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P-2000

Effect of Light Quality and Intensity on Plant Growth and
Essential Oil of Lippia rotundifolia. JOSÉ EDUARDO
PINTO, Bety S. de Hsie, Ana Izabela S. Bueno, Alexandre
A. de Carvalho, and Suzan Kelly V. Bertolucci. Departament
of Agronomy, Medicinal Plants, Lavras University, C. P.
3037, Lavras, MG, CEP 37200-000, BRAZİL. Email:
jeduardo@dag.ufla.br

Lippia rotundifolia Cham. (Verbenaceae) is an endemic plant
of the Cerrado, aromatic, characterized by the presence of
glandular trichomes in its leaves, rich in monoterpenes.
In vitro propagation has been used in the multiplication of
several species with medicinal properties with difficulty in
the conventional propagation and to obtain a homogeneous
material. Micropropagation is an alternative to production of
medicinal plants; however some physics and chemistry factors
can affect plantlet growth and its compounds. The light gen-
erally used for in vitro propagation is fluorescent lamps.
However, these lamps contain very spread wavelengths that
are of low quality for growth and development of plantlets.
The influence of different light spectra and intensities were
evaluated in an in vitro culture and essential oil compounds
of L. rotundifolia. The treatments were: a) use of light emitting
diode (LED) lamps in the white, red, blue, red/blue,
2red/1blue and 1red/2blue wavelengths, b) photosynthetic
photon flux of 20, 54, 78, 88 and 110μmol m-2s-1. The quality
and intensity of light significantly influenced the in vitro
growth and compounds of L. rotundifolia. The lowest light
intensities (20 and 54 μmol m-2s-1) and 2red/1blue presented
better results in plant growth. Analysis by HS-GC-MS detect-
ed presence of myrcene, limonene and myrcenone in the
plantlets developed in different intensity and quality of light.
The production of volatiles constituents is highly influenced
by the type of growing environment.

P-2001

Unraveling the Biosynthesis of Prenylated Stilbenoids in Peanut
and Their Anti-inflammatory Activities In Vitro. ROKIB

HASAN1,3, Maria Elena Gonzalez Romero3, and Fabricio
Medina-Bolivar2,3. 1Molecular Biosciences Program, Arkansas
State University, Jonesboro, AR; 2Department of Biological
Sciences, Arkansas State University, Jonesboro, AR; and
3Arkansas Bioscience Institute, Jonesboro, AR. Email:
mdrokib.hasan@smail.astate.edu

Stilbenoids are a non-flavonoid class of polyphenols that
are important for their potential medicinal applications.
Resveratrol is one of the most well-studied stilbenoid and
several studies have described its anti-inflammatory, anti-
oxidant and anticancer activities. Prenylated stilbenoids,
which include arachidin-1 and arachidin-3, are produced
to counteract biotic and abiotic stresses in peanut (Arachis
hypogaea). Despite their importance to plant and human
health, the biosynthesis of prenylated stilbenoids is still
poorly understood. To address this issue, we are using the
CRISPR/Cas9 gene editing technique to knockout two
stilbenoid-specific prenyltransferase genes in peanut hairy
roots. Wild type and knock-out hairy root lines of peanut cv.
Tifrunner are being developed. HPLC analyses of the wild-
type hairy roots treated with elicitors show the presence of
prenylated stilbenoids such as arachidin-1, -2, -3, and -5 in
the culture medium. Furthermore, the anti-inflammatory ac-
tivity of the arachidins is being studied using mammalian
cell culture. Our preliminary results suggest that the
prenylated stilbenoids are not toxic to the cells. These stud-
ies will increase our overall understanding of the biosyn-
thetic pathway of arachidins and carry important transla-
tional implications of the arachidins as anti-inflammatory
compounds.

P-2002

Grafted Aptenia cordifolia (L. f.) Schwant Leaves as Perfusable
Tissue Engineered Scaffolds. YUEQING WANG1, Tanja
Dominko2, Glenn R. Gaudette2, and Pamela J. Weathers1.
1Department of Biology and Biotechnology, Worcester
Polytechnic Institute, MA and 2Department of Biomedical
Engineering, Worcester Polytechnic Institute, Worcester, MA.
Email: ywang24@wpi.edu
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Availability of transplantation organs and tissues is a ma-
jor problem. It is challenging to develop a functional vas-
cular network that allows delivery of nutrients and espe-
cially O2. Using an original vasculature, especially micro-
vasculature, of a tissue or organ offers potential. Using
animal organs involves decellularization, which retains
the extracellular matrix (ECM) scaffold by removing cel-
lular contents with chemicals such as sodium dodecyl sul-
fate (SDS), bleach, and triton. However, decellularizing
mammalian tissue and organs is expensive and they are
difficult to source. A low cost, more readily available and
consistent source of tissues and organs is required. The
plant vascular system is similar to that of mammals, so we
aimed to design a plant scaffold model allowing bidirec-
tional liquid flow to support mammalian cell growth. To
achieve a bidirectional flow we grafted two Aptenia
cordifolia leaves together horizontally appressed to one
another with petioles facing opposite directions. The ab-
axial epidermis of the top leaf and the adaxial epidermis
of the bottom leaf were removed with a fine tweezer,
wounds soaked in 0.1 mg/L NAA and 1 mg/L BAP for
20 seconds before appressing the wounded sides of each
leaf horizontally with petioles facing opposite directions.
Leaves were decellularized 2-4 wks after grafting, and
structural connections between the leaves were visualized
in thin sections using H&E and toluidine blue stains. Red
food dye was perfused into the grafted leaves through one
petiole of one of the leaves after decellularization to ob-
serve flow moving from input petiole into the first and
then the second of the grafted leaves then exiting via the
output petiole. The graft was subsequently decellularized,
lyophilized, and stored. They were later rehydrated and
recellularized with GFP labeled human breast cancer line
MDA-MB231; survival of the DMA-MB231 cells is mea-
sured by DNA content. Results suggest these grafted
leaves are able to mimic the mammalian bidirectional vas-
cular system and providing a possible bioscaffold for en-
gineering tissues for transplant.

P-2003

Hydroxyproline-O-glycan Engineering in Tobacco Transient
Protein Expression: Fish IL-22 and eGFP as Model Systems.
CRISTOFER CALVO1,3, Jianfeng Xu1, and Maureen C.
Dolan1,2. 1Arkansas State Bioscience Institute and
2Department of Biological Sciences, Arkansas State
University, Jonesboro, AR. Email: mdolan@astate.edu

Plant-based recombinant protein production is emerging as a
promising approach with significant advantages in cost and
safety over other eukaryotic and prokaryotic expression sys-
tems. One of the leading plant-based platforms for recombi-
nant protein production is a transient Agrobacteria-mediated

expression system in Nicotiana benthamiana. Despite the ad-
vantages of plant recombinant proteins, the most important
bottleneck that limits the commercialization is the low protein
yields. Plants have a unique type of O-glycosylation that has
potential to enhance the stability and solubility of recombinant
proteins expressed using plant platforms. Specifically target
gene sequences are fused with a sequence to code for
hydroxyproline-O-glycosylated peptide (HypGP) tags. These
tags serve to modify the recombinant expressed protein with
protective sugars to improve physicochemical stability during
purification as well as employment and delivery of the recom-
binant protein. Therefore, the overall goal of this project is to
understand how these HypGP tags affect protein expression,
purification and bioactivity using tobacco transient expression
system as a biofactory.We have targeted the expression of two
model proteins to characterize this HypGP technology: a very
unstable rainbow trout interleukin 22 (IL-22) and a readily-
monitored enhanced GFP (eGFP). The “sugar coated” IL-22
expression is significantly enhanced over the untagged protein
and can be successfully purified. Data showing bioactivity of
HypGP-tagged IL-22 to confirm this tag does not interfere
with the function of this cytokine will be presented. To under-
stand the underlying mechanism of HypGP modification pro-
cess of recombinant expressed proteins, we explored the im-
pact of plant stressors such as drought for increasing expres-
sion and recovery of sugar coated eGFP in an effort to opti-
mize the Hyp-O-glycosylation technology for the production
of recombinant proteins on plant production platforms.

P-2004

Investigation of PhysiologicalMechanisms in Drought Tolerant
Digitaria exilis. OYINADE ADEROJU DAVID1 and Oluwole
Osonubi2. 1Department of Plant Science and Biotechnology,
Federal University Oye-Ekiti, Ekiti State, NIGERIA and
2Botany Department, University of Ibadan, Ibadan, Oyo State,
NIGERIA. Email: oyinade.dedeke@fuoye.edu.ng

This study investigated the mechanisms adopted by D. exilis
to survive drought stress. Landraces Dinat Iburua (DID),
Jakah Iburua (JAK) and Jiw Iburua (JIW), NG/11/JD/061
(NG061) and NG/11/JD/062 (NG062) were used and
In vitro and screen-house experiments were carried out.
Murashige and Skoog medium of about 1.2 litres was supple-
mented with poly-ethylene glycol 6000 to create osmotic con-
ditions of -9.29MPa, -13.93MPa, -20.13MPa -26.32MPa, -
32.51MPa and 0MPa. Two kilograms of sterilized-sieved
top soil was filled into polythene pots. Plants were subjected
to 0days, 4days, 8days and 12days drought stress. Greater
shoot weight, number of leaves, tillers, leaf length, dry root
and shoot weights were determined during drought period.
Under osmotic stress, landrace JAK had the highest total chlo-
rophyll contents (298.60μg/ml), proline (0.052mg/ml), APX
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(0.016mmol/ml/min), SOD (1.659units/mg protein), CAT
(3.628units/mg protein) followed by landrace DID with
0.023 mg/ml proline, 0.014mmol/ml/min APX, 1.615units/
mg protein SOD and 2.341units/mg protein CAT compared
with low values of APX, SOD and CAT in landraces JIWand
NG062. During drought stress, NG061 had the highest antho-
cyanin contents (1114.65μg/ml). Comparable to landraces
JAK and DID, NG061 had 0.044mg/ml proline, 0.010mmol/
ml/min APX, 1.373units/mg protein SOD and 2.155units/mg
protein CAT. Drought-stressed DID had the highest dry
weights (5.73g), high DNA quantity (40%) and low lipid per-
oxidation (61%) than control plants. Landrace JAK had 33%
drought tolerant ability than other landraces. Drought-stressed
JAK scavenged 13% OH- and 77% DPPH radicals than their
control counterparts. Leaf anatomical examination in land-
races JAK and DID revealed the presence of turgid bulliform
cells, intercellular spaces that ranged from 113μm -175μm
with compacted mesophyll cells while land race NG062 had
wider vessel (84.45μm). Landrace JAK possesses well-
equipped free radicals quenching system that is protected by
the accumulation of osmolyte proline which stabilizes activi-
ties of CAT and SOD against oxidative stress.

P-2005

Development of an Efficient Strategy to Produce Spray Dried
Lycopene-rich Watermelon-protein Particles: In Vitro
Evaluation of Phytochemicals and Skin Fibroblast
Migration. ROBERTA T. HOSKIN1,3, Jia Xiong3, Penelope
Perkins-Veazie2, and Debora A. Esposito3. 1Laboratory of
Food Bioactive Compounds, Department of Chemical
Engineering, Federal University of Rio Grande do Norte
(UFRN), Campus Central, 59078, BRAZIL; 2Plants for
Human Health Institute, Department of Horticulture, NC
State University, 600 Laureate Way, Kannapolis, NC 28081;
and 3Plants for Human Health Institute, Department of
Animal Science, NC State University, 120 Broughton Drive,
Rale igh , NC 27695. Emai l : r t cor re i@ncsu .edu ,
daesposito@ncsu.edu

Watermelon fruit is a rich natural source of lycopene, a lipo-
philic compound with a high antioxidant capacity and able to
modulate several cellular processes. Unfortunately, lycopene
is highly unstable and degrades quickly in watermelon ex-
tracts. In this regard, we have recently demonstrated that spray
drying is an efficient technique to produce fruit-derived parti-
cles with desirable technological attributes, extended shelf life
and preserved phytochemicals with biological activity
(Hoskin et al., 2019; Correia et al., 2017). Spray drying is a
popular continuous industrial-scale drying method considered
to be reproducible and scalable, using less energy when com-
pared to freeze-drying. The objective of this study was to
develop spray dried lycopene-rich watermelon-protein

particles with health-relevant attributes and multiple potential
applications. In order to achieve our goal, spray dried particles
were developed by complexing watermelon extracts with
three protein sources (whey protein isolate (WPI), soy protein
isolate (SPI) and collagen (C)) in two concentrations (10%
and 15%w/v). Selected bioactive compounds were investigat-
ed as well as their in vitro skin fibroblast migration related to
wound healing. Lycopene content increased from 0.3 to 3
mg/kg with spray drying for all samples. Overall, cells treated
with spray dried watermelon-protein extracts at 150 μg/mL
had increased fibroblast migration when compared to the con-
trol (p < 0.01) after 48 hours. The highest cell migration in-
crease was observed for watermelon-WPI and watermelon-
SPI samples (p < 0.0001) at 10% (w/v). Spray dried
watermelon-protein particles offers an innovative strategy to
produce versatile products with concentrated and preserved
phytochemicals. Our in vitro findings indicate that important
health-relevant bioactivities may be delivered by watermelon-
protein particles which can be used for industry applications
directed to personal care, health and cosmetics.

P-2006

Developing a Tissue Culture Protocol for the Propagation of
Reduced Juvenility Transgenic 'Carrizo' Citrange Rootstock.
K. ALJASIM1,2, M. Dutt1, A. A. Omar1,3, and J. W. Grosser1.
1University of Florida, IFAS/CREC, 700 Experiment Station
Rd, Lake Alfred, FL 33850; 2Horticultural Sciences
Department, College of Agriculture, Al Qassim Green
University, Babylon, IRAQ; and 3Biochemistry Department,
College of Agriculture, Zagazig University, Zagazig 44511,
EGYPT. Email: kawther@ufl.edu

A number of transgenic lines of 'Carrizo' citrange overexpress-
ing Citrus clementina CiFT3 gene was developed to reduce
the juvenile phase, which flowered within 18 months follow-
ing transformation. Since the FT protein is graft transmissible,
these transgenic lines can be a valuable resource as a rootstock
to graft commercially important citrus hybrids for rapid
flowering and evaluation. The current study was conducted
to develop an efficient tissue culture protocol to propagate
these Carrizo transgenic lines. Two of the shoot induction
media based on the Murashige and Tucker (MT) formulation
or the Murashige and Skoog (MS) formulation and supple-
mented with different plant growth regulators (PGRs) were
evaluated to investigate their influence on micropropagation
of four selected transgenic Carrizo lines. Nodal segments were
used as efficient explants for propagation in the culture medi-
um. The MT medium was supplemented with four levels of
BAP (1, 2, 3, and 4 mg L-1) with an addition of 0 or 1500 mg
L-1 malt extract and 0.01 mg L-1 2,4-D. The MS medium was
supplemented similarly as MT medium but without 2,4-D
addition. There were significant differences in most transgenic
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lines in the number of shoots, number of leaves and shoot
length when MS with 1500 mg L-1 malt extract + 1 mg L-1

BAP were utilized. There were no significant differences in
transgenic Carrizo line 2 in the number of leaves and length of
leaves compared with the other lines. Following in vitro shoot
regeneration, two rooting systems, using either our standard
in vitro rooting medium, or Jiffy-7 artificial soil pellets were
compared. The rooting percentages, numbers of roots and the
average root length and the overall the shoot growth were
measured 30 days after subculture. Significant differences
were observed between the in vitro and ex vitro rooting sys-
tems evaluated in this study. Plantlets were successfully accli-
mated in a growth chamber and hardened off into the green-
house. The plants will be used as rootstocks to graft commer-
cially important citrus hybrids to study the effect of FT gene
on juvenility in the grafted scions.

