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P-2000

Development of Transgenic Potato Lines Expressing Ecdysone
Receptor Gene of Colorado Potato Beetle. ALLAHBAKHSH1,
Tahira Hussain1, Muhammad Aasim2, Uğur Pirlak3, Emre
Aksoy1, and Mehmet Emin Çalışkan1. 1Department of
Agricultural Genetic Engineering, Faculty of Agricultural
Genetic Engineering, Nigde Omer Halisdemir University,
Nigde, TURKEY; 2Department of Biotechnology, Necmettin
Erbakan University, Konya, TURKEY; and 3Potato Research
Institute, Nigde, TURKEY. Email: abthebest@gmail.com

RNAi has also proved its usefulness in functional genomic re-
search on insects recently and is considered potential strategy in
crop improvement for the control of insect pests. The different
insect pests incur significant losses to potato yield worldwide,
Colorado Potato Beetle (CPB) being most notorious one. We
aimtouseplantmediatedRNAiapproachtoinduceinsectresistant
trait in potato. For this purpose, the study was designed to inhibit
the expression of highly active Ecdysone receptor (EcR) gene
involved in insect metamorphosis. The partial cDNA of EcR of
CPBwas amplified using specific primers in sense and anti-sense
orientation and cloned in an pRNAi-GG vector flanked by an
intronic sequence. Leaf and internodal explants of Agria and
Granola cultivars were infected with Agrobacterium strain
LBA4404 harboring plasmid pRNAi-CPB, pRNAi-GFP (used
as control). Neomycin phosphotransferase (nptII) gene was used
as a plant selectablemarker at a concentration of 100mgL−1. The
primarytransformantsobtainedhaveshowedproper integrationof
T-DNAinplantgenomebystandardmolecularanalysis.Thetrans-
genic plants of both cultivars are being evaluated for their efficacy
against larvae as well adults of CPB. The transgenic lines are ex-
pected to inhibit expression of EcR protein gene, hindering their
molting process, hence leading to increased potato yield.

P-2001

High Cytokinin Concentration, Carbon Source, and Type of
Explant Are Key Determinants of Regeneration and Genetic
Transformation of Paulownia elongate Tree. RICHA BAJAJ,
Ting He, Lani Irvin, Lubana Shahin, Brajesh N Vaidya, and

Nirmal Joshee. Fort Valley State University, Graduate
Program in Biotechnology, Agricultural Research Station,
Fort Valley, GA 31030. Email: josheen@fvsu.edu

Paulownia elongata is a fast-growing and high biomass yield-
ing tree that can serve as a bioenergy and timber crop. Four plant
tissue culture medium formulations (C2D, Gamborg’s B5, MS,
and WPM) supplemented with combination of cytokinins, 6-
benzylaminopurine (BAP) and thidiazuron (TDZ) with auxins,
Indole-3-acetic acid (IAA) and 1-Napthalene acetic acid (NAA)
were used for developing reproducible in vitro regeneration pro-
tocols. This experiment proved the superiority of B5 and MS
media over others and were used for further optimization with
a combination of TDZ and IAA along with two different carbon
sources, sucrose and maltose. Among three explants (leaves,
petiole, and internode disc), petioles and leaves provided the
highest number of shoots in B5 (25 μM TDZ and 5 μM IAA
with maltose) whereas highest number of shoots on internode
discs were induced in B5 medium (25 μM TDZ and 5 μM
IAAwith sucrose). A rapid and efficient in vitro shoot induction
protocol included three week long incubation on shoot induction
medium under 16 h photoperiod, followed by seven weeks of
elongation on the basal MS medium. Shoots containing two to
three nodes were transferred for rooting in two different rooting
media, MS and MS containing 5 μM indole butyric acid (IBA).
Both rooting media resulted in 100 % rooting. Agrobacterium
tumefaciens EHA105-mediated transformation was optimized
using node and petiole based regeneration system and a binary
plasmid pq35SGR harboring the β-glucuronidase and green
fluorescent protein/neomycin phosphotransferase II fusion re-
porter gene. The explants were wounded and co-cultivated with
Agrobacterium for 72 hours. Initial transient expression was ob-
served in 34% explants and addition of 100 μM acetosyringone
to the co-cultivation medium improved transient expression to
85% of the explants. Currently molecular analysis of stable
transformants is in progress.

P-2002

Use of DoE Methodology to Optimize the Regeneration of
Transgenic Maize Plants. UYEN CAO CHU1, T. J. Jones1,

In Vitro Cellular & Developmental Biology - Animal (2018) 54 (Suppl 1):S41–S60
https://doi.org/10.1007/s11626-018-0251-9



K. Lowe1, and J. Adelberg2. 1DuPont Pioneer, 8305NW62nd
Ave, Johnston, IA 50131 and 2Clemson University,
Agricultural and Environmental Science Department, 275
Poole Agricultural Center, Clemson, SC 29634. Email:
uyen.chu@pioneer.com

Stable genetic transformation of cereal crops has been essential
for the delivery of new biotech traits for agriculture and for
exploring basic tenets of plant biology research. The soil-borne
microbe, Agrobacterium tumefaciens,has been used extensively
for this purpose and is routinely used to introduce genes into
maize. Researchers at DuPont Pioneer have recently developed
a newmethod to rapidly transform maize using the transcription
factors Babyboom (BBM) and Wuschel (WUS). This new pro-
cess, called “QuickCorn”, significantly increases transformation
efficiency and reduces the transformation process to about
6 weeks. Unlike the traditional process, the new method relies
on the immediate formation of somatic embryos that are then
matured and germinated without initiating any callus formation.
The bottleneck with this new method is inefficient root forma-
tion during regeneration. In this study, a Design of Experiment
(DoE) method was used to test 11 factors to optimize somatic
embryo maturation and germination to get healthy well-rooted
plantlets earlier. The concentration of [NO3

−] and the ratio of
NH4

+:K+ had significant effects on the morphology of plantlets
derived from the QuickCorn process. For the initial response in
tissue culture, the proportion of NH4

+: K+ was a significant
factor; optimal tissue morphology was achieved at a ratio of
25:75 of NH4

+: K+, regardless the level of [NO3
−]. However,

the percentage of plants sent to rooting medium, to the green-
house (GH), and plants surviving in the GH was maximal at
40 mM nitrate. Plant growth regulators affected the percentage
of Quality Events (QE%) in combination with other factors.
Benzyl Adenine Purine (BAP) and Zeatin were important for
maintaining QE%, but thidiazuron (TDZ) can be eliminated
from the media with no detrimental effect on QE%. These data
were confirmed in validation experiments. Using the improved
parameters, it is possible to achieve a 3-fold increase in the
frequency of plants sent to the greenhouse and double the total
number of single-copy, high-quality events.

P-2003

Development of Efficient Regeneration Procedures for
Genetic Transformation of Hibiscus cannabinus L. (Kenaf).
KANGQI LI1, Margaret M. Young2, and Nancy A. Reichert1.
1Department of Biological Sciences, Mississippi State
University, Mississippi State, MS and 2Department of
Natural Sciences, Elizabeth City State University, Elizabeth
City, NC. Email: kl1433@msstate.edu

Kenaf (Hibiscus cannabinus L.) is a diploid annual plant in
the Malvaceae family that is grown for its fibers. The outer

phloem (bast) fibers have a variety of uses and, since they are
rich in cellulose, can also be used in bioenergy applications.
With the goal of enhancing kenaf for use as a bioenergy feed-
stock, development of an efficient regeneration procedure that
could be coupled with Agrobacterium tumefaciens and/or
biol ist ics would enable its genetic modificat ion.
Regeneration procedures exist for certain kenaf varieties using
leaf explants, but regeneration efficiencies can be low. Use of
additional explant sources and also various explants from
seedlings might enhance regeneration efficiencies, thereby in-
creasing overall transformation efficiencies. These explants
were compared on media containing the auxin plus cytokinin
combinations of 1-naphthaleneacetic acid plus thidiazuron,
and indole-3-acetic acid plus benzyladenine. Previous re-
search determined that, for leaf explants, 10 mg/L geneticin
was optimal for selection of transgenic tissues containing the
neomycin phosphotransferase II (nptII) gene. Optimal con-
centration(s) will need to be confirmed for use with additional
explant sources to enable transgenic tissue recovery.

P-2004

Engineering the Mammalian Caspase to Develop a Novel
Selection System for Paclitaxel-accumulating Cells in Taxus
Plant Cell Culture. MICHELLE MCKEE1, Maureen Hill2,
Jeanne Hardy2, and Susan Roberts3. 1Worcester Polytechnic
Institute, Department of Biology and Biotechnology,
Worcester, MA; 2University of Massachusetts, Department
of Chemistry, Amherst, MA; and 3Worcester Polytechnic
Institute, Department of Chemical Engineering, Worcester,
MA. Email: mcmckee@wpi.edu

Although plant metabolites are important compounds, espe-
cially as pharmaceuticals, they are often a challenge to syn-
thesize chemically at a large scale due to their complexity.
Plant cell culture (PCC) is an alternative platform to produce
natural products. Compounds can be synthesized using their
native biosynthetic pathways without dedicating the time and
space required for whole plants, and metabolic engineering
techniques can be employed to improve yields. An example
is the production of paclitaxel (Taxol®), a potent anticancer
agent, in Taxus PCC. Despite industrial success, Taxus PCC is
highly limited by heterogeneity across and within cultures,
leading to batch-to-batch variation.We aim to generate a more
homogeneous culture of paclitaxel-accumulating Taxus cells
through eliminating metabolically inferior cells. The mamma-
lian caspase, an apoptosis-inducing protease, has an allosteric
binding site, which when bound by a small molecule inhibits
activity. By engineering this allosteric site to bind paclitaxel
and expressing our engineered caspase in Taxus, we will cre-
ate a selection system for Taxus PCC. If a cell accumulates
paclitaxel, it will bind the allosteric site rendering the caspase
inactive; however, if a cell lacks paclitaxel, the active caspase
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will lead to cell death. Our work to date focuses on (1) iden-
tifying which mammalian caspase most efficiently induces
plant cell death, (2) engineering the caspase allosteric site to
bind paclitaxel, and (3) determining the intracellular location
of paclitaxel to appropriately direct the engineered caspase.
This poster will highlight methods development and progress
in each area, when combined will allow for the selection of
paclitaxel-accumulating cells within Taxus PCC and creation
of a novel framework to increase metabolite production in
PCC.

P-2005

Reproductive Biology of a Threatened Medicinal Herb
Scutellaria ocmulgee Small from Georgia. BRAJESH
NANDA VAIDYA1, Tehas Athni2, Vivek Shreepathi3, and
Nirmal Joshee1. 1Agricultural Research Station, Fort Valley
State University, Fort Valley, GA; 2Stratford Academy,
Macon, GA; and 3University of Georgia, Athens, GA.
Email: vaidyab@fvsu.edu

Scutellaria ocmulgee, a threatened species, is decreasing in
population due to habitat destruction and poor seed set.
Pollen – stigma interactions were studied to understand vari-
ous events in flower development, pollination, fertilization
and possible limiting factors. Pollen viability assessment with
methyl thiazolydiphenyl-tetrazolium bromide (MTT) and
fluorochromatic reaction test with fluorescein diacetate
(FDA) staining methods reveal that the pre-anthesis (PRA)
and post-anthesis (POA) pollen grains are viable. The MTT
staining viability resulted in 65% for PRA pollen grains and
40% for POA pollen grains. The FDA staining methods re-
sults for POA was 23.17% while PRA pollen grains was
36.32%. The germination of pollen grains is about 5% in
liquid and semi-solid Brewbaker and Kwack medium. The
natural populations and greenhouse plants exhibit poor seed
set despite viable pollen grains. With aniline blue fluorescent
staining no pollen tube growth in the style or callose plugs in
the growing pollen tubes were seen. Structural and functional
aspects of pollen, anther, and stigma are being investigated to
understand the pollen development, pollen release, anther de-
hiscence, and interaction between pollen and pistil. Pollen
surface under scanning electron microscope (SEM) reveal
uniform reticulate sculpturing and the presence of pollenkitt
during pre- and post-anthesis stages. Pollen output/flower is in
the range of 2.5 million. Histological studies reveal normal
pollen and ovary development. Long, hollow hair holding
pollen grains at the time of dehiscence and glandular tri-
chomes lining inner ovary wall were observed. Preliminary
SEM studies suggest further investigations on the role of an-
ther hair during dehiscence and detailed study on stigma re-
ceptivity. Pistil has a superior ovary with four locules, each
containing an anatropous ovule. The stigma is dry type with a

deep cleft which is devoid of papillae. Stigma receptivity was
analyzed by checking esterase enzyme activity confirmed by
6% hydrogen peroxide test.

