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P-2000
Effects of Ethylene in Barley (Hordeum vulgare L.) Tissue Culture Re-
generation. A. K. JHA,1, L. S. Dahleen2, and J. C. Suttle2. 1Department
of Plant Sciences, North Dakota State University, Fargo, ND 58105 and
2USDA-ARS, Fargo, ND 58105. Email: ajay.jha@ndsu.edu

Ethylene is a gaseous plant hormone that regulates numerous cellular
processes from germination to flowering and senescence. It is produced
under stress conditions such as tissue culture and can be physiologically
significant in-vitro due to enclosed conditions. This study was conducted
to determine genotype-dependent ethylene production and it’s role in re-
generation of barley (Hordeum vulgare L.) callus. Six barley cultivars
were examined and found to produce different amounts of ethylene dur-
ing culture. The highest regeneration was observed in cultivars generating
the most ethylene. The media was modified by adding the ethylene pre-
cursor, ACC (1-amino-cyclopropane-1-carboxylic acid) or the ethylene
antagonist silver nitrate (AgNO3) to the media at different stages of callus
culture to determine the effects of ethylene during plant regeneration.
Further manipulation of ethylene synthesis and/or action will be used to
identify critical times for ethylene effects on plant regeneration from re-
calcitrant genotypes and the results will be presented.

P-2001
Cryopreservation of In Vitro Grown Shoot Tips for Long-term Conservation of Dios-
corea spp.: An Endangered Medicinal Plant. SONALI DIXIT SHARMA. Avestha
Gengraine Texchnologies Private Limited, 9th floor, Discoverer, ITPL, Bangalore
560066, INDIA. Email: sonali-dixit@lycos.com

Dioscorea is an important medicinal plant commercially exploited for the extraction
of diosgenin, a precursor of steroid drugs. Due to over exploitation and shrinking of
natural habitat, this species which is native to India, faces a serious threat to extinc-
tion. Being vegetatively propagated, the species faces problems for its ex situ con-
servation using the conventional method of field maintenance. Thus, development of
a cryopreservation protocol for Dioscorea spp. is especially desirable. Cryopreser-
vation protocols have been developed and applied to cell cultures of various plant
species to retain the capability of cultures for regeneration and production of second-
ary metabolites. However, shoot tips/meristems are ideal explants for in vitro con-
servation of plant diversity as plants regenerated from organized explants such as
shoot-tips/meristems, usually maintain their genetic integrity. Employing the newly
emerged techniques of vitrification as well as encapsulation-dehydration, successful
cryopreservation of shoot tips of in vitro grown plantlets has been achieved with
subsequent high frequency plant regeneration. The dissected shoot tips were cultured
in preculture medium for 16 h before using for either of the techniques. For vitrifi-
cation procedure, the precultured shoot tips were treated with loading solution fol-
lowed by dehydration with plant vitrification solution (PVS 2, i.e., 15% DMSO, 30%
glycerol and 15% ethylene glycol) and plunging in liquid nitrogen. Maximum survival
and regeneration was obtained when the shoot-tips were treated with PVS2 at 08 C
compared to that at 258 C. After rewarming, the shoot tips were treated with high
sucrose unloading solution and plated on medium supplemented with plant growth
regulators for recovery growth. During recovery growth, the cryopreserved shoot tips
showed high frequency regeneration of shoots within 5 weeks after plating and sub-
sequent proliferation of shoots. Likewise, for encapsulation-dehydration procedure,
the precultured shoot tips were encapsulated in calcium alginate beads, pretreated in
high sucrose solution (0.75 M), dehydrated in laminar airflow for 4 h and then plunged
in liquid nitrogen. Both vitrification and encapsulation-dehydration techniques were
found to be equally effective for cryopreservation of shoot tips. As these procedures
are simple and technically less demanding, the routine use of these cryopreservation
procedures for the ex situ long-term conservation of Dioscorea spp. will provide
additional security before the species becomes extinct.

P-2002
Induction of Multiple Shoots and In Vitro Flowering in Soybean.
YOUNG JIN KIM, Seung Bum Lee, and Henry Daniell. Department of
Molecular Biology and Microbiology, University of Central Florida, 4000
Central Florida Boulevard, Biomolecular Science, Building 20, Room
336, Orlando, FL 32816-2364. Email: daniell@mail.ucf.edu

A successful, efficient system for multiple shoot induction, in vitro flow-
ering and plant regeneration of soybean (Glycine max) was established.
Three soybean genotypes were compared for organogenic responses on
various media cultured under light conditions. Three-day-old cotyledons
after germination induced adventitious shoots (94%, 4.7 shoots/cotyle-
don), directly from cotyledons by the hormone treatment and efficiency
was higher than other conditions. In Pungsannamulkong cultivar (shoot
formation rate, 99%) the MS medium was supplemented with 2.5 mg/l
6-benzylaminopurine (BAP). In Bosukkong cultivar (94%) the MS me-
dium was supplemented with 1.5 mg/l thidiazuron (TDZ), but for Wil-
liams cultivar 82 (92%), MS medium supplemented with 0.5 mg/l TDZ,
1 mg/l BAP, and 0.01 mg/l a-naphtalene acetic acid (NAA), 3% sucrose,
0.4% phytagel and pH 5.8 was optimal. Plantlets were transferred onto
the same medium supplemented with 1% activated charcoal for further
development. With this treatment, regenerated plantlets were obtained
within 8 weeks. In vitro induction of flowering was developed from aux-
iliary buds of mature cotyledon in soybean. Although the proportion of
seedlings induced to flower is influenced by genotypic variation, a cy-
tokinin or a shift in the auxin-cytokinin equilibrium is known to bring
about in vitro induction of flowering. The optimal medium for the in-
duction of in vitro inflorescence from cotyledon in Bosukkong (flowering
induction rate, 74%) and Pungsannamulkong (63%) was MS medium
supplemented with 2 mg/lTDZ. Some of inflorescence buds were devel-
oped and set seeds but we observed reduction of pollen fertility.

P-2003
Efficient In Vitro Regeneration System from Seed Derived Callus of Perennial
(Lolium perenne) and Annual Ryegrass (Lolium multiflorum). SIVA CHENNA-
REDDY, S. J. Allyson, D. A. Jennifer, S. L. Goldman, and R. V. Sairam. Plant
Science Research Center, University of Toledo, Toledo, OH 43606. Email:
srudrab@utnet.utoledo.edu

The commercially important ryegrasses in cool temperate climates throughout
the world are annual (Lolium multiflorum L.) and perennial ryegrass (Lolium
perenne L). Improvements through conventional breeding in these ryegrasses
have been slow as they are usually heterozygous and highly self-infertile. Hence,
there is a need to use modern biotechnological tools to the development of im-
proved rye grass cultivars for incorporating value added traits. Successful trans-
formation of rye grasses has been done using suspension cells which is time
consuming and laborious. We report here a rapid and highly efficient in vitro
plant regeneration system from seed derived callus in annual (RGANN) and
perennial rye grasses (RGPER). After one week of seed germination in dark, the
emerging shoot and root were chopped to suppress germination and stimulate
callus formation and transferred to fresh medium. After 6 weeks, the resulting
callus was maintained by sub-culturing every 4 weeks. For regeneration, cultures
were incubated at 24 6 28 C under a 16/8-hour dark photoperiod. The treatment
with 4.0 mg/l 2,4-D was found to be the best for callus induction for both
RGANN and RGPER and with further increase in 2,4-D concentration, the callus
induction frequency decreased. Highest frequency of callus induction was ob-
served in RGANN (94%) followed by RGPER (72%) on MS medium supple-
mented with 4.0 mg/l 2,4-D. Callus initiation and growth took about 6 weeks.
Highest frequency of shoots were regenerated per callus clump on MS 10.5 mg/
l BAP in RGPER (13.67). Whereas, in RGANN (Ryegrass), highest frequency
of shoots (11.13) were regenerated in MS medium with 0.1 mg/l BAP. In both
the varieties, a decrease in shoot regeneration frequency was observed in the
combination treatments of BAP (0.1 mg/l, 0.5 mg/l) and 2,4-D (0.1 mg/l, 2.0
mg/l). Hundred percent rooting was observed when regenerated plants were trans-
ferred to MS media supplemented with 0.2 mg/l NAA alone or in combination
with 0.5 mg/l GA3. Rooted plantlets were transferred to soil and acclimatized in
the greenhouse.
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P-2004
A Novel Genotype Independent Protocol for In Vitro Plant Regeneration from
Mature Seed Derived Callus of Tall Fescue (Festuca arundinacea Schreb). SIVA
CHENNAREDDY, T. V. Reddy, S. L. Goldman, and R. V. Sairam. Plant Science
Research Center, University of Toledo, Toledo, OH 43606, Email: srudrab@
utnet.utoledo.edu

Tall fescues (Festuca arundinacea Schreb.) are cool season forage and turf grass-
es of significant agricultural importance in different grassland countries. Genetic
improvement of tall fescues by conventional selection procedures is slow, since
these are predominantly, cross-pollinated, hexaploid and generally infertile. Ge-
netic engineering approaches for incorporation of agronomically useful traits may
contribute to the development of improved tall fescue cultivars. We report here
a rapid and efficient in vitro plant regeneration system from mature seed derived
callus of two Tall fescue cultivars (FESEVB- EnviroBlend and FESEVS-
EnviroSHADE) on solid medium which can be exploited for incorporating genes
conferring value added traits. The treatment with 4.0 mg/l 2,4-D was found to
be the best for callus induction for both the varieties and further increase in 2,4-
D concentration decreased the callus induction frequency. Highest frequency of
callus induction was observed in FESEVS (88%) followed by FESEVB (86%)
on MS medium supplemented with 4.0 mg/l 2,4-D. Callus was maintained every
4 weeks on MS medium containing 4.0 mg/l 2,4-D and 0.1 mg BAP. Callus
turned greenish and shoots appeared after 4 weeks of transfer to regeneration
medium. Higher frequency of shoots were regenerated per callus clump on MS
1 0.5 mg/l BAP alone compared to other hormonal combinations in FESEVB
(13.07) followed by FESEVS (11.13). When 2, 4, D was present in regeneration
medium a drastic reduction in shoot regeneration frequency was observed. Root-
ing was observed in two weeks after transferring the regenerated plants to the
rooting medium. Hundred percent rooting was observed in both the varieties on
MS media supplemented with 0.2 mg/l NAA. In the combination treatments of
NAA and GA3 all the plants were rooted in FESEVS while only 80% of the
plants rooted in FESEVB. When BAP (1.0 mg/l) was added to the rooting me-
dium, either with NAA alone or in combination with NAA and GA3, a drastic
reduction in rooting frequency was observed. All rooted plants were transferred
to the soil and acclimatized in the greenhouse.

P-2005
Evaluation of Chloroplast Derived Cholera Toxin B Subunit (CTB) and Green
Fluorescent (GFP) Fusion Protein for Oral Delivery. BRITTANY E. BURNS,
Arati-Ulhas Limaye, and Henry Daniell. Department of Molecular Biology and
Microbiology, University of Central Florida, Biomolecular Science Building 20,
Room 336, Orlando, FL 32816-2364. Email: daniell@mail.ucf.edu

Many infectious diseases require booster vaccinations or multiple antigens to
induce and maintain protective immunity. Advantages of plant-derived vaccines
include the delivery of multiple antigens, low cost of production, storage &
transportation, elimination of medical personnel and sterile injections, heat sta-
bility, antigen protection through bioencapsulation, the generation of systemic &
mucosal immunity and improved safety via the use of a subunit vaccine and
absence of human pathogens. In an effort to study the oral delivery of therapeutic
proteins using the transmucosal carrier CTB, a fusion of CTB-smGFP was ex-
pressed in transgenic chloroplasts of Nicotiana tabacum var. petit Havana by
inserting the CTB and smGFP genes into the chloroplast genome. The pLD-
CTB-smGFP vector contains CTB with a C-terminal fusion to smGFP separated
by a furin cleavage site. Both genes were inserted into a universal chloroplast
vector, pLD-ctv containing the 16S rRNA promoter, the aadA gene coding for
spectinomycin selectable marker gene, the psbA 59 & 39 untranslated regions to
enhance translation in the light and trnI, trnA homologous flanking sequences
for site specific integration into the chloroplast genome. Chloroplast integration
of the CTB-smGFP genes was confirmed by PCR and Southern blot analysis.
The CTB-smGFP fusion protein expression was confirmed by smGFP expression
under UV light and immunoblot analysis. Expression levels were quantified by
ELISA. GM1-ganglioside binding assays confirmed that the chloroplast-derived
CTB binds to the intestinal membrane receptor of cholera toxin, confirming cor-
rect folding and disulfide bond formation of CTB pentamers within transgenic
chloroplasts. Functional studies are being carried out in mice to investigate the
concept of bioencapsulation by plant cells by using smGFP as a visible marker
as well as to test the ability of chloroplast-derived CTB to act as a transmucosal
carrier of a reporter gene product. These investigations might facilitate the de-
velopment of a novel cost effective oral delivery system for vaccines and ther-
apeutic proteins.

P-2006
Expression of a Cholera Toxin B Subunit-rotavirus Enterotoxin Fusion Gene in
Transgenic Nicotiana. ANILA KALLURI, William H. R. Langridge, and Henry
Daniell. 1Department of Molecular Biology and Microbiology, University of
Central Florida, Biomolecular Science, Bldg. #20, Room 336, Orlando, FL
32816-2364 and 2Center for Molecular Biology and Gene Therapy, 161, Mor-
tensen Hall, Loma Linda University, Loma Linda, CA 92350. Email:
daniell@mail.ucf.edu

Rotaviruses are the single most important cause of virus-based acute diarrheal
illness in infants and young children in industrialized and developing countries.
The identification of a rotavirus nonstructural protein gene (NSP4) encoding a
peptide, which functions both as a viral enterotoxin and as a factor involved in
acquisition of a host cell membrane during virus budding from cells, provides
a new approach for mucosal immunization. Transgene expression via the chlo-
roplast genome offers a number of advantages including high level of expression
and transgene containment via maternal inheritance.To achieve an enhanced
immune response to rotavirus infection, a fusion gene encoding the cholera toxin
B subunit linked to rotavirus enterotoxin 90 aa protein (CTB-NSP490 ) was used.
The CTB-NSP4 fusion gene was cloned into pCR2.1 vector containing the psbA
59UTR, that enhances translation during illumination. The 59UTR-CTB-NSP4
gene cassette was finally cloned into the tobacco universal vector pLD-ctv be-
tween the trnA and trnI flanking region, sites for homologous recombination
into the chloroplast genome. The final vector pLD-AK-CTB-NSP4 was bom-
barded into Nicotiana tabacum var Petite havana, and Xanthi leaves to generate
transgenic chloroplast containing plants. Chloroplast integration of the CTB-
NSP490 fusion gene was confirmed in transgenic tobacco plants by PCR analysis
using 3P/3M primers. The integration of aadA, 59UTR-CTB-NSP4 was addi-
tionally confirmed using the 5P/2M primer pairs. Southern blot analysis con-
firmed site-specific gene integration and homoplasmy. Immunoblot analysis of
transformed chloroplasts confirmed expression of the CTBNSP490 fusion pro-
tein. Quantification of CTB-NSP4 fusion protein in transformed tissues by
ELISA is in progress. Antibody titration and virus challenge experiments will
be performed in mice to evaluate the antigenic and protective properties of the
chloroplast derived CTB-NSP4 fusion protein.

P-2007
Expression of Soluble Modified Green Flourescent Protein and Interferon Alpha-5
Fusion in Transgenic Chloroplasts. BRITTANY E. BURNS and Henry Daniell. De-
partment of Molecular Biology and Microbiology, University of Central Florida,
Biomolecular Science Building 20, Room 336, Orlando, FL 32816-2364. Email:
daniell@mail.ucf.edu

The World Health Organization estimates that approximately 170 million people
worldwide are infected with hepatitis C virus (HCV), with 3-4 million new cases
each year, and that more than one third of the world’s population is infected with
hepatitis B virus (HBV). A large majority of HCV-infected patients have severe liver
cirrhosis and currently there is no vaccine available for this disease. In addition, the
rising cost of treatment for severe illnesses calls for the more economical production
of therapeutic proteins. Alpha interferons have therapeutic uses, such as the inhibi-
tion of viral replication and cell proliferation, enhancement of the immune response,
and most recently, the treatment of patients suffering from HCV. The Food and Drug
Administration approved a specific subtype of interferon-a (IFNa2b) for the treat-
ment of HCV. In an effort to produce another subtype of interferon-a (IFNa5, kindly
provided by Dr. Jesus Prieto, Universidad De Navarra, Pamplona, Spain) in large
quantities and free of contaminants for possible treatment options and oral delivery
of HCV, a fusion of smGFP-IFNa5 has been expressed in transgenic chloroplasts
of Nicotiana tabacum var. dark fire, by inserting the smGFP (745 bp) and IFNa5
(515 bp) genes into the chloroplast genome by homologous recombination. The
pLD-BB1 vector contains smGFP with a C-terminal fusion to IFNa5 containing a
furin cleavage site between the fusion proteins. The genes were cloned into a uni-
versal chloroplast vector, pLD-ctv containing the 16S rRNA promoter, aadA gene
coding for the spectinomycin selectable marker, psbA 59 & 39 untranslated regions
to enhance translation in the light and trnI & trnA homologous flanking sequences
for site specific integration into the chloroplast genome. Chloroplast integration of
the smGFP-IFNa5 genes was confirmed by PCR and Southern blot analysis. The
smGFP-IFNa5 fusion protein expression was confirmed by immunoblot analysis
and smGFP expression under UV light. Expression was quantified by ELISA. The
smGFP-IFNa5 fusion protein is being further analyzed via in vivo studies. The
expression of smGFP-IFNa5 transgenic chloroplasts might facilitate the develop-
ment of a new and alternate treatment for HCV and possible oral delivery options
with a lower cost of production.
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P-2008
Efficacy of Chloroplast Derived Lethal Factor-protective Antigen Fusion Pro-
tein as a Vaccine Against Anthrax. WILLIAM W. WONG, and Henry Daniell.
Department of Molecular Biology and Microbiology, University of Central
Florida, Biomolecular Science Building 20, Room 336, Orlando, FL 32816-
2364. Email: daniell@mail.ucf.edu

The spores produced by Bacillus anthracis are the causative agent of anthrax.
The Centers for Disease Control have listed anthrax as a category A agent in
regards to its known bioterrorism potential. The current vaccine has contami-
nants (that result in negative reactions), requires multiple injections, annual
boosters, and is in limited supply. These factors demonstrate the need for an
improved vaccine. The edema and organ failure seen in anthrax patients is
caused by the action of three individually non-toxic proteins: protective antigen
(PA), lethal factor (LF), and edema factor (EF). The 83 kDa immunogenic
Bacillus anthracis PA has been successfully expressed in transgenic tobacco
chloroplasts and shown to be highly immunogenic. In an attempt to further
enhance the efficacy of this vaccine antigen, a fusion protein of LF devoid of
toxin gene (LF 27) and PA 83 will be used to maximize the immune response.
The pLD-LF27-PA83 containing the LF27-PA83 gene was cloned into a uni-
versal chloroplast vector, pLD-ctv containing the 16S rRNA promoter, aadA
gene coding for the spectinomycin selectable marker, psbA 59 & 39 untranslated
regions to enhance translation in the light and trnI & trnA homologous flanking
sequences for site specific integration into the chloroplast genome. Western
blots done on the completed chloroplast vector showed production of the PA
fusion protein. Leaves from Nicotiana tabacum cv. Petit Havana were bom-
barded using the biolistic PDS 1000/He device. Spectinomycin resistant clones
were produced, and subjected to two rounds of selection. The in vitro macro-
phage lysis assays, subcutaneous immunization, toxin neutralization and toxin/
spore challenge of immunized animals (with purified chloroplast-derived LF27-
PA83 fusion) will be performed to test functionality and efficacy. The high
expression levels of LF27-PA83 and strong immune response may facilitate
development of a safe and efficient anthrax vaccine at a lower cost of produc-
tion.

P-2009
Expression of Hepatitis C Virus Non Structural 3 Antigen in Transgenic Chlo-
roplasts. ANUBHUTI BHATI1, Juan Jose Lasarte2, and Henry Daniell1. 1De-
partment of Molecular Biology and Microbiology, University of Central Florida,
Biomolecular Science, Bldg. #20, Room 336, Orlando, FL 32816-2364 and
2Universidad de Navarra, Facultad de Medicina Interna, Irunlarrea 1, 31018
Pamplona, SPAIN. Email: daniell@mail.ucf.edu

Hepatitis C virus infection is the major cause of acute hepatitis and chronic
liver disease. An estimated 180 million people are infected globally (WHO).
There is no vaccine available to prevent hepatitis C and treatment with antiviral
drugs is expensive and is accompanied with various side effects. Therefore,
there is an urgent need for the development of effective vaccine antigens and
an efficacious HCV vaccine. The non-structural 3 protein of the hepatitis C
virus is one of the most conserved and multifunctional protein of the virus and
therefore is a good candidate for the development a HCV vaccine. Vaccine
antigen production via chloroplast transformation system usually results in high
expression levels and eliminates the possibility of contamination with viral vec-
tor sequences, human or animal pathogens. To express the HCV NS3 antigen
in the chloroplast of Nicotiana tabacum var. Petit havana and LAMD-609, the
NS3 gene (1.9 kb) was cloned into a chloroplast expression vector, pLD-ctv
containing the 16S rRNA promoter, aadA gene coding for the spectinomycin
selectable marker, psbA 59 & 39 untranslated regions to enhance translation in
the light and trnI & trnA homologous flanking sequences for site specific in-
tegration into the chloroplast genome. Chloroplast integration of the NS3 gene
was first confirmed by PCR. Southern blot analysis further confirmed site-spe-
cific gene integration and homoplasmy. The NS3 protein was detected in trans-
genic chloroplasts by Immunoblot analysis. The NS3 protein was further quan-
tified by ELISA. Maximum expression levels of NS3 up to 2% in the total
soluble protein were observed even in old leaves, upon 3-day continuous illu-
mination. These results demonstrate successful expression of the HCV non-
structural 3 antigen in transgenic tobacco chloroplasts. Animal studies will be
performed in Dr. Juan Jose Lasarte’s laboratory, Universidad De Navarra, Pam-
plona, Spain.

