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Generation of DGAT?2 Transformants of J.curcas
4.0 Introduction

Genetic transformation for improving traits is another valuable method for the development of
J.curcas variety. Recent advances in genetic transformation and the availability of gene databank
has made it possible to transfer the gene of interest to the recipient species to produce transgenic
progeny with desired characteristics. This may help surpass certain existing limitations of the
breeding programmes and also may help reduce the time required to generate those improved

varieties.

J.curcas is still in its infancy with respect to genetic improvement. The application of metabolic
engineering and RNAi technoiogy may show their potential in basic research and as tools of
modern plant breeding. Research and development should aim at metabolic engineering of the oil
bio-synthesis pathway. There is a possibility to increase the yield of oil from Jatropha seeds -

through genetic transformation (Mukherjee et al, 2011).

Jatropha seeds contain 22-44% oil in its seeds. Main constituent of oil is TAG (Triacylglycerol).
DGAT (Diacyl glycerol acyltransferase) is the enzyme that catalyzes the committed step of TAG
synthesis from DAG via the Kennedy pathway. A number of studies with both mammalian
(Mayorek et al, 1989; Tijburg et al, 1989) and plant (Ichihara et al, 1988; Perry and Harwood,
1993a, b; Settlage et al, 1995; Perry et al, 1999) systems have suggested that DGAT may
catalyze a rate limiting reaction in TAG bio-assembly. Hence increasing the amount of this
ehzyme may increase TAG biosynthesis thus leading to increase in oil content per seed. Similar
work has been done in Arabidopsis where seed specific over-expression of an Arabidopsis
cDNA encoding DGAT resulted in an enhancement of seed oil content and seed weight (Jako et
.al, 2001). He et al, 2004 have reported the cloning and characterization of a cDNA encoding

DGAT from castor bean. Increase in levels of DGAT enzyme can be brought about by increased
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expression of the DGAT gene. This can be done by cloning cDNA copy of DGAT gene or using
DGAT gene whose sequence is highly similar to that of Jatropha curcas DGAT and cloning this
gene into a binary vector and its transformation into Jatropha followed by its expression under a

seed specific strong promoter.

Of the available transformation methods, Agrobacterium mediated transformation is the most
frequently used method for the development of transgenic plants. In the current study an attempt
to obtain genetically transformed Jatropha curcas is made. DGAT gene from Vernicia fordii is
used for the purpose of genetic transformation. V. fordii belongs to same family (Euphorbiaceae)
as Jatropha curcas and shows 84% identity as found using blast search. DGAT2 construct used
in this study was kindly provided by Prof. Jay Shockey from Southern Regional Research
Centre, USDA-ARS, New Orleans, USA.

4.1 Literature Studies

Diminishing petroleum reserves and environmental awareness has led to an increased demand
for oil plahts and their derivatives as substitutes for petrochemicals in industrial applications
such as biofuels, biolubricants, nylon precursors etc. However, oil plants have certain limitations
such as low yields, toxicity, limited geographical cultivation area and susceptibility to insect
pests. Fortunately, genetic engineering offers a novel opportunity to overcome these limitations.
Recent studies have envisaged the potential of TAG synthesis and accumulation in oil seed crops
as the main lipids store in plants are TAG’s. Three key steps are involved in the production of
storage oils. First is the fatty acid synthesis in plastids, second is fatty acid modification by
enzymes located in endoplasmic reticulum (ER) and thirdly packaging of the fatty acids in
TAG’s which subsequently accumulate in oil bodies that bud off from the ER. Formation of

TAG can be achieved in several ways as shown in figure 4.1
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Figure 41 (A) The general pathway of TAG synthesis and accumulation. The first is
classical Kennedy pathway catalyzed by enzyme GPAT, LPAAT and DGAT. The second is
acyl-CoA independent pathway catalyzed by enzyme PDAT. The fatty acids flux between
FA-PC, FA-CoA and TAG determine the final TAG level. (B) The bottlenecks in
engineering plants to accumulate TAG enriched novel fatty acids are the low production of
TAG but high FA-PC (Chen et al, 2008).