P-2006

Highly Efficient In Vitro Multiplication of Commercially
Important Pineapple Cultivars. VIRENDRA M. VERMA.
Micronesia Plant Propagation Research Center, Kosrae
Agricultural Experiment Station, Cooperative Research and
Extension, College of Micronesia-FSM, Kosrae,
MICRONESIA. Email: vmv_vmv@hotmail.com

The pineapple (Ananas comosus L. Merr) is one of the most
economically significant tropical plant of the Bromeliaceae
family. Celebrated for centuries, the plant is valued for the
distinct and unique taste and miraculous health benefits of
its delicious tropical fruit, which consists of multiple coa-
lesced berries. Limited-availability of disease-free seedlings
is becoming a limitation for expansion of commercial pineap-
ple cultivation in the Micronesian region. To ensure the year-
round availability of identical, disease-free and high-quality
planting material, an efficient micropropagation and acclima-
tization protocol was developed for local commercially impor-
tant pineapple cultivars (Ananas comosus cv. Kosraean and
Ananas comosus cv. Hawaiian). Shoot apical and lateral mer-
istems were used as explants for culture establishment.
Murashige and Skoog (MS) medium augmented with
4.5 μM 6-benzylaminopurine (BAP) and 2 μM 1-
naphthaleneacetic acid (NAA) proved best for culture estab-
lishment. For further growth and subsequent multiplication,
established cultures were transferred on MS medium aug-
mented with 9 μM BAP and 3.5 μM NAA. The number of
multiple shoots produced from each explant after two subcultures
varied from 18 to 35; and after six subcultures increased tremen-
dously to average 2000 shoots per explant. Many shoots formed
roots in the same medium in which they were micropropagated.
However, maximum rooting was observed on MS medium aug-
mented with 0.5 μMNAA and 0.5 μMBAP. The plantlets were
acclimatized with 93% survival rate in 8 weeks. Research trials
for sustainable commercial pineapple cultivation were designed,
implemented, and vigorous vegetative growth and excellent yield
were recorded. First harvest was done after 15months of planting
and data collection at multiple sites and analysis is being contin-
ued. The outcomes of this analysis would be ultimately used to
provide assistance to the regional communities for sustainable
commercial pineapple cultivation.

P-2007

Application of In Vitro Immature Seed Culture Technique
Integrated with Micropropagation on Desert Environmental
Rehabilitation in Kuwait. C. SUDHERSAN, S. Jibi, L. Al-
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Sabah, D. Al-Baijan, and S. Al-Melhem. Biotechnology
Program, Environment and Life Sciences Research Center,
KISR, KUWAIT. Email: schellan@kisr.edu.kw

Desert ecosystem of Kuwait has been damaged due to de-
sertification caused by human intervention and natural ca-
lamities. Due to the desertification, many Kuwait’s native
plants have been lost and several others are in endangered
condition. Natural desert vegetation restoration has been
failed due to the unique harsh climatic conditions of
Kuwait. Therefore, artificial means of rehabilitation is inev-
itable and recently, an environmental rehabilitation program
has been started in Kuwait. This program needs millions of
native plant seedlings, which are not available in the local
nurseries. Therefore, a research study was undertaken to
apply in vitro techniques on native plant production and
use them for desert rehabilitation program. Few native pe-
rennial shrubs such as Rhanterium, Calotropis, Calligonum,
Farsetia, Lycium, Nitraria and Ochradenus were selected
for the study. Immature seeds were collected from these
native plants maintained in the Kuwait Institute for
Scientific Research Station for Research and Innovation at
Kabd. In vitro immature seed culture protocol and
micropropagation protocol for each species were developed
through modifying the MS culture media and culture envi-
ronment. Approximately, 50,000 rooted plantlets of these
native perennial species were produced and acclimatized to
the desert field conditions. All of the acclimatized plants
were planted during the favorable season in an experimental
site where entire vegetation has been lost due to desertifica-
tion. Initially plants were protected from the wind, rodents
and grazing animals, and irrigated frequently. After 3 years,
an ecosystem comprising several native plant species, birds,
animals, insects, bees etc. has been developed in the desert
site and, a microclimate suitable for natural plant regenera-
tion has been developed. Results from this study confirmed
that native plant production through in vitro immature seed
culture technique integrated with micropropagation could be
applied on large-scale desert environmental rehabilitation
and restoration program in the arid regions.

P-2008

Development of Selectable Marker-free Cisgenic Rice Plants
Expressing a Blast Resistance Gene Pi9. TEJ MAN
TAMANG1, Jungeun Park1, Tayebeh Kakeshpour1, Barbara
Valent2, Yulin Jia3, Guo-Liang Wang4, and Sunghun
Park1.1Department of Horticulture and Natural Resources,
Kansas State University, Manhattan, KS; 2Department of
Plant Pathology, Kansas State University, Manhattan, KS;
3USDA Agricultural Research Service, Stuttgart, AR; and
4Department of Plant Pathology, The Ohio State University,
Columbus, OH. Email: shpark@ksu.edu

The selectable markers like antibiotic and herbicide resistance
genes are very practical in developing transgenic plants.
However, consumers have concerns about the use of such genes
in commercial crops because of the perceived potential for un-
predictable hazards to the human health and environment. As a
consequence, commercialization of the transgenic crops is tightly
regulated. Here, we report the successful incorporation of a rice
blast resistance gene Pi9 into an elite US rice variety via a breed-
ing strategy known as cisgenesis without a selectable marker
gene. A co-transformation system eliminated the hygromycin-
resistance-encoding gene as a selection marker from the cisgenic
rice line. Out of 18 cisgenic lines, we found only one line to be
successfully co-transformed. We analyzed fifty individual plants
at T1 generation after selfing of the T0 cisgenic line and found
four individual rice plants containing the Pi9 gene without the
hygromycin gene. The cisgenic rice plants demonstrate that
transgenic lines can be developed that possess novel beneficial
genes like disease resistance but lacking any trace of a selectable
marker gene.

P-2009

Difference of Some Seed Oil Components at Different
Geographical Distribution in Echium italicum L.
(Boraginaceae) from Turkey. VEYSEL SÜZERER1,2 and
Tamer Özcan3. 1Bingöl University, Vocational School of
Health Services, Department of Medical Services and
Techniques, Program of Medical Laboratory Techniques,
12,000, Bingöl, TURKEY; 2Istanbul University, Institute of
Graduate Science and Engineering, Department of Biology,
Botany Section, 34120, Fatih/Istanbul, TURKEY; and
3Istanbul University Faculty of Science Department of
Biology, Botany Section, 34120, Fatih/Istanbul, TURKEY.
Email: beyso1985@gmail.com

Echium species contains both industrial and industrial candi-
date components such as, Shikonin, Alkannin, Rosmarinic
Acid, Unsaturated and Poly-Unsaturated Fatty Acids.
E. italicum L. have widely distributed as both latitude and
altitude in Turkey. In this study were analyzed some seed oil
components such as; Fatty acid, sterol compositions, and α-
tocopherol in Echium italicum L. accessions distributed in
different gride squares and altitudes for observation of the
intraspecific spatial variations. The B8 (1200 m) sample con-
tains the highest quantity of total oil compared the others.
Total seed oils are ranged from 11,24 to 15,70%. As unusual
fatty acids stearidonic and gamma linolenic acids were quan-
tified at maximum levels with 13,72% at 377 m (A5) and
10,28% at B8 respectively. Highest total polyunsaturated
and Unsaturated/Saturated ratio was measured in B3
(937 m) sample. Significant differences were calculated be-
tween the fatty acid concentrations in the accessions collected
from different grid squares and altitudes ranged from 21 to

S44 PLANT POSTERS



1800 m (p˂0,05). Maximum total sterol amount was detected
in A1 accession growing near sea level (21 m) while
Minumum total sterol amount was detected in C2(a) accession
growing near sea level (655 m). Highest total α-Tocopherol
ratio was measured in B8 sample. Obtained results contribute
for determining the range of intraspecific variations of bioac-
tive seed oil components of Echium italicum L. on the altitu-
dinal and environmental gradient, and utility its biomedical
product potential as a new crop by means of selection of high
yield genotypes for agricultural and biotechnological
practices.

P-2010

Characterization of Microbial Contaminants in Banana
Micropropagation and Identification of an Efficient Surface
Sterilization for Banana Explant Establishment. VINCENT
RYAN S. FLAMIANO1, Sienna Catherine B. Recibe2, and
Remedios S. Flamiano2. 1Greenlands Agritech Ventures, Brgy
San Isidro, General Santos City 9500, PHILIPPINES and
2Science Department, College of Natural Sciences and
Mathematics, Mindanao State University, General Santos City
9500, PHILIPPINES. Email: vryanflamiano@gmail.com,
rflamiano@yahoo.com

Microbial contaminants from in vitro cultured bananas were
identified and their sensitivity to antibiotics Rifampicin and
Gentamycin at 100 mg/L and 200 mg/L were determined.
These antibiotics were then applied as part of banana ex-
plant sterilization protocol to improve recovery of sterile
explants during initiation process. Pure commercial bleach
(sodium hypochlorite, 4.25%) at two soaking time, 10 and
15 minutes were evaluated to eliminate explants surface
contaminants prior to antibiotic application. Percent (%)
recovery of sterile explants were recorded 7 days after in-
oculation of pre-treated explants in Murashige and Skoog
Medium. In this study, 3 bacterial contaminants were iso-
lated, 2 of which were identified as Bacillus sp. and
Corynebacterium sp. based on their cultural, morphological
and biochemical characteristics. Two species of fungal con-
taminants were common and they were morphologically
identified as Penicillum sp. and Aspergillus sp. All bacterial
isolates were found to be susceptible to 200 mg/L
Rifampicin and Gentamycin. Corynebacterium sp. isolate
showed intermediate resistance to 100 mg/L Rifampicin
and 200 mg/L Gentamycin and was similarly resistant to
100 mg/L Gentamycin. Bacterial isolate 2 (Bacillus sp) was
sensitive to Rifampicin at 100 mg/L but not to same con-
centration of Gentamycin. Soaking banana explants to
200 mg/L Rifampicin and Gentamycin for 10 minutes fol-
lowing surface sterilization with pure commercial bleach
for 10 minutes had increased the recovery of sterile ex-
plants from 87% to 100%.

P-2011

Effects of Combined Red and Blue Lights on the Shoot
Growth and Proteomic Profile on In Vitro Organogenesis
Development in Cedrela fissilis Vellozo (Meliaceae). C.
SANTA-CATARINA1, T. R. Oliveira1, V. P. M. Aragão1, R.
S. Reis2, and V. Silveira2. 1Laboratório de Biologia Celular e
Tecidual (LBCT)-CBB, Universidade Estadual do Norte
Fluminense Darcy Ribeiro (UENF), Campos dos
Goytacazes, RJ, BRAZIL and 2Laboratório de Biotecnologia
(LBT)-CBB, UENF, Campos dos Goytacazes, RJ, BRAZIL.
Email: claudete@uenf.br

Light spectrum quality is considered an important signal for plant
growth and development, and can modulate in vitromorphogen-
esis and induce changes in proteomic profiles. Thus, analyses of
light spectrumquality could represent a useful tool for identifying
the factors associated with in vitro photomorphogenesis. This
study aimed to evaluate the effect of light quality on the growth
of shoots and the regulation of differential protein abundance
during the organogenesis development in Cedrela fissilis
Vellozo (Meliaceae). Cotyledonary and apical nodal segments
were used as explants and incubated under six treatments with
different light-emitting diode (LED) lamp and a fluorescent tube
lamp (control). After 45 days of culture, the induction rate,
length, and number of shoots were evaluated. Shoot samples
from the best LED treatment and the fluorescent (control) were
collected and subjected to a shotgun proteomic analysis. The
LED spectrum of light had a direct influence on the shoot length,
with better results obtained in the shoots from the cotyledonary
nodal segments grown in the presence of 6-benzyladenine
(2.5 μM) and incubated with LED lamps that combined white,
medium blue and deep red light (WmBdR). The comparative
proteomic analysis of theWmBdR LED in relation to the fluores-
cent lamp (control) treatments resulted in a total of 761 proteins
identified, which consisted of 168 proteins with a differential
abundance, including the proteins 14–3-3 16R; NADP-
dependent glyceraldehyde-3-phosphate dehydrogenase; Hsps;
photosystem I reaction center subunit chloroplastic; malate de-
hydrogenase; and 2-alkenal reductase (NADP (+) - dependent)-
like. Overall, our data indicate that the quality of light influenced
the in vitromorphogenesis and induced changes in the proteomic
profiles of the shoots produced during the micropropagation of
C. fissilis. (FAPERJ, CNPq, CAPES).