P-2010
Expression of Cholera Toxin B Subunit-proinsulin Fusion Protein in Trans-
genic Tobacco Chloroplasts as a Treatment Against Development of Type-
1 Autoimmune Diabetes. ANDREW L. DEVINE, William W. Wong, Arati
Limaye, and Henry Daniell. Department of Molecular Biology and Micro-
biology, University of Central Florida, Biomolecular Science Building 20,
Room 336, Orlando, FL 32816-2364. Email: daniell@mail.ucf.edu

Oral administration of disease specific autoantigens have been demonstrat-
ed to delay or even prevent the onset of disease symptoms, referred to as
tolerance. We have produced a Nicotiana tabacum cv. petit Havana chlo-
roplast transgenic lines that expresses a cholera toxin B subunit (from Vib-
rio Cholerae)-human proinsulin (a and b chain) fusion protein, designated
CTB-Pris. This approach has been previously demonstrated by nuclear ex-
pression in potato tubers, to prevent the onset of insulin-dependent diabetes
mellitus (IDDM) in NOD mice, when delivered orally. The pLD-PW con-
tains the CTB-Pris gene cloned into the universal chloroplast transforma-
tion vector pLD-ctv in which the 16S rRNA promoter drives the aadA gene
selectable marker, which confers resistance to spectinomycin; the psbA 59
untanslated region (UTR) enhanced translation of CTB-Pris in the presence
of light and the psbA 39UTR conferred transcript stability. The trnI and
trnA homologous flanking sequences facilitated site-specific integration of
transgenes into the tobacco chloroplast genome. Site-specific integration
was demonstrated by PCR and Southern blot analysis with probes for both
CTB and Pris. Western Blot analysis has demonstrated the presence of
abundant CTB-Pris in transgenic plants with both CTB polyclonal and pro-
insulin monoclonal antibodies. Southern blot analysis has also confirmed
that homoplasmy had been achieved in the T0 generation. These chloroplast
transgenic lines grew slowly although their appearance was normal. Quan-
tification studies are currently underway, which will be followed by animal
studies on NOD mice in order to determine the ED50 for prevention of
the onset of insulin-dependent diabetes mellitus.

P-2011
Selection of Salt Tolerant Plantlets from the Tissue Culture of Water-
melon. S. A. FAROOQ and Talat Farooq1, Department of Biology, Sultan
Qaboos University, P O Box 36, PC123, OMAN. 1Shadan Post Graduate
Center, Hyderabad, INDIA. Email: sfarook@squ.edu.om

Protocols for in vitro shoot regeneration from cotyledon explants of wa-
termelon (Citrullus lanatus (Thunb.) were standardized in two cultivars
viz., Sugar Baby and Glory Jumbo using MS media supplemented with
BA 1 IAA and BA 1 2iP. Response of the cultures to NaCl were studied
by adding 50 mM, 100 mM, 200 mM, 300 mM and 400 mM of Sodium
Chloride (NaCl) to the media. Effect on the growth, shoot organogenesis,
rhizogenesis and plantlet regeneration were studied. Significant decrease
in fresh weight of callus, shoot bud formation and regeneration was noted.
Higher levels of Proline accumulation was found in the callus and re-
generated plantlets after exposure to different levels of NaCl. Attempts
were made to isolate salt tolerant plantlets. Acclimatization has been tak-
en up by growing salt tolerant plantlets in pots supplying nutrient solution
supplemented with higher salt concentration.
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P-2012
Monitoring Gene Expression Profiles During Cold Acclimation in Blue-
berry Under Field and Cold Room Conditions Using cDNA Microarrays.
A. L. Dhanaraj, N. W. Alkharout1, H. S. Beard1, I. B. Chouikha1, B. F.
Matthews1, and L. J. ROWLAND. Fruit Laboratory, 1Soybean Genomics
and Improvement Laboratory, Plant Sciences Institute, Beltsville Agri-
cultural Research Service, U.S. Department of Agriculture, Beltsville,
MD 20705. Email: rowlandj@ba.ars.usda.gov

Environmental stresses, including low temperature extremes, reduce crop
yields and impact the profitability and competitiveness of U.S. producers.
The U.S. is the world’s leading blueberry (Vaccinium spp.) producer. The
blueberry industry in the U.S., however, suffers from a lack of winter
hardy and spring-frost resistant cultivars. Our laboratory has been work-
ing toward increasing our understanding of the genetic control of cold
hardiness in blueberry to ultimately use this information to develop more
cold hardy cultivars. Here, we report using cDNA microarrays to monitor
changes in gene expression associated with cold acclimation in blueberry
under field and cold room conditions. Approximately 2400 cDNA clones
were picked from two cDNA libraries that were constructed using RNA
isolated from cold acclimated floral buds (collected in mid-winter) and
non-acclimated floral buds (collected in fall) of the fairly cold hardy
cultivar Bluecrop. 59 ESTs were generated from the cDNAs, assembled
into contigs, and categorized based on BLAST search results. cDNA in-
serts were amplified from the plasmids, purified, and arrayed onto glass
slides. Expression was monitored at multiple times during cold accli-
mation of plants under both field and cold room conditions. A large
percentage of gene transcripts were found to be up-regulated during cold
acclimation and, interestingly, more transcripts were found to be up-reg-
ulated under cold room conditions than under field conditions. These
results suggest that plants may be responding to more stresses in the cold
room than in the field environment.

P-2013
Engineering the Environmental Stress Regulon of Bahiagrass (Paspalum notatum
Flugge). V. A. James and F. ALTPETER. University of Florida - IFAS, Agronomy
Department, PMCB, Laboratory of Plant Molecular Physiology, 2191 McCarty
Hall, Gainesville, FL 32611. Email: faltpeter@ifas.ufl.ed

Bahiagrass is an important turf and forage grass in the Southern US and in the
subtropical regions around the world. The objective of this experiment was to
further enhance the productivity and persistence of bahiagrass during seasonal
periods of drought and / or freezing and in salt affected regions by over-expres-
sion of the stress inducible transcription factor CBF3. Transcription factors like
CBF3 are capable of activating the expression of multiple genes involved in
protection against environmental stresses (Kasuga et al., 1999). The CBF3 gene,
HVA1 or Dhn8 promoter candidates were isolated from genomic wild or culti-
vated barley DNA by PCR. Primers for isolation of target genes were designed
according to the published cultivated barley sequences. Plant transformation vec-
tors were constructed on basis of vector pJFnptII (Altpeter et al., 2000). Biolistic
gene transfer was carried out 6 weeks after initiation of callus cultures from
mature seeds. Transgenic plants expressing the selectable nptII gene were regen-
erated on paromomycin containing medium and confirmed with NPT II-ELISA
(Agdia) (Altpeter and James, 2005). Transgenic plants over-expressing CBF3 are
currently identified by real time RT-PCR and will be subjected to cold stress in
a completely randomized block design in a controlled environment chamber. Leaf
tissue damage will be visually scored 1 day after cold stress and biomass pro-
duction will be evaluated four weeks after recovery from cold stress. Data cor-
relating CBF3 over-expression in transgenic bahiagrass with freezing stress re-
sponse will be presented. References: Altpeter, F., J. Xu, & S. Ahmed. (2000).
Generation of large numbers of independently transformed fertile perennial rye-
grass (Lolium perenne L.) plants of forage- and turf-type cultivars. Mol. Breeding
6:519-528. Altpeter, F. & V. James (2005) Genetic transformation of turf-type
bahiagrass (Paspalum notatum Flugge) by biolistic gene transfer. Intern. Turf-
grass Soc. Res. J. (accepted for publication). Kasuga, M., Q. Liu, S. Miura, K.
Yamaguchi-Shinozaki, and K. Shinozaki. 1999. Improving plant drought, salt,
and freezing tolerance by gene transfer of a single stress-inducible transcription
factor. Nature Biotech. 29:287-291.

P-2014
The Effect of Myo-inositol Concentration on Pinitol Levels in Inositol
Methyl Transferase (imt)-containing Transgenic Embryonic Soybean. J.
M. CHIERA, J. G. Streeter, C. A. Nemes, and J. J. Finer. Department of
Horticulture and Crop Science, OARDC/The Ohio State University, Woo-
ster, OH 44691. Email: chiera.4@osu.edu

Increased pinitol concentration in plants has been associated with in-
creased drought and salinity tolerance. Pinitol is produced through the
two-step conversion of myo-inositol. First, myo-inositol is converted to
ononitol by inositol methyl transferase (IMT) and then to pinitol by an
epimerase. In a previous experiment, we constitutively-expressed IMT
from ice plant in soybean embryonic cultures and observed increased
ononitol levels. Although over-expression of IMT effectively increased
ononitol levels in embryonic cultures, pinitol concentrations in develop-
ing embryos were marginally increased. An inverse correlation between
ononitol and myo-inositol levels was observed indicating myo-inositol
might be limiting for subsequent pinitol production. To test this hypoth-
esis myo-inositol was supplied at various concentrations in the media used
for proliferation of the transgenic imt-containing soybean tissue. A pos-
itive correlation between myo-inositol and ononitol was observed in trans-
genic clones suggesting that the availability of myo-inositol can limit
ononitol production. In ‘‘Jack’’ controls ononitol was not detected. Dur-
ing embryo development, pinitol concentrations in imt-containing clones
increased while ononitol levels decreased suggesting the presence of the
endogenous pinitol producing enzymes. In developing ‘‘Jack’’ embryos
ononitol and pinitol were not detected.

P-2015
Transient Expression in Plant Cell Suspension Cultures Using an Auxotro-
phic Form of Agrobacterium is Shown to be as Effective as Agrobacterium
Infiltration in Plant Leaves. L. A. ANDREWS, K. M. O‘Neill, N. G. Sosale,
J. I. Collens, and W. R. Curtis. Laboratory of Dr. Wayne Curtis, Department
of Chemical Engineering, Pennsylvania State University, State College, PA
16802. Email: lba22@cornell.edu

Transient gene expression is a technique of achieving a rapid burst of gene
expression without integrating the foreign DNA into the plant chromosome.
Although Agrobacterium is used to make transgenic plants, it can also
deliver T-DNA to the plant nucleus for transient expression during the
period of several days after plant tissue infection. In this study, transient
expression of the gus-intron reporter gene was facilitated in three different
tobacco species. Two different approaches to T-DNA delivery were com-
pared: 1) infiltration of a prototrophic strain of Agrobacterium into leaves,
and 2) co-culture of plant cell suspension cultures with an Agrobacterium
auxotroph. In carrying out this work, numerous improvements to both tech-
niques were accomplished. Very poor expression was observed for agro-
infiltration in aseptic tissue cultured plants; whereas, contamination (in-
cluding associated extraneous GUS activity) was observed in garden-grown
plants. Wounding of plant tissues with a wire brush prior to infiltration had
a large positive impact on N. benthamiana leaves, but not for N. tabacum
or N. glutinosa. The best expression level achieved by leaf infiltration was
in N. benthamiana (0.025% total soluble protein). Cell suspension cultures
were shown to be highly dependent upon the media used for culture, and
the timing of subculture relative to the introduction of the Agrobacterium.
A cell suspension culture line of N. glutinosa achieved and expression level
greater than 0.04% TSP. In addition to providing comparable levels of
expression, the cell suspension culture technique avoids contamination and
provides highly controllable aseptic culture conditions to facilitate improve-
ments in expression by control of the plant cell culture and Agrobacterium
pre-culture and co-culture environments.
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P-2016
Development of Plant Regeneration and Genetic Transformation in the
Cotton. D. D. D. I. Grigina, M. MUMINOVA, and S. Djataev. Laboratory
of Plant Biotechnology, Institute of Genetics, Tashkent, UZBEKISTAN.
Email: biotech@uzsci.net

Induction of morphogenic response is one of general problem in tissue
culture of cotton. In this case an efficient plant regeneration system of
wild cotton species has been established. Of the eight wild genotypes
(Gossypium klotzchianum And., G. africnum, G. bikii, G. anamalum, G.
harknesii, G. tomentosum, G. raimondii, and G. lobatom) were evaluated.
Callus tissue was induced from leafs of perennial greenhouse plants. Ge-
notypes, phytohormones combinations and concentrations determined dif-
ferentation embryos and formation tracheids in the callus. The leaf seg-
ments of G Klotzchianum And. produced embryogenic callus on MS
medium supplemented with 2 mgl NAA, 0.1 mgL 2.4-D, and 1 mgl
kinetin. Embryos of various development stages (globular, heart and tor-
pedo shaped) were observed. Large numbers of green plants were regen-
erated from the established embryogenic callus on the induction medium
(IM) containing 10 mgl 2iP. Agrobacterium-mediated transformation of
leaf segments and embryogenic calli were optimized. Explants infection
with GFP gene were sub-cultured on IM medium. Embryogenic callus
expressing GFP genes are being recovered. Experiments on natural sen-
sitivity and selection of transformed tissue under selective agents and
PCR analysis of transgenic material will be presented.

P-2017
Production of Recombinant Human Serum Albumin in Transgenic Plant Sus-
pension Cell Cultures. MELTEM MAVITUNA1, Rainer Fischer2, and Stefan
Schillberg3. 1University Hospital Aachen, Institute for Clinical Chemistry,
Pauwelstrasse 30, 52074 Aachen, GERMANY; 2 RWTH Aachen, Institute for
Molecular Biotechnology, Worringerweg 1, 52074 Aachen, GERMANY; and
3Fraunhofer-Institute for Molecular Biology and Applied Ecology, Worringer-
weg 1, 52074 Aachen, GERMANY. Email: mmavituna@ukaachen.de

The utilization of plant cells for the production of natural or recombinant
compounds of commercial interest has gained increasing attention over the
past decades. In particular, the capability of plant cells to synthesize, process
and target large complex mammalian proteins in a manner very similar to
their natural hosts makes them an attractive alternative for recombinant pro-
tein production. Further benefits of using plants are the reduced technical,
ethical and safety issues and costs compared with mammalian cell cultures or
transgenic animals. When clinical use of recombinant proteins is intended,
their production under defined, controllable and sterile conditions with
straightforward purification protocols may be advantageous. Therefore, in this
study we expressed human serum albumin (HSA) in transgenic Nicotiana
tabacum cv. Bright Yellow 2 (BY-2) suspension cells. BY-2 cells were trans-
formed by co-cultivation with recombinant Agrobacterium tumefaciens. Pin-
point-sized clumps of kanamycin-resistant cells were screened for expression
of the chimeric gene and highest recombinant HSA producers were selected
for the initiation of cell suspension lines. Once a rapidly growing homoge-
neous suspension culture was obtained, both the culture medium and the cell
pellet were analysed for the presence of recombinant HSA. The transgenic
cell line HSA-APO29 showed the highest accumulation level reaching 1.87
mg per gram cell material at day 7 upon sub-culturing. Intact recombinant
HSA was efficiently secreted to the culture medium accumulating to 1-1.5 mg
per ml. The use of plant cell suspension cultures for the production of recom-
binant proteins is still in its infancy. Further investigation of the culture con-
ditions will be helpful to increase the yield and decrease the costs of this
production system.

P-2018
Plastids Transformed: Expressing Microbial Resistance Genes from the Chloro-
plast Genome. T. A. RUHLMAN1,2, K. Rajasekaran2, and J. W. Cary2. 1Depart-
ment of Biological Sciences, University of New Orleans, New Orleans, LA and
2USDA-ARS, Southern Regional Research Center, New Orleans, LA 70124.
Email: truhlman@srrc.ars.usda.gov

While genetic improvement of susceptible crop species may enhance resistance
to microbial pathogens and facilitate reduced pesticide load, the possibility for
transmission of novel genes to wild relatives has hampered acceptance of GM
crops in some markets. Chloroplast transformation presents an attractive alter-
native to nuclear transformation and offers the potential to ameliorate environ-
mental concerns. Most agronomically important species exhibit maternal inheri-
tance of organellar genomes eliminating the threat of transgene escape through
pollen and gene silencing is absent. The border sequences in our vector, pLD-
CtV, direct single copy insertion by homologous recombination in the inverted
repeat region of the tobacco plastome. Each transformant contains up to 20 000
copies of the transgene in a leaf cell, proteins can accumulate to high levels (up
to 50% of total soluble protein) and are retained within the chloroplast envelope
protecting them from degradation by host cytoplasmic proteases. Two antimicro-
bial gene constructs, a) a bacterial chloroperoxidase (cpo-p) and b) D4E1, a
synthetic, lytic peptide, were ligated into pLD.CtV for transformation experi-
ments. Transformants were identified by selection on regeneration media with
500 mg L-1 spectinomycin, resistance to which was conferred by the aminogly-
coside-39-adenyltransferase (aadA) gene in the plasmid vector. PCR and Southern
analysis has confirmed integration in the plastome. Western analysis confirms the
presence of the CPO-P in higher abundance in chloroplast transformants than
nuclear. Although integration and expression was achieved in these experiments,
concomitant increase in the level of protein accumulation was not observed.
Northern analysis of primary transformants for cpo-p showed 15 fold higher
transcript abundance than nuclear transformants; yet this was not reflected in
Western blot, enzyme or bioassay. In an effort to enhance the rate of translation
a new construct was developed replacing the single ribosome binding site be-
tween aadA and cpo-p with the tobacco full length psbA 59 UTR.

P-2019
Agrobacterium-mediated Transformation of Maize Hi-II B Using Non-super-binary
Vectors. Angie Kennon, Heather Temple, and ZHANYUAN ZHANG. Department
of Agronomy and Plant Transformation Core Facility, Division of Plant Sciences,
University of Missouri-Columbia, Columbia, MO 65211. Email: zhangzh@
missouri.edu

Maize elite inbred lines are highly desirable for their economical traits as well as
a lesser degree of heterogeneous genetic makeup. It is these characteristics that
make transformation of maize elite inbred lines critical for maize genetic improve-
ment and functional analysis of maize genes. Despite previous efforts made among
various transformation laboratories, maize inbred transformation using non-super-
binary vectors still suffers low transformation efficiency. Therefore, we have made
efforts in developing efficient Agrobacterium-mediated inbred transformation using
the Hi-II B maize genotype as a near-inbred line. Hi-II B was developed previously
from elite inbred B73 by backcrossing with A188 for major regeneration QTLs
(Armstrong et al., 1992, Theor. Appl. Genet. 84:755-762) and presented efficient
regeneration responses with predominant type II embryogenic calli. We have further
improved the embryogenic response of this line using an optimal level of L-proline
during the callus initiation stage on N6 medium. In addition, we have further mod-
ified previously described protocols for maize transformation (Frame et al., 2002,
Plant Physiol. 129:13-22; Zhao et al., 2004, U.S. patent 6822144). For efficient T-
DNA delivery, we employed antioxidants L-cysteine and dithiothreitol (DTT) as
additional critical medium components in combination with a low salt concentration
during the co-cultivation period. The Agrobacterium strain EHA101 carrying non-
super-binary vector pZY102 (also named PTF102) was used throughout the exper-
iments. The pZY102 carries within its T-DNA a bar gene as a selectable marker
and an intron GUS gene as a reporter. After 3-days co-cultivation, the embryogenic
calli were first cultured on resting medium without selection for 7 days and then
selected on N6 bialaphos-containing media. Bialaphos-resistant clones were carried
over to the greenhouse and seed stage. We plan to analyze representative samples
of bialaphos resistance T0 plant lines and a few sets of progeny plants (T1) using
GUS assay and Southern blot analysis. Our preliminary results indicate that the Hi-
II B is a good maize near-inbred genotype for Agrobacterium-mediated transfor-
mation. We will present more detailed experimental design, transformation protocol,
data analysis, and transformation efficiencies.
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P-2020
Novel Isoflavone C-glycosides Elicited in Pueraria lobata (kudzu) Cell and Root
Cultures. N. ADAM REPPERT1, M. A. Lila1, Jeevan K. Prasain2, Kenneth Jones2,
Ray Moore2, and Stephen Barnes2. 1College of Natural Resources and Environ-
mental Sciences, University of Illinois Urbana-Champaign, 1115 Plant Sciences
Lab, 1201 S. Dorner Dr., Urbana, IL 61801 and 2Department of Pharmacology
and Toxicology, University of Alabama at Birmingham, Birmingham, AL 35294.
Email: reppert@uiuc.edu

In vitro cultures of Pueraria lobata (kudzu) were evaluated as a source of iso-
flavone C-glycosides, which have superior stability relative to isoflavone O-gly-
cosides, and therefore have potential benefits for glucose homeostasis. Sterile P.
lobata plantlets were grown in vitro, and leaf- and root-derived solid callus cul-
tures were generated on a B5 medium (supplemented with 1 mg/ml 2,4-D, 1 mg/
ml NAA, and 0.5 mg/ml kinetin). The predominant isoflavones accumulated in
both callus and cell suspension cultures were puerarin, daidzin, malonyl daidzin,
and malonyl genistein. Greater levels of these isoflavones were found in root-
derived callus (20.68 mg/g total isoflavones) as compared to leaf-derived callus
(3.11 mg/g), and suspension cultures accumulated greater amounts of isoflavones
per g cells than the callus. Root-derived suspension cultures accumulated 32.88
mg/g total isoflavones, and leaf-derived suspension cultures had 15.94 mg/g total
isoflavones. Untransformed root cultures developed from roots of in-vitro P. lob-
ata plantlets, grown in liquid MS medium (supplemented with 1 mg/ml NAA),
produced significantly higher amounts of puerarin and daidzin than the root-
derived suspension cultures (14.25 mg/g puerarin in root cultures vs. 1.57 mg/g
puerarin in root-derived suspension cultures; 8.17 mg/g vs. 4.90 mg/g for daid-
zin), but had similar levels of total isoflavones (29.91 mg/g total isoflavones in
root cultures). Analysis of root cultures by LC-MS and MS/MS revealed the
presence of several novel isoflavone C-glycosides, which may be intermediates
in the pathway of isoflavone synthesis. Root-derived P. lobata cell suspension
cultures were elicited at day 5 after subculture for 7d with the abiotic elicitor
KCN (0.1 micromolar, 1.0 micromolar) to test its effects on isoflavone produc-
tion, however, elicitation with KCN resulted in no difference in isoflavone pro-
duction compared to the control.