The first is the classical Kennedy pathway where acyl-CoA acts as a donor and diacylglycerol
(DAG) as an acceptor. This reaction is catalysed by acyl-CoA diacylglycerol acyltransferase
(DGAT) and transfers an acyl group from acyl-coA to sn-3 of DAG and forms TAG. The second
is acyl-CoA independent pathway, which uses phosphatidylcholine (PC) as acyl donor and DAG
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as acceptor, catalyzed by an enzyme called phospholipids: diacylglycerol acyltransferase
(PDAT), which can transfer the sn-2 acyl chain from PC (phosphotidylcholine) to DAG, forming
lyso-PC and TAG. Also the acyl-CoA independent pathway can be catalyzed by DGAT, using
. two molecules of DAG to produce TAG and monoacylglycerol (MAG) (Chen et al, 2008). Many
studies have been reported on various enzymes involved in TAG synthesis like phospholipase
A2 (PLA2), G-3-P acyltransferase (GPAT), phospholopid:diacylglycerol acyltransfersae
(PDAT), lyso phosphatidic acid acyltransferase (LPAAT) and diacylglycerol acyltransferase
(DGAT). Beisson et al, 2007 have identified atleast eight GPAT genes in Arabidopsis thaliana;
however none of them have been implicated to have a promising role in TAG biosynthesis.
PDAT has been studied by Dahlqvist et al, 2000. It catalyses the acyl transfer from PC to sn-1, 2-
DAG to yield TAG however, it is not found to have any major role in TAG synthesis.

A correlation between DGAT transcript level and o1l accumulation has been reported in common
oilseeds as well as in plant species that accumulate unusual fatty acids. The level of DGAT
expression has been shown to be directly related to TAG accumulation in mammals. Role of
DGAT in pheromone synthesis in insects is also reported. With the extensive progress in
genomics, transgenics and protein purification, genes encoding two major types of DGAT were
charactaﬁzed in eukaryotes and designated DGATI and DGAT2 (Liu et al, 2012). Shockey et al,
2006 studied Vernicia fordii DGAT enzymes and reported that DGAT enzyme activity is
encoded by at least two classes of genes in eukaryotic cells. DGAT1 proteins are; 500 amino
acids in length with 10 predicted transmembrane domains (TMDs), whereas DGAT2 proteins
are; 320 amino acids long with two predicted TMDs (figure 4.2). DGATI1 plays a more
constitutive role in TAG metabolism in various tung tissues, whereas DGAT2 functions more
directly in the production of seed-specific TAGs. Sub-cellular localization studies indicated that
both the enzymes are locaﬁzed to specific sub-cellular regions of the endoplasmic reticulum and

these regions are not shared by these two enzymes.
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Figure 4.2: Predicted topological maps of DGAT1 and DGAT2 of Vernicia fordii by
Shockey et al, 2002 Jain et al, 2000 have reported an increase in oil content of Arabidopsis
seeds from 8 to 29% in selected transgenic lines by expressing a plant plastidal and a

bacterial GPAT gene directly and after modification.

Genetic engineering of any crop species through genetic transformation requires a rapid and
reproducible regeneration protocol. The potential of Jatropha curcas is well known and it is also
known that it requires genetic engineering to gain commercial success and hence a few scientists
have reported genetic transformation in this crop. First report on genetic transformation of
J.curcas was given by Li et al, 2007 using 4Agrobacterium tumefaciens nﬁediated transformation
of cotyledon explants. Kumar et al, 2010 reported genetic transformation of Jatropha using in
vitro leaf explants via Agrobacterium tumefaciens infection. In this study an attempt has been
made at transformation of J.curcas via Agrobacterium tumefaciens carrying the gene of interest

(DGAT2) via somatic embryogenesis and leaf mediated regeneration.
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4.2 Materials and Method

4.2.1Cultures and Maintenance:

1) E. coli DH50 was used for transformation of ligation mixtures and maintaining recombinant
<> plasmids.

2) E. coli DH5a bearing belper plasmid pRK2013 was used as a helper strain for mobilizing the
—--4> donor plasmid contained in another E. coli DH5a strain ‘

3) Agrobacterium tumefaciens 1.BA4404 was used as a recipient in the triparental mating.

Culture Maintenance:
* E. coli DHS50 strains were maintained on Luria agar plates.

*» E. coli DH5a bearing helper plasmid pRK2013 was maintained on Luria agar plates containing

50 pg/ml kanamycin as the plasmid pRK2013 has a kanamycin resistance gene.

» Agrobacterium tumefaciens 1.BA4404 was maintained on AB Medium containing 5 pg/ml
rifampicin & 10 pg/ml tetracycline as the strain LBA 4404 is resistant to rifampicin &

tetracycline antibiotics.

* E.coli DH5a clones hérboun'ng pE172 recombinant plasmid were maintained on LA plates with
50 pg/ml kanamycin. pE172 was used for transformation of somatic embryos _a,s..ixsa'under){s\cedénjé
specific promoter. pE309 was used for transformation of leaf discs as its under constitutive
promoter. pE172 and pE309 were kind gifts from Prof. Jay Shockey, Southern Regional

Research Centre, USDA-ARS, New Orleans, USA.
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4.2.2 Media and Antibiotics:
Media:

Luria Agar (LA):

Caesin enzymic hydrolysate 10g/1
Yeast extract 5g/l

Sodium Chloride 5g/1

Agar 15¢/1

Luria Broth (LB):

Caesin enzymic hydrolysate 10g/1
Yeast extract 5g/l

Sodium Chloride 5g/1

4.2.3 Antibiotic Stocks:
Kanamycin ~ 100 mg/ml

Tetracycline- 50 mg/ml (Dissolved in absolute ethanol)
Rifampicin - 50 mg/ml (Dissolved in 100% methanol)

Final Concentration of Antibiotics in Media:

Kanamycin - 50 pg /ml
Tetracycline- 12-15 pg /ml
Rifampicin - 5 pg /ml

4.2.4 Plasmid Extraction by Alkaline Lysis Method:

Plasmid extraction was done by Alkaline Lysis method of Sambrook et al, (1989) (Miniprep).

