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ABSTRACT

Aromatic rice is profitable farming venture and having high consumer demand. The
concerns about aromatic rice are low yield and susceptibility to aedtdiseases. A rapit
and reproducible genetic transformation protocol was optimized for three aromati

Keywords varieties using the established plant regeneration protocol. Mature embryos
inoculated with Agrobacterium tumefacienstrain EHA 105 carryingbinary vector
Agrobacterium Aromatic pCAMBIA 1305.1 withGUS(reporter gene) anllpt (hygromycin resistance) gene and tl
indicarices, Genetic . - - e . . .
transformation. immature | transformation experiment was performed by optimizing the parameters infection tim

embryos co cultivation periods. Callus induction was obtained when the seedsly Pusa Basmal

1, (58.6%) Pusa Sugandh 4(56%) and Pusa Sugandh 5 (55.6%) were cultured

Article Info medium supplemented with 2.5 mig IAA + 0.5 mg [* kinetin + 1.0 g CH + 30 g I*

Accepted: maltose + 100 rill coconut milk and gelled with agar under dark conditiaximum

24 November2018 regeneration was obtained with MS supplemented with 2.5"nBAP + 0.5 mg T K +

Available Online: 1.0 mg " K + 1.0 gI* CH + 30 g " maltose + 100 ril coconut milk and 0.8 % agar. |

10 December018 was found that hygromycin upto 8031 was effective for selection of transformani
Putative transformants as indicated by hygromycin test were subjected to GUS assa
activities were found in rice calli after cocultivation. PCR was performed to analys
transformants.

I ntroduction provide chances for biotechnologists to

develop efficient, quick and reproducible
Rice Oryza sativalL . ) i s t he inosformatdr protpeols to meet the demand

economically important food crop and the(Mahendranatket al.,2018). One of the major
staple food for more than one third of theconstraints in rice production is the damage
worl dos popul athei toopics weaded by ypiic ane abiotic stresses. Around
(FAO, 2005). Rice consumers are increasing? per cent of crops worldwide are lost due to
at the rate of 1.8 per cent every year. But thpests and diseases, of which the damage
rate of growth in rice production is declining.caused by insect pests alone accounts to 13 per
It is estimated that rice production has tecent (Gatehouset al., 1999). To meet the
increase by 50 per cent by 2025 (Khush angrowing demand for rice, biotechnological
Virk, 2000). The increasing demand for rice intervention for genetic improvement is
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becoming increasingly important. Suchincludingindicashas been remarkable in past
interventions hinge on the development of afiew yearqgJain and Jair2000)
efficient and reproducible transformation
protocols for agronomically superior andBefore targeting a particular rice cultivar to in
popular rice varieties grown in rice consumingyitro genetic manipulation, we need to have an
countiies like India (Tyaget al.,2007). efficient regeneration of green fertile plants
from explant tissuesThe indica being less
Among the various rice types availableresponsive thajaponicatypes.
throughout the world, Basmati rice is the most
preferred. Basmati rice ischaractesed by Thus it is important to estabh parameters for
superfine, long slender grain, exquisite aroméhe transformation of populdndica varieties
soft texture, sweet taste, delicate @itwe and (Visaradaet al.,2002 and Tiyaget al.,2007).
extra elongation with a least breadth wisélhe successful protocols published so for,
swelling on cooking. Cooked basmati rice isculturing indica rice, are largely genotype
non sticky and has longer shelf life and isdependent, which limits the use of such
easily digestible. Basmati rice commends higlprotocols.
premium in India as well as International
market. The Basmati rice dm India has Two, transformation protocols are generally
increased from 470000 tonnes (1989 to available for rice, namelyAgrobacterium-
770764 tonnes (200@4). Highest quantum of mediated and biolistics.Agrobacterium -
1.55 mt of basmati rice was exported in 2008mediated  transformation  has  several
09 earning maximum foreign exchange to tha@dvantages such as higher transformation
tune of Rs.9477 crores. Basmati rice is a hogfficiency, the ability to transfer large pieces
for number of insectgsts and diseases and itof DNA, minimal rearrangement of transferred
is moderately susceptible to sheath rot, inse@NA, integration in low copy numbers, low
pests such as yellow stem borer, leaf foldegost, easy to produce independent
brown plant hoppers and gall midge invariablytransformants in a single series of experiments
affect basmati rice and cause huge yield lossithout complicated manipulations in tissue
(Jain and Jair2000). culture.

Introgression of spéiic genes or traits from Hence, the present investigation wasder
various genetic resources into Basmati riceaken to establish a highly efficient,
through Conventional breeding based omeproducible transformation protocol for
sexual hybridization, genetic recombinationaromaticindica rice varieties to improve its
and selection has been cumbersome. Basmagisistance against insect/pest, fungal diseases,
rice breeding is difficult due to complicatedsalinity and drought etc.

nature of qualy traits and poor combining

ability. Genetic engineering is alternative toMaterials and Methods

overcome these problems associated with

narrow genetic base and tissue culture is thEhe present study was dad outat the Tissue
pre requisite event for generation of transgeni€Culture Laboratory, Department of Plant
plants. More sustained production of basma@reeding and Genetics, Agricultural College
rice is essential which in turn requires arand Research Institute, Maduteing e rice
efficient protocol for its regeneration andgenotypewiz.,Pusa Basmati 1, Pusa Sugandh
transformation (Mahendranatbet al., 2018). 4 and Pusa Sugandh Agrobacterium
Improvement in transgenic technology for riceeumefaciensstrain  pCAMBIA 1305.1 was
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used for infecting the embryogenic calli in thecultured forl and 2 days in light at 25€28n
transformation process. This strain containgre culture medium (MS + kinetin 1.0 rigt

pl asmid encoding  GUrBaltosg 80ngd + caSelih$ydrofysate 1.0 g |
glucuronidase), driven by CaMV promoterand pH adjusted to 5.8.

and NOS terminator. This reporter gene can be

used to assess the efficierafytransformation. (ii) Mature seeds of rice genotypes were
The nptll gene encoding neomycinsterilized as that of immature embryo and
phosphotransferase Il (nptll) conferringincubated on callus induction medium (MS
Kanamycin resistance. The hpt genet2,4D 2.0mg '+ maltose 30 g, case in
conferring hygromycin resistence driven byhydrolysate 1.0 g1 gelled with agar 8.0 g%
NOS promoter and NOS terminator and T for six weeks at 25+2°c in the dark for callus

DNA border sequences. development. After six weeks, only
embryogenic calluses were selected and cut
Plant material and methods into 24 mm diameter and inoculated onto pre

induction medium for 2,4,6 days in dark prior
Three aromatic eliténdica rice cultivarsviz., to co cultivation.
Pusa Basmati, Pusa Sugandh 4, Pusa Sugandh
5 were wused in the transformationCallus induction
experiments. Mature seed derived
embryogenic calli and immature embryo wasVature seed derived embryogenic calli were
used as explants. Immature embryos weraesed as explants in transformation. Manually
collected approximately 12 tol5 days afterdehusked seeds were surface sterilized with 70
panicle initiation from rice plants grown in per cent ethanol for 3 min followed Iyl per
field (10, 12, 14, 16d) and calli aged 21, 42¢cent HgCI2 for 5 min and washed with sterile
63 and 84 days were also used to see the effatistilled water. Sterilized seeds were cultured
of explant age on transformability. Immatureon MS medium (Murashige and Skoog, 1962)
embryos of size 0-8.8 mm (small),0.8.2 supplemented with IAA 2.5 mg™l Pusa
mm (medium), 1.5 to 2.2 mm (large), moreBasmati 1 Pusa Sugandh 4, Pusa Sugandh 5,
than 2.2 mm (extra large) were used and @&ith 0.5 mg 1" kinetin and 1.0 d* C.H and
weeks old embryogenic calli were selectedncubated in dark at 28°C for-2 week for
and cut into approximately-2 mm diameter callus induction. The calli were subcultured
pieces and were kept in pre induction mediunand embryogenic calli transferred to fresh
for four days prior to co cultivation. medium four days prior to co cultivation.

