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Abstract. The present study was conducted to optimize various biological and physical
parameters for developing an efficient and reproducible gene transfer method for ge-
netic transformation of buffel grass. Transformation was carried out using a he-
lium-driven particle inflow gun (PIG). Embryogenic calli produced from mature seeds
of buffel grass cv. CC-119 were separately bombarded with four plasmids, containing
Actin (pAct1DX), Ubiquitin (pAHC-25; pAHC-27) and CaMV-35S (pCaMVGUS)
promoters, coated on tungsten and gold particles. The efficiency of transformation was
monitored through transient GUS expression. Different parameters, viz., the type of
promoter, type and size of microcarrier, helium gas pressure, distance and time of bom-
bardment, were standardized for delivering DNA into embryogenic calli. Bombard-
ment with plasmid DNA carrying the actin promoter coated on 1.6 n gold particles, at
a helium pressure of 4 bars, a distance of 10 cm for 10 p sec and 28 mm Hg vacuum
in the chamber, produced the best result in transient GUS expression. The Actin pro-
moter was found to be more efficient in driving expression of the GUS gene in buffel
grass, followed by Ubiquitin and CaMV-35S promoters. Lower helium pressure was
found to be sub-optimal, while higher pressure produced a smaller number of blue
spots, probably due to excessive damage to the cells. Maximum of 385 blue spots was
observed with gold particles of 1.6 p size, whereas only 213 blue spots were recorded
for tungsten particles of 1.0 p size. The optimized parameters can be employed for ge-
netic transformation of buffel grass with genes of agronomic importance.
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Introduction

Buffel grass (Cenchrus ciliaris L.) is an apomictic, perennial, polymorphic and
polyploid warm-season forage grass with an extensive native range from the trop-
1cs of Africa to India (HIGNIGHT et al. 1991). It is highly drought-tolerant and is
well adapted to arid and semi-arid areas. It is mainly used as a pasture grass for ru-
minants, and may also be used for hay or silage making. It is highly palatable to all
kinds of grazing animals. However, buffel grass has poor digestibility due to its
high lignin content (3-5%) (MINSON, BRAY 1986). Being an apomict, its genetic
improvement  through conventional breeding methods is difficult,
time-consuming and presently restricted to the selection of elite lines from natural
variants. Hence, genetic transformation would be a powerful tool for the improve-
ment of this grass. Moreover, apomixis may facilitate varietal improvement by ge-
netic transformation, since no further breeding is required to fix the transferred
character (VIELLE CALZADA et al. 1996). Prerequisites for successful transforma-
tion are (1) efficient techniques of plant regeneration, and (2) delivery of foreign
DNA into regenerable cells. Availability of a protocol for genetic engineering of
buffel grass, for example, in manipulating the lignin pathway to increase forage
digestibility, would be very helpful. A preliminary study of transient expression of
a reporter gene following particle bombardment has been reported in buffel grass
(ROSS et al. 1995). Availability of a more efficient transformation method would
facilitate the production of useful transgenic plants in superior cultivars. The effi-
ciency of transformation methodology is dependent on genotype, in vitro culmre
conditions, and both biological and physical parameters employed for gene deliv-
ery. The objective of this work was to optimize biological and physical parameters
for PIG-mediated genetic transformation of embryogenic calli of buffel grass.

Material and methods

Plant material

Mature seeds of buffel grass (Cenchrus ciliaris L.), genotype CC-119, were used
as starting material. Seeds were dehusked, surface-sterilized in 70% ethanol fog
1 minute, followed by 1.5% (v/v) sodium hypochlorite with a drop of Tween-2
for 30 minutes, and then rinsed several times with sterile distilled water. 566‘215
were placed on Murashige and Skoog (MS) medium (MURASHIGE, SKOOG 1096.)
supplemented with 22.6 uM 2,4-D, 0.84 uM BAP and incubated at 26 £ 1°C 1'r-1
the dark. After a week of incubation, calli induction was observed on tbe 86”“:
nated seeds. Following three to four weeks of in vitro culture, calli contained l')oed
embryogenic and non-embryogenic regions. Embryogenic regions were ‘37‘01150 ¢
and subcultured on the same callusing medium freshly prepared at an interva
three weeks for two to three passages.
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Plasmid DNA