P-2021
Quantitiation of In Vitro Red Clover Isoflavones. NANCY ENGEL-
MANN1, Randy Rogers1, Kenneth Jones2, Jeevan Prasain2, Stephen
Barnes2, and Mary Ann Lila1. 1Department of Natural Resources and
Environmental Sciences, 1024 Plant Sciences Laboratory, University of
Illinois, Urbana, IL 61801 and 2Department of Pharmacology and Toxi-
cology, Room #456 McCallum Building, University of Alabama at Bir-
mingham, AL 35294. Email: nengelma@uiuc.edu

Cell cultures from red clover (Trifolium pratense) were investigated as a
source for biologically active isoflavones, which have potential benefits
for bone density, cardiovascular health, and cancer prevention. In nature,
variable levels of isoflavones are produced in certain tissues and in re-
sponse to growing conditions. Red clover seeds were surface sterilized
and 21 d old in vitro germinated seedlings were used as a source of
vegetative explants. Leaf, root, and petiole explants were used to initiate
callus on Gamborg B5 medium with 2 mg/L NAA, 2.25-mg/L 2,4-D, and
2.12-mg/L kinetin. Callus cultures were maintained by subculturing at 4
wk intervals and then used to induce suspension cultures that were sub-
cultured at 2 wk intervals. Both callus and suspension cultures were
grown in darkness or light (100 mmol/m2/s). Cells were subsequently
harvested, extracted with methanol, and analyzed for isoflavone content
using LC-MS and MS/MS. Leaf tissue explants were the most prolific
source of callus cells, whereas solution cultures produced the most bio-
mass when root explants were the donor tissue for callus. The predomi-
nant isoflavones recovered were formononetin, biochanin A, daidzein,
and genistein. On average, 10-fold higher yields of formononetin [0.67
mg/g fresh mass (FM)] and biochanin A (0.13 mg/g FM) were found in
petiole-derived solution cultures maintained in darkness.

P-2022
In Vitro Production of Secondary Metabolites of Potential Clinical Value
by Embryogenic Cultures of Nutmeg. R. INDIRA IYER, G. Jayaraman,
and A. Ramesh. Department of Genetics, Dr. ALMPGIBMS, University
of Madras (Taramani campus), Chennai-600113, INDIA. Emaill: riiyer@
yahoo.co.in

Myristica fragrans Houtt., a tropical tree species is the source of the high
value spices nutmeg and mace which yield several aromatic substances
of medicinal and commercial value. Nutmeg is a dioecious tree with
recalcitrant seeds and a long generation time. There is a need to explore
the potential for in vitro production of secondary metabolites by the cul-
tured tissues of nutmeg to address market needs and to devise new health-
care options. Embryogenic cultures established from zygotic embryos of
nutmeg in MS media with activated charcoal and growth regulators were
analysed by headspace GC-MS. In addition to a-pinene, sabinene and b-
pinene already reported in this species, a number of novel secondary
metabolites of potential therapeutic value including squalene and deriv-
atives of myristicin and safrole were detected in the tissues cultured in
vitro. Presence of phenolics was detected in the ethanolic extract of the
spent medium. The ethanolic extract exhibited anti-bacterial activity
against Salmonella typhi and Staphylococcus aureus.

P-2023
Culture Parameters Influencing the Production of Gossypol and Related
Compounds in Cotton Hairy Roots. S. C. MOSS1, M. K. Dowd1, S. M.
Pelitire2, and B. A. Triplett1. 1University of New Orleans, New Orleans,
LA 70124 and USDA-ARS, Southern Regional Research Center, New
Orleans, LA 70124. Email: smoss@srrc.ars.usda.gov

Conditions for culturing hairy roots from Rhizobium rhizogenes-trans-
formed Gossypium hirsutum and Gossypium barbadense were reported
last year. Significant levels of gossypol and related derivatives were pro-
duced in culture. Gossypol is a di-sesquiterpene that has antiviral activity
against enveloped viruses such as HIV and inhibits the growth of nu-
merous parasitic organisms, fungi, microbes, and insects. Two on-going
clinical trials are testing the efficacy of gossypol as a human chemother-
apeutic agent. In this study, several culture parameters were investigated
to define the optimal biomass and gossypol production conditions for
cotton hairy root cultures. Cultures were grown on Murashige-Skoog or
Gamborg’s B5 media, pH 5.8 with 0, 10, 20, 30 g/L glucose or 0, 10,
20, 30 g/L sucrose. Gossypol levels were not greatly influenced by sugar
type but were significantly affected by media composition. Cultures
grown on Gamborg’s B5 media produced higher levels of gossypol and
related compounds than cultures grown on Murashige-Skoog media. We
are testing whether this difference is due to total nitrogen content or
nitrogen form. Temperature effects (258, 288, 318, 348 C) on hairy root
growth and gossypol production were also investigated. Gossypol pro-
ductivity was greatest at 318 C and production of methylated forms of
gossypol was greatest at 348 C. We will also report on the variability of
gossypol production after sub-culturing transformants individually for
several months and provide gossypol production data for 26 indepen-
dently transformed lines. Establishing optimal growing conditions and
gossypol levels produced by cotton hairy root cultures benefits our long-
term goal of characterizing the gossypol biosynthetic pathway.
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P-2024
Genetic Improvement of Traditionally Used Medicinal Plants of India for Supe-
rior Varieties with High Value Compounds. Akhilesh Kumar and SHARMILA
CHATTOPADHYAY. Cellular Biochemistry, Indian Institute of Chemical Biol-
ogy, Kolkata, 700032, INDIA. Email: sharmila@iic.res.in

Plants continue to be used worldwide for the treatment of disease and novel drug
entities continue to be developed through research. In India still a large number
of population are unable to afford pharmaceutical drugs and they continue to use
their own system of indigenous medicine that are mainly plant based. In search
of DNA damage protective agent traditionally used medicinal plants of India
were evaluated. Frontline medicinal herb of high commercial value was found
as a valuable biosources of herbal antioxidant in the present study, potential DNA
damage protective activity of this edible plant is an additional benefit. Progress
in biotechnologies offers an alternative promising way to improve genotype of
high value medicinal herbs by gene transfer. Establishment of an efficient regen-
eration system would make a significant contribution in improving qualitative
and quantitative characters of medicinal herbs. To establish an efficient regen-
erative protocol from leaf discs of Mentha piperita in the shortest possible period
is a major achievement. The present research could be a valuable tool for an in
vitro regeneration and genetic transformation systems not only in Mentha piperita
but also in other cultivars. Glutathione is a tripeptide thiol and one of the most
important non-enzymic antioxidant. It is the most abundant intracellular thiol in
plant and other organisms and is involved in the synthesis of proteins, DNA and
enzyme cofactors. Glutathione plays a significant role in maintaining the protein
SH groups in the reduced state, and in removing toxic peroxides formed in
metabolism. A deficiency in GSH enhances cell lyses due to lipid peroxidation.
Total glutathione was determined by DTNB assay from the fresh leaves of Men-
tha piperita and noted that fresh leaves contain significant amount of glutathione.
With these as the background we designed to develop a potential source of natural
antioxidant using recombinant DNA technology. The approach is the intervention
at molecular level by PCR cloning of g-ECS and GS. Chloroplastic over ex-
pression of g-ECS and GS in M. piperita will increase the desired product, i.e.,
GSH.

P-2025
Mapping Fertility Restoration Gene, Rf4, for WA-cytoplasmic Male Ste-
rility in Rice (Oryza sativa). A. AHMADIKHAH1,2, V. S. Sheveloukha,1
and G. I. Karlov1.1Timiriazev St., No 45, Dept. of Biotechnology, Mos-
cow Agricultural Academy named after Timiriazev, 127550, RUSSIA and
2Beheshti St., Gorgan University of Agriculture & Natural Resources, I.
R. IRAN. Email: ahmadikhah@narod.ru

Rice is the principal food crop of half of the world’s population and also
serves as a crop research system to understand yield, hybrid vigor, and
disease resistance. Restorer genes are a good example where phenotyping
is very time-consuming and requires determination of spikelet sterility in
testcross progeny. To map the Rf4 gene confering restoration fertility for
WA-CMS system, we developed a F2 population consisted from 230 in-
dividuals obtained from crossing a WA-CMS line (Neda A) with a re-
storer line (Amol1). Mapping population was genetically analyzed to de-
tect recombination points between the Rf gene and a series of molecular
markers. In the F2 sterile and fertile bulks four SSR markers (RM304,
RM171, RM5841, and RM228) on long arm of chromosome 10 showed
a linkage with the Rf4 gene. Rf4 was flanked by two markers RM171
and RM304 with distances of 3.0 and 1.8 cm, respectively. The two
flanking SSR markers give promise of application in molecular marker-
assisted selection (MAS) for restorer lines in WA-CMS system, and also
for starting chromosome landing for cloning and isolating of Rf4 gene in
the near future.

P-2026
Effect of Different Parameters on Agrobacterium Mediated Gene Transfer
in Cherry Tomato Cultivars. BETSY AMPORFUL and Seema Dhir. De-
partment of Biology, Fort Valley State University, Fort Valley, GA 31030.
Email: dhirs0@fvsu.edu

Seeds of Cherry tomato (Lycopersicon esculentum) cultivars- Orange Pix-
ie, Little Girl, Christmas Grapes and Sun Gold- were germinated on MS
media. Two week old seedlings were used as a source of leaf explants.
Agrobacterium tumefaciens containing PTC 55 vector was used to ge-
netically the leaf explants. We tested the effect of Pre-culture period (0-
3 days), duration of co-cultivation (10-30 mins) and different O.D levels
(0.4-1.2) on the transformation efficiency. Results were recorded. Screen-
able marker Gus was used to record results. Our results indicated that the
duration of co-cultivation did not have an effect on the genotypes because
all leaves turned blue; the different O.D levels turned all the leaves blue,
signifying that any O.D level ranging from 0.3 to 1.2 can be used; and
the Pre-culture period of leaves did not make a significant difference in
bacteria intake.

P-2027
Production of Additional Allotetraploid Somatic Hybrids Combining
Mandarins with Pre-selected 1 Pummelos as Potential Candidates to Re-
place Sour Orange Rootstock. J. W. Grosser, G. ANANTHAKRISHNAN,
P. Serrano, and M. Calovic. University of Florida, Citrus Research and
Education Center, 700 Experiment Station Road, Lake Alfred, FL 33850.
Email: anantha@crec.ifas.ufl.edu

Sour orange rootstock has historically been a premier citrus rootstock
throughout the world due to its wide adaptability and superior horticul-
tural performance. However, quick-decline isolates of citrus tristeza virus
(CTV) have demolished entire industries on sour orange rootstock in
some countries, including Brazil and Venezuela. CTV is presently de-
stroying millions of tress on sour orange rootstock in Florida, and threat-
ens the citrus industries of Texas and Mexico where sour orange is the
predominant rootstock. Efforts to replace sour orange rootstock are com-
bining traditional breeding and new biotechnologies including somatic
hybridization and transformation. Molecular techniques have confirmed
that sour orange is probable hybrid of mandarin and pummelo. A major
focus of our program is to pre-select superior mandarin and pummelo
parents, followed by somatic hybridization via protoplast fusion. Here we
report the regeneration of allotetraploid somatic hybrid plants from 7 new
mandarin 1 pummelo combinations and 3 new sweet orange 1 pummelo
combinations. This is a continuation of our earlier somatic hybridization
work to develop an adequate CTV-induced quick-decline resistant re-
placement for sour orange rootstock. All new somatic hybrids were con-
firmed by leaf morphology, flow cytometry (for ploidy) and RAPD (for
nuclear hybridity). Most of the new somatic hybrids are being propagated
by tissue culture or rooted cuttings for further evaluation of horticultural
performance in field trials.
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P-2028
An Easy and Convenient Method for Mantainance of Embryogenic Cul-
tures of Vitis vinifera for Propagation or Transformation Purposes. P.
CROCE. Laboratory of Plant Biotechnology, Università dell’Insubria, Di-
partimento di Ambiente, Salute e Sicurezza, Via Dunant3, 21100 Varese,
ITALY. Email: piobio@iol.it

We have developed an easy and convenient method for the maintenance
of embryogenic potential of some Italian grape cultivars of economical
relevance. We first tested the susceptibility of different Italian grape cul-
tivars (Trebbiano d’Abruzzo, Trebbiano Toscano, Sangiovese, Regina,
Bombino Bianco, and Montepulciano) to produce somatic embryos from
immature anthers and ovaries. We then tested the morphogenic capacity
of the somatic embryos from the different cultivars in order to find a
high efficiency method for the manteinance of embryonic cell culture.
With the method we found is possible to generate an indefinite number
of somatic embryos suitable for propagation or to set the conditions for
transformation purposes. This method is based on recurrent cycles of
induction of somatic embryogenesis using, as source of cells single so-
matic embryos. Somatic embryos were able to produce embryogenic cal-
lus on a 2,4-D containing medium. The embryogenic callus produced on
the induction medium was able to generate somatic embryos on a suitable
medium. The embryos formed works as starting material for the follow-
ing cycle. In any cycle the number of embryos can be increased up to a
20 factor. There’s no need of any selection of the material on subcultures.
We have been growing our cultures with this method for more than two
years with no decrease of embryogenic potential.

P-2029
Regeneration and Cloning of Stevia Plant: A Low Caloric Sweetener. SHI-
REEN DHIR1, K. Knowles2, and S. K. Dhir2. 1Feagin Mill Middle School,
Houston County, Warner Robins, GA 31088 and 2Center for Biotechnology,
Fort Valley State University, Fort Valley, GA 31030. Email:
dhirs0@fvsu.edu

Stevia is a perennial herb is valued for natural source of sweetener pro-
duction. Conventional propagation method through cutting and poor seed
germination does not meet the current demand for plating stock and for
larger scale extraction of sweetener from the leaves. Our goal is to devise
an economically-feasible cloning technique to produce large numbers of
clones of selected high content sweetener genotypes. An efficient regen-
eration system for large scale propagation of Stevia rebaudiana was de-
veloped using shoot tip and auxillary buds harvested from the actively
growing shoots of greenhouse grown plants. Explants were cultured on
Murashige and Skoog’s (MS) Media with different concentration of Ben-
zyladenine (BA, 0-3.0 mg/L) and Thidiazuran (TDZ, 1.0 mg/L) alone or
in combination. The highest average number of shoots (two sub-culture/
inoculations) in the after 4-6 weeks was obtained with 3.0 mg/L of BA, or
3 g/L of TDZ. On average 30-50 shoots per explant were observed. The
production of shoots were further induced in subculture of the original
explant, after the first harvest of shoots (stump), on MS medium with TDZ
(3.0 mg/L) using similar condition. Green true shoots with fully developed
leaves were observed in almost 80% of initial cultures. Comparing three
sugars—glucose, maltose, and sucrose, glucose produced the maximum
number shoots. The maximum elongation of shoots was achieved with 3.0
mg/L of BA, also it allowed the production of more shoots with a size
suitable for rooting. Roots were induced in 3-5 cm long shoots, transferred
to MS medium individually supplemented with IAA or IBA (1-4 mg/L).
Plantlets were successfully acclimatized and grown in natural conditions.
The shoots rooted easily on half strength MS medium. In vitro propagated
plants could be transferred to soil with survival rates of more than 95%.

P-2030
Phenolic Compounds Produced in Shoots and Roots of Plantlets and
Hairy Roots of In Vitro Cultures of Mentha piperita L. Ana Patricia P.
Guedes1, Margarida Oliveira2, Paulo S. C. Braga1, Carla A. C. Araújo1,
Paula B. Andrade3, Patrı́cia C. R. Valentão3, Rosa Seabra3, and MA-
NUEL FERNANDES-FERREIRA1. 1Department of Biology, University
of Minho, Campus de Gualtar, 4710-057 Braga, PORTUGAL; 2ITQB/
IBET, Av. da República (EAN), 2781-901 Oeiras, PORTUGAL; and
3CEQUP/Pharmacognosy Laboratory, Faculty of Pharmacy, University
of Porto, Rua Anı́bal Cunha, 4050 Porto, PORTUGAL. Email:
mfferreira@bio.uminho.pt

In vitro cultures of Mentha piperita plantlets were obtained and routinely
maintained by micropropagation of nodal segments on agar solidified MS
medium supplemented or not with one auxin and one cytokinin. Hairy
roots were induced from leaves of in vitro growing plantlets, using Agro-
bacterium rhizogenes strain A4 in the transformation process. Tentative
of transformation using a strain of Agrobacterium tumefaciens containing
the genes rolABC in a binary vector, were unsuccessful. However, the
multiplication and maintenance of hairy roots cultures induced with Agro-
bacterium rhizogenes, in medium devoid of growth regulators have been
performed over the last two years. The phenolic extracts obtained, with
ethanol, separately from the aerial part and roots from in vitro plantlets
as well as from hairy roots were analysed by HPLC-DAD. The highest
levels of phenolic acids were found in non-transformed roots, followed
by hairy roots and finally by the aerial part of the plantlets.
*This work was supported by the project POCTI/AGR/43482/2001.

P-2031
Metabolomics in In Vitro Cultures of Sage (Salvia officinalis L.). Paulo S.
C. Braga1, Paula C. Santos-Gomes1, Patricia C. R. Valentão2, Rosa M. Sea-
bra2, Paula B. Andrade2, and MANUEL FERNANDES FERREIRA1. 1De-
partment of Biology, University of Minho, Campus de Gualtar, 4710-057
Braga, PORTUGAL and 2CEQUP/Pharmacognosy Laboratory, Faculty of
Pharmacy, University of Porto, Rua Anı́bal Cunha, 4050 Porto, PORTU-
GAL. Email: mfferreira@bio.uminho.pt

Cells suspensions of sage (Salvia officinalis L.) were established in liquid
MS medium supplemented with 2,4-dichlorophenoxyacetic acid (2,4-D)
and kinetin (KIN). Good suspensions majority constituted by single cells
and microcalli were formed with 0.05 mg/L 2, 4-D and 0,5 mg/L KIN. In
these conditions cell viability, determined through the esterase activity on
fluorescein diacetate, was higher than 80%. The faster growth rates ranged
from 2,2 to 3,5 doubling time days depending on the initial cell density
and age of the culture. The phenolics, extracted with acetone and methanol,
were analyzed and identified by HPLC-DAD. The lipidic compounds ex-
tracted with n-hexane, in Soxhlet apparatus, and essential oil compounds
obtained by hydrodistillation of the cells and by n-hexane extraction from
the medium, were analyzed and identified by GC and GC-MS. Five phe-
nolic acids, three flavonoids and three phenolic diterpenes were identified.
Twelve fatty acids a triterpenic hydrocarbon and two sterol compounds
were identified in the lipid hexane extract. Over the growth cycle drastic
changes (.80%) in the levels of the phenolic acids occurred as well as in
the relative levels of the major fatty acids. In the hydrodistillates of the
suspended cells, 28 compounds, known as constituents of the essential oil
of sage, were identified. Sixteen of these essential oil constituents were
found also in the medium. In plants of sage growing in Nature, the essential
oils accumulate in the glandular trichomes, majority differentiated on the
surface of the leaves. This work shows that sage suspended cells express
the synthesis of a lot of the sage essential oil constituents notwithstanding
the absence of differentiated glandular trichomes.
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P-2032
Evaluation of Regeneration Capacity through Immature Embryo Culture in
Soybean and the Identification of Associated RAPD and SSR Markers.
Wenbin Li1, Yingpeng Han1, Dezhu Yao1, Shifeng Li1, Meilu Yang1, Genlou
Sun2. 1Soybean Research Institute, Northeast Agricultural University, Har-
bin, CHINA 150030 and 2Biology Department, Saint Mary’s University,
Halifax, Nova Scotia, B3H 3C3 CANADA. Email: wenbinli@neau.edu.cn

The genetic knowledge of regeneration traits based on soybean immature
embryo culture and the discovery of molecular markers associated with
these traits have great advantages for efficiently developing elite lines with
elevated regeneration capacity by increasing selection precision. But less
information, in our knowledge, is available for the association of plant
regeneration and molecular markers in soybean. In the present report, 95
soybean accessions collected from several countries were evaluated for re-
generation efficiency through immature embryo culture using inducible me-
dium containing MS salts 1 B5 Vitamins 1 10 mg/l NAA 1 0.5% sucrose
1 0.2% Gelrite gellan gum (pH 7.0), and RAPD/SSR markers associated
with the regeneration characters was identified. Our result showed that more
than 70% accessions possessed regeneration ability in this culture system.
Of 250 SSRs tested, nine SSR markers were detected to be relevant to
percent regeneration for somatic embryos and seven SSR markers were
associated with the average numbers of somatic embryos per explant. Of
1100 RAPDs tested, Six RAPD markers were detected to be relevant to
percent regeneration for somatic embryos and four RAPD markers were
associated with the average numbers of somatic embryos per explant. Sig-
nificant correlations (P,0.01) existed between percent regeneration and
marker index and between average numbers of somatic embryos per ex-
plant and marker index. The information provided here might benefit to
determine the elite lines of soybean with moderate regeneration response
related to immature embryo culture pathway and benefit for the selection
of high regenerable soybeans using marker-assisted selection.

P-2033
A Normalized Transient Expression System To Study Transgene Expres-
sion. H.-M. MA1, R. Griesbach2, and M. Pooler1. USDA/ARS U.S. Na-
tional Arboretum, Floral and Nursery Plants Research Unit, 13501 New
York Ave., NE, Washington, DC 20002 and 210300 Baltimore Ave.,
Beltsville, MD 20705. Email: mah@ars.usda.gov

Transient expression has a wide range of applications in molecular biol-
ogy. It is often carried out by direct DNA transfer rather than Agrobac-
terium. The expression of genes on the plasmid DNA can be detected
very soon. One can easily test a large number of putative important trans-
genes in a relatively short time period before committing to the most
promising candidate gene for stable transformation. However, variables
inherent in the tissue culture and bombardment processes make it difficult
to compare data from independent transformation events. The goal of this
work was to develop a normalized transient expression system by intro-
ducing two control reporter constructs along with a construct of interest.
The reporter constructs contained either ZEAmayMYC; or ZEAmayMYB;
(Zea mays anthocyanin regulatory genes) under the control of the CaMV
35S promoter. These two genes are capable of activating anthocyanin
biosynthesis in white Phalaenopsis amabilis flowers. The resulting an-
thocyanin production was used to standardize transient expression. The
test constructs included five plasmids, each containing a different pro-
moter fused to a bifunctional GFP:GUS reporter gene. Using the petals
of white Phalaenopsis amabilis flowers, the promoter activity was eval-
uated by transient co-expression of three constructs, one test construct
and two control constructs.