Reagents & Composition:

* ALS-I Tris-Cl 25mM (pH 8.0), EDTA 10mM (pH 8.0), glucose SOmM
« ALS-I1 0.2N NaOH, 1% (w/v) SDS
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* ALS-III 3M Potassium acetate, 5M glacial acetic acid

» Isopropylalcohol and 70% alcohol b ()’}@V’/ C ﬁ A

Procedure: ;{" g?f;

1) A single colony of transformed bacteria was inoculated in 5 ml of LB with proper antibiotic.

V28

,.? The culture was incubated overnight at 37°C under vigorous shaking condition on shaker.

2) Next day the culture was centrifuged at 10,006 rpm for 10 min.

3) The supernatant was discarded & 100 il of ice cold ALS-I was added to resuspend the pellet
Y by vortexing. |

4) 150 pl ALS-II was added &'the contents of the tube were mixed by inverting 5 times, the tube
—was stored on ice for 10min.

5) 200 ul ALS-III was added & mixed by inverting the tubes 5 times, tube was stored on ice for
—>15-20 min

6) Centrifugation done at 12,000 rpm for 10 min, the supernatant was transferred to a fresh
—¥microfuge tube and equal volume of Isopropylalcohol was added. The tube was incubated at -

20°C overnight. A

7) Centrifugation was done at 12,000 rpm for 10min.‘;rhe supernatant was carefully discarded &

200 pl 70% alcohol was added @)inverted gently 2 times %centrifuged for 2 min, then the
~—Xalcohol was removed carefully.

8) The microfuge tube was kept in an inverted position to completely remove last traces of

7_% alcohol. 20 pl Triple distilled water was added and kept at room temperature for 15 min for DNA

to dissolve. The purity of the plasmid preparation was checked by agarose gel electrophoresis.
-4.2.5 Competent Cell Preparation:

The protocol from Sambrook et al, (1989) was used for preparation of competent E. coli with an

efficiency of ~106 transformed colonies/ pg of supercoiled plasmid DNA.
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Reagents & LComposition:

MgCl,-CaCl; solution: 80 mM MgClg, 20 mM CaCl, QaClz 0. 1M>

Procedure:

1) A single bacterial colony was inoculated in 5 ml of LB. The culture was incubated overnight
at 37°C with vigorous shaking.

2) 1 ml of overnight grown culture was transferred in 100 mi LB and incubated at 37°C with
vigorous shaking till the O). reaches 0. 4 (To ensure the culture doesn’t grow to a higher
density measure the™ O@f culture every 15—20rp1n)

3) The bacterial cells were transferred to sterile, disposable, ice-cold 50 ml polypropylene tubes.
The cultures were cooled to 0°C for 10 min.

4) Cells were recovered by centfifuging at/4500 rpm for 10 min at 4°C.

5) The medium was decanted from cell pellet & tubes were placed in an inverted position for 1
min to allow last traces of the media to drain away.

6) Pellet was resuspended by swirling or gentle vortexing in 30 ml of ice-cold MgCl-CaCl,
solution.

7) Cells were recovered by centrifuging at 4500 rpm for 10min at 4°C.

8) Medium was decanted from cell pellet; tubes were placed in an inverted position for 1 min to
allow last traces of the media to drain away. Pellet from each tube was resuspended by swirling
or gentle vortexing in 1ml of 0.1 M CaCl; and 1ml of 40% glycerol. The cells were directly used

for transformation or dispensed into aliquots & frozen at -80°C.

Transformation using CaCly:
1) 100-200 pul CaCl, treated cells were transferred to a sterile chilled polypropylene tube. Upto 5
pL of DNA sample or ligation system was added to the tube and the contents mixed by swirling

gently. The tube was stored on ice for 30 min.
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2) The tube was transferred .to a rack and kept in preheated 42°C water bath and incubated
exactly for 90 sec without shaking.

3) The tube was rapidly transferred to an ice bath to chill for 2 min.

4) 400-800 pl of LB medium was added accordingly to the tube aﬁd incubated for 45 min at
37°C.

5) Appropriate volume of cells was plated onto pre-warmed LB plates with appropriate
antibiotic. '

6) The plates were incubated at 37 °C for 16-18 hours.

