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ABSTRACT

Jatropha curcad.. (Euphorbiaceae) is an important second generaiimfuel crop. In a time when
energy needs are coming to the forefront of ouona concerns, development and improvement of
alternate, sustainable biofuel crops are crititaturcass especially useful because it is a drought-
tolerant, non-food crop that can be grown on maidands, thus not competing for the fertile
agriculture land used for food productidatrophaseeds contain approximately 40% oil that can be
used as a feedstock for biodiesel production. Hewenne of the limitations . curcas is that it is
adapted to warm, tropical and subtropical climaig iais susceptible to cold stress. Combining the
tools of biotechnology such as tissue culture akgc engineering, value added traits (e. g.
tolerance to biotic and abiotic stress) can incaafsal taJ. curcadeading to accelerated production
of superior cultivarsWe report here the development of an efficientquok forin vitro

regeneration ad. curcasusing various genotypes and explants (leaf, nasahent, and embryo).
Likewise, a protocol for genetic engineeringloturcasvia Agrobacteriummediated transformation

was also optimized to improve its qualities sucloéerance to abiotic stress and oil yield.
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CHAPTER 1

INTRODUCTION

1. JatrophacurcasL.: A biofuel crop with great potential

1.1. Classification and Distribution

Jatropha curcass a large shrub/small tree that grows in prinyaribpical areas such as
Central America, South America, Southeast Asia, dmath Asia (Sujatha & Mukta, 1996).

It is classified in the Kingdom Plantae, Phylum Malipphyta, Class Magnoliopsida, and
Order EuphorbialeAccessed through GBIF Data Portal, data.gbif.864,1-4-17). It

belongs to the Euphorbiaceae family, more commknbwn as the Spurge family, and also
goes by the name “Physic nut”. Among the approxahyz8,000 species in the family, other
economically beneficial species are Cassava, GastdrRubber tree (Schultes, 1987), along
with ornamental plants like Poinsettlmtropha curcass believed to be the most primitive

member of the family (Dehgan & Webster, 1979).

The genus iSatrophaand species isurcas Other species in the genistropha
included. cuneatald. integerrima(SpicyJatrophg, andJ. podagrica(Buddha Belly). The
genus contains approximately 175 species of plahtsips, and trees, many of which are
highly toxic. They generally prefer to grow in wardry climates around the world (Dehgan
& Webster, 1979)J. curcads believed to have originated in tropical Southekima (Carels,

2009).

1.2. Applications and Potential Benefits &dtropha curcag..

Jatrophais a plant of great economic potential, most nigtdats seed oil can be used as a
source for biodiesel, as approximately 30 to 40%sofeed content is oil (Giibitz,

Mittelbach, & Trabi, 1999). This high seed oil cent has been shown to give a higher yield



of biofuel than other crops: over ten times as magmaize, four times as much as soybean,
and almost twice as much as rapeseed from theyldie perspective (Chisti, 200Jatropha

oil can be easily transesterified to biodiesel s a favorable pour point to use as a
biofuel. Glycerol is an industrial by-product obliesel production frordatrophaoil that

can be used to manufacture s@idpmar & Sharma, 2008). Oil cake, a by-productibf o
extraction is a valuable biofertilizer, which cdaabe used as a solid fuel for heating
purposeJ. curcass also an important medicinal plant in the Triadial Indian Medicine,

with numerous therapeutic applications (Oksouetaal.e2011; Thomas, Sah, & Sharma,

2008).

The potential economic benefits ddtrophaas a biofuel crop are bolstered by a
number of advantages the plant has. Unlike othafuél crops such as corn and soybean,
Jatrophais not a food crop. In the past, concerns have b&ised about using food crops for
energy because the perception is that they woutthete with and cut down the food supply
and raise food prices. This issue has been edlydmiaught up in the public forum in
national media outlets likd SA TodayWeise, 2011), CNN Money (Goldman, 2008), and
TheNew York TimeéWNald, 2006). Furthermordatrophais a fairly drought-resistant plant
that can also be grown in less than ideal condition crop production. For example, not
only can it grow in arid conditions, but it can@atgrow on marginal lands that many cereal
and other food crops cannot grow on (Openshaw, )200is is important because another
concern that some have about biofuel crops arelibgtwould compete for land with food
crops, which could also lead to an increase in fmicks. In Pennsylvania, this could be
especially important as we have hundreds of thalssahacres of abandoned mine lands;
most crops are unable to grow on these lands dpedofertility and high acidity of the soils
(Chhetri, Tango, Budge, Watts, & Islam, 2008)curcusyields 194-394 gallons of oil per

acre, which is higher than most biodiesel crop®l@a.1).



Table 1.1: Qil Yields of Selected Biodiesel Crop$odified from Tickell, 2003 & Currie, 2007)

Plant Gal Oil/Acre
Palm Qil 508
Coconut 276
Jatropha 194-394
Castor 145
Rapeseec 122
Peanut 109
Cocoa 105
Camelina 60
Soybean 46-60
Hemp 37

Table 1.1 compares oil yields (gallons/acre) ofaiarbiodiesel crops.

1.3. Limitations oflatropha curcad..

Despite the advantages, one of the limitations growJatrophain Pennsylvania or other
temperate climatic zone3atrophais not a naturally cold tolerant plant, and itsumak range
distribution, is more tropical climates like Cehtfanerica, South America, Southeast Asia,
and South Asia. This drawback could be addressed ascombination of biotechnology
tools such as plant tissue culture and genetimeeging leading to the development of
cold/freeze tolerantatropha.Another limitation is very little research has beleme on the
breeding aspects datropha so very little is known about diseases, fertiljzand nutrient
requirements for producing high yieldidgtrophawith advantages like biotic and abiotic

stress tolerance (Achten, 2010).

1.4. Classification of Biofuels

Biofuels are classified into first through fourtbrgeration (DOE, 2007). First generation
biofuel is derived from food crops like corn (stattased ethanol) and soybean. Second
generation biofuel is produced from non-food crhies Jatropha, Camelinaswitchgrass,
and miscanthus. Third generation biofuels come fatgae. Fourth generation biofuels are

generated through chemical processes such as araiut



2. Plant Tissue Culture

Plant tissue culture is the field of study that eaable one to use a defined growth medium
under sterile conditions to rapidly generate geadti similar plants. In other words, it

produces large numbers of cloned plants in a gfesiod of time.

Plant tissue culture can be used to create a quidlefficient way to regenerate many
plants from a single piece of a “mother” plant. &plant is a piece of living tissue that is
transferred to an artificial growth medium. The kaxp could come from numerous parts of
the plant, including the leaf, stem, root, floweiseed (Radzan, 2003). The foundation of
plant tissue culture is the principle of totipomntwhich means that any single cell can
differentiate into all other cell types, and thresyenerate a whole plant. This makes it
possible to regenerate many genetically similantgléclones) from various explants in a
short time, in a small laboratory space and withmmihg affected by the seasons. There are
several reports on tissue cultureJoturcasdescribing different ways to regenerate plants
from different explants (Cartagena, Shibagaki, &Wu2011; Deore & Johnson, 2008;

Kumar, 2010a, b, c; Sujatha, Makkar, & Becker, 2%atha & Mukta, 1996).