P-2034
Determination of Tomatoes, Flavor Producing Biochemical Pathways.
ISAAC MICKENS1, Tiffany Lester1, and Harry Klee2. 1Center for Bio-
technology, Fort Valley State University, Fort Valley, GA 31030 and 2De-
partment of Horticultural Science, University of Florida, Gainesville, FL
32611. Email: dhirs0@fvsu.edu

For the past three years, at the University of Florida extensive research
has been done to improve the flavor and map the biochemical pathway,
which gives rise to the volatiles essential to a tomatoes flavor. Flavor is
a complex interaction among Sugars (glucose, fructose), Acids (citrate,
malate, ascorbate), and Volatiles (derived from caratenoids). All three
of which play a very important role in how the human tongue detects
and interprets what we call flavor. Sterilized seeds of tomatoes are grown
on Murashige and Skoog’s medium (1/2 MSO2%); two days in the dark
and four days in the light. Later the cotyledons are removed from the
seedlings and transferred to C media (NAA & BAP) and co-cultivated
with Agrobacterium (Yep liquid culture, 1 loop glycerol stock in 100ml
w/antibiotics Kan/Spec) for 30 min. The Agrobacterum is the plasmid
used to transfer our suspected flavor producing gene of interest. After 30
min. the agrobacterium is then drained, and the Cotyledons are left to
grow in direct florescent light at 278 C for three days. The transgenic
plants are transferred five more times to various types of medium, before
reaching soil (agro mix, IBA powder). PCR test is later performed to
verify successful transgenetic plants by checking for kanamycin in the
plants DNA.

P-2035
Effect of Chlorate6, a Moco Biosynthetic Gene, on Arabidopsis Root
Growth Responses to Abiotic Stress and Exogenous Hormones. RHEA
MOORE1 and Mark Settles2. 1Fort Valley State University, Fort Valley,
GA 31030 and 2Department of Horticultural Science, University of Flor-
ida, Gainesville, FL 32611. Email: dhirs0@fvsu.edu

The molybdenum cofactor (Moco) is utilized by enzymes important for
the synthesis or metabolism of abscisic acid (ABA), auxin, and nitrate.
The chlorate6 (chl6) mutant in Arabidopsis has a point mutation in the
Cnx1 gene, which is required for Moco biosynthesis. The chl6 mutation
causes reduced nitrate reductase activity, which is a Moco-dependent en-
zyme. We hypothesized that chl6 plants would have reduced ABA and
auxin synthesis causing increased sensitivity to ABA, auxin, and abiotic
stresses. This hypothesis was tested with quantitative root growth assays
in the presence of exogenous mannitol, salt, ABA, and auxin. In com-
parison to the wild-type, Lansberg erecta, chl6 mutants showed slight
hypersensitivity when grown on low levels of ABA or auxin, consistent
with reduced hormone levels. Surprisingly, the chl6 mutants showed no
differences in response to abiotic stresses suggesting that chl6 mutants
have near normal induction of ABA synthesis. These results suggest that
the chl6 point mutation has differential effects on Moco-dependent en-
zymes, because the chl6 mutation was originally selected for a nearly
complete loss of nitrate reductase activity.
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P-2036
Plant Regeneration from Callus Cultures Derived from Mature Zygotic
Embryos in White Pine (Pinus strobes L.). W. Tang and R. J. NEWTON.
Department of Biology, Howell Science Complex, East Carolina Univer-
sity, Greenville, NC 27858-4353. Email: Tangw@mail.ecu.edu

Plant regeneration via adventitious shoot organogenesis from callus cul-
tures initiated from mature embryos in white pine (Pins strobes L.) has
been obtained in this study. Callus cultures were induced from mature
embryos cultured on PS medium supplemented with 2,4-Dichlorophen-
oxyacetic acid (2, 4-D), a-Naphthaleneacetic acid (NAA), or Indole-3-
acetic acid (IAA). Adventitious shoot regeneration from callus cultures
was induced on medium containing 2 mM (IBA) and 3-12 mM N6-ben-
zylaminopurine (BA), thidiazuron (TDZ), or 6-(g, g-dimethylallylamino)
purine (2iP). Sucrose is the most suitable sugar for adventitious shoot
formation in white pine. The highest frequency (71.7%) of shoot for-
mation was obtained after callus cultures were treated at 48 C for six
weeks. The frequency of adventitious shoot formation increased when 0.1
mM putrescine was added to the basal media supplemented with 6 mM
TDZ and 2 mM IBA. Putrescine improved adventitious shoot organogen-
esis by decreasing lipid peroxidation. These findings provide useful in-
formation on adventitious shoot organogenesis and may be valuable for
genetic transformation in white pine.

P-2037
Differential Expression of the ‘‘Super-promoter’’ in Leaves and Hairy Roots of
Tobacco. LUIS H. NOPO-OLAZABAL, Bonnie J. Woffenden, Deborah G. Reed,
W. Scott Buswell, Chenming Zhang, and Fabricio Medina-Bolivar. 1Department
of Plant Pathology, Physiology and Weed Science and 2Department of Biological
Systems Engineering, Virginia Polytechnic Institute and State University, Blacks-
burg, VA 24061. Email: fmb2@vt.edu

The identification of promoter systems for high level constitutive or inducible
expression of transgenes is desirable in plant biotechnology. To this end, we have
characterized a chimaeric promoter composed of the ‘‘super-promoter’’ (Super P;
Ni et al., Plant J., 7: 661-676, 1995) and the translational enhancer from tobacco
etch virus (TEV). Analysis of cis-regulatory elements in the Super P sequence
showed stress responsive and root meristem-specific elements. We developed
transgenic tobacco plants and hairy roots with the Super P:TEV promoter and a
modified green fluorescence protein (mGFP5) as a reporter gene. To exploit the
utility of the hairy root cultures as a secretion-based expression system, we fused
the signal peptide of patatin with GFP to direct its secretion into the medium.
Southern blot analyses showed the presence of 1 to 5 copies of the transgene, and
Northern blotting verified the expression of GFP in all the transgenic plants. In-
terestingly, GFP mRNA levels were approximately 3-fold higher in younger than
mature leaves. The highest levels of expression were observed in actively growing
hairy roots with GFP mRNA levels 2-fold higher than in younger leaves. Im-
munoblotting with anti-GFP antibodies showed a doublet band of 27 and 28 kDa
in all leaf and hairy root extracts, whereas secreted GFP was present as a single
protein band of 27 kDa. Plant lines p2 and p8 with 310 and 520 ng GFP per mg
of leaf total soluble protein (TSP), respectively, were identified as the best ex-
pressers. Hairy roots (14-day old) developed from plant line p2 showed 581 ng
of GFP per mg of root TSP and secreted 40 ng of GFP per ml of culture. Induc-
ibility of the promoter was studied with mature leaves from line p2. A 2.1-fold
increase in mRNA levels was found immediately after wounding, with a corre-
sponding increase in GFP protein 24 hours after wounding. Studies of wound
induction of hairy roots are underway. Results on inducibility of Super P promoter
in hairy roots will facilitate its use for the production of recombinant proteins
under controlled environmental conditions.

P-2038
Transgenic ‘Hamlin’ Sweet Orange Plants Containing a Rice Xa21 cDNA Gene
Obtained by Protoplast/GFP Transformation. A. A. OMAR and J. W. Grosser.
University of Florida, Citrus Research and Education Center, Lake Alfred, FL
33850. Email: omar@crec.ifas.ufl.edu

‘Hamlin’ orange (Citrus sinensis (L.) Osbeck) is one of the leading commercial
cultivars in Florida because of its high yield potential and early maturity. ‘Ham-
lin’ also has a high regeneration capacity from protoplasts and is often used in
transformation experiments. Citrus canker disease caused by the bacterial path-
ogen Xanthomonas axonopodis pv. citri is becoming a worldwide problem. Xa21
gene is a member of the Xa21 gene family of rice which provides broad spectrum
Xanthomonas resistance in rice. 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). The development of canker resistant sweet orange has become an important
research objective. Plasmid DNA (pAO3), encoding the non-destructive select-
able marker EGFP (Enhanced Green Fluorescent Protein) gene and the cDNA of
the Xa21 gene, was transformed into ‘Hamlin’ orange protoplasts using polyeth-
ylene glycol. Following protoplast culture in liquid medium and transfer to solid
medium, transformed colonies were microscopically selected via expression of
GFP, physically separated from non-transformed tissue, and cultured on somatic
embryogenesis induction medium. More than 75 transgenic embryoids were re-
covered. They are growing rapidly and should develop into transgenic plantlets
soon. So far, 19 transgenic plantlets were developed from three independent trans-
genic events. PCR analysis revealed the presence of the cDNA of the Xa21 and
the GFP genes in the transgenic plantlets. The recovery of replicate transgenic
plants for a canker challenge assay will be expedited by in vitro grafting and
shoot-tip grafting in the greenhouse. Southern blot analysis to confirm the pres-
ence of the Xa21 cDNA gene and to determine copy number will also be per-
formed on the transgenic plants once we have enough material to extract genomic
DNA. Transgenic plants will be assayed for canker resistance using standard
methods.

P-2039
Production of Acidothermus cellulolyticus Endoglucanase (E1) Enzyme in Transgenic
Rice. HESHAM ORABY, Rashid Ahmad, Callista Ransom, and Mariam Sticklen. De-
partment of Crop and Soil Sciences, Plant and Soil Science Building, Michigan State
University, East Lansing, MI 48823. Email: orabyhes@msu.ed

Rice is an important crop in the USA as well as in developing nations. While seed is
the useful portion of this food crop, its biomass has limited use. In fact, in California,
excessive piles of rice straw have accumulated because its burning was phased down
by the Straw Burning Reduction Act enacted in 1991. In addition to its seeds, rice
biomass could be used as a viable bio-based energy crop with potential benefits relative
to energy availability, environmental clean-up, and economic security. Commercial
production of ethanol from plant biomass sources employs enzymatic hydrolysis of
cellulose to fermentable sugars. At present, these enzymes are produced in fermentation
tanks and sold at extremely high costs. Transgenic plants that can produce their own
hydrolysis enzymes can become an economically viable alternative to microbial fer-
mentation systems for production of industrial enzymes and other molecules, and help
recycle the contents of excessive agricultural wastes such as rice straw. The aim of
this study was to develop transgenic rice plants that produce a high amount of active
microbial (Acidothermus cellulolyticus) endoglucanase (E1). The Agrobacterium strain
LBA4404 was used to transform mature seed derived calli of the rice cv. Taipei 309
to transfer a plasmid construct containing the e1 gene designed for apoplast-targeting
of the E1 enzyme, b-glucuronidase (uidA; gus) and the bar herbicide resistance se-
lectable marker genes. Secretion of the enzyme had neither deleterious effects on plant
growth rate, nor plants exhibited abnormal phenotypes correlating with expression of
the enzyme in transgenic plants. Molecular (PCR and Northern blot analyses) and
histochemical (GUS) studies confirmed the presence and expression of all three trans-
genes in five randomly selected glufosinate ammonium resistant lines. The amount of
heterologous E1 enzyme in transgenic rice plants determined by the MUCase activity
assay accounted for up to 3.2 % of the plant total soluble proteins. Immunofluorescence
Confocal microscopy of transgenic leaves is in progress to show the localization/
accumulation of E1 in transgenic plants. With collaboration of a chemical engineering
team, work is also in progress to see whether rice-produced E1 would lose activity
during Ammonia Fiber Explosion (AFEX) pretreatment (i.e., considered the mildest
pretreatment). If so, we plan to produce transgenic plant Leaf Soluble Protein Con-
centrate (LSPC) including the E1, and add the LSPC to lignocellulosic matter after
AFEX pretreatment for enzymatic hydrolysis of pretreated lignocellulosic matter.
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P-2040
Clonal Root Technology (CRT) for Target Protein Production. M. V.
SKARJINSKAIA, J. R. Karl, and V. M.Yusibov. Fraunhofer USA, Center
for Molecular Biotechnology, 9 Innovation Way, Suite 200, Newark, DE
19711. Email: vyusibov@fraunhofer-cmb.org

Hairy roots have been widely used for the production of plant metabo-
lites, and recombinant proteins. Here we describe a novel way of pro-
ducing target proteins in hairy roots that are generated from single plant
cells infected with a plant virus. The genes encoding GFP or human
growth hormone (hGH) were engineered into a TMV-based expression
vector and used to infect Nicotiana benthamiana leaves. Leaves infected
with each construct were used to obtain hairy roots by Agrobacterium
rhizogenes-mediated transformation. Hairy roots obtained from these in-
fected leaves were screened for the presence of GFP or hGH by appro-
priate methods. GFP-expressing roots were selected under UV illumina-
tion and the presence of protein confirmed by Western blot analysis.
Roots obtained from leaves infected with hGH-producing vector, were
selected randomly and examined by Western blot analysis. Out of 100
individual root lines examined for presence of hGH 86 were positive. The
highest-expressing roots were selected and clonal root lines were estab-
lished. Clonal root lines are being examined monthly by UV illumination
and/or by Western blot analysis to confirm the presence of GFP or hGH
to evaluate stability of expression. We are currently growing clonal root
lines in sterile flasks on a rotary shaker. In 30-45 days the root biomass
increases 100 fold. The level of hGH expression in roots is comparable
to that in N. benthamiana plants infected with the hGH-expressing viral
vector.

P-2041
Transgenic Christmas Trees Regenerated from Agrobacterium tumefa-
ciens-mediated Transformation of Zygotic Embryos and T-DNA Junction
Analysis in Transgenic Plants. W. TANG and R. J. Newton. Department
of Biology, Howell Science Complex, East Carolina University, Green-
ville, NC 27858-4353. Email: Tangw@mail.ecu.edu

Mature zygotic embryos of recalcitrant Christmas tree species Fraser fir
[Abies fraseri (Pursh) Poir], Nordmann fir (Abies Nordmanniana L.k.),
and Virginia pine (Pinus virginiana Mill.) were used as explants for Agro-
bacterium tumefaciens strain GB3850-mediated transformation using gfp
(green fluorescent protein) gene as a reporter. Factors including media
used for inoculation and co-cultivation, concentrations of acetosyringone,
and types of antibiotics in tissue culture media have been evaluated. A
high transformation frequency was obtained on TE medium containing
50 mM acetosyringone and using 500 mg/l timentin to eliminate bacteria.
Transient gene expression was observed in all three Christmas tree spe-
cies, but transgenic plants were only produced from Virginia pine. Stable
integration of transgenes in the plant genome of Virginia pine was con-
firmed by polymerase chain reaction (PCR), Southern and Northern blot
analyses. These results demonstrate that a stable transformation system
has been established in a Virginia pine and this system would provide an
opportunity to transfer economically important genes into Christmas tree
species.

P-2042
Analysis and Use of the Tobacco eIF4A-10 Promoter Elements for Trans-
gene Expression. L. TIAN1, K. Wu2, C. Hannam1, M. Latoszek-Green1,
S. Sibbald1, M. Hu3, D. C. W. Brown1, and B. Miki3. 1Southern Crop
Protection and Food Research Centre, Agriculture and Agri-Food Canada,
1391 Sandford St., London, Ontario, CANADA N5V 4T3; 2Department
of Biology, West Virginia University, PO Box 6057, Morgantown, WV
26506-6057; and 3Eastern Cereal and Oilseed Research Centre, Agricul-
ture and Agri-Food Canada, Ottawa, Ontario, CANADA K1A 0C6.
Email: tianl@agr.gc.ca

The eIF4A gene family codes for proteins which unwind secondary struc-
tures of mRNA during translational initiation. The tobacco eIF4A-10 pro-
moter is one of a few examples of constitutive promoters found in plants.
Research was conducted to identify the proximal promoter elements and
to evaluate the potential application of the promoter for regulating trans-
gene expression in a range of crop plants. A large intron (892 bp) in the
leader sequence was found to be dispensable for constitutive promoter
activity and did not contribute to the overall performance of the promoter.
Deletion analysis showed that the upstream region between 2151 bp to
273 bp relative to the transcriptional start site was essential for the high
level of expression and the constitutive activity. The data indicated that
the elements in this region may coordinate and compensate each other
for the high levels of promoter expression. The downstream leader se-
quence also contained a strong quantitative enhancer element that was
essential for the full activity of the eIF4A-10 promoter. The eIF-4A10
promoter was found to be active in a wide range of plant species and
tissues indicating that it will be useful for the constitutive expression of
transgenes in plants.

P-2043
Electroporation Mediated Gene Transfer in Stevia rebaudiana Protoplasts.
MAHOGANY WALKER and S. K. Dhir. Center for Biotechnology, Fort
Valley State University, Fort Valley, GA 31030. Email: dhirs0@fvsu.edu

Protoplasts were isolated from Stevia rebaudiana leaves, stems, and petioles
of proliferating in vitro cultures. Various concentrations of Cellulose Ono-
zuka R-10, Macerozyme R-10, and Driselase were tested. Leaves were in-
cubated in a mixture solution of the three enzymes on a gyratory shaker at
50 rpm under darkness for 4-12 hours. Purified protoplast were cultured on
KP8 medium supplemented with 2, 4-D, and BAP as liquid, agar, or hanging
drop culture. Different responses were obtained in terms of the efficiency
for the first cell division colony and micro callus formation. After 30 days,
the liquid cultures produced large quantities of micro colonies. On the con-
trary only a few colonies were formed in the hanging drop and agar cultures.
In order to develop a high efficiency and reproducible transformation pro-
tocol, we assessed the biological and physical parameters affecting electro-
poration of protoplast. Energy input, as combinations of electric field
strengths discharged by different capacitors, electroporation buffer, number
of pulse and DNA form were evaluated. Transformation efficiency was as-
sayed in vivo as transient reporter gene expression, using the GFP-coding
gene mgfp5 driven by a CaMV 35S constitutive promoter. Energy input and
electric field strength had a critical influence on transgene expression with
higher transformation levels being achieved with 200 V/cm-1 discharged by
900 and 25 mF capacitors. The optimal condition for the transient expression
of GFP gene was obtained when protoplast were electroporated in CPW
solution 13 M mannitol, 5.0 mM MES and with EPR buffers at 1 electric
pulses of 200/Vcm. The transient expression of GFP gene increased when
amount of DNA was increased from 15-25 mg/ml. Comparing number of
pulse, protoplast electroporated at 200 V/cm with 1 pulse yielded high GFP
expressing cells (3,600-4,000/ml). This system could be used to rapidly test
the efficiency of the promoters and the constructed genes for plant trans-
formation in Stevia.
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P-2044
The 39 Untranslated Region of the Soybean Gmgln(beta)1 Gene Controls
Gene Expression at the Post-Transcriptional and Translational Level. CAR-
OL POTENZA, Jose Ortega, Fernando Solorzano, and Champa Sengupta-
Gopalan. Department of Agronomy & Horticulture, New Mexico State Uni-
versity, Las Cruces, NM 88003. Email: cpotenza@nmsu.edu.

Glutamine synthetase (GS) catalyzes the synthesis of glutamine through the
condensation of ammonia and glutamate. It also represents a link between
carbon (C) and nitrogen (N) metabolism. Since GS has a key role in plant
nitrogen metabolism, we introduced the soybean Gmgln(beta)1 gene as a
35S-GS1 construct into alfalfa in order to overexpress the GS1. Our results
show that in the transgenic alfalfa the GS1 is controlled at the level of
transcript stability and translatability of the mRNA. Nitrogen availability
has an effect on the accumulation of the GS1 transcript corresponding to the
transgene, suggesting that a product of nitrogen assimilation has a role in
the turnover of the GS1 transcript. However, nitrogen does not appear to
play a role in translation of the Gmgln(beta)1 transcript. Our results also
indicate that regulation of the Gmgln(beta)1 at the transcript stability and
translatability levels is mediated by the 39 untranslated (UTR) region. Re-
moval of the 39 UTR from the soybean GS1 transgene results in high ac-
cumulation of the GS1 transcript and Gmgln(beta)1 protein product. Because
we received the same results in both alfalfa and tobacco expressing the two
transgenes (1/-39UTRs), we postulate that the mechanism of 3‘UTR regu-
lation might be universal. To examine the role of the GS1 39UTR in the
stability and translatability of the messenger and the mechanisms involved
in these processes, we have introduced this regulatory region behind the
GUS reporter gene driven by the CaMV 35S promoter. The GUS:
Gmgln(beta)1 39UTR transgene is expressed at much lower levels than the
control GUS:NOS transgene. Because we have not found conditions that
allows for increased levels of either the Gmgln(beta)1139UTR transgene or
protein product in transgenic plants, we are testing different metabolite con-
ditions on the expression of the Gmgln(beta)1139UTR in tobacco to help
shed light on the potential C and N regulation of this gene.

P-2045
The Beta-zein is Not Enough to Stabilize Delta-zein in Transgenic Tissues to
High Enough Levels. NINA KLYPINA, Suman Bagga, Carol Potenza, Dennis
Sutton, Soumitra Ghoshroy, Stephen F. Hanson, and Champa Sengupta-Go-
palan. New Mexico State University, Las Cruces, NM 88003. Email:
sbagga@nmsu.edu

Alfalfa is the major forage crop worldwide. However, alfalfa is deficient in
methionine (Met), which producers must provide to ruminant animals as high
protein supplements for adequate production and output. Efforts using con-
ventional breeding to increase the S-amino acid content of alfalfa have met
with limited success and thus the only viable approach to increase Met content
in alfalfa is by genetic engineering. The gene for delta-zein, a seed protein
from corn, would qualify as an ideal candidate for engineering since the pro-
tein has 27% Met and is rumen stable. However, it does not accumulate to
high enough levels in transgenic plants to make a difference at the nutritional
level. Zeins, the major seed storage proteins of maize, are synthesized on the
rough endoplasmic reticulum (ER) and deposited in ER-derived protein bodies
where beta- and gamma-zeins have been shown to play a major role in protein
body biogenesis. Co-expression of delta-zein and beta-zein genes in transgenic
plants showed that delta-zein was co-localized in beta-zein containing protein
bodies. The level of delta-zein was five fold higher in delta-/beta-zein plants
than in delta-zein plants alone, thereby, suggesting that delta-zein interacts
with beta-zein and that the interaction has a stabilizing effect on delta-zein.
The focus of this study is to determine if delta-zein can be increased to suf-
ficient levels by increasing the level of the beta-zein. We have engineered
beta- and delta-zein genes driven by two different constitutive promoters
(CaMV and CsVMV) in the same gene construct. A second construct was
made by promoter swapping in order to change the beta-zein to delta-zein
ratio. We have used these constructs for Agrobacterium-mediated stable trans-
formation and for agroinfiltration of tobacco to analyze the effect of increasing
beta-zein levels on the accumulation of delta-zein. Our initial results suggest
that delta-zein accumulation cannot be increased to the sufficient levels by
just increasing the beta-zein.