P-2007

In Vitro Propagation of Peach Fruit Tree Is Not an Easy Job.
BIPUL KUMAR BISWAS, Sylvia Chirchir, Nabin P.
Sedhain, and Monice McKinney. MS Biotechnology
Program, College of Agriculture, Family Sciences and
Technology, Fort Valley State University, Fort Valley, GA
31030. Email: biswasb@fvsu.edu

The cultivation of peach fruit tree (Prunus persica) is facing
challenges caused by the combination of biotic and abiotic
stresses like ring nematodes, bacterial canker and cold dam-
age. The goal of this present research study is to get a solution
towards developing peach tree cultivar invigorated with ben-
eficial traits to tolerate stress from Peach Tree Short Life
(PTSL) that can improve tree survival and orchard longevity.
This study is a part of ongoing studies carried out during the
last 4 years at the Research Station in the Fort Valley state
University, GA. During this investigation we used several
peach cultivars and rootstocks namely Early Redhaven,
Redglobe, Cresthaven, Early Augustprince, Autumnprince,
Juneprince, Sunprince, Rubyprince, Nemaguard, Halford
and Guardian for various explant materials. We used peach
nodal explants, immature embryo, leaves, calyx, corolla, and
anthers as explants. Various surface sterilization treatments
were carried out and it was very difficult to get a good aseptic
culture in any season. In this study, MS, B5, C2D and WPM
media were used supplemented with different concentrations
of plant growth regulators. Explants produced a few bud
breaks from some cultivars and callus from most of the culti-
vars and rootstocks. No multiple shoot production has been
observed till now. Although, there are a few reports on peach
micropropagation but unfortunately no single medium from
published literature on peach reproduced the result. Scanning
electronmicrograph of friable callus showed the rapidly grow-
ing disorganized mass of cells and the globular callus shows

the organization of rapidly multiplying cells in a globular pat-
tern to form some structure. No organogenesis or somatic
embryogenesis obtained in any PGR combinations we tried
except some globular callus, which is optimistic. So far, this
investigation reports that peach fruit tree is very recalcitrant
for in vitro shoot multiplication as well as organogenesis and
somatic embryogenesis response.

P-2008

Cannabis sativa Synthetic Seed Cold Preservation and
Regeneration. ANGELO ALVAREZ, Savanah St. Clair, and
Norman Senn. Knockout Genetics, LLC, Los Angeles, CA.
Email: alvarezangelo96@gmail.com

A large number of Cannabis sativa varieties are currently in
circulation; in the future the market will likely select a few
main strains for production. It is imperative to preserve the
genetic diversity within the remaining varieties for breeding
purposes. These breeding stocks may be clone only varieties,
sources of pest or pathogen resistance, or contain other desir-
able traits. Vegetative shoot tip and node cuttings from high
potency selected cultivars ofCannabis sativa plants were used
for testing methods of synthetic seed preservation and regen-
eration. 'Larry OG' and 'Blue Sherbert' tissues were encapsu-
lated in sodium alginate beads then stored at -20 °C and 4 °C
in test tubes with liquid medium and in test tubes with solid
medium. Direct organogenesis and regeneration of the tissues
after being in cold storage for 25 and 50 days was tested under
in-vitro and ex-vitro conditions. The preferred method of stor-
age that successfully preserved the encapsulated tissues was
observed at 4 °C on liquidmedia. Storage under -20 °C proved
to damage the plant tissue without cryoprotectant pretreat-
ments. Regeneration of synthetic seeds resulted best under
in-vitro conditions by culturing onto solid shooting medium.
Sowing of the synthetic seeds in sterile potting medium in ex-
vitro conditions did not result in regeneration of plantlets.
Further studies should test cryoprotectant treatments to im-
prove the outcome of long term storage. This method of stor-
age shows potential to reduce the space and maintenance
needed to preserve mother stock plants.

P-2009

Establishment of an Improved Micropropagation Protocol for
an Industrially Important Plant, Hedychium coronarium and
Assessment of Genetic and Biochemical Stability.
SOUMENDRA K. NAIK1*, Shashikanta Behera1, Pradeep
K. Kamila2, Kedar K. Rout3, Durga P. Barik1, and Pratap C.
Panda2. 1Department of Botany, Ravenshaw University,
Cuttack-753003, Odisha, INDIA; 2Taxonomy and
Conservation Division, Regional Plant Resource Center,
Bhubaneswar-751015, Odisha, INDIA; and 3Gonasika
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Science College, Keonjhar-758001, Odisha, INDIA. Email:
sknuu@yahoo.com

Hedychium coronarium is a medicinal plant known for its
use in various industries including perfume and cos-
metics. Unfortunately, the plant has been enlisted as a
conservation concern plant species in various states of
India due to overexploitation. Here, we report an efficient
micropropagation protocol for H. coronarium and demon-
strate that plantlets regenerated through this process are
genetically as well as biochemically identical to the moth-
er plant. Murashige and Skoog’s (1962) (MS) basal me-
dium supplemented with 0.8 mg/L thidiazuron (TDZ) was
optimized as shoot induction medium. Elongation of
shoots was achieved when the cultures were transferred
to MS medium containing 1.0 mg/L gibberellic acid.
Culture of axenic stem segments derived from primary
shoots enhanced the total number of shoots. In this study
plantlet regeneration was achieved one-step i.e. simulta-
neous production of shoots and roots. The in vitro propa-
gation protocol is an efficient one as more than 540 plant-
lets were produced starting from a single rhizome segment
as explant. About 95% of the micropropagated plantlets
were successfully acclimatized and finally transferred to
field. No morphological variations were noticed between
the mic rop ropaga t ed p l an t and mo the r p l an t .
Monomorphic banding profile obtained using various
Inter Simple Sequence Repeat (ISSR) markers confirmed
the genetic fidelity of the tissue culture raised plants.
Quantitative biochemical analysis including High
Performance Thin Layer Chromatography (HPTLC)
established the biochemical stability of the tissue culture
raised plants. The in vitro propagation protocol can be
used for large scale production of H. coronarium plants
for conservation as well as other industrial uses in a sus-
tainable manner.

P-2010

Silicon Nanoparticles Mitigate the Adverse Effect of Drought
Induced by Polyethylene Glycol of In Vitro Banana Shoots.
LAMIAA M. MAHMOUD1,2, M. E. EL-Kady1, M. S.
Elboray1, A. N. Shalan1, Y. M. Shabana3, and Jude W.
Grosser2. 1Pomology Department, Faculty of Agriculture,
Mansoura University, EGYPT; 2Citrus Research and
Education Center, University of Florida, Lake Alfred, FL; and
3Plant Pathology Department, Faculty of Agriculture, Mansoura
University, EGYPT. Email: lamiaa.mahmoud@ufl.edu

Water stress is a serious environmental restriction that roughly
limits plant growth and development. Banana is one of the
world's most important crops, that is water-loving and vulner-
able to drought stress. Silicon occurs mainly as monosilicic

acid (H4SiO4) in soil and is known for increasing the ability of
plants to tolerate stress. Silicon nanoparticles SiO2-NPs of 20-
nm size were applied at three concentrations (50, 100, and 150
mg/l) in combination with polyethylene glycol (PEG) as a
water deficit agent for the tissue culture media at three levels
(1, 2 and 3%) supplementing Murashige and Skoog medium
as necessary for in vitro multiplication of banana.
Physiological indices, namely concentration of total chloro-
phyll and total phenols content, peroxidase (POD), polyphe-
nol oxidase (PPO) enzymes, lipid peroxidation, and growth
indicators were measured to investigate the tolerance mecha-
nism of banana under drought stress affected by silicon nano-
particles application. Results showed that SiO2-NPs improved
shoots growth and multiplication, and enhanced photosynthe-
sis process. The treated plants exhibited significant increase of
phenolic compounds production at the low concentration of
50 ppm and reduction in lipid peroxidation however, peroxi-
dase showed accumulation at the highest level of SiO2 com-
pared to the control. Taken together, the results demonstrated
that SiO2-NPs application improved the physiological and
metabolic mechanism of the in vitro banana shoots under
drought stress.

P-2011

Sustainable Commercial Black Pepper Production Through
Micropropagation and Organic Agriculture. VIRENDRA M.
VERMA. Micronesia Plant Propagation Research Center,
Kosrae Agricultural Experiment Station, 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 that is 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 organic commercial black pepper
cultivation in the region. To ensure the year-round availability
of identical, disease-free and high-quality planting materialan
efficient micropropagation and acclimatization protocol was
developed for a local commercially important black
peppercultivar (Piper nigrumcv. Srilanka). Shoot apical mer-
istems were used as explants for culture establishment. Best
culture initiation was observed on Murashige and Skoog me-
dium augmented with 5μM 6-benzylaminopurine (BAP). For
further growth and subsequent multiplication, the established
cultures were transferred on 1μM BAP. The number of
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multiple shoots produced from each explant after two subcul-
tures varied from 8 to 20. Best rooting was observed on 2μM
indole-3-acetic acid. Plantlets were acclimatized with 68%
survival rate in 10 weeks. Research trials were designed, im-
plemented, and vigorous growth was observed. Non-living
supports such as reinforced cement-concrete standards were
specifically designed and used to support vines. Peppercorns
were harvested after 12, 18 and 24 months of planting and a
yield of 2,174.1lbs/ha were achieved in the second year. Plants
are being maintained for further harvest, demonstration and
outreach activities to promote sustainable organic commercial
black pepper cultivation in the region.

P-2012

Benefits of Ex Vitro Rooting in Cannabis sativa.
NORMAN SENN, Savanah St. Clair, and Angelo
Alvarez. Knockout Genetics, LLC, Los Angeles, CA.
Email: normansenn80@gmail.com

Cannabis sativa is an easily propagated plant species by tra-
ditional methods. Rooting times vary from 10-14 days, de-
pending on the cultivar. Tissue culture brings the advantage
of vigorous, pest and pathogen-free starts for producers and
reduced pesticide use, which is of concern to consumers.
Cannabis sativa cultivars develop shoots adequately in stages
I and II. However, in stage III older clone-only varietals do not
produce roots in a consistent and timely manner. Ex vitro
rooting combines stage III/IV and involves using traditional
means to root liner cuttings. In this trial, we used the ex vitro
rooting technique on five high potency strains. 60 propagules
from each of two OG Kush phenotypes, the Budder OG and
Larry OG, and three Cookie hybrids (Animal Cookies, Blue
Sherbert, and Acai Berry Gelato) were used. After four weeks
of being cultured in stages I and II, the plantlets were removed
and transferred into rockwool media with macro and micronu-
trient solution of 240 ppm and pH=5.5. For all the strains
tested, the success rate for rooting and hardening off was
≥90%. Rooting required about 14 days with an additional 7
days of hardening off. Subsequent work will measure growth
rate and flowering performance versus traditionally produced
cannabis clones.

P-2013

Replicon Vectors for Whole-plant Transformation in
Monocots. JAMES CHAMNESS1, Nathaniel Graham1,
Hiroaki Saika2, Matthew Nelson1, and Daniel Voytas1.
1Department of Genetics, Cell and Developmental Biology,
University of Minnesota, Saint Paul, MN and 2Plant
Genome Engineering Research Unit, National Institute of
Agrobiological Sciences, Tsukuba, JAPAN. Email:
chamn003@umn.edu; voytas@umn.edu

Improved strategies are required for the design and delivery of
genome editing reagents in plants. In particular, better tools
are needed to perform in planta gene targeting (GT), as the
identification of heritable GT events currently relies on bur-
densome screening of primary transgenics. To enhance the
efficiency of homology-directed repair (HDR), deconstructed
plant geminiviruses have been engineered as self-replicating
DNA vectors called replicons. When used to deliver editing
reagents in plant cell culture, replicons have been observed to
enhance the efficiency of GT by 10-fold or greater. However,
fluorescent protein knock-in studies in wheat and rice callus
have indicated that active replication of the Wheat Dwarf
Virus (WDV)-derived replicon may inhibit cell growth. This
compromises regeneration of transformed callus sectors,
which are demonstrably enriched for GT. Our observation that
this inhibition does not occur in multiple dicot species ex-
posed to a Bean Yellow Dwarf Virus-derived replicon led us
to hypothesize that the growth arrest observed in the monocots
may arise from a viral-host interaction specific to WDV. To
circumvent this limitation, we are currently testing whether a
number of different monocot-infecting geminiviruses may be
engineered into replicons that, as components of whole-plant
transformation vectors, both enhance GT and permit normal
cell division. We anticipate these studies will identify im-
proved vectors for transformation and editing in regenerable
monocot systems.

P-2014

Establishment of Agrobacterium-mediated Genetic Transfor-
mation of Miscanthus sinensis. PRABIN DHUNGANA and
Nancy A. Reichert. Department of Biological Sciences,
Mississ ippi State Universi ty, MS 39762. Email :
pd491@msstate.edu

Miscanthus sinensis is a tall perennial grass and one of the
leading lignocellulosic bioenergy crops worldwide. Plant
transformation via Agrobacterium tumefaciens has been an
important tool for genetic enhancement of plants, including
grasses. Goals of this research were to develop and couple
genetic transformation with regeneration for development of
transgenic M. sinensis, along with attempts to enhance the
efficiency of this overall procedure. Embryogenic calli were
induced from commercially available seed on a Murashige
and Skoog-based medium containing 3.0 mg/L 2,4-
dichlorophenoxyaxetic acid and used for genetic transforma-
tion using A. tumefaciens strain EHA105. Transgenic plants
were generated (2.2% transformation frequency) using
pGFPGUSPlus containing the hpt gene controlled by CaMV
35S promoter, with tissues selected on media containing 50
mg/L hygromycin. To enhance transformation efficiency, var-
ious media were compared; selectable marker gene nptII was
also tested, using paramomycin as the selection agent. Results
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of these optimization experiments will be presented.

P-2015

Understanding Agrobacterium and Soybean Interactions to
Overcome Poor Transfo rmat ion . TIMOTHY M.
CHAPPELL1, Brian Kvitko2, Zenglu Li1, and Wayne
Parrott1. 1University of Georgia, Institute of Plant Breeding,
Genetics & Genomics, 111 Riverbend Road, Athens, GA
30602 and 2University of Georgia, Department of Plant
Pathology, 120 Carlton Street, Athens, GA 30602. Email:
timchappell@uga.edu

While Agrobacterium tumefaciens is renowned for its ability
to deliver DNA to a wide range of plants, most soybean ge-
notypes are recalcitrant to transformation because of a host-
pathogen response that elicits a hypersensitive response and
death of host tissue. Evading this host defense response in
soybean would facilitate a wider range of soybean genotypes
suitable for use in transgenic breeding programs. A search for
soybean homologs of known plant resistance genes using 10X
Genomics sequencing from the Agrobacterium-susceptible
variety identified several candidates in the soybean reference
g e n ome . A P a t h o g e n Re c o g n i t i o n R e c e p t o r ,
Glyma.09g216400, is absent in the Agrobacterium-suscepti-
ble variety, ‘Peking’. Furthermore, this gene is the most sim-
ilar homolog in soybean to the Arabidopsis Elongation Factor
– Thermo unstable receptor (AtEFR), known to restrict trans-
formation in Arabidopsis by recognizing the bacterial
Elongation Factor – Thermo unstable (EF-Tu) protein of
Agrobacterium. Peking also has unique variants of two other
resistance proteins, previously implicated in host-specific
nodulation of soybean by rhizobacteria. Soybean studies char-
acterizing symbiotic specificity within the Rhizobiaceae usu-
ally overlook Agrobacterium, so the role of these genes in
Agrobacterium compatibility has not been explored.
Additional validation of these candidate genes for compatibil-
ity with Agrobacterium is coming from sequence information
for these loci in over 100 diverse varieties, phenotyping and
genotyping a recombinant inbred population from crossing
the susceptible genotype to a resistant genotype, and
CRISPR-mediated knockouts of these genes in an
Agrobacterium-resistant soybean.

P-2016

Expression of a Nigella Sativa Defensin in Potato for
Improved Resistance to Early Blight. DENIS BELIAEV1,
Eugene A. Rogozhin2, Alexei A. Meleshin3, Dmitriy V.
Tereshonok1, Marina K. Derevyagina3, Natalya O.
Yuorieva1, and Elena V. Voronkova4. 1K.A. Timiryazev’s
Institute of Plant Physiology, Moscow, RUSSIA;
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry

of the Russian Academy of Sciences, Moscow, RUSSIA;
3All-Russian Research Institute of Potato Farming by A.G.
Lorh, Kraskovo, RUSSIA; and 4Institute of Genetics and
Cytology of the National Academy of Sciences of Belarus,
Minsk, BELARUS. Email: bdv@ippras.ru

The resistance of potato to early blight, caused by Alternaria
spp., is often associated with high levels of not-so-healthy
alkaloids. Expression of the antimicrobial peptide (AMP)
genes from pathogen-resistant plants is a promising approach
to improving the resistance of potato to pathogens. We isolat-
ed several defensins from a spice Nigella sativa, and they
proved to be active against several fungi species, including
Alternaria spp. The gene for one of the defensins was found
in a N. sativa published transcriptome, amplified, cloned in a
plant transformation vector under the 35S promoter of CaMV
and stably introduced to several varieties of potato, including
Sarpo mira and our proprietary varieties Barin and
Skoroplodny. The transgene expression was measured by
qRT-PCR with Taqman probes for the transgene and the ref-
erence gene. The preliminary laboratory tests of the transgenic
plants pointed to significantly improved resistance to early
blight and moderate resistance to late blight.