4.2.6 Agarose gel electrophoresis
Requirements:

TAE (Running buffer)

* Tris base 242g

» Glacial acetic acid 57.10ml

« 0.5M EDTA (pH 8.0) 100ml

* D/W 1000ml

50X TAE was diluted to 1X prior to use.
0.8% Agarose '

4.2.7 Triparental Mating

Strains involved: ‘

1) Agrobacterium tumefaciens LBA4404- (Recipient strain) - It was grown at 30°C on AB
minimal medium with rifampicin & tetracycline.

) E. éolz' DHS50, harboring recombinant plasmid to be mobilized (Donor strain) - It was grown at

37°C on LB with 50pg/ml Kanamycin.
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3 ’E. coli DH5a bearing helper plasmid pRK2013 (Conjugal helper strain). This plasmid when
introduced into an E. coli strain harboring plasmid (Donor), mobilizes that plasmid into
Agrobacterium tumefaciens. E. coli DHS5a harboring pE172 was grown at 37°C on LB medium
with 50pg/ml Kanamycin. This plasmid cannot multiply in Agrobacterium tumefaciens due to

the lack of wide host range replicon.

Procedure

1) Four days before performing the triparental mating, A. tumefaciens was streaked to obtain a
single colony on Luria agar plates which contained rifampicin & tetracycline and was incubated
at 30 °C. ‘

2) One day before, E. coli DH5a harboring pRK2013 & E. coli DH5a harboring the plasmid to
be mobilized were streaked to obtain a single colony on LB agar with 50pg/mi of Kanamycin.

3) On the day of the triparental mating, a plate of Luria agar without any antibiotic was prep‘éred.

4) One colony each from E. coli DH5a bearing pRK2013, E. coli DHSa harboring the plasmid
which has to be mobilized and A. tumefaciens was i)atche;d separately on Luria agar plate very
close to each other. With a sterile loop, all the three bacterial strains were mixed very wellvand
the plate was left at 30 °C for 12-18 hrs. |

5) On the second day from the procedure, six culture tubes which contained 0.9ml LB were
autocla\}ed and kept ready. Six plates containing Luria agar plate with relevant antibiotics were
poured and kept ready (In the medium there was an antibiotic selection for both the donor and
the recipient so that the donor and the recipient that had mobilized into the A. tumefaciens can be

maintained). '

* 6) After mating, the bacteria on the Luria agar plate were scrapped and isuspended in Iml LB. A
serial dilution was performed by transferring 0.1ml of bacterial suspension into 0.9ml of LB.

Likewise 4-5 dilutions were made up to 10-4/ 10-5.

Generation of DGAT2 Transformation of J.curcas



Chapter 4 114

7) 100 pl of each dilution was added to Luria agar medium with appropriate antibiotics and was

spread uniformly. The plates were incubated for 4-5days.

4.2.8 Ketolactose Test (Bernaerts and Ley, 1963)

Reagents:

Benedict’s reagent [ 100 ml]: 17.3g Sodium citrate, 10.0g Na2CO3, 1.73g CuS04.5H20

Procedure:

1) Agrobacterium tumefaciens colony was patched on Luria agar plate and was allowed to grow
for 12-16 hours. ‘

2) On the next day, the plate was flooded with Benedict’s reagent.

3) Within five minutes, due to the formation of ketolactose, a yellow colored zone was observed

which confirmed the presence of 4. tumefaciens.
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4.2.9 Vector Map:
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Figure 4.3: Map of pE172
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Figure 4.4: Map of pE309

4.3 Co-cultivation

4.3.1 Preparation of Agrobacterium suspension for co-cultivation

A single colony of Agrobacterium strain containing the gene of interest was incubated in 25 ml
of YEP medium and grown overnight on a shaker at 200 rpm at 28°C to an OD at 600 of 1.4-1.6.
The bacterial culture was centrifuged at 5,000 rpm and the pellet was resuspended in 25 ml of
liquid suspension medium containing MS salts (Murashige and Skoog, 1962), 100 mg/l myo-

inositol, 30 g/l glucose and 100 ml acetosyringone. The suspension was kept at 28°C for 5 hours
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and used for explant infection. Different explants as explained above were infected with A.
tumefaciens suspension culture for 20 min at room temperature under continuous shaking, blot
dried on sterile filter paper and finally transferred on to regeneration medium. Regeneration
medium used was with and without supplementation of acetosyringone. Explants were co-
cultivated for different duration on this medium. Explants submerged in bacteria-free MS served

as control.
4.4 Explants and Media Composition:

4.4.1 Agrobacterium mediated transformation of somatic embryos of J.curcas

Seeds from mature fruits of Jairopha curcas plants (1.5-2 years old) were collected and their
cotyledons used as explants. Seeds were kept under running tap water for 30 minutes followed
by wash with a mild detergent. They were again kept under running tap water for 30 minutes.
They were treated with 70% ethanol for 30 seconds followed by three rinses with distilled water.
Surface sterilization was done with 0.1% mercuric chloride for 2 minutes. Traces of mercuric
chloride were removed by giving five rinses with sterile distilled water. Surface sterilized seeds
were de-coated under aseptic conditions and inoculated on MS medium supplemented with 4.0
mg/l 2,4-D. The medium was fortified with 3% sucrose and agar (0.8%) was used as .a
solidifying agent. The pH of the media was adjusted to 5.8 before addition of agar and was

autoclaved at 121°C for 20 min. Cultures were maintained at 24+2°C for 14 hour photoperiod.