Plasmid DNA containing the uid4 (GUS reporter) gene under the control of dif-
ferent promoter-intron combinations and the nos ending region were used.
Plasmid pAHC-25 (CHRISTENSEN et al. 1992) contains the uidA reporter gene en-
coding B-glucuronidase enzyme and a selectable marker, the har gene encoding
the phosphinothricin acetyl transferase, which confers resistance to the herbicide
Basta, under control of the maize ubiquitin-1 promoter-first exon-first intron and
the nos ending region. Plasmid pAHC-27 contains the uid4 gene under the maize
ubiquitin-1 promoter-first intron and the ros ending region (CHRISTENSEN,
QUAIL 1996). Plasmid pAct1 DX contains the uid4 gene under control of the rice
actin-1D promoter-first intron and the nos ending region (MCELROY et al. 1990).
Plasmid pCaMVGUS contains the uidA reporter gene driven by the CaMV-35S
promoter.

Particle bombardment

Transformation experiments were carried out using a helium-driven particle in-
flow gun constructed according to the descriptions of FINER et al. (1992), with
plasmid DNA-coated microcarriers using the method described by
SPANGENBERG et al. (1995). Two types of microcarriers (tungsten and gold parti-
cles) were used for the delivering of the plasmidic constructions. Microcarriers
were driven by helium gas at variable pressures (Table 1). The microprojectiles
were sterilized by vortexing 5 pg of particles with 100 pl of absolute ethanol
in an Eppendorf tube for 1-2 minutes, followed by pelleting down and washing
the particles with sterile water three times. Finally the particles were resuspended
in 50 pl of sterile water. Ten microliters of suspension of surface-sterilized parti-
cles were transferred to an Eppendorf tube along with 5 pl of plasmid DNA
(I ug/ul DNA), 20 pl of 2.5 M CaCl, and 20 pl of 0.1 M spermidine. The content
was thoroughly mixed and incubated in ice for 10 minutes. Then the mixture was
centrifuged and resuspended in 20 pl of sterile water. Ten microliters of the mix-
ture was used for each bombardment. The target tissues (embryogenic calli) were
aranged on osmotic medium (MS medium with 0.2 M sorbitol gnd 02 M
mannitol) in the centre of 90-mm Petri plates ona 5.5-cm filter paper dlsk an hour
before bombardment. Pretreatment of calli on a high osmotic medium is known to
Increase the efficiency of transformation (VAIN et al. 1993 a).'The.physwal param-
tters employed for the bombardment of the calli are summarlged in Table 1. After
bOmbardment, calli were incubated on the same osmotic medium for another 48 h

in the dark at 26 + 1°C.

GUS histochemical assay

The transient expression of the uidA4 (GUS) gene was determin;
histochemical assay (JEFFERSON 1987) in randomly selected calli,

d by a standard
48 h after bom-
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Table 1. Parameters used for optimizing the genetic transformation of buffel grass

Parameters Description

Distance of bombardment 5,10and 15 cm

Microcarriers tungsten and gold particles

Size of microcarriers 0.6 and 1.6 p (gold); 1.0 p (tungsten)

Culture medium MS medium supplemented with 2,4-D (22.6 uM), sorbitol
- (0.2 M) and mannitol (0.2 M)

Plant materials - embryogenic calli arranged in centre of 90 mm Petri plate

Plasmid DNA (promoters) pCaMVGUS (CaMV-35S), pAHC-25, pAHC-27

(Ubiquitin) and pAct1DX (Actin)

Helium pressure 2,4, 5 and 6 bars

Vacuum 28 mm Hg

Bombardment time 1, 10 and 50 p sec

Post-bombardment treatment of calli  incubation on osmotic medium for 48 h, followed by callus-

ing medium till GUS assay

bardment. The embryogenic calli, spread over each filter paper disk, were divided
into four quarters, 25% of the calli were selected randomly from each quarter and
used for the GUS assay. Selected tissue was immersed in a sufficient volume of

GUS assay solution and incubated at 37°C overnight. The number of blue spots on
assayed calli was counted under the microscope and the total number was calcu-
lated as four times the observed number for each plate. The experiments were rep-
licated three times. The total number of blue spots per Petri plate was analysed
using the analysis of variance. Duncan’s multiple range test was used to find s1g-
nificant differences among treatment means at 5% level of significance.