P-2012

Embryogenic Competence Acquisition in Sugarcane Callus
are Associated with a Differential Abundance and Activity
of H+ Pumps Proteins. V. SILVEIRA1,2, L. Z. Passamani1,2,
A. A. Bertolazi3, A. C. Ramos3, and C. Santa-Catarina4.
1Laboratório de Biotecnologia, Centro de Biociências e
Biotecnologia (CBB), Universidade Estadual do Norte
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Fluminense Darcy Ribeiro (UENF), Campos dos Goytacazes,
RJ, BRAZIL; 2Unidade de Biologia Integrativa, Setor de
Genômica e Proteômica, UENF, Campos dos Goytacazes,
RJ, BRAZIL; 3Laboratório de Fisiologia e Bioquímica de
Microorganismos, CBB-UENF, Campos dos Goytacazes,
RJ, BRAZIL; and 4Laboratório de Biologia Celular e
Tecidual, CBB-UENF, Campos dos Goytacazes, RJ,
BRAZIL. Email: vanildo@uenf.br

Proteomics approaches have showed that H+ Protons proteins
are differentially regulated during somatic embryogenesis;
however the relationship of the H+ flux with the embryogenic
competence is still unclear. Thus, this work aimed to elucidate
the association of the H+ flux with the embryogenic compe-
tence acquisition during somatic embryogenesis in sugarcane.
We performed a microsomal proteomic analysis and analyzed
the changes of the extracellular H+ flux, and H+ pumps activ-
ity (P-H+-ATPase, V-H+-ATPase and H+-PPase) during matu-
ration of embryogenic and non-embryogenic callus. A total of
1315 proteins were identified by proteomic analysis, being 19
of them H+ pumps proteins. Comparing the differential abun-
dance of H+ pumps proteins between the two types of callus
we observed that P-H+-ATPase and H+-PPase were more
abundant in embryogenic callus at the beginning of matura-
tion (time 0) and at 14 days of culture in maturation condi-
tions. The embryogenic callus also showed a high H+ influx,
especially at day 14 in maturation, as well as, a higher activity
of H+ pumps, mainly of P-H+-ATPase and H+-PPase, com-
pared to non-embryogenic callus. The H+-PPase appears as
major H+ pump in embryogenic callus during somatic embry-
os formation, presenting a dual function, the vacuole acidifi-
cation through H+ transport into to vacuole and PPi homeo-
stasis due to its high hydrolytic activity in embryogenic callus
at 14 days on maturation treatment. These results provide
evidence for an association of higher abundance of H+ pumps
proteins, and consequently, a higher H+ flux with embryogen-
ic competence acquisition in embryogenic callus of sugarcane,
in which the ionic homeostasis was essential for the somatic
embryo production. (FAPERJ, CNPq, CAPES).

P-2013

Incorporation of Mannitol in Tissue Culture Media to Reduce
In Vitro Potato Plant Growth for Long-term Storage. ANGEL
L. CHAPPELL1, Jeffrey W. Koym2, Douglas C. Scheuring1,
J. Creighton Miller, Jr.1, and M. Isabel Vales1. 1Department of
Horticultural Sciences, Texas A&M University, College
Station, TX 77843 and 2Texas A&M Agrilife Research and
Ex tens ion Cente r Lubbock , TX 79403 . Emai l :
alchappell2008@tamu.edu

Potatoes are vegetatively propagated by tubers at the commer-
cial level; however, maintenance in tissue culture is required

to periodically resupply field materials with clean, virus-free
minitubers. A plant tissue culture system involves maintaining
live plantlets in nutrient media to keep them free of diseases.
Since these are living plants, they will outgrow the media and
plantlets need to be propagated onto fresh media. In order to
decrease labor and time spent towards this process, it would be
of interest to slow down plant growth by expanding the
amount of time plants can grow in the same media, thus re-
ducing turnover frequency. Mannitol is a sugar alcohol that
causes osmotic stress by reducing plant water uptake, which
could result in slower plant growth. In this study, we evaluated
the effects of Linsmaier and Skoog growth media containing
two mannitol concentrations (2% and 4%) versus control me-
dia (no mannitol) on plant growth of three potato varieties
over time. To evaluate possible side effects, we also assessed
the effect of the growth media on subsequent micro-
propagation upon removal from the mannitol-enriched media
after two and five months. Media containing mannitol consis-
tently reduced plant growth. The 2% mannitol treatment
caused the plants to grow significantly slower (average plant
height 87.5 mm at end of study - 183 days) than the control
(126.7 mm), and plantlets in the 4% mannitol media grew
significantly slower (25.8 mm) than both the 2% treatment
and the control. Regeneration of the plantlets, after removal
from the treatments at two and five months, was not signifi-
cantly affected; their growth was similar, independent of the
original media used. Based on our results, we implemented
the use of media with 2% and 4% mannitol for practical pur-
poses in the Texas Potato Breeding Program to slow plant
growth for long-term storage.

P-2014

Multiplex Genome Editing of Class II Glutaredoxins in
Solanum lycopersicum Via a CRISPR/Cas9 System. T.
KAKESHPOUR1, Q. Wu2, T. Tamang1, J. Park1, and S.
Park1. 1Department of Horticulture and Natural Resources,
Kansas State University, Manhattan, KS and 2Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY. Email:
tayebeh@ksu.edu

Bacterial clustered regularly interspaced short palindromic re-
peats (CRISPR)/Cas9 system can be precisely designed to
generate multiplex (multiple genes and multiple sites in a sin-
gle gene) genome editing, providing a powerful tool for study-
ing functions of gene families in plants. Here, we report the
targeted mutagenesis of Solanum lycopersicum class II
glutaredoxins (SlGRXs) (SlGRXS14, S15, S16, and S17),
which may be involved in abiotic stress adaptation, using a
multiplex CRISPR/Cas9 system. ArabidopsisAtGRXS14 and
AtGRXS16 act as scaffold proteins for iron-sulfur assembly in
chloroplast and are also involved in oxidative stress responses.
AtGRXS15 is exclusively localized in mitochondria and
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involved in normal plant growth and toxin tolerance through
iron-sulfur binding. Meanwhile, AtGRXS17 contributes to
cytosolic iron-sulfur cluster assembly, tRNA modification,
thermotolerance and protection against oxidative stress. We
generated various simultaneous triple mutant lines, such as
Slgrxs14,15,16, Slgrxs15,16,17 and Slgrxs14,15,17, using
the binary pYLCRISPR/Cas9P35S-N vector. We obtained
an 8.7% targeting rate and all edited T0 plants carried hetero-
zygous mutations. Detailed rate and frequency of edited tar-
gets showed that 70% of the mutations were short deletions
and 30% of the mutations were 1-bp insertions. Although
several studies on model plants and yeast have proposed cer-
tain important functions for class II GRXs, the underlying
mechanisms of how GRXs coordinate with other proteins to
regulate the crop development and abiotic stress response still
remain elusive, partially due to the functional redundancy.
Further molecular, physiological and phenotypic studies using
these different Slgrxs CRISPR lines will provide insights into
their function and importance in tomato plants.

P-2015

Application of CRISPR/Cas9 Genome Editing System for
Hexaploid Wheat. BIN TIAN1, Yueying Chen1, Zhenqi
Su2,3, Hui Chen2,3, Guihua Bai3, and Harold N. Trick1.
1Department of Plant Pathology, Kansas State University,
Manhattan, KS 66506; 2Department of Agronomy, Kansas
State University, Manhattan, KS 66506; and 3Hard Winter
Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS
66506. Email: btian@ksu.edu, hnt@ksu.edu

Recent advances in genome editing using Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) /Cas9 has
sped up precise gene editing in plant cells, providing a pow-
erful tool to engineer crops with traits of interest for breeding.
Currently, the bread wheat (Triticum aestivum L. 2n = 6× =
42; AABBDD) is one of more difficult plant species for ge-
netic engineering and genomic analyses due to its large ge-
nome (~17 Gb) and high repetitive sequences. In addition, the
editing efficiency in the hexaploid wheat through CRISPR-
based approaches is relatively lower than other crop species,
such as rice, maize, and soybean. In this study, we have suc-
cessfully developed a gene editing system to modify target
genes in a spring wheat cultivar, Bobwhite, and have obtained
multiple lines with the disrupted TaHRC gene, a recently
cloned susceptibility gene of wheat Fusarium head blight
(FHB). The mutant lines, in which the expression of TaHRC
were disrupted, showed improved resistance to FHB.Multiple
target genes could be simultaneously edited in a single plant
by biolistic co-bombardment of multiple sgRNAs together
with Cas9. Here, we demonstrates the application of different
CRISPR/Cas9 based technologies in hexaploid wheat for gene
knockout and/or precise base editing. We also investigated the

relationship between the silencing effect and editing efficiency
in bread wheat. We will report the progress on the improve-
ment of wheat editing efficiency.

P-2016

CRISPR/Cas9-mediated Disruption of Multiple TFL1-like
Floral Repressors Activates Flowering in Cassava. JOHN
ODIPIO1,2,3, Titus Alicai2, Dmitri Nusinow1, Rebecca Bart1,
and Nigel Taylor1. 1Donald Danforth Plant Science Center,
975 North Warson Road, St. Louis, MO 63132; 2National
Crops Resources Research Institute, Namulonge, Kampala,
UGANDA; and 3VIB-Ghent University, Faculty of Science,
Dept. of Plant Biotechnology and Bioinformatics, Ghent,
BELGIUM. Email: jodipio@danforthcenter.org

The staple crop cassava (Manihot esculenta) produces starchy
storage roots that are central to food security and industrial
applications across tropical regions. Cassava improvement
programs are limited by the variable flowering potential in-
herent across varieties grown under different environmental
conditions. Lack of information on the gene pathways regu-
lating flowering in cassava remains a constraint to developing
more effective breeding programs. Modern breeding tech-
niques were applied to address this challenge. Successful
CRISPR/Cas9-mediated genome editing was developed for
cassava by targeting and mutating Phytoene desaturase in
two cultivars, with albino phenotypes evident in 90–100%
of regenerated plants. This capacity was applied to target
TFL1- andCO-like genes within floral inducing and inhibiting
pathways. Single guide RNAs (gRNA) were designed to tar-
get simultaneously five out of the six TFL1-like genes, and
two of the six CO-like genes respectively. Despite successful
mutation at targeted sequences within CO-like genes, no
flowering phenotype was observed. In all plant lines regener-
ated, mutations were detected in one to four TFL1-like genes,
with insertions, deletions and substitutions observed. TFL1
edited plant lines flowered between 3 and 6 months, complet-
ing up to three flowering cycles under long day conditions in
the greenhouse. These preliminary findings indicate that the
TFL1 floral repressing activity may be conserved in cassava.
Upon confirmation, such vital information will guide breeders
in choosing parents for hybridization studies.

P-2017

Crop Genomics, Genetic Engineering and Gene Editing
Research and Services at the Wisconsin Crop Innovation
Center (WCIC). AMY J. MIYAMOTO1, Michael W.
Petersen1, Brian J. Martinell1, Heidi Kaeppler2, and Shawn
Kaeppler2. 1Wisconsin Crop Innovation Center, University
of Wisconsin, 8520 University Green, Middleton, WI 53562
and 2Department of Agronomy, University of Wisconsin,
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1575 Linden Drive, Madison, WI 53706. Email :
amiyamoto@wisc.edu

Genetic engineering and gene editing systems are critical tools
for the advancement of crop functional genomics research and
genomics-based crop improvement efforts both in the U.S. and
worldwide. Current crop transformation systems are limited,
however, by genotype specificity of transformation protocols,
high complexity and low efficiency of the processes, variable
responses of target tissues, lack of high-throughput procedures,
intellectual property-related restrictions, and an overall lack of
capacity at the national and international levels. The Wisconsin
Crop Innovation Center (WCIC) was established in January,
2017, with the intent to deliver new innovations and processes
to public researchers with the aim of reducing the plant transfor-
mation bottlenecks that are evident in present day systems.
WCIC is working with researchers by providing high capacity
transformation and editing services targeting both nuclear and
plastid genomes, conducting collaborative research in systems
development, and initiating independent research in transforma-
tion and gene editing system improvements. Key benefits that a
facility like the WCIC brings to the crop genomics research
community include high capacity, significant knowledge in
transformation system establishment and optimization, rapid
plant turnaround, collaborative opportunities, genotype indepen-
dent transformation in certain species, and new technology de-
velopment. The WCIC has already added elite soybean and
cowpea to its portfolio and is currently working on B73 and
ex-PVP maize varieties, potato, dry bean, sorghum, cucurbits,
chickpea, tobacco, tobacco chloroplast, switchgrass, cassava,
and poplar. We hope to engage additional researchers and col-
laborators that are seeking larger scale transformation and editing
projects in a variety of plant species. Our poster will provide
research updates and describe the capabilities of the WCIC.