Plants can be regeneraiedvitro either through organogenesis or somatic
embryogenesis. Organogenesis is the process by wahiexplant is used to form different
organs (shoots, roots) (Loyola-Vargas, De-la-P&f#az-Avalos, & Quiroz-Figueroa, 2008),
either directly or indirectly. The indirect pathwpgoduces a callus, or undifferentiated mass
of cells (Phillips, 2004). In somatic embryogengesin-sexual embryos are formed from the
explants directly of from the callus (Quiroz-Figoar Rojas-Herrera, Galaz-Avalos, &

Loyola-Vargas, 2006).



2.1. Brief History of Plant Tissue Culture

The foundations of plant tissue culture were 1aid902 by the German scientist Gottleib
Haberlandt, known as “Father of Plant Tissue Caltuwho first proposed the concept of
totipotentcy. Simon in 1908 successfully regeneratdlus, buds, and roots from poplar In
1922, Kotte and Robbins were the first to suggsstgumeristematic cells for culture using
maize and pea (Radzan, 2003). Many of the earlyt pilssue culture experiments were that
of root cultures of tomato and other crops (Robbli®22). In the 1930s, Frenchman
Gautherat was the first to successfully use isdlatenbium plant tissues of carrot and
tobacco after having less success with woody ffess cultures with sycamore maple) fior
vitro culture. In 1934, Kdgl et al. discovered the aurniole-3-acetic acid (Monnier, 1995),
which turned out to be a crucial discovery thatrgemany doors. White, Gautherat, and
Nobécourt separately found in 1939 that unlimitelfure was possible with media

supplemented with auxins (Radzan, 2003).

Throughout the mid to late 2@entury, many advances were made in the field of
plant tissue culture. Miller, Skoog, Van Saltzad &trong (1955) were the first to isolate the
cytokinin kinetin from yeast. Two years later, Sga Miller (1957), through experiments
done with tobacco plants, proposed that the balahcgtokinin and auxin had a significant
effect on the formation of organs (root, shoot,)atcculture. There were also important
advances made in the nutrient media being usedfifBh®ipolar somatic embryos in carrot
cultures were reported by Steward and Reinharipiedeently of one another in 1958
(Thorpe, 2007). One of the most notable breakthustig this area occurred in 1962 when
Murishige and Skoog developed a new media, withtabily high amount of nitrogen in it,
for tobacco cultures (Murashige & Skoog, 1962) alfin Vasil & Hildebrandt (1965)
demonstrated the principle of totipotentcy througgeneration of a whole tobacco plant.

More recently, Thorpe (1990) has classified fiveasrof applications of plant tissue culture



since the 1960s: cell behavior, plant modificatima improvement, pathogen free plants and

germplasm storage, clonal propagation, and praduactation.
2.2. Plant Tissue Culture Media

Tissue culture medium is composed of macronutrigdés K, Mg, N, P and S)
micronutrients (B, Fe, Mn, Zn, Mo, Cu), vitaminsgabon source (usually sucrose), plant
growth regulators (PGRs), and sometimes with cdldelitives (e. g. coconut milk, casein
hydrolysate. Different classes, amounts, and coations of PGRs have different functions.
The three classes of PGRs used commonly in tiagugere are cytokinins, auxins, and
gibberellins. Cytokinins are commonly used for cdlision, shoot induction, and bud
multiplication (Davies, 2010). Cytokinins includerapounds such as 6-Benzylaminopurine
(BAP), Thidiazuron (TDZ), and Kinetin (Kn). Auxirese commonly used for root induction,
and cell division (especially in combination witltygtokinin) (Davies, 2010). Examples of
commonly used auxins are Indole-3-butyric acid (JBANaphthalene acetic acid (NAA),
and 2, 4-Dichlorophenoxyacetic acid (2, 4-D). Gitadtlee acid (Gibberellins (GAS)) is
important for seed germination, breaking seed dooypand shoot elongation (Davies,

2010). The most commonly used gibberellin in pt&@gue culture is GA
2.3. Literature Review of Tissue CultureJoturcas

There have been many articles using various tissliere methods on various explantslof
curcas.Sujatha & Mukta (1996) found good callusing on naedith different combinations
of BAP and IBA (90%) from '8 position leaves, leading to a protocol for suct#ssdirect
regeneration od. curcas They also reported direct adventitious shootmegation ofJ.
curcasand used hypocotyl, leaf, and petiole explantgat8a et al. (2005) nodal explants for
axillary shoot proliferation in addition to leaf@ants for adventitious shoot regeneration.

Jha & Mukherjee (2007) reported a successful podtime somatic embryogenesis using



leaves from 7 month old. curcasplants. Li, Li, Pan, & Wu (2008) reported an indire
regeneration protocol froth curcadeaf explants. Deore and Johnson (2008) reportétl 80
rooting using full strength MS medium with 0.5 mdRA and developed a protocol for
direct shoot regeneration from leaf explants. Kugtal. (2010a, b, c) has direct
regeneration from leaf, petiole and cotyledonanyogbe explants. Recently, Khemkladngoen,
Cartagena, Shibagaki, & Fukui (2011) reported pmoltdor direct adventitious shoot

regeneration from cotyledons.

3. Transformation

Genetic transformation is a change in the genetikesup of a target organism through the
introduction of foreign DNA into that organism. Ttveo important prerequisites for
developing an efficient transformation system grtipotent/meristematic cells capable of
uptake of foreign DNA and b) regenerate the cealldaunin vitro conditions. A goodh vitro
regeneration protocol and a way to deliver the getwethe target species with high degree of
integration of foreign DNA with that of the recipiieorganism are essential to generating
transgenic plants efficiently. The two most commays to genetically transform plant cell
areAgrobacteriummediated transformation (Schell, 1987) and patimbardment (also
known as Biolistics) (Klein et al., 1987he focus of genetic engineering is to incorporate

value-added traits like insect, pest, and diseasistance into crop plants (Thorpe, 2007).

3.1. Agrobacteriummediated transformation

Agrobacteriummediated transformation uses bacteria that argaiat present in soil to
transfer a plasmid carrying the gene into the taptgnt (Schell, 1987). In nature, the bacteria
cause crown gall tumors to form on wounded tisfydamts. The transferred DNA (T-DNA)
is located on the tumor-inducing plasmid (Ti-plagmivhich is extrachromosomal (Stewart,

2008). However, scientists have disarmedApmbacteriumby modifying and removing the



T-DNA from the Ti-plasmid, and having the modifiEeDNA minus hormone and opine
biosynthesis genes, which cause the tumors, ardtiétgene of interest and right and left
borders, located on a second binary plasmid (Ste@@d8). Numerous proteins are involved
in the process of the Ti- plasmid going from &grobacteriunto the nucleus of the plant,

and eventually integrating into the DNA (Gelvin,12).

