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ABSTRACT 
Safflower (Carthamus tinctorius L.) is an important oilseed crop of semi-arid regions. Yield losses due to fungal diseases are enormous in 
the cultivation of this crop. Overexpression of pathogenesis-related (PR) proteins leads to increased resistance to pathogenic fungi in 
several crops. The PR protein chitinase hydrolyses a major cell wall component, chitin of pathogenic fungi and acts as a plant defense 
barrier. We report in this paper, overexpression of a rice chitinase in transgenic safflower cv. ‘A-1’ and its resistance towards Alternaria 
carthami. PCR was used to confirm stable integration of the chitinase gene in transgenic safflower plants. When screened for resistance 
against A. carthami, these plants showed not only a reduction in the number of spots but also a delay in the onset of disease. Overall the 
method resulted in a transformation efficiency of 7.72% on analysis of T1 plants. The results demonstrate the potential of a PR protein 
from a heterologous source in developing fungal disease-resistant safflower. 
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INTRODUCTION 
 
Safflower (Carthamus tinctorius L.) is a valuable oilseed 
crop cultivated in India, Mexico Argentina, Australia, 
Canada, China, Spain, Italy, Turkey, Iraq, Iran, Egypt, and 
Ethiopia and is an alternative oil crop for the dry lands of 
these countries. India occupies premier position in saf-
flower in the world as it was cultivated over an area of 
364,000 ha (50% of world area) and had a production of 
229,000 tons (27% of world production) during 2005-06 
(Anonymous 2007). Even the peak average seed yields of 
660 Kg/ha in India were attained in 2007. The crop has 
35% oil content with a high amount of linoleic acid, which 
is of a very high therapeutic value (Nikam and Shitole 
1999). Its flowers are used for colouring, flavouring foods 
and making dyes exclusively as a source of red dye cartha-
min extracted from its florets (Li and Mündel 1996). 

Successful utilization of plant biotechnology for plant 
improvement requires the development of an efficient shoot 
regeneration system. Plant regeneration systems were opti-
mized using hypocotyls, immature embryos, seedling leaves, 
roots (Nikam and Shitole 1999), cotyledonary explants 
(Tejovathi and Das 1997; Nikam and Shitole 1999; Mandal 
and Gupta 2001; Neetika et al. 2005) and direct somatic 
embryogenesis (Mandal et al. 1995, 2001, 2003). However, 
multiplication frequency and rooting of safflower were low 
(Nikam and Shitole 1999). Although several reports of in 
vitro regeneration of safflower have been published (Man-
dal et al. 1995; Baker and Dyer 1996), an efficient plant 
regeneration system applicable to a wide group of geno-
types/cultivars is still lacking. Development of a method to 
obtain transformants, which is independent of the problems 
inherent to tissue culture of safflower, would represent a 
major accomplishment. One such technique is in planta 
transformation methods that target the Agrobacterium to the 
apical meristem or the meristems of axillary buds. So far 
this protocol has been successfully standardized for maize 

(Chumakov et al. 2006), wheat (Putu Supartana et al. 2006), 
rice (Supartana et al. 2005), buckwheat (Kojima et al. 
2000), kenaf (Kojima et al. 2004), soybean (Chee et al. 
1989) and mulberry (Ping et al. 2003). This technique is 
advantageous because it does not involve regeneration pro-
cedures and therefore the tissue culture-induced somaclonal 
variations are avoided. The present study has been under-
taken to develop a stable genetic transformation system for 
introducing transgene(s) into safflower using the in planta 
method of Agrobacterium-mediated transformation, deve-
loped in our laboratory (Sankara Rao and Rohini 1999; 
Rohini and Sankara Rao 2000a, 2000b, 2001; Keshamma et 
al. 2008; Manoj Kumar et al. 2009) and successful produc-
tion of transgenic safflower with a fungal resistant trans-
gene affording enhanced resistance against Alternaria leaf 
spot, one of the import fungal diseases caused by Alternaria 
carthami Chowdhury. It would be useful to develop trans-
genics in safflower harboring PR proteins. In this paper we 
present the development and analysis of safflower transfor-
mants harboring the chitinase gene. 

 
MATERIALS AND METHODS 
 
Plant material and bacterial strains 
 
Genetic transformation studies were carried out using safflower cv. 
‘A-1’ seeds obtained from the Directorate of Oil Seeds Research, 
Hyderabad, India. Mature seeds were soaked overnight in distilled 
water and were surface sterilized first with 1% Bavastin for 10 
min and later with 0.1% HgCl2 for a few seconds and washed 
thoroughly with distilled water after treatment with each sterilant. 
The seeds were later placed for germination in Petri dishes at 37°C. 
Two-day-old seedlings were taken as explants for Agrobacterium 
infection. 