4:4.2 Agrobacterium mediated transformation of leaf discs of J.curcas

Young leaves at 3™ and 4™ node from the apex were collected from 1.5-2 year old plants grown
| _6n campus. The explants were thoroughly washed with tap water for nearly half an hour
followed ‘by washing with soap solution. The explants were surface sterilized with 0.1%

mercuric chloride for 2 to 3 minutes followed by five rinses with sterile distilled water. Leaves
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were then excised into small pieces of 1x1cm and inoculated on Murashige & Skoog (MS) basal

medium. A week after inoculation on MS basal medium, the explants were cultured on (4.5 uM-
27.0 pM) BAP and (3.5 uM-7.5 uM) IBA.

4.5 Determinaiton of phytotoxic level of selective and bactericidal antibiotics:

Leaf explants and somatic embryos were inoculated on MS medium containing different levels
of kanamycin (30, 40, 60, 80 and 100mg/L) respectively )for selection of transformants. In a
separate study different levels of cefotaxime (50mg/L, 100mg/L,150mg/L and 200mg/L) were

tested for controlling 4 grobactermm infection after transformation. -

4.6 Evaluation of factors influencing transformation:

A range of parameters were evaluated and -each experiment included three replicates of ten
explants each. These parameters included length of pré;cultxlre period (1, 4, 5, 6, 7 days) of
explants in fegeneration medium prior to Agrobacterium infection, effect of acetosyringone,

CONG,
effect of woundingNength of co-cultivation medium (3, 4,5, 6 days).
(W {\ .
‘ \.)Q di‘v\ j,;{"@,}ku

4.7 Results and Discussion ‘2 PICAR T AT €. AS @,ﬁt\‘)ﬁ]& u\)\\\ AR :

Binary vector pE172 contains DGAT2 gene under a seed specific promoter and binary vec‘aL _
pE309 contains DGAT2 gene under a constitutive promoter were used in this study. In E:us—thes:t o}{ﬁ N
Jened
an attempt has been made to study the over-expression of DGAT2 in oil seed crop J.cur cas. For
this two different regeneration systems have been taken into consideration. Over—expressmn
studies of DGAT?2 under beta congylcinin promotér (seed specific) were done with somatic
embryos (detailed investigation reported in chapter three of this thesis). Over-expression studies
of DGAT2 under a constitutive promoter (35 S) were attempted with leaf discs as explants

~(chapter two covers regeneration studies from leaf discs).
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4.7.1 Tranformation of Agrobacterium with DGAT?2 by Triparental Mating:

Triparental mating was carried out using ¥ coli DH5a with pE172 (KanR) as the donor strain, £
coli DH5a with pRK2013 (KanR) as the helper strain and Agrobacterium-LBA4404 (RifR, TetR)

as the recipient. Similar experiments were carried out with pE309 (KanR) as the donor strain./
Figuref./’a’/ hows-the growth of transformants as observed on Luria Agar plates with Kanamycin,

Rifandpicin and Tetracycline.

Figure 4.5: Growth of transformants was observed after plating on Luria Agar plates

containing tetracyclin(10 pg/ml),rifampicin(5 pg/ml) and kanamycin(50 pg/ml).
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4.7.2 Confirmation of Agrobacterium transformants using restriction digestion

Agrobacterium containing pE172 was digested with single cutter Bam HI (figure 4.4) and
Agrobacterium containing pE309 was digested with single cutter Eco RI (figure 4.5).

Lanel: Lamda HindIII Marker

Lane 2: Digested DGAT?2 in Donor
(pE172)

Lane 3: Undigested DGAT2
Lane 4: Lamda HindIIl Marker

Lane 5: Digested DGAT2 in
Agrobacterium transformants.

Figure 4.6 A: Conformation of transformation (pE172)
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Lane 1: Undigested pE309
Lane 2: Lamda HindIll Marker

Lane 3: Digested DGAT2 in
Agrobacterium transformants
(pE309)

Figure 4.6 B: Conformation of transformation (pE309)

In species where low transformation efficiencies are expected, the study of the effect of several
factors by comparing the percentage of recovered transformed plants may prove unsuccessful
because limited numbers of transformants are produced. Therefore, it becomes important to
evaluate the influence of diverse factors on the efficiency of T-DNA transfer. However, these
studies can be used as a guide, and only major differences between tested parameters should be
considered (Suma et al, 2008). Some others have also reported that these parameters are known
to influence the transformation efficiency and the optimized conditions are host species
dependent (Xing et al, 2007).