Agrobacterium in nature normally causes gallsiardrs (Stewart, 2008). When the
host plant is inoculated with thgrobacteriumwounded tissues typically produce phenolic
compounds similar to a synthetic compound knowA@tosyringone, which can also be
added externally. This compound activatesvinglence (vir)genes on the Ti-plasmid that
are necessary for transferring the T-DNA from thetbria to the nucleus of the plant cell
and into its chromosomal DNA (Stewart, 2008). faf Citovsky (2006) describe the
transformation as a 10 step process. First, theebam attaches to the plant cell, then next
the activation of their genes. The VirD1/2 protein complex then producessthgle
stranded T-DNA that is to be sent to the host h&a\irB/D4 type IV secretion system with
other Vir proteins. Once it reaches the host, tHeNA is coated with VirE2 proteins for
protection and maintaining structure while makitsgway to the nucleus; at this point, it is
called a mature T-complex. It is then escorted theonucleus, de-coated, and integrated into

the host’s chromosomal DNA.

Agrobacteriummediated transformation is the preferred methcet ®iolistic
method because of its high efficiency and, unliggiiple bombardment, it can integrate a
single copy of the gene into a cell (Pan, Fu, &ti&u, 2010). Single copy transgenics are
preferred to multiple copy transgenics since mldtigopies of the introduced DNA in a cell
could lead to issues like gene silencing (Musk®¥fiissers, Mol, &, Kooter, 2000). In

addition to transformation of nuclear DNA, somesaashers have worked with chloroplast



DNA transformation usinggrobacteriuramediated transformation (Daniel, Khan, &

Allison, 2008; Maliga, 2004).

3.2. Particle bombardment (Biolistics)

Particle bombardment is a physical method of geriteinsformation. Gold or tungsten
particles are coated with DNA, then shot at a hglocity towards target explants to
penetrate the cell wall, allowing the DNA to entgen nucleus and integrate itself into the
target cell’'s DNA (Klein, 1987; Stewart, 2008). T¢gene gun, the primary instrument in this
process, was invented by Cornell University Prafesshn C. Sanford and is essentially a
high pressure air gun connected to a vacuum pumee @e plasmid-coated particles are
loaded into the gun, a plate with the explantdisakmbryos, leaf) placed in the center of
the plate is loaded into the gene gun chamberchbmber then is vacuumed and the DNA

with gold particles is shot on to the plant materia

Several parameters are tested to optimize andegftig deliver DNA to plant material.
These include pressure, distance, and concentmaititie DNA. In addition, pretreatment of
the explants on high glucose/mannitol (plasmolysisilium could help the efficiency of
transformation. A benefit of this method is thasitnore tissue-independent than other
methods since cells are being hit by separate pdasavered particles (Lazzeri, Alwine, &
Horst, 1992). However, it is also more likely thagrobacteriuramediated transformation to

have multiple copies of the gene inserted intoceiks, which could lead to gene silencing.

3.3. Protoplast

A protoplast is a plant cell whose cell wall hasteemoved or neutralized making the cell
much easier to breach than a normal plant celtoBlasts are usually formed by either

electroporation (high current pulses) or polyethglglycol (PEG) treatment to create pores
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in the cell wall (Jahne, Becker, & Lorz, 1995). féplasts can be manipulated through

microinjection orAgrobacteriuramediated transformation (Stewart, 2008).

3.4. Electroporation

Electroporation of plant cells with intact cell \geis another physical method of
transformation. D'Halluin, Bonne, Bossut, De Beuekg & Leemans (1992) have

successfully developed transgenic maize with theghod.

3.5. Silicon Carbide Whiskers

Silicon Carbide Whisker mediated transformatioansther less common method. In this
process, very small whiskers are vortexed withtglaells and DNA. A drawback to this

method is that it does not have a high efficiergtgwart, 2008)

3.6. Transformation of. curcas

Transformation ofl. curcashas beemeported in a number of recent publications. Both
Agrobacteriummediated transformation (Li et al., 2008) and tfameation through particle
bombardment (Purkayastha et al., 2010) have beemtesl. Trivedi et al. (2009) reported
successful transformation using cotyledons iandtro leaves using hygromycin selection.
Mazumar, Basu Pau| Mahanta, & Saho@010) reported a significant different in success
of Agrobacteriummediated transformation of leaf explants basedgmand orientation of
the explants. Pan, Fu, & Xu (2010) reporfegtobacteriummediated transformation

regeneration of cotyledons using kanamycin selectio

4. Scorable and Screenable Markers

A scorable marker gene results in modificatiorhia plant tissue that can easily be detected

(fluorescence, staining, etc.). The scorable magkeeGUS (Jefferson, 1987) is used in the
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transformation alongside a gene of interest @R}-3) to make it possible to see if the
transformation worked. Th@USgenecodes for the enzyme beta-glucuronidase that causes
blue staining on the transformed explants when sgg@do a substrate (5-bromo-4-chloro-3-

indolyl glucuronide, or X-Gluc, in this case)(Jeffen, 1987).

A screenable marker gene gives the transformédheehbility to survive a specific
environment that would kill untransformed cells.axples of this would be genes that code
for antibiotic or herbicide resistance. Both therable gene and gene of interest have a
screenable marker gene on the plasmid so the aetigh this plasmid can be selected for
over bacteria in the culture that don't have theiréel plasmid. In this case thé&TII
selectable marker was used, which codes for resistto the antibiotic kanamycin. As a
result, when kanamycin is added to the culture omadt will select for the bacteria

containing the desired plasmid with the gene adriegt or scorable gene.

5. Molecular Analyses of Putative Transgenics

Performing molecular analysis on putative transcgeis the final gold standard for
confirming the integration of the gene. In additio selectable markers and reporter genes,
molecular analyses of the putative transgenicsrasal to be done to prove that the gene is
actually integrated in the genome. Two tests trmtammonly used are polymerase chain
reaction (PCR) and Southern blot. PCR is meantnplily DNA. The PCR product then has
a gel electrophoresis run on it to see if the gdrieterest’s band shows up on the gel. A
Southern blot is essential in any molecular analygggotential transgenics. It shows not
only the presence of the gene in the DNA sequdndealso the number of copies of the gene
present in the target organism. Therefore, runaigguthern blot will confirm whether or

not a desired, single copy of transgenic is pregen¢cently developed analytical tool,

reverse transcriptase PCR (RT-PCR) can also betasethlyze putative transgenic plants.



12

Reverse transcriptase requires only a small amafuRNA to generate cDNA, which can
then be amplified through PCR making it possiblengasure the amount of gene expression

from those small amounts of DNA (Freeman, WalkeN&na, 1999).