Pre culture of explant Agrobacteriumgrowth and infection

() Immature seeds of Pusa Basmatil, Pusagrobacteriumculturing period (days)
Sugandh 4, Pusa Sugandh 5, were collected 12

to 14 days after pollination. After the removalAgrobacteriumstrain EHA 105 harbouring p
of glumes, seed, were surface sterilized firsCAMBIA 1305.1 was streaked on AB plate
with 70 per cent ethanol for three minutes angupplemented with rifampicin (10 mg)land
0.1 per cent Hgcl2 for 5 min followed by threekanamycin (50 mg¥) and grown at 28°C in
washes with sterile distilled water. Embryosthe dark and were cultured for different days
were excised aseptically under a microscopeiz., 1,2,3,4 days to find optinez culturing
The embryos were incubated with theirperiod for the Agrobacteriumto effect co
scutellar region facing upwards and precultivation.
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Agrobacteriumdensity 0.4ml was transferred to 30ml of AB liquid
medium containing rifampicin (10 mg)l and
Different concentrations ofAgrobacterium kanamycin (50 mg']l). The culture was grown
density were used viz., 0.6, 0.8, 1.0, and 1.8vernight and bacteria were collected by
O.D to find out the optimum concentrations ofcentrifugation at 3000 rpm for 10 min. €h

the Agrobacteriunto effect tansformation. supernatant was removed and the pellet was re
suspended in 30 ml of MS broth or AAM
Addition of Acetosyringone (AS) medium (Appendix 2) containing 100mM

acetosyrinagone.
The vir genes are induced by phenolics such
as AS, and at low AS concentration vir genérhe explants were immersed in the bacterial
induction is augmented by certain wound suspension for 10 min. After 10min, calli were
induced sugars in plant cells. The influence ofirained and blot driedy placing on a sterile
AS at different steps ofAgrobacterium filter paper and transferred to cocultivation
mediated transformation dhdica rice was medium (MS + 2,4D 2.0 mg I*+ maltose 30
assessed using different levels of AS andhg *+glucose 10 mg+casein hydrolysate
sucrose. Levels of AS used were 0, 100 uM..0 g I'+ AS100uM+ Agar 8.0 g).
and 200uM.

Direct spotting method
The effect of AS and sucrose on transient
transformation frequency was assessed usirAs per the procedure detailed abovége t
following treatment combinations. A Pre Agrobacteriumwas grown and the bacterial
induction ofAgrobacteriumn the presence of suspension mixed with AS 100pM was
AS and sucrose followed by co cultivation inpippetted out and was directly spotted onto the
the absence of AS, BPre induction of explants keptin cocultivation medium.
Agrobacteriumin the absence of AS and
presence of sucrose followed by co cultivationmmersion of explants in bacterial
in the presence oAS and sucrose, €€re suspension
induction of Agrobacteriumin presence of
both AS and sucrose followed by coTheAgrobacteriumsuspension along witthé
cultivation both in the presence of AS andvir inducer AS 100pM was taken in an
sucrose and fPre induction oAgrobacterium eppendorf tube and the explants were
in absence of AS followed by co cultivation inimmersed in it for different periods.
the absence of AS.

After that the explants were drained and blot
Infection or cocultivation method dried by placing on a sterile filter paper and

transferred to cocultivation medium.
Three different methods were used to assess
the transformation frequency. Cocultivation period

Pellet method The explants infected with bacterial

suspension were drained, blot dried and
Five milliliters of two days grown culture of incubated at 25° in dark for different
bacteria were grown by transferring a singleurations viz., 1,2,3,4,5 days to study the
colony to AB broth supplemented witheffect of cocultivation days on the
kananycin (50 mg ™) from overnight culture, transformation ability.

3461



Int.J.Curr.Microbiol.App.Sci(2018) 7(12): 34583487

Washing and killing of Agrobacterium under 16hr photoperiod (Datet al., 1992).
The emerging shoot buds were transferred to

After the period of cocultivation, calli were half strength MS medium fapoting.

washed thoroughly and were placed on a

selection medium. The washing methods usellolecular analysis of transgenic plants

here is as follows. AWith sterile distilled

water alone, BNith MS broth alone, @ith PCR was performed as described by

sterile distilled wate containing cefotaxime Sambrooket al.,(1989). PCR analysis carried

(100 mg ™ and carbenicillin (250 mg") and out using 100 ng of genomic DNA (for

D-Without washing directly taken to selectionplasmid DNA 1ng) in a 251 reaction mixture

media (containing antibiotics). containing 21 of total DNA, 10X PCR buffer
(50mM TrisHCI pH 8.8, 50 mM KCl and 1.5

Effect of Antibiotics on explant survival ~mm MgCl,), 200mM of each dNTPs, i | of

and rice regeneration each primer (forward and reverse) and 2 units
of Taq DNA polymerase. The primer

To determine the optimum dose of antii®  sequences used for amplification of gus gene
during callus regeneration, cefotaximeare as follows,

(G1BCOBRL) and carbenicillin were added

to the regeneration medium at concentrations o r war d pri mer: ARG (5
of 0, 50, 100, 150, 200 m@.| The effectve CGCGTTACAAG3 8 )

concentration of hygromycin was also

determined. The concentrations tested Were Rever s e pri mer : G2 (5
10, 20, 30, 40, 50 mg'lfor hygromycin. Al GCTTCCGCCA36)

kinds of antibiotics were added to the

regeneration medium The gus sequence in total DNA was amplified
_ _ in a PTG100 minicycler (MJ Research, USA)
Selection and regeneration with following temperature conditions; pre

incubation period at 94°C for 3 min, leading to
FoIIowing cocultivation WithAgrobaCterium 35 Cyc|esof denaturation at 55°C for 1 min,
antibiotic resistant calli proliferated on and synthesis at 72°C for 1 min, followed by
selection medium (solid MS medn with extension at 72°C for 5 min. Amplified PCR
cefotaxime 100 mg 'l + (Boehringer product (10 m 1) was subjected to
Mannheim, GmbH, Germany) carbenicilliong|ectrophoresis on a 1% agarose gel and

250 mg ™ + hygromycin B (Boehringer visualised under UV light.
Mannheim, GmbH, Germany) 30 mg #30

mg I maltose + casein hydrolysate 1.0°GH  gyatistical analysis
Agar 8.0 g ). The selection cycles employed

here is 1,2,3,4 cycles comprising two weeks\ complaely randomized design with three
per cycle. After 14 days, proliferating calli jepjications per treatment for each genotype
were subcultured onto a fresh selectioqyas used in this study. ANOVA was done on
medium, proliferating calli, survived threehe pasis of genotype, explant size, embryos
rounds of selection each at 15d interval werith GUS foci per cent, regeneration
transferred to regeneration mediumlS basal percentage and mean GUS foci per embryo. In
medium with tryptophan 1.0 ol maltose 30 some expement, due to predominance of
mg I', BAP 2.5 mg T, NAA 0.5 mg F'and 710, an ANOVA was not applicable; only
kinetin 1.0 mg ) and incubated at 25C  means and standard errors of means (SE) were

3462



Int.J.Curr.Microbiol.App.Sci(2018) 7(12): 34583487

calculated. To compare the number of GU&t al., 2004; Visaradaet al., 2002). In the

expression foci per embryo and to perform apresent study Pusa Basmati 1 exhibited
analysis of variance between treatments, meanaximum per cent of GUS expression and
log trarsformations were carried out tototal blue foci (Table 1). Pusa Basmati 1

normalize data. produced the transgenic plant with maximum
frequency of 222 percent followed by Pusa