4.7.3 Agrobacterium infection of leaf explants

Axenic leaf discs and somatic embryos were immersed in Murashige and Skoog broth seeded

with transformed Agrobacterium. Fifteen and twenty minutes of immersion time of explants\ in
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0

Agrobacterium culture was studied and it was found that twenty minutes is more effective

. period for immersion as compared to fifteen minutes. @igure 4.7 shows transformed leaf discs

with Agrobacterium containing pE309. Figure 4.8 shows transformed somatic embryos. As seen

in figure 4.7 Agrobacterium infection is obsserved on the edges of leaf discs. These leaf discs are
then transferred to primary selection medium which is MS+ Kan for both the explant types. The
surviving explants are then treated as putative transformants. Figure 4.8 C shows embryos after
prfmary selection on MS + kanamycin. These putative transfo%ﬁants would now be subjected to
PCR analysis using DGAT?2 specific primers. Overall transformation efficiency with leaf discs
was found to be 3.3% and further survival of explants was also hampered. While somatic
embryos showed a little higher transformation efficiency of 10.08%, the problem encoun;cered
here too was further survival of putative transformants and regeneration of survived putative
transformants. Kumar et al, 2010 have reported 18.3% of transformation efficiency of leaf
explants of J.curcas as measured by the surviving shoots on selective medium. Li et al, 2007
have reported 13% transformation efficiency of J.curcas cotyledon discs as explants. However,
this is the first report of Agrobacterium mediated transformation in somatic embryos of J.curcas.
Xing et al, 2007 have reported to have achieved more than 25% of trahsformation frequency of
embryogenic calli of sweet potato in suspension cultures. It should be noted that solid media
cultures and liquid suspension media are both different systems for achieving regeneration and

hence cannot be compared.
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Figure 4.7: Co-cultivation of transformed Agrobacterium and Jatropha leaf discs
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Figure 4.8 A: Somatic
embryos on the edges of
coty ledonary leaf discs

(A’

Figure 4.8 B: Co-cultivation of
somatic embryos on MS medium

Figure 4.8 C: Transformed
embrvos on MS+ Kan
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4.7.4 Evaluation of selective and bactericidal antibiotics on leaf discs and somatic embryos

These antibiotics are detrimental to tissue préliferation and growth at higher concentrations and
fail to suppress bacterial growth at low concentrations (Sathyanarayana et al, 2012). The effect of
increasing levels of kanamycin (20, 40, 60, 80 and 100 mg/L) was checked on leaf explants and
somatic embryos. At higher concentration of kanamycin (80 and 100 mg/L), 100% bleaching of
explants was observed in a week’s duration. The phytotoxic effect of kanamycin was seen at 40
and 60mg/L as explants started bleaching after 10 to 12 days in culture resulting in total loss of
chlorophyll pigmentation. Hence, in the subsequent experiments 20mg/L of kanamycin was
used. However, Vadawale et al, 2012 reported 60mg/L as a suitable/c;)ncentration of kanamycin
for selection of putative transformants in Arachis hypogea. In a separate study, increasing levels
oud uﬁ whi el
of cefotaxime (50mg/L, 100mg/L, 150 mg/L. and 200mg/L) were usedA200mg/L was found to be
effective coneentration. \

4.8 Optimization of factors influencing transformation
4.8.1 Explant Pre-culture Period

Preculturing explants prior to inoculation and co-cultivation with Agrobacterium has been shown
to improve genetic transformation frequerncies in many plants like Zingiber officinale Rosc
(Suma et al, 2008), Lathyrus sativus (Barik et al, 2005), Ipomoea batatas (L) Lam (Xing et al,
2007) and microalgae like Chlorella sp. and Nannochloropsis sp. (San et al, 2011). It was
observed in the present study that one day pre-cultured explants gave similar transformation
efficiency as seven days pre-cultured explants. Pre-cultivation allowed proliferation of the plant
cells to provide a .large population of competent cells as potential targets for transformation
(Xing et al, 2007). Hence, for both leaf explants and somatic embryos seven days of pre-culture

was preferred. More so in case of somatic embryos as seven days pre-culture would enable to
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generate a few somatic embryos which would then be susceptible for Agrobacterium infection

during co-cultivation.