P-2017

Developing a CRISPR Protocol for Blueberry Vaccinium
corymbosum L. FRANCESCO CAPPAI1,2, Ryan Cullen1,
Alexandria Garcia1, Adina Grossman1, Heqiang Huo3, and
Patricio Munoz1. 1Horticultural Sciences Department,
University of Florida, 2550 Hull Rd, Fifield Hall,
Gainesville, FL 32611; 2Plant Molecular and Cellular
Biology Program, University of Florida, 2550 Hull Road,
Fifield Hall, Gainesville, FL, 32611; and 3Environmental
Horticulture Department, University of Florida, 2550 Hull
Rd, Fif ield Hall , Gainesvi l le , FL 32611. Email :
francesco.cappai@ufl.edu

There is an increase interest in blueberries due to their
wellness-promoting properties and enjoyable flavor.
Growing public awareness in consuming healthy produce
such as blueberry contributed to a 400% global production
growth in recent years (North America Blueberry Council
2014). Thus, there is a continuous demand for new improved
cultivars, although it takes more than 12 years to develop
them. In parallel, there is a lack of modern molecular breeding
tools. i.e. customized transformation protocols and, to the best
of our knowledge, nobody has succeeded in translating new
breeding technologies such as CRISPR/Cas9 to this crop. Our
research is currently aimed at creating protocols to edit target
genes in order to test their functions, advance knowledge of
blueberry genetics for future breeding efforts and reduce time
required for each breeding cycle. Various marker systems
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were tested to highlight successful Agrobacterium
tumefaciens-mediated transformation in live plants. Our find-
ings suggest that using albino or red color (anthocyanin)
markers is not viable, as blueberry plants in tissue culture
naturally lose their color or accumulate anthocyanins when
under stress. Likewise, Green Fluorescent Protein is not a
suitable marker, as blueberry displays strong autofluores-
cence. We found the β-glucuronidase (GUS) reporter system
to be the most reliable marker to verify blueberry transforma-
tion. Furthermore, we successfully inserted the Cas9 and
guide RNAs in blueberry and are in the process of verifying
successful gene editing. Future endeavors will involve use of
this technology in a cis-genic approach for commercially rel-
evant traits, such as flowering time, firmness and fruit quality.
In parallel, we will optimize the transformation protocol and
test new Cas9-like proteins, such as Cfp1 and Cms1.

P-2018

Plant Genetic Transformation Protocols: An Essential
Platform and Bottleneck for Genome Editing. MURRAY
BOASE, Huaibi Zhang, Lei Wang, Ian King, Steve
Arathoon, Nick Albert, Sarina Manandhar, David Lewis,
Kathy Schwinn, Kevin Davies, and Simon Deroles. The
New Zealand Institute for Plant and Food Research Limited,
Batchelar Road, Private Bag 11600, Palmerston North 4442,
NEW ZEALAND. Email: murray.boase@plantandfood.co.nz

We have stably transformed a range of crop genotypes with
constructs designed to engineer various metabolic pathways
over the last 27 years. The novel phenotypes produced includ-
ed: cyclamen with gusA-expressing galls; pink-flowered
mini-cyclamens with an antisense flavonoid-3', 5' hydroxylase
gene; petunias with purple leaves, by over-expressing petunia
MYB transcription factors; cymbidiums expressing twomaize
anthocyanin transcription factors, resulting in red leaves;
geneticin–resistant cymbidium orchids with green fluorescent
flowers; dwarf regal pelargoniums expressing rolC from
Agrobacterium rhizogenes and glyphosate-resistant zonal pel-
argoniums; and lisianthus with marble flower colours express-
ing antisense chalcone synthase. The molecular strategies
used to produce these transgenic plants, such as silencing of
endogenous genes using antisense technologies or over-
expression of heterologous transgenes, have been largely su-
perseded by modern genome-editing approaches, e.g.
CRISPR/Cas9. Notwithstanding, genome editing still relies
heavily on the two main traditional transformation methods,
Agrobacterium tumefaciens T-DNA or particle bombardment
with DNA-coated particles, for transfer of expression cassettes
to explants of a transformable genotype. Therefore our genetic
transformation protocols, developed empirically over many
years, provide a solid foundation for genome editing in those
crops. The key elements required for transformation, many of

which were genotype-specific, are discussed and illustrated.
The diversity amongst these protocols will demonstrate why
genetic transformation remains a substantial bottleneck to the
deployment of genome editing for plant trait development.

P-2020

Plant Genome Editing and DNA Repair in the Context of
DNA Methylation and Chromatin Dynamics. TREVOR J.
WEISS, Peter Crisp, Nathan Springer, and Feng Zhang.
Department of Plant and Microbial Biology and Center for
Precision Plant Genomics, University of Minnesota. Email:
weiss480@umn.edu

In recent years, the CRISPR/Cas9 system for genome editing
has revolutionized the field of biology. Much work has been
performed to better understand the rules that govern CRISPR/
Cas9’s ability to make edits in various systems. Yet little is
known about how CRIPSR-mediated genome editing works
in the context of DNA methylation and chromatin dynamics.
In this research, we sought to address this question by identi-
fying identical target sequences that are located throughout the
Arabidopsis genome in regions of differing DNA methylation
and chromatin structure. Investigation of genome editing effi-
cacy and DNA repair outcomes on each sequence will provide
greater insight in understanding how DNA methylation and
chromatin dynamics affect genome editing and DNA repair.
The results from this study would not only provide a deeper
understanding of genome editing and DNA repair in relation
to DNA methylation and chromatin structure, but also allow
for improved editing outcomes.

P-2021

Genome Editing of the NRT1.1 Gene Family in Maize.
BRIAN H. RHODES, Stephen Jinga, and Stephen Moose.
University of Illinois, Department of Crop Sciences, 1201
W. G r e g o r y D r . , U r b a n a , I L 6 1 8 0 1 . Em a i l :
bhrhode2@illinois.edu

An important component to increasing crop productivity
is improving Nitrogen Utilization Efficiency (NUtE). In
maize this trait is measured as the ratio of grain yield to
accumulated plant N. Enhancing NUtE offers substantial
economic and environmental benefits, but little is known
about the genetic mechanisms that govern variation for
NUtE within maize populations. Our group has conducted
high density genetic mapping for NUtE in a hybrid pop-
ulation developed from the intermated B73 X Mo17 re-
combinant inbred lines (IBMRILs), test crossed to the
Illinois High Protein 1 (IHP1) inbred line, which has a
superior capacity for N uptake but low NUtE. We identi-
fied 9 robust strong effect QTL for NUtE that range in
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size from 14-9030 Kb and aim to identify causal genetic
variants. The largest effect QTL is localized to a 2 Mb
region on chromosome 1 containing 21 annotated genes,
including the high affinity nitrate transporter NRT1.1 B.
The ortholog to the maize NRT1.1 B in rice has been
shown to contribute to the variation in nitrogen use be-
tween indica and japonica cultivars (Hu et al., 2015). The
Moose lab is currently setting up an in house gene editing
pipeline to target NRT1.1B within maize, as well as other
members of the NRT1.1 gene family. Several guide RNAs
targeting the NRT1.1 gene family have been validated
both in vitro and in vivo and transformations to generate
stable edited lines are currently underway.

P-2022

Genome Editing of Tomato with CRISPR/Cas 9 Targeting
Fruit Softening Genes. MURRAY BOASE1, Heather Tiffin1,
Huaibi Zhang1, Donald Hunter1, Zoe Erridge1, Lei Wang1,
Sarina Mandhandhar1, Ian King1, Nathanael Napier1, David
Brummell1, and Robert Schaffer2. 1The New Zealand Institute
for Plant and Food Research Limited, Batchelar Road, Private
Bag 11600, Palmerston North 4442, NEW ZEALAND and
2The New Zealand Institute for Plant and Food Research
Limited, 120 Mount Albert Road, Private Bag 92169
A u c k l a n d 1 1 4 2 , N EW Z EA LAND . E m a i l :
murray.boase@plantandfood.co.nz

Controlling the rate of fruit softening, particularly post-
harvest is important to achieve and maintain a desirable
texture for consumer acceptability. We investigated the
r o l e s o f t w o k e y f r u i t s o f t e n i n g g e n e s ,
POLYGALACTURONASE (PG) and PECTATE LYASE
(PL), to determine how change in fruit texture is con-
trolled. Seven ‘Ailsa Craig’ tomato transformation exper-
iments were conducted over six months. Etiolated hypo-
cotyls were used as tissue-cultured explants for infection
by Agrobacterium tumefaciens strain GV3101, containing
the CRISPR/cas9 expression cassettes targeted to PG and
PL genes. After selection with kanamycin, 81 transformed
plants were regenerated in vitro (4% transformation effi-
ciency). These transformants were screened by amplifying
the region of interest using a polymerase chain reaction,
followed by cloning and sequencing of individual alleles
of PG and PL to detect genome edits. Edits in the target
genes were detected in 13 (16%) of transformants.
Transgenic plants with edits were exflasked and acclimat-
ed in a containment house, grown to flowering and self-
pollinated. Seed were collected and progeny evaluated for
the transmission and stability of edits in the PG and PL
genes in the T1 generation. The self-pollination cycle was
repeated to obtain homozygous edits in the T2 generation.
Changes in fruit texture of progeny arising from crosses

between plants homozygous for PG and PL knockout
edits have yet to be evaluated.

P-2023

Wheat Genome Engineering via CRISPR/Cas9 to Generate
Virus Resistance. MONICA NAVIA-URRUTIA1, Jessica L.
Rupp1, John P. Fellers2, and Harold N. Trick1.1Department
of Plant Pathology, Kansas State University, Manhattan,
KS and 2USDA-ARS Hard Winter Wheat Genetics
Research Unit, Manhattan, KS. Email: monnav@ksu.edu;
hnt@ksu.edu

World wheat production is seriously threatened by differ-
ent pathogens. In Kansas, yield is being severely affected
by a disease called wheat streak mosaic complex, caused
by up to three different viruses: Wheat streak mosaic virus
(WSMV), Triticum mosaic virus (TriMV), and Wheat mo-
saic virus (WMoV). Viruses belonging to the family
Potyviridae, like WSMV and TriMV, recruit the host eu-
karyotic translation initiation factors eIF4E and eIF4G, or
their isoforms, to complete their infection cycle. Our group
showed that the silencing of the wheat initiation factors
TaeIF(iso)4E-2and TaeIF4Gby using RNAi resulted in re-
sistance to WSMV and TriMV through multiple genera-
tions and in crosses with a commercial variety. The goal
of this study was to implement a CRISPR/Cas9 system to
produce TaeIF(iso)4E-2-andTaeIF4G- edited plants with
enhanced resistance to WSMV and TriMV. Immature em-
bryos of the susceptible cultivar ‘Bobwhite’ were indepen-
dently transformed via biolistics with a Cas9 expression
vector, along with target-specific sgRNA scaffold vectors.
Four regenerated genome-edited plants (T0) were recov-
ered, three with mutations in the TaeIF4G targeted sites
and one with mutations in TaeIF(iso)4E-2. Sequence anal-
ysis of the edited plants showed bi-allelic (different muta-
tions on the alleles) and heterozygous genotypes, with
INDELS ranging from deletions of 1 to 42 bp and 1 bp
insertions. The progeny of the edited plants is being ana-
lyzed and evaluated against viruses, and results will be
discussed. The generation of TaeIF(iso)4E-2- and
TaeIF4G- edited plants with resistance to these important
viruses is the first step to incorporate resistance to com-
mercial varieties in a transgene-free fashion.

P-2024

Building a Suite of CRISPR/Cas9 Tools for Efficient
Switchgrass Gene Editing. EUDALD ILLA-BERENGUER1,
Peter R. LaFayette1,2, Gary A. Orr1,3, and Wayne Parrott1,2,3.
1Center for Applied Genetic Technologies, University of
Georgia, Athens, GA; 2Department of Crop and Soil
Sciences, University of Georgia, Athens, GA; and 3Institute
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of Plant Breeding, Genetics and Genomics, University of
Georgia, Athens, GA. Email: eillaberenguer@uga.edu

The advent of CRISPR/Cas9 technology has made it the ge-
nome editing tool of choice in almost all kingdoms of life,
including protists, fungi, animals and plants. Our aim is to
develop an efficient and predictable gene editing system for
switchgrass (Panicum virgatum L.). Switchgrass has been rec-
ognized as an important biomass resource of fermentable
mixed sugars that can yield biofuels and other value-added
chemicals and biomaterials. Being able to fine-tune switch-
grass metabolic capabilities via CRISPR/Cas9 gene editing
would be extremely useful. However, switchgrass is an allo-
tetraploid. Furthermore, its two subgenomes show extensive
gene duplication, which makes the identification of unique
gene-specific targets very challenging. Fortunately, since
CRISPR/Cas9 system was first described, a suite of
Cas9/Cfp1 proteins with diverse size, activity, recognition tar-
get site and trans-activating crRNA (scaffolds) have been
characterized. By exploiting the wide range of target specific-
ities of the available Cas9/Cfp1 proteins, we are developing a
platform that will allow editing any gene of interest in switch-
grass. The ultimate goal is to ensure the editing of all copies in
the switchgrass genome. As a first step, we have tested five
different Cas9/Cfp1 proteins (SpCas9, SaCas9, St1Cas9,
Mb3Cpf1, and AsCfp1) in embryogenic rice calli from
Taipei-309, with the objective of transferring the knowledge
acquired in this model system into switchgrass. Also, all pro-
tein combinations are being tested both at 37°C (optimal tem-
perature for most Cas9/Cfp1 proteins) and 27°C (optimal tem-
perature for tissue culture) to assess rate of editing under reg-
ular tissue culture conditions. Our preliminary results suggest
that St1Cas9 protein at both temperatures yields the best
editing efficiency and these are the chosen conditions that
we will further explore in switchgrass.

P-2025

Optimization and Application of Homology Independent
Targeted Integration in Plants. ANDIKA GUNADI1,
Nuananong Orchard1, Feng Qu2, and John J. Finer1.
1Department of Horticulture and Crop Science, Ohio
Agricultural Research and Development Center, The Ohio
State University, Wooster, OH 44691 and 2Department of
Plant Pathology, Ohio Agricultural Research and
Development Center, The Ohio State University, Wooster,
OH 44691. Email: gunadi.9@osu.edu

Genome editing technology results in precise modifications to
native DNA sequences. Targeted integration approaches ex-
pand the toolbox of gene editing to allow the precise insertion
of specific exogenous donor DNA sequences into the genome.
In crop plants, creative applications of targeted integration of

genes, gene fragments, or gene regulatory components can
lead to advances in crop productivity, at a level of precision
that has not previously been possible through conventional
breeding and transgenic approaches. However, current
targeted integration efficiencies in most crop species is ap-
proximately ≤ 1% using the homology-dependent repair path-
way, and higher efficiencies are needed. Using lima bean
(Phaseolus lunatus) and soybean (Glycine max) tissues, we
have successfully improved the efficiencies of an alternative,
CRISPR-based targeted integration strategy that relies on the
non-homologous end-joining pathway, termed Homology-
Independent Targeted Integration (HITI). Particle bombard-
ment was used to integrate donor DNA, containing the green
fluorescence protein (gfp) coding sequence, into downstream
region of soybean promoter targets. Successful targeted inte-
gration was quantified and optimized through GFP detection.
HITI was confirmed through DNA sequencing of the integra-
tion sites. Increasing guide RNA expression through the ad-
justment of co-bombardment ratios, and by evaluation of
promoter-terminator substitutions led to a seven-fold improve-
ment of average estimated targeted integration efficiencies
(from 5% to 36%). These improvements were then adapted
for targeted integration into the soybean genome using devel-
oping cotyledonary tissue and somatic embryos as target tis-
sues, leading to average estimated efficiencies of up to 4% and
9% respectively. With the possibility of further improvements
to the efficiency of HITI in soybean, these results support
HITI as a viable approach for targeted integration in crop
plants.

