
of oil during the long-distance shipment or long-term storage of soybean
seed. Phospholipase D may be involved in the first step of phospholipids
degradation. To preserve the amount of phospholipids in soybean seed,
we have made a RNA interference (RNAi) construction using the soybean
(Glycine max) phospholipase D (SPLD) gene sequence. A 1300 bp SPLD
sequence which contains two catalytic HKD motifs that are the most
highly homologous sequence among different PLDs was used to express
a RNAi structure with loop sequence under control of soybean seed spe-
cific ‘beta-conglycinin’ promoter. Soybean transformation was performed
via the particle inflow gun (PIG) on two cultivars, ‘Fayette’ and ‘Flyer’
and the transformed cultures were selected on hygromycin. To date only
three independent events have been recovered and grown to maturity. Not
all transgenic soybean plants derived from these events were fertile. Pres-
ence of transgene was confirmed by PCR and southern-blot analysis.
SPLD transcripts were attenuated in T1 cotyledons when compared to
non-transformed controls. Northern-blot and western-blot analyses are in
progress on T2 seeds. The total amount of phospholipids will also measure
in soybean seed. Both molecular analyses and SPLD activity will be
discussed.

P-2102
Stability and Inheritance of Endosperm-specific Expression of Two Trans-
genes in Progeny of Crosses of Independently Transformed Barley (Hor-
deum vulgare L.) Plants. H. W. Choi, X.-H. Yu, P. G. Lemaux, and M.-
J. CHO. Department of Plant and Microbial Biology, University of Cal-
ifornia, Berkeley, CA 94720. E-mail: mjcho@nature.berkeley.edu

In order to study stability and inheritance of endosperm-specific expres-
sion of two different transgenes [uidA (or gus) and sgfp(S65T)] in a plant,
we crossed a homozygous transgenic barley plant having uidA (T8 plant
derived from GPBhGN-7) driven by the barley endosperm-specific B1-
hordein promoter with another homozygous transgenic barley plant hav-
ing sgfp(S65T) (T4 plant derived from GPDhGFP-12) driven by barley
endosperm-specific D-hordein promoter; both lines had stable expression
of transgenes in earlier generations. Three independently crossed F1 prog-
eny plants were analyzed by PCR for the presence of both uidA and
sgfp(S65T) genes in each plant. Analyses of functional gene expression
(GUS and GFP) in F2 seeds showed a 3:1 Mendelian segregation of the
transgenes. The FISH technique was applied to screen homozygous plants
for both genes in F2, and four homozygous plants were obtained from
the 2 crossed lines tested. The FISH results were consistent with segre-
gation ratios of expression of both transgenes. The two different trans-
genes, uidA and sgfp(S65T), were stably expressed and transmitted to F3

and F4 generations without transgene silencing. The expression level of
transgene(s) in homozygous plants containing both genes was not signif-
icantly different from that in their homozygous parental plants containing
a single transgene. The results obtained in this study provide important
information about long-term stability of transgene expression and the ef-
fects on transgene expression of combining 2 transgenes by classical
crossing.

P-2103
Genetic Engineering of Resistance to CTV in Grapefruit Through Agro-
bacterium-mediated Genetic Transformation. V. Orbovic, G. ANAN-
THAKRISHNAN, S. Gowda, W. O. Dawson, and J. W. Grosser. Citrus
Research and Education Center, University of Florida, 700 Experiment
Station Road, Lake Alfred, FL 33850. E-mail: anantha@crec.ifas.ufl.edu

Citrus Tristeza Virus (CTV) is the most important virus disease of citrus
worldwide. Grapefruit (Citrus paradisi Macf.) cultivars with improved
CTV tolerance or resistance are needed to manage CTV-induced diseases.
Agrobacterium tumefaciens-mediated genetic transformation has become
a well established technology for production of transgenic Citrus plants.
Agrobacteria that carried binary vectors pTLAB-10 and pTLAB-14 har-
boring the p23 (hairpin) and 392-CTV sequence respectively with mark-
ers as nptII and GUS were used in these experiments. Epicotyl explants
from one month old in vitro raised etiolated seedlings of ‘Marsh’, ‘Ruby
Red’, ‘Flame’ and ‘Duncan’ grapefruits were incubated in suspensions of
appropriate bacteria. Overall shoot morphogenesis index (SMI) was 29.1
for pTLAB10, and 76.7 for pTLAB14 plasmids on MS (Murashige and
Skoog, 1962) basal medium containing 3 mg/L of BA and 0.5 mg/L of
NAA. This medium was supplemented with 50 mg/L of Kanamycin and
333 mg/L of Cefotaxime. Green shoots that were found on explants after
4-5 weeks following the incubation with bacteria were tested for the
presence of GUS gene by histochemical analysis. The percentage of
GUS-positive shoots and transformation efficiency was 13.1% and 1.0%
for pTLAB10 and 28.3% and 1.2% for pTLAB14. GUS-positive shoots
were micro-grafted on Carrizo rootstock growing in liquid MS medium
with 7% sucrose. Subsequently, the presence of desired sequences in
grafted GUS-positive plants was confirmed by PCR. In vitro inoculation
of virus in protoplasts obtained from transgenic plants was performed.
Tobacco Mosaic Virus (TMV) virions were used as the control. We have
not yet confirmed plant resistant at the protoplast level. Efforts are con-
tinuing to produce and characterize additional plants.

P-2104
Transformation of Taro (Colocasia esculenta) with a Rice Chitinase Gene.
XIAOLING HE, Susan C. Miyasaka, Maureen Fitch, Y. J. Zhu, and P.
H. Moore. University of Hawaii, Honolulu, HI 96822. E-mail:
xiaoling@hawaii.edu

To obtain partial resistance to a major taro fungal disease, a rice chitinase
gene (CHI11) in a plasmid vector (pBI121) was introduced into taro calli
using high-velocity particle bombardment. Highly regenerative taro calli
of cv. Bun Long were chopped into small segments and used as targets
of transformation. Transformed calli were selected on Murashige and
Skoog (MS) medium containing 2 mg L21 BA, 1 mg L21 NAA and 50
mg L21 geneticin (G418). The candidate transformant calli were screened
by polymerase chain reaction (PCR) amplification using a primer for the
CHI11 gene and two positive lines were obtained. Shoots were induced
from these two positive lines, and screened by PCR amplification again.
Only one positive line was obtained. The transformant was further con-
firmed by Southern blot analysis. This transgenic plant line is being fur-
ther propagated for fungal disease resistance assays.
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P-2105
Contributions to the Functional Genomics of Rice: ‘The Generation of Transgenics
for Transposon Mutagenesis in Oryza sativa ssp. japonica cv.Nipponbare‘: A Pro-
ject-based Approach. C. LONGO1, J. Hague1, M. Ayrapetov1, Z. Lor1*, K. Lor1*,
A. Jadosz1*, D. McSweeney1*, A. Pelloni1*, J. Scandariato1*, C. Smith1*, B. Stratt-
man1*, J. Gutgsell1*, Jason Birri1*, H. Luo1, J. Chandlee1, M. Moreno2, S. Della-
porta2, and A. Kausch1. 1The University of Rhode Island, Kingston, RI 02881; 1*The
University of Rhode Island Undergraduate Internship in Modern Techniques in
Plant Biotechnology, Kingston, RI 02881; and 2Yale University, New Haven, CT.
E-mail: chipperdoo@msn.com