P-2018

Genome Editing Technologies and Biosafety Regulatory
Challenges. VANGA SIVA REDDY1,2, Sangeeta Agarwal1,
and S. Raghavendra Rao1,3. 1Biosafety Support Unit-RCB, 5–
6 Institutional Area, Lodi Road, New Delhi, INDIA;
2International Centre for Genetic Engineering and
Biotechnology, Aruna Asaf Ali Marg, New Delhi, INDIA;
and 3Department of Biotechnology, Ministry of Science &
Technology, Block-2, CGO Complex, New Delhi 110003,
INDIA. Email: bsu.dbt@nic.in

The simplicity and ease of working with CRIPER technology
has extended the application of genome editing virtually to all
organisms including human somatic/germ line cells. The genome
editing technology not only has the ability to introduce a novel
genes/traits into an organism, similar to conventional genetic
engineering approaches, but also allow alteration of any single

nucleotide precisely in the genome which is indistinguishable
from a naturally occurring/chemically induced mutation. Such
a versatile and powerful technology has resulted in the develop-
ment of a wide range of products in a short span of time, posing
various regulatory challenges while addressing the biosafety con-
cerns of genome edited products. In India, the process of recom-
binant DNA technologies and products thereof are regulated
items under the Rules, 1989 of the Environment (Protection)
Act, 1986. Interestingly, these rules are also applicable to new
gene technologies such as genome editing and products thereof.
Therefore, considering the complexity and extent of variations
that this technology can create, we are working on a policy
document for safety assessment of processes/products derived
from genome editing technology, which are based on the existing
Indian laws and internationally followed best practices. The pro-
posed policy document categorizes the products of genome
editing technologies based on the extent and magnitude of mod-
ification(s) occurred in the host organism so that a distinction can
be made between the products/processes that require regular reg-
ulatory approval and the ones that may be exempted. Hence, the
presentation will focus on risk assessment requirements as food/
feed and environmental release to understand and establish that
the product does not pose any safety concern to humans, animals
or environment. Based on complexity and extent ofmodification,
a tiered approach to assess and regulate the genome edited or-
ganism is being proposed and would be discussed.

P-2019

Exploring the Thermostable Soluble Starch Synthesis I (SSSI)
Protein Among Wheat and Wheat Relatives by RNA-Seq
Analysis. YUEYING CHEN1, Bin Tian1, Alan K. Fritz2,
Brad J. Fabbri3, Candace M. Seeve3, and Harold N. Trick1.
1Department of Plant Pathology, Kansas State University,
Manhattan, KS 66506; 2Department of Agronomy, Kansas
State University, Manhattan, KS 66506; and 3TechAccel,
LLC, 975 N. Warson Road, St. Louis, MO 63132. Email:
yueying@ksu.edu; hnt@ksu.edu

Wheat, one of the most important crops in the world, can
be severely affected by heat. The optimum growth temper-
ature range of 15–22°C during the grain filling stage of
development and grain yield is reduced ~3–4% for every
1°C rise above the optimum temperature. Reduction in
Soluble Starch Synthase I (SSSI) activity, a thermolabile
protein, has been identified as a main cause for this yield
loss. Although expressing thermostable homologs from
other species such as rice can stabilize yield loss due to
heat, current social and economic pressures exist against
the adoption of any transgenic wheat technology. In this
study, to identify the natural wheat thermostable SSS pro-
tein, 11 accessions representing wheat and wheat relatives
of common wheat (Triticum aestivum L), emmer wheat
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(Triticum turgidum L.), and Aegilops species were selected
and compared with Bobwhite wheat cultivar for encoding
thermolabile SSSI proteins. Seeds at 10 days post anthesis
were collected for RNA-seq analysis to generate tran-
scriptome of all 12 wheat relatives including Bobwhite.
Seven to ten Gigabases of clean reads were produced by
deep sequencing for each of 12 wheat relatives, respective-
ly. By mapping with the reference genomes, the tran-
scriptome of 12 wheat relatives was generated. cDNA se-
quences of SSSI from each sub-genome were pulled out
from all 12 transcriptomes, and the deduced protein se-
quences were analyzed for their thermostability potential.
Variations among the SSSI protein sequences were ob-
served as well as the potential for increased thermostabil-
ity. This research expands the sequencing variations of the
SSSI gene among wheat relatives, providing valuable in-
formation for engineering and breeding programs in devel-
oping heat tolerant wheat cultivars.

P-2020

Development of Transformation and Regeneration Procedures
forMiscanthus sinensis. PRABINDHUNGANA and Nancy A.
Reichert. Mississippi State University, Department of Biological
Sciences, Mississippi State, MS. Email: pd491@msstate.edu

Miscanthus sinensis is a perennial grass species that has be-
come an important bioenergy crop for growth in the U.S. and
other countries. Goals for genetic improvement include incor-
poration of new traits and modification of existing traits which
require the development of transformation and regeneration
procedures. Commercially available seed were used to screen
seed and seedling tissues as explant sources for initiation of
embryogenic calli. Responses were compared on MS-based
media containing different concentrations of the auxin 2,4-
dichlorophenoxyacetic acid alone, and in combination with
the cytokinin benzyladenine. Using hygromycin phospho-
transferase (hpt) as the selectable marker gene for selection
of transgenic tissues, a dose-response curve was generated
for hygromycin using embryogenic callus. Hygromycin at
50 mg/L was determined to be optimal. Initial studies focused
on use of Agrobacterium tumefaciens in transformation exper-
iments, and included incorporation of antioxidants in culture
media to increase transformation efficiencies.

P-2021

Genetic Regulation of Lettuce Seed Germination by LsGA2ox2
Under Darkness. H. HUO1,2, M. Niroula1, T. Hill1, Li J.2, L. D.
Nguyen2, M. Truco3, S. Wei4, R.W. Michelmore1,3, and K. J.
Bradford1. 1Department of Plant Sciences, Seed Biotechnology
Center, University of California, Davis, CA; 2Mid-Florida
Research and Education Center, University of Florida,

Apopka, FL; 3Department of Plant Sciences and Genome
Center, University of California, Davis, CA; and 4Institute of
Plant Protection, Chinese Academy of Agricultural Sciences,
B e i j i n g , C H I N A . E m a i l : h h u o @ u f l . e d u ,
kjbradford@ucdavis.edu

Lettuce seed germination is promoted by light through activa-
tion of gibberellin (GA) biosynthesis. A quantitative trait locus
for inhibition of lettuce seed germination by the darkness was
mapped to chromosome 7 using a RIL population derived from
a dark-germinating cultivar (Lactuca sativa cv.“Salinas”) and a
light-requiring accession of L. serriola (US96UC23). The
LsGA2ox2 gene encoding a GA-inactivation enzyme was locat-
ed in this QTL region and exhibited distinct expression patterns
in Salinas and US96UC23 seeds imbibed in the dark. Nine of
twelve SNPs between Salinas and US96UC23 (UC) were with-
in a 93 bpwindow in the promoter of LsGA2ox2, and the same 9
SNPs were conserved in light-requiring Grand Rapids
(L. sativa) and dark-germinating W48 (L. serriola). Expression
of ProUCGA2ox2::UCGA2ox2 in Salinas lines resulted in
strong inhibition of seed germination in the dark. Site-directed
mutagenesis of three SNPs associated with an abscisic acid-
responsive motif in the UCGA2ox2 promoter resulted in failure
to complement atga2ox2 mutants, suggesting that these SNPs
are critical for upregulation of LsGA2ox2 in seeds imbibed in the
dark. Knockout of LsGA2ox2 through CRISPR/Cas9 in Grand
Rapids or RNAi silencing of LsGA2ox2 in US96UC23 resulted
in stem elongation and enhanced seed germination in the dark
that are associated GA upregulation. The combination of genetic
mapping, mutant complementation, and conserved SNPs impli-
cates degradation of GA by LsGA2ox2 in the inhibition of ger-
mination by darkness. Our results may facilitate breeding of
lettuce varieties with more uniform germination of pelleted
seeds and improve lettuce stand establishment and yield.

P-2022

Hydroxyproline-O-Glycosylation Technology for Enhancing
Chicken Interleukin-22 Production in a Plant-based Expression
Platform. KELIN KEY1, Jianfeng Xu2,3, and Maureen
C.Dolan3,4. 1Molecular Biosciences Program, 2Arkansas State
Biosciences Institute, 3College of Agriculture, Engineering &
Technology, and 4College of Sciences & Mathematics,
Arkansas State University, Jonesboro, AR 72467. Email:
kelin.key@smail.astate.edu

Alternatives to antibiotics in the poultry industry are of major
interest. Excessive use of antibiotics in food chicken produc-
tion has contributed to the resistance in pathogenic bacteria
and has led to increases in regulatory oversight and consumer
demands to limit their use. Our lab has been exploring the use
of a recombinant protein therapeutic, interleukin-22 (IL-22) as
a safer alternative to antibiotics for poultry. IL-22 is a cytokine
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naturally produced by the innate and adaptive immune system
of animals and triggers production of antimicrobial peptides
(AMP) and tissue repair proteins. This project involves using
plants as a heterologous expression platform to produce large
amounts of cost-effective recombinant chicken IL-22 (ChIL-
22). However due to the unstable nature of many cytokines, a
IL-22 therapeutic is likely to have reduced stability. Coupling
the use of Hydroxyproline-O-Glycosylation technology with
plant-based protein bioproduction may offer a new avenue to
stabilize and maximize yields of recombinant ChIL-22. The
aims of this research are to create ChIL-22 gene expression
constructs as fusions with various lengths and orientations of a
Hyp-O-glycosylated peptide (HypGP) tag, to produce and
compare ChIL-22:HypGP variants expressed on a plant-
based bioproduction platform, and assess the stability and bio-
activity of these ChIL-22: HypGP fusion proteins. Presented
is: 1) data highlighting the design strategy and construction of
these various expression constructs; 2) comparative data of
ChIL-22:HypGP fusion proteins expressed in plants based
on relative protein production and stabillity; and 3) prelimi-
nary results assesing the relative activity of various ChIL-
22:HypGP fusion proteins to stimulate proliferation of cul-
tured chicken cells. The long-term goal of this research is to
develop a sustainable recombinant protein technology using a
plant bioproduction platform to produce therapeutic alterna-
tives for disease control in intensive livestock production.

P-2023

Towards Optimization of In Vitro Regeneration and
Transformation in Wild Black Cottonwood (Populus
trichocarpa). CATHLEEN MA, Brett R. Pierce, and Steven H.
Strauss. Oregon State University, Department of Forest
Ecosystems and Society, Corvallis, OR 97331. Email:
mac@oregonstate.edu

As part of a Genome Wide Association Study (GWAS) to iden-
tify genes that modify the amenability of poplars (Populus) to
in vivo and in vitro regeneration and transformation, we studied a
wide variety of media components, hormones, and transforma-
tion procedures in a sample of resequenced wild cottonwood
genotypes. We analyzed the effects of 36 permutations of MS
basal media [factorial combinations of NH4NO3, KNO3, and
MESO (CaCl2, MgSO4 and KH2PO4) levels], resulting in the
identification of 5 media that gave consistent and high rates of
organogenesis. The effects of various types and combinations of
auxin and cytokinin on organogenesis in ~20 genotypes is cur-
rently under study, as well as the effects of the recently discov-
ered hormones melatonin and serotonin. We investigated several
factors that affect Agrobacterium-mediated transformation in
three genotypes using the 2X-35S promotor driving an enhanced
GFP (in PV2300 backbone). The rate of recovery of transgenic
plants was higher when we used geneticin as the selection agent

instead of kanamycin. The relationship of transformation rate to
duration (0 to 24 days) of time on callus induction medium with
geneticin after co-cultivation was examined, and the optimal
durations varied widely among genotypes. For example, trans-
formation rates of 57% and 24% were obtained after 14d on
CIM from stem explants in clone SLMB 28–1 and clone
SKWB24–2, respectively. In contrast, the best transformation
rate from the genome sequenced clone P. trichocarpa Nisqally-
1 was only 6.3%, and occurred when there was two days co-
cultivation on CIM (with AS) before explants were moved to
shoot induction medium. Direct regeneration (no CIM phase)
gave a high rate of shoot regeneration but almost all were es-
capes. It appears that at least some period of callus induction is
needed to obtain high rates of recovery of transgenic plants in
P. trichocarpa. However, too long a duration on CIM impairs
shoot regeneration, especially for the Nisqually-1 clone.
Optimizing the CIM:SIM period seems to be an important step
in optimizing transformation for individual genotypes.