The disarmed Agrobacterium tumefaciens strain LBA4404 
was obtained from Invitrogen (Carlsbad, CA, USA), harbouring 
the binary vector, pKG2 (13.4 kb) obtained from Prof. K. Velu-
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thambi, Madurai Kamraj Univeristy, Madurai, Tamil Nadu, India. 
pKG2 contains a chitinase11 gene (1.8 kb) under the control of the 
CaMV35S promoter and 35S polyA terminator, the chi11 gene was 
cloned into the EcoRV and SmaI sites of the vector pKG2. The 
screenable and selectable marker, uidA, and the nptII gene, were 
regulated by the CaMV35S promoter and terminator (Fig. 1). 
LBA4404/pKG2 was grown in LB medium (pH 7.0) containing 50 
�gml-1 kanamycin. The bacterial culture (3 ml) was later re-
suspended in 100 ml of Winans’ AB medium (pH 5.2) (Winans et 
al. 1988) and grown for 18 h. For vir gene induction treatments, 
wounded tobacco leaf extract (2 g in 2 ml sterile water) was added 
to the Agrobacterium suspension in Winans’ AB medium, 5 h 
before infection (Cheng et al. 1996). 
 
Transformation and recovery of transformants 
 
An in planta transformation protocol (Rohini and Sankara Rao 
2001; Keshamma et al. 2008; Manoj Kumar et al. 2009) was 
followed to obtain safflower transformants. Briefly, the seedlings 
with just emerging plumule were infected by 5-6 pricks at the 
apical meristem with a sterile needle and subsequently immersed 
in the Agrobacterium culture for 60 min. Following infection, the 
seedlings were transferred to autoclaved Soilrite® moistened with 
water (25: 40, w/v) for germination under aseptic conditions in a 
growth room maintained with 95% RH. Four seedlings per jar 
were placed in wide mouth capped glass jars of 300 ml capacity. 
After 6-7 days, the seedlings were transferred to Protrays® (60 × 
15 cm) containing Soilrite® and were allowed to grow under 
growth room conditions for at least 7 days. The growth chamber 
was maintained at 28 ± 1°C under a 14-h photoperiod with fluo-
rescent light (FL40S.W, Mistubishi, Tokyo) of 35 �mol m-2 s-1 
intensity. Seven-day old seedlings were later transplanted to 45 × 
30 cm diameter earthen pots containing autoclaved red loamy soil 
(volume ~12 kg) and a dose of 120 N: 80 P: 50 K (Nagarjuna 
Fertilizers Pvt. Ltd., Hyderabad, India) was applied to the soil. 
These T0 plants were shifted to the greenhouse with on optimum 
temperature of 28 ± 1°C and 85% RH. 
 
Expression of �-glucuronidase 
 
Phenotypic GUS expression was determined by staining shoot 
apices of putative T0 seedlings (putative transformants). The 
excised shoot apices were surface sterilized with 0.1% HgCl2 for a 
few seconds and washed thoroughly thrice with distilled water just 
before they were taken for the assay. The method of Jefferson 
(1987) was used to assess histochemical uidA gene expression in 
the tissues of putative transformants, using 7 days post co-cultiva-
tion tissues that were incubated overnight at 37°C in a solution 
containing 0.1 M phosphate buffer, pH 7.0, 2 mM, �-glucuroni-
dase (X-Gluc) (5-bromo-4-chloro-3-indole-�-D-glucuronide; 
Sigma-Aldrich, St. Louis, USA), 5 mM each of potassium ferri-
cyanide and ferrocyanide and 0.1% Triton X-100. The tissues were 
later soaked with 75% ethanol to clear chlorophyll. 

The T0 plants in the greenhouse grew normally, flowered and 
set seed. The T1 plants were analysed for the transformants. 
 
 

DNA extraction and PCR analysis 
 
Total genomic DNA was isolated from young leaves of putative 
transformants and untransformed (wild type) plants using the 
CTAB method (Dellaporta et al. 1983). 