Cereals include the most important food plants in the world: approximately half of
the world’s population derives its caloric intake mainly from rice. In April of 2002,
the rice genome was estimated to contain ; 40,000 genes. To understand the bi-
ological function of as many genes as possible, the ultimate rice genome database
must also relate sequence to mutant phenotypes. Contributing to this functional
definition, a genetic, molecular and bioinformatics infrastructure will be necessary
to eventually complete an extensive collection of rice lines for phenotypic func-
tional analysis. Transgenic rice is efficiently generated by Agrobacterium-mediated
transformation. Constructs were developed and introduced into rice (Oryza sativa
ssp. japonica cv. Nipponbare‘) to disperse Ds transposition events throughout the
rice genome. We have specifically screened for independent dispersed insertions of
a genetically engineered Ds transposons at a defined chromosomal site. The objec-
tive of this project-based study is to develop the necessary trangenics to establish
a library of randomly dispersed Ds elements throughout the rice genome. Molecular
analysis has been performed and results elucidated. We have also produced pro-
moter GUS fusion constructs to test for potential ‘‘leaky’’ expression observed in
some of our initial experiments. These have allowed us to follow GUS expression
throughout transfected callus development and transgenic plant maturation. All ex-
periments have been carried out in the strain of rice, Nipponbare, sequenced by
the IRGSP. Technology development objectives of this study include testing genetic
selection strategies for the recovery of independent, dispersed transpositions of
genetically engineered Ds elements with both enhancer and gene trap capabilities.

P-2106
Tissue Culture of American Ginseng (Panax quinquefolius L.) and Ge-
netic Engineering to Express Antifungal Proteins. Z. K. PUNJA and W.
P. Chen. Centre for Environmental Biology, Department of Biological
Sciences, Simon Fraser University, 8888 University Drive, Burnaby, Brit-
ish Columbia, V5A 1S6 Canada. E-mail: punja@sfu.ca

Transformation of American ginseng (Panax quinquefolius L.) with Agro-
bacterium strain LBA 4404 containing either a rice chitinase gene or a
thaumatin-like protein gene under control of the maize ubiquitin1 pro-
moter was achieved. The phosphinothricin acetyltransferase (bar) and hy-
gromycin phosphotransferase (hpt) genes were used as selectable mark-
ers. Epicotyl explants from 2 to 3-week-old ginseng seedlings were pre-
cultured for 5-7 days on Murashige and Skoog medium with NAA and
2,4-D at 10 microM and 9 microM, respectively (ND medium), prior to
Agrobacterium infection. The explants were either immersed in a bacte-
rial suspension for 20 min or received a 10-15 microL droplet of bacteria.
Following this, a co-culture period of 3-4 days was provided on ND
medium. Selection was conducted using 20 mg/L phosphinothricin or 100
mg/L hygromycin over a 10-month period. A callusing frequency of 24-
27% was achieved on ND medium when explants were infected by the
droplet method. Immersion of explants reduced the callusing frequency
to 9.3%. Almost 90% of 32 lines that survived selection were shown to
be transformed by polymerase chain reaction (PCR) analysis. The ex-
pression of the chitinase and TLP genes was demonstrated by Western
analysis. One hundred and two ginseng plantlets were recovered from
somatic embryos of 11 confirmed transgenic lines. Transgene integration
in plantlets of two lines was also demonstrated. Agrobacterium-mediated
transformation of this important medicinal plant has the potential to en-
hance tolerance to fungal diseases.

P-2107
Tomato Transformation with Mannose Selection: No Implications for
Ploidy Level of Transgenic Plants Derived from Different Types of Ex-
plants. M. SIGAREVA, R. Spivey, and Y.-F. Chang. Syngenta Biotech-
nology Inc., Research Triangle Park, NC 27709. E-mail: marina.
sigareva@syngenta.com

We have developed an efficient protocol for Agrobacterium-mediated
transformation with mannose selection for tomato cotyledon petiole, hy-
pocotyl and leaf explants. Using this protocol we recovered many trans-
genic plants from three commercial tomato varieties SG048, 00-5223-1
and 00-0498-B. The transformation frequencies ranged from 1.5 to 14.8%
depending on construct, genotype and type of tissue used for transfor-
mation. The highest transformation rate of 14.8% was obtained for hy-
pocotyl explants from tomato variety SG048. We compared the ploidy
levels of transgenic and non-transgenic plants regenerated from tissue
culture and found that the mannose selection protocol did not increase
polyploidization of tomato transformants, even though selection required
a much longer period in tissue culture. The greatest variation in the pro-
portion of polyploids was observed in plants derived from different ex-
plant types, both in transgenic and non-transgenic regenerants, across
three studied genotypes. Transgenic and non-transgenic regenerants from
leaves included the highest number of normal diploid plants (80-100%),
followed by cotyledon petiole-derived plants (60-80%). Transgenic plants
produced from hypocotyls contained 22-58% diploids depending on the
genotype used in transformation. We considered leaves to be the best
explants for transformation experiments, even though the transformation
rate was lower compared to cotyledon petiole and hypocotyl explants.

P-2108
MU Plant Transformation Core Facility. ZHANYUAN ZHANG. Plant
Transformation Core Facility, University of Missouri-Columbia, Colum-
bia, MO 65211. E-mail: zhangzh@missouri.edu

Since its establishment in 2000, the University of Missouri-Columbia
(MU) Plant Transformation Core Facility has been representing state-of-
the-art service and technology development in maize (Zea mays) and
soybean (Glycine max) genetic engineering. Located inside the new MU
central campus greenhouse, the Sears Plant Growth Facility, the Plant
Transformation Core Facility is aiming at promoting gene discovery, crop
improvement, and funding opportunity for the MU plant science research
community. Our staff makes strong dedication and commitment to pro-
vide various types of transformation services and doing research in trans-
gene technology development with a focus on maize and soybean. The
facility service categories include both standard and customized transient
as well as stable transformation for maize and soybean upon the user’s
request. The transformation system for maize utilizes either the biolistic-
or Agrobacterium-mediated approach using immature zygotic embryos as
starting materials. The Agrobacterium approach has been our current em-
phasis starting from year 2003. We employ the Agrobacterium-mediated
cot-node transformation system for soybean transformation. Current re-
search activities are geared towards high-throughput transformation, im-
proving the quality of transgene integration and sufficient gene regulation
to meet the needs of crop improvement and functional genomics. Our
specific interest in soybean genetic engineering is to regulate several eco-
nomically important genes conditioning soybean seed polyunsaturated
fatty acids and short chain sugars, secondary metabolites, abiotic stress,
virus resistance, etc. Some of these studies are conducted as collabora-
tions with on- and off-campus researchers.