6. Goal and Objectives

The goal of this work is to develop an efficientthea of regeneration and optimization of
transformation system fdr curcas Two objectives were set to achieve the goalD@yelop
an efficient protocol fom vitro regeneration aod. curcasfrom various explants an@)

OptimizeAgrobacteriuramediated transformation fdr curcas
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CHAPTER 2

M ATERIALS AND M ETHODS

1. Plant material

Plant material used in this study wkdropha curcad.. young, fully developed leaves and
shoot apices as well as tender nodal segmentstaiérom (two to three year old)
greenhouse grown plants. vitro grownJatrophaseedlings andatrophaembryos were also
used for some experiments. We received seeds framd&h Biomatrix (Hyderabad, India),

Freedom Energy, and Chennai Research Foundati@n(@h India).
2.1. Surface Sterilization of explants

Leaves (fully opened young leaves, fitstthird position from the tip) and young shogfti
were washed with detergent (Tweefipfbr 10 minutes, rinsed with purified water (RO
pure), and transferred to a sterile flask in tmeitear flow hood. Further treatments were
carried out in the hood. The cleaned plant matenedre treated with 70% ethanol for one
minute, rinsed with sterile water three to four@snand further soaked in 0.1% (w/v) HgCl
for five minutes and rinsed with sterile water figesix times. Approximately one érfeaf
segments and stem segments containing one to tdasr{two to three cm) were excised and

used as explants for tissue culture.

For surface sterilization of the seeds, the seatlwas first removed with a
nutcracker, and then the seeds were washed witle 2@ for 10 minutes and rinsed with
RO pure water before transferring to the laminawfhood. The clean seeds were treated
with 10% (v/v) Chlorox® bleach containing 6% of saad hypochlorite for five minutes, and

rinsed with sterile water three times. To comptegesurface sterilization process, the seeds
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were soaked in 0.1% (w/v) HgCfor five minutes and rinsed five times with stenvater.

After sterilization, the soft outer seed coat warmoved.
2. Chemicals and supplies

Tissue culture media (e.g. MS Medium with vitamilk$s medium with B5 vitamins) and
plant hormones (e. g. Kinetin, Zeatin) were puredasom the Phytotechnology Inc.,
Overland Park, KS, USA. Plastic ware and other dbals)(analytical grade) were obtained

from VWR Scientific, Radnor, PA, USA.
3. Tissue Culture

Surface sterilized leaf explants (one’deaf segments) were placed datrophacallus
medium (JCM), which composed of full strength (4gi3) Murishige and Skoog medium
(Murashige and Skoog, 1962) with vitamins, supplete@ with 1.5 mg/L BAP, 0.05 mg/L
IBA, 30 g/L sucrose, and 7 g/L agar, adjusted pdieof 5.8 (Li, Li, Pan, & Wu, 2008). The
leaves were moved ttatrophashoot regeneration media (JSR) after calli wereldped
(usually 4-6 weeks). JSR medium was comprisedlbsfiength MS w/ vitamins
supplemented with 1.5 mg/L BAP, 0.05 mg/L IBA, @g/L GA; (filter sterilized and added

after autoclaving), 30 g/L sucrose, and pH wasstdf to 5.8 before adding 7 g/ L agar.

Seed germination was achieved on filter paper sbaksterile water or on nutrient
medium. The sterilized seeds were cut in halfthedcembryo was isolated from the rest of
the seed. Embryos were put on various media, kresdatrophaEmbryo Germination
(JEG) media, with ¥z strength MS with vitamins, 2D gucrose, pH of 5.8 and 6.5 g/L of

agar, alone or in combination with Kinetin (Kn), gAr IBA (Table 2.1).
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Media Components Purpose
JCM MS medium w/ 1.5 mg/L BAP, 0.05 mg/L IBA, 30 g/luSose Callus Induction
JEG1 Y MS medium w/ 20 g/L Sucrose Embryo Germination
JEG2 % MS medium w/ 0.1 mg/L Kn, 20 g/L Sucrose Embryo Germination
JEG3 % MS medium w/ 0.5 mg/L Kn, 20 g/L Sucrose Embryo Germination
JEG4 Y2 MS medium w/ 0.5 mg/L Kn, 0.5 mg/L GA20 g/L Sucrose Embryo Germination
JEG5 Y% MS medium w/ 0.5 mg/L Kn, 0.1 mg/L IBA, 20 g/lu&ose Embryo Germination
JTC MS medium w/ 5.0 mg/L BAP, 0.5 mg/L, 30 g/L Su@os Shoot Induction
JSM1 MS medium w/ 1.0 mg/L BAP, 0.5 mg/L Kn, 30 g/L Sose Shoot Proliferation
JSM2 MS medium w/ 2.0 mg/L BAP, 0.5 mg/L Kn, 30 g/L Sose Shoot Proliferation
JSES3 MS medium w/ 0.5 mg/L BAP, 0.5 mg/L Kn, 2 mg/L (33/80 g/L Sucrose Shoot Elongation
JSE4 MS medium w/ 1.0 mg/L BAP, 0.5 mg/L Kn, 2 mg/L - 30 g/L Sucros Shoot Elongation
JRM1 | % MS medium w/ 1X B5 vitamins, 0.1 mg/L NAA, 0.1grh IBA, 20 g/L Sucrose Rooting
JRM2 | % MS medium w/ 1X B5 vitamins, 0.1 mg/L NAA, 0.2yt IBA, 20 g/L Sucrose Rooting
JRM3 | % MS medium w/ 1X B5 vitamins, 0.1 mg/L NAA, 0.3yfh IBA, 20 g/L Sucrose Rooting
JRM4 | % MS medium w/ 1X B5 vitamins, 0.1 mg/L NAA, 0.5t IBA, 20 g/L Sucrose Rooting

Above are the compositions and functions of théedeht tissue culture media.

Once germinated, the young shoots were transféoréatrophashoot multiplication

media (JSM 1 and JSM 2) datrophatissue culture media (JTC). To attain shoot eldngat

excised shoots were transferredérophashoot elongation (JSE) medium.

Elongated shoots were rootedJatropharooting media (JRM). The rooted plants

were transplanted into four inch pots filled witlsghp moss and moved to a climate controlled

greenhouse>(90%, 27+3°C and 25% shading) for acclimatizatibime pots were covered

with clear plastic bag for 7-10 days to keep higfels of humidity% 90%) during the

acclimation period.

