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P-1000

dd-RAD-based Identification of SNP and Comparative
Association Analysis Using SNP and Genic-SSR Markers in
Brassica juncea. J. SUDAN1, R. Singh1, S. Sharma1, R. K.
Salgotra1, S. K. Gupta1, and S. Sharma2. 1Sher-e-Kashmir
University of Agricultural Sciences and Technology of
Jammu (J&K), 180009, INDIA and 2Shri Mata Vaishno
Devi University, Katra (J&K), 182301, INDIA. Email:
jebiaksh@gmail.com

Massive amounts of sequence data from next-generation
sequencing platforms coupled with suitable bioinformatics
tools have led to the identification of single nucleotide
polymorphisms (SNPs) in various organisms. However,
narrow genetic base, complex allotetraploid genome and
highly repetitive regions have led the discovery of single
nucleotide polymorphism (SNP) in Brassica juncea at a
slower pace. To counter this problem, a genome reduction
technique known as dd-RAD (double digest- Restriction-
site Associated DNA) was followed on three accessions
each from Indian (Pusa Tarak, RSPR-01 and Urvashi) and
exotic (Donskaja-IV, Zem1 and Cutlas) germplasm. A total
of 25.5 million paired-ends reads obtained following
Illumina sequencing were used for the identification of
6027 SNPs. A subset of 62 SNPs was selected for valida-
tion using MassARRAY® platform on diverse germplasm
of Brassica juncea. Association analyses were performed
using validated SNPs and genic SSR markers to unravel the
complex traits in Brassica juncea. The genome-wide SNPs
identified in the current study will form an important geno-
mic resource for the improvement of different traits in
Brassica juncea.

P-1001

Molecular Marker-assisted Pyramiding of Semi-dwarf and
Bacterial Blight Resistance Genes in Indian Rice Variety
Ranbir Basmati. M. RAINA1,2, R. K. Salgotra1, and D.
Kumar2. 1Sher-e-Kashmir University of Agricultural
Sciences & Technology-Jammu, Jammu 190008, Jammu

& Kashmir, INDIA and 2Central University of Jammu,
Rahya-Suchani (Bagla), District-Samba 181143, Jammu
(Jammu & Kashmir), INDIA. Email: raina.kesar592@
gmail.com

Ranbir Basmati is one of the most popular traditional
Basmati variety grown in Jammu region of Jammu &
Kashmir state, India. It is a tall and short duration variety
which possesses strong aroma. However, it is susceptible to
bacterial blight (BB) and prone to lodging. In the present
study, BB resistance genes (Xa21 and xa13) along with
semi dwarf (sd1) gene were introgressed into Ranbir
Basmati using marker assisted backcross breeding
(MABB). A high yielding introgressed line PAU148 carry-
ing Xa21, xa13 and sd1 genes was used as a donor parent.
On each generation markers linked to the three genes were
selected while 51 polymorphic SSR primers were used to
select plants having maximum recovery of the recurrent
genome. The maximum genome recovery of Ranbir
Basmati in BC2F2 population was 86.9% in introgressed
line SBTIL121. In BC2F2 population 19 plants were found
to be positive for all the three genes Xa21, xa13 and sd1 and
the introgressed lines carrying resistance genes were further
evaluated for bacterial blight resistance. The introgressed
lines carrying Xa21 and xa13 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 randomized block design (RBD)
with two replications. All the introgressed lines were found to
be significant for all the agro-morphological traits. The select-
ed introgressed semi dwarf bacterial blight resistance lines
will provide a broad spectrum resistance to Xoo strains which
can be further evaluated for release of a variety and /or used in
breeding programme.

P-1002

Tryptophan Mediates Morphogenesis in St. John’s Wort
(Hypericum perforatum L.) Via Interplay Between Auxin-
and Indoleamine-dependent and Independent Mechanisms.
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LAUREN A. E. ERLAND and Praveen K. Saxena. Gosling
Research Institute for Plant Preservation (GRIPP),
Department of Plant Agriculture, University of Guelph, 50
Stone Road E, Guelph, Ontario, CANADA. Email:
lerland@uoguelph.ca

It has been more than 60 years since Skoog and Miller
reported the redirection of plant growth to root production
by exposure to auxins in culture media but the biochemical
mechanisms that control regeneration are still not
completely understood. One challenge with understanding
regeneration mechanisms is the potential that applied
growth regulators may act indirectly or may be metabolized
to active growth regulators. For example, it is possible that
the effects attributed to auxin may actually be the result of
auxin metabolism to tryptophan or melatonin. We hypoth-
esized that tryptophan is metabolized to auxin, melatonin or
serotonin inducing de novo organogenesis in St. John’s
wort (Hypericum perforatum L.). Root explants from two
germplasm lines of St. John’s wort with altered tryptophan
to melatonin metabolism and a wildtype control were incu-
bated with 0 or 10 μM auxin or tryptophan for 0, 24, 48 or
72 h. Incubation with tryptophan increased de novo shoot
organogenesis while incubation with auxin led to de novo
root regeneration. Auxin-induced roots were short, pale and
had significant root hair development vs longer dark brown
roots developed on control or tryptophan medium.
Quantification of tryptophan, auxin, serotonin and melato-
nin did not show a ubiquitous response, but levels varied
both by line and duration of exposure. Additionally, while
tryptophan showed differential effects across the three lines
tested, auxin did not show variable growth between the
three lines. These results suggest tryptophan mediates plant
growth in a tryptophan-specific manner which cannot be
solely explained by increasing precursor supply and flux
through established plant growth regulator pathways.