P-2026

Precise Genome Editing in Plants Using Homology Directed
Repair. M. BECKER and G. Hensel. Leibniz Institute of Plant
Genetics and Crop Plant Research (IPK), Plant Reproductive
Biology, Corrensstr. 3, D-06466 Seeland/OT Gatersleben,
GERMANY. Email: becker@ipk-gatersleben.de

Targeted genome modifications using CRISPR RNA/Cas-
mediated technology have been shown in a wide range of
organisms, including plants. Beside DNA- or RNA-transfer
o f t h e r e l e v a n t c ompo n e n t s , t h e t r a n s f e r o f
ribonucleoprotein-complexes (RNPs) has been exemplified
to induce indels at predefined induced double-strand breaks
(DSB) due to the error-prone repair mechanism following the
non-homologues end joining (NHEJ) DNA repair pathway.
Such genome modifications by indels are still not predictable
and therefore not precise. The less frequent alternative DSB
repair mechanism is called homology-directed repair (HDR)
using either the sister chromatid or homologous chromosome.
Using RNP-mediated DSB induction and HDR in combina-
tion with a customized repair-template enables a precise, pre-
dictable, cheap and marker-free genome modification. Factors
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that influence HDR efficiency are plant species, type of endo-
nuclease, delivery method and length and type of repair tem-
plate. In this chapter, the present knowledge of RNP-induced
genome modifications in plants with an emphasis on homol-
ogy directed repair will be summarized.

P-2027

In Vitro Micropropagation and Conservation of a Desert
Medicinal Plant, Lycium shawii Roem. & Schult. TALAAT
AHMED and Walid Kriaa. Environmental Science Center,
Qa ta r Un iver s i t y, Doha 2713 , QATAR. Emai l :
t.alfattah@qu.edu.qa

Lycium shawii Roem. & Schult.is a desert medicinal plant
that is also known as Awsaj or Desert Thorn. It belongs to
the family Solanaceae and can be found in the Arabian
peninsula as well as some areas in Africa. It is an erect,
spreading, intricately branched, very spiny shrub with about
3-meter height. Local people use it as food and medicine.
Current study describes a micropropagation protocol of
Lycium shawii through tissue culture techniques. Fresh
leaves were collected and rinsed using 20% sodium hypo-
chlorite for 15 minutes followed by rinsing in distilled water
for three times. Leaf segments were cultured on Murashige
and Skoog (MS) medium supplemented with 2,4-
dichlorophenoxy acetic acid (2,4-D), indole 3-acetic acid
(IAA), indole-3-butyric acid (IBA), naphthoxyacetic acid
(NOA) with four concentrations (0.5, 1.0, 1.5 and 2.0 mg/
l) for callus induction . Both 2,4, D and NOA formed the
highest callus production where 95.6 and 86.7 % of cultured
leaf discs produced viable callus, respectively. The lowest
callus induction rates were obtained by IAA and IBA where
79.4 and 68.5 % of cultured leaf segments produced callus,
respectively. Calli were transferred to free hormone 0.5 X
MS medium for somatic embryogenesis. After three weeks,
somatic embryos were obtained and sub-cultured at half-
strength MS medium supplemented with various concentra-
tions of 6-benzylaminopurine (BAP) for shoot regeneration.
0.5 X MS media supplemented with 1 mg/l BAP was the
best treatment for multiple shoot induction and produced
12.4 ± 0.15 shoots. For rooting of the obtained shoots, 0.5
X MS medium supplemented with different concentrations
of α-naphthalene acetic acid (NAA) was used. The best
result was obtained using 0.5X MS medium with 2.0 mg/l
NAA, where 90% of the regenerated shoots developed roots
with an average of 5.2 roots per shoot within five weeks.
The plantlets with healthy root systems were gradually ac-
climatized in greenhouse using cocopeat. The current
established micro-propagation protocol should be useful for
conservation as well as mass propagation of this important
medicinal plant.

P-2028

Biotization of In Vitro Plants with Endophytic Beneficial
Bacterium (PGP_invit) to Understand Plant-bacteria
Interaction. Nil Türkölmez1, Merve Albayrak1, Maria
Batool1, Doğa Selin Kayıhan2, Hamit Ekinci1, Özlem
Akkaya1, Mine Gül Şeker1, Ceyhun Kayıhan3, Fatma
Aydınoğlu1, and YELDA ÖZDEN ÇIFTÇI1. 1Gebze
Technical University, Department of Molecular Biology,
41400, Kocaeli, TURKEY; 2Nanobiz Technology Inc,
METU, Technopolis, Gallium Block, 06800, Ankara,
TURKEY; and 3Başkent University, Department of
Molecular Biology and Genetics, Ankara, TURKEY. Email:
yelda75@yahoo.com

With the recent advances in DNA sequencing and
metagenomic analysis, the importance ofmicrobiome to many
aspects of human health together with plant development is
highlighted and just starting to be appreciated. Moreover, the
advent of these new molecular technologies allows the iden-
tification of uncultured endophytic microbes that may have
beneficial influence to plant growth. Recently a putatively
endophytic beneficial bacterium (PGP_invit) was isolated
and characterized in the long-term in vitro cultured
microshoots of fraser photonia (Photinia × fraseri Dress)
(Gül Şeker et al., 2017). The aim of this study is not only to
confirm the positive influence of PGP_invit on in vitro plant
development, but also to understand plant-bacteria interaction
by using metagenomic and transcriptomics approaches. Our
results show that co-culture of this bacterium with shoot tips,
leaves, seeds and seedlings of different plant species provided
improvement of plant regeneration and development in plant
tissue culture conditions. Moreover, as this positive influence
of bacterium was detected in both tobacco and fraser photinia,
it is not host-dependent. In addition, it produces plant growth
regulators (auxin and gibberelic acid) and fixes nitrogen.
Hence, these results will provide a deeper understanding of
endophytic beneficial bacteria and their contribution to plant-
bacteria interaction.

P-2029

CRISPR-Cpf1 Editing and Hairy Root Evaluation of Gene
Targets to Obtain Low Phytate Soybean. JESSICA
CARRIJO1, Peter LaFayette2, Giovanni R. Vianna3,
Francisco Aragão1,3, and Wayne Parrott2. 1Department of
Molecular Biology, Brasilia, University Brasilia, BRAZIL;
2University of Georgia, Athens, GA; and 3Embrapa,
Brasilia, BRAZIL. Email: jessicarrijo@gmail.com

Phytate (InsP6) is the main form of phosphorus in soybean
seeds, accounting for more than 85% of the total phosphorus.
However, phytate is considered to be an antinutritional factor
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because it limits the availability of some essential nutrients,
such as iron, zinc, magnesium, and calcium. In addition,
monogastric animals, including humans, lack phytases in their
digestive tract, so they cannot digest the InsP6 present in
seeds. Thus InsP6 decreases the nutritional value of the seeds.
Furthermore, as InsP6 is not digestible by monogastrics, it is
largely excreted rather than absorbed, leading to phosphorus
accumulation in soils and the consequent risk of phosphorus
water pollution. Therefore, the generation of low phytic acid
(lpa) plants can overcome these limitations. The metabolic
pathway responsible for phytate production is the inositol
phosphate pathway, which is involved in different regulatory
processes during plant development. Therefore the choice of
the targets to knock requires caution, as knockouts in some
part of the pathway may influence other processes. Candidate
genes are being evaluated using a two-step process. First,
CRISPR-Cpf1 is being used to knock out inositol phosphate
pathway genes in hairy roots and validate the effectiveness of
the target sequences being used. Next, stably edited soybean
plants will be obtained, and evaluated based on the level of
phytate. Two candidate genes were chosen, and targets iden-
tified based on their target/off-target scores > 0.6. Vectors
were constructed in two different configurations to compare
the efficiency of a conventional system, with separate pro-
moters for each component, vs a simplified system with a
single promoter for all components. The cassettes are under
the control of a Gmubi3 promoter and contain GFP to aid in
the detection of the transformed roots. The editing efficiency
of the target genes is being evaluated by sequencing.

P-2030

Characterization of Transgenic Tobacco Expressing Archaeal
Thioredoxin Reductase B. QUASHAWN CHADWICK,
Christopher Cotter, and Ayalew Osena. Department of
Biology, University of North Carolina at Greensboro,
Greensboro, NC. Email: chadwickquashawn@gmail.com,
alosena@uncg.edu

Changes in global climates in the last century have put un-
precedented stress on the growth and development of agricul-
tural products. Higher temperatures and longer, more frequent
heat waves push agricultural goods, such as corn (Zea mays),
cotton (Gossyptium hirstum), and soybeans (Glycine max) be-
yond their evolutionarily adapted limits. Abiotic stresses such
as heat induce oxidative stress in plants. The thioredoxin sys-
tem is ubiquitous among organisms as a defense mechanism
against oxidative stress. In extremophiles, the thioredoxin sys-
tem has not been well characterized, and their heterologous
expression in planta has not been attempted, however, some
reports suggest that and these enzymes play an important role
in extromophile survival. Our research team is currently fo-
cusing on improving plant resilience to heat stress by

expressing archaeal thioredoxin reductases in planta. The
overall goal of this project was to improve crop resilience to
environmental stressors such as heat. Pyrococcus furiosus Trx
B was codon optimized and expressed in transgenic tobacco
(Nicotiana benthamiana) under the control of heat-inducible
barley HSP17 gene promoter using Agrobacterium-mediated
transformation. We have obtained six transgenic lines which
are being evaluated using molecular and biochemical studies.
The transgenic lines are expected to be more resilient to higher
temperatures and other abiotic stresses. Novel traits demon-
strated in model tobacco will be transferred to other econom-
ically important crops.

P-2031

Enabling Genome Editing Through the Delivery of Editing
Reagents into Soybean Meristem Explants. YURONG
CHEN, Dafu Wang, Xudong Ye, and Annie Saltarikos.
Bayer Crop Science, Plant Biotechnology, 700 Chesterfield
Parkway West , Chesterf ie ld , MO 63017. Email :
yurong.chen@bayer.com

Genome editing technologies based on zinc-finger nucleases
(ZFNs), transcription activator-like effector nucleases
(TALLENs) and clustered regularly interspersed short palin-
dromic repeats (CRISPR-Cas9 or Cpf1) systems have prom-
ised to be very powerful tools for gene function analysis and
crop improvement. These genome-editing reagents can be de-
livered to plant cells in the forms of DNAs or ribonucleopro-
teins (RNPs). One of the critical factors to enable the success-
ful genome editing is the development of efficient and geno-
type independent delivery systems for these genome-editing
reagents. Current status and future opportunities in developing
efficient genome editing delivery system in soybean meri-
stems will be presented and discussed.

P-2032

Investigating the Effects of Peroxiredoxin from Pyrococcus
furiosus on Heat Stress Tolerance in Model Tobacco.
CHRISTOPHER COTTER and Ayalew Ligaba-Osena.
Department of Biology, University of North Carolina at
Greensboro, Greensboro, NC. Email: cjcotter@uncg.edu,
alosena@uncg.edu

During times of abiotic stress such as increased heat, light,
salinity, or drought, plant cells generate increased concentra-
tions of reactive oxygen species (ROS) which are toxic to the
cells. Plants produce antioxidant enzymes, such as
peroxiredoxins (Prx). The Prxs may also be implicated in
modulating redox signaling during development and adapta-
tion to decrease ROS concentrations, but the capacity of the
plant mesophilic Prx may be limited. This research aims to

PLANT POSTERS S61



investigate the Prx from the hyperthermophilic archaea
Pyrococcus furiosus in response to heat stress. The sequence
ofP. furiosus Prx was codon-optimized and expressed inmod-
el tobacco (Nicotiana benthamiana) under the control of con-
stitutive and heat-inducible barley HSP17 promoter. The ex-
pression cassette was introduced into tobacco leaf segments
using Agrobacterium-mediated transformation. Transgenic
shoots regenerated in the presence of antibiotics were trans-
ferred to root initiation medium. Rooted plantlets were trans-
ferred to soil. A total of 10 transgenic lines have been pro-
duced. We are current ly evaluat ing these l ines .
Phenotypically, the transgenic lines are not different from con-
trol plants, suggesting that the archaeal gene does not affect
plant growth and development. Further biochemical and mo-
lecular studies will enable us to determine whether archaeal
Prxs play a role in enhancing abiotic stress resilience in planta.

P-2033

Soybean Isolated Microspore Culture: Sustained Cell
Divisions and Embryo Formation. B. HALE1, M. Garda1, C.
Phipps2, C. Kelley2, N. Rao3, and G. C. Phillips2,3,4.
1Molecular Biosciences Graduate Program, Arkansas State
University, 2105 Aggie Rd, Jonesboro, AR 72401;
2Arkansas Biosciences Institute, 504 University Loop,
Jonesboro, AR 72401; 3College of Agriculture, Arkansas
State University, 422 University Loop, State University, AR
72467; and 4University of Arkansas Division of Agriculture,
PO Box 1080, State University, AR 72467-1080. Email:
brett.hale@smail.astate.edu, martina.garda@smail.astate.edu

To our knowledge, a practical system for producing dou-
bled haploids of soybean (Glycine max) is not available.
Our previous research identified potential pyramidal
stressors to promote the formation of putative gametic
(microspore-derived) calli in soybean anther cultures.
These pyramidal stressors were applied to the culture of
isolated microspores of genotype IAS-5, including:
Pretreatment of donor plants at 10°C day/8°C night for
3 days, followed by 4°C overnight; initial incubation at
11°C in the dark with nitrogen starvation; addition of light
at 18°C and 25°C incubation. With minimal adjustments
i n t h e c u l t u r e p r o t o c o l , s u c h a s u s i n g 2 , 4 -
d i c h l o r o ph enoxya c e t i c a c i d a s aux i n a nd 6 -
benzylaminopurine as cytokinin, 100% of the culture rep-
licates exhibited sustained cell divisions leading to forma-
tion of complex structures including embryos. Preliminary
flow cytometry results indicated the haploid status of the
isolated microspores placed into culture, and the occur-
rence of spontaneous doubling under certain culture con-
ditions. Embryo development has been documented and
compared to the androgenesis model system, Brassica
Napus, with many similarities. The culture system

described here provides a new platform for the study of
soybean androgenesis, and a possible strategy for the pro-
duction of soybean doubled haploids.

P-2034

CRISPR/Cas9 Mediated Targeted Mutagenesis of Voltage-
dependent Anion Channel in Korean Wheat. JAE YOON
KIM1, Chang-Ho Kim1, Jin Seok Yoon2, and Yong Weon
Seo2. 1Department of Plant Resources, Kongju National
University, Yesan, Chungnam, REPUBLIC OF KOREA and
2Department of Biosystem and Biotechnology, Korea
University, Seongbuk-Gu, Seoul, REPUBLIC OF KOREA.
Email: jaeyoonkim@kongju.ac.kr

Anion channel is one kind of the membrane transporters and
ubiquitously distributed in plant membrane. The voltage-
dependent anion channels (VDACs) are found on the outer
mitochondrial membrane of all organisms. VDAC has been
isolated from mitochondria of all eukaryotic kingdoms and
forms large voltage-gated pores when incorporated into the
plasma lipid bilayers. VDAC is permeable to molecules with
a molecular mass smaller than a 6 kDa which freely passes
through the channels in their open state. In this study, we
isolated TaVDAC gene by transcriptome analysis under pre-
harvest sprouting (PHS) treatment as down-regulated tran-
script in Korean wheat. To identify the physiological mecha-
nism under PHS stress, we conducted on generating targeted
mutagenesis plants using CRISPR/Cas9 technology in model
plant. The single guide RNA (sgRNA) was designed targeting
to the third exon region of VDAC gene of Brachypodium by
PCR-based procedures to generate sgRNA expression cas-
settes and then it was assembled into the binary CRISPR/
Cas9 vector by ligation method. The CRISPR-Cas9-VDAC
vector were then transformed into immature callus by
agrobacterium-mediated transformation method. Six mutant
plants were identified from 13 T0 transgenic plants.
Transgenic plants revealed various insertion mutations
(ranged from 1 to 4 bp) at the target site. Transgenic T1 plants
were screened using High Resolution Melting (HRM) curve
analysis. HRM analyses showed clear difference between the
WTand T1 transgenic templates in target sites. Two T2 homo-
zygous mutant lines were further examined for functional
analysis. The functional analysis will be discussed.
[Acknowledgements] This work was supported by the
National Research Foundation of Korea (NRF) grant funded
b y t h e K o r e a g o v e r n m e n t ( M S I P ) ( N R F -
2017R1A1A1A05001432)

P-2035

Advanced Phenotypic Analysis of In Vitro Development and
Transformation for GWAS in Populus: Machine Vision
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Analysis of RGB and Hyperspectral Images. CATHLEEN
MA1, Michael Nagle1, Ekaterina Peremyslova1, Anna
Magnuson1, Jialin Yuan2, Nihar A. Doshi2, Fuxin Li2, Yuan
Jiang3, Chengyang Duan3, and Steven H. Strauss1.
1Department of Forest Ecosystems & Society, Oregon State
University, Corvallis OR; 2Department of Computer Science,
Oregon State University, Corvallis, OR; and 3Statistics
Department, Oregon State University, Corvallis, OR. Email:
mac@oregonstate.edu

In vitro phenotypes can be difficult to quantitatively determine
due to the need to maintain sterility during sequential analysis,
the use of partially transparent vessels such as Petri dishes, and
the wide range of developmental phenotypes observed—
which include various forms of callus, shoots, roots, embryos,
and indeterminate developmental stages. Transformation rates
are also difficult to quantify due to chimaerism during early
stages of development and selection, variable rates of trans-
gene expression, stress responses of tissues, and the proximity
of transgenic shoots to those that escape selection. As part of a
GWAS (genome-wide association study) to identify mecha-
nisms that control the rate and kinds of regeneration and trans-
formation in Populus trichocarpa, we developed a novel phe-
notyping system based on visible (RGB, red-green-blue wave-
lengths) and hyperspectral imaging. Working with Middleton
Spectral Vision (MSV, Wisconsin), we designed an imaging
system that records visible and hyperspectral images of plants
in Petri dishes at high speed. This data can then be directly
analyzed for growth, health, and transformation [via green
fluorescent protein (GFP) fluorescence] using multivariate
statistical methods, and by using machine vision analysis to
characterize spatially explicit developmental patterns of
growth, differentiation, and transformation. We will describe
our work to date with the MSV image acquisition and analysis
system, including treatment optimization and practical prob-
lems that we have had to solve to conduct GWAS on large
numbers of genotypes in vitro. We will also describe our
progress on reclassification accuracy in annotation and analy-
sis of images using machine vision (neural network) methods,
and show preliminary GWAS results. We thank the National
Science Foundation Plant Genome Research Program for sup-
port (IOS # 1546900.)