4. Agrobacterium-mediated transformation

The Agrobacteriumstrain GV3101 containing plasmid pCambia 2301yvag theGUSgene

(Figure 2.1) was grown in LB medium (Bertini, 195Lljpplemented with 50 mg/L

Kanamycin overnight to achieve an optical densit§.6-0.8. Once ready (reached OD of

0.6-0.8) the desired amount of culture was cergetlat 4000 rpm for 15 minutes at 25°C
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and the supernatant was removed. The pellet wagesded in simplified induction media
(SIM), containing MS w/ vitamins + 30 g/L sucros2d mM sodium citrate (filter sterilized,
added after autoclave) + 200 uM Acetosyringonéeffisterilized, added after autoclave) at a
pH of 5.5 (Alt-Morbe et al, 1989), to an opticarsity of 0.6 to 0.7. The culture was then
put in a shaker at 250 rpm at 28°C for 4 hourseithe incubation period is over, the
curcasseeds were cut in half to expose the embryo asaselie cotyledons and submerged
in the Agrobacteriunmsolution for 20-30 minutes. The explants were biaed on sterile filter
paper to remove excelgirobacteriumTheAgrobacteriumreated explants were inoculated
on to co-cultivation medium (MS w/ vitamins+ 2.0 in@DZ+ 2.0 mg/L IBA+ 40 mg/L
sucrose+ 8.0 g/L of agar+ 100 uM Acetosyringonée(fsterilized, added to autoclaved
medium maintained at 50-8D, pH 5.7)) (Yancheva et al., 2005). The inocul®etti dishes

were incubated for 3 days in the dark at 25°C.
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Figure 2.1: pCambia 2301GUS Plasmid
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The pCambia 2301 is a plasmid contains@uSreporter gene with thdPTII selectable marker and a constitutive 35S
promoter.
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After three days, one to three explants from egph of explant (embryo, cotyledon, etc.) were
transformed wittGUSand moved t&USstaining solution after 72 hrs. Ti&JSstaining
solution was composed of the substrate X-gluc. &pmants were incubated in the X-gluc
solution in the dark at 37°C for 24 hours beforeytivere microscopically examined fGUS
expression. The remainder of the explants (embegb,and cotyledon) putatively transformed
with GUSgene were moved to JEG5D medium (Y2 MS w/ vitami&tKn+ 0.1 IBA+ 20 g/L
sucrose+ 6.5 g/L agar) supplemented with 500 mgfotaxime and 250 mg/L Carbencillin to
kill excessAgrobacteriumand maintained in cool white light for a 16 hotofoperiod. The
remainder of the cotyledonary leaves and cotyledare moved to Jatropha Callus Induction
(JCM) containing 500 mg/L Cefotaxime and 250 mgarté&ncillin and incubated in the dark at
25°C. All explants moved to JCM or JEG5D media west washed with liquid MS w/

vitamins+ 500 mg/L Cefotaxime and blot dried to ox® exceségrobacterium

These cultures were maintained on respective mMedigenerate shoots directly or
indirectly through a callus phase. The culturesewaonitored every two days for
Agrobacteriumgrowth. Excessive growth éfgrobacteriumwas controlled by washing the
cultures with liquid MS medium containing 500 mgZkefotaxime and 250 mg/L Carbencillin,
followed by blot drying before transferring to fresiedia. Once there was no regrowth of excess

Agrobacteriumthe cultures were removed from the Carbencill@éCaxime medium.
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5. Molecular Analysis

Molecular analysis is performed to prove the indéign of the gene of interest Jatropha A

PCR assay was performed to confirm the presentteeajene on new leaves and shoots from the

putative transgenic plants.

6. Analysis of data

Raw data was tabulated and standard deviation ateglated to compare data to make scientific
conclusions. Single factor ANOVA and two-tailed 8sts with a confidence interval of 95%

were run to compare data as well.
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Chapter 3
RESULTS AND DISCUSSION
1. Tissue Culture

1.1. Embryo Germination

Isolated mature embryos cultured on media JEG1ABigated at higher rates940%) than
embryos incubated on moist filter paper (JEG6}hgreenhouse experiments seeds planted
after removing the seed coat (JEG7) germinatetjatehrates than entire seeds (JEGS8) planted
in soil. There was no significant difference in germination rate when the embryos were
cultured in media JEG1-4 (Table 3.1 and 3.2). Hawegmbryos planted in JEG1-5 media
germinated at significantly higher rates compacethé seeds planted on moist filter paper or in
the soil in greenhouse. There was a significarfiédihce in germination between the different
treatmentd=(7, 402) = 34.87p = 5.97x10%® using the ANOVA single factor test. These results
indicate that (1) the hard seed coat is a baroiegérmination oflatrophaseeds (2) the enriched
medium (JEG1-5) assisted seed germination andd(®dacytokinins in the medium did not

have a significant effect on seed germination (F@gil).
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Table 3.1: Seed Germination Rates af. curcas NBM

Treatment] # of Seeds # Sgeds % Germination
Germinated

JEG1 68 67 98.53 + 6.25
JEG2 68 68 100.00 + 0.00
JEG3 68 67 98.53 + 6.86
JEG4 68 67 98.53 + 6.66
JEG5 68 63 92.65 + 11.74
JEG6 30 20 66.67
JEG 7 20 10 50.66
JEGS 20 6 30.00

Table 2 shows the germination rateslo€urcasvariety NBM planted in different media (JEG1-5)hwi
SD, on moist filter paper (JEG6), seeds plantesbihafter removing the seed coat (JEG7) and eaéigsls
planted in soil (JEG8). ANOVA and 2-tailed studenf-test were used to determine significance.

Table 3.2: Seed Germination Rates af. curcas variety MC

Treatment # of Seeds # Sgeds % Germination
Germinated
JEG1 50 44 88.00+1.30
JEG2 50 46 92.00+0.45
JEG3 50 43 86.00+2.17
JEG4 50 47 94.00+0.85
JEG5 50 46 92.00+0.84
JEG6 50 25 50.60
JEG7 281 168 59.79
JEG8 20 2 10.00

Table 3 shows the seed germination rateks ofircasvariety MC on media JEG1-5, on moist filter paper
(JEGS®), seeds planted in soil after removing tleel smat (JEG7) and entire seeds planted in soB8)JE
ANOVA and 2-tailed student’s T-test were used ttedmine significance.
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Figure 3.1: Comparative rates of seed Germinationdr J. curcas varieties NBM and MC
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Figure 3.1 compares the effect of different mextiggermination rates @f curcasvariety NBM and MC.

Islam, Anuar, & Yaakob (2009) investigated threféedént pretreatments and how they
affect germination rate and speed of germinatio20iigenotypes af. curcas They found that
keeping seeds moistened under sand stone resulbeghier and faster germination rate
(95.85%) than keeping seeds on moistened filtpepim a petri dish (84.24%) or directly
planting the seeds in the soil (77.17%) for gertioma They also found that seeds directly

planted in soil germinated at a slower pace thars#deds incubated on moist filter paper.