P-2024

Implementing Biotechnological Approaches to Enhance Virus
Resistance inWheat.M. NAVIA-URRUTIA1, J. L. Rupp2, J. P.
Fellers3, and H. N. Trick1. 1Kansas State University,
Department of Plant Pathology, Manhattan, KS 66506;
2Montana State University, Department of Plant Sciences and
Plant Pathology, Bozeman, MT 59717; and 3USDA-ARSHard
Winter Wheat Genetics Research Unit, Manhattan, KS 66506.
Email: monnav@ksu.edu, hnt@ksu.edu

Viruses are a serious threat to global wheat production. In
Kansas, the wheat streak mosaic complex, caused by Wheat
streak mosaic virus (WSMV), Triticum mosaic virus
(TriMV), andWheat mosaic virus (WMoV), ranked as the sec-
ond most important disease of 2017, accounting for 5.6% yield
loss. Control of the vector, the wheat curl mite, is not fully
effective and few sources of resistance to these viruses have
been identified. Viruses belonging to the family Potyviridae
(WSMVand TriMV) recruit the host eukaryotic translation ini-
tiation factors eIF4E and eIF4G, or their isoforms, to complete
their infection cycle. Our aim was to use two biotech ap-
proaches to silence and edit the wheat initiation factors
TaeIF(iso)4E-2 and TaeIF4G, for conferring resistance to both
WSMVand TriMV. Embryogenic calli of the susceptible culti-
var ‘Bobwhite’ were independently transformed via biolistics
with TaeIF(iso)4E-2 and TaeIF4G RNAi expression vectors.
TaeIF(iso)4E-2 or TaeIF4G silenced lines showed resistance
to WSMVand TriMV in independent and mixed infection as-
says, through multiple generations and in crosses with the va-
riety ‘Karl 92’. Relative expression assays confirmed reduction
in eIF(iso)4E-2 and eIF4G expression, and in viral titer. For the
gene-editing approach, four 20-nucleotide sequences were se-
lected in each gene to be targeted by Cas9. ‘Bobwhite’
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embryogenic calli were co-bombarded with target-specific
sgRNA scaffold vectors, along with vectors carrying Cas9
and bar genes. Sixty-four independent biolistic experiments
have been completed. Regeneration of mutants and their eval-
uation against viruses are underway and results will be present-
ed. Silencing and editing of these wheat genes can be a valuable
tool for the effective control of these important viral diseases.

P-2025

Genetic Diversity Analysis in Embelia Ribes by RAPDMarkers.
AMMANA SABITHA. RANI and Nagamani Vakiti. Osmania
University College for Women, Dept of Botany, Koti,
Hyderabad, INDIA. Email: sabitaammana@yahoo.com

Embelia ribes Burm.f (Family-Myrsinaceae) commonly
known as Vidanga or Baibirang, is one of the important me-
dicinal plants of India. The seed extract is reported to be
antidiabetic, antitumour, analgesic, anti-inflammatory,
antispermatogenic, free radical scavenging activities and
widely used in more than 75 Ayurvedic commercial formula-
tions. Among the 100 different species of Embelia, E. ribes is
considered as a major source of Embelin, a bioactive com-
pound. Because of high demand and low availability, the
seeds of E. ribes are substituted with many cheaper alterna-
tives. Therefore, the present study of RAPD-PCR analysis
was undertaken to develop molecular markers for identifica-
tion of E. ribes. A total of 13 different seed samples of
Embelia were collected from different agro-climatic regions
of India. The seeds of E.ribes were collected from Kalpetta,
Kerala and three different seed samples were collected from
traders of Odisha, Madhya Pradesh, Maharastra. The other
nine seed samples were collected from local traders which
they have collected from different regions of India. Genomic
DNAwas isolated from different seed samples of E. ribes and
RAPD-PCR was performed on 13 different seed samples
using 47 random primers. Out of all the primers, only 22
primers produced clear and highly-reproducible banding pat-
terns. The 22 selected RAPD primers generated a total of 280
alleles with an average of 12 alleles per primer pair. In the
present study, we have identified three RAPD-PCR markers
i.e. OPF5_480 bp, OPH11_520 bp and OPH4_530 bp which
can be used for genetic fingerprinting of E. ribes. This
methodology can be employed for identification of original
E. ribes and also distinguishing it from other substitutes and
adulterants.

P-2026

Expression of AtGRXS17 in Maize Increases Heat Stress
Tolerance. STUART A. SPRAGUE1, Tej Man Tamang1,
Trevor Steiner1, Ning-Hui Cheng2, Kendal Hirschi2, S. V.
Krishna Jagadish3, Frank F. White4, and Sunghun Park1.

1Department of Horticulture and Natural Resources, Kansas
State University; 2USDA/ARS Children’s Nutrition Research
Center, Department of Pediatrics Baylor College of
Medicine; 3Department of Agronomy, Kansas State
University; and 4Department of Plant Pathology, University
of Florida. Email: ssprague@ksu.edu

The human population is currently estimated to rise by a stag-
gering 83 million people per year and reach a global total of
almost 10 billion by 2050. This represents an increase of almost
29% from our current population of 7. 6 billion people. Maize
(Zea mays L.) is the largest crop in the world measured by
weight and value. Heat stress has been identified as a serious
constraint on grain production, especially if it coincides with
flowering and grain filling. Previously, our group has identified
the Arabidipsis glutaredoxin S17, AtGRXS17, as a key regulator
of redox status and heat stress response. Despite this, it is un-
known if expression of this gene can influence yield when plants
are challenged with heat stress specifically during flowering.
Yield of three transgenic lines and one wild type control was
assessed under a high temperature treatment during flowering
(n = 4). At VT growth stage, thermostat controlled heat tents
were placed over plots designated for heat treatments. These
tents remained in place from tasseling through grain filling.
Maize plants expressing AtGRXS17 displayed significantly
higher grain yield than their non-transgenic control plants when
challenged with heat stress at tasseling through grain filling.
Additionally, maize plants expressing AtGRXS17 have pollen
more tolerant to heat stress conditions. Pollen collected from
wild type and transgenic lines, two and three days after heat
stress initiation, were incubated at various temperatures to ana-
lyze germination rate. At both time points, but not time = 0 (con-
trol), transgenic pollen germinated significantly better than wild
type. These data indicate a possible new approach to engineering
heat tolerant inbred lines to be used for hybrid development.

P-2027

Plant Transformation and Genome-Editing Services at the
Cornell University Plant Transformation Facility.
MATTHEW R. WILLMANN. Cornell University, School of
Integrative Plant Science. Email: mrw6@cornell.edu

The Cornell University Plant Transformation Facility (PTF) is a
service facility of the College of Agriculture and Life Sciences
(CALS) and its School of Integrative Plant Science (SIPS). PTF
is charged with supporting the research of plant scientists by
making transgenic and genome-edited plants of time-
consuming or hard-to-transform species, in addition to provid-
ing consultation on research projects and grant applications.
Currently, we are focused on transforming maize (Zea mays,
B104), rice (Oryza sativa, Nipponbare, Kitaake, and IR64),
wheat (Triticum aestivum, Fielder and Bobwhite), and apple
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(Malus x domestica, M.26 and Royal Gala) using
Agrobacterium tumefaciens. We are the only academic facility
in the United States transforming Indica rice. We are in the
process of developing transformation methods for additional
rice and wheat cultivars that have not been transformed previ-
ously. We are also establishing transgene-free methods for ge-
nome editing of multiple crops and performing research to im-
prove the efficiency of CRISPR/Cas9 genome-editing in plants.
The typical transformation workflow begins with the receipt of
constructs from our users. The facility then uses the constructs to
make transgenic and genome-edited plants that are returned to
the customer as regenerated T0 plantlets. In rare occasions, we
will also consider growing these plantlets out and delivering T1
seed. During the next year, we will begin offering related mo-
lecular services, including making CRISPR/Cas9 binary con-
structs and genotyping for CRISPR/Cas9-mediated edits. For
more information on the facility, please see http://sips.cals.
cornell.edu/research/plant-transformation-facility.

P-2028

Engineering Plant Cell Wall with “Designer” Glycopeptides
for Improved Biomass Processability. TRISTEN WRIGHT1,
Hong Fang2, Ningning Zhang1, Gregory Phillips2, Brett
Savary1,2, and Jianfeng Xu1,2. 1Arkansas Biosciences
Institute and 2College of Agriculture and Technology,
Arkansas State University, Jonesboro, AR 72401. Email:
tristen.wright@smail.astate.edu

Engineering the plant cell wall with thermostable cell wall
depolymerizing (CWD) enzymes represents a promising solu-
tion to reduce the overall cost of plant biomass processing for
the production of biofuels and/or other biobased products.
However, many in planta-expressed CWD enzymes targeted
for secretion were mainly retained inside the cytoplasm mem-
brane instead of being secreted into the cell wall matrix. This
project aims to leverage an innovative strategy unique to plants
− hydroxyproline (Hyp)-O-glycosylation − for de novo design
and engineering of novel Hyp-O-glycosylated peptides
(HypGPs) that can function as a molecular carrier for the het-
erologous CWD enzymes expressed in planta to maximize
their functions in tailoring cell wall composition and architec-
ture. Different designs of HypGP tags, including an extensin-
based (SP4)18 module and some arabinogalactan proteins
(AGP)-based (SP)32, (AP)20 and (TP)20 modules, were
engineered into tobacco plants as fusion with a reporter protein
(GFP) to characterize the Hyp-O-glycosylation and molecular
carrier function of the designer HypGP modules, and to assess
the phenotypic change of the transgenic plants. While the
(SP4)18 module was constitutively Hyp-O-glycosylated but
with a rate-limiting glycosylation process, none of the
engineered AGP-based modules were Hyp-O-glycosylated. A
novel O-glycosylation signal peptide tag facilitating the full

glycosylation of the designer modules was finally identified.
To establish a proof of concept of the HypGP engineering uti-
lized for cell wall reconstruction, a thermostable CWD enzyme,
E1 endoglucanase from Acidothermus cellulolyticus was
engineered into tobacco plants with/without a HypGP tag.
The engineeredHypGP tag improved the enzyme accumulation
in planta and increased the biomass saccharification efficiency
by 3.2-fold (compared with the wild type plant) without signif-
icantly affecting the biomass accumulation yields.

P-2029

Genome Engineering of Tobacco BY-2 Cell Towards High-
yield Production of Therapeutic Proteins. JIANFENG XU1,
Kiera O’Keefe2, Olivia Loiacano2, and Colton Batten2.
1Arkansas Biosciences Institute and 2Department of
Biological Science, Arkansas State University, Jonesboro,
AR 72401. Email: jxu@astate.edu

Suspension culture of plant cells, particularly the Nicotiana
tabacum cv. Bright yellow 2 (BY-2) cells, have been demon-
strated to be a safe and cost-effective bioproduction platform
for therapeutic proteins because it integrates the merits of
whole-plant cultivation system with those of microbial and
mammalian cell cultures. However, key challenges for opti-
mized accumulation of recombinant proteins in a plant cell
culture system remain, in particular, endogenous plant proteo-
lytic activity, which severely compromise the protein stability
and productivity. The overall goal of this project is to leverage
the cutting-edge genome editing tool, CRISPR/Cas9, for en-
gineering the genome of BY-2 cell to create next-generation
cell lines that exhibit desired traits for efficient therapeutic
protein production, such as high protein productivity, low pro-
teolytic activities, non-cell aggregation, and humanized gly-
cosylation. This may ultimately make the plant cell-based
bioproduction platform economically feasible and competi-
tive with current microbial and mammalian cell “factories”.
This study was focused on engineering BY-2 cell lines with
reduced proteolytic activities that cause post-translational deg-
radation of target recombinant proteins. As a proof of concept,
BY-2 cell expressing an unstable cytokine–human interleukin-
12 (hIL-12) was used as a model system to investigate the
major classes of proteases responsible for the degradation of
recombinant hIL-12, and test knocking out key protease genes
from the genome of BY-2 cell to improve the production of
hIL-12. This research demonstrated technical feasibility of
genome engineering of BY-2 cell via the CRISPR/Cas9 tech-
nology for improved recombinant protein production.