Results and Discussion Sugandh 4, and Pusa SugandhHowever
such differences are largely accounted by the

Agrobacterium mediated genetic frequencies of hygromycin resistant calli

transformation is a powerful and importantobtained after coculture of the calli with the
tool. An efficient and reproducible Agrobacteriumstrain. Thus from the above
transformation protocol is required forstudy it has been proved that the plant

successful genetic transformatio genotype played a significantrole for
transformation efficiency Although repeated
Recovery and analysis of transformants attempts were made, no transgeinidica rice

genotypes were recovered containing gus
Studies have indicated that in rice, efficiengene, from matured seed derived calli.
transformation and subsequent regeneratiddowever, green loci were found on transgenic
using Agrobacteriummediated methods are calli of indica rice genotype inregeneration
dependent on several factors. These includejedium (Table 1). The results suggests that
genotype, choice of explant, sizé explant, further optimization of in vitro plant
age of explant, hormonal composition of theegeneration system might be needed to obtain
medium used, nutritional supplementstransgenic plants from such transformed calli
temperature and duration of cocultivation with(Plate 12).
Agrobacterium co cultivation  method,
Agrobacterium  density, Agrobacterium Effect of explants
culturing period, addition of acteosyrimge,
inoculation time, virulence oAgrobacterium Attachment of the bacterium to thest plant
strain, concentration and composition of thecell is an initial step in the process of
bacteriostatic agent used, duration of selectiomfection. Attachment can be affected by plant
and concentration of antibiotic selectionor tissue age, cell type, cell cycle stage and
marker (Chenget al., 2004; Sahararet al., other physiological parameter§/isarada et
2004 and Tyagiet al., 2007). Response of al., (2002) reported that the immature embryos
indica rice to callus induction and are preferred as target material for
regeneration media is genotype specifictransformation and other tissue explants to a
Therefore it is necessary to optimize theséesser extent, as they are free from hassles of
factors for each genotype that is to bdong term tissue culture and associated
transformed. sterility. Various tissues were screened for

their responses to co cultivation with
In this study the level of transient GUSA. tumefaciensGUS expression in the tissues
expression after cocwitation with  immediately after infection offered a good
Agrobacteriumin the aromaticindica rice indication of preferable tissues. Early
cultivars varied with genotype. Percentexpression of GUS was observed in tissues
transient GUS expression and total blue fodhat included shoot apices and immature
observed in this study were comparable tembryos, tissues that were successfully
earlier reports inndicarice cultivars (Saharan transformed in previai studies (Chamt al.,
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1993; Hi eiet al., 1994). Transient GUS Regarding immature embryo explant it
expression interms of frequency as well agxhibited more number of total blue foci in
total number of blue foci indicates intensityPusa Basmati 1 followed by Pusa Sugandh 4.
and uniformity of gene expression. TheFrom this it could be concluded that the
efficiency of transformation in immature immature embryo explant can also be used as
embryo derived plant as assessed by the starting material for transformation next to
counting the ratio of the number of explants#2 days old calli. Similar observations wer
producing transgenic plants to the number afmade by Aminet al., (2004); Saharamt al.,
explants inoculated. (2004) and Rao and Rao (2007) and found
highly efficient -DNA delivery in both three
None of the mature seed derived -callusveek old and four week old embryogenic calli
explants produced transgenic plants but thef indicarices (Table 3 and 4).
total number of blue foci was higher in Pusa
Basmati 1 followed by Pusa Sugandh 4. HeréBased on the above experiment, the genotype
the transgenic calluses exhibited green loci oRusa Basmati 1 was adjudged as the best
the regeneration medium with a callusresponsive one compared to others for
transformation frequency of higher per cent intransformation exhibiting the 42 days old calli
Pusa Basmati 1 followed by Pusa Sugandh with the maximum percent of GUS+ calli on
suggesting that further optimizatiar in vitro 42 days old calli followed by 21 day3he
plant regeneration system might be needed tesults are in agreement with the earlier
obtain  transgenic plants from suchreports of Hoqueet al., and Kumaret al.,
transformed calluses. Only immature embry@2005).
derived plantlets exhibited the maximum
transformation efficiency in Pusa Basmati 1Regarding the immature embryo age, embryos
followed by Pusa Sugandh 4 and AS Dl&ollected approximately 125 days after

(Table2). panicle initiation responded better and this
was in agreement with the findings of Hoque
Effect of explant age et al., (2005). In contrast, Hiieet al., (1994)

used immature embryos collected 10 days
Callus cultures are excellent source of cells foafter anthesis for transformation experiments
the production of transgenic rice. (Hietial., (Plate 12).
1994, 1997, Rashidt al., 1996). The use of
actively growing, embryogenic calli is one of Effect of explant size
the most important factors inefficient
transformation. Such calli can be obtainedrhe embryo size had a marked effect on DNA
from mature or immature embryos. Callus agéelivery and regeneration. The ability of
was found to have a significant impact onmmature embryos to survive thegors of
transformation efficiency. In our study, 42Agrobacterium cocultivation increased with
days old calluses performed better andncreasing size. The regeneration capacity of
exhibited number of total numbef blue foci immature embryos decreased as the size of
(Pusa Basmati 1). embryo increases. The survival rate of the
explants increased as the embryo size
84 days old calli performed poor in all theincreases. Embryos with the GU&T percent
genotypes for the trait total number of bluancreases with the increase in embryo size and
foci. Hence, 42 day old calli are suitable forthis holds good for the mean GUS foci per
achieve maximum transformation efficiency. embryo as well. Our results are in accordance
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with the earlier report of Wet al., (2003) in transformationin contrast Hi ekt al., (1994)
wheat transformation. From the aboveused 12 mm diameter calli for transformation
experiment it was foundhat the genotype experiments for calli derived from scuttella,
Pusa Basmati 1 with the embryo size {1.5and 1 mm calli for calli derived from shoot
2.2mm) had the maximum percent of embryospices, roots, calli derived from roots and
with GUS foci followed by Pusa Sugandh 4immature embryo.
and Pusa Sugandh 5. The smaller embryos
exhibited the lower percent of embryos GUSEffect of preculture, inoculation time and
foci in almost all the genotypestudied (Table length of cocultivation days
5).

The duration of explant precute,
A study was made to assess the effect dkgrobacteriuminoculation and cocultivation
embryo size on regeneration and stablperiods were all found to affect explant
transformation efficiency in the rice varietysurvival, transient GUS expression and
Pusa Basmati 1 since it expressed higheesponse in tissue culture. The effects of
percent of embryo with GUS foci and meanparticular parameters on survival, TDNA
GUS foci per embryo compedl to others, here delivery and regeneration did not always
also the frequency of regeneration decreasddllow the same trend. For example, the ability
as the embryo size increases. Here, none of tbé the immature embryos to survive the rigors
sizes produced the transformed shoots except Agrobacteriumcocultivation increased with
for the size large (1-3.2mm). A total of 12 the increasing explant size, longer preculture
transformed plants could he obtained from thémes and shorter inoculation times, whereas
largersize class of immature embryos of Pusshe T-DNA delivery markedlyincreased with
Basmati 1. Wuet al., (2003) obtained the the shorter preculture times, longer inoculation
similar results in wheat variety Florida (Tabletimes. The regeneration capacity of the
6). immature embryos generally followed the