The objective of this study was to increase the aaid speed of seed germination to
generate an efficient and commercially-viable wayapidly produce. curcasplants in a
relatively short time frame. Traditional plantinfb curcasseeds results is a wide variation in
germination rates due to seed dormancy. As a residtnecessary to devise physical and
chemicals treatments, and to use plant tissuereukehniques, to raise those germination rates
(Islam et al., 2009). The embryos could also beegeally transformed and quickly regenerated.
The application from this study is if one does nate plant tissue culture media or other

biotechnology means at ones disposal then seedrgdiom could be enhanced simply taking
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off the hard seed coat before planting in soil psbaking seeds in water before incubating on
moist filter paper until the seed starts to gerr@nanother factor that played a key role in the
success of the study was the quality of the seddrmah Initially seeds from Freedom Energy
were older and, as a result, few of the seeds gated. Moreover, over 90% of the seeds placed
on media would become badly contaminated with fenguen with applications of the fungicide
Bavastin. However, upon receiving fresh seeds fkandan Biomatrix (NBM) and the Chennai
Research Foundation (MC) germination rates as sladogme were very high in the growth

media (Figure 3.2).

Figure 3.2:J. curcas Embryo Germination in vitro

Figure3.2 shows developmental

embryos cultured on the JEG5 medium (Day 0) (Bjnggated and greening embryos (Day 5) (C) smalbshad
cotyledonary leaf development (Day 15) (D) shoonhghtion and primary leaf development (Day 24)KHjther
growth and development of shoot in JEG medium (B@)y

1.2.Callus culture

Young leaves from 10 genotypesJofcurcaswere used to induce calli and study the
effect of differentlatrophagenotypes on callus induction (Figure 3.4). Tenoggres were
examined with one genotype representingareurcastree in our greenhouse at Penn State
Harrisburg. Callus induction rates seemed to vagwificantly ranging from 32% (genotype 8)
to over 96% (genotype 2). Genotypes 2, 7, and Baalé average induction rates of 90% or
higher; 2 and 7 are the most likely to have a Vvegh callus response due to their relatively

small standard deviation in this set (Table 3.3 kigdire 3.3). The other fairly safe conclusion



24

that can be made from this study is that genotypas8the lowest rates of callusing response and

the response was inconsistent.

Table 3.3: Comparison of Callus Induction Rates by. curcas Genotypes

Genotype # Ex#pt)loaf nts #CEI)I(SSI?r?g;S % Explants callusing
1 24 16 66.67 £ 43.78
2 28 27 96.43 +10.21
3 32 21 65.63 + 48.07
4 32 26 81.25 + 36.44
5 36 32 88.89 £ 17.85
6 20 13 65.00 + 37.91
7 16 15 93.75+12.50
8 25 8 32.00 £ 32.51
9 20 18 90.00 £ 22.36

10 31 25 80.65 + 22.44

Table 3.3 shows callus induction rates for leaflaxs of 10 selected genotypesloturcasgrown in the
greenhouse at Penn State Harrisburg. Data presergexierage + SD collected after 4 weeks incubaticCl1.

Figure 3.3: Callus Regeneration for 10 Selectedl curcas Genotypes

Genotype vs. Callus Regeneration
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Figure 3.3 shows the callusing responses of lgalbaxs from 1Q). curcasgenotypes after four weeks of incubation
on CI1 medium. Data presented are average + SDfteeks in culture.
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There have been other studies on callus induatidncurcasfrom different explants.
Rajore and Batra (2007) described the morphologicatacteristics of calli formed by certain
plant growth regulators. They claimed NAA produtedter, regenerable callus than either IAA
or IBA, and that the best media for callus induttimntains 1.0 mg/L NAA and 5 mg/L BAP.
However Li et al. (2008) claimed that 1.5 mg/L BARd 0.5 mg/L IBA was the optimal
combination for callus induction. Sujatha and Mukit@95) investigated various methods of
regeneration from hypocotyls, leaf, and petiolelaxts using different media. For callus
induction, they found a high response of callusigtebn from various combinations of BAP and
IBA.

Studying genotypic differences in certain specses very important parameter that needs
to be taken into account when working in tissuéuraland transformation. While often
overlooked, it is always important to remember {hat because two individuals are part of the
same species, variety, or even population, theyatrgenetically completely identical. Different
plants of the same species will respond differetttlg given environment or treatment. Knowing
which plants are particularly easily regeneratettamsformed can allow us to focus on those
genotypes, making the transformation and propaggtiocesses more efficient. Different
genotypes may also have different traits from amsleer that may or may not be desirable, such
as oil content, growth, germination, and toxiciBirfwal 2005; Kaushik 2007; Rao 2008).
Genotype variation is commonly known in tissue undtand especially so with curcassince

very little breeding studies have been done.

While this study led to the above mentioned conohss it could definitely be improved
and extended upon. More genotypes could be inclualed a tissue culture study like this could

be combined with transformation studies to seeonbt which genotype regenerates the best, but
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also which genotype is the most responsive to getransformation. This information could

lead to finding a genotype that regenerates amdfivams relatively easily, increasing the
chances of getting a transgenic plant. Another esipa of this work would be to increase the
number of replicates, which could neutralize thghhiariability in response as indicated by the
standard deviation in the data presented. Lastlyermedia could be tested for the rate of callus

induction and the most regenerable callus formed.

Figure 3.4: Callus Induction from leaf explants ofJ. curcas

&

(A) Fhreshly inoculated leaf explants on CI mediu) Callus induction by 8 week nd (C) Proliferation of callus
by 7" week.

1.3. Shoot Induction, Proliferation, and Elongati

Shoot induction response of cultured nodal explaonta 10 different genotypes df curcaswas
compared after two weeks incubation on culture omadilt was observed that, regardless of the
genotype, shoot induction took place within two kgeé~igure 3.6). Genotype 7 exhibited low
percentage shoot induction (40%) but more than 8Dftte explants of other nine genotypes
showed shoot induction within two weeks. All theknts belonging to genotypes 2, 3, 4, 9 and
10 showed shoot induction within two weeks of cuftg (Table 3.4 and Figure 3.5). The lack of
variability of the data set could also be an inttic#hat this particular media and its response are

not significantly affected by the genotype.
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Table 3.4: Comparison of Shoot Induction Rates by énotype

Genotype # of Explants # Explants shooting % Sihgoti

1 10 8 800

2 10 10 100+ 0
3 10 10 100+ 0
4 10 10 100+ 0
5 10 9 90 +14.14
6 9 9 100+ 0

7 10 4 40 £ 28.28
8 10 9 90 +14.14
9 10 10 100+ 0
10 10 10 100+ 0

Table 5 shows rate of shoot induction from nodghsents of 10 genotypes &f curcas Data
presented is the average + SD. Data was colleétedtaio weeks incubation on JTC medium.

Figure 3.5: Shoot Induction Response of 10 Selectddcurcas Genotypes
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Figure 3.5 shows the shoot induction response bglrgegments of ten genotypesloCurcas
incubated on JTC media for two weeks. Data predestthe average + SD.