The presence of the nptII gene in the putative transgenic 
safflower plants was detected by PCR using two nptII primers: 
forward (5�-GGGCAGGCCAGCGTATCGTG-3�) and reverse (5�-
TCCCGCTAGTGCCT TGTCCAGTT-3�) specific to nptII gene 
(Topfer et al. 1989). PCR was performed to amplify a 750 bp nptII 
gene fragment in the putative transformants. In order to amplify 
the nptII gene fragment, PCR was initiated by a hot start at 94°C 
for 7 min followed by 30 cycles of 94°C min-1, 58°C1.5 min-1  
and 72°C min-1 with a 72°C10 min-1 final extension. Similarly, to 
reconfirm the integration of the gus transgene, a 35S CaMV 
promoter-specific (Bevan 1984) forward primer (5�-TGTAGAAA 
CCCCAACCCGTGAAAT-3�) and uid A reverse (5�-TCCCGCTA 
GTGCCTTGTCCAGTT-3�) primer (35S-uidA) was used to am-
plify a 687 bp product. PCR was performed with both sets of pri-
mers to check for the co-integration of the transgenes in T1 and T2 
transformants. The conditions for 35S-uidA were same as above, 
except that the annealing temperature was 60°C. The PCR reaction 
mixture (20 μl) contained 0.3 U Taq DNA polymerase, 1X assay 
buffer (10 mM pH 9.0 TRIS–HCl, 50 mM KCl, 1.5 mM MgCl2, 
0.01% gelatin), 150 μM of each dNTP, 1 μl of each forward and 
reverse primer at a final concentration of 0.25 μM and 100 ng 
template DNA. The DNA extracted from untransformed plants 
was used as a negative control, the pKG2 vector as a positive 
control while the reaction mix without DNA as water blank. The 
products were run on 1% agarose ethidium bromide gels. 
 
Grid PCR analyses of putative transgenic plants in 
T1 generation 
 
Seeds from each individual plant were maintained as separate lines. 
T1 safflower plants were grown in a greenhouse following a 
recommended package of instructions (Anonymous 2000) and the 
plants were labeled with aluminium tags. They were divided into 
different grids containing 100 plants each so that there were 10 
plants each along the rows or columns. Samples from 10 plants 
either along a row or column formed a composite sample. As a 
result, from each grid of 100 plants numbered from 1 to 100, 20 
composite samples originated (Keshamma et al. 2008). 

The above grid PCR analyses was used for preliminary 
screening of putative transgenic plants in T1 generation whereas T2 
generation plants were analyzed using individual PCR to confirm 
transgene integration. 
 
Alternaria resistance screening 
 
Isolation and purification of Alternaria carthami cultures was 
done from fresh infected parts of safflower collected from control 
plots of the University of Agricultural Sciences, GKVK, Banga-
lore, India. A. carthami isolates were purified by the hyphal tip 
method and were maintained at 15°C on potato dextrose agar 
(PDA) (Himedia Laboratory Pvt. Ltd., Mumbai, India) (at 40 g L-1 
was autoclaved at 1 atm for 20 min) in 9 cm Petri dishes for fur-
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Fig. 1 pKG2 derivative Ti-plasmid construct chi11::nptII::uidA used for safflower transformation. The chi11 coding region was inserted as an 
EcoRI-SphI fragment between the 35S promoter and the 35S polyA terminator in the pKG2 vector. The nptII gene conferring resistance to kanamycin was 
used as selectable marker and uidA/gus as reporter for safflower transformation. 
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ther study. A nine-day-old A. carthami culture was ground in 40 
ml of sterilized distilled water aseptically. This was aseptically 
filtered with sterilized muslin cloth and spore concentration was 
adjusted to 5 × 105 spores ml-1. Freshly prepared 25 ml of culture 
suspension was sprayed to the seedlings during 20-25 days after 
transplantation and it was repeated a second time 15 days after the 
first spray. 

In order to analyze the efficacy of the transformed plants 
against A. carthami, the PCR-positive T1 generation plants were 
challenged with A. carthami in a complete randomized design 
(CRD). A suspension of the spores (106 conidial spores per ml-1 
sterile water) was prepared from sporulating mycelium of A. car-
thami maintained on PDA plates for nine days. The abaxial surface 
of the leaves of 25-day old T1 generation putative transgenics and 
untransformed control plants maintained in the greenhouse were 
sprayed with this suspension. Inoculated plants were kept at 28 ± 
1°C in the greenhouse and rated up to 30 days after inoculation. 
The spore suspension was administered again, 15 days after the 
first inoculation and observations were continued for 2 more 
weeks. The severity scores ranged from 0 to 6, where 0 = no 
symptoms and 6 = 91–100% of leaf area affected and/or extensive 
stem damage or dead plant. 
 
Statistical procedures 
 
The experiment was conducted in a CRD. The resultant data was 
subjected to analysis of variance (ANOVA) followed by mean 
separation by the Student Newman-Keul’s test (p=0.05). All ana-
lyses were performed using the SAS (Version 6.0) (1996) package. 
 
 
 
 
 

RESULTS 
 
Plant transformation and recovery of 
transformants 
 
About 50 seedlings were subjected to in planta transfor-
mation using LBA4404/pKG2 of which 15 seedling were 
subjected to GUS histochemical assay. The remaining 35 T0 
seedlings were transferred into pots and shifted to a green-
house. These plants nevertheless showed healthy vegetative 
growth (Fig. 2D), flowered and set seed normally. 
 