Plant Poster Sessions

70-AWorld Congress on In Vitro Biology Abstracts

P-2109
Site-specific Cassette Exchange in Plant by the SDI (Site-Direct-Integra-
tion) System. K. NANTO, K. Yamada-Watanabe, and H. Ebinuma. Forest
Science Laboratory, Nippon Paper Industries Co., Ltd., 5-21-1, Oji, Kita-
ku, Tokyo 114-0002, Japan. E-mail: LDW06374@nifty.ne.jp,
0880080@nipponunipac.co.jp

SDI system is useful to replace a target gene with a desired gene by using
a site-specific recombination system (R/Rs). We confirmed that we could
efficiently introduce desired gene into the target site of one target trans-
genic plant line by SDI system (Another our presentation). We designed
this experiment to investigate whether SDI system is efficient regardless
of the position of a target gene on the chromosome. SDI system consists
a target vector to introduce the target gene and an exchange vector to re-
introduce the desired gene. The target vector pTSspsRsIGNPT of the SDI
system is a derivative of binary vectors, in which two oppositely oriented
Rs sites flank the nptII, gus genes. We introduced a target vector into
tobacco plants and produced 4 lines of transgenic plants containing a
single copy of target genes (nptII, gus). We re-introduced an exchange
vector (p2nd20) containing desired genes (hpt, luc) into the transgenic
plants by Agrobacterium. Transgenic plants with an exchanged copy were
selected on shoot-inducing medium containing hygromycin. We could
obtain the transgenic plants with an exchange copy from the all of each
target lines.
Our results indicate that SDI system can be useful to introduce the pre-
dicted locus, if the position of a target gene is anywhere in the chro-
mosome.

P-2110
Development of a Liquid Culture System to Improve Transformation Ef-
ficiency in Agrobacterium-mediated Wheat Transformation. T. CAI, J. G.
Layton, D. R. Duncan, and J. E. Fry. Monsanto Company, Chesterfield,
MO 63198. E-mail: jeanne.g.layton@Monsanto.com

A liquid culture system was developed to improve the efficiency of Agro-
bacterium-mediated wheat transformation. Wheat (cv. Bobwhite) imma-
ture embryos were pre-cultured on solid medium for 3-4 days, infected
with Agrobacterium-tumefaciens, co-cultured, and transferred onto solid
delay medium for 3 days. Selection was then initiated on liquid medium.
Explants were cultured on pieces of 6.25 cm2 white craft felt (one piece
in a 100x25 mm Petri dish with 7-10 ml liquid medium); the medium
was refreshed every two weeks by removing the old liquid medium using
house vacuum aspiration and pipetting fresh liquid medium into the
plates. Regenerated plants were transferred to either glass tubes contain-
ing one sterile Sorobod cellulose plug and 5 ml of liquid medium, or to
Sundae-cups containing 7 sterile plugs and 30 ml liquid medium. In side-
by-side transformation experiments using nptII as the selectable marker,
comparable transformation frequencies were obtained for liquid versus
solid selection. In addition, a significant reduction in the escape rate was
obtained using the liquid selection method. The average stable transfor-
mation frequency in these experiments was 2.2% for liquid culture (24
experiments) and 1.9% for solid culture (18 experiments). The escape
rate was reduced from 23% to less than one percent when calculated
based on Agrobacterium-infected embryos, and from 92% to 19% when
calculated based on total shoots produced overall. The liquid culture
method reduces the cost of transgenic wheat plant production by reducing
media cost and sub-culturing time by at least 80%. This method also
offers ergonomic benefits. Parameters evaluated to optimize the liquid
culture system will be discussed.

P-2111
FLP-mediated DNA Deletion in Rice. P. Radhakrishnan and V. SRIVAS-
TAVA. Crop, Soil & Environmental Sciences, University of Arkansas,
Fayetteville, AR 72701. E-mail: vibhas@uark.edu

The gene for FLP recombinase, derived from 2 m plasmid of Saccharo-
myces cerevisiae, was introduced into rice genome under the control of
maize ubiquitin-1 promoter. FLP activity was monitored in callus cells
and regenerated plants by an assay based on the deletion of FRT flanked
DNA fragment leading to activation of gusA gene. FLP activity was de-
tected both in callus cells and leaves of some of the FLP lines. Experi-
ments on the germinal transfer of the recombined locus are underway.
Data will be presented to demonstrate the utility of FLP-FRT system in
genetic manipulation of rice.

P-2112
Transformation of Large DNA Inserts into Rice (Oryza sativa L.) Using
Bacterial Artificial Chromosome (BAC). B. H. PHAN1, C. Topp1, W. Jin2,
J. Jiang2, R. K. Dawe1, and W. A. Parrott1. 1University of Georgia, Athens,
GA 30602-6810 and 2University of Wisconsin, Madison, WI 53706. E-
mail: baophan@uga.edu

The ability to transform large genomic DNA fragments into plants can
help understand plant genomes. We previously reported it was possible
to recover rice plants transgenic for a BAC containing about 95-kb of
sequences from rice centromeres, but that the recovered plants were ab-
normal. To determine if the effect was due to the size or the nature of
the BAC insert, we tested and compared rice plants transgenic for one of
four BACs containing large DNA inserts: (1) a BAC containing a 95-kb
insert of centromeric satellite repeat elements from rice (2) a BAC con-
taining a 95-kb insert of centromeric satellite repeat elements from corn
(3) BAC control containing a 122.6-kb insert from rice and (4) a BAC
control containing a 147.6-kb rice insert. Transformation frequency was
0.91% for the maize centromeric insert, 0.83% for the rice centromeric
insert, 1.98 and 2.95% for the non-centromeric controls, and 5.9% for
the pCAMBIA control. Regeneration frequencies of transgenic callus
were 6.5% for the maize centromeric insert, 24.7% for the rice centro-
meric insert, 42.9 and 55.3% for the non-centromeric controls and 84.2%
for the pCAMBIA control. All plants transgenic for BACs containing
randomly selected DNA sequences are phenotypically normal. While in-
sert size does appear to affect transformation frequency, the results also
suggest that the centromeric sequences affect transformation and regen-
eration frequency, along with the phenotype of the resulting plants.