P-2030

Effect of Oxalic Acid (OA) Phytotoxins of (Sclerotium
Cepivorum) Fungi on Onion Plants and Contents of Some
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Biochemical Compound. ABDELRAHEM YOUSEF1, K.
Ahmed2, A. Abdel-Rahem2, and S. Osman2. 1Field Corps
Research Institute, Agriculture Research Centre, Giza,
EGYPT and 2Department of Genetics, Faculty of
Agriculture, Minia University, El-Minia, Eg-61519, EGYPT.
Email: Abdelrahem_yousef@live.com

In some plant diseases phytotoxins may play a critical role
in the development of the disease symptoms. (OA) ranks
among the strongest organic acids and has been shown to
decrease the pH of woody tissues from 5.5 to 2.8, not only
acidifies the plant tissue but also chelates Ca++ from the
cell wall, rendering the stressed tissue susceptible to a bat-
tery of fungal degradative enzymes. The objective of this
study was to identify a suitable protocol for in vitro selec-
tion of Allium white rot disease (Sclerotium cepivorum)
tolerance in commercial Egyptian onion varieties, namely
G20 (Giza 20), G6 (Giza 6) and BR (Beheri Red). Oxalic
acid (OA), the phytotoxin produced by Sclerotium
cepivorum, was used as the selective agent. Seeds of the
three varieties were germinated on four concentrations
(0.0, 0.02, 0.2, 2 and 20 mM) of Oxalic acid. Among the
tested cultivars, BR had the highest germination frequency
(52%) at all concentrations tested. Cotyledon explants
from the varieties were cultured on toxic medium, supple-
mented with 0, 3, 6 and 12 mM OA to use the calli induc-
tion time as additional selection cycle. The survival of calli
on free toxic medium was 70.7% for all tested cultivars;
however, medium, with 3 mM OA reduced the viable calli
to 42.1%. The highest OA concentration (12 mM)
completely inhibited calli induction from cotyledons ex-
plants. In in vitro Selection Protocol a medium supplement
with 3 mM OA retarded 80% of calli growth. Biochemical
Pungency and Total phenolic were determined in the donor
plants, putative resistant calli and regenerated plants of
three genotypes. The BR cultivar exhibited highest pun-
gency contents than other two cultivars (G20 and G6).
The data showed that total phenol ranged between
8.8 mg/g dry tissue to 28.2 mg/g dry tissue. The highest
mean content (20.85 mg/g dry tissue) of total phenol found
in calli which grown in high level (6 mM OA) of toxic.
While the low content (11.2 mg/g dry tissue) in calli grown
in OA free medium. The content of polyphenol in normal
leaves mean 31.98 mg/g dry tissue, highest than in regen-
erated plants leaf mean 25.4 mg/g dry tissue.

P-2031

Plant Transformation Services. YANJIAO ZOU, Lee
Hyeyoung, Hien Bui, Neng Wang, and Zhanyuan J. Zhang.
Plant Transformation Core Facility, Division of Plant
Sciences, University of Missouri, Columbia, MO 65211.
Email: zouya@missouri.edu

University of Missouri (MU) Plant Transformation Core
Facility was established in 2000. The key mission of the
Facility is to enhance both basic and applied plant biology
research by providing plant transformation services and ad-
vancing transgenic technologies. Since 2000, the Facility has
been providing state-of-the-art plant transformation services.
The services are on fees for cost recovery only, not for profit.
The facility staff is dedicated to providing various types of
transformation services with a focus on maize (Zea mays),
soybean (Glycine max), switchgrass (Panicum virgatum),
and sorghum (Sorghum bicolor). The service categories in-
clude both standard and customized transformation.
Transformation systems for all crops utilize Agrobacterium-
mediated approaches and somatic embryogenesis processes
except for soybean. The Agrobacterium-mediated cot-node
transformation system coupled with organogenesis regime is
employed for soybean transformation. Research activities are
geared towards developing high-throughput transformation
systems, effective small RNA-mediated gene silencing, gene
stacking through coordinated transgene expression, and pre-
cise genomemodifications to meet the needs of crop improve-
ment and genome discoveries. More details on the facility
operations and experiences as well as its impact on research
collaborations and funding opportunities will be discussed
wherever appropriate during the presentation. Readers should
find out more about MU Plant Transformation Core Facility at
http://plantsci.missouri.edu/muptcf/, email to Zhanyuan J.
Zhang at zhangzh@missouri.edu, or call facility office at
573–882-6922 for specific service questions.

P-2032

NSF Plant Transformation Workshop. ZHANYUAN J.
ZHANG. Plant Transformation Core Facility, Division of
Plant Sciences, University of Missouri, Columbia, MO
65211. Email: zhangzh@missouri.edu

Plant transformation has been a bottleneck in advancing plant
funct ional genomics s tudy and genome edi t ing.
Transformation of recalcitrant cereal crop species has been
challenging. The National Science Foundation - Plant
Genome Research Program sponsors this training workshop.
The goal of this workshop is to provide attendees with hands-
on experience in Agrobacterium-mediated transformation of
cereal crop species. Attendees will have the opportunity to
walkthrough advanced protocols for transformation of cereal
crops with focus on three recalcitrant cereal species; including
Zea mays inbred lines, Sorghum bicolor public genotype, and
Brachypodium distachyon public genotype. Trainees will
have the opportunity to learn how to utilize plant
morphorgenic regulator genes to transform B73 as well as
the best practice for cereal transformation. In addition, the
workshop will offer two lectures and host a discussion forum.
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The first lecture will focus on the mechanism of plant somatic
embryogenesis whereas the second lecture will center on how
to establish and implement cereal transformation systems. The
Plant Transformation Core Facility at University of Missouri,
Columbia, MO, USA, will host this workshop from July 30 to
August 3, 2018. For workshop pre-registration (free), please
visit Plant Transformation Core Facility website at https://
plantsciences.missouri.edu/muptcf/workshop and for any
workshop update. Seats are limited. Pre-registration is re-
quired by June 20, 2018 to secure your spot and facilitate
our workshop organization. Please contact Dr. Zhanyuan J.
Zhang for any workshop related questions.

P-2033

Understanding the Molecular Basis of Fusarium solani
Mediated Root Rot in Pisum sativum. BRUCE A.
WILLIAMSON1, Richard Sharpe1, Eliane T. Bodah1,
Lyndon D. Porter2, and Amit Dhingra1. 1Department of
Horticulture, Washington State University, Pullman, WA
99164 and 2USDA-ARS, Grain Legume Genetics and
Physiology Research Unit, Prosser, WA 99350. Email:
b.williamsonbenavid@wsu.edu

Pisum sativum (pea) yields have declined significantly over
the last few decades. Root rot caused by the fungus, Fusarium
solani f. sp. pisi (Fsp) is one of the predominant causes of
decline in yields. To gain a comprehensive insight into the
molecular changes that accompany Fsp infection a time-
course transcriptome analysis was performed at 0 h, 6 h and
12 h time points in a set of four tolerant (00–5003, 00–5007,
00–5001, 00–5004) and four susceptible P. sativum genotypes
(‘Aragon’, ‘Banner’, ‘DSP’, ‘Bolero’) challenged with Fsp. It
is hypothesized that genes exhibiting differential expression,
and associated polymorphisms in the genotypes tested, in re-
sponse to Fsp challenge will confer tolerance or susceptibility
to Fsp. Analysis of the transcriptome revealed a total of
49,269 shared genes between two sets of genotypes. A total
of 4331 and 8373 differentially expressed genes (DEGs) were
identified in tolerant and susceptible genotypes respectively
(p2-fold change of expression). GO-term enrichment analysis
shows that response to salicylic acid, regulation of cell death,
flavonoid synthesis, respiratory burst and chitin catabolism
processes are differentially enriched between the tolerant and
susceptible genotypes. From the total DEGs, 769 genes har-
bored SNPs across the tolerant and susceptible genotypes. The
769 putative SNPs were evaluated for being polymorphic
across the four tolerant and four susceptible genotypes. The
total set of predicted SNPs with validated polymorphisms has
been used to screen two F7 segregating populations generated
from sets of tolerant and susceptible parents. This work is
expected to facilitate an understanding of the complex rela-
tionship between a host plant and its native pathogen, as well

as result in the identification of gene-linkedmolecular markers
that are expected to provide a cost effective avenue to breed
peas for resistance to root rot caused by Fsp.

P-2035

Efficient, Meristem-based Transformation of Multiple
Genotypes of Soybean (Glycine max L.), Cow Pea (Vigna
unguiculata L.), Chick Pea (Cicer arietinum L.) and Pinto
Bean (Phaseolis vulgaris L.) Targeting Primable, Storable
Embryonic Axis Explants. HEIDI KAEPPLER1,2, Brian
Martinell2, Edward J. Williams2, Rob Harnish2, Amy
Miyamoto2, Ian Albert Ragonese-Barnes2, Jill Mahoy2,
Chantilly Schroedl2, Seth Olson2, Abigail Ball2, Michael
Petersen2, Frank McFarland1,2, Vai Sa Nee Lor1,2, Phoebe
Blackman2, Mark Thompson2, and Shawn Kaeppler1,2.
1Department of Agronomy, University of Wisconsin, 1575
Linden Drive, Madison, WI 53706 and 2Wisconsin Crop
Innovation Center, University of Wisconsin, 8520 University
Green, Middleton, WI 53562. Email: hfkaeppl@wisc.edu

Genetic engineering/editing systems are critical tools in
functional genomics research and crop improvement appli-
cations in the globally important legume crops. Current
public legume transformation systems are limited, howev-
er, by genotype specificity, high complexity and low effi-
ciency of the processes, and variable response and avail-
ability of explant target tissues. Research was conducted
to develop efficient, genotype-independent, meristem-
based transformation systems for four important legume
species, soybean (Glycine max L.), cow pea (Vigna
unguiculata L.) and dry (pinto)bean (Phaseolis vulgaris
L.) and chick pea (Cicer arietinum L.) targeting storable,
value-added, meristem explants. Embryonic axes explants
isolated from imbibed, primed, seed of several genotypes of
soybean, cow pea, pinto bean and chick pea were targeted
for DNA delivery via biolistics and Agrobacterium
tumefaciens. Targeted explants were either freshly isolated,
or had been dehydrated, stored for several weeks, and
rehydrated prior to DNA delivery. Following 4 weeks of
selection on spectinomycin containing culture medium,
greening leaf tissue was observed. Shoots with fully devel-
oped, green trifoliate leaves were isolated and moved to
rooting medium approximately 8 weeks after DNA delivery
treatments. Expression of screenable marker genes (RFP/
GUS) was monitored in putative transgenic shoots, rooted
plantlets, and T1 seed. Molecular assay of primary
regenerants and seedling progeny indicated stable trans-
gene integration in T0 plants and inheritance of the
transgenes in T1 progeny. Mean transformation efficiencies
obtained in preliminary experiments (based on no. of events
obtained per no. of explants treated) for cow pea, dry bean,
chick pea and soybean ranged from 2.1%–7.6%. Further
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protocol optimization is underway for both Agrobacterium
and biolistics-based systems. Protocol efficiency and flex-
ibility were significantly enhanced via development of vi-
able, storable, primable, “value added” explants (VAE’s)
competent to the transformation process.

P-2036

Transformation of Maize B73 Isolines Containing A188-
derived Genomic Regions Imparting Embryogenic Culture
Response and Plant Regeneration Ability. FRANK L.
MCFARLAND1 and Heidi F. Kaeppler1,2. 1Department of
Agronomy, University of Wisconsin, 1575 Linden Drive,
Madison, WI 53706 and 2Wisconsin Crop Innovation
Center, University of Wisconsin, 8520 University Green,
Middleton, WI 53562. Email: fmcfarland@wisc.edu

Many crop genetic engineering and gene editing systems are
based on utilization of embryogenic tissue cultures from
which plants can be regenerated at a high rate. The capacity
for producing embryogenic cultures suitable for transforma-
tion, however, is highly genotype-dependent in most crop
species, including Zea mays. In this study, the transformation
competencies of two B73-derived maize isolines displaying
high culture response, WCIC1 and WCIC2, were tested.
WCIC1 was developed from an inbred backcross (IB) intro-
gression mapping population created by crossing highly em-
bryogenic, regenerable maize inbred A188 with the recurrent,
low responding, important reference genome parent, B73.
WCIC2 was identified from a population of doubled haploids
generated from a cross between WCIC1 and B73. WCIC1
and WCIC2 were characterized using SNPs at a marker den-
sity of 22,000 and were found to have an A188-derived ge-
nomic segment in chromosome bin 3.06 imparting high cul-
ture response. The percent B73 content of WCIC1 and
WCIC2 genomes were estimated to be 96.6% and 99.2%,
respectively. Further fine-mapping is currently in progress
to elucidate the genetic mechanisms underlying genotype-
dependent tissue culture response in maize. Immature embry-
os of WCIC1, WCIC2 and control lines were targeted for
Agrobacterium-mediated DNA delivery. Treated explants
were placed on selection medium containing bialophos.
Following 8 weeks on selection, putative transgenic callus
sectors were moved to bialophos containing regeneration me-
dium for 4 weeks. Putative T0 transgenic plantlets were
transplanted to soil and grown in the greenhouse to maturity
to produce T1 progeny seed. Expression of screenable marker
genes (RFP, GFP, GUS) was detected in WCIC1 and WCIC2
cultures during selection, regeneration and in T0 plants dur-
ing the greenhouse growth stages. Molecular assays are cur-
rently underway to determine transgene integration, copy
number and transformation frequency in T0 plants and inher-
itance in T1 progeny.