GUS expression 
 
Infection of the already differentiated embryonic tissue with 
Agrobacterium may result in random gene integration and 
hence the T0 plants will be chimeric. However, some of the 
tissues developed from transformed cells should show gene 
integration. The extent of transformation was ascertained 
based on GUS histochemical assay. For this, the tissues that 
were tested free of residual Agrobacterium were used. GUS 
histochemical analysis of the primary transformants was 
therefore used as the first proof for the amenability of saf-
flower to in planta transformation strategy as an indication 
of transformation. Fig. 2A shows GUS expression in the 
shoot apex of the primary transformants 7 days after in-
fection whereas endogenous GUS-like activity was not seen 
in the untransformed controls. Sections of the GUS-stained 
tissues revealed the expression of the uidA gene within the 
cells and not in the apoplastic region (Fig. 2B). The section 
of the wild-type tissue did not show any staining/blue 
colour (Fig. 2C). This indicates the integration and expres-
sion of the transgene. 
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Fig. 2 (A) GUS histochemical analysis of the primary transformants. 1) Wild type 2-8) T0/primary transformants. (B) Expression of GUS in the transgenic 
seedlings of safflower and localization in the cells. (C) Wild type-untransformed cells. (D) T1 generation plants of safflower. 1-2) Untransformed plants. 
3-7) Putative transformants. (E to H) Bioassay of the safflower plants against Alternaria carthami. (H, I): untransformed plant. (J, K): Resistant trans-
formed plant. (I) Disease grading 0-6 scale (0 = no symptoms resistant type; 6 = 91-100% spots and susceptible type); Circled ones are resistant type. 
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PCR analysis 
 
Thirty five primary transformants harboring the chitinase 
gene could be established in the greenhouse. The group of 
350 T1 plants was divided into 70 composite grid samples. 
PCR analysis resulted in a possibility of 56 plants being 
putative transgenics (Fig. 2E). Repeated PCR analysis re-
sulted in 27 plants showing consistent PCR amplification 
with nptII primers giving a 750 bp amplification product of 
nptII, which was similar to that of the positive control 
pKG2 vector (Fig. 2F). No such bands were observed in the 
untransformed control and water blanks under similar con-
ditions. This observation clearly indicates the presence of 
the transgene in the genomes of T1 transformants. The grid 
PCR positives were taken for further characterization by 
individual PCR analysis using 35S-uidA primers to amplify 
a 687 bp product (Fig. 2G). 
 
Disease screening of transgenic plants 
 
For future cultivation of promising transgenic safflower 
plants, we evaluated resistance of the transgenic lines to A. 
carthami, an important tropical disease. The disease selec-
ted for this evaluation was leaf-localized caused by the fun-
gal pathogen. All 27 PCR-positive T1 generation transgenic 
lines plus untransformed control plants were subjected to 
disease screens to determine whether the transgenic lines 

displayed increased levels of resistance to the chosen dis-
ease compared to wild-type A-1 plants. 

T1 transgenic lines exhibited various levels of enhanced 
resistance to A. carthami. Particularly, significant chi-
induced enhancement of resistance to A. carthami was 
observed when compared to untransformed controls. The 
six high chi-expressers (lines 3, 8, 14, 17, 20 and 27) 
showed no symptoms compared to the susceptible untrans-
formed control plants which however, showed higher dis-
ease severity (Fig. 2L). Transgenic lines with medium or 
low levels of transgene expression, showed slightly higher 
severity than wild-type plants whereas two lines i.e. 9 and 
21 showed disease symptoms as good as untransformed 
controls at the end of 30 days after inoculation (DAI). 
 
T2 generation 
 
Sixty seeds from six PCR-positive plants with no disease i.e. 
resistant type T1 generation plants were selected and germi-
nated in the greenhouse. Genomic DNA was extracted from 
one-month-old T2 plants along with non-transgenic plants 
and PCR analysis was performed as mentioned above using 
promoter and gene specific 35S-uidA primers. All the T2 
generation plants yielded a 687-bp amplification product of 
35S-uidA, which was analogous to that of the positive 
control. No amplification was seen in non-transgenics and 
water blank (Fig. 3A, 3B). 
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Fig. 3 PCR analysis of T1 generation plants. (A, B) Grid PCR (a representative gel) analysis: PCR was performed to amplify the 750 bp nptII gene 
fragment. Lane 1: binary vector (plasmid DNA); Lanes 2-55: putative transformants; Lane 56: untransformed control plant (negative control); Lane 57: 
water blank. (C) Individual PCR analysis for the confirmation of gus gene integration using 35S-uidA primers in the selected grid PCR-positive plants. 
Lanes 1-15: selected T1 transformants; Lane 16: untransformed control; Lane 17: water blank; Lane 18: binary vector; PCR analysis of T2 generation 
plants. (D, E): PCR was performed as described in the text using 35S-uidA primers. Lanes 1-30 and 32-49: T2 transformants; Lane 31: binary vector; Lane 
50: untransformed control; Lane 51: water blank Lane M: 1 kb marker (Bangalore Genei Pvt Ltd., Bangalore, India). 
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DISCUSSION 
 