Plant Poster Sessions

71-AWorld Congress on In Vitro Biology Abstracts

P-2113
Comparison of Microprojectile Bombardment and Agrobacterium tume-
faciens Methods for Gene Transfer in Cherry Tomato (Lycopersicon es-
culentum). AUDREY DAVIS, Isaac Mickens, and Seema Dhir. Fort Val-
ley State University, 1005 State University Drive, Fort Valley, GA 31030.
E-mail: dhirs0@fvsu.edu

Sterilized seeds of tomato cultivar Gardener’s Delight were cultured on
Murashige and Skoog’s (MS) medium. Two weeks old in vitro grown
plants were used as a source of leaf explants. Leaf explants were pre-
cultured on MS 1 TDZ 2.0 mg/ml 1 IAA 0.5 mg/ml medium prior to
bombardment. The microprojectile bombardment method was used to
transfer the gene coding for the Green Fluorescent Protein (GFP) from
the jellyfish into leaf explants. The bombardment parameters included 1.0
mm gold particles, helium pressure of 1100 psi, and target distance of 9
cm. Leaf explants bombarded with GFP were observed under a fluores-
cence microscope to calculate transformation frequency data. Our results
indicate that 3-12 green fluorescent spots were recorded on each leaf
explant. To compare another transformation technique, Agrobacterium
tumefaciens stains C58-MP90 carrying a vector pTCS5 with Kanamycin
and GUS gene was used. Two weeks old leaf explants were precultured
on MS 1 TDZ 2.0 mg/ml 1 IAA 0.5 mg/ml medium for 0, 1, 2, 3, and
4 days. Leaf explants were then suspended in bacterial suspension (O.D:
0.4-0.6) for 10 minutes, and co cultivated for 2 days. After a 2 days delay
period, leaf explants were transferred to Kanamycin medium. Our results
indicated that pre-culture duration had no effect on the expression of GUS
gene in tomato leaves. In conclusion, both GFP and GUS can be used as
good visible marker genes for genetic transformation of tomato. Param-
eters for stable gene transfer and regeneration of transformants will be
discussed.

P-2114
Regulated Gene Expression by Glucocorticoids in Cultured Virginia Pine
(Pinus virginiana Mill.) Cells. WEI TANG and Ronald J. Newton. De-
partment of Biology, Howell Science Complex, East Carolina University,
Greenville, NC 27858-4353. E-mail: tangw@mail.ecu.edu

The effects of six glucocorticoids (dexamethasone, hydrocortisone, 6-
methylprednisolone, prednisolone, prednisone, and triamcinolone) on in-
ducible gene expression based on the chimaeric transcriptional activator
GVG carried by the binary expression vector pINDEX3-m-gfp5-ER were
evaluated in transgenic Virginia pine cell cultures. The concentration that
activated GVG transcription factor activity, the level of inducible m-gfp5-
ER expression, and the kinetics of inducible m-gfp5-ER expression were
determined for each glucocorticoid. Transgenic cells produced green fluo-
rescence upon blue light excitation after treatment with prednisolone,
prednisone, 6-methylprednisolone, dexamethasone, triamcinolone, and
hydrocortisone. Green fluorescence was observed at 6-12 h after treat-
ment of all 6 glucocorticoids at concentrations of 1, 3, 5,and 10 mg/l,
respectively. Differential expression of gfp was confirmed by northern
blot analysis and by quantitative fluorescence analyses of confocal images
taken by a LSM 510 Laser Scanning Microscope. Fresh and dry weight
increases of transgenic cell cultures were not affected by all 6 glucocor-
ticoids at concentrations of 0.1, 0.5, 1, 3, and 5 mg/l, respectively. It is
shown that triamcinolone had the most potent effect on the GVG system.
Different glucocorticoids can therefore be used to regulate the GVG tran-
scriptional activator and induce gene expression in transgenic plant cells,
and this property could be useful in establishing an optimum system of
transgene regulation.

P-2115
Quantitative Real-time PCR for Transgenic Grape Evaluation. L. Dalla
Costa, F. Savazzini, and L. MARTINELLI. Istituto Agrario San Michele
all’Adige, 38010 San Michele all’Adige (TN), Italy. E-mail: Lucia.
Martinelli@ismaa.it

Exogenous gene detection in grapes is usually performed by Southern
and Northern blot analysis. Recently, Quantitative Real-time PCR became
a powerful tool for accurately estimating transgene copy number and
exogenous gene expression. Accuracy, rapidity and low-cost are the main
advantages offered by this technology. As for grapevine, however, liter-
ature on Real-time PCR application is quite limited. This technique re-
quires important preliminary works for standardizing and optimizing the
many parameters involved in the process. In the aim of assessing grapes
where the genes for NPTII, GUS, GVA antisense movement protein and
PMI were inserted, we evaluated several approaches for performing quan-
titative analysis. Firstly, we selected the optimal endogenous genes to be
applied in grapes as genotype referee and gene copy number standard.
Then, for quantifying gene insertions, we assessed and compared an ap-
proach based on a grape transgenic line at known insertion number with
a method based on synthetic hybrid amplicons. These latter are short
DNA molecules containing both transgenes and reference endogenous
gene target sequences in a tandem orientation. Besides, two different
fluorescent reporters with respectively specific and non specific nature,
such as TaqMan probes and SYBR Green1, were exploited for performing
optical detection. Finally, validation of our method was confirmed with
Southern blot analysis comparison. Real Time quantification of exoge-
nous RNA expression is under study as well. Research supported by the
Italian Health Ministry (Project IZS 18).

P-2116
Chromosomal Localization of Transgenes in Maize by Fluorescence In
Situ Hybridization. WEICHANG YU, Juan Vega, Akio Kato, and James
A. Birchler. University of Missouri at Columbia, Columbia, MO 65211.
E-mail: wy593@mizzou.edu

FISH is a sensitive method developed for the detection of genes or DNA
sequences on chromosomes. A transgene complex with a 30 kb yeast
genomic DNA tag has been introduced into maize by Agrobacterium-
mediated transformation. By using the 30 kb yeast genomic DNA as a
probe, we have detected the transgenic complex linked to the 30 kb yeast
DNA in maize metaphase chromosomes. Here we report a system to
identify the transgenic integration sites on maize chromosomes by com-
bining the yeast probe with a multi-probe karyotyping mix. We first kar-
yotyped the HiIIA and HiIIB lines, the parents of the HiII hybrid used
for gene transformation, by using a multi-probe mix. A biotin-labeled
yeast probe was mixed with the karyotyping mix, and hybridized to the
metaphase chromosome spread. The biotin-labeled probe was detected
with horseradish-peroxidase conjugated streptavidin, and amplified with
biotinyl tyramide followed with DTAF-conjugated streptavidin. To date,
we have localized 30 transgenic integration sites on maize chromosomes
by this method. The integration event seems to be unevenly distributed
among the 10 maize chromosomes, with nine of the 30 integrations on
chromosome 1, and eight of the 30 integrations on chromosome 7. In-
terestingly, all the eight detected integrations on chromosome 7 are lo-
cated near the chromosome 7 knob. Because FISH on metaphase chro-
mosomes can only give an estimation of the locations, it will be inter-
esting to use other methods to determine whether there are any preferred
insert sites.
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P-2117
In Vitro Propagation and Extraction of Psoralen from Psoralea Corylifolia Linn. -
An Endangered and Rare Traditional Medicinal Herb. SHAHNAZ SUBHAN and
Veena Agrawal. Amity Institute of Biotechnology, Sector-125, Noida-201303, U.P.,
India. E-mail: ssubhan@rediffmail.com