P-1003

Evaluating the Mutation Efficiencies of Two Guide RNA in
CRISPR Mediated Transgene Deletion in Rice. BHUVAN P.
PATHAK, S. Zhao, and V. Srivastava. University of Arkansas,
Department of Crop, Soil & Environmental Science, 115 Plant
Science Building, Fayetteville, AR 72701. Email: bppathak@
uark.edu

The use of the selection marker gene in the plant tissue
culture to select the putative transformants reduces the time
and effort. After the recovery of transformants, they are no
longer needed in the product. Owing to the biosafety and
governmental regulations, removal of marker genes is high-
ly desirable. The clustered regularly interspaced short pal-
indromic repeats (CRISPR/Cas9) is a highly efficient and a

cost effective gene editing tool that acts through double
stranded break repair process leading to a targeted muta-
genesis in the genome. We targeted β-glucuronidase
(GUS) gene deletion by dual targeting. The CRISPR con-
struct involved two different guide RNAs (gRNA1 and
gRNA2) at two different target sites in the GUS gene.
The aim of this study was to evaluate the efficiency of
two gRNAs in generating mutations by studying six T0
lines and twenty one T1 lines obtained from three T0
lines. In the T0 lines, no targeting was observed in
gRNA spacer-1, while gRNA spacer-2 was mutated either
in biallelic or multi- mutations fashion in the five lines. In
T1 lines, the overall mutation efficiency for gRNA spacer-1
was 38% and for gRNA spacer-2 was 81%. The mutations
observed in gRNA spacer-1 were most likely de novo
as Cas9 was inherited in all the T1 studied and their
respective T0 were not targeted, while the mutations in
gRNA spacer-2 were likely both inherited and de novo
as the pattern of mutations were either similar or different
than parent. For gRNA spacer-1, 24% T1 plants were
monoalleleic, 14% had multiple mutations and 62% had
no mutation. For spacer-2, 48% T1 lines were mono-alle-
lic, 9% were either biallelic or multiple mutations and
43% had no mutation. Combining both gRNAs, single
base insertions at the target site was most common
mutation observed followed by deletion and substitution.
Despite the difference in the efficiency of two gRNAs,
we were able to isolate the homozygous excision lines
which demonstrate that Cas9: gRNA system could be
used to generate a marker-free plant.

P-1004

Exploring the Role of Phytosulfokine Receptor Kinase in
Response to Stress in Plant System. PREETI NAGAR1,
Muskan Jain1, Sumita Kumari2 and Ananda Mustafiz1.
1Faculty of Life Sciences and Biotechnology, South Asian
Univers i ty, New Delh i , INDIA and 2School of
Biotechnology, Sher-e-Kashmir University of Agricultural
Sciences and Technology, Jammu, INDIA. Email:
preetinagar87@gmail.com

Abiotic stresses are the primary cause leading to world-
wide crop loss and reducing the average yield upto 50%.
To cope up with stresses, plants have an ability to sense
their natural environment and transfer the signal through
some internal stimuli to establish intracellular coordina-
tion on interacting with specific transmembrane receptors.
This initiates downstream signaling cascades to coordi-
nate the growth and development with stress response.
The Phytosulfokine Receptors (PSKRs) are transmem-
brane proteins, belongs to LRR-RLK X subclass, with an
extracellular domain with a binding site for small
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signaling peptide, Phytosulfokine (PSK) and a C-terminal
intracellular kinase domain. Like other RLKs, these
PSKRs might have a role in signal transduction pathways
related to abiotic stress responses. Genome-wide analysis
of Phytosulfokine receptor gene family has led to the iden-
tification of some members in Arabidopsis thaliana,
Oryza sativa, Glycine max and Sorghum bicolor genomes.
Expression profiling of these genes was carried out in re-
sponse to various abiotic stresses and at different develop-
mental stages using publicly available microarray data-
base. Expression analysis using qRT-PCR in Oryza sativa
revealed tissue specific expression of PSKR genes, where-
in few members were found to be differentially regulated
under salinity stress condition. This study presents PSKR
as a promising candidate for crop improvement and also
opens up new avenue to further investigate this gene fam-
ily to engineer climate resilient crop plants.