P-2046
Use of the Green Fluorescent Protein (GFP) Gene in Prunus incisa ‘Feb-
ruary Pink’ as a Selectable Marker. E. J. CHEONG and M. R. Pooler.
USDA/ARS, U.S. National Arboretum, Floral and Nursery Plants Research
Unit, 3501 New York Ave., NE, Washington, DC 20002. Email:
cheonge@ars.usda.gov poolerm@ars.usda.gov

The flowering cherry (Prunus species) is a popular ornamental plant in the
United States and other countries. The shrub breeding program at the U.S.
National Arboretum involves development of new cultivars of ornamental
Prunus using both traditional breeding methodologies and biotechnology.
Due to quarantine restrictions, it has become increasingly difficult to bring
new Prunus germplasm into the U.S. for breeding; hence, genetic engi-
neering may be one of the few options to introduce genes for resistance to
microbial and insect pests into Prunus. We have developed an in-vitro re-
generation system for one flowering cherry cultivar, P. incisa ‘February
Pink,’ through somatic embryogenesis from in-vitro tissues, and transformed
this tissue using the Green Fluorescent Protein (GFP) as a selectable marker.
The GFP/NPTII fusion gene construct was introduced into somatic embryos
derived from root or leaf tissue by Agrobacterium tumefaciens. Transformed
cells expressing the GFP gene were isolated using a stereo microscope set
up for GFP detection. Embryogenic callus and somatic embryos were ob-
tained from GFP-expressing callus cultivated on MS medium containing 10
mM 2,4-D plus 50 mg/l kanamycin. These embryos were then germinated
on MS medium containing 1 mM BA and 2 mM GA3. Transformed plantlets
were propagated by shoot cultures. GFP expression in transgenic plantlets
was difficult to detect due to the presence of chlorophyll, but callus induced
from transgenic leaves expressed the green fluorescent protein. The presence
of the GFP/NPTII fusion gene was also detected by PCR analysis using
primers inside this region to amplify a 600-bp PCR product. The use of the
GFP gene as a selectable marker was successful. This system will be useful
in future work to introduce genes for pathogen resistance and ornamental
traits into flowering cherry germplasm.

P-2047
Expression of Gal/GalNAc Lectin of Entamoeba histolytica in Transgenic
Chloroplasts to Develop a Vaccine for Amebiasis. S. CHEBOLU, B. Mann,
and Henry Daniell. 1Department of Molecular Biology and Microbiology,
University of Central Florida, Biomolecular Science, Bldg. #20, Room 336,
Orlando, FL 32816-2364 and 2Depts. of Internal Medicine & Microbiology,
University of Virginia Health System, Charlottesville, VA 22908-1340.
Email: daniell@mail.ucf.edu

Amebiasis is caused by Entameoba histolytica and ranks only second to
malaria as a protozoan cause of death. WHO estimates that 50 million people
are infected annually causing 40-100 thousand deaths. The enteric parasite
has no zoonotic reservoirs hence anti-amebic vaccine could completely erad-
icate the disease. The Gal/GalNAc lectin, an amebic surface antigen medi-
ates attachment to host cells. A carbohydrate recognition domain (CRD)
was identified in the heavy subunit and is a potential target to block colo-
nization. Expression of gene fragment encoding the CRD (LecA) in plant
cells via chloroplast genetic engineering could result in a low cost vaccine
because of high expression levels of vaccine antigens, and elimination of
the cold-chain (low temperature, storage & transportation), hospitals and
health professionals for their delivery. The Lec A gene was cloned into the
tobacco chloroplast vector, pLD-CtV .The pLD-CtV has trnI and trnA genes
that are used as flanking sequences for homologous recombination, the con-
stitutive 16s rRNA promoter to regulate transcription. The aadA gene con-
ferring spectinomycin resistance has been used for selection and gene10
regulatory sequence from T7 bacteriophage was used to enhance translation.
Nicotiana tabacum var. Petit havana leaves were bombarded using the plas-
mid DNA, pLD-SC-LecA. The chloroplast integration of LecA was con-
firmed by PCR and homoplasmy was confirmed by Southern blot analysis.
The expression of LecA, a 64-kDa protein in transgenic chloroplasts was
confirmed by immunoblot analysis using anti-LecA antibody. Maximum ac-
cumulation of the LecA protein (up to 5% of tsp) was observed even in the
old leaves, suggesting higher accumulation in mature leaves. The evaluation
of the immune response of the vaccine antigen in animal model is underway.
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P-2048
Nucleoprotein Gene of Tomato Spotted Wilt Virus as a Protein Fusion
for Production and Purification of Recombinant Protein in Plants. C. LA-
CORTE1, D. Lohuis, R. Goldbach, and M. Prins. Laboratory of Virology,
Wageningen University, Binnenhaven 11, 6709 PD, Wageningen, THE
NETHERLANDS and 1 EMBRAPA-Recursos Genéticos e Biotecnologia,
Brası́lia, DF, 70.770-900, BRAZIL. Email Cristiano.Lacorte@wur.nl

Upon infection of plant cells, Tomato spotted wilt virus (TSWV) forms
ribonucleoprotein particles (RNPs), which consist of N protein and viral
RNA. These aggregates result from the homopolymerization of the N
protein, and are highly stable in plant cells. These properties feature the
N protein as a potentially useful plant-based protein fusion system. To
evaluate this potential, the N gene was fused to GFP (Green fluorescent
protein), either to the N or C terminus, in a binary vector or in a Potato
virus X (PVX) vector. Nicotiana benthamiana leaves were infiltrated by
Agrobacterium tumefaciens transient assay (ATTA) or inoculated with the
PVX vector. For both expression methods N and N-GFP fusion could be
detected by Western blot using antisera against N or GFP. Infiltrated
leaves and infected plants expressing N-GFP fusions showed intense fluo-
rescence under UV light, revealing clearly visible aggregates in the cy-
toplasm. For purification, the standard method used for viral RNPs was
tested, consisting of two low speed centrifugation steps and one ultra-
centrifugation on a sucrose cushion. The purified N-GFP retained its fluo-
rescence and had the expected size, reacting with both N and GFP anti-
sera, in Western blot analysis. These results show that the N protein
fusion can be produced in plants and easily and efficiently purified as
aggregates, apart of the viral infection context. Furthermore, these puri-
fied aggregates will also be tested as an epitope presentation system,
possibly avoiding the size and conformation constrains of some of the
currently available systems.

P-2049
Expression of a Subunit Vaccine for Pneumonic Plague in Tobacco Hairy Roots.
B. J. Woffenden1, L. H. Nopo-Olazabal1, D. G. Reed1, C. Cramer2, and F. ME-
DINA-BOLIVAR1. 1Department of Plant Pathology, Physiology and Weed Sci-
ence, Virginia Tech, Blacksburg, VA 24061 and 2Arkansas Biosciences Institute,
Arkansas State University, Jonesboro, AR 72401. Email: fmb2@vt.edu

Pneumonic plague is considered among the top 5 potential bioterrorism threats
due to the fast spread of aerosolized Yersinia pestis and near 100%, rapid le-
thality of untreated cases. We intend to develop a plant-based subunit vaccine
for plague that addresses several key issues: mucosal efficacy, ease of delivery,
rapid scalability, safety, and cost. Parenteral administration of a fusion of the
plague antigens F1 and V with a non-mucosal adjuvant protected mice against
multiple plague strains (Alpar et al., Adv. Drug Deliv. Rev. 51:173-201). How-
ever, mucosal delivery of antigen should enhance protection against the pneu-
monic form of disease. Previously we demonstrated that the non-toxic lectin
subunit of ricin, ricin B (RTB), is useful as a mucosal carrier/adjuvant. Intranasal
administration of RTB:antigen fusion purified from tobacco hairy root cultures
was highly effective in stimulating a mucosal immune response in mice (Me-
dina-Bolivar et al., Vaccine 21:997-1005). We engineered tobacco to express a
hexahistidine-tagged RTB fused to sequence-optimized F1:V (His:RTB:F1:V).
Transgenic plants expressed an mRNA of a size consistent with the predicted
transcript (2.9 kb). Crude leaf extracts were screened for RTB lectin activity
with a functional ELISA based on asialofetuin-binding, and two lines showed
levels of binding activity 2-3-fold higher than the control. Hairy roots were
generated from these plant lines. Asialofetuin-binding ELISA of crude hairy
root extracts confirmed expression of functional RTB fusion protein. Southern
blotting of transgenic plant lines and hairy root lines confirmed integration of
the transgene into the tobacco genome. Immunoblotting of lactose affinity-pu-
rified protein from several hairy root lines using anti-RTB and anti-His-tag
antibodies detected a protein of about 90 kDa, consistent with the predicted size
of glycosylated His:RTB:F1:V protein. Purified His:RTB:F1:V protein will be
used for intranasal immunization in mice, in which stimulation of mucosal im-
munity will be a first step towards an improved pneumonic plague vaccine.

P-2050
Thidiazuron Induced High Frequency Shoot Induction and Plant Regen-
eration in Psoralea corylifolia - an Endangered Medicinal Plant. M.
FAISAL and M. Anis. Plant Tissue Culture Laboratory, Department of
Botany, Aligarh Muslim University, Aligarh-202002, INDIA. Email:
Faisalm15@yahoo.com

Psoralea corylifolia Linn. (Fabaceae) is an endangered medicinal plant,
distributed in tropical and sub-tropical regions of the world. Due to de-
structive harvesting and lack of proper cultivation, the wild population
of this potential medicinal plant has declined very fast. The effect of
thidiazuron (TDZ) was studied on in vitro shoot proliferation from nodal
explant of P. corylifolia. Proliferation of shoots was achieved on Mura-
shige and Skoog (MS) medium supplemented with different concentra-
tions of TDZ (0.5, 1, 2, 3, 4, and 5 mM). The maximum number (13.6
6 1.4) of shoots per explant was obtained from nodal segment cultured
on 2 mM TDZ for 4 weeks and this increased to 29.7 6 2.1 on hormone
free MS medium in the 8 weeks. For rooting, the in vitro proliferated
and elongated shoots were transferred individually on a root induction
medium containing 0.5 mM indole-3-butryic acid (IBA). Within 4 weeks
of transfer, a mean number (4.5 6 0.5) of roots per shoot were produced.
The regenerated plantlets were transferred to 1:1 soil and vermiculite
mixture and acclimatized with 80% survival rate. Fully acclimatized
plants were planted in the field condition, and performance is being eval-
uated. The present findings provide the first report on in vitro axillary
shoot multiplication from nodal explant of Psoralea corylifolia in re-
sponse to TDZ.

P-2051
Factors Affecting Somatic Embryogenesis in Different Cultivars of Cot-
ton (Gossypium spp.). TANVEER KHAN1, Anil K. Singh2, Alok Shukla2,
and R. C. Pant3. 1Dept of Biotecnology, Kumaun, University, Nainital,
INDIA; 2Dept. of Plant Physiology, G.B.P.U.A&T, Pantnagar, Uttaranchal
263145, INDIA; and 3Kumaun University, Nainital, INDIA. Email:
tanu_tinkle@yahoo.co.in

Significant progress has been made in developing protocols for the in-
duction of somatic embryos. Biochemical and molecular investigations
on SE are critical to understand the mechanisms of polarity development
and its differentiation in tissue system. SE involves the effect and inter-
action of many different crops but there are dismal studies in case of
cotton. A prolonged culture period, high frequency of abnormal embryo
development, low conversion rate of somatic embryos into plantlets, and
a lack of shoot elongation are the problems associated with cotton re-
generation. An investigation of this phenomenon is of prime importance.
Thus a proper understanding of the factors affecting somatic embryogen-
esis and recalcitrancy in cotton is a prerequisite for the development of
regeneration protocols which may further pave a way for a stable genetic
transformation system. Thus we have studied the endogenous levels of
proteins, reducing sugars, phenols and free amino acids, which affect
somatic embryogenesis in cultures of cotton. Embryogenic cultivars were
found to have higher levels of reducing sugars and proteins while free
amino acids and phenols were higher in non-embryogenic cultivars.
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P-2052
Embryogenic Callus Induction in Stemona tuberosa Lour. N. MONTRI1,2,
C. Waworsch1, and B. Kopp1. 1Department of Pharmacognosy, University
of Vienna, Althanstrasse 14, 1090 Vienna, AUSTRIA, and 2King Mong-
kut‘s Institute of Technology Ladkrabang Chumphon Campus, T. Chu-
mko, A.Prateaw, Chumphon, 86160, THAILAND. Email: kmnattay@
kmitl.ac.th

The roots of some Stemonaceae species are widely used as insecticide
and for medicinal purposes due to the occurrence of various alkaloids.
Stemona tuberosa Lour. has long been recommended in Chinese and Jap-
anese traditional medicine for the treatment of respiratory diseases and
as biological insecticides against human parasites. Utilization of S. tub-
erosa products has been largely as crude drugs and the forests are still
the main source. Traditional propagation techniques are not economic in
commercial propagation because of low efficiency. Production by in vitro
culture might be an interesting alternative. The results presented here
suggest potential of embryogenic callus induction with further application
to produce plantlets via somatic embryogenesis on a large scale.
Investigations trying to obtain the best media for callus induction were
performed by employing different types and concentrations of cytokinins.
The media containing BAP or TDZ were found to promote callus for-
mation. The amount of compact callus was positively correlated with the
concentrations of growth regulators.The best results were obtained with
20 mM TDZ. Friable callus developed from compact callus on MS media
supplemented with 5 mM 2,4-D, 5 mM BAP, 5 mM TDZ and 5 mM IBA.
In the third step embryogenic callus was achieved in liquid MS medium
supplemented with 3 mM 2,4-D in the dark with the subsequent formation
of somatic embryogenesis.

P-2053
Plant Regeneration via Indirect Somatic Embryogenesis in Panax noto-
ginseng (Araliaceae), - a Medicinal Plant. SATISH MANOHAR NA-
LAWADE1, Chao-Lin Kuo2, and Hsin-Sheng Tsay1. 1Institute of Biotech-
nology, Chaoyang University of Technology, Wufong, Taichung 413 TAI-
WAN and 2Institute of Chinese Pharmaceutical Science, China Medical
University, Taichung 404, TAIWAN. Email: nalawadesm@yahoo.com

Panax notoginseng is an important medicinal plant, valued for its two
major active constituents ginsenosides (Rb and Rg) used as vitalizing and
simulative agent in traditional medicines. A reproducible method for re-
generation of complete plants via somatic embryogenesis in Panax no-
toginseng using callus derived from flower buds has been developed.
Primary callus was obtained by culturing explants on Murashige and
Skoog’s (MS) medium supplemented with 0.5 - 4.0 mg l-1 2,4-D in dark-
ness for 8 weeks. Embryogenic callus was induced by repeated subcul-
tures on the same medium at 8 weeks of interval for over one year.
Embryogenic callus continued to rapidly proliferate on MS medium sup-
plemented with 1. 0 mg l-1 2,4-D incubated in dark and developed normal
and abnormal somatic embryos. Normal somatic embryos developed
when embryogenic callus was subcultured on half strength MS basal
medium devoid of any hormone and incubated in light/dark condition
(16:8 hrs). Cotyledonary stage somatic embryos were transferred in MS
basal medium supplemented with 0.5 - 8.0 mg l-1 GA3 for further elon-
gation. Phenotypically normal plants were recovered from converted so-
matic embryos and in vitro flowering after 3 months of culture. Well
developed plantlets were transferred to a sand:peat moss mixture and kept
in growth chambers for adaptation.

P-2054
Micropropagation of Food Crops in the Micronesian Atolls. DILIP
NANDWANI and Arwan Soson. Agriculture Experiment Station, Coop-
erative Research and Extension, College of the Marshall Islands, PO Box
1258, Majuro, Marshall Islands, MH 96960. Email: dilipnandwani@
yahoo.com

The conditions on the atolls of the Marshall Islands impose considerable
restrictions on the range of crops, which can tolerate harsh environments.
Government is embarking on an economic development strategy, which
aims at increased agricultural production in the country. In recent years
significant loses have occurred in the field collection of banana, bread-
fruit, root and tuber crops due to genetic erosion and atoll constraints.
Smaller farmers encounter a shortage of planting materials in staple crops.
The College of the Marshall Islands through its new laboratory has begun
the propagation of selected food crops such as banana, breadfruit, and
taro through tissue culture. Several new introductions of FHIA cultivars
of banana and taro from regional institutions have shown good tolerance
to insect pests and diseases. Tissue culture plants are being bulked up for
the field evaluation and distribution to farmers all over the atolls. The
first tests plots of FHIA banana cultivars have given promising results in
both demonstration plots and in farmers’ fields. Selecting and propagating
superior individuals have obtained significant gains in the adaptability of
many cultivars in the atoll environment. Field trials focus on yield per-
formance, which includes adaptability to local soil and climatic condi-
tions and, more importantly, to the prevailing pests and diseases in the
area. Fruit quality acceptance by farmers and local consumers also being
monitored and evaluated. These new cultivars still require further testing,
validation and possibly adaptation to local conditions, before farmers
adopt them.

P-2055
In Vitro Propagation of Erythronium propullans V. C. PENCE, J. R.
Clark, and S. M. Charls. Center for Conservation and Research of En-
dangered Wildlife, Cincinnati Zoo & Botanical Garden, 3400 Vine Street,
Cincinnati, OH 45220. Email: valerie.pence@cincinnatizoo.org

Erythronium propullans is a spring wildflower, endemic to Minnesota,
with only small numbers of individuals in the wild. Flower, bud, and
corm tissues of E. propullans were surface sterilized in 10% bleach for
5-10 min and rinsed in sterile water. Tissues were cultured on MS me-
dium containing 3% sucrose, 0.22% Phytagel and 100 mg/L active ben-
late (fungicide) with 2 mg/L 2,4-D 6 1 mg/L kinetin, 0.5 mg/L BAP 1
0.05 mg/L NAA, or 1 mg/L BAP 1 1 mg/L kinetin. Cultures were in-
cubated at 268 C. Of 49 cultures initiated, 10% became contaminated,
while half of the remaining cultures showed either swelling or the initi-
ation of callus or shoots. Corm proliferation was stimulated, in general,
by media with 2,4-D, while shoot proliferation occurred on media con-
taining BAP. Shoots were transferred to media containing IBA or NAA,
but rooting did not occur. Cultures were also placed in 48 C for 8 weeks
on rooting medium, but this did not stimulate rooting. Culture at 218 C
was also not successful. However, 60% of the cultures produced one or
more roots when the shoots were incubated at 108 C for one month. This
response may reflect the autumn root growth in these species in the wild,
although there are reports of anomalous growth in the population from
which the source tissue was taken. Further research is underway to de-
termine the viability of these roots in supporting acclimation of plants of
E. propullans to soil. Research done in collaboration with the Center for
Plant Conservation and the Holden Arboretum and supported in part by
IMLS grant no. IC-03-04-0062.
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P-2056
Rescue of Transformed Avocado Somatic Embryos and Recovery Plants
by Micrografting and Ex Vitro Grafting. S. H. T. RAHARJO1, T. Witjak-
sono2, D. Efendi3, and R. E. Litz1. 1Tropical Research and Education
Center, University of Florida, Homestead, FL 33031; 2Plant Tissue Cul-
ture Laboratory, Bogor Botanic Garden, Bogor 16003, INDONESIA; and
3Department of Agronomy, Bogor Agricultural University, Darmaga, Bo-
gor 16680, INDONESIA. Email: sraharjo@ifas.ufl.edu

Embryogenic cultures of ‘Suardia’ and ‘Hass’ avocado cultivars have
been transformed with SAMase and antifungal protein (AFP) genes, re-
spectively. However, recovery of complete plantlets and plants directly
from the transformed somatic embryos has been difficult, due to the ab-
sence of bipolarity of most avocado somatic embryos. Therefore, two
procedures for recovering transgenic avocado plants ex vitro were devel-
oped. Shoots from somatic embryos were micrografted onto in vitro seed-
lings as rootstocks. In vitro-derived shoots were also grafted directly onto
three-week-old seedlings ex vitro. Micrografting success rates of ‘Suar-
dia’ transformed with SAMase gene and ‘Hass’ transformed with AFP
gene were 87-100% and 69-100%, respectively. Ex vitro grafting of the
transformed shoots resulted in 51-74% success. Rapid shoot growth
(flushing) occurred 4-5 weeks after grafting, and transgenic plants have
grown vigorously in the greenhouse.

P-2057
Differentiation and Encapsulation of Saintpaulia rupicola Shoots. M. H.
RENFROE, E. N. Johnson, and C. J. Elder. Department of Biology, James
Madison University, Harrisonburg, VA 22807. Email: renfromh@
jmu.edu

In vitro propagation of Saintpaulia rupicola, an endangered African violet
species, was investigated as a means of germplasm conservation. The
effects of different combinations of an auxin and cytokinin on the dif-
ferentiation of shoots from leaf explants were investigated. Discoloration
of the growth medium was common and additions of polyvinylpyrroli-
done, activated charcoal, and ascorbic acid were tested for their effects
on preventing browning and influencing differentiation. Relatively low
concentrations of phytohormones were required to produce shoot prolif-
eration from leaf tissue. Efforts to reduce discoloration of the medium
were not found to enhance differentiation of shoots. De novo shoots were
excised and encapsulated in alginate with or without inorganic nutrients
and vitamins. Encapsulated shoots were grown on a basal tissue culture
medium, vermiculite, or a potting soil mix and results were compared for
growth of shoots into healthy plants with a commercially acceptable mor-
phology. Inclusion of nutrients in the alginate had no significant benefit.
Best growth and plant morphology resulted from planting encapsulated
shoots on vermiculite. These results may be useful for rapid propagation
and outplanting of members of this endangered species.