Psoralea corylifolia Linn. has multifarious uses as it is an important component of
ayurvedic as well as allopathic system of medicines. It is widely used in the treat-
ment of leucoderma, leprosy, psoriasis and inflammatory diseases of the skin.The
medicinal value is due to the presence of furanocoumarin such as psoralen, isop-
soralene. The market value of psoralen is US $3890 per gram. In recent time,
studies on traditional medicinal plants have been realized as thrust area all over the
globe. In vitro multiplication of Psoralea corylifolia Linn., belonging to the family
fabaceae has been carried out employing nodal explants excised from seedlings and
in vitro raised shoots. Multiple shoots were induced directly in the axils as well as
indirectly in callus developed at the basal ends of the explants on Gamborg et al.,s
(B5) medium supplemented with different cytokinins, auxins, adjuvants either alone
or in combinations. Of all the cytokinins tried, 5 mM N6-benzyladenine (BA) proved
optimum both for producing maximum percentage (100%) of responding cultures
as well as an average of 6 axillary (direct) shoots per culture. However, average
number of total shoots developed both directly and indirectly (through callus phase)
was 25 per culture in cent percent cultures at 15% coconut water (CW) 1 10 mM
BA. Subsequently, the calluses were excised and subcultured on same but fresh
medium after every four weeks which further promoted shoot bud differentiation
at a high frequency. Shoot regeneration potential of the callus was seen to be
retained over an year without loss of any vigour. In vitro flowering was observed
in about 12.5% cultures of nodal explants. Excised shoots (91.66%) rooted in half
strength Murashige and Skoog basal medium with 2% sucrose. In vitro regenerated
plantlets were successfully established in the soil (87%). Amongst these, more than
a third (33.33%) of micropropagated plants have flowered after four months of field
transfer. An important biologically active compound psoralen has been detected
through HPLC in seeds, in vivo and in vitro plants/plant parts of P. corylifolia.

P-2118
Effect of Salt Stress on the Glycolysis of Salt-tolerant Mangrove Cells,
Bruguiera sexangula. H. ASHIHARA and M. Suzuki. Metabolic Biology
Group, Ochanomizu University, Tokyo, 112-8610, Japan. E-mail:
ashihara@cc.ocha.ac.jp

Suspension-cultured Bruguiera sexangula cells were grown in NaCl so-
lutions as high as 200 mM. When cell were cultured in 150 mM NaCl
increased respiration was observed and this was accompanied by a de-
crease in fructose-6-P (F6P) and increase in fructose-1,6-bisP, indicating
activation of ATP-dependent phosphofructokinase (PFK) and/or pyro-
phosphate: F6P phosphotransferase (PFP). Partially purified activities of
both PFK and PFP were stimulated by NaCl (in vitro). The apparent Km
value of PFK for F6P was 1.1 mM. In the presence of 150 mM NaCl
the Vmax/Km value increased more than 2-fold. Higher concentrations
of ATP inhibited the PFK activity, but NaCl completely counteracted this
inhibition. The mangrove PFP activity required fructose-2,6-bisP. Increas-
es in the activities of these key glycolytic enzymes by salt seems to be
one of the mechanisms facilitating salt tolerance of mangrove cells.

P-2119
Expression of Proteins During the Course of Phosphate Deprivation in
Maize (Zea mays. L). SWATI BHARGAVA, Alok Shukla, and R. C. Pant.
Deparment of Plant Physiology, C.B.S & H, G. B. Pant University of
Agriculture & Technology, Pantnagar-263145, Uttaranchal, India. E-mail:
swatipgemini1@rediffmail.com

Plants respond to phosphate deficiency through various mechanisms in-
volving morphological, biochemical and molecular changes. In the pre-
sent investigation in vitro techniques have been applied to develop phos-
phate tolerant lines of maize (Zea mays L.) cv. Gaurav, VL-16 and D995-
1002. Shoot tip culture was performed in MS medium supplemented with
2mg/L BAP and 500mg/L Casein hydrolysate. As a result well prolifer-
ated multiple shoots were formed. These shoots were then transferred to
the medium containing decreasing amount of phosphorus i.e., 38.5mg/L
(control), 35mg/L, 25mg/L, 15mg/L and 5mg/L in the form of KH2PO4.
In response to phosphate starvation plants show anthocyanin pigmenta-
tions and changes in the amount of proteins. Proteins were extracted from
these shoots and were then run on 10% SDS-PAGE gel. The results
revealed the over expression of ca. 25 kDa protein in 25mg/L phosphorus,
ca. 13.5, 18, 25, 27 and 35 kDa in 15mg/L phosphorus and ca. 21, 25,
29 and 31 kDa protein in 5mg/L phosphorus while none in 35mg/L phos-
phorus as compared to that of control containing 38.5mg/L phosphorus.
This banding pattern is quite useful in targeting and cloning gene(s) re-
sponsible for the enhancement of phosphorus uptake in plants.

P-2120
Effects of Electric Cell Fusion Treatment Among Leaf Protoplasts of
Populus alba, Betula platyphylla, and Alnus firma on Leaf Morphology
and RAPD Pattern of Eleven Regenerated Plants. H. SASAMOTO1, T.
Fukumoto1, Y. Wakita2, S. Yokota3, N. Yoshizawa3, T. Katsuki4, Y. Ni-
shiyama4, T. Yokoyama4, and M. Fukui4. 1Yokohama National Univ., Yo-
kohama 240-8501; 2Hokkaido Forestry Res. Inst., 079-0198; 3Utsunomiya
Univ., 321-8505; and 4Forestry & Forest Products Res. Inst., 305-8687,
Japan. E-mail: sasamoto@ynu.ac.jp

Optimization of electric cell fusion treatment was performed among leaf
protoplasts of Populus alba, Betula platyphylla and Alnus firma, in dif-
ferent families. Culture of cells for colony formation and differentiation
was performed using three kinds of basic media, i.e. MS, 1/2salt MS,
NH4NO3-free MS, containing 0.6M mannitol, and different combinations
of plant hormones, e.g., 2,4-D or NAA as an auxin and BA or CPPU as
a cytokinin. Shoots regenerated after electric cell fusion among B. pla-
typhylla and P. alba, without plant development. Eleven regenerated
plants were obtained and acclimatized after electric cell fusion among P.
alba and A. firma. Five regenerated plants which differentiated earlier
than other six strains, had no difference in RAPD pattern with that of P.
alba, but had difference in growth characteristics, i.e. leaf color and
height of acclimatized plants. In contrast, lately regenerated six strains
showed some difference in RAPD pattern and had big difference of ser-
rate leaves. Furthermore, high value of ratio of longitudinal and transverse
length of leaves was found in two strains and low value was obtained in
five strains. Other four strains were the same as of the poplar protoclone
and of regenerated poplar plants after intraspecific cell fusion among P.
alba protoplasts.
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P-2121
Development of Novel Large Elongated Fiber-Structure in Plant Proto-
plast Cultures. T. FUKUMOTO1, H. Sasamoto1, N. Hayashi2, S. Ogita3,
Y. Wakita4, S. Yokota5, and N. Yoshizawa5. 1Yokohama National Univ.,
240-8501; 2Forestry & Forest Products Res. Inst., 305-8687; 3Toyama
Prefectural Univ., 939-0398; 4Hokkaido Forestry Res. Inst., 079-0198;
and 5Utsunomiya Univ. 321-8505, Japan. E-mail: d03ta014@ynu.ac.jp