P-1005

Plant Cell-derived Growth Factors for Ex Vivo Mass
Production of Red Blood Cells. XIAOTING WANG,
Jianfeng Xu, Tristen Wright, and Colton Batten. 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 dif-
ferentiation of HSCs into mature red blood cells (RBCs)
ex vivo. However, massive production of RBCs requires sig-
nificant quantity and high quality of eGFs, making
manufacturing at large scale cost prohibitive. 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
bottleneck towards commercialization of this production plat-
form. This bottleneck is addressed by the proprietary “design-
er HypGP engineering” technology that leverages the plant-
specific hydroxyproline(Hyp)-O-glycosylation code to design
and engineer novel Hyp-O-glycosylated peptides (HypGP) in
plant cells. The engineered HypGP can function as a molecu-
lar 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 hematopoi-
etic stem cell research and clinical applications.

P-1006

CRISPR-Cas9 Ribonucleoprotein Complex Delivery in
Plants for DNA Free Genome Editing. RAVIRAJ
BANAKAR, Keunsub Lee, Alan Eggenberger, and Kan
Wang. Iowa State University, Department of Agronomy,
Ames, IA 50011–1010. Email: ravirajb@iastate.edu,
kanwang@iastate.edu

The clustered regularly interspaced short palindromic repeat
(CRISPR)-Cas (CRISPR-associated) system has been a meth-
od of choice for precise genome editing in many organisms,
including plants. However, thus far the CRISPR studies in
plants have focused on stable integration of CRISPR reagents
delivered as plasmids. Because Cas9 is mutagen, there is a
considerable concern over environmental safety and gene
drive when it is stably and constitutively expressed in plants.
In this study, we have optimized a protocol for the delivery of
CRISPR reagents as ribonucleoprotein (RNP) complex into
rice (Oryza sativa) and Nicotiana benthamiana. Single copy
endogenous gene encoding phytoene desaturase (PDS1) and
single copy transgene encoding green fluorescent protein
(mGFP5) were targeted in rice and benthamiana, respectively.
Hundred hygromycin resistant transgenic T0 events were re-
generated in case of rice, of which 80% carried mutation in
PDS1 gene. Similarly, forty bialaphos resistant transgenic T0

events were regenerated in case of benthamiana, of which
85% of the events carried mutations in mGFP5 gene.
Deletions, insertions and substitutions were the predominant
type of mutations observed in both rice and benthamiana.
These mutations were stably inherited to the next generation,
following a mendelian ratio of segregation pattern. Within T1

generation itself we have identified plants carrying mutation
in PDS1 (rice) and mGFP5 (benthamiana) which does not
carry selectable markers. Our results demonstrate that trans-
gene free mutant plants can be generated within a single gen-
eration in both monocot and dicot plants. Therefore, method-
ology demonstrated here can be used to generate transgene
free mutant crops that can help advance basic and applied
research.

P-1007

Development of a Meristem-tip Culture Procedure for
Eradication of Cherry Virus-A in Selected Cultivars of
Cherry. NGUYEN H. HOANG1,2, Maher Al Rwahnih1,
John Preece3, Erin Hsu1, Susan Sim1, and Deborah Golino1.
1University of California, Davis, Foundation Plant Services,
455 Hopkins Rd., Davis, CA 95616; 2 University of Sciences,
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Department of Plant Biotechnology and Biotransformation,
227 Nguyen Van Cu, Hochiminh, VIETNAM; and 3National
Clonal Germplasm Repository –USDA, One Shields Avenue,
Davis, CA 95616. Email: dagolino@ucdavis.edu

Cherry virus A (CVA), a recently-discovered asymptomptic
virus that belongs to the genus Capillovirus, appears to be
wide spread in many commercial cherry cultivars. Although
the effects of this virus are not yet established, the movement
of cherry germplasm, even from elite collections, between
States can be restricted if the virus is known to infect the
material. Movement of cherry stocks between California,
Oregon, and Washington has been impeded due to regulatory
exclusion of this wide-spread virus. Work was conducted to
optimize a meristem-tip culture procedure for eradication of
CVA in selected Prunus cultivars. Infection status of four non-
symptomatic cherry cultivars (Prunus spp.) was confirmed by
RT-qPCR. CVAwas detected in three out of four tested culti-
vars. Lateral shoots from the CVA-negative cherry trees
(P. lannesiana cv. ‘Krymsk ®7, or P2G9) were used as an
explant source for media evaluation and meristem culture ex-
periments, while three CVA infected cherry cultivars (P. avium
x P. tomentosa cv. Montmorency, P. cerasus cv. English
Morello, P. serrulata cv. Pink Cloud) were used as material
for CVA eradication. Meristem-tips of P2G9 (0.5-0.7 mm),
from in vitro plants and field-grown trees, were established
with highest succesful rates on WPM (1981) media supple-
mented with 0.5mg/L meta-topolin (95% from in vitro plants
and 17.5% for field-grown plants). Meristems of CVA-
infected cultivars’ survival rates ranged from 45 to 64%.
In vitro shoots of four cultivars were rooted in vitro using
IBA-pulse (10 mg/L) in combination with dark treatment.
Rooted plant were successfully transferred to soil. Although
further testing are required, our preliminary testing, conducted
on in vitro plants, showed 91% negative for the virus (all P. cv.
Montmorency).