P-2036

GenomeWide Identification of the CIPKGene Family and Its
Response to Abiotic Stress in Banana. NEELAM PRABHA
NEGI. University Institute of Biotechnology, Chandigarh
Un i v e r s i t y, Gha r u an , Moha l i , INDIA . Ema i l :
sapphirenegi@yahoo.com, neelam.biotech@cumail.in

Plants are exposed to various adverse stress conditions during
their growth and development process. To cope with

numerous environmental stimuli, plants form a series of com-
plex signal transduction mechanisms to perceive, transduce,
and respond to different stresses. These responses can mini-
mize the injury derived from adversity. Calcium is a ubiqui-
tous intracellular secondary messenger in plants. This element
regulates various plant growth and development processes, as
well as abiotic and biotic stress responses. The calcineurin B-
like protein (CBL) belongs to a unique group of calcium sen-
sors in plants. Hence, the calcium signature can bind to the
elongation factor (EF) hand domains of the CBL proteins.
Then, the CBL proteins bind to the NAF/FISL domain of
the C-terminal of the CBL-interacting protein kinases
(CIPKs). To elucidate the molecular basis of the response to
environment stress, we performed mRNA sequencing of the
banana. In addition, based on our RNA-seq data the CIPK
gene expression profiles in different banana tissue, fruit devel-
opment stages, was determined. Furthermore, the influence of
abiotic stresses on their expression levels will also be ana-
lyzed. Their expression would help in induction of tolerance
against abiotic stress that may play a significant role in food
security and economical sustainability in India. The results in
this study offer a thorough understanding for CIPK genes in
banana and provide scientific reference for genetic breeding
purposes.

P-2037

Arabian Primrose Mediated Green Synthesis of Silver
Nanoparticles and Evaluation of Their Anti-oxidant, Anti-
cancer, Anti-microbial and Catalytic Potential. SHRUTI
NINDAWAT and Veena Agrawal. Department of Botany,
U n i v e r s i t y o f D e l h i , I N D I A . E m a i l :
shruti_nindawat@yahoo.co.in

Present study reports single-pot biosynthesis of silver
nanoparticles (AgNPs) using aqueous root and leaf ex-
tracts of Arabian Primrose [Arnebia hispidissima
(Lehm.) A. DC]. Aqueous leaf (LE) and root extracts
(RE) showed rapid synthesis within 12 and 6 min, respec-
tively. Characterization of AgNPs was done using UV-Vis
spectroscopy, XRD, FESEM, EDAX, TEM, DLS and
FTIR. They were face centred cubic crystals with different
shapes like sphere, rod, triangle, hexagon and polygon.
They had negative zeta potential value confirming their
high stability. FT-IR analysis showed presence of pheno-
lics, flavonoids and proteins in the plant extract acting as
reducing, capping and stabilizing agents. AgNPs showed
high antioxidant activity against DPPH and H2O2 radicals.
They exhibited dose-dependent cytotoxicity against cervi-
cal cancer cell line, HeLa (RE-AgNPs, IC50 4.44 μg/mL
and LE-AgNPs, IC50 7.18 μg/mL) and were non-toxic
towards non malignant L20 B cell line. Clonogenic assay
was done for the HeLa cells treated with increasing

PLANT POSTERS S63



concentrations of AgNPs and a dose dependent decrease
in the number of colonies was observed. The synthesized
AgNPs also exhibited effective antimicrobial activity
against seven human pathogenic strains tested. The silver
content in AgNPs suspension was estimated using atomic
absorption spectrometry. AgNPs mediated catalytic degra-
dation of structurally different dyes namely, methylene
blue, methyl red, eosin yellow, crystal violet, methyl or-
ange, trypan blue and safranine was observed. Thus, it is
interpreted that the synthesized AgNPs exhibited antioxi-
dant, anticancer, antimicrobial and catalytic activities so
they could have tremendous applications in pharmaceuti-
cal, biomedical and biotechnological industries.

P-2038

Evaluating Pyrococcus furiosus Heat-inducible Genes for
Stress Resilience in Planta. AYALEW LIGABA-OSENA,
Christopher Cotter, Aashika Ramkumar, and Niska
Majumdar. Department of Molecular Biology and
Biotechnology, University of North Carolina at Greensboro,
Greensboro, NC. Email: alosena@uncg.edu

Ensuring global food security in the face of a changing
climate is one of the major challenges facing mankind.
Productivity of major staple crops is threatened by climate
variability and extremes, which triggering abiotic stresses
such as heat, drought and salinity, and lead to over 50%
yields loses annually. Hyperthermophilic archaea such as
Pyrococcus furiosus, whose optimum temperature is
100oC, a temperature that would destroy most living or-
ganisms, are potential sources of novel traits for abiotic
stress resilience. However, the role of archaeal heat-shock
proteins and chaperonins in conferring stress resilience in
planta has never been studied before. The aim of this study
was to evaluate whether P. furiosus small heat-shock pro-
tein (sHSP20) and chaperonin 60 (cpn60) confer heat and
abiotic stress resilience. The sHSP20 and cpn60 were
codon-optimized and expressed in Nicotiana benthamiana
via Agrobacterium-mediated transformation under the con-
trol of barley hsp17 heat-inducible promoter. A construct
containing both genes was also introduced into tobacco to
see if the two genes have an additive effect. At least, 15
independent transgenic lines were generated for each con-
struct. All the generated lines were phenotypically similar
with control plants with no sign of abnormality, suggesting
that the archaeal proteins do not have detrimental effect on
plant growth and development. Molecular and biochemical
analysis will enable us to understand the response of the
transgenic lines to heat stress. This study will serve as a
basis for our ongoing effort to import novel traits from
extremophiles, to improve economically important corps
to ensure global food security.

P-2039

Towards a Methodology to Improve Somatic Embryogenesis
and Transformation Efficiency in Switchgrass (Panicum
virgatum L.): Overexpression of Baby Boom and Wuschel2
Genes. MÓNICA PRÍAS BLANCO1, Pete LaFayette1, and
Wayne Parrott1,2,3. 1Center for Applied Genetic Techno-
logies, University of Georgia, Athens, GA; 2Institute for
Plant Breeding, Genetics and Genomics, University of
Georgia, Athens, GA; and 3Department of Crop and Soil
Sciences, University of Georgia, Athens, GA. Email:
mp41423@uga.edu

Genetic transformation of switchgrass (Panicum virgatum L.)
is important in the incorporation of value-added traits, espe-
cially those leading to production of lignocellulose-derived
biofuel. This process can take between 18 and 31 weeks
starting from callus induction until regeneration of a transgen-
ic plant (Lin, et al., 2017). The overexpression of Baby Boom
(Bbm) along with the transcription factorWuschel2 (Wus2) is a
method to improve monocot transformation. BBm and Wus2
stimulate the rapid development of embryogenic callus from
embryogenic and non-embryogenic tissue, improving the ef-
ficiency of transformation in recalcitrant inbred lines of maize,
and another monocots such as rice, sorghum and sugarcane
(Lowe et al., 2016, 2018) To adapt the system to switchgrass,
plasmids were constructed that contain BBm and Wus2 genes
from Zea mays, regulated by plant promoters ZmUbipro and
OsE1F5pro, which have high and low levels of expression,
respectively. Once BBm and Wus2 induce regeneration, their
continued expression is detrimental. Therefore, desiccation-
inducible CRE mediated excision was included to allow for
excision of the cassette containing Bbm and Wus2 before the
regeneration of plants. Alternatively, implementation of an
inducible system based on Lac repressor that regulates expres-
sion of these genes in a manner time-specific will overcome
their pleiotropic effects and thus, the excision of the cassette
will not be needed. Leaves and node culms from in vitro--
grown plants of rice Tp309 and of switchgrass Performer 7
were transformed with the control and optimized plasmids,
and selection and regeneration is under way. Next step will
be to transform with plasmid containing both BBm and Wus2
cassette and LacI cassette, this last coding for Lac repressor.
The ultimate goal is to reduce the amount of time needed to
obtain transgenic plants and to make a broader range of
switchgrass genotypes amenable to transformation.

P-2040

Development of Broad-spectrum Bacterial Blight Resistance
and Semidwarfing in Traditional Basmati Rice of Jammu
Region. M. RAINA1,2, R. K. Salgotra2, and D. Kumar1.
1Central University of Jammu, Rahya-Suchani (Bagla),
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District-Samba 181143, Jammu (Jammu & Kashmir), INDIA
and 2Sher-e-Kashmir University of Agricultural Sciences &
Technology-Jammu, Jammu 180009, Jammu & Kashmir,
INDIA. Email: raina.kesar592@gmail.com

The basmati rice variety ‘Ranbir Basmati’ is very popular
among the farmers of Jammu region due to its palatable taste
and short-duration to fit in rice-wheat cropping system.
However, the variety has recently succumbed to bacterial leaf
blight (Xoo) and prone to lodging. The severity and signifi-
cance of damage caused by both diseases and lodging has
necessitated the development of effective strategies for their
management. Two major bacterial blight (BB) resistance
genes and a semi-dwarf gene were introgressed into an
Indian Basmati through marker-assisted backcross breeding.
A high yielding introgressed line PAU148 carrying xa13,
Xa21 and sd1 genes was used as donor parent. Marker-
assisted backcrossing was continued till BC2 generation
wherein gene specific markers specific for the resistance genes
were used for foreground selection and a set of parental poly-
morphic microsatellite markers were used for background se-
lection at each stage of backcrossing. In BC2F2 population 19
plants were found to be positive for all three genes whereas the
maximum genome recovery of Ranbir Basmati in BC2F2 was
86.9 percent in introgressed line SBTIL121. The introgressed
lines carrying resistance genes were further evaluated for bac-
terial blight resistance. The genotypes carrying both resistance
genes exhibited very high level of resistance against bacterial
blight while the lines containing either Xa21 or xa13 gene
alone showed moderate resistance. The pyramided lines were
also analyzed for agro-morphological characters in random-
ized block design (RBD) with two replications. All the lines
were found to be significant for all the agro-morphological
traits. The newly introgressed lines in the background of
Basmati will also be a unique genetic stock and a source for
BB resistance genes along with semi dwarfing gene. These
lines can be used as semi dwarf bacterial blight resistance
donors for further basmati improvement program.

P-2041

Assessment of Antioxidant Activity of Extracts and Purified
Prenylated Stilbenoids from Peanut Hairy Root Cultures.
PATRICK ROBERTO and Fabricio Medina-Bolivar.
Arkansas Biosciences Institute and Department of Biological
Sciences, Arkansas State University, Jonesboro, AR. Email:
patrick.roberto@smail.astate.edu

Excessive production of reactive oxygen species leads to cel-
lular impairment by causing damage to nucleic acids, lipids
and proteins. In humans, oxidative stress is associated with
several illnesses including cancer, cardiovascular diseases,
and neurodegenerative disorders such as Parkinson’s and

Alzheimer’s disease. Dietary antioxidants such as resveratrol
have been shown to inhibit oxidative stress in cell culture and
in vivo. However, the poor bioavailability of resveratrol in
humans limits its pharmacological activity. Natural prenylated
analogs of resveratrol produced in peanut may exhibit similar
biological activity as resveratrol and potentially enhanced bio-
availability. To this end, the aim of this project is to character-
ize the antioxidant activity of select prenylated stilbenoids
in vitro and in vivo. To produce the prenylated stilbenoids,
peanut hairy root cultures of cultivar Hull were treated with
cyclodextrin alone or in combination with methyl jasmonate,
hydrogen peroxide and magnesium chloride for 168 hours.
Stilbenoids were extracted from the culture mediumwith ethyl
acetate and analyzed by high performance liquid chromatog-
raphy (HPLC). Extracts from the combined elicitor treatment
contained higher levels of stilbenoids including resveratrol
and the prenylated stilbenoids arachidin-1, arachidin-2,
arachidin-3, and arachidin-5. The antioxidant activity of the
extracts was assessed with the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay and by an on-line HPLC-DPPH method.
Extracts produced from the combined elicitor treatment exhib-
ited greater antioxidant activity than the extracts from the cy-
clodextrin treatment alone. Our studies suggest that the peanut
hairy root extracts are a good source of antioxidant com-
pounds that have potential use as nutraceuticals to improve
human health.

P-2042

Plant Regeneration in Sorghum bicolor from Leaf Explants. T.
SILVA1,2, M. Kelly3, andW. Vermerris2,4. 1Graduate Program
in Genetics & Genomics, University of Florida, Gainesville,
FL 32610; 2UF Genetics Institute, University of Florida,
Gainesville, FL 32610; 3Graduate Program in Plant
Molecular and Cellular Biology, University of Florida,
Gainesville, FL 32610; and 4Department of Microbiology &
Cell Science, University of Florida, Gainesville, FL 32610.
Email: tallyta@ufl.edu

Sorghum bicolor (L.) Moench is a diploid C4 grass closely
related to maize and sugarcane. Its relatively small genome
(~730 Mb) and well-developed genomic resources make it a
model for studies of Saccharinae and other C4 grasses. In
contrast, the limited number of genotypes amenable to trans-
formation, along with low transformation and regeneration
efficiencies, have limited the use of sorghum in studies aimed
at discovering or validating gene function. The low tissue
culture efficiency is attributed mainly to the production of
phenolic compounds. Phenolic compounds in the media can
prevent growth and can cause blackening of tissues and ex-
plant death. Furthermore, obtaining immature embryos, which
are the explants most successfully used to induce callus for-
mation, is a labor-intensive process. The use of leaf tissue as

PLANT POSTERS S65



explants for transformation would reduce both the seasonal
variation in the supply of explants, and tissue preparation
time. We have developed a sorghum regeneration protocol
based on leaf tissue explants and that is amenable to transfor-
mation via particle bombardment. The explants can be collect-
ed six weeks prior to the availability of immature embryos,
enabling a more efficient use of growth chamber or green-
house space, while reducing the time associated with explant
preparation.

P-2043

Assessing the Species Relationships of the USDA-Tropical
Agricultural Research Station (TARS) Bamboo Collection
Through DNA Barcoding. D. SIRITUNGA and E.
Gonzalez. Department of Biology, University of Puerto Rico
M a y a g u e z , M a y a g u e z , P R 0 0 6 8 1 . E m a i l :
dimuth.siritunga@upr.edu

Bamboo is a grass used with many purposes including con-
struction and as a food. This grass belongs to the family
Bambuseae which consists of 1000-1500 different species
distributed around the world including four species native to
Puerto Rico. Due to the infrequent flowering and morpholog-
ical plasticity, the identification and classification of species is
very complex. The classic identification of species depends on
the morphological characteristics but the addition of molecu-
lar techniques to the identification process represents a great
advancement in species identification. We used one such mo-
lecular tool, DNA barcoding, to assess the relationship of 56
different species of the live Bamboo collection an the USDA
Tropical Agricultural Research Station (TARS) in Mayaguez.
To fathom the relationship we also assessed the the 4 native
bamboo species found on the island. The DNA barcoding
loci used were trnh-psbA, rbcL, MatK and rpl32-trnL loci.
Concatenated sequence information of these loci will be used
to generate a phylogenetic tree of the 60 bamboo species to
identify the relationships between the species in order to help
in future conservation plans of bamboo in Puerto Rico.