Novel large elongated fiber-structures were repeatedly found in liquid
plant protoplast cultures, e.g., leaves of Betula platyphylla, and embryo-
genic suspension cells of Larix leptolepis, suspension cells of tobacco
BY-2 and Vinca rosea. Micro-staining method was developed using a
micro-manipulator. The fibers fluoresced with Aniline Blue and Calco-
fluor White, which suggested they were composed of b-1, 3-glucan (cal-
lose). Callose transiently deposits at cell plate in the early stage of normal
cell division, however, fiber form of callose is novel. For clarifying the
mechanisms of formation of novel fiber, in relation to cell wall synthesis,
optimization of conditions for fiber formation was performed using multi-
well plate culture with varying medium compositions, e.g., cations, pHs,
sugars and plant growth regulators. Divalent cations had most profound
effects. Ca21 ions were preferred by Betula and Mg21 ions were by Larix
fiber. Their fine structure was observed by electron microscopy, which
showed that Larix fibers had helical substructures. Further observation
using laser scanning confocal microscope (LSCM) and atomic force mi-
croscope (AFM) showed that the fibers were composed of bundles of
fibrils, which were much larger than cellulose microfibrils of these spe-
cies.

P-2122
Cryopreservation of Transgenic Populus tremuloides Using a Modified
Vitrification Protocol. S. L. HUBSCHER, D. H. Touchell, and C.-J. Tsai.
Plant Biotechnology Research Center, School of Forest Resources and
Environmental Science, Michigan Technological University, Houghton,
MI 49931. E-mail: slhubsch@mtu.edu

With the imminent completion of the Populus genome sequence and ad-
vancement of high throughput transformation technologies, an increas-
ingly large number of transgenic Populus lines are being produced for
the functional elucidation of genes. With the implementation of these
functional genomics programs, traditional systems of long-term tissue
culture storage are becoming increasingly strained and the need for a
reliable, simple and indefinite tissue storage system has increased. Cryos-
torage fully answers this need. The goal of this study is to investigate
cryostorage, specifically the simple and low-cost process of vitrification,
as a long-term storage system for transgenic aspen (Populus tremuloides)
germplasm. Using in vitro cultures, factors such as conditioning media,
cryoprotectant solution and preculture duration were assessed for effects
on survival of cryopreserved tissues. Survival over 50% was achieved
by using a modified plant vitrification solution (PVS). Glycerol is a su-
perior cryoprotectant to sorbitol in the conditioning media. Survival of
the various transgenic lines used was similar for conditions tested. Our
results indicate that cryopreservation of Populus shoot apices is a viable
tissue storage alternative.

P-2123
Production Systems of African Violet: Adaptation and Management. J.
M. SEPÚLVEDA; E. Cárdenas, H. Rodrı́guez, A. S. del Bosque, E. J.
Sánchez; M. C. Ojeda, and R. P. Salazar. Facultad de Agronomı́a, Univ-
ersidad Autónoma de Nuevo León, Carretera Zuazua - Marı́n, Km. 17,
Marı́n, N.L., México and Instituto Tecnológico de Nuevo León, Av. Eloy
Cavazos No. 2001, Guadalupe, N.L., México. E-mail: elizabethcardena@
hotmail.com

African Violets (Saintpaulia ionantha) are indoor plants cultivated for
their abundant and colorful flowers. There are not any production systems
under development in Monterrey, México. The aim of this study was to
determine the best growing media (potting substrates) for their produc-
tion. The growing media tested were: 1. Commercial potting substrate;
2. Peat moss; 3.25% Peat moss and 75/ perlite; 4.50% Peat moss and
50% perlite; 5.75% Peat moss and 25% perlite; 6. Hydroponics transplant.
All plants were watered with the same nutritional solution. The variables
under evaluation were aesthetic quality, stem diameter, plant height leaf
and flower number, days to flowering, and root and foliage fresh and dry
weight. The results showed that all potting substrates were significantly
different for the variables evaluated and the plant’s nutriment contents.

P-2124
Development of Binary Vectors and Methods for Efficient Production of
Backbone-free, Marker-free Transgenic Plants. L. GILBERTSON1, S. Huang2,
E. Krieger1, L. Wei1, and W. Zhang1. 1Monsanto Company, 700 Chesterfield
Pkwy., Chesterfield, MO 63017 and 2Monsanto Company, DeKalb Campus,
62 Maritime Dr. Mystic, CT 06355-1958. E-mail: larry.a.gilbertson@
monsanto.com

Agrobacterium tumefaciens-mediated plant transformation requires the use of
binary vectors containing one or more T-DNA regions, carrying the gene of
interest and/or a selectable/screenable marker, as well as vector backbone
sequences required for replication and propagation of the plasmid in Agro-
bacterium. A T-DNA region is flanked by a pair of ‘‘border’’ sequences: the
right border and the left border. Although the remainder of the vector, com-
monly referred to as the ‘‘backbone’’, is generally not intended to be trans-
ferred to the plant cell, it is indeed transferred and integrated at frequencies
that range from 30% to 60% of the primary transformants in maize. We
developed a strategy to detect and eliminate transformants that contain T-DNA
binary vector ‘‘backbone’’ sequence early in the maize transformation pro-
cess, prior to plant regeneration. We inserted one of three constituitively ex-
pressed genes into the vector backbone region. We chose genes that allow us
to efficiently eliminate transgenic calli that have integrated the gene from the
vector ‘‘backbone’’ region. We have also developed improved methods and
binary vectors that allow the efficient generation of selectable marker-free
plants. When a vector with two T-DNA regions is used, it is possible to
position the selectable marker gene on one T-DNA and the gene(s) of interest
on the other. We have designed and tested various two T-DNA vectors in
maize. One novel approach is similar to a standard 1T-DNA vector, but has
the plant selectable marker gene placed in the ‘‘backbone’’ part of the vector.
This design actually takes advantage of the transfer of the backbone region
and the relative abilities of the left and right borders to initiate and terminate
T-strand production, and results in overall increases in the efficiency of gen-
erating marker-free plants that are free of vector backbone.
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P-2125
Micropropagation and Environmental Conditions Affecting on In Vitro and Ex Vitro Growth
of Acorus calamus. W. T. P. S. K. Senarath1 and Kui Jae Lee2. 1Department of Botany, University
of Sri Jayewardenepura, Nugegoda, Sri Lanka and 2Faculty of Bioresources Sciences, College
of Agriculture, Chonbuk National University, Republic of Korea. E-mail: senerath@yahoo.
co.uk