In recent years, much attention has been focused on under-
standing the complex defence mechanisms of plants in res-
ponse to pathogenic infection. The rapid accumulation of 
host-coded proteins, commonly known as pathogenesis-
related (PR) proteins, with antifungal activity has been de-
monstrated in various host-pathogen interactions (Van Loon 
1997; Van Loon et al. 1998, 2006). Among these proteins 
are hydrolytic enzymes such as chitinases and B-1,3 gluca-
nases which have been purified and characterized from 
several plants (Legrand et al. 1987; Rasmussen et al. 1992; 
Buchter et al. 1997; Yeboah et al. 1998). Introduction of 
these enzymes occurs in different plant species in response 
to fungal infection (Metraux and Boller 1986; Cachinero et 
al. 1996), wounding (Ignatius et al. 1994), and treatment 
with ethylene or elicitors (Roby et al. 1988; Mauch et al. 
1992; Wubben et al. 1996). Chitinase was detected in up to 
five leaves above the infected leaf of cucumber plants 
(Matraux et al. 1988), and higher chitinase activity and ear-
lier accumulation in resistant cultivars than susceptible one 
(Rasmussen et al. 1992; Ignatius et al. 1994; Neha et al. 
1994). However, with the rapid advancement in genetic 
transformation resistance to pathogen infection can be 
improved by regulation of pathogen resistant genes such as 
chitinase and other genes controlling host resistance (Brog-
lie et al. 1991; Vierheilig et al. 1993; Tabai et al. 1998; 
Datta et al. 1999, 2000, 2001; Kumar et al. 2003). 

The present paper describes one such genetic transfor-
mation protocol i.e., an in planta method that was adopted 
based on our method standardized earlier for sunflower 
(Sankara Rao and Rohini 1999), safflower (Rohini and 
Sankara Rao 2000b), groundnut (Rohini and Sankara Rao 
2000a), cotton (Keshamma et al. 2008) and bell pepper 
(Manoj Kumar et al. 2009). In our method, Agrobacterium 
is targeted to the wounded apical meristem of the differen-
tiated seed embryo. Therefore, Agrobacterium tumefaciens 
transfers the gene into the genome of diverse cells which 
are already destined to develop into specific organs and the 
meristematic cells still to be differentiated. This results in 
the primary transformants (T0) being chimeric in nature. 
Hence, analysis of the transgenic plants should be carried 
out in the T1 generation. As a preliminary analysis that is 
high throughput selection by grid PCR was followed to 
screen 350 T1 generation plants using nptII primers. Further, 
the selected 27 grid PCR positives were individually ana-
lyzed for transgene integration by promoter- and reporter-
specific primers (35S-uidA). Similar screening was adopted 
in transgenic groundnut to select true transformants using 
marker (nptII)-specific primers in the T1 generation (Ke-
shamma et al. 2008). 

Nevertheless, analysis of the T0 generation plants was 
carried out with an objective to know whether chimeras 
were produced. The uidA gene used in the study, which 
expresses only upon transfer to a plant system, facilitated 
the identification of the chimeras. The first indication of the 
transformability and chimeric nature in T0 plants was 
obtained by GUS histochemical analysis of the shoot region 
as seen in Fig. 2A. Manoj Kumar et al. (2009) also reported 
a similar kind of observation in the T0 generation of bell 
pepper transformants. Based on this initial affirmation, T1 
transformants were subjected to grid PCR as described 
above. 

The selected plants based on molecular analysis were 
subjected to a fungal bioassay against A. carthami to select 
good performing plants. It was observed that the susceptible 
plants developed symptoms on the 6th day after inoculation, 
on par with the non-transformed controls. In plants that 
showed moderate resistance, symptoms appeared around 9-
10 days after inoculation and barely spread. In the resistant 
plants, the leaves remained healthy even after 15 days after 
inoculation. Based on the analysis, 6 plants were identified 
as resistant (Fig. 2H-K). 