Figure 4.9: Effect of pre-culture period variation on transformation efficiency, N=30
a,b,c,d,e,f,h,ij at p<0.0001 and g at p<0.005
4.8.2 Wounding Effect:

Wounding helps in the secretion of various phenolic compounds from the wound sites of
dicotyledonous plant explants, a process which subsequently increases the transformation
efficiency (Barik et al, 2005). Wounding can be through needle pricking or glass beads. There

are generally two types of responses to wounding. In some plants it is found that the phenolic
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compounds secreted from the wounded sites inhibit transformation efficiency whereas in some
plant species it is known to improve transformation efficiency. In the present study effect of hand
pricking with the help of a needle was studied. As shown in figure 4.10 needle pricking reduced
the transformation efficiency. The explants so treated also showed browning. Kumar et al, 2010
have reported similar observation in J.curcas. Wounding increases the levels of secondary

metabolites which might be responsible for tissue browning.

-

% Transformation efficiency

Needle pricking Unwounding

Way of co-cultivation
N=30
P<0.0001=***

Figure 4.10: Effect of wounding on transformation efficiency
4.8.3 Effect of acetosyringone:

Phenolic compounds like acetosyringone are known to increase the transformation efficiency of

Agrobacterium (Bolton et al, 1986). 20mg/L of acetosyringone was used in the present study (Li
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et al, 2007; Kumar et al, 2010). As shown in figure 4.11 nearly 50% increase in transformation

efficiency was observed with the use of acetosyringone.

Figure 4.11: Effect of acetosyringone on transformation efficiency

4.8.4 Effect of co-cultivation:

Co-cultivation leads to induction of virulence and gene transfer. Co-cultivation period has great
influence on transformation. Too short co-cultivation period is not favorable for transformation.
However, too long co-cultivation period results in overgrowing Agrobacterium and therefore is
harmful to plant cells as longer period may cause necrosis and cell death (Xing et al, 2007). Co-
cultivation for 3-6 days is generally suitable for Agrobacterium mediated transformation

(McHughn et al, 1993). In the present study, co-cultivation for 4 days yielded maximum
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transformation efficiency (figure 4.12). At this time point higher number of callus forming discs
and lower number of necrotic discs were observed. Co-cultivation for more than 5 days
encouraged an overgrowth of bacteria with a concomitant decrease in transformation efficiency
and difficulty in removal of Agrobacterium. Similar results have been reported for J.curcas by

Kumar et al, 2010 whereas Li et al, 2007 have reported 3 days of co-cultivation in Jatropha

curcas.

|1 frerdipetegndegi )

Period of co-cultivation

Figure 4.12: Effect of period of co-cultivation on transformation efficiency N=30, p<0.0001

Generation of DGA | 2 Transformation of J.curcas



Chapter 4 130

4.8 References

Barik, D.P., Mohapatra, U., Chand, P.K. 2005 Transgenic grasspea (Lathyrus sativus L.): Factors
influencing Agrobacterium-mediated transformation and regeneration; Plant Cell Reports 24,
523-531

Beisson, F., 1iY., Bonaventure, G., Pollard, M., Ohlrogge, J.B. 2007 The Acyltransferase
GPATS Is Required for the Synthesis of Suberin in Seed Coat and Root of Arabidopsis The Plant
Cell 19, 351-368 '

Bernaerts, M.J., Ley, D.J. 1963 A biochemical test for crown gall bacteria. Nature 167, 406-407

Bolton, F.W., Nester, E.W., Gordon, M.P. 1986 Plant phenolic compounds induce expression of
the Agrobacterium tumefaciens loci needed for virulence. Science 232,983-985

Chen, J.E., Smith, A.G. 2012 A look at diacylglycerol acyltransferases (DGATs) in algae.
Journal of Biotechnology http://dx.doi.org/10.1016/j.jbiotec.2012.05.009

Dahlgvist, A., Stahl, U., Lenman, M., Banas, A., Lee, M., Sandager, L., Ronne, H., Stymne, S.
2000 Phospholipid:diacylglycerol acyltransferase: Anenzyme that catalyzes the acyl-CoA-
independent formation of triacylglycerol in yeast and plants. PNAS

Ichihara, K., Takahashi, T., Fujii, S., 1988 Diacylglycerol acyltransferase in maturing safflower
seeds: its influences on the fatty acid composition of the triacylglycerol and on the rate of
triacylglycerol synthesis. Biochim Biophys Acta.; 958:125-129

Jako, C., Kumar, A., wei, Y., Zou, J., barte, D., Giblin, M., Covello, P., Taylor, D.C. 2001 Seed
specific over-expression of an Arabidopsis ¢cDNA encoding a diacylglycerol acyltransferase
enhances seed oil content and seed weight. Plant Physiology126, 861-874

Jain, RK., Coffey, M., Lai, K., Kumar, A., Mackenzie, S.L.. 2000 Enhancement of seed oil
content by expression of glycerol-3-phosphate acyltransferase genes Biochemical Society
Transactions 28 (6), 958-961