Effect of three different culture media 2 MS (Murashige and Skoog, 1964), KC (Knudson,
1946) and modified CD (Campbell and Durzan, 1975) on growth and multiplication during in
vitro culture were investigated. Multiple shoot proliferation was observed from shoot tip ex-
plants in CD medium supplemented with 1.0mg/l BA or 1.5mg/l TDZ. Addition of 1% activated
charcoal to TDZ containing medium enhanced multiple shoot proliferation (11.1 shoots per
explant) but showed a negative effect on nodal explants. Regenerated shoots showed a slow
growth and failed to elongate in the same medium.
Second series of experiments were designed to investigate the effect of physical environmental
factors on growth of in vitro plantlets. Plantlets were cultured under different air exchange rates
(0.1, 0.9 and 1.2 h21) without sucrose (photoautotrophic) or with 20gl21 sucrose (photomixau-
totrophic) and different photosynthetic photon flux (PPF) 2 40, 80 and 120 mmol m22 s21.
Slow growth was observed in shoot height, fresh weight and dry weight under photoautotrophic
condition as compared to photomixautotropic condition. High air exchange rate (1.2 h21) was
found to be inadequate for plantlet growth under photomixtrophic condition. In contrast, growth
parameters were increased on photoautotrophic conditions with 0.9 h21 air exchange rate. Best
growth of plantlets was observed with 0.9h21 air exchange rate. Increasing the PPF levels from
80mmol m22 s21 to 120mmol m22 s21 reduced the plant height, fresh weight as well a dry weight
under photoautotrophic conditions.
Light quality affects morphological changes and also on biomass production. Thus plants were
grown under fluorescent light, red LED with no blue light or with blue light. Stem elongation
was increased in red plus blue light but the biomass was reduced in the presence of red light
conditions. Smaller leaf area was observed in the presence of blue light. Chlorophyll degradation
was more pronounced in red light compared to fluorescent or red plus blue light which conse-
quently affect the photosynthetic capacity of the plantlet. Effect of physical environmental fac-
tors 2 photosynthetic photon flux (PPF), light quality, substrate, electrical conductivity (EC)
and humidity - on ex vitro growth was also investigated. Best growth was observed under
40mmol m22 s21 PPF and white fluorescent or red plus blue light. 1:1 peat: compost was better
than 1:1 vermiculite: compost for healthy growth. EC generally maintained in the range of
0.7–1.5dS m21 performed the best growth. Maintaining plants under high humidity (over 70%)
enhanced the growth rate and mass production.

P-2126
Influence of Culture Vessel Sealing Methods on Somatic Embryo Maturation of Corsican
Pine–Pinus nigra var. Maritime. W. T. P. S. K. Senarath1 and Kui Jae Lee2. 1Department of
Botany, University of Sri Jayewardenepura, Nugegoda, Sri Lanka and 2Faculty of Bioresources
Sciences, College of Agriculture, Chonbuk National University, Republic of Korea. E-mail:
senerath@yahoo.co.uk

Clonal propagation through somatic embryogenesis (SE) has the potential to rapidly capture the
benefits of breeding or genetic engineering programs and to improve raw material uniformity
and quality. Commercialization of this technology is limited due to low quality of the resulting
embryos. Low initiation rates, low culture survival, culture decline causing low or no embryo
production, and inability of somatic embryos to fully mature, resulting in low germination and
reduced vigour of somatic seedlings are some of the major problems in commercialization of
somatic embryogenesis of Corsican pine (Pinus nigra var. maritima). Embryogenic cultures
were initiated on modified 1/2P6 medium. Embryogenic cultures were maintained on the same
medium semi solidified with 2.5 g/l Gelrite. The maturation medium, capable of promoting the
development of Corsican pine somatic embryos that can germinate, is a combination of 1/2P6
modified salts, 2% maltose, 13% polyethylene glycol (PEG), 5 mg/l abscisic acid (ABA), and
2.5 g/l Gelrite. Many embryos developed to large bullet-shaped embryos. At latter stages of
development most embryos callused and stopped development. Seedling conversion and growth
were highly related to the quality of the germinant at the time of planting. Maturation of somatic
embryos of Corsican pine was found to be highly dependent on the method used to seal petri-
dishes. Two types of sealing material were used 2 PVC cling film (VF) and parafilm (PF).
Large numbers of well formed mature embryos developed if dishes were sealed with CF while
sealing with PF reduce the number of embryos forming. Tissues formed under PF sealing
appeared water logged and water loss from PF sealed dishes was considerably lesser than those
from CF sealed dishes. Treatments designed to reduce tissue water logging by increasing gelling
agent concentration or by adding traps of drying agent to the culture vessels. These experiments
revealed that, water relations were not responsible for the difference in embryo maturation
between two sealing methods used. Incorporation of silver nitrate or 2-chloroethyl phosphonic
acid (ethereal) to the culture medium indicated that ethylene was not the causative agent. How-
ever, inclusion of KMnO4 oxidation traps, normally used to deplete the atmospheric ethylene,
greatly stimulated somatic embryo maturation under both sealing conditions. Similarly traps of
adsorption agent (activated charcoal), capable of removing volatiles from the culture vessel
head-space, stimulated somatic embryo maturation under PF sealing to a lesser extent than
oxidation traps. Methods were developed to concentrate and analyze volatile compounds pro-
duced by plant tissues, culture vessels and the sealing material using gas chromatography/ mass
spectrometry. Preliminary experiments have identified an oxidant compound, butylated-hydrox-
ytoluene (BHT), released by plastic petri-dishes and PF but not CF, which inhibits somatic
embryo maturation.

P-2127
Phase Change from Dormancy to Continuous Shoot Proliferation in Cul-
tured Meristems of Saffron Corms. A. PIQUERAS1 and J. A. Fernández2.
1Departamento de Fisiologia Vegetal, CEBAS (CSIC), PO Box 164,
30100 Espinardo, Murcia, Spain and 2Departamento de Biotecnologı́a.
IDR (UCLM), Campus Universitario de Albacete s/n 02071, Albacete,
Spain. E-mail: piqueras@cebas.csic.es

Saffron corms develop dormancy at the end of the growing season as an
adaptive feature to survive periods with unfavourable growth conditions.
Dormants corms are the starting material to isolate meristem that can be
used to develop micropropagated cultures in saffron. To produce clonal
plants of this valuable specie is required an experimental approach able
to maintain the activated meristems in proliferation as it happens with
the mother corm shoots during the phase of active growth and vegetative
reproduction in vivo. Saffron meristems isolated from dormant corms
develop into plantlets with a basal corm in MS medium without plan
regulation returning to the resting period and yielding a single corm per
initial meristem. In this work it has been evaluated the effect of different
cytokinins (BAP, KIN, 2iP) and related compounds as TDZ on the pro-
liferation and the time course evolution of shoot proliferation in saffron
meristems isolated from dormant corms. The morphogenic response of
the cultures has been evaluated during 6 subcultures (5 weeks each)
showing that BAP (1,5 mg/l) was the most eficcient cytokinin in stimu-
lating shoot proliferation in saffrom meristems with an average multipli-
cation rate of 4.5, the other cytokinins tested induced lower multiplicatoin
rates and shorter shoots while and TDZ induced the formation of nodular
calli. The excised shoots were subcultured in control medium supple-
mented with increased sucrose concentrations and a positive correlation
was observed between the development of a basal corm and the concen-
tration of sucrose in the culture medium from 35 to 50 gr/l. The results
presented in this work are going to be used as the initial step to develop
a protocol for the clonal micropropagation of saffron plants.