same trend as survival ability, except for
Regarding the callus cultures, six weeks olémbryo size where it was the opposite. These
embryogenic calluses were cut intodata emphasise the litations of transient
approximately 24 mm diameter pieces expression in nomegenerable tissue. It is
suballtured onto pre induction medium forclear that conditions favouring -DNA
four days i n d a r k deliverg arédNriolUnedessarybtieef sante eas those
Agrobacteriuminoculation were found to the favouring  the recovery of  stable
optimum for getting maximum transient GUStransformation events (Table 7).
expression and total number of blue foci in
aromaticindica rice genotypes. In our study In our study, a pre culture period of oday
the callises pre cultured for four days had glmmature embryo) and four days (callus)
maximum survival percent (100 per cent). Thavere found to be optimum in obtaining
parameters embryos with GUS foci percentmaximum percent embryos with GUS foci.
and the per cent regeneration frequency ware culture for a definite period helped the
decreased as the pre culture days increasgdants switch to an active phase of the growth
Kumaret al., (2005) and Hoquet al.,(2005 and co cultivation at this stage was fduto
did the same line of work and reported the usthe more efficient. However use of mature
of 2-4 mm diameter embryogenic calli seed calluexplantsin co cultivation without
precultured  for four days  before pre culturing led to commencement of tissue
Agrobacterium inoculation for indica rice browning with eventual reduction in
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regeneration. The effects of increasing pré2007) inoculated the explants by immersing
culture time using immature embryo onthem in bacterial suspension for a period of
survival and GUS expression that observedpto 30 minutes for transforming thedica
here are contradictory to the observations aice lines.
Chenget al., (1997) and Wuet al., (2003).
Weir et al., (2001) in Wheat found that a Other important factors for co cultivation and
minimum of three days of pre culture wasvir gene induction are acidic pH, incubation
required to obtain transient and stabléemperature of 28°@r less and high osmotic
expression in immature embryos (Plate 9).  pressure. Solid medium is better for co
cultivation than liquid medium Hi eet al.,
Hoqueet al., (2005) and A1l Forkanet al.,, (1997). In our study three days of co
(2004) pre cultured the immature embryos focultivation was found to be optimum in
four days in dark and pre cultured the maturgetting maximum percent of embryos with
embryo derived calluses for a minimum ofGUS foci in the variety PudBasmati 1. When
four days in dark (27tloc) Dbefore the duration of co cultivation increases, rate of
Agrobacterium inoculation to get maximum survival of the explant, the percent of embryos
transformability. In contrast, Wet al.,(2003) with GUS foci and percent regeneration
reported that the shorter pre culture times-(0.5requency decreases (Table 7). This was in
1 hour) resulted in higher transient GUSagreement with the findings in Wheat.
expression. Increased duration ofo cultivation may be
destructive to the explant tissues. Wual.,
Inoculation time/ infection period with (2003)
Agrobacterium may also foud to have a
significant role in transient GUS expressiorEffect of Agrobacteriumculturing days and
and regeneration frequency. In this study, aAgrobacteriumdensity
inoculation time of ten minutes was found to
be optimum in obtaining the higher transientCo cultivation of explants wit\.tumefaciens
expression and maximum frequency ofhas made possible with the use of some
regeneration. The longerdhnoculation time, explants (Opabode, 2006)i Hi et al., (1997)
the higher the expression of GUS gene, anceported that the transformation of rice was
lower the regeneration frequency percent. Ipossible when thé&grobacteriumdensity was
this study after 10 minutes of inoculation timebetween 1.0x10and 1.0x1& colony forming
the regeneration frequency decreases, but thmits mI* and the optimal concentration was
GUS expression increases and this indicatemproximately 1.0x1§ cfu mi* (Hi ei et al.,
the unifomity of GUS gene expression. Here1994). A.tumefaciensdensity could increase
also, a moderate and evenly distributed GU8ansient GUS expression, but was not
expression is preferred than the intense one asrrelated with higher stable transformation
it may cause more cell damage and mortalityfrequency (Chengt al.,1997). With higher or
Similar study was made by Hoquet al., lower A.tumefaciensdensity, both transient
(2005) and Tyaget al., (2007), they reporte and  stable transformation  decreased.
that the immersion of explants for -16 A.tumefacies density higher than 1x1®cfu
minutes in bacterial suspension in five cnusually damaged the plant cells, and resulted
petridishes were found to optimum in gettingn lower cell recovery. Nevertheless, optimum
maximum transformatiom frequency. Indensity of A.tumefaciensis necessary for
contrast Aminet al., (2004); Sahararet al., recalcitrant explants or species, and here the
(2004) and Ramana Rao and Narashimha Raansformation frequency can be improved b
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a short inoculation time, gently rinsing theattempt to obtain transgenic calli. Hi &t al.,

explants after inoculation with fresh (1994) demonstrated that acetosyringone at

inoculation medium or addition of bactericidel 00 Od3 i s a key to success

agent in the coculture medium (Zhaagal., rice. The level of transient expression of GUS

2003 and Opabode. 2006). after co cultivation was extremelyviowhen
acetosyringone was omitted. Chast al.,

In this study two days of culturing of (1993) used potato suspension culture cells for

Agrobacteriumwas found to be optimum for Agrobacteriummediated transformation in

reaching the required optical density of 1.0 atice. The addition of acetosyringone is

OD600 nm. As the culturing days increasesgssential for successful and higher frequency

the explant survival decreases2 IGUS foci transformation but the concenimat of

per explant was observed for two, three andcetosyringone in co cultivation medium may

four days of culturing and it produced a GUSvary between different cultivars of rice Hiedi

respnse of 11.6per cent for two days and aal., (1997) and Malabika Rogt al.,(2000).

the days increases, the percent of explants

showing GUS response decreases. Theuring co cultivation, the presence of

Agrobacteriumdensity of 1.0 OD at 600 nm acetosyringone was required for

was found to be optimum in exhibiting GUStransformation to take place. To firmit the

foci per explant followed by 0.8 OD. Very optimum conditions for co cultivation

high (1.20D) and very low (0.60D) did not different concentration of acetosyringone was

produce any GUS expression. Here also as tltested using two levels of acetosyringone

density increases the percent survival oE oncentrati on (100and 2

explant decreases (Table 8).Similar optimising the concentration of

observations were made by Amiat al., acetosyringone, the mean percent of calluses

(2004); Sahararet al., (2004) and Rao and showing G5 expression obtained following

Rao (2007). Whofound highly efficient T each variation in co cultivation was taken as

DNA delivery in both three week old and fourthe transformation frequency. On analysing

week old embryogenic calli ahdicarices. In  the concentration of acetosyringone it was

contrast Yaraet al., (2001) used 3 days old seen that best response was observed in Pusa

culture and AlForkanet al., (2004) used on Basmati 1 exhibiting better performance

day old culture (41.50D) for rice followed by Pusa Sugandh 4 ar

transformatiorwith calli as explants found to be the optimum concentration giving
maximum GUS activity in the aromatic rice

Effect of acetosyringone using seed explant genotypes assessed (Table 9). This
observation is similar from earlier reports in

The bacterium is presumably attracted to ¢he transformation of two different

wounded plant in response to signal moleculeBangladeshindicarice cultivars (Al Forkaret

released by the plant cells tehich it then al.,, 2004 and Tyaget al., 2007) where they

becomes attachedBylebier et al., 1987). reported that 100 Od acet

Wounded cells exude phenolic compounds,cultivation medium gave maximum GUS

such as 4acetyl -2,6-di methoxy phenol activity. In contrast Hoquet al., (2005) used

(acetosyringone) which activate vir genes o2 00 Od3 acetosyringone in

Ti plasmids. Rice cells might be capable omediun to get maximum GUS activity. In the

producing a certain level of signal moleculesabsence of acetosyringone, no transformation

since Raineriet al., (1990) did not add occurred, as it was reported by Azhakanandam

phenolc compounds in their successfuletal.,(2000 and Hoqueet al.,(2005.
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Plate 12. Agrobacterium - mediated transformation of
Pusa Basmati 1 using mature seed derived calli