P-2044

Effects of Chemical Stimulations on Shikonin and Derivatives
in In Vitro Turkish Echium italicum L. Hairy Root Culture.
VEYSEL SÜZERER1,2, Melike Tepe3,4, Devrim Atilla4,
Engin Tilkat5, Tamer Özcan6, and Yelda Özden Çiftçi3,7.
1Bingöl University, Vocational School of Health Services,
Department of Medical Services and Techniques, Program
of Medical Laboratory Techniques, 12000, Bingöl,
TURKEY; 2Istanbul University, Institute of Graduate
Science and Engineering, Department of Biology, Botany
Section, 34120, Fatih/Istanbul, TURKEY; 3Gebze Technical
University, Faculty of Basic Science, Department of

Molecular Biology and Genetics, 41400, Kocaeli, TURKEY;
4Gebze Technical University, Faculty of Basic Science,
Department of Chemistry, 41400, Kocaeli, TURKEY;
5Batman University, Faculty of Science and Literature,
Department of Biology, 72100, Batman, TURKEY; 6Istanbul
University, Faculty of Science, Department of Biology,
Division of Botany, 34120, Fatih/Istanbul, TURKEY; and
7Gebze Technical University, Institute of Biotechnology,
41400, Kocaeli, TURKEY. Email: beyso1985@gmail.com

Shikonin which is widely used for various medical purposes
due to its antibacterial, antiviral, antitumor, and anti-
inflammatory effects, is mainly produced by Boraginaceae
family members (Echium, Alkanna, Onosma, Lithospermum
etc.). Moreover, those plants produce different pharmaceuti-
cals such as alkannin, rosmarinic acid, unsaturated and poly-
unsaturated fatty acids. Among them, E. italicum L. has wide-
ly distributed both latitude and altitude in Turkey. Thus, the
aim of this study is to validate the use of chemical elicitors to
increase shikonin and its derivatives in in vitro E. italicum L.
Hairy root cultures were induced from in vitro derived root
explants by infection with Agrobacterium rhizogenes. Hairy
roots were cultured in plant growth regulator free Gamborg
B5 liquid medium. Different amounts and types of chemical
elicitors were added to culture medium and then stimulated
hairy roots were isolated from medium and then air dried and
powdered. The powder was extracted with methanol by using
ultrasonic bath at room temperature in dark and evaporated in
vacuo and concentrated by high vacuum. The concentrated
extract was purified on silica gel eluted with hexane, acetone
and acetic acid (70:30:0.1). Purified extracts were measured
for shikonin and derivatives and it was observed that shikonin
derivatives amount was increased in tested hairy root culture
and compared to the control. Our results indicate that this
in vitro chemical stimulation techniques could also be used
for large-scale production of shikonin and its derivatives.

P-2045

Ectopic Expression of a Heterologous Glutaredoxin Enhances
Tolerance to Multiple Abiotic Stressors and Grain Yield in
Field Grown Maize. T. TAMANG1, S. Sprague1, T.
Kakeshpour1, T. Steiner1, S. Liu2, F. F. White3, and S. Park1.
1Department of Horticulture and Natural Resources, Kansas
State University, Manhattan, KS 66506; 2Department of Plant
Pathology, Kansas State University, Manhattan, KS 66506;
and 3Department of Plant Pathology, University of Florida,
Gainesville, FL 32611. Email: tejman@ksu.edu

Abiotic stress (heat and drought) is an important constraint to
corn production, particularly during the reproductive stage,
which is the most sensitive and critical for seed set and grain
yield. Ectopic expression of the Arabidopsis thaliana
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glutaredoxin S17 (AtGRXS17) gene in tomato resulted in
plants with higher heat and drought tolerance than wild-type
plants during vegetative growth. Here, we report that ectopic
expression of AtGRXS17 in maize also enhanced tolerance to
drought and heat stress during reproductive stages under field
conditions. In field tests, AtGRXS17-expressing maize events
displayed higher kernel set, resulting in a 6-fold increase in
yield in comparison to the non-transgenic counterparts when
challenged with heat stress at tasseling through grain-filling.
Similarly, AtGRXS17-expressing plants yielded 2-fold and
1.5-fold more grain weight per plant than wild-type when
challenged with drought stress in field conditions at the tassel-
ing stage and silking stage, respectively. Our results present a
robust and simple strategy for meeting rising yield demands in
maize.

P-2046

Plant Cell-derived Growth Factors for Ex Vivo Mass
Production of Red Blood Cells. XIAOTING WANG1,
Tristen Wright2, Colton Batten2, and Jianfeng Xu1. Arkansas
Biosciences Institute, Arkansas State University, Jonesboro,
AR 72401. Email: Xiaoting.Wang@smail.astate.edu,
jxu@astate.edu

Generation of red blood cells from hematopoietic stem
cells (HSCs) used for blood transfusion represents one
of the focus in regenerative medicine. Erythropoietic
growth factors (eGFs), including stem cell factor (SCF),
interleukin 3 (IL-3) and erythropoietin (EPO), are vital for
proliferation and differentiation of HSCs into mature red
blood cells (RBCs) ex vivo. However, massive production
of RBCs requires significant quantity and high quality of
eGFs, making manufacturing at large scale cost prohibi-
tive. Plant cell culture is proposed to be a promising
bioproduction platform for growth factors based on the
advantages of, fast growing, no risk of human pathogen,
and easy downstream separation and purification.
However, low protein productivity is a common bottle-
neck towards commercialization of this production plat-
form. This bottleneck is addressed by the proprietary “de-
signer HypGP engineering” technology that leverages the
plant-specific hydroxyproline (Hyp)-O-glycosylation code
to design and engineer novel Hyp-O-glycosylated pep-
tides (HypGP) in plant cells. The engineered HypGP can
function as a molecular carrier to dramatically increase
the secreted yields of fused proteins in plant cell culture.
In this study, eGFs were expressed in tobacco BY-2 cells
with a HypGP tag either at N-terminus or C-terminus. The
secreted protein yields were determined. The biological
activities of the secreted eGFs were assayed for their
function in stimulating the proliferation of TF-1 cell line
(human erythroblast cells). Our research may provide a

novel and promising plant cell-based platform to produce
large quantity of eGFs that facilitate the hematopoietic
stem cell research and clinical applications.

P-2047

Chemical Inhibition of Cell Wall Biosynthesis of Tobacco
BY-2 Cell to Investigate Recombinant Protein Expression.
UDDHAB KARKI1,2 and Jianfeng Xu1. 1Arkansas
Biosciences Institute and 2Molecular Biosciences Program,
A r k a n s a s S t a t e U n i v e r s i t y . E m a i l :
Uddhab.karki@smail.astate.edu

Plant-based expression system for human therapeutics is
important due to their intrinsic safety, low production and
downstream cost and the capability of post-translational
modification. Due to its central role in bio-production
and fundamental research, tobacco BY-2 cell has been re-
ferred to as the “CHO-cell in molecular farming” and the
“HeLa cell in the biology of higher plants”. However, ma-
jor challenges exist for the BY-2 cell bioproduction system,
such as low protein production and secretion, and difficulty
in cryopreservation, which prevent the commercialization
of this bioproduction platform. These problems can largely
be attributed to the distinctive plant cell wall structure that
is composed of a complex matrix of interconnected poly-
saccharides forming a thick semi-permeable rigid barrier
which protects the cell. However, complete cell wall struc-
ture may not be crucial for in vitro cultured plant cells because
optimized culture conditions (medium composition, pH, tem-
perature, etc.) are provided to the cells to support their rapid
propagation. The overarching goal of this research is to create
cell wall deficient plant cells through cellular engineering and
genome editing. As an initial investigation, pseudo-cell wall
deficient (pCWD) tobacco BY-2 cells virtually absent of a
cellulose-xyloglucan network were prepared by providing a
cellulose synthesis inhibitor, 6-dichlorobenzonitrile (DCB) to
the culture media. The cultured pCWDBY-2 cells were found
to form big clumps of 2 to 8mm in diameter. The morphology,
propagation and cellular structure of the pCWD cells were
analyzed microscopically. The expression of a reporter pro-
tein, enhanced green fluorescence protein (eGFP) by the
pCWD BY-2 cells and extracellular secretion of eGFP was
analyzed by Western blotting. This study provides readily ac-
cessible cell materials to understand the properties and recom-
binant protein expression of the proposed pCWD plant cell
lines.

P-2048

Computational Studies on Mitochondrial Transmembrane β-
barrel Proteins. AHMED F. ROUMIA, Margarita C.
Theodoropoulou, and Pantelis G. Bagos. Department of
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Computer Science and Biomedical Informatics, University of
T h e s s a l y , 3 5 1 0 0 L am i a , G R E ECE . Em a i l :
af41555@gmail.com

Transmembrane β-barrel proteins exist exclusively in the out-
er membranes of chloroplasts, mitochondria and Gram-
negative bacteria. They are implicated in a variety of impor-
tant functions, such as specific or non-specific channels, re-
ceptors, enzymes, translocation channels and structural or ad-
hesion proteins. In mitochondria, they play part in theβ-barrel
proteins translocation into the outer membrane. The mito-
chondrial β-barrel proteins are encoded in the nucleus and
thus, have to be translocated into the mitochondrial outer
membrane. TOM20 is the receptor that imports the TOM40
complex at the mitochondrial outer membrane and SAM50
translocates the β-barrel pre-protein into the outer membrane.
A β-hairpin motif has been recently identified as the recogni-
tion signal of the mitochondrial β-barrel pre-proteins by
TOM20. This motif consists of two highly hydrophobic β-
sheets connected by a short loop, located in the end of the
β-barrel domain. In this work, we analysed this sequence
sorting signal via various computational methods in an at-
tempt to detect its features. To this end, we created a dataset
of mitochondrial β-barrels from the respective families found
in the PFAM database. Subsequently, we isolated the last two
β-strands from each protein, built a multiple alignment of the
fragments (T-COFFEE) and refined it (MUSCLE). The align-
ment highlights the alteration of hydrophobic/non-
hydrophobic residues of the β-strands, the high dominance
of phenylalanine at the end of the motif, and a novel D/N
conserved motif in the loop. Finally, we created a profile
Hidden Markov Model using the HMMER package. The re-
sults were promising since the pHMM did not detect any
significant hits in globular, chloroplastic and bacterial β-
barrel proteins. However, it proved unable to detect all the
mitochondrial β-barrel proteins in our dataset. We are now
exploring other options in our attempt to create a method able
to detect and discriminate mitochondrial transmembrane β-
barrel proteins, such as the design of a specific Hidden
Markov Model that will describe the β-hairpin motif.

P-2049

Leucine-rich Repeat Extensin Proteins Regulate Plant Salt
Tolerance in Arabidopsis. OMAR ZAYED, Chunzhao Zhao,
and Jian-Kang Zhu. HLA Department, Purdue University.
Email: ozayed@purdue.edu

The perception and relay of cell-wall signals are critical for
plants to regulate growth and stress responses, but the under-
lying mechanisms are poorly understood. We found that the
cell-wall leucine-rich repeat extensins (LRX) 3/4/5 are critical
for plant salt tolerance in Arabidopsis. The LRXs physically

associate with the RAPID ALKALINIZATION FACTOR
(RALF) peptides RALF22/23, which in turn interact with
the plasma membrane-localized receptor-like protein kinase
FERONIA (FER). The lrx345 triple mutant as well as fer
mutant plants display retarded growth and salt hypersensitiv-
ity, which are mimicked by overexpression of RALF22/23.
Salt stress promotes S1P protease-dependent release of mature
RALF22 peptides. Treatment of roots with mature RALF22/
23 peptides or salt stress causes the internalization of FER.
Our results suggest that the LRXs, RALFs, and FER function
as a module to transduce cell-wall signals to regulate plant
growth and salt stress tolerance.

P-2050

Establishment and Evaluation of Profiling Secondary
Metabolites by Genetic Engineering or Induction of
Polyploidy in Medicinal Herbs Bidens pilosa and Wedelia
chinensis. KIN-YING TO, Yung-Ting Tsai, and Po-Yen
Chen. Agricultural Biotechnology Research Center,
A c a d em i a S i n i c a , Ta i p e i , TA IWAN . Em a i l :
kyto@gate.sinica.edu.tw

Bidens pilosa is an erect perennial herb that is used as a folk
medicine for the treatment of a variety of illnesses including
diabetes. Genetic engineering is an effective method of pro-
ducing desired phytocompounds in certain medicinal plants.
An Agrobacterium-mediated method was developed to trans-
form the vector pCHS, carrying the Petunia chalcone synthase
(CHS), into B. pilosawhich has not been reported yet. CHS is
a key enzyme in the flavonoid biosynthetic pathway that cat-
alyzes the conversion of p-coumaroyl-CoA to chalcone, an
important intermediate in the formation of several subclasses
of flavonoids including anthocyanin. Different HPLC patterns
were obtained between wild type and selected transformants.
Small increase of centaurein, classified as flavonoid com-
pound and one of index compounds in B. pilosa, was detected
in transgenic plants as compared to wild-type plants; in addi-
tion, slightly higher bioactivity were measured in transgenic
plants as compared to wild-type plants, as revealed by the
interferon-gamma promoter activity assay. Furthermore, full-
length cDNAs encoding delta-12 fatty acid acetylenase and
delta-12 oleate desaturase in lipid metabolism/polyacetylene
biosynthesis have been cloned and transformed into B. pilosa.
Molecular characterization and metabolic profiling are carry-
ing out in selected transformants. In parallel, polyploid plants
have been reported to enhance secondary metabolite accumu-
lation in some medicinal plants as compared to their diploid
parent. Here we firstly reported the successful induction of
polyploid plants in medicinal herb Wedelia chinensis by col-
chicine treatment. W. chinensis is a common ingredient of
anti-inflammatory herbal medicines in Taiwan and southern
China, and plant extract from W. chinensis synergistically
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suppresses androgen activity and growth in prostate cancer
cells. Contents of three index compounds, namely
wedelolactone, luteolin and apigenin, were slightly higher in
selected polyploid plants as compared to diploid wild types.

P-2051

Microflora Changes in the Rhizosphere of Transgenic Plants
Due to Modification of Metabolit Exudation. E. N.
BARANOVA and A. A. Gulevich. All-Russia Research
Institute of Agricultural Biotechnology, Moscow, RUSSIA.
Email: greenpro2007@rambler.ru

The genetic engineering enhancement of antioxidant protec-
tion and osmotic potential in cultivated plants makes it possi-
ble to create varieties with greater resistance to stress, but non-
specific - constitutive expression of genes responsible for the
synthesis of the antioxidant enzyme and choline oxidase in all
cells of the plant organism can cause pleiotropic effects due to
disorders in the endogenous pathways of primary metabolism.
This can entail quantitative and qualitative changes in the root
excretion in the cells of transgenic plants associated with this
process (epidermis, root hairs, cap) and, as a consequence,
cause changes in the composition of the rhizosphere complex
of microorganisms. Such a process will have an effect on the
structural organization of secretion-associated cellular com-
partments, including the endoplasmic reticulum and
diktiosomes, and also cause a significant change in the expres-
sion of genes involved in the regulation of this process, caus-
ing a modification of both the proteome and metabolom. This
issue has a significant scientific value, revealing the possibility
of mediated regulation of the microbiome with a change in the
profile and localization of exudates on the root surface. In
addition, the change in microflora in the root zone of trans-
genic plants during their cultivation, in the long term, can
cause serious environmental consequences comparable to
the effects of climate change. Obtaining new data in this area
on the model of transgenic plants is very interesting and prom-
ising. The work was carried with financial support from the
Russian Foundation for Basic Research 18-04-00658.

P-2052

Characterization of an Inducible Gene Switch for Reversible
Sterility. GARYA ORR1,2, Peter R Lafayette2, and Wayne A.
Parrott2. 1Institute of Plant Breeding, Genetics and Genomics,
University of Georgia, Athens, GA and 2Department of Crop
and Soil Sciences, University of Georgia, Athens, GA. Email:
garyorr@uga.edu

Genetic engineering (GE) of plants to display once
unachievable phenotypes provides immense capacity to further
agricultural production and scientific research. A main concern

regardingGE plants is transgene flow to non-engineered plants.
One potential way to prevent this altogether is to create
sterile plants. However, sterility renders the plants ineffec-
tual for future breeding efforts. A reversible sterility mech-
anism utilizing inducible gene repression would guard
against gene flow while permitting breeding efforts to con-
tinue. Previous studies used an ecdysone receptor (EcR)
isolated from spruce budworm as a gene expression switch
in planta. Here a novel form of the ecdysone receptor
(DpEcR) from the non-plant pest Danaus plexippus is pre-
sented and analyzed for viability as a gene switch in rice.
DpEcR was synthesized, placed in tandem with the rice
transcriptional activator RF2a followed by a lexA DNA
binding domain, and constitutively expressed. The 8X
LexA DNA binding sequence was placed upstream of ei-
ther the OsE1F5 or 35Smin minimal promoters to express
the reporter gene GUSPlus. Two plasmids were cloned
with this receptor/activator cassette containing either re-
porter cassette and transformed into rice calli under
hygromycin selection. An ecdysone receptor agonist,
methoxyfenozide, which is found in the common insecti-
cide Intreped™2F, was added to the medium of selected
rice calli events and stained for GUS expression. A wide
variety of phenotypes were observed ranging from the ex-
pected response to no response. Once this gene switch is
further characterized it can be retooled used for applica-
tions such as reversible sterility.