P-1008

Different Responses of Quinoa Roots and Shoots to Heat
Stress. JOSE C. TOVAR, Steven Callen, S. Elizabeth
Castillo, Paige Pearson, Anastasia Shamin, Kristina Haines,
R. Deepika Chahuan, Nigel Taylor, and Malia Gehan. Donald
Danforth Plant Science Center, 975 North Warson Road, St.
Louis, MO, 63132. Email: jtovar@danforthcenter.org,
Corresponding Author: mgehan@danforthcenter.org

Quinoa (Chenopodium quinoa) is a highly nutritious crop that
grows under various adverse environmental conditions, but is
not adapted to heat stress, limiting cultivation. The differences
between early responses to heat and responses to prolonged
heat of roots and shoots are poorly understood. The purpose of
this study is to identify independent responses of quinoa roots

and shoots to early and prolonged heat stress. We tested the
genome sequenced quinoa accession PI 614886, adapted to a
temperature maximum of 30°C. Four treatments were used: 1.
control (22°C), 2. only roots heated (30°C), 3. only shoots
heated (30 to 35°C), 4. entire plants heated (30°C roots, 30
to 35°C shoots). To assess if pollen viability was affected by
heat stress, heat treatments started at first anthesis, and lasted
11 days. Aim 1 is to identify phenotypical differences between
heating roots and shoots. Aim 2 is to identify differentially
expressed genes in roots and shoots, in early vs. prolonged
heat exposure. Aim 3 is to test the effect of identified differ-
entially expressed genes on quinoa phenotypes under heat
stress. For Aim 1, we found that both shoot dry weight and
area, as measured by PlantCV image analysis, were 30% low-
er when heating shoots only vs. heating roots only. Similarly,
plant height was reduced by 5% from heating shoots, but no
reduction was observed from heating roots. Pollen viability
and photosynthesis were not affected. For Aim 2, RNA-Seq
analysis is ongoing of leaves and roots sampled from all four
treatments 2 hours after heat started and at 11 days of heating.
For Aim 3, we are developing quinoa transformation.We have
obtained 52% Agrobacterium tumefaciens transformation ef-
ficiency in quinoa calli. We are testing hormone variations in
media to improve our current regeneration efficiency of 2.8%,
while also testing transformation approaches that do not re-
quired in vitro regeneration, such as pollen magnetofection
and floral dip. Our preliminary results indicate quinoa is more
affected from heating shoot than roots, and roots protect the
shoots from heat.

P-1009

Acquired Thermotolerance and Heat Stress Memory in
Chlamydomonas reinhardtii. NINGNING ZHANG, J.
Eckhardt, W. McHargue, and R. Zhang. Donald Danforth
Plant Science Center, 975 North Warson Road, St. Louis,
MO 63132. Email: nzhang@danforthcenter.org

High temperatures threat plants’ survival and reproduction in
natural environments. The global warming will exacerbate
heat-stress-induced damages in agricultural production. In or-
der to mitigate adverse effects of high temperatures, especially
those recurring heat stresses, plants develop the ability to cope
with lethal high temperatures through sub-lethal temperatures
priming. This ability is termed as acquired thermotolerance.
The maintenance of acquired thermotolerance, sometimes
lasting for several days, is referred as heat stress memory.
The molecular basis and evolution of theromotolerance
acquisition/memory have been studied in A. thaliana and rice,
however, the mechanisms of action and genes involved re-
main largely unknown. Chlamydomonas reinhardtii, the uni-
cellular green alga, is a powerful model organism for dissect-
ing cellular mechanisms and gene functions in photosynthetic
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organisms. However, little is known about the acquired ther-
motolerance and heat stress memory in C. reinhardtii. We
investigated the acquired thermotolerance and heat stress
memory of C. reinhardtii in photobioreactors with precisely-
controlled conditions (temperature, light, cell density and nu-
trients). Our results indicated thatC. reinhardtii could develop
acquired thermotolerance after priming at 35°C for 90mins. In
addition, we employed a genome-saturating, indexed mutant
library of Chlamydomonas to identify genes involved in heat
responses and identified a putative transcription factor with
potential roles in heat stress memory. Its best Arabidopsis
homologous gene has been reported to be involved in heat
stress memory. We are working on to investigate the function
of the gene in C. reinhardtii. This study demonstrated that
algae could develop acquired thermotolerance. This will pave
the way for us to further understand the molecular basis and
mechanism of acquired thermotolerance and heat stress mem-
ory in Chlamydomonas. The information gained in
Chlamydomonas can be transferred to other photosynthetic
organisms, especially economic crops.