P-2128
Effect of Precursor Feeding and Elicitor on Production of Diosgenin in
Momordica charantia L., Cultured Cells. R. KAMAL and M. Agarwal.
Laboratory of Medicinal Plants and Biotechnology, Dept. of Botany, Uni-
versity of Rajasthan, Jaipur-302004, India. E-mail: rakakamal@hotmail.
com

Diosgenin, a steroidal sapogenin is a major source of corticosteroids, sex
hormones, anabolic agent and oral contraceptives. In the present study an
experiment was conducted in which three treatment doses (0.025; 0.05
and 0.1mM) of cholesterol, which is a precursor of diosgenin, was pre-
mixed with MS medium supplemented with 2mg/l of 2,4-D, separately.
Six months old maintained callus raised from seeds was inoculated in
each of the precursor fed medium and harvested at 2,4,6,8 weeks time
interval and analyzed for diosgenin content using method of Tomita et al
(1970). The recovery of diosgenin was higher in 0.05 mM (6.82mg/g)
and 0.1 mM (6.56mg/g) treatment doses at 6 week as compared to control
(3.41 mg/g). In another experiment 6-month-old maintained suspension
cultures were subjected to elicitor treatment using salicylic acid doses
(0.025; 0.05 and 0.1mM), harvested after 24h and analyzed for diosgenin
content revealed significant recovery (8.98mg/g) over control
(3.41mg/g). The identity of diosgenin was confirmed by TLC, mp, IR
spectral studies comparable to standard diosgenin. However, the presence
of b-sitosterol and stigmasterol was also recorded. Among the plant parts
diosgenin was present only in fruits.
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P-2129
Micropropagation of Platycerium andinum (Polypodiaceae) ‘‘The Amer-
ican Staghorn Fern.’’ A. DONAYRE TORRES1 and R. Estrada Jiménez2.
1Centro de Estudios Avanzados del IPN Unidad Irapuato-México (CIN-
VESTAV) and 2Laboratorio de Recursos Genéticos y Biotecnologı́a,
Universidad Nacional Mayor de San Marcos. Lima-Perú. E-mail:
adonayre@ira.cinvestav.mx

The fern genus Platycerium contains some of the largest epiphytes in the
world. Platycerium andinum is the only member of the genus found in
the Americas. Conservation and micropropagation of Platycerium andin-
um by means of tissue culture is important to repopulating damaged hab-
itats. Adult plants were obtained by in vitro germination of P. andinum
spores. Murashige & Skoog (1962) basal media was used in half con-
centration, supplemented with sucrose 30g/L, gel rite 2g/L, pH was ad-
justed to 5.6. After 8 weeks of cultivation, gametophyte plants appeared;
6-8 months later, sporophytes plants were produced, using the same basal
media, without sucrose supplement. Micropropagation of P. andinum
does not require complex media to induce germination and spontaneous
vegetative reproduction.

P-2130
Micropropagation and Regeneration In Vitro of Cattleya luteola L. (Or-
chidaceae). A. DONAYRE TORRES1 and R. Estrada Jiménez2. 1Centro
de Estudios Avanzados del IPN. Unidad Irapuato-México and 2Labora-
torio de Recursos Genéticos y Biotecnologı́a, Universidad Nacional May-
or de San Marcos. Lima-Perú. E-mail: adonayre@ira.cinvestav.mx

Cattleya luteola is an orchid native from Peru, Ecuador and Brazil, orchid
growers choose C. luteola for orchid improvement and hybridization.
Unfortunately, commercial timber extraction, and agriculture have de-
stroyed most of its natural habitat, however, there are reforestation efforts.
Thus, it is important to establish a germplasm collection of Cattleya spe-
cies to repopulate restored areas. In the present work we established a
system of Micropropagation and Regeneration of Cattleya luteola in vi-
tro. The Micropropagation media was based on Murashige & Skoog salts
half concentrated (MS/2), supplemented with activated charcoal (3.5g/L),
sucrose (30 g/L) and agar (8g/L), pH was adjusted to 5.6. The rooting
media for greenhouse establisment was carried out using MS/2 salts sup-
plemented with activated charcoal (3.5 g/L), coconut water (100 ml/L),
NAA (1 mg/L) and agar (8g/L), pH was adjusted to 5.6. The regeneration
media was based on complete MS salts supplemented with Kinetin
(1 mg/L), sucrose (20 g/L), and agar (8 g/L), pH was adjusted to 5.6.
Regeneration was induced from young leaf segments of in vitro plants.
The regeneration media was able to induce shoot organogenesis from leaf
segments since the fifth week of culture, and they originate complete
normal plants. Thus, the Micropropagation and Regeneration media de-
scribed in the present report were employed for massive propagation of
this endangered orchid and will contribute in repopulation of restored
areas.

P-2131
In Vitro Propagation, Multiplication, and Field Evalauation of Taro in the
Marshall Islands. D. NANDWANI and ARWAN SOSON. Agriculture
Experiment Station, Cooperative Research and Extension, College of the
Marshall Islands, Majuro, Marshall Islands, MH 96960. E-mail:
dilipn2@hotmail.com

Taro (Colocasia esculenta (L.) Schott) is one of the important food crops
grown in the Marshall Islands. The main problems in taro production are
soil erosion, decline in soil fertility, loss of diversity, limited agriculture
development of atolls, shifting cultivation, lend tenure, commercial de-
velopment, and over-response to market forces. Marshall Islands are free
of some serious pests and diseases of taro such as Phytophthora colo-
casiae, taro leaf blight. However, country is vulnerable to many serious
pests and diseases due to the easy access via air and sea transportation.
The introduction of Plant Tissue Culture techniques at the new research
facility of College of the Marshall Islands is generating know-how and
access to production inputs and technology for taro. Tissue culture germ-
plasm of taro with superior characters were obtained from the Regional
Germplasm Center through Secretariat of Pacific Community, Fiji Mu-
rashige and Skoog’s medium containing Thiamine (0.4mg/l) and Thidi-
azuron (0.5mg/l) was found optimal for the growth and multiplication of
shoots. Field trials and evaluation of tissue culture raised plants of various
cultivars conducted at the Agriculture Experiment Station. Results ob-
tained on the morphological characters namely plant height, fruit quality,
yield, insect pests and diseases are discussed. Var.PSB-G2 from the Sec-
retariat of Pacific Community and Var.KSH-1 from Taiwan successfully
produced quality corms and adapted to the atoll environment and soil.
Two cultivars have shown good tolerance to insect pests and diseases and
are being bulked up for the evaluation.