P-2053

Plant Transformation and Editing, Research, and Services at
the Wisconsin Crop Innovation Center (WCIC). MICHAEL
W. PETERSEN1, Brian J. Martinell1, Edward Williams1, Ray
Collier1, Jill Mahoy1, Robert Harnish1, Ian Ragonese-Barnes1,
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, 1575 Linden Drive, Madison, WI,
53706. Email: mwpetersen@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 lim-
ited, however, by genotype specificity of transformation pro-
tocols, 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 from a generous donation by
Monsanto Co., with the intent to deliver new innovations
and processes to public researchers with the aim of reducing
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the plant transformation 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 transformation and gene editing system improve-
ments. 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, key IP licensing agreements, rapid plant
turnaround, collaborative opportunities, genotype indepen-
dent transformation in certain species, and new technology
development. The WCIC has already added elite soybean to
its portfolio and is currently working on B73 and ex-PVP
maize varieties, potato, barley, dry bean, sorghum, cucurbits,
chickpea, tobacco, tobacco chloroplast, switchgrass, cassava,
and poplar. We hope to engage additional researchers and
collaborators 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-2054

Production of Genetically ModifiedMurraya Koenigii Plants
Expressing a Cry1Ba Toxin Gene for the Control of
Diaphorina Citri and Citrus Greening. SEYED ALI
RAVANFAR1, Yuting Chen3, Bryony Bonning2, and
Vladimir Orbović1. 1Citrus Research and Education Center,
University of Florida/IFAS, Lake Alfred, FL; 2Entomology
and Nematology Department, University of Florida,
Gainesville, FL; and 3Department of Entomology, North
Carol ina Sta te Univers i ty, Rale igh, NC. Emai l :
Ravanfar@ufl.edu; Orbovic@ufl.edu

The introduction of Bt toxin genes into transgenic plants for
control of insect pests has been successfully employed in mul-
tiple crops for more than two decades. For Asian citrus psyllid
(ACP) management in citrus groves, delivery of Bt toxin to
ACP can be attempted via transgenic citrus plants or via alter-
native ACP host plants. The production and commercializa-
tion of citrus trees expressing a Bt toxin may face resistance
from both the general public and regulatory agencies. For this
reason, production of plants other than citrus that can be
grown in citrus groves and attract ACP would be preferable.
Murraya koenigii is a good candidate alternative host for ACP
as the psyllids are attracted to the young shoots of this plant.
We have produced transgenic plants ofM. koenigii expressing
a Bt toxin gene (Cry1Ba) with transformation efficiency as
low as 0.7%. The percentage of rooted shoots after incubation
on different rootingmedia was also low (0.00 - 0.94%). Due to
poor root formation, some putative plants were micrografted
onto Carrizo rootstock. When compared to wild-type (WT),

the transgenic plants did not exhibit any significant morpho-
logical phenotypic changes except for a lower growth rate.
The relative transcription level of cry1Ba in five transgenic,
soil-adapted lines ranged from 30 to1900. Determination of Bt
toxin levels in leaf tissue of these plants is in progress. When
transgenic plants develop multiple, fully grown leaves, they
will be used in “detached leaf bioassays” to estimate the effect
of Bt toxin on ACP mortality.

P-2055

Research and Service Activities at the Crop Genome Editing
Lab. MICHAEL J. THOMSON, Endang Septiningsih,
Oneida Ibarra, Mark Brooks, and Nancy Wahl. Texas A&M
U n i v e r s i t y , C o l l e g e S t a t i o n , T X . E m a i l :
m.thomson@tamu.edu

Gene editing using CRISPR/Cas technology promises to
greatly accelerate crop improvement. However, several
bottlenecks need to be addressed to realize the full poten-
tial of this approach, including analyzing genomics data
to identify key genetic targets and optimizing high-
throughput methods for editing genes in crop plants.
Texas A&M AgriLife Research recently set up a new core
facility, called the Crop Genome Editing Lab (CGEL), to
address these challenges and provide a gene editing ser-
vice for crop improvement. Initial studies have focused on
using rice as a model crop to optimize gene editing strat-
egies. The rice community is well positioned to take ad-
vantage gene editing, as the wealth of cloned genes, di-
verse genetic donors, and sequence data present numerous
testable hypotheses with clear implications for rice im-
provement. For example, data from the 3,000 Rice
Genomes Project and High-Density Rice Array studies
can be used to define sequence variation at candidate
genes underlying GWAS hits, which can then be rapidly
validated using CRISPR editing techniques. We are also
testing various approaches to CRISPR delivery, including
using ribonucleoprotein complexes with protoplasts and
particle bombardment, to provide a non-transgenic ap-
proach to genome editing in rice. Initial projects are work-
ing across multiple crops to provide breeding and research
groups with a rapid gene editing pipeline to test candidate
genes in their programs, with the ultimate goal of devel-
oping nutritious, high yielding, stress-tolerant crops for
the future.

P-2056

Effect of Slow Release Nano-fertilizer on Bitter Almond
Rootstock Growth Under Saline Conditions. ANTAR
BADRAN1,2 and I. Y. Savin2,3. 1Desert Res. Center, Cairo,
EGYPT; 2Agrarian-Technological Institute, RUDN University,

S70 PLANT POSTERS



Moscow, RUSSIA; and 3V.V. Dokuchaev Soil Sci. Institute,
Moscow, RUSSIA. Email: dr_antar_mahmoud@yahoo.com

The use of slow release nano-fertilizer (SRNF) starts to evolve
as a promising direction to improve management of nutrient
application which in turn reduces significantly environmental
threats. Assessment of agronomic benefits associated with the
use of SRNF in the first stages of bitter almond rootstock
growth relative to other conventional fertilizers under salt
stress was given in this paper. In this regard, nuts were soaked
in salt solutions of NaCl as 1, 3, and 5dsm-1 for 48 h before
stratification. Subsequently, the seeds were sown in perlite and
treated by different concentrations of urea, ammonium sulfate
and SRNF at 0, 25, 50, and 100% for each under different
saline concentrations then stratified at 6 °C for 8 weeks.
Germinated seedlings were sown in pots and irrigated only
by the highest salt solution (5dsm-1) with the same levels of
fertilizers up to the end of the experiment. The treatments were
arranged in a randomized complete block design in factorial
experiment with three replicates. Our results revealed that,
pre-treating seeds of bitter almond rootstock by means of high
salt concentration 5dsm-1 combined with 50% of SRNF dur-
ing the germination period and subsequently after planting
produced stronger transplants that had hardening, adaptation
and could avoid the hyperosmotic shock of salt stress after
planting. It is obvious through improvement of vegetative
traits as well as; stem diameter, plant height, number of
leaves%plant, leaf area and chemical components; photosyn-
thetic pigments, elements content with a significant decrease
in proline content. These improvements can be attributed to
the reduction of nitrogen leaching, elevation nitrogen utiliza-
tion efficiency by plant and providing all amounts of nutrients
that required for plant growth through continuous and slow
release of fertilizer comparing to other conventional fertilizers.
So, we can conclude nursery and growers to apply 50% of
SRNF as an essential fertilizer to sustainability of bitter al-
mond rootstock growth under salt stress.

P-2057

LED Light Affect on the Growth and Volatile Compounds of
Chenopodium ambrosioides L. In Vitro. SUZAN KELLY V.
BERTOLUCCI, Alexandre A. de Carvalho, and José Eduardo
Pinto. Departament of Agronomy, Medicinal Plants, Lavras
University, C. P. 3037, Lavras, MG, CEP 37200-000,
BRAZİL. Email: suzan@dag.ufla.br

Chenopodium ambrosioides L. is a medicinal plant extensive-
ly used for its anthelmintic, anti-inflammatory, antileishmanial
and antidiarrheal properties. One of the most important factors
that regulates the growth and development of plants in vitro is
light. Therefore, the aim of this study was to determine how
spectral composition of light influences in vitro growth and

chemical composition of C. ambrosioides essential oil (EO).
To do that, nodal segments of CAwere inoculated in a growth
medium and cultured for 40 days in a growth room with dif-
ferent diodes emitting lights: blue(B), red(R), white(W), com-
binations of blue and red (B:R=1:1; 2:1; 1:2, respectively) and
cool white fluorescent lamp (F). The chemical profiles of
C. ambrosioides plant specimens grown under lights of differ-
ent quality were mutually compared using principal compo-
nent analysis (PCA). The results of PCA showed significant
light-quality-related variations in EO profiles: monochromatic
B light inhibited the biosynthesis of ascaridole, while W,
B:R=1:2 and 2:1 lights promoted ascaridole production. The
herein obtained results suggest that explants kept in a growth
roomwith Wor B:R=2:1 lights had optimal chemical profiles.

P-2058

Improving Ex Vitro Rooting and Acclimatization Techniques
for Micropropagated American Chestnut. ALLISON D.
OAKES, Hannah C. Pilkey, and William A. Powell.
Department of Environmental and Forest Biology, State of
New York College of Environmental Science and Forestry,
Syracuse, NY. Email: adoakes@esf.edu.

Limited rooting and acclimatization success when
micropropagating certain hardwood tree species can be a se-
rious hindrance to conservation efforts of threatened and en-
dangered species. Restoration efforts for such trees require a
massive number of plant le ts to be produced by
micropropagation, as it may take decades for seed orchards
to become viable. Increasing the number and quality of lab-
produced plantlets is a key research focus. After determining
that an ex vitro rooting system produced significantly more
robust plantlets, we examined extending time in elongation
medium, rooting substrates, exogenous auxin applications,
root-promoting substrate soaks, submerging the cut site, and
light intensity. The most effective methods included seven
weeks in elongation medium, using Jiffy peat pellets soaked
in water as the rooting substrate, cutting off callus while sub-
merged, then dipping in 0.31% IBA rooting gel, and placing
plantlets in low light of 60 μmol·m-2·s-1 after rooting. By
increasing the number of roots and improving acclimatization
success, we can ensure that many more blight-resistant
American chestnuts will be available for field studies and
eventual public distribution. Demonstrating the ecological
safety and blight survival of these trees will help restore the
towering giant of the Appalachian forests and assist future
restoration efforts for other threatened species.

P-2059

Engineering Dollar Spot Resistance in Paspalum vaginatum
(Seashore Paspalum) by Biolistic Gene Transformation.
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KATHERINE E. CATCHING1, Peter R. LaFayette1, Wayne
A. Parrott1, and Paul L.Raymer2. 1Department of Crop and
Soil Sciences, Institute of Plant Breeding Genetics and
Genomics, University of Georgia, 111 Riverbend Rd.,
Athens, GA 30602 and 2Department of Crop and Soil
Sciences, Institute of Plant Breeding Genetics and
Genomics, University of Georgia, Griffin Campus, 1109
E x p e r im e n t S t . , G r i f f i n , GA 302 2 3 . Ema i l :
kec73423@uga.edu

Disease resistance to fungal pathogens is a highly desirable
trait in both crop and ornamental plants. In the case of
Paspalum vaginatum (seashore paspalum) a warm-season
turf grass species that is ideal for golf and sports fields,
dollar spot is the most destructive and costly disease to
manage . Do l l a r spo t i s caused by Clar i reed ia
homoeocarpa, a non-sporulating fungal pathogen that
damages turfgrasses by exuding oxalic acid and colonizing
the damaged tissue. Our objective is to develop seashore
paspalum with dollar-spot resistance by using a gene for
oxalate-oxidase to neutralize the oxalic acid. Towards that
end, a wheat germin gene, gf 2.8, will be incorporated via
biolistic transformation. Two promoters, CaMV35S and
ZmUb, will be evaluated for their ability to drive gf 2.8
with the rice catalase terminator. Negative and positive
selection efficiency will be compared using hygromycin
B and arabitol. Six week old embryogenic callus obtained
from nodal explants will be used for biolistic transforma-
tion. Disease resistance will then be quantified through
field trials and oxidase assays.

P-2060

In Vitro Conservation of Shoots and Synthetic Seeds of
Brahmi (Bacopa monnieri L.). AZZA H. MOHAMED1,
Awatef M. Badrelden2, Ahmed E. Abd-Elmaksoud3,
Mohsen K. H. Ebrahim4,5, and Ahmad A. Omar6,7.
1Biochemistry Department, Faculty of Agriculture,
Mansoura Universi ty, Mansoura, EGYPT; 2Plant
Biotechnology Department, Genetic Engineering and
Biotechnology Research Institute (GIBRI), University of
Sadat Ci ty, EGYPT; 3Indus t r ia l Bio technology
Department, Genetic Engineering and Biotechnology
Research Institute (GIBRI), University of Sadat City,
EGYPT; 4Biology Department, Faculty of Applied
Sciences, Umm Al- Qura University, Makkah Al-
Mukarramah, SAUDI ARABIA; 5Botany Department,
Faculty of Science, Tanta University, Tanta 31257,
EGYPT; 6University of Florida, IFAS, Citrus Research
and Education Center, 700 Experiment Station Rd, Lake
Alfred, FL 33850; and 7Zagazig University, College of
Agriculture, Biochemistry Department, Zagazig 44511,
EGYPT. Email: azza@ufl.edu

Brahmi (Bacopa monnieri L.) is a well-knownmemory boost-
er which usually propagates vegetative and very rarely by
seeds. Its vegetative propagation is further hampered by spe-
cific habitat requirements. Plant tissue culture used due to
various advantages which include: independency of geo-
graphical, environmental factors and seasonal variations. It
offers a defined production system, which ensure continuous
supply of products, and uniform quality and yield. It produces
novel compounds that are not normally found in parent plants.
Long-term storage of clones in the form of cuttings often
encountered the problem of infection. Therefore, in order to
overcome these problems, development of synthetic seeds
protocol using somatic embryo appears to be a better alterna-
tive. Encapsulation of embryos is the first major step for syn-
thetic seed production. Alginate gel capsules provide protec-
tion for naked somatic embryos (NSEs) and facilitate han-
dling. The synthetic seed technology is best suited for the
mass propagation of encapsulated embryos, the maintenance
of genetic constitution of regenerated plants and assure a long-
term storage for the propagated plant materials. The aim of
this work is to produce Bacopa monnieri by using tissue cul-
ture techniques. The development and utility of artificial seeds
in seedless or functionless seeds of bacopa were determined.
We have also studied the effect of abscisic acid (ABA),
cycocyl (CCC) and paclobutrazol (PBZ) on germination and
plantlet regeneration from encapsulated shoots tips and
shoots. The parameters for the production of shoots in bacopa,
their encapsulation, germination and regeneration into plant-
lets will be further discussed.

P-2061

Comparative Anti-inflammatory Activity of Whole Root,
Stem, Leaf, and Flower Extracts from Female and Male
CBD Hemp (Cannabis sativa L.) Plants. LAURA G. A.
ESPOSITO1,2 , Ezekia l Overbaugh3 , J ia Xiong2 ,
Thirumurugan Rathinasabapathy2,4, Slavko Komarnytsky2,4,
and Debora A. Esposito2,5. 1Department of Plant Engineering,
Federal University of Viçosa (UFV), Peter Henry Rolfs
Avenue, Viçosa, MG 36570-900, BRAZIL; 2Plants for
Human Health Institute, NC State University, 600 Laureate
Way, Kannapolis, NC 28081; 3Department of Crop and Soil
Sciences, NC State University, 101 Derieux Street, Raleigh,
NC 27695; 4Department of Food, Bioprocessing, and
Nutrition Sciences, North Carolina State University, 400
Dan Allen Drive, Raleigh, NC 27695; and 5Department of
Animal Science, NC State University, 120 Broughton Drive,
Raleigh, NC 27695. Email: laura.esposito@ufv.br,
daesposito@ncsu.edu

Industrial hemp has many applications, including textile (fi-
ber), plastics and fuel (biomass), agricultural (pest repellent),
nutritional (seed fats and proteins), and therapeutic

S72 PLANT POSTERS



(cannabinoid-, terpene-, and phenolics-enriched oils).
Increased knowledge of biosynthesis, accumulation, distribu-
tion, and bioactivity of secondary metabolites is of great inter-
est to growers and manufacturers of industrial hemp products.
In this study, we quantified the distribution and accumulation
dynamics of 11 major cannabinoids in CBD-rich hemp plants,
and evaluated their potential to suppress LPS-induced nitric
oxide production in RAW 264.7 macrophage cell culture.
While all hemp parts showed moderate anti-inflammatory ac-
tivity, whole extracts of female flowers showed highest inhib-
itory properties in the dose range of 10-250 μg/ml, with no
signs of cell toxicity as assessed with MTT metabolic assay.
We next evaluated the anti-inflammatory potential of the apical
and lateral female CBD hemp flowers collected at different
time points of hemp inflorescence development. This data will
greatly aid future development of agricultural and plant man-
agement techniques for the production of hemp varieties with
specific metabolite profiles of interest to hemp industry and
consumers.