P-1010

Use of Wild Plant AMP Genes to Improve Resistance of
Crops to Microbial Pathogens. DENIS BELIAEV1, Eugene
A. Rogozhin2, Alexei A. Meleshin3, Dmitriy V. Tereshonok1,
Marina K. Derevyagina3, and Natalya O. Yur’eva1. 1K. A.
Timiryazev’s Institute of Plant Physiology, Moscow,
RUSSIA; 2Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry of the Russian Academy of Sciences, Moscow,
RUSSIA; and 3All-Russian Research Institute of Potato
Farming by A.G. Lorh, Kraskovo, RUSSIA. Email: bdv@
ippras.ru

The resistance of many common wild plants to pathogens
comes from the lowmolecular weight proteins (peptides) with
antimicrobial activities (AMPs). Several AMP families have
been reported in plants on the basis of sequence similarity and
the so-called cysteine motifs (Crit. Rev. Plant Sci. (1997)
16:297–323). Our group isolates, characterizes and transfers
AMPs to crops with the aim to improve their resistance to
microbes. The peptides were acid-extracted, then further iso-
lated by liquid chromatography and sequenced by the auto-
mated Edman degradation. Alternatively, the peptides were
discovered by searching for their genes in assembled
transcriptomes, followed by cloning of their genes by RT-
PCR and Agrobacterium-mediated transformation. The trans-
gene expression was measured by either Northern hybridiza-
tion or qRT-PCR, and the Alternaria resistance was evaluated
by the pathogen lesion size on inoculated leaves. The hevein-
like peptides of a weed (and a salad ingredient in UK!)
Stellaria media inhibit Phytophthora infestans, several bacte-
ria and fungi species, including Alternaria. A S. media gene

proSmAMP1 encodes two hevein-like SmAMP1.1a and
SmAMP1.2a that are released from the propeptide by a spe-
cific proteolysis (Shukurov et al., 2011). The gene was trans-
ferred to Russian-bred potato varieties (number of trans-
formed lines) Skoroplodny (19), Udacha (6), Zhukovsky
rannii (34) and Yubiley Zhukova (3) that are diverse with
respect toAlternaria resistance. In transgenic potato, however,
the partially processed propeptide comprising SmAMP1.1a
and SmAMP1.2a connected by a linker and devoid of N-
and C-termini was detected. The transgene expression in-
versely correlated with the symptoms of Alternaria, but not
Phytophthora. Apparently, the dual propeptide SmAMP1.1a-
SmAMP1.2a retained the ability to bind chitin and thus act
against Alternaria, but lost the activity against Phytophthora.
The transgene improved Alternaria resistance of all varieties
with the greatest impact (some lines demonstrated high resis-
tance for years) on the highly susceptible varieties.

P-1011

Unraveling the Role of Aldose Reductase Gene from a
Resurrection Plant for Methylglyoxal Detoxification and
Abiotic Stress Alleviation in Blackgram. D. KUMAR1, P.
Singh2, and N. B. Sarin2. 1Department of Botany, Central
University of Jammu, Rahya-Suchani, Bagla-181143, J&K,
INDIA and 2School of Life Sciences, Jawaharlal Nehru
Univers i ty, New Delh i -110067 , INDIA. Emai l :
deepakkumar@cujammu.ac.in

Drought and salinity exert osmotic stress on terrestrial plants
causing water deficit, which consequently affects plant growth
and development. Therefore, these stresses are recognized
among the most serious challenges to crop production world-
wide. Different environmental stresses imposed on plants may
result in similar responses at the cellular and molecular level.
This is due to the fact that diverse environmental stresses often
activate similar cell signaling pathways and cellular processes.
It has been demonstrated that the level of methylglyoxal
(MG), a cytotoxic compound increases upon exposure of
plants to various abiotic stresses, in addition to ROS.
Methylglyoxal is mainly catabolized by two major enzymatic
pathways. The first is the ubiquitous detoxification pathway,
the glyoxalase pathway. An alternate pathway involves aldose
reductase that converts methylglyoxal into acetol in a NADPH
dependent two step reaction. It is this pathway that we have
exploited in our study. Aldose reductases belong to the aldo–
keto reductase super family of enzymes and play numerous
roles in the metabolism of steroids, sugars, and other car-
bonyls in plants and animals. A detailed functional validation
of aldose reductase homolog ALDRXV4 was first carried out
in a model plant, tobacco and subsequently used for the trans-
formation of a recalcitrant pulse crop, Vigna mungo. Studies
with the model plant and crop plant revealed that
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overexpression of ALDRXV4 in transgenics were more toler-
ant not only to osmotic stress but also salinity stress. The
increased aldose reductase activity, higher sorbitol content
and less accumulation of the toxic metabolite, methylglyoxal
in the transgenic lines under non-stress and stress conditions
resulted in increased protection through maintenance of better
photosynthetic efficiency, higher relative water content and
less photo-oxidative damage. Together, these findings suggest
the potential of engineering aldose reductase levels for better
performance of agriculturally important crop plants growing
under stress conditions in future.