Kennedy, EP. 1961 Biosynthesis of complex lipids. Federation Proceedings Federation
of American Societies for Experimental Biology 20, 934-940

Generation of DGAT? Transformation of J.curcas



Chapter 4 131

Kumar, N., Vijay Anand, K.G., Pamidimarri, D.N.S., Sarkar, T., Reddy, M.P., Radhakrishnan,
T., Kaul, T., Reddy, M.K., Sopori, S.K. 2010 Stable genetic transformation of Jatropha curcas

via Agrobacterium tumefaciens-mediated gene transfer using leaf explants, Industrial Crops and
Products 32 , 41-47

Li, M., Hongging, L., Huawa, J., Pan,P.X., Guojiang, W{ 2007)Establishment of an
Agrobacterium-mediated cotyledon disc transformation method for Jatropha curcas. Plant Cell
Tiss OrganCult 92:173-181

Liu Q et al. Acyl-CoA:diacylglycerol acyltransferase: Molecular biology, biochemistry and
biotechnology. Prog Lipid Res (2012), http://dx.doi.org/10.1016/j.plipres.2012.06.001

Mayorek, N., Grinstein, 1., Bar-Tana, J. 1989 Triacylglycerol synthesis in cultured rat
hepatocytes: the rate-limiting role of diacylglycerol acyltransferase. European Journal of
Biochemistry 182,395-400

Mukherjee, P., Varshney, A., Johnson, T.S., Jha T.B.@Oll).]atropha curcas: a review on
biotechnological status and challenges. Plant Biotechnology Reports 5, 197-215

Murashige, T., Skoog, F{1 969 A revised medium for rapxd growth and bioassays with tobacco
tissue cultures. Physiologia Plantarum 15, 473-497

Perry, H.Y., Harwood, JL. 1993a Changes in the lipid content of developing seeds of Brasszca
napus. Phytochemistry 32, 14111415

Perry, H.Y ., Harwood, JL. @ 9931 Use of [2-3H] glycerol precursor in radiolabelling studies of
acyl lipids in developing seeds of Brassica napus. Phytochemistry 34, 69-73

Perry, H.Y., Bligny, R., Gout, E.,, Harwood, JL. 1999 Changes in Kennedy pathway
intermediates associated with increased triacylglycerol synthesis in oil-seeds rape.
Phytochemistry 52,799-804

Sambrook, J., Fritsch, E.F., Maniatis, T 1 989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY

San, C.T., Yee, W., Ahmad, A.B. 2011Assessment of Factors Affecting Agrobacterium-

Generation of DGAT2 Transformation of J.curcas



Chapter 4 132

Mediated Transformation of Microalgae UMTAS 2011 633-637

Sathyanarayana,R., Kumar,V., Ramesh,C K., Parmesha, M.,Khan,M.H.M., 2012 A preliminary
attempt for efficient genetic transformation and regeneration of legume Mucuna pruriens L.
mediated by Agrobacterium tumefaciens Turkish Journal of Biology 36, 285-292

Settlage, S.H., Wilson, R.F., Kwanyuen, P. 1995 Localization of diacylglycerol acyltransferase
to oil body associated endoplasmic reticulum. Plant Physiology and Biochemistry 33, 399407

Shockey, J.M., Gidda, S.K., Chapital, D.C., Chang-Kuan, J., Dhanoa, P.K., Bland,J.M.,
Rothstein, S.J., Mullen, R.T., Dyer, J.M. 2006 Tung Tree DGAT! and DGAT2 Have
Nonredundant Functionsin Triacylglycerol Biosynthesis and Are Localized to Different
Subdomains of the Endoplasmic Reticulum The Plant Cell 18, 2294-2313

Suma, B., Keshavachandran, R., Nybe, E.V. 2008 Agrobacterium tumefaciens mediated
transformation and regeneration of ginger Zingiber officinale Rosc. Journal Tropical Agriculture
46 (1-2), 38-44

Tijburg, L.B., Geelen, M.J,, Van Golde, L. M. 1989 Regulation of the biosynthesis of
triacylglycerol, phosphatidylcholine and phosphatidylethanloamine in the liver. Biochimica et
Biophysica Acta 1004, 1-19

Vadawale, A., Mihani, R., Mathews, A., and Robin, P. 2012 Transformation of Groundnut-
Arachis hypogia L. VAR. GG20 With the cox gene-An attempt rto develop salanity tolerance.
International Journal of Pharma and Bio Sciences Vol 3/Issue 1 591-599

Xing,Y., Yang,Q., Ji Q. LuoY. Zhang, Y., GuK, WangD.2007 Optimization of
Agrobacterium-mediated transformation parameters for sweet potato embryogenic callus using
glucuronidase (GUS) as a reporter African Journal of Biotechnology 22, 2578-2584

Generation of DGAT2 Transformation of J curcas