P-2062

Elicitation of Prenylated Stilbenoids in Cell Suspension Cultures
of Peanut. ABBAS KAROUNI1 and Fabricio Medina-
Bolivar1,2. 1Arkansas Biosciences Institute and 2Department of
Biological Sciences, Arkansas State University, Jonesboro, AR.
E m a i l s : a b b a s . k a r o u n i @ s m a i l . a s t a t e . e d u ;
fmedinabolivar@astate.edu

Prenylated stilbenoids are inducible defense compounds
found in a few plant species such as peanut that have potential
applications in human health as anticancer, antiviral and anti-
obesity agents. In order to study the biosynthesis of these
compounds, cell suspension cultures offer an attractive alter-
native biological system when compared to the entire plant.
To this end, callus cultures were first established from leaf
explants obtained from plantlets of peanut of two commercial
cultivars, i.e. Andru II and Georgia Green. To induce callus,
the leaves were placed in medium containing picloram or
benzylamine purine with 2,4-dichlorophenoxyacetic acid.
After six weeks, the callus was transferred to liquid medium
to start cell suspension cultures. To induce the production of
prenylated stilbenoids, the cultures were co-treated with the
elicitors methyl jasmonate, cyclodextrin, hydrogen peroxide
and magnesium chloride. Prenylated stilbenoids were extract-
ed from the culture medium with ethyl acetate after 192 hours
of elicitor treatment and then analyzed via reverse-phase high
performance liquid chromatography. The cell suspension cul-
tures of both cultivars secreted into the culture medium the
non-prenylated stilbenoid resveratrol and prenylated
stilbenoids arachidin-1, arachidin-2, arachidin-3, and
arachidin-5. Several other unknown compounds were also
induced upon elicitor treatment. This study has shown that

cell suspensions cultures of peanut are capable of producing
prenylated stilbenoids, and thus these cultures may provide a
useful system to study the biosynthesis of these bioactive
compounds.

P-2063

Regulation of Translation in Response to Reactive Oxygen by
the Protein Kinase GCN2. ANSUL LOKDARSHI1, Ju
Guan1, Sung Ki Cho1, Ricardo A Urquidi Camacho2, and
Albrecht G von Arnim1,2. 1Department of Biochemistry &
Cellular and Molecular Biology, University of Tennessee,
Knoxville, TN 37996 and 2Graduate School of Genome
Science and Technology, University of Tennessee,
Knoxville, TN 37996. Email: alokdars@utk.edu

The translation of cytosolic mRNAs is subject to global
and mRNA-specific control mechanisms. Phosphorylation
of the essential translation initiation factor eIF2a anchors a
reversible switch that represses translation globally. The
stress-responsive GCN2 kinase is the only known kinase
for eIF2a in Arabidopsis. Here we show that conditions
that generate reactive oxygen species (ROS) in the chloro-
plast, such as dark-light transitions, high light, and the
herbicide paraquat all rapidly activated the GCN2 kinase,
as visualized by eIF2a phosphorylation, whereas mito-
chondrial stress did not. Treatment with hydrogen peroxide
activated GCN2 kinase in darkness; otherwise, GCN2 ac-
tivation was light dependent. It was also suppressed by
inhibitors of photosynthetic electron transport as well as
ROS quenchers. Gcn2 mutants were more sensitive to con-
tinuous high light as compared to wild type in their root
growth and seedling development, implicating the GCN2-
eIF2a pathway in responses to high light and associated
ROS. The GCN2 kinase suppressed the ribosome loading
of mRNAs for functions such as mitochondrial ATP syn-
thesis, vesicle trafficking, and translation. However, the
global polyribosome profile of the gcn2 mutant was nor-
mal under herbicide stress conditions. The transcriptome of
gcn2 was hypersensitive to herbicide, specifically in func-
tions related to abiotic stresses including oxidative stress,
as well as innate immune responses. In conclusion, we
provide evidence that GCN2-mediated eIF2a phosphoryla-
tion is a missing link in a retrograde signaling pathway
whereby the status of the photosynthetic machinery feeds
back to the cytosolic protein synthesis apparatus.
Supported by the US National Science Foundation.

P-2064

Stimulating Effect of Bacillus thuringiensis on Establishment of
Origanum vulgare L. Under In VivoConditions. ANASTASIIA
KRYZHKO, Olga Yakimova, Ludmila Kuznetsova, and
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Viktoria Gorelova. Research Institute of Agriculture of Crimea
Simferopol, RUSSIA. Email: solanum@ukr.net

The essential oil of Origanum vulgare L. is a source of carva-
crol, thymol and other bactericidal phenolic compounds.
Optimization of clonalmicropropagation ofO. vulgare in vitro
is underway and establishment of microshoots to in vivo con-
ditions is one of the most challenging steps. The aim of this
work is to evaluate the influence of B. thuringiensis on
O. vulgare adaptation from in vitro to in vivo conditions.
Traditional adaptation method consists of Knop solution spill-
age of soil mixture, which is composed of peat and perlite
(1:1). Two experimental variants of the treatment were evalu-
ated. The first (Treatment 1) was represented by watering of
the soil mixture with a solution of liquid spore culture of
B. thuringiensis 787 strain with the spore titre 0.4·109 while
the second (Treatment 2) was with a of liquid spore culture of
B. thuringiensis 787 strain with the same spore titre and Knop
solution. Water only treatment represents the control. The
maximum increase in shoot elongation was observed in the
(Treatment 2) of soil mixture Knop solution and culture of
B. thuringiensis 787 strain from 7th to 9th week (175% of
control). In treatments with only Knop solution (traditional
adaptation method) and spore culture of strain 787
(Treatment 1) separately, the increase in the length of the shoot
was 107% and 86% of control, respectively. The influence of
treatments on the chlorophyll content in the leaves of
microshoots was also studied. In the treatment 787 strain
(Treatment 1), the chlorophyll content was the highest. In
the leaves of O. vulgare plants, adapted by traditional method
using Knop solution and plants treated with Knop solution
with a spore culture of 787 strain (Treatment 2), the content
of chlorophyll in the leaves exceeded the control by 34%.
Thus, the introduction of B. thuringiensis bacteria into the
traditional system of establishment of O. vulgare to in vivo
conditions can be promising.

P-2065

Optimization of Conditions for Rooting and In Vivo
Establishment of Microclones of Origanum Vulgare L.
ELENA MYAGKIH and Olga Yakimova. Research Institute
of Agriculture of Crimea, Simferopol, RUSSIA. Email:
origanum.science@mail.ru

Origanum vulgare L. – is a promising aromatic plant that is
widely used in medicine, perfumery, cosmetics, and food in-
dustry. The use of clonal micropropagation techniques allows
the production of new valuable genotypes at a much faster rate
than the traditional breeding process. The aim of the research
was to study the effect of limiting factors on the rooting of
O. vulgare microshoots in vitro and the adaptation of rooted
microclones in vivo and ex situ for the accelerated

reproduction of valuable genotypes and new varieties (culti-
vars). Previously, the first and second stages of in vitro
micropropagation of O. vulgare (No. 10, No. g26, No. g31,
No. 78, and ’Slavnitsa’) were developed and tested, providing
a multiplication index up to 1:95 per cycle [Yakimova O. V.,
Yegorova N.A., 2015]. In this study we optimized the in vitro
rooting conditions for the O. vulgare. The best frequency of
rooting (68.8-100%; up to 11.7 roots developed on the shoot)
was observed using the nutrient medium MS supplemented
with 1.0 mg/l IBA. In climate controlled room with a mix of
peat and perlite in a ratio of 1:1 for 40-45 we then adapted the
O. vulgare micro clones in vivo. In vivo establishment varied
from 63.9 to 100% of, depending on the genotype. The com-
plete cycle of O. vulgare clonal micropropagation was 185–
200 days. When planting rooted adapted ex situ microclones
with weekly irrigation for the first 4-6 weeks, a survival rate
ranged from 85 (No. 10, No. g31) to 100% (No. g26, No. 78,
‘Slavnitsa’) was observed. A clonal micropropagation process
for the accelerated reproduction of valuable genotypes and
new varieties ofO. vulgare was developed on the basis of this
research.

P-2066

Chlorophyll Fluorescence and Antioxidant Metabolism
During Acclimatization to Ex Vitro Conditions in Plants
Micropropagated from Stevia rebaudiana Bertoni. ABEL
PIQUERAS, Josë Ramón Acosta-Motos, José Antonio
Hernández, and Laura Noguera-Vera. CEBAS-CSIC,
Department of Plant Breeding. Murcia 30100, SPAIN.
Email: piqueras@cebas.csic.es

In this work, the evolution of different parameters, including
chlorophyll fluorescence and antioxidative metabolism, dur-
ing the acclimatization of Stevia rebaudiana Bertoni plants to
ex vitro conditions were studied. The protocol used for accli-
matization was very efficient, reaching a high percentage of
acclimatized plants (93.3%). During the first hours of accli-
matization an oxidative stress occurred, according to the lipid
peroxidation data. During the acclimatization process there
was a decrease in the non-photochemical quenching parame-
ters, as well as a progressive increase in the photochemical
quenching parameters and in the electronic transport rate,
which suggested that the chloroplasts increased their photo-
synthetic efficiency during this process. Under in vitro condi-
tions and after 48 hours of acclimatization was observed a
lower activity in monodehydroascorbate reductase enzyme
compared to dehydroascorbate reductase enzyme. These re-
sults suggested that in this period Stevia plants used the
dehydroascorbate reductase mainly to recycle ascorbate.
However, after one week of acclimatization, Stevia plants turn
on the route of the monodehydroascorbate reductase to recy-
cle ascorbate, using NADH as an electron donor, which was
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muchmore efficient from an energy point of view. Superoxide
dismutase and catalase activities showed the same trend, both
enzymes had a peak of activity seven days after of the accli-
matization process to protect Stevia plants of reactive oxygen
species such as superoxide anion and hydrogen peroxide.
Finally, the peroxidase activity increased more than 2 fold at
48 h of acclimation and remained high until 2 weeks suggest-
ing a role in the lignification process. Taken together, the data
suggested that chlorophyll fluorescence parameters, lipid per-
oxidation and antioxidant enzymes, can be suitable tools for
the physiological state evaluation of micropropagated plants
during acclimatization to ex vitro conditions, providing very
useful information to monitor the stress state of the plant.

P-2067

Induction of Morphogenesis In Vitro forMelissa officinalis L.
OLGAYAKIMOVA andNatalia Yegorova. Research Institute
of Agriculture of Crimea, Simferopol, RUSSIA. Email:
olyyakimova@yandex.ru

Melissa officinalis L. is a promising essential oil plant widely
used in medicine, cosmetic and food industry. Due to con-
straints of conventional breeding, it is effective to use in vitro
technologies for creating and accelerating micropropagation
of new genotypes with economically valuable traits. The aim
of this work was to study the morphogenetic response of 3
cultivar (‘Citronella’, ‘Sobornaya’, ‘Krymchanka’) using the
peculiarities different media conditions, 7 modifications of
MS medium, and explant type (leaf, stem, bud segments).
Leaves and stems did not show any morphogenic potential
on the tested culture medium. Induction of direct or indirect
morphogenesis was observed on some variants of the culture
medium only when segments of the buds were used. For the
‘Citronella’ cultivar, the best medium for induction of direct
organogenesis (with a frequency of 31.5%) was MS medium
with 1.0 mg L-1 BAP. For the ‘Sobornaya’ and ‘Krymchanka’,
the highest frequency of bud or shoot regeneration (18.8% and
19.0%, respectively) was observed using MS culture medium
with 1.0 mg L-1 TDZ. When primary callus, obtained from
buds, was cultivated, the maximum frequency of induction of
morphogenesis for the ‘Citronella’ and ‘Krymchanka’ culti-
vars was on nutrient MS medium with 1.0 mg L-1 NAA and
0.5 mg L-1 BAP (28.0% and 20.0%, respectively), and for the
cultivar ‘Sobornaya’ (25.5%) – on the medium with 1.0 mg
L-1 NAA and TDZ. These studies are the basis for the devel-
opment of in vitro propagation protocols of lemon balm breed-
ing material.

P-2068

Development of Methods for Selecting In Vitro Coriander
Forms Resistant to Low Temperature Stress. NATALIA

YEGOROVA and Irina Stavtzeva. Research Institute of
Agriculture of Crimea, Kievskaya str., 150, Simferopol,
RUSSIA. Email: yegorova.na@mail.ru

In vitro cell selection methods were developed to generate low
temperature stress resistant coriander (Coriandrum sativum
L.). Cultivars with different field winter hardiness (‘Medun’,
‘Nektar’, ‘Yantar’) and breeding varieties (N397-04, R-2746,
N399-04) were used in this study. Callus or mature zygotic
embryos were used as explants for the cold treatment under
in vitro conditions. The cold treatment was carried out in three
stages: cold hardening at +6–0°C (3–4 days), freezing (with a
decrease of temperature from 0 to -14°C) followed by thawing
at 0–+4°C (3-4 days). Callus tissue was obtained from young
inflorescences with flowerbuds. Embryogenic callus with so-
matic embryos at different stages of development was pro-
duced after multiple passages of subculturing. The sublethal
freezing regimes for development of embryogenic callus and
zygotic embryos were established. Greater resistance to cold
stress was detected in embryo cultures than in embryogenic
callus. Embryogenic callus remained viable when the temper-
ature decreased to -10°C (within 18 days), while screening of
zygotic embryos could be carried out by reducing temperature
to -12°C (within 27 days). Correlation was established be-
tween genotypes with different field winter hardiness and
in vitro culture parameters (correlation coefficients were up
to 0.76–0.96), demonstrating the possibility of selecting cori-
ander forms with increased resistance to cold stress using em-
bryogenic callus cultures and zygotic embryos.

P-2069

Some Peculiarities of Mint Cultivars Conservation In Vitro.
MARGARITA ZAGORSKAYA, Natalia Yegorova, and Arzy
Tevfik. Research Institute of Agriculture of Crimea,
Simferopol, Kievskaya str., 150, RUSSIA. Email:
zagorskayamargo@gmail.com

The effect of one-year slow growth conservation of in vitro
explants on morphometric parameters and microplants genet-
ic stability has been investigated. Microshoots segments (5-8
mm) of cultivars ‘Bergamotnaya’ and ‘Azhurnaya’ were used
as explants and cultured at 4-6°C without illumination on MS
culture medium with 1.0 mg L-1 BAP, 0.5 mg L-1 IAA and
2% sucrose. During storage, the viability of ‘Azhurnaya’ ex-
plants was 56.5%, and ‘Bergamotnaya’ – 85.7%. During con-
servation, a slow development was observed in all explants –
formation of new leaves, additional buds and microshoots.
Microshoots formed roots with a frequency of 8.6% for
‘Azhurnaya’ and 52.3% for ‘Bergamotnaya’. After storage,
the shoots were divided into segments with one node, trans-
ferred to fresh culture medium and cultured at 24-26°C under
16-h photoperiod with light intensity 2-3 klx. After culturing
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for 2-3 months, an increase in the explants viability up to
100% was observed, as well as recovery of morphometric
parameters, active growth of shoots and adventitious shoot
formation. The multiplication indexes were 5.5 for
‘Bergamotnaya’ and 7.3 for ‘Azhurnaya’. These indexes are
comparable to the ones of mint clonal micropropagation in
standard conditions in vitro. DNA was isolated from the

microplants (after in vitro cold storage) and plants of the same
cultivars grown in the field (control). The samples were stud-
ied using ISSR-PCR technique in order to detect the genetic
identity of the plants using 4 primers (M2, M3, M4, M8). It
was established that the genetic fingerprints of microplants
after one year of slow growth conservation in vitro were
identical to the initial cultivars for all investigated primers.
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