There have been several reports of shoot induasarg different explants. Deore and
Johnson (2008) reported an optimal direct shootibddction from leaf explants using MS
medium with 2.27 uM TDZ, 2.22 uM BAP, and 0.49 IBM of 53.5%. Kumar et al. (2010 a, b,
c) investigated direct shoot induction of cotylednleaf and petiole explants and the effect of

several variables on shoot induction. They claiat the optimal medium for shoot induction
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with petiole and leaf explants is MS medium witB2uM TDZ, where they report induction
rates of 59.11% for cotyledonary petiole explamis 58.35% for petiole explants framvitro
grown plants. They also reported significant dégfeces in shoot induction rates based on
orientation of the explant, explant source, andfpdgenotype. Recently, Khemkladngoen,
Cartagena, Shibagaki, & Fukui (2011) have repaatedotocol for direct adventitious shoot
regeneration from cotyledons and the effect of TddAhoot regeneration. They found the best
direct shoot regeneration among media with TDZ fid& basal medium with 1.0 mg/L BAP,
0.1 mg/L IBA, 0.5 mg/L TDZ (78.42%) and the besthwiut TDZ from MS basal medium with
3.0 mg/L BAP and 0.1 mg/L IBA (77.63%); these valueere not significantly different.
Another observation they made was that shoots fr@dia without TDZ elongated much better
than media with TDZ. In fact, they report that ek from media with high TDZ or BAP do
not elongate well.

J. curcasnodal segment explants from different genotypss behaved differently in
direct shoot induction experiments. The objecti/éhs study was to study the response of
genotype to the nodal explants. Nodal explantswalifor rapidly developing an efficient,
genetically stable process for developing many tyesdly similar plants in a short time that
could potentially lead to commercial viability (8tha et al., 2005). Future work will include
expanding the number of genotypes and includingssons from different locations around the
world. The sample size and replicates could alsmd¢reased to gain more certainty about how
the genotypes compare. These changes would héfefuaxplore any genotypic differences in

regeneration from genotype to genotype.
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Figure 3.6: Shoot induction from cultured shoot exfants from Mature J. curcas trees

(A) Cultured shoot apex (Day 0), (B) Budbreak goranation of multiple shoots (C) Further developnef the
shoot and formation of many axillary shoots.

High shoot proliferation, both from the epicotyldamypocotyl region# vitro J. curcas
seedlings was observed after 6-8 weeks in ISM2ar{Etjure 3.7). Responding explants
averaged 10.93+5.43 shoots per explant. High lexfettioot elongation have been observed on
both JSE3 and JSE4 media (Figure 3.8) over two svetljatha et al. (2005) observed the
number of shoots per explants initially on meditghvdifferent cytokinins after 12 weeks of
culture of axillary buds. They reported that bundsally on Kinetin had 4 shoots per explant,

buds initially on BAP had 10 shoots per expland bads initially on TDZ had 24 shoot per

explant.

Figure 3.7: Multiple Shoot Proliferation from Epicotyl and Hypocotyl

C Yo

A and B ardn vitro J. curcasseedlings with approximately 10 shoots develofiaogh the epicotyl region,
particularly near the nodes of the explants affeddys. C and D are explants from the hypocotyh eitro
seedlings after 6 weeks with 10-15 shoots devetppin
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Figure 3.8: Shoot Elongation

Shoot elongation after 2 weeks on JSEé and JSE4

1.4. Rooting and Acclimatization

Explants with established shoots were moved tdahedifferent rooting media, and their
responses are represented in Table 3.5 and Figu#e3.10, and 3.11. Two parameters studied
in this experiment were (1) percent of explants Were rooting and (2) average number of roots
on those explants. Medium JRM1 was found to hagéhtghest percentage of explants rooting;
however, it produced least number of roots per shAminteresting trend noticed here is that the
percent rooting and number of roots produced peotséire inversely correlated. Furthermore,
the two media with lower concentration of IBA (JRMAd 2) caused higher percent of number
of shoots rooting and less number of roots pefagtpwhile the two medias with higher
concentration of IBA regenerated more roots peos but a lower percent of the shoots rooted
in these media. This correlation is quite evideatrf JRM1 to JRM2 and JRM2 to JRMS3, but

not evident at all from JRM3 to JRM4 potentiallyggesting that a slight change in the amount

of IBA at low levels (at or below 0.3 mg/L) canexdf the rooting response &fcurcasshoots.
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Table 3.5: Rooting Responses of Different Media

. # of # shoots . Mean # of
Media shoots | rooting % Rooting | Total # roots Roots/shoot
JRM1 15 14 93.33+0.58 51 3.64+2.10
JRM2 46 37 80.43+1.14 164 4.43+2.64
JRM3 48 33 68.75+0.98 160 4.85+2.93
JRM4 13 9 69.23+0.58 43 4.78+2.67

Table 3.6 describes rooting responsd.afurcascultured on different rooting media for one month.

Figure 3.9: Effect of media onin vitro rooting of J. curcas shoots
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Figure 3.7 is a graphic representation of the perokexplants that were successfully rooied
vitro on different media after one month incubationdating media.

Figure 3.10: Roots/Explant Rates
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Figure 3.8 shows average number of roots produeedyitured shoots on different rooting
media. Data presented is the mean number of restshpot.
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Earlier acclimatization experiments took placenmo#f-campus greenhouse with no
controls for humidity, light, and other conditioti&t could possibly have an adverse effect on
the experiment. The best percentage of plants\sagvacclimatization achieved in experiment
was 38% (8 of 21 plantlets). Recently, a new onpasrgreenhouse facility became available
with all the necessary environmental controls gues a better environment for acclimatizing
plants. In a recent acclimatizing experiment, wso ased seed starter mixture (Miracle Gro®)

instead of peat moss and received a better slinateof 70% (7 of 10 plantlets) was achieved.

Sujatha and Mukta (1996) found that full strengtihmone-free MS medium was best for
rooting forJ. curcas(88% in 8-10 days). For acclimatization, theymiad over 80% success
using vermiculite and watering with IBA solutioneBre and Johnson (2008) reported 80%
rooting using full strength MS medium with 0.5 mdRA, 80% survival rate for acclimatization
following (Bavastin wash and transfer to 1:1 coaipgarden soil mixture, covered by a bag for
three to four weeks). Li et al. (2008) reported 8@ting in half strength MS medium

supplemented with 0.3 mg/L IBA.

This experiment could be expanded upon by inclyidnore media with different
concentrations and combinations of auxins to tiyptoease the percentage of explants rooting.
Acclimatization could be attempted using differeatl mixes instead of just using one soil.
Different conditions in the greenhouse (potting esixtemperature, humidity, light quality and

guantity and photoperiod) could also be testednduaicclimatization.
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Figure 3.11: Rooting and Acclimatization
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D. 21 days old acclimated plant.