Pusa Basmati 1 seeds inoculated on MS
medium containing IAA (2.5mg / litre)
7 7 )

Pusa Basmati 1 calli on MS callus Pusa Basmati 1 calli on MS callus
induction medium after one week induction medium for proliferation

Cocultivated calli during first round Cocultivated calli during third round
of selection on hygromycin (30mg / litre) of selection on hygromycin (30mg / litre)

Emergence of plantlets on Plantlets on rooting medium
regeneration medium
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Plate 9
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Plate 16. Transient and stable GUS expression

Transient GUS expression in Transient GUS expression in
Pusa Basmati 1 Pusa Sugandh 4

Stable GUS expression in
Pusa Basmati 1 Pusa Sugandh 4

Stable GUS expression in

Transient GUS expression in

GUS expression in leaf derived from
immature embryo of Pusa Basmati 1 immature embryo explant

3470



Int.J.Curr.Microbiol.App.Sci(2018) 7(12): 34583487

Plate.15Agrobacterium transformation of Pusa Basmati 1 using immature embryos

Isolated immature embryos Immature embryos inoculated

Immature embryos precultured
for one day

Emergence of plantlets on Emergence of plantlet from
regeneration medium immature embryo
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Table.1Efficiency of rice transformation using plasmidf®* 13%>*

Rice genotype Explant Embryogenic calluses tested
No. No. producing No. Transformatio
Inoculate hygromycin producing n frequency
d (x) resistant transgenic (Y1 X)%
calluses plants (Y)
SlEelEEE el Matured seed 1 50 8 8.0* 16.0°
derived calluses 2 50 6 6.0* 12.0¢
Immature 1 50 15 10.0 20.0
embryo 2 50 14 11.0 22.0
Matured seed 1 50 4 4.0* 8.0
SRSzl derived calluses 2 50 2 2.0* 4.0%
Immature
embryo 1 50 6 5.0* 10.0
2 50 6 4.0* 8.0
Matured seed
derived calluses 1 50 4 3.0 6.0°7
Pusa Sugandh 2 50 3 0.0 -
Immature
embryo
1 50 6 3.0 6.0
2 50 6 2.0 4.0

* Produced some green loci on the transgeallses
ai callus transformation frequency.

Table.2 Transformation ofndicarice genotypes bjgrobacteriumstrain EHA 105 5*ME"
1305.1;sing immature embryo explants

Rice genotype | Experiment No. of No. Producing | No. producing | Tranformation
No. embryo hygromycin hygromycin® Efficiency (%)
inoculated | resistant plants and GUS
plants

Pusa Basmati 1 1 50 10 10 20.0
2 50 11 11 22.0
3 50 10 10 20.0
Pusa Sugandh 4 1 50 5 5 10.0
2 50 4 4 8.0
3 50 4 4 8.0
Pusa Sugandh 5 1 50 3 3 6.0
2 50 3 2 4.0
3 50 0 0 0.0
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Table.3 Total number of blue foci in different explants sources transformed With?s* 3°>
usingAgrobacteriuni mediated method in rice genotypes (Mean + SE)

Explant source seed callus / Immature embryo Pusa Basmati 1 PusaSugandh 4 Pusa Sugandh 5

21 days 116.6 +13.2 113+45 100.8 +1.0
42 days 160 +13.7 135.2+4.9 129.4 £ 3.9
63 days 91.2+13 88.2+3.4 79.4+238

84 days 454 +4.1 352+2.0 35.8+3.8

Immature embryo 135.2+4.8 127 +3.9 1166 +5.9

Table.4 Effect of callus age on GUS activity of rice cultivar Pusa Basmati 1 after transformation
CAMBIA 1305.1

with p using 100 uM AS in the co cultivation medium
S.No Percentage of Calluses GUS + *
Experiment | Experiment Il Mean + SE
21 29.0 35.0 32.0+4.0
42 44.0 36.0 40.0+£4.0
63 23.0 17.0 20.0+2.0
4 84 14.0 8.0 11.0 +2.0

* Data were taken 3 days aftdgrobacteriumnoculation and means are from 50 calluses per treatment.

Table.5Effect of embryo size on Survival and DNA delivery (as indicated by transect GUS
expression) in five rice genotypes

Rice Size of Number of embryos | Survival rate Embryos with GUS Mean GUS foci / Mean log GUS foci /
genotype embryo ® tested” % foci (% embryo embryo®

Pusa Basmati S 50 65.60 78.60 14.50 1.160
1 M 50 73.40 90.50 22.50 1.351
L 50 100.00 98.0 58.80 1.769
XL 50 92.20 94.10 28.30 1.451
Pusa S 50 64.30 81.5 12.0 1.078
Sugandh 4 M 50 75.60 88.3 15.10 1.178
L 50 100.00 95.5 52.20 1.717
XL 50 97.30 93.5 31.10 1.492
S 50 60.50 78.6 13.80 1.139
Pusa M 50 70.20 80.6 19.40 1.287
Sugandh 5 L 50 99.40 94.8 55.30 1.742
XL 50 59.30 91.4 30.20 1.479
SEd CD SEd CD 0.05%) SEd CD 0.05%) SEd CD 0.05%)
G 0.05%) 0.41 0.83 0.41 0.83 0.011 0.022
S 0.410.83 0.37 0.74 0.370.74 0.010 0.020
GS 0.370.74 0.82 1.65 0.82 1.65 0.022 0.044
0.82 1.65

& Freshly isolated, in fact immature embryo were grouped into four classes:G86wh M,0.81.5mm; L, 1.5-
2.2mm, XL Larger than 2.2mm

® 50 embryodor each size class were used. These that surfigeobacteriumcocultivation were assayed for GUS
activity.

¢ Analysis of variance was performed on {wgnsformed data of GUS foci per embryo. For each variety, the
standard error differences (SEd) arddt significant differences (5% level) (Isd) were calculated for all pairs of size
classes and the maximum calculated figure quoted.
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Table.6 Effect of embryo size on rice regeneration and stable transformation efficiency in rice
variety Pusa Basmatil,taef Agrobacteriuncocultivation (NAT Not Applicable)

Size of embryo

No. of embryos tested Frequency of

regeneration (%)

Number of transformed
school

After Agrobacterium
cocultivation

Controls with no
Agrobacterium

Table.7 Effect of pre culture, inoculation time, length of cocultivation days on explants survival,
transgene expression andeagration frequency (%). Intact embryos mixed size typically
between (1.5 2.2 mm) isolated from var. Pusa Basmatil were cultured in the presence of

Agrobacteriuncells with 100 uM AS

Transformation
Parameters

No.of explants
used

Survival Embryos with
rated (%) GUS foci (%)

Frequency of
regeneration(%)

Pre culture time (hours)

1. Immature
embryo

Seed Callus

Inoculation time (Min)

Cocultivation(days)
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Table.8 Effect of transformation catitions on survival and GUS expression in callus and
immature embryo explants transformedAgrobacteriuni method with M8 13051 the rice
variety Pusa Basmati 1.

Transformation Explant survival GUS foci per Explant showing GUS response
Parameters % explants %

Agrobacterium
Culturing days
1
2 *
Agrobacterium
Density (OD)
0.6
0.8
1.0
1.2

* - Chosen condition for subsequent experiments, the survival percentage and GUS expression are average of two
replicates, each with 50 explants.