Our results indicated the viability and reproducibility of 
the in planta transformation protocol of our earlier work 

(Rohini and Sankara Rao 2000b) in safflower genetic engi-
neering. The stable integration and inheritance of the trans-
genes until the T2 generation was also verified. The method 
therefore is advantageous because it not only avoids the 
need for in vitro propagation but also its associated soma-
clonal variations. The efficiency of transformation in any 
crop using in planta transformation depends on a number of 
factors and standard percentage efficiency cannot be set for 
any crop or experiment. Firstly, it depends on the number of 
chimeras arising from the total number of T0 plants. The 
number of chimeras depends on the number and type of 
cells that integrate the transgene. Secondly, the number of 
plants in the T1 generation that are stable transformants can 
vary between the chimeric T0 plants as it depends on how 
many of the transformed cells develop into germ cells. This 
is evident in the present experiment in which 6 resistant 
lines were obtained from 350 T1 plants. The transformation 
efficiency in the present experiment was 7.72%. However, 6 
best lines were selected based on bioefficacy for advance-
ment into the next generation. The percentage efficiency of 
transformation in this study was calculated based on the 
number of PCR positives obtained from T1 transformants. 
This indicates that the transformation efficiency depends on 
the number and kind of cells that are transformed and that 
produce germ cells. A similar transformation efficiency 
based on PCR analysis was also reported in other crops 
(Chumakov et al. 2006; Putu Supartana et al. 2006; Supar-
tana et al. 2005; Keshamma et al. 2008; Manoj Kumar et al. 
2009) where in planta transformation methodology was 
used. 

The present study demonstrates the efficacy of the chi-
tinase gene against an important safflower fungal pathogen 
Alternaria carthami and therefore possible protection 
against the fungus. 
 
REFERENCES 
 
Anonymous (2000) Package of Practices for High Yields, University of Agri-

cultural Sciences, Bangalore, pp 1-57 
Anonymous (2007) Project Directors’ Report. Annual Research Workers’ 

Group Meeting of Safflower. Aug. 23-25, 2007. Maharana Pratap University 
of Agriculture and Technology, Udaipur. Directorate of Oilseeds Research, 
Rajendranagar, Hyderabad, pp 1-106 

Baker CM, Dyer WE (1996) Improvements in rooting regenerated safflower 
(Carthamus tinctorius L.) shoots. Plant Cell Reports 16, 106-110 

Bevan M (1984) Binary Agrobacterium vectors for plant transformation. Nuc-
leic Acids Research 12, 8711-8721 

Broglie K, Chet I, Holliday M, Crassman R, Biddle P, Knowlton S (1991) 
Transgenic plants with enhanced resistance to the fungal pathogen Rhizoc-
tonia solani. Science 254, 1194-1197 

Buchter R, Stromberg A, Scmelzer E, Kombrink B (1997) Primary structure 
and expression of acidic (class II) chitinase in potato. Plant Molecular Bio-
logy 35, 749-761 

Cachinero JM, Cabello F, Jorrin J, Tena M (1996) Induction of different 
chitinase and �-1,3-glucanase isoenzymes in sunflower (Helianthus annuus 
L.) seedlings in response to infection by Plasmopara halstedii. European 
Journal of Plant Pathology 102, 401-405 

Chee PP, Fober AK, Slightom LJ (1989) Transformation of soybean (Glycine 
max L.) by infecting germinating seeds with Agrobacterium tumefaciens. 
Plant Physiology 91, 1212-1218 

Cheng M, Jarret RL, Li Z, Xing A, Demski JW (1996) Production of fertile 
transgenic peanut (Arachis hypogeae L.) plants using Agrobacterium tume-
faciens. Plant Cell Reports 15, 653-657 

Chumakov MI, Rozhok NA, Velikov VA, Tyrnov VS, Volokhina IV (2006) 
Agrobacterium-mediated in planta transformation of maize via pistil fila-
ments. Russian Journal of Genetics 42, 893-897 

Datta K, Jumin T, Oliva N, Ona I, Velazhahan R, Mew TW (2001) En-
hanced resistance to sheath blight by constitutive expression of infection 
related rice chitinase in transgenic elite indica rice cultivars. Plant Science 
160, 405-414 

Datta K, Koukolikova-Nicola R, Baisakh N, Oliva N, Datta SK (2000) 
Agrobacterium mediated engineering for sheath blight resistance of Indica 
rice cultivars from different rice ecosystems. Theoretical and Applied Gene-
tics 100, 832-839 

Datta K, Muthukrishnan S, Datta SK (1999) Expression and function of PR-
protein genes in transgenic plants. In: Datta SK, Muthukrishnan S (Eds) 
Pathogenesis Related Proteins in Plants, CRC Press, Boca Raton, FL, pp 
261-277 