Results and discussion

. . . . : I-
Various parameters (Table 1) were analysed for optimizing the genetic transfo

mation of buffel grass calli stimulated by an inflow gun device. The lower hellurr;
pressure (2 bars) was found to be sub-optimal, while the pressure of 4 bars wa_
found to be the best assayed for GUS expression (Table 2; Figure 1). Higher pres-
sure (5-6 bars) produced a smaller number of blue spots, probably due to ex09§
sive damage to the cells. Therefore, further optimizations were carried out us‘glg
4 bars of helium pressure. GUS gene expression was not detected 1n control,
non-bombarded calli. o
Subsequently, bombardment time and distance of bombardment Were as'sa);re
(Table 2). The maximum number of blue spots was observed when calli W
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Table 2. Effect of various physical parameters on the delivery of foreign DNA
(pAct1DX) in terms of the uidA gene expression in the bombarded calli

Constants 50 psec, 10 cm 4 bars, 10 cm 10 p sec, 4 bars
: Pressure (bars) Time (u sec) Distance (cm)
Variables
2 4 5 6 1 10 50 5 10 15
No. of GUS

ol 10 3219 208 168" 125°  525°  155°  190°  325° 215
0C1

*Each value is the mean of three replications.
<4 Entries followed by different letters are significantly different at 5% level of Duncan’s multiple range test.

Figure 1. GUS expression on calli of buffel grass bombarded with pAct1DX

bombarded for 10 i sec at a distance of 10 cm from the nozzle (at 4 bars of helium
Pressure). When tungsten and gold particles of variable sizes were gsed as
Microcarriers of pActl DX, a maximum of 385 blue spots was observed with gold

Particles of 1.6 p size, whereas only 213 blue spots were recorded for tungsten
Particles of 1.0 u size (Figure 2). Similar results were obtained by VAIN et al.
(1993b) in maize-suspension-cultured cells.



410 V. Bhat et al.

No. of blue spots

Tungsten (1.0) Gold (0.6) Gold (1.6)

Type and size of microcarrier (in micrometer)

Figure 2. Effect of type and size of microcarrier used for delivery of foreign DNA (pAct1DX)
in terms of frequency of the uid4 gene expression in bombarded calli of buffel grass

No. of blue spots

Actin Ubiquitin (pAHC-25) Ubiquitin (pAHC-27) CaMV-35S

Different types of promoters

Figure 3. Effect of different promoters, driving the reporter gene in plasmid constructs, on
the uidA gene expression in bombarded calli of buffel grass

Transformation efficiency is deeply affected by the strength of the promoter
driving the introduced gene (ORTIZ et al. 1997). Actin, a promoter from monocot
yledonous species, was found to be more efficient in driving expression ©
the GUS gene in buffel grass, followed by the Ubiquitin promoter (another pro-
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moter from monocotyledonous species) and the CaMV-35S promoter from
dicotyledonous species (Figure 3). In general, promoters isolated from monacoty-
ledons show a higher activity in monocotyledonous species (WILMINK et al.
1995). Under optimum conditions maximum blue spots (525) were observed with
plasmid pActIDX (Table 2). ROSS et al. (1995) observed that by increasing
the distance, transient expression increased to about 200 blue spots at 12 cm in
embryogenic calli from mature seeds of cv. Biloela. This result was obtained us-
ing the pPEmuGN plasmid for bombardment, where the GUS gene is driven by
an Emu promoter. They also reported a maximum of 425 blue spots from a single
bombardment under conditions not mentioned. Information on the efficiency of
different promoters would be useful in the construction of plasmid vectors for effi-
cient expression and regulation of foreign gene(s) in the target cells. Development
ofa system for production of transgenic plants needs to be assisted by a higher rate
of plantlet regeneration from pre-embryoids and rapid selection procedures to
avoid declining regenerability during selection of transformed cells. These stan-
dardized bombardment conditions will be utilized for the development of trans-
genic plants harbouring genes of interest, particularly for forage quality
Improvement.
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