Table.9 Effect of genotypes and level of AS on GUS activity in callusksviing
Agrobacteriumbased transformation wittg"®'" 13%>1

Rice genotype Concentration of AS | % of calluses showing GUS expression mean + SE *

(HM) Smallzone ~ LargeZone

Pusa Basmatis 1 0 0.0 0.0
100 19.0+£ 3.0 440+ 3.0
200 10.0+ 3.0 21.0+£3.0

Pusa Sugandh 4 0 0.0 0.0
100 15.0+ 2.0 40.0+£2.0
200 50£1.0 20.0+£2.0

Pusa Sugandh 5 0 0.0 0.0
100 16.0+£ 2.0 21.0+2.0
200 50+1.0 16.0£ 2.0

* Data were taken 3 days aftdgrobacteriuninoculation and are the means of the twpariments with 50 calluses
per treatment
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Table.10Effect of AS DNA delivery as measured by transient GUS expression. Intact immature
embryos of mixed size (1152.2mm) isolated from the fiviedicarice varieties were cultured
for 3days in the presencé Agrobacteriuncells, in media either with (+) or withou)) (LO0 puM

acetosyingone
Rice AS | No.of embryos | Embryos with | Mean GUS foci| Mean log GUS
genotype inoculated GUS foci (% / embryo foci / embryo
Pusa - 50 22.80 12.0 1.08
Basmati 1 | & 50 62.40 23.0 1.36
- 50 22.67 6.70 0.82
Pusa + 50 35.00 19.23 1.30
Sugandh 4
- 50 28.20 6.80 0.83
+ 50 47.60 13.40 1.13
Pusa
Sugandh 5 SEd CD(0.05%) SEd CD(0.05%) SEd CD(0.05%)
G 0.611.28 0.58 1.22 0.031 0.065
S 0.390.81 0.37 0.80 0.020 0.411
GS 0.871.81 0.821.72 0.044 0.092

Table.11Effect of acetosyringone and sucrose on transient transformation efficiency in rice
variety Pusa Basmatil using seed callus

Treatment Pre induction Cocultivation GUS expression zones* Mean =Sl
medium medium

AS Sucrose AS Sucrose Large Small

+ + - + 21.6 £0.93 350+1.3
- + + + 27.4+£0.18 352+1.2
+ + + + 35.40 £ 1.36 45.2 +1.65
- + - + 12.4 +0.93 46.6+1.4

* Pooled data of two experiments with fifty explants each

A preinduction ofAgrobacteriumin presence of AS and sucrose followed by cocultivation in the absence of AS

B pre induction ofAgrobacteriumin absence of AS and presence of sucrose followed by cocultivation in the

presence of AS and sucrose

C pre indeetion of Agrobacteriumin presence of both AS and sucrose followed by cocultivation both in the presence
of AS and sucrose.

D pre inductionAgrobacteriumn the absence of AS followed by cocultivation in the absence of AS in the presence
of sucroseat bothstages
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Table.12Effect of AS and sucrose on rice transformatiomdicarice variety Pusa Basmatil
using immature embryo explant

Cocultivation Number of plants producing

Number of ~ No.ofhyg® No.of No.of Hyg® y/x Transformation

embryo producing Hyg®  + GUS+ Pht frequency (%)
inoculated (x) and GUS regenerated
+ v)
11

With AS 50 22 12 22.0
Without 50 15 5 5 10.0

Table.13Effect of cocultivation method on transient GUS expression

Rice genotype % of Calluses Showing GUSxpressionmean +SE*
Pellet method Direct spotting Immersion of
method explants in bacterial
suspension
Pusa Basmati 1 43.0+5.0 14.0+£6.0 44+ 2.0
Pusa Sugandh 4 30.0+£2.0 9.0+1.0 38+4.0
Pusa Sugandh 5 17.0+ 3.0 50£1.0 21.0+£3.0

* Data were taken 3 days aftégrobacteriumnoculation and means are from two experiments with 50 calluses per
treatment.

Table.14Effect of cocultivation time on GUS activity in rice genotype Pusa Basmati 1
transformed with F""®"*13%1in the presencef 100 uM AS

Duration of Co Percentage of Calluses GUS + *
cultivation (days)

Experiment | Experiment Il Mean + SE
0.0 0.0 0.0
18.0 14.0 16.0+ 2.0
61.0 45.0 53.0+4.0
44.0 36.0 40.0+4.0
29.0 35.0 320 =20

* GUS assay wasarformed on 50 calluses per treatment.
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Table.15Effect of washing and killing ofgrobacteriumwith antibiotics after cocultivation on
transient GUS expression of rice Cultivars transformeddypbacterium

Rice genotype _-__-_

40.0 + 20 43.0+5.0 3.0+1.0
Pusa Sugandh 4 - 32.0+2.0 40.0+2.0 20+£1.0

Pusa Sugandh 5 - 16.0+2.0 17.0+3.0 20+1.0

Date were taken 3 days after cocultivation and are the means of two experiments with 50 calluses per treatment.
A With sterile distled water alone

B MS Broth alone

C with sterile distilled water containing cefotaxime (100/gand carbeniceilln (250mg)

D without washing directly taken to selection media containing antibiotics

Table.16Number of blue foci exhibited by rice tidkansformed by cocultivation with
Agrobacteriumi method after different intervals of selection

Rice genotype 1% Cycle 2" Cycle 3" Cycle
Pusa Basmati 1 165 £ 6.7 15.0 4* 2*
Pusa Sugandh 4 1476 £ 8.3 7.0 2** 1**

Pusa Sugandh 5 133.6 £ 6.7 4.0 3 2
* - Large blue sector, ** Small blue sector

Table.17Effect of different concentrations of cefotaxime and carbenicillin on plant regeneration
from the calli ofindicarices* (Mean + SE)

Concentration of Cefotaxime concentration (mgt) Carbenicillin concentration (mgl™)

cefotaxime / 0 No.of Shoots / Precent No.of shoots / callus Percent
carbenicillin (mg™) Callus regeneration regeneration

6 60 £ 2.0 6 62 =+ 3.0

3.9 52+2.0 4.2 50+£2.0

3.5 50+1.0 3.9 48 £2.0

3.0 15+1.0 3.5 31+£1.0

1.0 9+1.0 3.0 30+£1.0

0.0 0.0+£0.0 2.2 25+1.0

* The values are average of five replicates.
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Table.18Effect of different concentrations of hygromycin on plant regatien from the calli of
indicarices* (Mean + SE)

Concentration of hygromycin (mgl”) No. of shoots / callus Percent regeneration

60 + 3.0 6

52+2.0 4.2
34+2.0 3.1
20+1.0 1.9

* The values are average ofé replicates.

Table.19Transgene expression in immature embryo derivgalants of thendicarice cv PB1
transformed withAgrobacteriumstrain EHA105 BAMBIA 13051

ToPlant Experiment No. GUS histochemical

Root Leaf

Pusa Basmatil
1 ++ ++
2 ++++ +++

Pusa Sgandh4
1 +++ ++
2 + +

Pusa Sugandh5
1 ++ ++
2 + +
++++, +++, ++, + = Visual estimation of intensity of GUS Staining.