Dellaporta SL, Wood J, Hicks JB (1983) A plant DNA minipreparation: ver-

117



Transgenic Plant Journal 3 (Special Issue 1), 113-118 ©2009 Global Science Books 

 

sion II. Plant Molecular Biology Reports 1, 19-21 
Ignatius SMJ, Chopra RK, Muthukrishnan S (1994) Effects of fungal infec-

tion and wounding on the expression of chitinases and �-1,3-glucanases in 
near isogenic lines of barley. Physiologia Plantarum 90, 584-592 

Jefferson RA (1987) Assaying chimeric genes in plants, the GUS gene fusion 
system. Plant Molecular Biology Reports 5, 387-405 

Keshamma E, Rohini Sreevathsa, Manoj Kumar A, Ananda Kumar, 
Kumar ARV, Madusudhan B, Udayakumar M (2008) A chimeric cry1X 
gene imparts resistance to Spodoptera litura (Fabricus) and Helicoverpa 
armigera (Hubner) in transgenic groundnut. EurAsian Journal of Biosciences 
2 (7), 53-65 

Kojima M, Arai Y, Iwase N, Shiratori K, Shioiri H, Nozue M (2000) Deve-
lopment of a simple and efficient method for transformation of buckwheat 
plants (Fugopyrum esculentum) using Agrobacterium tumefaciens. Biosci-
ence, Biotechnology and Biochemistry 64, 845-847 

Kojima M, Shioiri H, Nogawa M, Nozue M, Matsumoto D, Wada A, Saiki Y, 
Kiguchi K (2004) In planta transformation of kenaf plants (Hibiscus can-
nabinus var. Aokawa no. 3) by Agrobacterium tumefaciens. Journal of Bio-
science and Bioengineering 98, 136-139 

Kumar KK, Poovannan K, Nandakumar R, Thamilarasi K, Geetha C, Nir-
malkumar J (2003) A high throughput functional expression assay system 
for a defence gene conferring transgenic resistance on rice against sheath 
blight pathogen, Rhizoctonia solani. Plant Science 165, 969-975 

Legrand M, Kauffmann S, Geoffroy P, Fritig B (1987) Biological function of 
pathogenesis-related proteins: Four tobacco pathogenesis-related proteins are 
chitinases. Proceeding of National Academy of Sciences 84, 6750-6754 

Li D-J, Mündel HH (1996) Safflower (Carthamus tinctorius L.). In: Promoting 
the Conservation and Use of Underutilized and Neglected Crops, Chapter 7. 
Institute of Plant Genetics and Crop Plant Research, Gatersleben/Internatio-
nal Plant Genetic Resources Institute, Rome, Italy, pp 51-74 

Mandal AKA, Chatterji AK, Dutta GS (1995) Direct somatic embryogenesis 
and plantlet regeneration from cotyledonary leaves of safflower. Plant Cell, 
Tissue Organ Culture 43, 287-290 

Mandal AKA, Gupta SD (2001) Direct shoot organogenesis and plant regene-
ration in safflower. In Vitro Cellular and Developmental Biology – Plant 37 
(1), 50-54 

Mandal AKA, Gupta SD (2003) Somatic embryogenesis: influence of auxin 
and ontogeny of somatic embryos. Plant Cell, Tissue Organ Culture 72, 27-
31 

Manoj Kumar A, Kalpana N Reddy, Rohini Sreevathsa, Girija Ganeshan, 
Udayakumar M (2009) Towards crop improvement in capsicum (Capsicum 
annuum L.): Transgenics (uid A::hpt II) by a tissue-culture-independent 
Agrobacterium-mediated in planta approach. Scientia Horticulturae 119, 
362-370 

Mauch F, Meehl JB, Staehelin A (1992) Ethylene-induced chitinase and �-1,3-
glucanase accumulate specifically in the lower epidermis and along vascular 
strands of bean leaves. Planta 186, 367-375 

Metraux JP, Boller T (1986) Local and systemic induction of chitinase in cu-
cumber plants in response to viral, bacterial and fungal infections. Physiolo-
gical and Molecular Plant Pathology 28, 161-169 

Metraux JP, Streit L, Staub T (1988) A pathogenesis related protein in cucum-
ber is a chitinase. Physiological and Molecular Plant Pathology 33, 1-9 

Neetika W, Amandeep K, Babbar SB (2005) In vitro regeneration of a high 
oil-yielding variety of safflower (Carthamus tinctorius var HUS-305). Jour-
nal of Plant Biochemistry and Biotechnology 14 (1), 65-68 

Neha KS, Chugh LK, Dhillon S, Singh R (1994) Induction, purification and 
characterization of chitinases from chickpea (Cicer arietinum L.) leaves and 
pods infected with Ascochyta rabiei. Plant Physiology 144, 7-11 

Nikam TD, Shitole MG (1999) In vitro culture of safflower L. cv. Bhima: initi-
ation, growth optimization and organogenesis. Plant Cell, Tissue and Organ 
Culture 5, 15-22 