P-1012

An Efficient Marker-free Transgenic Corn Technology.
AJITH ANAND. DuPont Pioneer, Johnston, IA 50131.
Email: ajith.anand@pioneer.com

Plant transformation relies on selectable markers to positively
identify transgenic events early in the tissue culture process.
However, once transgenic events are identified, the selectable
marker genes are expendable. Additionally, the continued
presence of selectable markers in transgenic plants increases
the regulatory cost, may negatively impact gene optimization
and may present technological disadvantages. To address the
above concerns and further strengthen our transgenic pipeline,
we have developed a highly reliable and efficient transgene
excision technology. The excision technology further supports
removal of the selectable marker from transgenic events dur-
ing the tissue culture stage of transformation. This technology
works efficiently for gene testing systems (random transfor-
mation) and for site-specific integration (gene-targeting).
Adoption of this marker excision technology in the transgenic
pipeline presents a significant technical advancement for pro-
duction transformation and use of alternative selectable
markers, such as efficient antibiotic genes for plant transfor-
mation.

P-1013

Synthetic Lincosamide Detoxification Genes for Highly
Efficient Plant Transformation. MASSIMO BOSACCHI,
Kliment Todosov, Daniel Ilg, and Pal Maliga. Waksman
Institute of Microbiology, Rutgers University, Piscataway,
NJ. Email: massimo.bosacchi@kws.com

We developed new marker genes for plant nuclear transforma-
tion based on selection for lincosamide antibiotic resistance.
The coding region of seven lincosamide nucleotidyltransferase
(lnu) genes was cloned in a constitutive 35S expression cassette
and inserted in the T-DNA region of a pPZP Agrobacterium
binary vector next to a constitutively expressed, chloroplast-
targeted GFP protein gene. The utility of lnu genes was

evaluated by transformation of tobacco leaf segments in culture.
Cocultivation of Agrobacterium carrying the lnuAN2s, lnuBs,
lnuDs and lnuFs genes on the binary vector’s T-DNA yielded
transgenic events at a high efficiency. Western blotting detected
GFP accumulation confirming co-transmission of the linked
gfp gene on the T-DNA. Stable inheritance of lnu genes was
confirmed by germinating seeds on a selective medium. The
same four genes were tested inArabidopsis and potato, yielding
transgenic events with similar transformation frequencies as the
nptII gene with kanamycin selection. The efficiency of these
lnu markers makes them useful additions to the toolkit of plant
biologists.

P-1014

Improvement of Submergence Tolerance in North-East Rice
Cultivars of India. SADHU LEELAVATHI1, Van Cuu
Nguyen2, and Vanga Siva Reddy3, 1Plant Biology: Plant
Transformation, ICGEB, New Delhi, INDIA, 2Present ad-
dress. Plant Molecular Pathology, National Key Laboratory
of Plant Cell Biotechnology, Pham Van Dong Road, Co
Nhue, Tuliem, Hanoi, VIETNAM; and 3Present address/
Biosafety Support Unit, RCB NPC Building, Lodhi Road,
New Delhi, INDIA. Emal: sadhul@icgeb.res.in

Rice adapts to floods/deep water by two or more strategies.
One strategy by which rice adapt flood situation is stop the
growth and resume after water recedes. Another strategy is by
rapid elongation of internodes and leaves to float above the
water level in order to exchange the gases. In both the strate-
gies, ethylene has been identified as a key factor regulating the
molecular mechanisms to control the growth. Systematic stud-
ies led to the development of molecular markers closely asso-
ciated with submergence tolerance QTL (Sub1 locus).
Introgression of Sub1 locus into susceptible rice cultivars
was shown to confer tolerance. North-East Region (NER) of
India is considered as one of the centers of origin of indica
rice. Some of the local land races/cultivars adapted to deep-
water condition by elongating internodes due to activation of
SNORKEL pathway. The key question asked here is can the
NER cultivars be converted to tolerate floods without elonga-
tion of internodes.Our hypothesis is that over expression of
Sub1A gene into deep water rice should allow them to adapt to
submergence without elongation and expected to yield better
by avoiding lodging. As the commonly followed transforma-
tion protocols in rice were found to be less efficient and time
consuming in NER genotypes, we developed efficient trans-
formation system for these rice cultivars by identifying suit-
able media components and culture conditions to produce
embryogenic callus from the mature seeds and differentiation
of callus into plantlets. To optimize the transformation effi-
ciency, role of pre-culture of callus under various parameters
before co-culture with Agrobacterium was studied. These
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methods were followed to over express sub1A gene into two
NER cultivars (Taothabi and Khongan). Interestingly, submer-
gence studies involving T1 generation plants showed submer-
gence tolerance but the plants still elongated, although the
elongation of internodes is much less as compared to wild type
untransformed plants. These results will be presented and
discussed in during the meeting.