Effect of acetosyringone using immature acetosyringone in the medium markedly
embryo explant increased the -DNA delivery without losing
the regeneration potential of the immature
Phenolic inducers such as acetosyringone aémbryos in all the three aromaiitdica rice
speific  temperatures and an acidic genotypes tested and it influenced the
environment promote the expression oftransient GUS expression to a higher extent in
Agrobacterium vir genes, the products of all the three aromaticindica rices, as
which mediate IDNA delivery. The results measured by embryos WitGUS foci percent,
had shown t hat t he meareGUSfacieper ermbryola®d medd dog
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GUS foci per embryo. This supports the with the reports of Ramana Rao and
earlier works in a number of species showingNarashimha Rao (2007) (Table 11).
that the addition of acetosyringone during
preculture and cocultivation increases theEffect of acetosyringone and sucrose using
number of transformed cellsn the target immature embryo explant
tissues (Wuet al., 2003). In rice immature
embryo, 100 Oz a c elh addityon to highdransient QU \exgression
optimum transient gene expression, withunder ASfree conditions, sible
higher concentrations being toxic and lowertransformation was achieved with both AS
concentrations less effective (Amoat al., and ASfree plus sucrose treatments. After
2001 and Wet al.,2003) (Table 10). four selection cycle, the proliferated shoots on
selection medium showed stable GUS
Efect of acetosyringone and sucroseasing  expression and the Gus positive plants
seed explant produced normal green shoots in the
regenerdon medium. The results are similar
The frequency of the transient transformationto the earlier report of Ramana Rao and
is expressed as the ratio between the numbéaxarashimha Rao (2007). The variety Pusa
of calli showing GUS expression and the totalBasmati 1 using mature seed derived calli as
number of calli kept for staining. For explants exhibited a maximum transformation
gualitative assay, the area of GUS expressiorirequency with or without AS. Their results
and the inteniy of the blue colour at each provide strong evidence for the first time that
spot were given due weightages so as to givacetosyringone may not be essential for the
a holistic picture of the effect of the various induction of vir genes ofAgrobacterium
treatments tested. Through visual observationduring co culture for transformation of
distinction could be made between smallrecalcitrant genotypes likedicarices (Table
spots (< 0.5mm in diameter) representing onel2).
or few GUS expressing cells, and large spots
(O1mm in diameter), Efeetofnfeactiontimieng a compl e
cell cluster expressing the GUS gene (De
Clercget al., 2002). Based on this assay, the The T-DNA delivery is markedly increased
efficacy of acetosyringone was evaluated. with the longer inoculation or infection time.
A period of zero minute to 60 minutes was
Our experiment was aimed to assdssiieed studied to find out the optimum inoculation
for acetosyringone at pre induction mediumtime of Agrobacteriumwith explants. Our
or co cultivation or both stages for study showed that 10 minutes time was found
Agrobacteriuramediated gene transfer to rice to be he best for infection time for the seed
calluses. Addition of AS for both stages explants ofindicarice genotypes. The longer
induced high levels of GUS expression zoneshe duration, the higher the percentage of
consistently in contrast to low levelsf embryos with GUS foci. This result was in
expression in the presence of AS either onlyagreement with the earlier report of Wual.,
at pre induction medium or only at co (2003) who stated that the shorteodnlation
cultivation medium stages. Similar levels of times has the ability of immature embryos to
GUS expression zones were also obtained irsurvive with Agrobacterium during co
sucrose supplemented media devoid of AS incultivation and also reported that theDNA
pre induction medium or co cultivation delivery increased with the longer inoculation
medium or both the results are in agreementimes.
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Effect of co cultivation method showing Gus expression was calculated and
the means are presented in Table 14. It was
Three different methodsiz., pdlet method, found that the co cultivation for three days in
direct spotting method and immersion oft he presence of 100 Od3 a
explants in bacterial suspension were used fofound to be the most suitable for optimum
transforming differenindica rice genotypes. transformation. In our study it was observed
The basic differences between these threg¢hat a maximum of 53 percent of calluses
methods were (i) centrifuging the showing GUS expression for three dayscof
Agrobacteriumcells and re suspeimd) the cultivation compared to others. Co cultivation
pellets in amino acid broth or MS broth (ii) for a period more than three days resulted in
direct spotting of theAgrobacteriumcell the calluses becoming prone to repeated
suspension over the explants (iii) immersing Agrobacterium infection, which ultimately
the explants in bacterial suspension culturegesulted in the loss of regeneration potential.
grown overnight. These three methodsAlthough calluses, which wereo cultivated
appeared to have significantly lEanced for more than three days showed some GUS
transformation  efficiency of putative activity, they were adversely affected by the
transgenic lines of Pusa Basmati 1. Immersiorover  growth  of Agrobacterium and
of explants in bacterial suspension methodsubsequently died. Similar line of work was
had the strong influence in all the genotypesreported by Al Forkaret al., (2004); Saharan
studied, as it had maximum GUS expressionet al., (2004); Hoqueet al., (2005) and
in the calluses followed by pellahethod. Ramana Rao and Narashimha and Rao
While the direct spotting method exhibited (2007). But Tyagiet al., (2007) reported that
the poor response indicating the maximumco cultivation for two and a half days in the
exposure of the calli to thégrobacterium pr esence of 100 Od3 acetos
cells causes the death of the explants (Tabléeo be the most suitable fomdica rice
13). Kumaret al., (2005) used pellet method transformation.
for co cultivation ofindicarices and obtained
a transformation frequency of 25.8 percent inEffect of washing ad kiling of
Pusa Basmati 1. Agrobacterirum

Immersion of explants in bacterial suspensionCalli cocultivated with Agrobacterium for

got maximum GUS expression in rice as it three days were washed with shaking by using
was reported by earlier workers Hoqeieal.,  four different methodsiz., A- sterile distilled
(2005) ; Yaraet al.(2001); Sahararet d.,  water alone, BMS Broth alone @Gwith sterile
(2004); AXForkanet al.,(2004) and Ramana distilled watercontainingcefotaxime (100ng
Rao and Narashimha Rao (2007). Our result$™) and carbenicillin (250 mg™") and D -
demonstrated that among the three method¥Vithout washing directly taken to selection
used, immersion of explants in bacterial media containing antibiotics. This experiment
suspension was found to be the best one fowas carried out to find out the best method of

indicarice genotypes compared to athe washing and killing ofAgrobacteriumto get
maximum regeneration frequencSuccessful
Effect of co cultivation time transformation events in the calli infected