P-2037

Genetic Modification of Switchgrass Cell Wall for Improved
Biomass Processability. NEHAVERMA1 and Jianfeng Xu1,2.
1Arkansas Biosciences Institute, Arkansas State University,
Jonesboro, AR 72401 and 2College of Agriculture,
Engineering and Technology, Jonesboro, AR 72401. Email:
nehaverma5102@gmail.com

Switchgrass (Panicum virgatum) is perennial C4 grass that has
been most extensively studied as dedicated bioenergy crops.
However, efficient conversion of switchgrass biomass to
biofuels has been hampered by biomass recalcitrance. Genetic
modification of the plant cell wall represents a promising solu-
tion to overcoming this problem. The goal of this project is to
leverage an innovative strategy, hydroxyproline (Hyp)-O-gly-
cosylation “code”, for de novo design and engineering in
switchgrass of novel designer biopolymers (DBPs) to facilitate
cell wall reconstruction. The engineered DBPs presumably
work in the following ways: 1) intercalate among cell wall
biopolymers to create soluble channels in the cell wall matrix;
2) function as a molecular carrier for in planta-expressed cell
wall-depolymerizing enzymes to facilitate their deposition and
stabilization in the cell wall matrix. The DBPs are derived from
the Hyp-O-glycosylated plant cell wall glycoproteins whose
glycosylation code and application in DBPs engineering were
originally established in dicot plants-tobacco and Arabidopsis.
The objective of this study was to determine how DBP peptide
backbones would be Hyp-O-glycosylated in monocot plants,
including switchgrass and rice whose cell wall composition and
structure are different from dicot plants; and how effectively the
engineered DBPs function to reconstruct the cell wall structure
of switchgrass. DBPs comprised of twomajor types of cell wall
glycoproteins: an extensin module consisting of 18 tandem
repeats of “Ser-Hyp-Hyp-Hyp-Hyp” motif or (SP4)18, and an
arabinogalactan protein module consisting of 32 tandem re-
peats of “Ser-Hyp” motif or (SP)32, was each expressed in
switchgrass and rice as fusion to a green fluorescence protein
via both transient and stable transformation. The Hyp-O-
glycosylation and subcellular localization of the engineered
DBPs were characterized. The phenotype of transgenic switch-
grass and biomass saccharification will be determined in the
future.

P-2038

Genetic Preservation of Cannabis sativa for Breeding
Purposes Using Embryo Culture. NORMAN SENN and
Savanah M. St. Clair. Knockout Genetics, Los Angeles, CA.
Email: Normansenn80@gmail.com

Cannabis sativa cultivators have been collecting germplasm for
decades, but seeds only have a limited shelf life for germination
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under traditional methods. Sometimes this is due to pathogens on
the seed surface. Often the seeds become dormant as well. For
example, some samples in this study took about 4 weeks to
germinate in culture, whereas cannabis typically germinates
within 7 days. It is suspected that it was due to hormones in the
seed coat that germination was delayed. Old genetic stocks could
be used to recreate classic crosses or be meritorious in their own
right. These old strains, including landraces, have rarely been
grown using modern horticultural technologies. Potency has in-
creased and cannabis flowers test up to 30% THC content in
recent years. It is unknown howmuch of the effect is attributable
to hybridization or rather, agricultural practices. Three groups of
traditional landrace Cannabis sativa seeds were examined to
overcome delays in germination by exposing them to
Giberellin based agar media. GA-3 at a concentration of 6 μM
was utilized and compared to IBA and mT media for germina-
tion. The second treatment was performed utilizing embryo ex-
cision and transferring embryos to IBA, GA-3, or mT media.
This technique allowed recalcitrant seeds to be germinated under
sterile conditions, whereas soaking might subject more valuable
seeds to losses due to Fusarium or water molds (Pythium,
Phytopthora, Rhizoctonia) or oversaturation. Embryo culture
was performed to revive old landraces including Belizian,
Honduran, and Jamaican seeds and the results are presented here.
To further test the replicability and merit of these techniques,
embryo excision and GA-3 treatments were performed on a
SFV OG x Chem D F1 hybrid, Glazed Cherries, and
Quadruple OG.

P-2039

Metabolic Variations in Transgenic and Non-transgenic ‘W.
Murcott’ Mandarin. AHMAD A. OMAR1,2 and Jude W.
Grosser1. 1University of Florida, IFAS, Citrus Research and
Education Center, 700 Experiment Station Rd., Lake Alfred,
FL 33850 and 2Zagazig University, College of Agriculture,
Biochemistry Department, Zagazig 44511, EGYPT. Email:
Omar71@ufl.edu

Transgenic ‘W. Murcott’ mandarin with the Xa21, a
Xanthomonas resistance gene, from rice were developed via
Protoplast/GFP transformation system. For disease resistance
screening and quantification of bacterial populations in
planta, transgenic lines showed a range of citrus canker resis-
tance. The level of resistance varied among transgenic plants
sharing the same genetic background. To understand the re-
sistance mechanism of citrus canker in the regenerated trans-
genic plants, the preliminary metabolic comparison between
transgenic and non-transgenic plants was initiated. 1H NMR
spectroscopy approaches are used to provide snapshots of the
plant sample composition, and to evaluate the metabolic pro-
file in transgenic and non-transgenic plants with Xa21.
Metabolite concentrations from leaves of non-transgenic plant

were higher than transgenic plant, including many amino
acids such as isoleucine, valine, threonine, alanine, proline,
threonine, valine and leucine. The transgenic plant seems to
contain a higher concentration of tyrosine than a non-trans-
genic. Proline, Proline betaine, carbohydrates, glutamine, and
unidentified glucose product seems to present in a high
amount in both plants. Except proline betaine, most of the
top significant chemical shifts that give differences between
the two plants are present in carbohydrate regions. These pre-
liminary results about the metabolic profile of transgenic and
non-transgenic ‘W. Murcott’ provides a very useful informa-
tion for designing a large-scale experiment to understand the
natural mechanism of plant defense to create new varieties
and/or genetically modified genotypes for tolerance/
resistance against citrus canker and/or HLB (Huanglongbing
or citrus greening). These results suggest further full investi-
gation to understand how primary metabolism could be affect-
ed in transgenic and non-transgenic plants during citrus canker
development at various time points. An NMR-based metabo-
lomics approach could be useful for understanding plant-
pathogen interactions in citrus canker.

P-2040

Survival of Hyperhydric and More Normal Phenotypes of
Cycladenia humilis var. jonesii, and Crotalaria avonensis
Through Cryopreservation. NICOLE HANSEL1,2 and
Valerie C. Pence1. 1Center for Conservation and Research of
EndangeredWildlife, Cincinnati Zoo & Botanical Garden and
2Department of Biological Sciences, University of Cincinnati,
Cincinnati, OH. Email: hanselnr@mail.uc.edu

The physiological disorder in in vitro plants known as
hyperhydricity is characterized by an excess of water in the
plant tissues. It is thought that this condition is undesirable for
cryopreservation, because the water could crystallize during
exposure to liquid nitrogen (LN) and kill the tissues. In this
study, two species were investigated, Cycladenia humilis var.
jonesii and Crotalaria avonensis, for survival post-
cryopreservation of both a more normal (MN) and a
hyperhydric (HH) phenotype in both species. C. humilis was
grown on DKW medium with 0.5 mg/L BAP. The HH phe-
notype was maintained in tubes with closed caps and the MN
phenotype was maintained in tubes with vented caps. The
C. avonensis HH phenotype was grown on an MS medium
with 1 mg/L BAP in tubes with closed caps, while the MN
phenotype was grown on an MS medium with lower nitrogen
(3 mM NO3, 1.5 mM NH4) and 0.1 mg/L BAP and vented
caps. Tips were isolated and, after 1–2 days on pre-culture
mediumwith 10uMABA and 0.3Mmannitol, shoot tips were
exposed to LN after cryoprotection using droplet vitrification.
Shoot tips of C. avonensis were recovered on MS medium
with 1 mg/L BAP, while shoot tips of C. humilis were
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recovered on an MS medium with 0.5 mg/L of BAP and
0.05 mg/L of NAA. Data on survival were taken at two and
four weeks measuring both callus and shoot formation. There
was no significant difference in survival through LN exposure
between the two phenotypes for either species (Tukey-Kramer
ANOVA, p > 0.05, for all at both 2 and 4 weeks). The HH
form of C. avonensis had significantly more callus at 2 weeks
than the MN C. humilis had significantly more callus from the
HH phenotype than the MN phenotype at 2 weeks C.humilis
began developing at 2 weeks, but many were dead by 4 weeks.
While there was no significant difference in survival through
cryopreservation between these two phenotypes, there were
differences in the development of these two forms during re-
covery growth.

P-2041

Endophytic Bacteria Reduce Recovery of Crotalaria avonensis
Shoot Tips After Cryopreservation. VALERIE C. PENCE1,
Anne-Catherine Vanhove1, Mary F. Chaiken1, Barbara
DeBurger2, and Joel E. Mortensen2. 1Center for Conservation
and Research of Endangered Wildlife, Cincinnati Zoo &
Botanical Garden, 3400 Vine St., Cincinnati, OH 45220 and
2Diagnostic Infectious Diseases Testing Laboratory, Cincinnati
Children’s Hospital, 3333 Burnet Ave, Cincinnati, OH 45229.
Email: valerie.pence@cincinnatizoo.org

Crotalaria avonensis is an endangered legume that makes few
seeds. In vitro shoot cultures of multiple genotypes have been
grown to provide genetic diversity for restoration and for cryo-
preservation. These cultures harbor endophytic bacteria, identi-
fied in multiple lines by Mass Spectrometry with Time of Flight
(MALDI-ToF) as Paenibacillus sp., which may be a natural
endophyte in the species. The bacteria do not appear to inhibit
growth of shoot cultures, but their effect on recovery of shoot tips
after cryopreservation was investigated. 136 samples, banked
using encapsulation vitrification and representing 63 genotypes,
were evaluated, after 4–15 years in liquid nitrogen. There was a
significant difference in sampleswith andwithout visible bacteria
in percent survival at 4 weeks (19.4, 29.3) and the average stage
of growth at 4 weeks (1.85, 2.61). There was no significant
difference in the percent of tips showing survival before 4 weeks,
but a significantly greater percent died by 4 wks when bacteria
were present (30.3), compared with clean samples (13.6). In
order to evaluate the effects of bacteria on recovery in newly
banked lines, shoot tips of 15 genotypes were cryopreserved
using droplet vitrification and recovered with and without
15μM rifampicin. The percent shoot tip survival with rifampicin
(80.7) was significantly greater than survival without rifampicin
(64.5). In some cases, shoot tips appeared more swollen on ri-
fampicin, but further growth in the absence of antibiotic appeared
no different from shoots recovered without rifampicin, and these
will be followed for any re-appearance of the bacteria. An

increasing number of plant species are being shown to have
endophytes in the wild. When dealing with rare species, it may
not be appropriate to discard valuable lines if such endophytes
appear in culture and do not inhibit growth and the production of
plants. However, they may inhibit the growth of shoot tips after
cryopreservation, and the use of an antibiotic in the medium can
improve recovery. Supported in part by grants from the Institute
of Museum and Library Services.