P-1015

Modulation of Innate Immunity in Poplar Through Expression
of Heterologous Host Defense Peptide. DMYTRO P.
YEVTUSHENKO. Department of Biological Sciences,
University of Lethbridge, Lethbridge, Alberta, CANADA.
Email: dmytro.yevtushenko@uleth.ca

Host defense peptides (HDPs), also known as cationic antimi-
crobial peptides, represent a diverse group of small
membrane-active molecules that are found in practically all
living organisms. They are thought to be part of the innate
defense system of their respective hosts against pathogen in-
vasion. The aim of this research was to evaluate antimicrobial
activity of host defense peptide MsrA2 against poplar-specific
pathogens, and to test whether the expression of this peptide in
poplar in a pathogen-inducible manner has the potential to
enhance host resistance against Septoria musiva. The MsrA2
belongs to a large group of linear amphipathic a-helical HDPs.
It contains the full-length amino acid sequence of dermaseptin
B1 (31 residues), preceded bymethionine, and originates from
the skin secretion of the arboreal frogs. In the present study,
S. musivawas found to be sensitive to the HDP in vitro at low
micromolar concentrations, with curve-derived IC50 of
1.9 μM and the minimal inhibitory concentration (MIC) of
3.4 μM. In contrast, the minimal concentration of MsrA2
causing early signs of phytotoxicity in poplar protoplasts
was at least several-fold higher than the MIC necessary to
completely inhibit the germination of S. musiva conidia. The
nucleotide sequence of MsrA2 was optimized for expression
in plants and introduced into commercial hybrid poplar
Populus nigra L. x P. maximowiczii A. Henry via
Agrobacterium-mediated transformation. The transgene ex-
pression was regulated by the pathogen-inducible poplar pro-
moter win3.12 T, a part of the poplar innate defense system.
Evaluation of transgenic plants has confirmed that the induced
accumulation of MsrA2 peptide in poplar leaves was suffi-
cient to confer robust and reliable resistance against major
poplar pathogen S. musiva.

P-1016

‘SE Flu id ics Sys tem ’ for P lan t Produc t ion . U.
EGERTSDOTTER1,2 and C. Aidun1. 1G.W. Woodruff
School of Mechanical Engineering, Georgia Institute of

Technology, Atlanta, GA and 2Department of Forest
Genetics and Plant Physiology, Swedish University of
Agricultural Sciences, SE-901 83 Umeå, SWEDEN. Email:
ulrika.egertsdotter@me.gatech.edu

Somatic embryogenesis (SE) is the preferred method for clon-
al propagation of conifers. Large scale, commercial produc-
tion of SE plants of conifer species has however been ham-
pered by high demand for manual labour. The standard SE
method depends on manual handling between different cul-
ture conditions for progression through sequential develop-
mental steps, where the harvesting of mature embryos is the
most time-consuming step. Furthermore, culturing in petri
plates and other plastic consumables are both inefficient and
costly. Fluidics-based technologies for automating the SE
method have significant potential in clearing these hurdles.
With the recent invention of an automated ‘SE fluidics sys-
tem’ for multiplication, maturation, harvest, germination and
planting, large scale production of conifer SE plants can be
realized (Aidun and Egertsdotter. 2018. SE Fluidics System.
In: Protocols for somatic embryogenesis in woody plants,
Vol.1, S. Mohan Jain and P.K.Gupta (eds), Springer).
Automated fluidics-based handling of the embryos for
singulation, harvest, imaging and sorting provides new oppor-
tunities for creating large databases correlating morphology
and physical characteristics of embryos to quality traits of
plant formation resulting in higher yields and better quality
plants. Novel design of temporary immersion bioreactors al-
low for improved development in several steps of the SE
process, and reduced handling time. The fluidics based tech-
nology has been successfully demonstrated for the full line of
production of Norway spruce plants, from bioreactor to nurs-
ery and field planting.

P-1017

How to Address Commercial Scale Production of Actives
Through Plant Cell Culture. G. GORR, D. A. Ullisch, Y. D.
Sankar-Thomas, S. Wilke, T. Selge, M. Pump, T. Leibold, and
K. Schütte. Phyton Biotech GmbH, Alter Postweg 1, 22926
Ahrensburg , GERMANY. Emai l : g i lbe r t .go r r@
phytonbiotech.com