with Agrobacterium tumefacienEHA 105
To find out the optimum conditions for co pCAMBIA 1305.1 were followed by transient
cultivation, duration of co cultivation was GUS assay using -%luc as a substrate. A
tested. For this the percentage of callusegood positive response for transient GUS
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assay for Pusa Basmati 1 was oledifior the  selectable marker IS hygromycin
method washing with sterile distilled water phosphotransferase which confers resistance
containing cefotaxime (100 mg™) and to aminoglycoside antibiotic hygromycin that
carbenicillin (250 mg1) compared to other allows clear  discrimination  between
methods (Table 15). transformed and netransformed tissues and
problems with albinos or the fertility of
Blue spots were visualized on the coregenerants (Dongt al., 1996 and Rashidt
cultivated calli, which indicated positive al., 1996).
transient GUS exression in the cells of calli.
For negative control the control calli were In many successful attempts to transform rice,
subjected to exactly same treatment ofgenes for selectable markdrgve been driven
transient assay showed no blue colour. Anby the constitutively expressed Ca MV35S
average of 5.9 and 7.6% efficiency for GUS promoter. This appears to give direct strong
positive calli inindica varietiesviz, TCS 10 expression of genes for the selection of
and IR 2 respectively were reported by transformants at high frequency. In our study
Aldemita and Hodges (1996). Hoqe¢ al., also we obtained strong expression using Ca
(2005) reported the transformation frequencyMV 35S promoter for tb expression of hph
of 11.1% was obtained using immature gene. Considerable differences were found in
embryo and stated that the production oftransgene expression of hygromycin selected
transgenic plant was more successful usinglants even between the plants of the same
immature embryosthan mature embryo variety. This type of variation in gus and hph
derived calluses. In the present study also wagene expression has been reported previously
could able to produce transgenic plants usingn rice by Kumaret al.,(2005).
immature embryo with a transformation
frequency of 222% in the variety Pusa Continuous selection on  hygromycin
Basmati 1 compared to other genotypes (Plateontaining medium resulted in the appearance
16). of  proliferating  apparently  resistant
embryogenic calli. The gene encoding GUS
Effect of seletable marker genes and has been most widely used as reporter gene
selection cycle for the analysis of plant genepression in
plant transformation systems described by
Maintenance of the embryogenic status of theJefferson et al., (1997). Efficient plant
calli on the selection medium is important for selection during transformation requires a
the efficient recovery of regenerants. substantial level of expression of the
Inclusion of a selective agent in the selectable marker gene (Waeigal.,1997). In
regeneration and rooting media greatlythe present study, calli co ltuated with
favours the production of transgenic plants EHA 105 strain containing pCAMBIA 1305.1
that stably express transgenes. Aldemita and was allowed to grow and subjected to three
cycles of selection of 15 days each in the
Hodges (1996) used a regeneration mediunselection medium containing 30 mg’ |
without hygromycin and showed less than 50hygromycin, 100 mg cefotaxime and 250
percent regenerants were GUS positive. Hi eimg I* carbenicillin. Continuous $ection (4
et al.,(1994) and Komaret al.,(1996) aded to 6weeks) on hygromycin medium resulted
hygromycin to their regeneration media andin the selective proliferation of resistant calli.
85 percent of regenerants stably expressed thim the present study, the total number of blue
GUS gene. Most widely used and effective foci exhibited by Pusa Basmati 1 (165) was
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maximum. After two cycles of selection in plant tissue (Barette and Cassells, 1994). The
Pusa Basmati 1 the u# sectors expressing capacity of carbenicillin and cefotaxime in
the reporter gene were large, where as it wasontrolling the growth ofAgrobacteriumon
localized to small areas in Pusa Sugandh 4the regeneration of the calli afdica rices
Putative transgenic calli were obtained in all showed that there was strong inhibition of the
genotypes (Table 16). Similar results wereregeneration  potential The  reduced
reported by Visaradaet al.,, (2002) using regeneration capacity is in agreement with the
particle bonbardment. With respect to results obtained by Pipatpanulailal.,(2004)
immature embryo, transfer of transformed reported that 250 mg™| cefotaxime and
plants to fresh selection medium at every 15carbenicillin played an inhibitory effect on
days interval improved the selection rice regeneration. In this study cefotaxime
efficiency. On extending the selection for more than 100 mg*iand carbenicillin more
three cycles stable transformed plants couldhan 250 mg 't had the strong inhibitory
be obtained with 2@2% transformation effect on rice regeneration and number of
frequency in immature embryo derived plantsshoots produced per callus. While the
in the variety Pusa Basmati 1 which supportedconcentration lower than this level showed a
the view that selection for three cycles onpositive effect on rice regeneration (Table
hygromycin at 30 mg™} helped to obtain 17).

stable transformed plants as reported by

Hoque et al., (2005) used 250mg 1  Effect of hygromycin on rice regeneration
cefotaxime for killing ofAgrobacteriumand

50 mg I* hygromycin B for the selection of Concentrations of selective agents are needed
transformed tissues. Whereas Sahartial., to avoid development of undesirable number
(2004) produced hygromycin resistant calli of the escapes. In this experiment, a selectable
with 250 mg T carbenicillin and 50 mgi marker gene hph (encoding resistance to
hygromycin by employg two cycles of hygromycin) was used in the production of

selection with 15 days each. transgenic rice. Hygromycin is
aminoglycoside antibiotics which cause
Effect of antibiotics on rice regeneration harmful death to plant cells by inhibiting

transcription and translation. Chereg al.,
Antibiotics such as cefotaxime, carbenicillin (1998) reported the presence of 50 nig |
and timention have been used regularly inhygromycin throughout the callusing as well
Agrobacterium transformation as regeneration pedis necessary to avoid
(Opabode.2006). It was observed thatdevelopment of the escapes. The presence of
cefotaximeat 250 mg T had a detrimental hygromycin decreased the number of shoots
effect to maize Hi Il callus, callus formation and percent regeneration in all treatments.
was greatly reduced when cefotaxime (50 orHygromycin clearly affected regeneration
250 mg 1) was added in the callus induction capacities.
medium (Ishidaet al., 1996). Carbenicillin
has been the antibiotic of choice in regosf =~ Complete inhibition of plant regeneration and
Agrobacteriummediated transformation of no shoot regeneration from rice calli was
wheat and maize (Zharef al.,2003). In our observed at 480 mg I* hygromycin. Upto
study we used antibiotics in order to eliminate 30 mg I* hygromycin had a positive effect on
A.tumefaciens after co cultivation.  shoot formation and regeneration (Table 18
Unfortunately the concentrations required inand 19). Most of the earlier workers used 50
many cases inhibit the regeneratiofi the mg I* hygromycin in their transforntian
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experiments in rice (Amiret al., 2004 and transformation of japonica and indica
Hoqueet al.,2005). rice varieties. Plants, 199: 6647.
Al-Forkan, M., J. B. Power, P. Anthony, K.
The low efficiency in plant regeneration of C. Lowe and M. R. Davey. 2004.
rice calli co cultivated withAgrobacterium Agrobacteriummediated transformation
was achieved in this study. This might be of Bangaldeshi indica rices. Cellular

related to the prolonged period of tissue and Mol. Bio. Lett., 9 (2): 28300.
culture. The alli were almost six weeks old Al-Forkan, M., M. A. Rahim, T. Chowdhury,

before co cultivation and were maintained for P. Akter and L. Khaleda. 260
more than four weeks on the selection Development of highly in vitro
medium to ensure no escape of non callogenesis and regeneration system
transformants. Wt al., (1998) reported the for some salt tolerant ricéfyza sativa
loss of morphogenic capacity in the L.) cultivars of Bangaladeshi. Biotech.,
established transformed altuses and 4: 230-234.
suggested that reduction of the culture periodAmin, M. A., M. A. Uddin and M. A.
enhanced plant regeneration (Plate 15). Hossain. 2004. Regeneration study of
some indica rice udtivars followed by
The result obtained in the present study gives Agrobacterium | mediated
that the optical density of thigrobacterium, transformation of highly regenerable
acetosyringone  concentration and - co cultivar, BR8. J. Bio. Sci., 4(2): 267
cultivation time is critial parameters that 211.
influence the transformation in aromatic Amoah, B. K., H. Wu, C. Sparks and H. D.
indica rices. The genetic transformation Jones. 2001. Factors influencing
method developed in our study is used to Agrobacterium T mediated transient
developed IDNA based activation tagging expression of uid A in wheat
lines, which involved in develop the gain of inflorescence tissue. J. Exp. Bot., 52:
functional mutations in re&atrantindicarice 11351142.
cv Pusa Basmatil and other aromatic riceAzhakanandam, K., S. Mathew, J. McCabe,
varieties. An efficient protocol for the Brain Power, K. C. Lowe, E. C.
transformation has been developed by this Cocking M. R. Davey. 2000. -DNA
procedure, which can help to greately transfer, integration, expression and
strengthen Basmati rice breeding programme inheritance in rice: effects of plant
involving transfer of novel gees to improve genotype and Agrobacterium super
its resistance against insect pests, diseases, virulence. J. Plant Physiol., 157: 429
salinity and drought etc and resistance to 439.
yellow stem borer can easily be engineered iBBarett, C and A. C. Cassells. 1994. An
Basmati varieties without altering its genetic evaluation of antibiotics for the
background or quality traits which has been elimination of Xanthomonas campestris
difficult in achieving through sexual Cv. Pelargonii (Brown)  from
hybridization involving crosses with nen Pelargonium domesticuncv. Grand
Basmati rice varieties. Slam explant in vitroPlant Cell Tiss.
Org. Cult., 36: 169.75.
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