P-2042

Effect of Plant Growth Regulators on Micropropagation of
Cassava. VIRENDRA M. VERMA. Micronesia Plant
Propagation Research Center, Kosrae Agricultural
Experiment Station, Cooperative Research and Extension,
College of Micronesia-FSM, Kosrae, MICRONESIA.
Email: vmv_vmv@hotmail.com

Cassava (Manihot esculenta Crantz), a woody shrub of the
Euphorbiaceae family and a native crop of South America, pro-
vides food for over half a billion people in many tropical and
subtropical regions of theworld includingMicronesia. Known as
a drought tolerant crop, cassava can grow successfully on mar-
ginal soils with a pH ranging from acidic to alkaline.
A study was undertaken to develop an economically feasible,
efficient, rapid and reproducible micropropagation protocol for
eight commercially important cassava cultivars by using apical
and lateral meristems. Murashige and Skoog, 1962 medium
(MS) was used throughout the study. The cultures were initiated
on MS medium augmented with various concentrations and
combinations of 6-furfurylaminopurine (KIN) and indole-3-
acetic acid (IAA). The medium augmented with 5 μM KIN
proved best for culture establishment. For further growth and
subsequent multiplication, established cultures were transferred
on MS medium augmented with 0.5 μM indole-3-acetic acid
(IAA), 2.5 μM 6 KIN and 100 mg-L ascorbic acid. A 16-h
photoperiod with a temperature of 25°C day and night, light
intensity of 80 μmol m−2 s−1, and 60% relative humidity were
maintained throughout micropropagation. Many shoots formed
roots in the samemedium in which they were micropropagated.
However, maximum rooting was observed on MS medium
augmented with 2 μM IAA. Plantlets were transferred to ster-
ilized potting mix in 72-cell trays and acclimatized with 90%
survival rate in 8–10 weeks. Fully acclimatized plants were
planted in the field and evaluated for performance using a ran-
domized complete block design having three rows, eighteen
plants per plot, and three plot replications.

P-2043

Micropropagation and Sustainable Commercial Cultivation of
Black Pepper. VIRENDRA M. VERMA. Micronesia Plant
Propagation Research Center, Kosrae Agricultural
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Experiment Station, Cooperative Research and Extension,
College of Micronesia-FSM, Kosrae, MICRONESIA.
Email: vmv_vmv@hotmail.com

Black pepper (Piper nigrum L.) a flowering vine of
Piperaceae family, is valued for its dried berries called pepper-
corns, which are used as a spice, seasoning and for medicinal
purposes. Native to the humid jungles of the Malabar Coast of
Southwestern India, the plant is cultivated in the tropics
worldwide. In the Micronesian region, it is gaining commer-
cial importance as an important cash crop because of premium
price. Limited-availability of disease-free black pepper seed-
lings, and the trunks of native tree fern (Cyathea nigricans)
that are used as supports for black pepper vines, are becoming
a limitation for sustainable commercial black pepper cultiva-
tion in the region. To ensure the year-round availability of
identical, disease-free and high-quality planting material an
efficient micropropagation and acclimatization protocol was
developed for a local commercially important black pepper
cultivar (Piper nigrum cv. Srilanka). Shoot apical meristems
were used as explants for culture establishment. Best cul-
ture initiation was observed on Murashige and Skoog me-
dium augmented with 5 μM 6-benzylaminopurine (BAP).
For further growth and subsequent multiplication, the
established cultures were transferred on 1 μM BAP. The
number of multiple shoots produced from each explant after
two subcultures varied from 8 to 20. Best rooting was ob-
served on 2 μM indole-3-acetic acid. Plantlets were accli-
matized with 68% survival rate in 10 weeks. Research trials
for sustainable commercial black pepper cultivation were
designed, implemented, and vigorous vegetative growth
was observed. To overcome the limitations of live tree-
fern supports, non-living supports such as reinforced
cement-concrete standards were specifically designed and
used to support the vines for commercial cultivation. First
harvest was done after 12 months of planting and data col-
lection and analysis is being continued. The outcomes of
this analysis would be ultimately used to provide assistance
to the regional farming communities for sustainable com-
mercial cultivation of black pepper.

P-2044

Symptom Development in Response to Combined Infection
of In Vitro-grown Lilium longiflorum with Pratylenchus
penetrans and Soilborne Fungi Collected from Diseased
Roots of Field-grown Lilies. KATHRYN KAMO1, Dilip
Lakshman2, Paulo Vieira3, and Ruchi Pandey2. 1Floral and
Nursery Plants Research Unit, U.S. National Arboretum,
USDA, Beltsville, MD; 2Sustainable Agricultural Systems
Laboratory, USDA, Beltsville, MD; 3Department of Plant
Pathology, Physiology, and Weed Science, Virginia Tech,
Blacksburg, VA; and Floral and Nursery Plants Research

Unit, U.S. National Arboretum, USDA, Beltsville, MD.
Email: Kathryn.Kamo@ars.usda.gov

Lilies are an important flower crop grown in the garden
and sold as a cutflower or pot plant. Pratylenchus
penetrans, the root lesion nematode, is a major pest of
Lilium longiflorum (Easter lilies) in the fields of Oregon
where many lilies are produced. P. penetrans can cause
death of the lilies by feeding on new roots as they emerge
from the bulb. This study identified a complex set of
soilborne fungi found infecting Easter lily roots. The
symptoms from single fungal isolates, as well as the dis-
ease severity from representative isolates in combination
with root lesion nematodes were investigated using
L. longiflorum in vitro to evaluate their effective damage
in this floral crop. Only a limited number of papers have
been published concerning plant disease complexes that
involve microorganisms from different phyla such as
nematode-microbe or insect-microbe. Eight fungal iso-
lates (ELRF 1–8) were recovered from necrotic roots of
L. longiflorum cv. Nellie White, grown in a field in
Oregon. The eight fungal isolates were identified by se-
quencing and molecular phylogenetic analyses based on
their ITS rDNA region. Five isolates were identified as
Fusarium oxysporum, two as F. tricinctum, and one as
Rhizoctonia sp. AG-I. This is the first report of
Rhizoctonia sp. AG-I infecting lilies worldwide and the
first report of F. tricinctum infecting lilies in the U.S. To
study and validate their pathogenicity, pure cultures of
each fungal isolate were used to infect the roots of
Easter lily plants growing in vitro. In addition, Easter lily
plants growing in vitro were infected either with or with-
out P. penetrans. The presence of both nematodeand
Rhizoctonia sp. AG-I isolate ELRF 3 in infected lilies
was evaluated by molecular analyses confirming the in-
fection of roots 3 days after infection (DAI), prior to de-
velopment of disease symptoms. Necrosis and root rot
developed more rapidly with all eight fungal isolates
when there had been prior infection with P. penetrans.

P-2045

Higher Amenability of Sugarcane to Agrobacterium-mediated
Transformation is Associated with Optimum Proline Content
and Anti-oxidant Enzyme Activities. MUHAMMAD
SOHAIL AKRAM1, Naila Emanuil1, Muhammad Tariq
Javed1, Muhammad Shahid2, Saadia Basheer3, and Javed
Iqbal3. 1Department of Botany, Government College
University Faisalabad-38000, PAKISTAN; 2 Department of
Biotechnology and Bioinformatics, Government College
University Faisalabad-38000, PAKISTAN; and 3School of
Biological Sciences, University of the Punjab, Lahore-
54590, PAKISTAN. Email: sohailakram79@gmail.com
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Genetic engineering of crops, by employing Agrobacterium
tumefaciens, is a potent approach to introduce better traits for
enhanced plant productivity. It also facilitates in addressing
various questions of genetics, genomics and metabolic pro-
cesses. However, the identification of genotypes that are ame-
nable to Agrobacterium is a critical prerequisite. The assess-
ment of culture medium ingredients influencing the transfor-
mation process is also necessary (Lakshmanan et al., 2005).
The present study was conducted to evaluate the effect of:
Agrobacterium strain virulence, culture density, the addition
of acetosyringone and anti-oxidants for efficient sugarcane
genetic transformation. Calli of two sugarcane cultivars
(HSF-240 and CPF-237) were inoculated by using the
Agrobacterium EHA101 or AGL1 having a standard binary
vector (pZY102). The transformation frequency was calculat-
ed on the basis of GUS positive explants (Joshi et al., 2011).
The calli grown up to 40 days after Agrobacterium inoculation
on respective selective medium were examined for proline
content, lipid peroxidation (as revealed by malondialdehyde
content), total soluble proteins, and peroxidase (POD) and
catalase (CAT) activities. The expression of gus gene was
found higher in genotype HSF-240 when inoculated with
Agrobacterium AGL1. The addition of acetosyringone, DTT
and L-cystein in the medium significantly improved the ex-
pression of gus gene, irrespective of sugarcane cultivar and
Agrobacterium strain. Moreover, sugarcane genotype HSF-
240 exhibited less lipid peroxidation, optimum level of total
soluble proteins and proline, as well as an optimum POD and
CAT activity. The results indicated that higher amenability, of
sugarcane genotype HSF-240, to Agrobacterium-mediated
transformation was correlated with the plant’s inherent ability
to manage the modulations induced by an external stimulus
(Agrobacterium tumefaciens in the present study). The study
results will be helpful in our long-term goal to establish a
robust transformation protocol for sugarcane genetic
engineering.

P-2046

Direct Organogenesis of Lily Bulbs In Vitro. ANGELO M.
ALVAREZ, John Creedon, and Savanah St. Clair. Los
Angeles Pierce College, 6201 Winnetka Avenue, Woodland
Hills, CA 91371. Email: alvarezangelo96@gmail.com

Successful clonal propagation of this formerly pattented
Asiatic lily cultivar, ‘MontreuxAlba’was achieved using bulb
scale sections as the explants. This experiment compares the
formation of micro-bulblets using two different medium for-
mulations reccomended by the books, Plants From Test Tubes
3rd and 4th edition. The twomediums differed inmacro/micro
nutrient salts, vitamins, agar concentrations, and growth reg-
ulators used. The medium with full strength nutrients and
vitamins as described by Linsmaier and Skoog (LS), along

with 3.0% sucrose, 0.8% agar, and 0.03 mg/L of NAA result-
ed in quicker bulb formation, greater number of bulbs per
explant, secondary leaf/shoot growth, and rooting. Plants
grown in LS medium also made it through stage 4
(acclimatization) successfully. Given the same light and tem-
perature conditions, explants cultured in the second medium
(MS) resulted in growth that did not form complete bulbs,
showed signs of oxidation/chlorosis, and the plants never
made it to stage 4. New growth after sub-culturing bulblets
onto the same MS formulation without plant growth regula-
tors suggests that the micro/macro nutrients and vitamins were
not factors that led to undesirable growth, but may be associ-
ated with the plant growth regulators used and their
concentrations.

P-2047

Charges Mapping of the Plant Virus and VLP by Magnetic
Nanoparticles. NIKOLAI NIKITIN, Marina Arkhipenko,
Ekaterina Trifonova, Joseph Atabekov, and Olga Karpova.
Lomonosov Moscow State University, Department of
Virology, 1/12 Leninskie gory, 119234, Moscow, RUSSIA.
Email: nikitin@mail.bio.msu.ru

The charges distribution on the surface of viruses is still
poorly studied. To date, for most viruses, only the total
charge of the virion has been determined. Nevertheless
charge mapping of the virions surface can give more infor-
mation about the initial stage of viral infection in the cell.
Here, magnetic nanoparticles were used to examine the
charge distribution on the surface of virions of plant virus
with helical structure – tobacco mosaic virus (TMV) and its
virus-like particles (VLP, the viral coat protein helical poly-
mers assembled in the absence of RNA). The nanoparticles
used for that study represent the aqueous dispersion of iron
oxide clusters 50 nm in diameter covered with hydrophilic
polymer with positively charged diethylaminoethyl groups.
The interaction of the virus and virus-like particles with mag-
netic nanoparticles was examined by transmission electron
microscopy. It is known that TMV virus particles have a total
negative surface charge. We demonstrated that positively
charged magnetic nanoparticles effectively interact with
TMV: almost all observed virions were involved into the
interaction and formed complexes with the nanoparticles.
Moreover, the magnetic particles interact only with the ends
of TMV virions but not with the lateral surfaces. Incubation
of the RNA-free TMV VLP with magnetic nanoparticles re-
vealed that nanoparticles bound only with lateral surface of
VLP. Moreover, many VLP and magnetic nanoparticles
remained free. We assume that the localization and efficiency
of the interaction of positive charged magnetic nanoparticles
with TMV are related to the packing density of RNA at the
end of the virion. TMV VLP does not binding to magnetic
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nanoparticles occurs less efficiently. Thus we showed that the
negative charge is evenly distributed over the TMV VLP
surface and is concentrated in the end’s surfaces of the
TMV virion particle. The data of the charge distribution on

the surface of the viral particle can be related to the ability of
TMV RNA to translate within native virion (co-translational
disassembly). Funded by RFBR № 18–04-00028.
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