The supply of compounds from natural harvest can be limited
by numerous factors i.e. endangered species, low product con-
tent or climate impacts. Whereas in many cases the complex-
ity of plant-based secondary metabolites precludes chemical
synthesis on a reasonable commercial basis, plant cells can be
considered as a fully equipped natural factory thus a promis-
ing approach for the sustainable production of natural prod-
ucts can be plant cell fermentation (PCF®). A thoroughly
accomplished development process comprises the identifica-
tion of a high producing cell line, optimization of growth and
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production conditions, the development of a reliable produc-
tion process and its scale-up. In order to address persistent,
long lasting production, generation of cryopreserved cell
banks are also of importance. To demonstrate the power of
plant cell cultures here we present three case studies: 1) For
more than 17 years Phyton produces paclitaxel at industrial
scale i.e. up to 75,000 L in scale. With 60 g paclitaxel / kg
biomass (dw) this fully controlled cGMP process provides
outstanding high yields. 2) Thapsigargin is another potential
anticancer compound. It is a powerful cytotoxin – a SERCA
inhibitor – and the precursor for the derivative ADT, the key
ingredient of the investigational prodrugMipsagargin (G-202)
which is in several clinical trials. Here we present data about
the screening for high producing cell lines derived from
Thapsia garganica (the authors gratefully acknowledge
Inspyr Therapeutics for funding). 3) The third case study
covers ingenol-3-mebutate. Generation of cell lines express-
ing significant amounts of ingenol-3-mebutate is another ex-
ample underlining the strength of plant cell culture. However,
beyond the medical applications there is also an increasing
interest in plant cell cultures for use in cosmetic, food and
ingredient industries - especially in view of the sustainable
green chemistry character of the technology.

P-1018

Significance and Interaction Between Nutrient Formulations
In Vitro and Genetic Background of Cannabis sativa
Cultivars. SAVANAH M. ST. CLAIR and Norman Senn.
Knockou t Gene t i c s , Los Ange l e s , CA. Ema i l :
profsmstclair@gmail.com

Cannabis sativa (2n = 20) is a heterozygous and diverse
outcrossing species of high therapeutic value. The use of in-
sufficient genetic diversity in Cannabis research continues to
stifle the development of a set of broadly usable tissue culture
protocols for biotechnology, although strides have been made.
During shooting, we observed nitrogen toxicity symptoms on
1/2 MS media. Therefore, we performed tests on media with
0, 1/3, and 1/2 MS concentrations in a repeated measures
design. The data shows that there is significant interaction
between MS nutrient levels and strain in shooting for high-
potency Southern California-relevant varieties. Indeed, strain
itself appears to be the most important factor that determines
howmuch a plantlet will grow under TDZ +GA, TDZ + IBA,
IBA, and MS0 treatments (p < 0.0001). Nutrient levels were
significant (p < 0.05) and the model was highly significant
overall in explaining repeated measures of plant height, shoot
length, plant width, and number of open leaves. Cannabis
sativa var. Indica-leaning hybrid seemed to prefer 1/3 MS,
whereas the full Sativa responded better to ½ MS. We there-
fore hypothesize that similar interaction between different

cultivars and nutrient levels exists during rooting stage. In
traditional propagation, rooting time varies, for example, be-
tween OG Kush and Cookie-related strains. Our results
pertaining to shooting phase validate Lata’s findings (2016,
2017). However, in observational trials, rooting was less ro-
bust in practice than reported (Ibid.). After reviewing the rel-
evant literature, it is noted that nitrogen toxicity is particularly
important to avoid while rooting woody and recalcitrant spe-
cies (Bhojwani 2013, De Clerk 2001). To further investigate if
various nutrient cocktails truly influence rooting in vitro for
genetically diverse cannabis nodal and meristematic explants,
we performed replicated trials using variousmodified nitrogen
deficient MS treatments supplemented with IBA or mT.

P-1019

Crop Improvement and Conservation Through Tissue Culture
Techniques. M. M. JENDEREK. USDA-ARS, Plant and
Animal Genetic Resources Preservation, CARR, NLGRP,
Fort Collins, CO 80521. Email: Maria.Jenderek@ARS.
USDA.GOV

Crop improvement through classic breeding and/or genetic
engineering methods is possible in the majority of cultivat-
ed crops. However, gene manipulations, chromosome du-
plication, protoplast fusion, bioassays, interspecific cross
recovery involve tissue culture techniques. For vegetatively
propagated crops, those techniques are often the only prac-
tical way to achieve rapid mass propagation, manipulate
ploidy level, select desired somaclonal variants and gener-
ate virus-free material. An example of using tissue culture
in crop improvement is the application of meristem culture
to derive virus-free planting material in garlic (Allium
sativum) and potato (Solanum tuberosum). Various forms
of tissue culture are essential in preservation of clonally
propagated plant species. For instance, shoot culture of sug-
arcane (Saccharum spp.) and fruit plants (e.g., Prunus,
Ribes, Rubus, Vaccinium), as well as storage of in vitro
potato mini-tubers support a midterm preservation for two
to five years without the culture transfer. The culture
methods used in midterm preservation depend on the spe-
cies and require different medium ingredients, growing en-
vironment and vessel types. In long-term preservation, mer-
istem shoot tips are the main propagules used in processing
of clonally propagated non-woody plant species. The cul-
ture quality, duration of cultivation, medium composition
as well as the culture size used for processing and the cul-
ture recovery method impact the post liquid nitrogen plant
rejuvenation. Tissue culture and the culture techniques are
essential for plant improvement and preservation, and
therefore, development of novel techniques and/or their
simplification is essential to guaranty future success.
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