P-2058
High Frequency Regeneration of Plantlets from Leaf Explants of Commercial
Pear (Pyrus communis L.) Cultivars ‘Onward’ and ‘Old Home’. Q. SUN1,2, R.
E. Davis1, and Y. Zhao1. 1Molecular Plant Pathology Laboratory, ARS, USDA,
Beltsville, MD 20705 and 2Shandong Institute of Pomology, Taian, Shandong,
P. R. CHINA 271000. Email: zhaoy@ba.ars.usda.gov

Pear (Pyrus communis L.) is an important deciduous fruit with high commercial
value. However, pear production is often hampered by bacterial, fungal, and
viral diseases. As part of our program aimed at improving resistance of pear
crops to diseases via genetic engineering, we studied the influence of medium
composition and growth regulators on adventitious shoot formation from in
vitro propagated leaf explants of two popular commercial pear cultivars, ‘On-
ward’ and ‘Old Home’. Among three basal media (NN69, WPM, and C) tested,
NN69 appeared to be the most suitable for promoting shoot regeneration. The
cytokinin thidiazuron (TDZ) was much more effective than 6-benzylamino-
purine (6-BA) in promoting shoot regeneration in both cultivars. The effect of
two auxins, indole-3-butyric acid (IBA) and a-naphthalene acetic acid (NAA),
was genotype-dependent. Regeneration frequency of ‘Onward’ reached 90% in
NN69 basal medium plus 4 mg l-1 TDZ and 0.7 mg l-1 IBA. Regeneration
frequency of ‘Old Home’ reached 100% when leaf explants were subjected to
a two-phase culture regimen. In the initial shoot primordium induction phase,
leaf segments were cultured on NN69 basal medium supplemented with 4 mg
l-1 TDZ and 0.3 mg l-1 NAA; in the subsequent shoot elongation phase, emerg-
ing shoots were cultivated on Murashige-Skoog (MS) medium supplemented
with 0.3 mg l-1 BA and 0.1 mg l-1 IBA. A comparative structural analysis
revealed that shoot regeneration from ‘Onward’ leaf explants essentially oc-
curred via direct organogenesis and that shoot regeneration from ‘Old Home’
leaf explants followed an indirect organogenesis pathway. Shoots regenerated
from both cultivars were successfully rooted on 1/4 MS salts supplemented
with 0.3 mg l-1 NAA and 2% sucrose. The high efficiency regeneration pro-
tocols established in this study make it possible to use commercially important
pear cultivars for eventual genetic engineering of disease resistance and for
other pear improvement programs.

P-2059
Thidiazuron Induced Somatic Embryogenesis and Organogenesis in Taro.
VIRENDRA MOHAN VERMA1, John J. Cho2, Jabukja Aikne1, and Jina
David 1. 1Cooperative Research and Extension (USDA Land Grant), Col-
lege of the Marshall Islands, Majuro MH 96960, MARSHALL ISLANDS
and 2Department of Plant Pathology, HITAHR-Maui County Research,
University of Hawaii, Kula, Maui, HI 96790. Email: vmv_vmv@
hotmail.com

The research was carried out to study the effect of thidiazuron (TDZ) on
somatic embryogenesis and organogenesis in taro (Colocasia esculenta
(L.) Schott). Shoot, adjacent to the corm and shoot meristem were used
as explants. Murashige and Skoog, 1962 (MS) medium was used through-
out the study. Comparative study was undertaken using control in which
only TDZ was eliminated from all the treatments. A two-step protocol
(initially on medium augmented with 10 mM 2,4-dichlorophenoxyacetic
acid (2,4-D) and 2 mM TDZ followed by a culture phase with 5 mM
TDZ) resulted in somatic embryogenesis. Globular, heart and torpedo
shaped embryos were observed. In organogenesis, cultures were initiated
on medium augmented with 2 mM TDZ and then transferred on medium
with 5 mM TDZ. Shoots were transferred on medium augmented with 5
mM indole-3-acetic acid (IAA) and 7.5 mM 6-benzylaminopurine (BAP)
for further growth and subsequent multiplication. The number of multiple
shoots produced from each explant after two subcultures varied from 40
to 50. MS medium augmented with 2 mM IAA was used for rooting.
Mature plants were recovered from both somatic embryos as well as from
induced shoots. Neither somatic embryogenesis nor organogenesis was
observed in control. A 12-h photoperiod with a temperature of 288 C day
and 248 C night, light intensity of 40 mmol m-2 s-1, and 5565% relative
humidity was maintained for multiplication.
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P-2060
Effect of Plant Growth Regulators on In Vitro Multiplication and Con-
servation of Sweetpotato. VIRENDRA MOHAN VERMA, Jabukja Aik-
ne, and Jina David. Cooperative Research and Extension (USDA Land
Grant), College of the Marshall Islands, Majuro, MH 96960, MAR-
SHALL ISLANDS. Email: vmv_vmv@hotmail.com

A project aiming towards introduction and field evaluation of micropro-
pagated sweetpotato in the Marshall Islands is being developed with fu-
ture plans to establish a germplasm bank of sweetpotato. Influence of
media composition and hormonal combinations was studied for in vitro
multiplication and conservation. As a first step, a micropropagation pro-
tocol using nodal segments as initial explants was developed. Two me-
diums, Gamborg et al. 1968 (B5) and Murashige and Skoog 1962 (MS),
were used for the multiplication of sweetpotato,but best results were ob-
served on MS medium. Shoot multiplication was initiated on MS medium
augmented with 5 mM 6-furfurylaminopurine (KIN), 20 mM gibberellic
acid (GA) and 100 mg/L ascorbic acid. The best multiplication and
growth rates were observed on MS medium with 1 mM indole-3-acetic
acid (IAA), 10 mM 6-benzylaminopurine (BAP), 20 mM GA and 100 mg/
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 observed on half-strength MS medium supplemented with 1
mM BAP. MS medium augmented with 2 mM IAA was used for rooting.
A 16-h photoperiod with a temperature of 258 C day and 228 C night,
light intensity of 40 mmol m-2 s-1, and 5565% relative humidity was
maintained for multiplication.

P-2061
Establishment of a Highly Efficient Protocol for Micropropagation of North American
Ginseng. SIJUN ZHOU and Daniel C. W. Brown. Southern Crop Protection and Food
Research Centre, Agriculture and Agri-Food Canada, 1391 Sandford St. London, Ontario
N5V 4T3, CANADA. Email: zhous@agr.gc.ca

A highly efficient system for plant propagation of North American ginseng (Panax quin-
quefolius) via somatic embryogenesis starting from cotyledon explants has been estab-
lished with a six stage protocol based on somatic embryo induction, maturation, germi-
nation (and tissue recycling), development of plantlets, acclimation into soil, and trans-
plantation to the field. In the somatic embryo induction stage, somatic embryos can be
induced from lateral edges and the adaxial surface of cotyledons cultured on growth reg-
ulator-free MS (Murashige and Skoog, 1962) medium with high sucrose content and will
result in a high frequency response (60%) and number. The usual high frequency of ab-
normal and fused embryos can be partially controlled by pre-treating the cotyledon ex-
plants with 1.0 M sucrose for 48-96 h at 4 8 C. The pretreatment also results in an increase
of embryogenesis response frequency (75%) and the number of embryos. A maturation
stage is important for further development of somatic embryos and subsequent good ger-
mination. The optimal maturation medium is: half-strength MS or SH (Schenk and Hil-
debrandt, 1972) medium containing 3% sucrose and 1% activated charcoal. In the ger-
mination stage, gibberellic acid (GA3) is necessary for breaking quiescence/dormancy of
embryos. The optimal level of GA3 is 10-20 mg l-1. About 54% somatic embryos can
produce normal plants. Elongated cotyledons and petioles from abnormal shoots after
germination are good explants for somatic embryo production (tissue recycling) and result
in high quality and number of somatic embryos. The frequency of embryogenesis on MS
medium containing 1.0 mg l-1 2, 4-dichlorophenoxyacetic acid and 1.0 mg l-1 a-naphthal-
eneacetic acid is up to 90%, with up to hundreds of embryos on one explant. With this
tissue recycling approach, the efficiency of plant propagation of the system is enhanced
tremendously. In the plant development stage, activated charcoal is beneficial to the plant-
let especially for root development. The elongation medium, 1/2 SH plus 0.5% charcoal,
results in 85% of germinated embryos developing into plants with a well-developed root
system. Of over six hundred plants that were rooted and transplanted into soil (Promix
BX), two hundred plants have been transplanted into the field in May and June of 2004.
The growth chamber and field establishment rates, 5 weeks after transplantation, were
95.6% and 93.7%, respectively. Fifty senesced plants (roots with dormant buds) were
transplanted into the field in fall of 2004, while the other ones were put into a cooler set
at 48 C at the end of 2004 to overwinter. The acclimatized plants grow very well and
show the development of a dormant bud and a thickened root structure typical of seed-
germinated plants.

P-2062
Transformation of a 95-kb Maize Centromeric DNA Segment Back Into
Maize and Analysis of Transgenic Plants. B. H. PHAN1, C. Smith1, C.
Topp1, J. Jiang2, R. K. Dawe1, and W. A. Parrott1. 1University of Georgia,
Athens, GA 30602-6810 and 2University of Wisconsin, Madison, WI
53706. Email: baophan@uga.edu

The ability to introduce high molecular weight DNA into plant chro-
mosomes should accelerate gene identification and may lead to new ap-
proaches to studies of genome organization. We previously reported the
transfer into rice of BACs containing centromeric DNA inserts from rice
and maize. Maize has become an important model for plant centromere
research. Maize centromeres are composed of CentC tandem repeat ar-
rays, centromeric retrotransposons (CRs), and a variety of other repeats.
One particularly well conserved CR element, CRM, appears to be inter-
spersed thoroughly with CentC. Microprojectile co-bombardment was
used to introduce a BAC containing a 95-kb insert of centromeric satellite
repeat elements from maize back into maize. This insert has even cen-
tromere-specific retrotransposonsof maize (CRM). The CRM elements are
inserted randomly into either CentC monomers or other retrotransposons.
As a control, maize was also transformed with a similarly sized BAC,
pAHC25, containing random genomic DNA. Approximately 0.4% of the
immature embryos bombarded yielded callus colonies transgenic for the
maize BAC centromere and 5.2% for the pAHC25 control. Transformed
plants containing the maize centromeric BAC, engineered with pAHC25,
had a distinctive altered morphology. The leaves of the transgenic plants
are striped, suggestive of the effects of having dicentric chromosome.
Data from southern-blot and progeny analyses confirmed the integration
and inheritance of the maize BAC centromeric DNA in the T0, T1 and T2

generations, and were inherited as single Mendelian genes.

P-2063
Validation of Real-time PCR Assays for Transgenic Grapevine Analysis.
F. Savazzini1, I. Ciabatti2, A. Paternò2, U. Marchesi2, D. Amaddeo2, and
L. MARTINELLI1. 1Istituto Agrario San Michele all’Adige, 38010 San
Michele all’Adige (TN), ITALY and 2Istituto Zooprofilattico Sperimen-
tale Lazio e Toscana, Roma, ITALY. Email: Lucia.Martinelli@iasma.it

Grape molecular breeding progressed rapidly both for studying interesting
traits and improving quality of vines and products. Thus, European Union
introduced a regulation on labelling of genetically modified (GM) grape-
vines for marketing of propagation material. Scientific grounds and leg-
islative framework entail development, validation and application of valu-
able analytical methods for GM grape traceability (CE 11/2002). Quan-
titative Real-Time PCR is the elite tool for accurately detecting foreign
genes, estimating transgene copy number and studying exogenous gene
expression. As for grapevine, however, this technique is not a routine yet
and needs to be improved. Being embarked in projects on grape molec-
ular breeding and GMO detection, we developed a protocol for standard-
izing and optimizing grape Real-Time PCR, and identified a valuable
endogenous gene to be applied as genotype referee and gene copy number
standard (NCED2). Then, we tested our analysis on the GM grape plants
available in our laboratory (Savazzini et al., InVitro Cell. Developm.
Biol. Animal, P-1246). Finally, we developed a practical approach for
the validation of our technique, and provided a detailed protocol for the
evaluation of detection and quantification limits, linear dynamic range,
precision and trueness, specificity and robustness. Our strategy offers con-
sistency and reliability. Research supported by Italian Health Ministry
(Project IZS UM 18/2002, national coordinator C. Rondini) and the Au-
tonomous Province of Trento (Project OSSERVA3).
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P-2064
Transformation of Sour Cherry Montmorency (Prunus cerasus L.) and
Sweet Cherry Rootstock Gisela 6 (Prunus cerasus 3 P. canescens) Me-
diated by Agrobacterium tumefaciens. Guo-Qing Song and K. C. SINK.
Plant Transformation Center, Department of Horticulture, Michigan State
University, East Lansing, MI 48824. Email: sink@msu.edu

Sour cherry (Prunus cerasus L.) cv. Montmorency and the dwarf, sweet
cherry rootstock cv. Gisela 6 (Prunus cerasus 3 P. canescens) were both
transformed by Agrobacterium tumefaciens strain EHA105 carrying the
neomycin phosphotransferase gene (nptII) and an intron interrupted b-
glucuronidase (GUS) reporter gene (gusA). Whole leaf explants, taken
from in vitro stocks, each with four cuts made equidistant and transverse
through the midrib, were co-cultivated with EHA105. Selection and re-
generation of transformed cells and shoots of both cultivars was carried
out for 12 weeks on selection medium containing 50 mg/L kanamycin
and 250 mg/L timentin. The selection media were Quoirin and Lepoivre
(1977) medium supplemented with 0.5 mg/L benzylaminopurine (BA) 1
0.05 mg/L indole-3-butyric acid (IBA), and Woody Plant medium (Lloyd
and McCown, 1980) containing 2.0 mg/L BA 1 1.0 mg/L IBA for Mont-
morency and Gisela 6, respectively. Under optimal transformation con-
ditions, 7 out of 226 (3.1%) inoculated leaf explants of cv. Montmorency
and 5 out of 152 (3.9%) inoculated leaf explants of cv. Gisela 6 produced
30/39 GUS- and PCR-positive regenerants from the wounded midribs via
an intermediate callusing stage after 12 weeks. The selected transformants
have a normal phenotype in vitro. Southern blot analysis of the GUS-
and PCR-positive transformants confirmed stable integration of the trans-
genes with 1-3 copy numbers in 5 lines of Montmorency and 7 of Gisela
6. This work demonstrates the potential of using A. tumefaciens to intro-
duce and express foreign genes into cherry cultivars and rootstocks.

P-2065
Genetic Transformation of Canola (Brassica napus L.) for Engineering Resistance
Using Gene Encoding Antimicrobial Peptides. K. GHASEMI BEZDI, V. S. Shevel-
oukha, and G. I. Karlov. Dept. of Agricultural Biotechnology, Moscow Timiryazev
Agricultural Academy, Corpus 16, Timiryazevskaya St. Moscow 127550, RUSSIA.
Email: kghasemibezdi@yahoo.com

An antimicrobial peptide with no significant amino acid sequence and low-molecular-
weight has been isolated from the nut kernels of Macadamia integrifolia by A. M.
McManus et al. in 1999 at the University of Queensland of Australia. They termed
the peptide, MiAMP1, and suggested the purified MiAMP1 inhibited the growth of
several microbial plant pathogens in vitro while having no effect on mammalian or
plant cells. It is considered to be a potentially useful tool in genetic manipulations to
increase disease resistance in transgenic crop plants. Therefore, we obtained a DNA
sequence encoding MiAMP1 with an additional ATG start codon which was cloned
into the cloning site of a pGEM-T vector (Promega) from Australia. This construction
was then transformed to E. coli strain DH10B. PCR primers flanking the coding
region of the MiAMP1 gene were engineered to contain restriction sites for NcoI and
BamHI. These primers were then used to amplify the coding region of MiAMP1
cDNA. After excising DNA bands from agarose gels and purifying them using a
DNA clean-up kit, the PCR-cloned fragment was digested using restriction enzymes
NcoI and BamHI to release the MiAMP1 gene fragment. The binary vector p-
CAMBIA1305.1 was digested with the restriction enzymes NcoI and BglII. Subse-
quently, the two fragments were ligated using T4 DNA ligase to produce p-
CAMBIA1305.1-MiAMP1 binary vector for plant transformation, that contains the
full coding region of the MiAMP1 DNA flanked at it 59 end by the strong constitutive
promoter of 35S from the cauliflower mosaic virus (CaMV). The coding region of
MiAMP1 DNA is flanked at its 39 end by the polyadenylation sequence of NOS
polyA. The plasmid also contains other elements useful for plant transformation such
as a kanamycin resistance gene (kan), a hygromycin resistance gene (hpt II) driven
by the CaMV35S double enhancer promoter and the GUSPlusä gene contains the
intron to ensure detection of plant-specific glucuronidase expression. These and other
features allow for selection in various cloning and transformation procedures. Also
we optimized important parameters for regeneration of canola (Brassica napus L.).
At the present time, we are carrying the canola transformation via Agrobacterium
method using cotyledons as explant tissue of B. napus and co-culturing strains con-
taining pCAMBIA1305.1-MiAMP1.

P-2066
Complete Chloroplast Genome Sequence of Glycine max and Comparative
Analyses with Other Legume Genomes. Christopher Saski1, SEUNGBUM
LEE2, Todd Wood1, Jeffrey Tomkins1, Hyi-Gyung Kim3, Robert K. Jansen3 ,
and Henry Daniell2. 1Clemson University Genomics Institute, Biosystems
Research Complex, 51 New Cherry Street, Clemson University, Clemson,
SC 29634; 2University of Central Florida, Dept. of Molecular Biology &
Microbiology, Biomolecular Science, Building #20, Orlando, FL 32816-
2364; and 3Section of Integrative Biology and Institute of Cellular and Mo-
lecular Biology, Patterson Laboratories 141, University of Texas, Austin, TX
78712. Email: daniell@mail.ucf.edu

Lack of chloroplast genome sequences is still one of the major limitations
to extending chloroplast genetic engineering technology to useful crops.
Therefore, we sequenced the soybean chloroplast genome and compared it
to the other completely sequenced legumes, Lotus and Medicago. The chlo-
roplast genome of Glycine is 152,218 bp, including a pair of IR‘s of 25,574
bp of identical sequence separated by a SSC region of 17,895 bp, and a LSC
region of 83,175 bp. The genome contains 111 unique genes and 19 of these
are duplicated in the IR. Gene content of the three legumes is identical except
that Medicago has lost one copy of the IR. The rpl22 gene is missing from
all three legumes and Medicago is also missing rps16. Gene order in Glycine,
Lotus, and Medicago differs from the usual gene order for angiosperm chlo-
roplast genomes by the presence of a single, large inversion of 51 kilobases
(kb). Rates and patterns of sequence evolution among the three legume ge-
nomes indicate genes in the single copy of the IR in Medicago have evolved
nearly two times faster than the same genes that are duplicated in Lotus and
Glycine. Many of the Glycine repeats in the intergenic spacer regions and
introns are found in the same location in the other legumes and in Arabi-
dopsis, suggesting that they may play some functional role. The presence of
small repeats of portions of psbA and rbcL in legumes that have lost one
copy of the IR indicate that this loss has only occurred once during the
evolutionary history of legumes.

P-2067
Effect of Simulated Wavelength Colors on Tissue Culture Regeneration
and Development of Daylily (Hemerocallis fulva L.). JOHNNY CARTER
and A. J. Askew. Agricultural Research Station, Fort Valley State Uni-
versity, Fort Valley, GA 31030. Email: carterj@fvsu.edu

During Summer 2004, a study was conducted to determine the effect of
different and stimulated wavelength colors on tissue culture regeneration
and development of daylily. The wavelength colors used were stimulated
with cubical boxes constructed from colored transparency plastic sheets.
Red, yellow, violet, green, blue, and a control were the stimulated wave-
length color treatments observed. Each treatment was replicated four
times in a complete randomized block design. Two cultivars (‘E.L. Stout’
and ‘Amadeus’) were used. Daylily explants were cultured on a MS 1
BAP (3.0 mg/L) 1 IAA (0.5 mg/L) medium under the stimulated wave-
length colors. After six weeks of culture, the results showed that the two
cultivars responded similarly to different light treatments. The yellow and
violet treatments significantly promoted embryo regeneration and devel-
opment when compared to the control. However, the red, green, and blue
treatments significantly suppressed embryo regeneration and development
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P-2068
In Vitro Cold Storage of Stone Fruit Germplasm in Kazakhstan. I. KO-
VALCHUK1, S. Kushnarenko1, B. Reed2, and I. Rakhimbaev1. 1Labora-
tory of Biotechnology, Institute of Plant Physiology, Genetics and Bio-
engineering, 480090, 45 Timiryazev Str., Almaty, KAZAKHSTAN, and
2USDA-ARS National Clonal Germplasm Repository, 33447 Peoria Rd,
Corvallis, OR 97333-2521. Email: kovalchuk_i_u@mail.ru

Duration of in vitro cold storage (4618 C, light intensity 7-15 mmol m-
2s-1, 10-hour photoperiod) for stone-fruit shoots was studied. Twenty-
five cherry, six sweet cherry and eight plum genotypes were cultured in
glass tubes or in plastic air-penetrating bags on hormone-free Murashige
and Skoog medium. Condition rating of stored shoots depended on geno-
type and type of storage container. Mean storage duration of sweet cherry
and plum shoots was 9 to 12 months and cherry shoots ranged from 3
to 12 months. Storage of cultures in plastic bags was more effective than
in glass tubes. Cherry shoots were tested for the effects of carbohydrates
(sucrose and mannitol), growth regulators (BAP, IBA and ABA) and ni-
trate concentration (100%, 50%, and 25%) on cold storage duration. MS
medium with 0.5 mg/l BAP, 0.1 mg/l IBA and 3% sucrose (or 2% sucrose
1 2% mannitol) was optimal for all tested cherry genotypes and extended
cold storage to 21 months or more. ABA did not influence cold-storage
duration for any cherry genotypes. Nitrate concentration effects on cherry
shoot survival were genotype dependent and there was no general trend.