Ping LX, Nogawa M, Nozue M, Makita M, Takeda M, Bao L, Kojima M 
(2003) In planta transformation of mulberry trees (Morus alba L.) by Agro-

bactetium tumefaciens. Journal of Insect Biotechnology and Sericology 72, 
177-184 

Supartana P, Shimizu T, Nogawa M, Shioiri H, Nakijima T, Haramoto N, 
Nozue M, Kojima M (2006) Development of simple and efficient in Planta 
transformation method for wheat (Triticum aestivum L.) using Agrobacterium 
tumefaciens. Journal of Biosciences and Bioengineering 102 (3), 162-170 

Rasmussen U, Giese H, Mikkelsen HJD (1992) Induction and purification of 
chitinase in Brassica napus L. spp. oleifera infected with Phoma lingam. 
Planta 187, 328-334 

Topfer R, Gronenborn B, Schell J, Steinbiss H-H (1989) Uptake and transient 
expression of chimeric genes in seed-derived embryos. The Plant Cell 1, 133-
139 

Roby D, Toppan A, Esquerre Tugaye MT (1988) Systemic induction of chiti-
nase activity and resistance in melon plants upon fungal infection or elicitor 
treatment. Physiological and Molecular Plant Pathology 33, 409-417 

Rohini VK, Sankara Rao K (2000a) Transformation of peanut (Arachis hypo-
geae L.): a non-tissue culture based approach for generating transgenic plants. 
Plant Sciences 150, 41-49 

Rohini VK, Sankara Rao K (2000b) Embryo transformation, a practical ap-
proach for realizing transgenic plants of safflower (Carthamus tinctorius L.). 
Annals of Botany 86, 1043-1049 

Rohini VK, Sankara Rao K (2001) Transformation of peanut (Arachis hypo-
gaea L.) with tobacco chitinase gene: variable response of transformants to 
leaf spot disease. Plant Science 160, 883-892 

Sankara Rao K, Rohini VK (1999) Agrobacterium-mediated transformation of 
sunflower (Helianthus annuus L.): a simple protocol. Annals of Botany 83, 
347-354 

SAS (1996) SAS/STAT User’s Guide, Version 6.12. SAS Institute Inc., Cary NC, 
USA 

Supartana P, Shimizu T, Shioiri H, Nogawa M, Nozue M, Kojima M (2005) 
Development of simple and efficient in planta transformation method for rice 
(Oryza sativa L.) using Agrobacterium tumefaciens. Journal of Bioscience 
and Bioengineering 100, 391-397 

Tabai Y, Kibade S, Nishizawa Y, Kikuchi NL, Keyani T, Hibi I (1998) Trans-
genic cucumber plants harbouring a rice chitinase gene exhibit enhanced re-
sistant to gray mold (Botrytis cinerea). Plant Cell Reporter 17, 159-164 

Tejovathi G, Das RR (1997) In vitro multiplication of Carthamus tinctorius L. 
Advances in Plant Science 10 (2), 149-152 

Van Loon LC (1997) Induced resistance in plants and the role of pathogenesis-
related proteins. European Journal of Plant Pathology 103, 753-765 

Van Loon LC, Bakkar PAHM, Pieterse CMJ (1998) Systemic resistance in-
duced by rhizosphere bacteria. Annual Review of Phytopathology 36, 453-
483 

Van Loon LC, Rep M, Pieterse CMJ (2006) Significance of inducible defense 
related proteins in infected plants. Annual Review of Phytopathology 44, 135-
162 

Vierheilig H, Alt HM, Neuhaus JM, Boller T, Wiemken A (1993) Coloniza-
tion of transgenic Nicotiana sylvestris plants expressing different forms of 
Nicotiana tabacum chitinase, by the root pathogen Rhizoctonia solani and by 
the mycorrhizal symbiont Glomus mosseau. Molecular Plant-Microbe Inter-
actions 6, 261-264 

Winans SC, Kerstetter RA, Nester EW (1988) Transcriptional regulation of 
the virA and virG genes of Agrobacterium tumefaciens. Journal of Bacteri-
ology 170, 4047-4054 

Wubben JP, Lawrence CB, de Wit PJGM (1996) Differential induction of 
chitinase and 1,3-�-glucanase gene expression in tomato by Cladosporium 
fulvum and its race-specific elicitors. Physiological and Molecular Plant 
Pathology 48, 105-116 

Yeboah NA, Arahira M, Nong VH, Zhang D, Kadokura K, Watanabe A, 
Fukazawa C (1998) A class III acidic endochitinase is specifically expressed 
in the developing seeds of soybean (Glycine max [L.] Merr.). Plant Mole-
cular Biology 36, 407-415 

 
 

118