2. Optimization of Transformation

2.1. GUSExpression

J. curcasembryos, young leaves, and cotyledonary leaves tnesmged with thé\grobacterium
strain GV3101 carrying theUScontaining pCambia 2301 plasmid with a 35S cortstgu
promoter andNPTII screenable marker gene coding for kanamycin esgistAgrobacterium
mediated transformation experiments usBigSas marker gene was tested in a variety of
different explants including embryos, cotyledonytetionary leaves, and young leaf tissue
(Figure 3.12). Of the 16 experiments with youngé=a 13 experiments had at least Gu¢S
positive explant (Table 3.6). All 19 experimentstiteg embryos had at least cB&/Spositive
explant (Table 3.7). Eight experiments that inctidetyledon and cotyledonary leaf explants

showedGUSpositive explants



34

Table 3.7:GUS Expression of Putatively Transformed Leaf Explants

. .|| Explant Percent w/ GUS Avg .GUS
Experiment || # of Explants || Plasmid type 7w GUS % Spots
JAT-1 4 26 leaf 0 0.00 0.00
JAT-1 2 26 leaf 0 0.00 0.00
JAT-2 3 26 leaf 2 66.67 2.00
JAT-3 3 26 leaf 2 66.67 19.00
JAT-4 3 26 leaf 3 100.00 23.33
JAT-5 3 26 leaf 1 33.33 40.00
JAT-6 3 26 leaf 0 0.00 0.00
JAT-7 3 26 leaf 2 66.67 7.67
JAT-8 3 26 leaf 0 0.00 0.00
JAT-24 1 26 leaf 1 100.00 210.00
JAT-25 2 26 leaf 0 0.00 0.00
JAT-26 2 26 leaf 2 100.00 12.50
JAT-27 2 26 leaf 1 50.00 8.00
JAT-28 2 26 leaf 2 100.00 40.50
JAT-29 2 26 leaf 2 100.00 11.00
JAT 9/12 15 26-2 leaf 9 60.00 39.33
JAT 9/12 15 26-1 leaf 11 73.33 82.55
JAT-32 2 26 leaf 2 100.00 33.50

Table 3.7 shows % explants wiBlUSexpression and average numbeGafSspots in transformation experiments
with leaves.

Table 3.8:GUS Expression of Putatively Transgenic Embryos

Experiment # of Explants Plasmid Explant Percentv/ GUS

JAT-8 3 26 embryo 3 100.00
JAT-10 2 26 embryo 2 100.00
JAT-11 3 26 embryo 3 100.00
JAT-12 2 26 embryo 2 100.00
JAT-13 3 26 embryo 2 66.67
JAT-14 2 26 embryo 2 100.00
JAT-15 1 26 embryo 1 100.00
JAT-16 1 26 embryo 1 100.00
JAT-17 1 26 embryo 1 100.00
JAT-18 1 26 embryo 1 100.00
JAT-19 1 26 embryo 1 100.00
JAT-20 1 26 embryo 1 100.00
JAT-21 1 26 embryo 1 100.00
JAT-22 1 26 embryo 1 100.00
JAT-23 2 26 embryo 2 100.00
JAT-24 2 26 embryo 2 100.00
JAT-28 2 26 embryo 1 50.00
JAT-29 1 26 embryo 1 100.00

Table 3.8 shows % explants wiBlUSexpression transformati@xperiments done with embryos.
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Because it is a crucial tool that can be used tomipe the transformation protocdgUS
expression is preliminary proof of a marker gerteeréfore, higtGUSexpression is an
indication of the protocol likely being optimizedan et al. (2010) reported that 37 of 120
putativeGUStransformants generated were transgenic plant&al8positive using &US

staining of leaves from regenerated transgenictplan

An optimized transformation protocol can be expahidea gene of interest that has a
value added trait which could be expressed. Exasngdléhis include genes that code for disease
resistance, enhanced nutrition, increased oil conséad abiotic stress tolerance (e.g. cold,
drought). Foid. curcas this work will be expanded into the ge@BF3 which codes for cold,
drought, and salinity tolerance. Overexpressiothisfgene could allow it to be grown and
cultivated in a temperate climate like Pennsylvamaking it possible for the State to be able to

take advantage of its great energy and economengiat.

Figure 3.12:GUS Expression in Different Explants

==

GUSexpression has been demonstrated on several explAhtyoung leaf, (B) embryo, (C)T:Btyledonaryﬂea
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3. Molecular Analysis

3.1. Polymerase Chain Reaction (PCR)

PCR screening assay was performed .ozurcasyoungin vitro leaves from germinated
embryos transformed witBUS In the PCR, two out of the five plants testedvebd a positive
band for theGUSgene. Figure 3.13 shows the clear band arounsiaiime area as the band of

the positive control

SN0 O~ W
QL OLVLOLOLOLVLOLO
cccccCcCcC CC
T @© @© © © © © ©
R [ [ [ | | | g |

Figure 3.13: PCR of Putative Transgenid. curcas
Lame# 11 12 [3 4

Description - +ve Jatropha Jatropha
- Control Control Plant 1 Plant 2

0 54.56 0 69.70
[Lane# 15 6 17 |8 |
Description Jatropha Jatropha Jatropha 1XKb
- Plant 3 Plant 4 Plant 5 Ladder

Figure 3.13 shows the gel of PCR products from @iifferent putative transgenic curcas Two of the five plants
test positive for the presence of tB&)Sgene.

1018 bp
506/517bp

4. Conclusion

4.1. Summary of Findings

Tissue culture was used to study different metlaokexplants to regenerate the important
second-generation biofuel crdpcurcasusing a variety of explants. Embryos were gernedat
at high rates using a number of different mediamethods that were then compargsl.vitro
young leaves were used for indirect shoot regelo@randex vitroshoot buds were used for
direct shoot induction. Callus and shoot inducfram different plants (genotypes) was studied
to understand the effect of genotypeinitro regeneration ad. curcas,and it was found that

there is more variance between genotypes in caltlgction than shoot induction. Different
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rooting media were also tested to optimize a medwmm vitro rooting ofJ. curcasto see

which one gave the best percentage of explantsiagpbahd which gave the best number of roots
per explant. As a result, JRM1 recorded the bestrrg percentage, but produced least number
of roots per explant; JRM3 had the lowest rootiagcpntage, but most number of roots per
explant. Acclimatization percentage has increagsezesa new environment controlled
greenhouse has been made available and sincetaged was used as potting mix instead of
peat moss. Finally, an optimizédjrobacteriumtransformation protocol has been generated
using theGUSreporter system, which can be used to geneticalhstormJ. curcaswith genes

with value-added traits likEBF3to impart cold tolerance.

3.2 Future Studies

Future studies will include molecular screeningofative transgenic material. This will be done
using the techniques of Southern Hybridization RidPCR on the new growth leaves of these
plants. Experiments are already underway with foangngJ. curcasgenes with value-added
traits such as increased abiotic stress tolerasiog theCBF3gene (cold, drought, and salinity),
oil yield, and disease and pest resistance. Thate will then be tested in the greenhouse and
field through physiological evaluation of the trganics. Lastlyin vitro flowering and seed set
can be examined to further allow us to rapidly reggate screen transgenic plants undetro

conditions and to advance the breeding studies.
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