P-2069
A Dual Color Fluorescence Staining Tool for the Assessment of Plant
Cell Viability. K. OPPER, L. Ralston, and K. Song. Sigma-Aldrich Bio-
technology, Research and Development, P.O. Box 14508, St. Louis, MO
63178. Email: LRalston@sial.com

The ability to determine cell viability is extremely important in cell and
tissue culture as well as in studies of apoptosis and plant-pathogen inter-
actions. Commonly used cell viability assays include trypan blue exclu-
sion, 51Cr release, and 14C-labeled amino acid uptake and incorporation.
These assays suffer from poor sensitivity, safety issues, and/or lengthy
assay times. A preferable method for determination of cell viability is the
differential staining of viable and non-viable cells by fluorescent dyes.
Below, we describe a dual color fluorescent staining system for the iden-
tification of viable and non-viable plant cells. In optimizing this system,
we screened multiple fluorescent dyes for their ability to specifically label
viable or non-viable cells while exhibiting low photobleaching rates as
well as minimal background fluorescence and non-specific cell wall stain-
ing. Using these criteria, we identified fluorescein diacetate and propi-
dium iodide as the best dye combination for staining plant cells. We then
went on to optimize dye concentrations and staining conditions for fluo-
rescence microscopy. This system was optimized using tobacco cell sus-
pension culture. However, we found this optimized staining system to
work equally well on a variety of plant species and tissue types.

P-2070
A Comparison of Visual and Image Analysis for the Storage of Micro-
propagated Plants. Hailu M. Aynalem1, Timothy L. Righetti1, and BAR-
BARA M. REED2. 1Oregon State University, 4017ALS, Corvallis, OR
97331-7304 and 2US Department of Agriculture, Agricultural Research
Service, National Clonal Germplasm Repository, 33447 Peoria Road,
Corvallis, OR 97333-2521. Email: corbr@ars-grin.gov

In vitro plants in slow-growth storage require routine evaluation for as-
sessment of viability and timing of repropagation. Determination of plant-
let health by visual assessment is difficult due to variations in growth
pattern and plant structure. Developing a standardized system of plant
evaluation would improve the efficiency of in vitro storage. A study was
initiated to develop digital-image analysis techniques for plantlets during
slow-growth storage and to compare that system with visual examina-
tions. Pear, Pyrus communis L., cultivars were chosen for study because
they have an open structure and clear position of internodes for image
composition. Pear shoots stored at 48 C in tissue culture bags were eval-
uated monthly by visual examination and by digital image analysis. Dig-
ital images were evaluated for red, green, blue, NDVI (normalized dif-
ferences of vegetation index), green/red (G/R), hue, intensity, and satu-
ration (HIS) at the first two nodes of each plantlet. Over the first 5 months
the visual ratings declined steadily for P. communis, ‘Luscious’ and ‘Bart-
lett-Swiss’ while ‘Belle Lucrative’ and ‘Louise Bonne de Jersey’ did not
begin to decline until 9 months and then reached a plateau. Regression
analysis indicated that the NDVI and G/R ratios changed significantly
over the 15-month rating period for most cultivars. Correlations between
visual ratings and G/R and NDVI values were significant (R2 5 0.5) for
‘Louise Bonne de Jersey’, ‘Luscious’ and ‘Bartlett-Swiss.’ ‘Belle Lucra-
tive’ visual ratings did not correlate with any color value data. These
results will assist in the development of digital imaging as an alternative
technique for evaluation of stored tissue culture plantlets.

P-2071
Production of Marker-free Wheat (Triticum aestivum) Plants Transformed by
Agrobacterium. MANUELA CAMPA1, Candida Vannini1, Enrico Puja2, Pris-
cilla Francia2, Maria Rosaria Stile2, and Marcella Bracale1. 1D.A.S.S., Univ-
ersità degli studi sell‘Insubria, via Dunant, 3, 21100, Varese, ITALY and
2ISTA S.P.A., Via San Martino, 20122, Milano, ITALY. Email: ela-
sun@libero.it

Wheat (Triticum aestivum) is an important food crop, because of both the
nutritional value of its seeds and the unique technological properties of flours
prepared from those seeds. The high-molecular-weight glutenin subunits
(HMW-GS), members of a family of seed storage proteins synthesized in
developing wheat endosperm, are important determinants of the processing
characteristic of wheat flours, for this reason, members of this gene family
are important candidates for genetic engineering. Selectable marker genes are
required to ensure the efficient genetic modification of crops. But agro-eco-
nomic interests have prompted the development of several strategies to elim-
inate these genes from the genome after they have fulfilled their purpose.
Recently, chemical-inducible Cre/loxP DNA recombination system (CLX) (1)
have emerged and seem to provide a higly reliable method to generate marker-
free transgenic Arabidopsis plants after transformation. We have used Agro-
bacterium strain AGL1 harbouring , as control plasmid, pX6-GFP, which con-
tains the CLX system, nptII and GFP. Then, we have used the same strain
harbouring the pX6-GFP based plasmid pX6-Glu, which contains also the
gene Dx5b (coding for a HMW-GS). Till now, we have obtained 3 transgenic
lines (cv. Bobwhite) transformed with the plasmid pX6GFP and 1 with
PX6Glu, with a transformation frequency of 3.3-3.4% demonstrated by mark-
er-gene expression and molecular analysis. We are performing chemical-in-
duction tests on the immature embryos from these lines to obtain complete
marker free plants: those transformed with pX6GFP expressing GFP and those
transformed with pX6Glu expressing an increased amount of HMW-GS. 1.
Zuo, J., Niu, Q.-W., Moller, S.G. & Chua, N.-H. Chemical-regulated, site
specific DNA excision in transgenic plants. Nat. Biotecnol. 19, 157-161
(2001).
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P-2072
Improving Digestibility of Forage Grasses by Genetic Manipulation of
Lignin Biosynthesis. ZENG-YU WANG, Lei Chen, Xiao-Fei Cheng,
Chung-Kyoon Auh, and Paul Dowling. Forage Improvement Division,
The Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway, Ard-
more, OK 73401. Email: zywang@noble.org

Lignin is the major limiting factor for cell wall digestibility in forages.
Feeding and grazing studies have shown that small changes in forage
digestibility/degradability can have a significant impact on animal per-
formance. Cinnamyl alcohol dehydrogenase (CAD) and caffeic acid O-
methyltransferase (COMT) are key enzymes involved in lignin biosyn-
thesis. CAD and COMT cDNA sequences were cloned from tall fescue,
the predominant cool-season forage grass in the United States. Transgenic
tall fescue plants carrying either sense or antisense CAD and COMT gene
constructs were obtained by microprojectile bombardment of embryo-
genic suspension cells. Severely reduced mRNA levels and significantly
decreased enzymatic activities were found in four transgenic lines. These
CAD and COMT down-regulated tall fescue plants had reduced lignin
content and altered lignin composition. No significant changes in cellu-
lose, hemicellulose, neutral sugar composition, p-coumaric acid and fer-
ulic acid levels were observed in the transgenic plants. In vitro dry matter
digestibility increased by 7.2% to 10.5% in the transgenic lines, thus
providing novel germplasm to be used for the development of grass cul-
tivars with improved forage quality. This is the first report on improve-
ment of dry matter digestibility in a cool-season forage grass by trans-
genic manipulation of lignin biosynthesis. Currently we are taking a sim-
ilar approach to improve digestibility of bermudagrass, a widely grown
warm-season grass.

P-2073
Effect of Sodium Butyrate on Production of Paclitaxel in Taxus chinensis
Cell Culture. CHANG-HEON KIM, J. A. Kim, J. Y. Song, and H. J.
Choi. Samyang Genex Food & Bio Research Center, Daejeon, 305-717,
KOREA. Email: chkim@genex.co.kr

Sodium butyrate is known to be a potent inhibitor of histone deacetylase,
and has been reported to induce apoptosis, cell growth arrest and ex-
pression of several genes. However, there have been no reports to date
about effect of sodium butyrate on the stimulation of secondary metab-
olites in plant cell cultures. This work was conducted to improve pro-
duction of paclitaxel in Taxus chinensis cell culture using sodium butyrate
as a new type of elicitor based on its ability to induce histone hypera-
cetylation. Production of paclitaxel was increased about 2 fold when 1
mM of sodium butyrate was added to the culture at 7 days after incu-
bation. Paclitaxel and other taxane production were further increased
about 1.6 to 9 fold with repeated treatment of sodium butyrate. The effect
of sodium butyrate on paclitaxel production was compared with other
histone deacetylase inhibitors to examine possible role of sodium buty-
rate. These and other results suggest that sodium butyrate can be affecting
secondary metabolism in plant cell culture via induction of histone acet-
ylation. Further experiments are undergoing to elucidate the possible
mechanism of sodium butyrate-mediated enhancement of secondary me-
tabolites.

P-2074
Resistance to Tobacco Black Shank (Phytophthora parasitica var. nico-
tianae) in Nicotiana Species. W. T. Bass1, P. L. Cornelius2, W. C. Nes-
mith3, and B.-C. LI1. 1University of Kentucky, Kentucky Tobacco Re-
search and Development Center, Lexington, KY 40546; 2University of
Kentucky, Department of Agronomy, Lexington, KY 40546; and 3Uni-
versity of Kentucky, Department of Plant Pathology, Lexington, KY
40546. Email: bli2@uky.edu

As part of the effort to develop Nicotiana-based plant varieties for the
production of plant-made pharmaceuticals (PMP), we evaluated 97 Ni-
cotiana accessions from 37 species from the USDA collection and other
sources for resistance to the major tobacco disease black shank. The roots
of 26-day-old growth-room-grown plants were inoculated with zoospores
of a local isolate of Phytophthora parasitica var. nicotianae race 1(R1-
LI1), the most damaging race for this fungus. The percentage of plants
that were not infected 10-14 days after inoculation was used to determine
resistance to the fungus. Among the 97 accessions evaluated, three ac-
cessions from N. debneyi, two accessions from N. repanda, and one ac-
cession each from N. megalosiphon, N, plumbaginifolia, N. suaveolens,
and N, sylvestris were found to be resistant to R1-LI1. These nine ac-
cessions were further challenged by another local isolate of race 1 (R1-
LI2) and a local isolate of race 0 (R0-LI1). All nine accessions, except
for the N, sylvestris accession, were found to be resistant to both R1-LI2
and R0-LI1. We are therefore encouraged that undomesticated Nicotiana
species constitute an excellent genetic source for resistance to the major
tobacco disease black shank.

P-2075
Conservation of Turk’s-Cap Lily (Lilium martagon L.) Bulblets in Hyp-
oxic and Hypothermic Conditions. D. BOLBA, J. Roggemans, and A.
Lebrun. Haute Ecole Charlemagne, Laboratory of Plant Tissue Culture,
Rue Verlaine 9, Be-5030 Gembloux, BELGIUM. Email: dorinabolba@
yahoo.com

Medium term effective conservation (3, 6 and 12 months) was achieved
by manipulating some factors allowing the slow growth of in vitro gen-
erated bulblets. The material was stored in various conditions: hypoxia
by liquid paraffin overlay, at 1248 C, 16 h light/ 8 h dark, and hypo-
thermia (148 C) in obscurity, with and without paraffin film. In vitro
reaction of stocked bulblets (viability, weight) was tested post-conser-
vation and by transferring the conserved material on special media. In
order to check that bulblets leaflet cultivated in normal conditions pre-
served their biosynthetic capacities, chlorophylls and total proteins were
assessed. The exposure to hypothermia and hypoxia for 6 and 12 months
affected the viability, but the minimal percentage decreased to half after
1 year of storage. The conservation conditions acted significantly as
growth retarding factors for weight variations (dry weight substance ac-
cumulations) for the 6 and 12 months of storage. Regenerative processes
increased significantly after transfer to normal culture conditions. The
hormonal balance of transfer media was stimulating and specific. The
assessed biochemical parameters at bulblets leaflet level demonstrated
that the conserved material regains the growing capacity to its cultivation
in optimal conditions. We concluded that the biosynthetic process slowing
down was evident, so demonstrating the efficiency of the studied tech-
niques for Turk’s-Cap Lilymedium term-conservation.
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P-2076
Somatic Embryogenesis and Plant Regeneration from Valeria (Valeriana
officinalis, a Medicinal Plant. KIOFA CLARK, K. Knowles, and S. K.
Dhir. Center for Biotechnology, Fort Valley State University, Fort Valley,
GA 31030. Email: dhirs0@fvsu.edu

Valeria (Valeriana officinalis L.) is a hardy, perennial, flowering plant
used as an herbal medicine. The roots contain a compound, Valerian, an
excellent remedy for anxiety, nervous tension and insomnia. In order to
produce Valerian on large scale a mass propagation method for Valeria
is desirable. The population of this plant is decreasing drastically due to
poor seed germination. Improvement of this plant by traditional breeding
methods is labor intensive and time consuming. To date no in vitro study
of this valuable medicinal plant has been reported. Therefore, a protocol
using in vitro culture for somatic embryogenesis was established. Differ-
ent explants such as shoot tip, buds, node and leaf segments were excised
(into 9-12 segments each of 5-10 mm segments) and were cultured on
Murashige and Skoog’s (MS) media supplemented with combination of
Benzyl amino purine (BAP), Naphthalene acetic acid (NAA) and or In-
dole-3-butryric acid (IBA). The highest number of embryos of 25-35 was
observed from shoot tip with medium supplemented with 1.0 mg/l and
0.1 mg/l after 4 weeks under dark conditions. Whereas node explants
produced only 15-18 embryos. Other explants tested, produced no em-
bryos and only roots or callus formation was observed. The regenerated
shoot rooted either on all or half strength MS media containing various
concentrations of NAA and or Indole butyric acid (IBA).

P-2077
The Effects of Ethylene Inhibitors on Rooting of Three Endangered Florida
Pawpaws In Vitro. M. A. JASKOWIAK, V. C. Pence, and S. Charls. Cincin-
nati Zoo and Botanical Garden, Center for Conservation and Research
of Endangered Wildlife (CREW), Cincinnati, OH 45220. Email:
mjaskowiak@cincinnatizoo.org

Three federally endangered Florida pawpaws, Asimina tetramera, Deeringo-
thamnus pulchellus and D. rugelli, have been propagated in vitro as part of
the Endangered Plant Propagation Program. However, like many woody
plants, these species are extremely difficult to root. Previous studies have
suggested that a high level of ethylene acts as an inhibitor to rooting in these
species. The pawpaws were first successfully rooted on WP medium with 3%
sucrose, 0.22% Phytagel and 0.5 mg l-1 IBA supplemented with 50-100 mM
sodium thiosulfate (STS), an inhibitor of ethylene action, but rooting averaged
only 18%. So, several other ethylene inhibitors were examined: 33 mg l-1

silver nitrate (AgNO3), another inhibitor of ethylene action; 10 mM aminov-
inylglycine (AVG), an inhibitor of ethylene production; and 1% charcoal,
which absorbs ethylene from the medium, used after a 24 hr pulse of 50 or
100 mg l-1 IBA. AgNO3 and AVG were added to media with 0.5 or 1.0 mg
l-1 IBA. Rooting on STS and AgNO3 averaged 19% and 16%, respectively,
and with a pairwise t-test, there was no statistical difference between the two
treatments (p5.0458). AVG has also produced some rooting, but contami-
nation rates in all AVG experiments have been high. Rooting also occurred
on charcoal medium after a pulse of IBA, but at a rate similar to that seen
on other media. The use of ethylene inhibitors stimulates rooting in these
species, whereas no rooting has been observed on unsupplemented media.
However, rooting in these plants appears to be affected by other factors in
addition to high levels of ethylene. Further studies are needed to identify
these, as well as to determine the most effective ethylene inhibitor for these
species. This research was funded in part by a grant from the Institute of
Museum and Library Sciences and is in collaboration with the Center for
Plant Conservation and Historic Bok Sanctuary.

P-2078
In Vitro Flowering and Differential Accumulation of Andrographolide in Cul-
tures of Andrographis lineata Nees - an Important Medicinal Plant of India.
ARIFULLAH MOHAMMED and Ghanta Rama Gopal. S. V. University,
Dept. of Botany, Tirupati, AP 517502, INDIA. Email: maarif68@rediffmail.
com

The transition in plants from the vegetative state to reproductive development
is of great interest to botanists but is still poorly understood. Under natural
growth conditions flower formation usually commences when a plant attains
maturity. The age of the plant is genetically controlled and is species specific.
The plant flowers only when genetic factors including photoperiod response
are congenial. These conditions can often be altered so that the plant can be
induced to undergo an early reproductive phase. Such an attempt to induce
flowering in vitro from juvenile explants of Andrographis lineata (Acantha-
ceae) is reported here. De novo flower morphogenesis was induced on ex-
plants from both mature and seedling plants on Murashige and Skoog (MS)
medium fortified with 6-benzyladenine (BA) and indole-3-acetic acid (IAA).
Highest percentage of flowering was achieved with mature nodal explants on
MS medium supplemented with 2 mg l-1 BA 1 2 mg l-1 IAA 1 0.01% Poly-
vinyl pyrolodine (PVP). Multiple flower bud induction was found on coty-
ledonary node cultured on aforesaid medium. Flower buds were also noticed
to be formed on explants cultured in liquid medium. A. lineata is used by
traditional medical practioners as mucolytic agent to treat all respiratory in-
fections. The main active principle, Andrographolide (C20H30O5), was isolated
from A. lineata (yield 8.75%), which is extensively used in pharmacopy. It
has been established that, during budding and early flowering stages, the basil
oil was rich in monoterpenes and Xanthotoxin in furanocoumarins. Hence,
we estimated Androgrpholide (a ditepene lactone) content of in vitro cultures
by HPLC methods. Distinct patterns of Androgrpholides represented by dif-
ferent tissue types were observed, suggesting tissue specific accumulation of
Androgrpholide in respective tissues. On the whole, the protocol developed
in this study provides a system for induction of flowering and monitoring of
Andrographolide content at various stages of in vitro cultures of A. lineata.

P-2079
Engineering Cytoplasmic Male Sterility via the Chloroplast Genome. Os-
car N. Ruiz and HENRY DANIELL. Department of Molecular Biology
and Microbiology, University of Central Florida, Biomolecular Science
Bldg. # 20, Room 336, Orlando, FL 32816-2364. Email: daniell@
mail.ucf.edu

While investigating expression of the polydroxybutyrate pathway in
transgenic chloroplasts, we addressed the specific role of b-kethiolase.
Therefore, we expressed the phaA gene via the chloroplast genome. Prior
attempts to express the phaA gene in transgenic plants were unsuccessful.
We studied the effect of light regulation of the phaA gene using the psbA
promoter and 59 untranslated region (59UTR), and evaluated expression
under different photoperiods. Stable transgene integration into the chlo-
roplast genome and homoplasmy were confirmed by Southern analysis.
The phaA gene was efficiently transcribed in all tissue types examined,
including leaves, flowers and anthers. Coomassie-stained gel and western
blots confirmed hyperexpression of b-ketothiolase in leaves and anthers,
with proportionately high levels of enzyme activity. The transgenic lines
were normal except for the male sterile phenotype, lacking pollen. Scan-
ning electron microscopy revealed a collapsed morphology of the pollen
grains. Floral developmental studies revealed that transgenic lines showed
an accelerated pattern of anther development, affecting their maturation
and resulted in aberrant tissue patterns. Abnormal thickening of the outer
wall, enlarged endothecium and vacuolation, decreased the inner space
of the locules, affected pollen grain and resulted in the irregular shape or
collapsed phenotype. Reversibility of the male sterile phenotype was ob-
served under continuous illumination, resulting in viable pollen and co-
pious amount of seeds. This study resulted in the first engineered cyto-
plasmic male sterility system in plants, offers a new tool for transgene
containment for both nuclear and organelle genomes and provides an
expedient mechanism for F1 hybrid seed production.
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P-2080
Metabolic Engineering of the Chloroplast Genome Using the E. coli ubiC Gene
Reveals that Chorismate is a Readily Abundant Plant Precursor for p-Hydroxyben-
zoic Acid Biosynthesis. ANDREW L. DEVINE1, Paul V. Viitanen2, Muhammad
Sarwar Khan21, Deborah L. Deuel2, Drew E. Van Dyk2, and Henry Daniell1. 1De-
partment of Molecular and Microbiology, University of Central Florida, Biomolec-
ular Science Building #20, Room 336, Orlando, FL 32816-2360 and 2DuPont Ex-
perimental Station, Building 402/2237, Rt. 141 and Henry Clay, Wilmington, DE
19880-0402. Email: daniell@mail.ucf.edu

p-Hydroxybenzoic acid (pHBA) is the major monomer in liquid crystal polymers.
In the present study the E. coli ubiC gene that codes for chorismate pyruvate-lyase
(CPL) was integrated into the tobacco chloroplast genome under the control of the
light-regulated psbA 59 untranslated region. CPL catalyzes the direct conversion of
chorismate—an important branch point intermediate in the shikimate pathway that
is exclusively synthesized in plastids—to pHBA and pyruvate. The leaf content of
pHBA glucose conjugates in fully mature T1 plants exposed to continuous light
(total pooled material) varied between 13-18% DW, while the oldest leaves had
levels as high as 26.5% DW. The latter value is 50-fold higher than the best value
reported for nuclear-transformed tobacco plants expressing a chloroplast-targeted
version of CPL. Despite the massive diversion of chorismate to pHBA, the plastid-
transformed plants and control plants were indistinguishable. The highest CPL en-
zyme activity in pooled leaf material from adult T1 plants was 50,783 pkat/mg of
protein, which is equivalent to ;35% of the total soluble protein and ;250 times
higher than the highest reported value for nuclear transformation. These experi-
ments demonstrate that the current limitation for pHBA production in nuclear-
transformed plants is CPL enzyme activity, and that the process becomes substrate-
limited only when the enzyme is present at very high levels in the compartment of
interest, such as the case with plastid transformation. Integration of CPL into the
chloroplast genome provides a dramatic demonstration of the high-flux potential of
the shikimate pathway for chorismate biosynthesis, and could prove to be a cost-
effective route to pHBA. Moreover, exploiting this strategy to create an artificial
metabolic sink for chorismate could provide new insight on regulation of the plant
shikimate pathway and its complex interactions with downstream branches of sec-
ondary metabolism, which is currently poorly understood.

P-2081
Biolistic Transformation of Easter Lily is Dependent on Callus Type. K.
KAMO1 and B. H. Han2. 1Floral & Nursery Plants Research Unit, Na-
tional Arboretum, USDA, Beltsville, MD 20705 and 2Horticulture Re-
search Institute, Rural Development Administration, Suwon, REPUBLIC
OF KOREA. Email: kamok@ba.ars.usda.gov

Two types of callus, a fast-growing friable callus and a slow-growing
compact callus, were initiated from bulb scales of Lilium longiflorum cv.
Nellie White. Sucrose, 3-12%, affected induction of friable callus but not
compact callus. Friable callus was initiated when bulb scales were cul-
tured on MS medium with 2 mg/L dicamba and 9% sucrose. Friable
callus grew 53 faster than compact callus. There were many more plants
regenerated from compact callus than friable callus, and these plants were
phenotypically normal when grown to the flowering stage. Friable callus
formed numerous somatic embryos when the callus was cultured on MS
basal salts medium with 1% activated charcoal, but only a few somatic
embryos germinated to form plants. Regeneration from compact callus
appeared to be by organogenesis. Transformation was never achieved
using friable callus that had been bombarded with either bar and uidA
genes under the CaMV 35S promoter or nptII and uidA genes under the
CaMV 35S promoter. One month following bombardment of friable cal-
lus, the number of gus positive cells declined significantly. Transformed
plants were selected from compact callus bombarded with these same
plasmids indicating the benefit of using compact callus for transformation
of Easter lily.

P-2082
Transformability of Nicotiana Species by Agrobacterium tumefacien: Us-
ing a Transient Approach. BAOCHUN LI, Hui Qiu, Huan Xie, and Troy
Bass. Kentucky Tobacco Research and Development Center, University
of Kentucky, Lexington, KY 40546-0236. Email: bli2@uky.edu

Transformability is an essential 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 the gusA gene and as the intensity of gusA expression per re-
sponsive leaf explant. We are now in the final stage of evaluating 131
Nicotiana accessions from 55 species from the USDA collection and
other sources. The transformability of these Nicotiana accessions will be
presented.

P-2083
Stability of b-glucuronidase Expression in Vegetative Generations of
Transgenic Hevea brasiliensis. P. AROKIARAJ1, R. Leelawathy1, and S.
Siti Hawa2. 1The Malaysian Rubber Board, Rubber Research Institute of
Malaysia Experimental Station, Biotechnology and Strategic Research
Unit, 47000 Sungei Buloh, Selangor, MALAYSIA and 2The Malaysian
Rubber Board, Rubber Research Institute of Malaysia, Information Tech-
nology Unit, Bangunan Getah Asli, 148 Jalan Ampang, 50908 Kuala
Lumpur, MALAYSIA. Email: parokiaraj@lgm.gov.my

Field testing showed that the uidA cDNA that encodes for the enzyme
b-glucuronidase was stably expressed in latex of four transgenic GUS
plants with three generations (V1, V2 and V3), which were derived veg-
etatively from a single transgenic GUS mother plant. Histochemical anal-
ysis revealed a blue colouration of the latex when incubated in x-gluc
from all transformants containing the b-glucuronidase protein (GUS).
GUS enzyme activity in latex of transgenic rubber plants was also ana-
lysed by fluorometry, average GUS activity ranged from 74 to 93 pmol
4-m/min/mg protein between the plants analysed. Likewise, the average
GUS activity between generations (V1, V2 and V3) ranged from 75 to
94 pmol 4-m/min/mg protein. Control plants in all cases gave a back-
ground reading of less than 2 pmol 4-m/min/mg protein. Upon statistical
analysis, results showed no significant differences in both analysis. The
P-value showed 0.8565 for GUS expression between plants and 0.6095
between generations. The uidA copy number, based on SYBR green I
detection were determined in vegetative generations using genomic DNA.
Using the resultant linear relationships for p35SGUSINT as standard
curves, the copy number of the uidA insert was determined as a single
copy insert in all vegetatively propagated transgenic plants analysed.
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P-2084
Characterization of Heterologous Multigene Operons in Transgenic Chloro-
plasts: Transcription, Processing and Translation. TANIA QUESADA-VAR-
GAS, Oscar N. Ruiz, and HENRY DANIELL. Department of Molecular Bi-
ology and Microbiology, University of Central Florida, Biomolecular Science
Bldg. # 20, Room 336, Orlando, FL 32816-2364. Email: daniell@mail.ucf.edu

Although transcription, post-transcriptional processing and translation have
been previously studied in the chloroplast, little is known about these pro-
cesses when heterologous operons are introduced in the chloroplast genome.
This work reports, for the first time, a detailed characterization of these pro-
cesses in transplastomic tobacco lines harboring seven different heterologous
operons. Northern blot analyses revealed that, generally, polycistronic mRNA
was the only transcript produced, and that processing into monocistrons prior
to translation did not occur. Foreign protein accumulation was detected in
these transgenic lines, indicating abundant polycistron translation. Polycistron
processing was only detected when linked to the presence of heterologous
bacterial sequences, which formed stable stem-loop structures. This indicates
that the chloroplast posttranscriptional machinery is able to recognize se-
quences that are not of chloroplast origin. However, not all stable stem-loop
structures were processed, suggesting that other mechanisms additional to the
presence of secondary structures may be involved. Both processed and un-
processed heterologous polycistrons were stable, even in the absence of 39
untranslated regions (UTRs). Unlike native 59UTRs, heterologous secondary
structures of 59UTRs showed efficient translational enhancement indepen-
dently of cellular control. Furthermore, abundant read-through transcription
was observed in the presence of chloroplast 39UTRs. Studies involving poly-
ribosome fractionation assays are currently in process to provide further ev-
idence to the above observations. Addressing questions about polycistrons,
and the sequences required for processing and transcript stability is essential
in chloroplast metabolic engineering. Knowledge of such factors would enable
engineering of foreign pathways independently of the chloroplast complex
post-transcriptional regulatory machinery.

P-2085
Factors Influencing GUS Transient Expression After Bombardment of
Leaves of Rapid-cycling Fast Plants. M. YOUNG, G. Jones, S. Cogbill,
T. Faulcon, K. Green, L. Chambers, M. McDaniel, G. Harmon, and R.
Blackmon. Department of Biology, Elizabeth City State University, Eliz-
abeth City, NC 27909. Email: mmyoung2@mail.ecsu.edu

Rapid-cycling fast plants (Brassica rapa: RCBr) is a widely used model
system for education in plant sciences and research. It has a very short
generation time (seed-to-seed in less than 40 days), many mutants are
available and physiological distresses are easily observed. However, there
are few studies on transformation in this system. There are two main
ways of introducing genes into plants: biolistics and Agrobacterium tu-
mefaciens. Biolistics, the process of shooting DNA into cells/tissues using
a gene gun, has the unique advantage of being genus and species inde-
pendent. However, a major problem associated with this technique is the
time required to optimize all the parameters involved in the delivery of
the DNA. Important parameters that were optimized in this study included
target pressure, target distance, amount of DNA and number of shots.
Seeds of RCBr were surface sterilized in 10% sodium hypochlorite and
germinated in the dark on Murashige and Skoog-based basal medium.
After three days, the seedlings were transferred to the same medium and
placed under 16 hour photoperiod. Aseptically grown leaves were excised
and placed on medium containing BA and NAA one day prior to bom-
bardment. A plasmid vector (pCAMBIA) containing the gus gene was
extracted from E. coli, adhered onto gold particles and shot into the leaf
tissues varying the parameters outlined earlier. Two days after bombard-
ment, these leaves, along with controls, were assayed histochemically for
the GUS protein. The implications for transformation of rapid-cycling
fast plants will be discussed.

P-2086
Organogenic Calluses as Target Explants for A. tumefaciens-mediated Trans-
formation in Soybean. Haiping Hong, HONGYI ZHANG, Helke Hillebrand,
Todd Jones, and Ming Cheng. BASF Plant Science GmbH, Agricultural Center
BPS - Li 554, D-67114 Limburgerhof, GERMANY. Email: zhangh@basf.com

A regeneration and transformation system has been explored in soybean using
organogenic calluses as the starting explants. Leaf-node or cot-node explants
prepared from 7;8 d old seedlings were cultured on callus induction medium
(CI) containing either Murashige and Skoog (MS) salts or modified FNL salts
and B5 vitamins supplemented with various concentrations of benzyladenine
(BA) and thidiazuron (TDZ) for 10 to 21 d. Calluses were then excised from
the original explants and placed to fresh callus induction for callus proliferation.
The proliferated calluses or the freshly excised calluses from the original ex-
plants were cut into small pieces (0.3;0.5 mm) and transferred to shoot in-
duction medium (SI) containing MS salts and B5 vitamins supplemented BA
and cultured for 30;60 d. After shoot primordia formed, tissues were trans-
ferred to shoot elongation medium (SE) containing MS medium supplemented
with indole-3-acetic acid (IAA), zeatin riboside, and gibberellic acid (GA).
Elongated shoots (2;3 cm) were obtained after 30;60 d culture on the me-
dium. All subcultures were performed with a 2;3- week interval. Elongated
shoots were excised from the explants and rooted in rooting medium containing
half-strength B5 salts and vitamins supplemented with IBA. Plant regeneration
was demonstrated in multiple elite soybean genotypes. Both the primary callus
and the proliferated callus were used as target explants for Agrobacterium-
mediated transformation. The calluses were infected with A. tumefaciens har-
boring a binary vector with the bar gene as the selectable marker gene and the
uidA gene for GUS expression. Usually 60;100% of the callus showed tran-
sient GUS expression 5 d after inoculation. Infected calluses were then selected
on CI, SI or SE medium amended with various concentrations of glufosinate.
To date, multiple transgenic soybean plants have been regenerated and estab-
lished in the greenhouse. Strong GUS expression was exhibited on various
tissues such as leaf, stem and roots. Transformation was confirmed by TaqMan
analysis.

P-2087
Bio-efficacy of an Alkaloid and Flavonoids from Solanum dulcamara. L.
P. KUMAR and S. Bhadauria. Laboratory of Plant Tissue Culture and
Secondary Metabolites, Department of Botany, University of Rajasthan,
Jaipur-302004, INDIA. Email: godgift1955@yahoo.co.in

Dermatophytoses poses a serious concern to the sociologically backward
and economically poor population. Mycosis, though normally not lethal
are unpleasant and difficult to cure. Superficial infections caused by ke-
ratinophilic fungi are called ringworm infection or Tinea infection. The
disease is predominant in tropical and subtropical countries due to their
prevailing moisture and temperature regimes and is a problem inspite of
several antimycotic drugs available in the market. Similarly problems are
due to bacterial diseases. Due to various side effects and high cost of
synthetic drugs, interest has been developed in the use of herbal medi-
cines which have been reported to have either very little or no side ef-
fects. In the present study, attempts have been made to extract and study
the antidermatophytic and antibacterial activity of an alkaloid and fla-
vonoids respectively from Solanum dulcamara. The extracted alkaloid
was screened against four pathogenic fungi viz Trichophyton rubrum, T.
mentagrophytes, Microsporum gypseum and Candida albicans. The al-
kaloid showed better antidermatophytic activity against all four pathogens
as compared to their standard drugs. Similarly free and bound flavonoid
extracts from Solanum dulcamara were screened against four pathogenic
bacteria viz & Escherichia coli, Enterobacter aerogens, Proteus mirabilis
and Staphylococcus aureus. Bound flavonoids showed better results when
compared with free flavonoids and results were nearly the same or better
than the standards, specifically in case of S. aureus where the standard
showed no activity, but much higher efficacy was seen in bound flavonoid
extract.
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P-2088
Development of a Regeneration Technology for Prunus salicina for Plum
Pox Virus Resistance. L. TIAN and S. Sibbald. Southern Crop Protection
and Food Research Centre, Agriculture and Agri-Food Canada, London,
Ontario, CANADA. N5V 4T3. Email: tianl@agr.gc.ca

Plum pox is a viral disease that affects stone fruits, including plum, peach,
nectarine, cherry, and apricot. The disease was first reported in Eastern
Europe and has gradually spread to many other counties. PPV disease
causes significant damage to Prunus fruit trees and can result in signifi-
cant economic losses to fruit production. Few naturally occurring resis-
tance sources have been found which can be used to develop highly
resistant fruit varieties. Alternatively, genetic resistance to plum pox virus
can be developed via introducing molecularly-designed resistance into
Prunus species via genetic engineering. We started a research to develop
plum pox virus resistance in Prunus species via biotechnology. Here we
report a regeneration technology for Prunus salicina, an important Prunus
species. Embryonic axes of seeds were sliced into 2 to 3 sections which
were placed on a medium containing indolebutyric acid and thidiazuron.
One month after on the medium, shoots were induced from the explants.
Induced shoots were transferred to plant growth regulator-free medium.
Shoots elongated and plantlets formed on the new medium. Upon transfer
to soil, full plants were recovered in a greenhouse. Transformation tech-
nology based on established regeneration system is being developed.

P-2089
Free Polyamines During Acclimatization of Micropropagated Banana (Musa
sp.). J. L. CASAS, M. D. Serna, F. Serrano, J. Ramirez, M. Cano, and A.
Piqueras. Unidad de Biotecnologı́a Vegetal, Instituto Universitario de Investi-
gación CIBIO (Centro Iberoamericano de la Biodiversidad), Universidad de Al-
icante. Carretera de San Vicente del Raspeig s/n 03690 San Vicente del Raspeig,
Alicante, SPAIN. Email: jl.casas@ua.es

Many studies have analyzed the possible role of polyamines in organogenesis,
somatic embryogenesis and rhizogenesis. However, very scarce information has
been collected so far about the possible active role of these compounds in the
critical phase of acclimatization from in vitro to ex vitro conditions. In this
study we analyzed the acclimatization of micropropagated banana plants from
the view of polyamine titer and pattern evolution in leaves and roots. Free
polyamines were extracted and quantitated in in vitro plants and throughout
acclimatization by weekly sampling of leaf and root tissue until week 6 in which
plants were considered fully acclimatizated. Putrescine, cadaverine, spermidine
and spermine were all present in leaf tissue along acclimatization. However in
roots from the same plants we only detect the four amines in in vitro plants and
throughout the rest of the acclimatization period under study spermine was not
detected. The presence of cadaverine in banana leaves was especially relevant
because it was the major amine found at all stages studied apart from accli-
matized plants. The process of acclimatization brought about the following main
changes: - In leaves ● Total polyamine content increased during the first two
weeks of acclimatization (up to 5 mmol g-1 dry weight) and then drastically
decreased to 1,9 mmol g-1 dry weight in fully acclimatizated leaves. ● The
diamine/polyamine ratio also changed significantly, being 3,8 in in vitro leaves
and 0,6 in acclimatizated leaves. - In roots: ● Changes in polyamine titer were
already evident at the first week of acclimatization when polyamine content
decreased to a 43,7% of that found in in vitro plants. ● As in leaves, diamine/
polyamine ratio was very high (4,3) in in vitro plants and much lower (1,48)
in acclimatizated plants. In accordance with the results obtained we proposed
that polyamines act as key compounds in controlling the cellular homeostasis
of plant cells under the special features that imposes the in vitro environment
and throughout the critical period of acclimatization to ex vitro conditions.

P-2090
Histological Changes in the Root Apex of Micropropagated Rosa Plantlets
During Acclimatization. S. Hussein, E. Olmos, E. Hellı́n, and A. PIQUERAS.
Dept. Plant Breeding, CEBAS (CSIC), PO Box 164.30100 Espinardo, Murcia,
SPAIN. Email: piqueras@cebas.csic.es

During acclimatization to ex vitro conditions of micropropagated Rosa plant-
lets, several changes in the anatomy of in vitro formed root apex(first 500
micres). Histological examinations of both longitudinal and transversal sec-
tions of the root apex revealed a series of progressive structural and devel-
opmental changes in the root cap, the apical meristem and the surrounding
tissues. Before acclimatization, in vitro formed roots presented an anomalous
structured root cap meristem and cortex with large intercellular spaces similar
to lysigenous arenchima. Border cells at the periphery of the root cap did not
secrete mucilage and only two lines of statocytes could be observed. At day
seven of acclimatization to ex vitro conditions, significant histological changes
towards normal development in the root apex were observed with a more
structured apical meristem including a clearly developed quiescent center and
a progressive reduced aerenchyma in the cortex. When the root apex was
observed at day fifteen of acclimatization, its histological structure was almost
normalized without arenchyma in the cortex and several lines of statocytes.
The apical meristem was clearly defined and differentiated from cortex and
root cap. At the periphery of the root cap, border cells containing mucilage
and the different stages of transition from statocysts to them could be ob-
served. During the acclimatization to ex vitro conditions, the histology struc-
ture of the root apex reflects some of the adaptations of this vital part of the
root system to the new environmental conditions of increased mechanical
impedance, reduced humidity, increased aireation and heterogeneous distri-
bution of nutrients which are required for the survival of the plant to ex vitro
conditions. A precise evaluation of root apex developmental progression dur-
ing acclimatization could improve current transfer to in vitro conditons being
used in quality control of micropropagated plants, environmental conditions
and the effectiveness of the different substrates.

P-2091
Morpho-histolological Analysis of Key Developmental Stages During Somatic Em-
bryogenesis in Saffron. S. Blázquez, E. Olmos1, J. A. Fernández, and A. PIQUER-
AS1. Plant Biotechnology Lab, IDR (UCLM), Campus de Albacete, 02071 Alba-
cete, SPAIN and 1Plant Breeding Dept. CEBAS (CSIC). PO Box 164, 30100, Es-
pinardo, Murcia, SPAIN. Email: piqueras@cebas.csic.es

Nodular embryogenic calli were developed from cultured meristematic tissue of
dormant saffron corms. Under aseptic conditions, a cubic section of the central
meristem was cultured in MS medium supplemented with 2,4 D (0,1 mg /l) and
BA (2, mg/l). Under these conditions the generation of nodular embryogenic calli
differentiating somatic embryos could be observerd after 6 weeks in culture. The
emergent embryogenic calli have been subcultured each six weeks for the last 5
years remaining embryogenic so far. The generation of the somatic embryos in the
calli was increased 5 times by using NAA instead 2,4 D and rising the concentration
of BA to 2,5 mg/l. As a previous step to improve the regeneration of saffron plants
via somatic embryogenesis, the ontogenic developmental stages (st) of this process
have been characterized using light and electron microscopy. The ultrastructural
morphological study of the embryogenic nodular calli at initial stages of differen-
tiation, revealed an internal structure composed of cell clumps with meristematic
morphology located at the surface of the embryogenic callus or surrounded by
parenchymatic tissue. The meristematic cells presented a dense cytoplasm and
thickened cell wall situated at the periphery of the embryogenic callus that under-
went internal segemented divisions. Histological sections under light microscopy
showed how continued divisions formed globular embryos that were attached to
the callus surface by a broad multicellular structure (st 1). Further development of
the embryoids was characterized by the emergence of a small apical meristem and
a cotyledon (st 2) and subsequent differentiation of dipolarization (st 3) at the basal
part of the embryo. Fully developed somatic embryos were separated from the
embryogenic callus and presented a well developed apical meristem with a coty-
ledon at one end and a small rooted basal structure at the opposite end (st 4).The
histological observations confirmed the embryogenic nature of the cultured nodular
calli of saffron used in this study and that in this system, the plantlets were regen-
erated through somatic embryogenesis.
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P-2092
In Silico Designing of the Hypothetical SMC Proteins Involved in Meiosis of
Arabidopsis thaliana. Janet He2, Sachin Gandhi2, and VARSHA RAJA1. 1De-
partment of Botany, University of Toronto, Toronto, Ontario M5S 3B2, CAN-
ADA and 2Xintra, Bioinformatics, Scarborough Town Center, Scarborough,
Ontario, CANADA. Email: globalbiotech@care2.com

Identifying a protein’s structure is a key to understand its biological function.
Chromosome-associated proteins largely determine the structure of chromo-
somes. Members of the SMC (Structural Maintenance of Chromosomes) family
play an important role in both prokaryotic and eukaryotic chromosome struc-
ture and its dynamics. SMC proteins are involved in chromosome condensation,
sister-chromatid cohesion, sex-chromosome dosage compensation, genetic re-
combination and DNA repair. In eukaryotes, two different SMC protein com-
plexes, condensin and cohesin, regulate chromosome condensation and sister
chromatid cohesion, respectively. The SMC proteins are physically associated
with chromosomes, suggesting that they may be part of the machinery that
regulates local and global structural changes of chromosomes required for these
functions. The subunits of the cohesin complex also share important links with
proteins required for cohesion during meiosis, which seems to be highly con-
served. We have used Bioinformatics tools to predict SMC proteins in Arabi-
dopsis thaliana, including 3D, secondary, tertiary structures, structure super-
imposition, and active sites-, which combine with ligands. Discovery of the
functions of the proteins produced by a model species will offer much infor-
mation about the roles of proteins in all higher plants. There have been major
advances recently in understanding the function of SMC proteins--including
the identification of biochemical activities of SMC-containing protein com-
plexes and the realization that individual SMC proteins might link seemingly
unrelated aspects of chromosomal metabolism. Structural homology to other
known structures and motifs was carried out by structural proteomics. Active
sites for these meiotic proteins were identified by Automatic collection of pro-
tein sequence motifs. Choosing significant homolog SMC proteins, Motifs dis-
covery and phylogenetic analysis, its possible functional and structural role
thus was assigned.

P-2093
Iranian Olive Cultivars Micropropagation. FARZANEH TABESH1, M.
Peyvandi2, and S. M. Hosseini-Mazinani3. 1Dept. of Horticulture, Azad
University of Science and Research, Tehran, IRAN; 2Dept. of Biology,
Faculty of Science, Azad University, North Tehran Branch, IRAN; and
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Commercial olive proliferation requires effcient methods and optimized
protocols for mass scale multiplication. This paper deals with suitable
protocols for proliferation of two Iranian olive cultivars, ‘‘Dezful’’ and
‘‘Zard’’. The main objective of this research is to determine a suitable
medium and carbohydrate source for both cultivars. To this end, initially,
auxiliary buds of young branches from 3 years old trees were cultured
in OM and DKW media containing sucrose or mannitol (18 and 30 g/l)
supplemented with 2ip (4 mg/l). Then, the uninodal explants were sub-
cultured in the OM or DKW media supplemented with 2ip (4 mg/l),
containing sucrose or mannitol (30 g/l). The results indicated that (i) at
the primary stage of culture, for Dezful cultivar, DKW medium with
sucrose provided the best results, while in Zard cultivar OM medium
containing sucrose were better than the other media, (ii) in both cultivars,
the existence of mannitol in the subculture media increased the growth
of micro shoots, and (iii) micro shoots growth of Dezful cultivar in DKW
and Zard cultivar in OM provided better results. Also the results indicated
that different cultivars had different responses to the same conditions
.Overall results suggested that although sucrose in the first stage of culture
caused better growth of shoots, the explants that were grown in the man-
nitol from the beginning, were stronger and could be used for long term
multiplication.


