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Genetic transformation of Terminalia tributed in the plant kingdom and belong to the phenolic

. . class of secondary metabolfte$annins are classified into
chebulaRetz. and detection of tannin two broad groups, namely hydrolysable and condéensed

in transformed tissue Amongst the few families of dicotyledons, particularly
Combretaceae is a rich source of tannifierminalia
chebulaRetz. belongs to the family Combretaceae and is
an important medicinal tree which contains hydrolysable
type of tannind Maximum amount of tannin is presentin
the fruit pulp ofT. chebula popularly known as myro-

Genetic transformation of Terminalia chebulaRetz. balar”®. The dried pericarp of the seed contains tannin
was carried out usingAgrobacterium tumefacienstrain and 30-35% of astringent substances. Tannins such as
C-58. Explants such as cotyledon, hypocotyl, excisedchebulagic acid, chebulinic acid, tannic acid and gallic
mature zygotic embryo, cotyledonary node,jn vitro acid belong the hydrolysable group and are extensively
leaf and shoot were used for genetic transformation. used for medicinal purpose$ T. chebulais called the
Diffgrent experimental methods were followed for in- ‘King of medicines’ and is always listed first in the ayur-
fecting the explants. Cotyledon and hypocotyl explants yedic meteria medi¢aThe plant product 6f. chebulas
showed swelling response on MS basal medium Slcfbse'used against many diseases related to digestive disorders,
quent to genetic trar]sformanon. About 32.5 2'5A) urinary system, skin, parasitic infections, heart, ulcers,
cultures showed swelling response when 8—12r vitro . : : X

colic pain, hemorrhoids and also in wound heafind. che-

pre-cultured cotyledon explants were used. Swelling ; . : .
response was not observed in non-transformed control b'ula has demonstrated anti-HIV and antibacterial acti-

cotyledon explants. Callus induction was observed in vity®*°. T. chebulahas also shown cardioprotective effect
one of the swollen cotyledon explants infected with the against the potent chemical, isopreteréhoRecently,
bacterial suspension grown on media containing chebulagic acid from immature seedsTofchebulawas
0.1 mM acetosyringone. Callus initiation was not ob- found to suppress the onset and progression of collagen-
served in cotyledon explants without co-cultivation, induced arthritis in micg. Besides its medicinal value,
which were kept as control. The transformed callus myrobalan is also used widely in the leather industry.
was subjected to nopaline assay using paper electro- The natural regeneration @ chebulafrom seeds is
phoresis. The analysis indicated the transformed o4 angitis a slow-growing tree, compared to other spe-
nature of thg callus with the presence of nopaline and cies ofTerminalid®> Recently, arin vitro propagation
its absence in non-transformed control callus. Trans-

methodology has been developed b¥15 Plants are the

formed callus grown on fresh MS basal medium ) . :
showed more than two-fold increase in the growth after potential source for discovery of new products and fine

four weeks of culture compared to normal control callus, chemicals for drug development. Currently major phar-
Normally no growth was observed in untransformed Mmaceutical companies are showing renewed interest in
control callus. The transformed callus was analysed the use of plants as a source of pharmacophore, and bio-
for the presence of tannins using thin layer chromato- prospecting is becoming an increasingly important area of
graphy, which indicated the presence of tannic acid in research for the search of new drug discovery. Further,
the transformed callus. Genetic transformation ofT.  compared to field production of plants, vitro production
chebulaand detection_of tannin in transformed callus  of glite and valuable secondary metabolites by cultured
are reported here. This can be used to study the tan- ,jan celis is considered to be a suitable possible alterna-
nin biosynthetic pathway using biochemical and mo- tivels.

lecular approach. Recent advances in the genetic transfation of forest
trees have made it possible to transfer genes of academic
and agronomic important®’®. Agrobacteriummediated
genetic transformation methods are mostly used for deve-

. . lgping transgenic tree species?> Development of genetic
PLANTS produces a wealth of chemical compounds denve[aansformation protocol will also be useful for the mani-

from both primary and secondary metabolic pathWays'ulation of genes involved in the secondary metabolic

Secondary metabolites belong to a large molecule groB 3.24 : X
and they broadly include phenolics, terpenes, steroids a%%thwayé - The present study was envisaged to evalu

alkaloids. It has been fouhthat more than 100.000 sec-ate the susceptibility of. chebulatissue toAgrobacterium

ondary metabolites are synthesized in plants, while tﬁréfecnon as well as the production of tannin fromvitro

total number is estimated to@ed ove500,000. Tannins cultures off. chebulaTo th? best of our knowlgdge, til
) . .date there is no report available on the genetic transfor-
are among the array of chemical compounds widely dis-": S
mation ofT. chebulaThe present communication reports
the successful genetic transformationTofchebulaand
production of tannin in transformed callus using a spe-
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Seeds were collected from the identified elite plant afode (CN), were used for co-cultivation experiments.
T. chebulan the Srisailam Tiger Forest Reserve (STFRMinimum of 25-200 explants were used for co-cultiva-
Srisailam, Andhra Pradesh, India. The pericarp of théon in different experiments. The bacterial suspension
seed was removed and kept in distilled water for 1-2 daydth active growth (OD = 1.57) after 48 h at the exponential
at room temperature. The mature zygotic embryos wephase was used for co-cultivation experiments. Different
excised mechanically from seed testa using a mechanica¢thods were followed for infecting explants in the co-
device, e.g. bench vice. Excised embryos were surfaaasltivation experiments. Experimental methods such as
sterilized with 0.1% (w/v) bavistin for 10 min followed injury/cut on explants with sterile scalpel blade dipped in
by 5-6 washes with sterile distilled water. Further sterbacterial suspension; incubation of explants in bacterial
lization was carried out with 0.1% (w/v) HgCllor 4— suspension for different time durations, i.e. 5, 10 and
5 min, followed by 8—10 washes with sterile distilled waterl5 min; pricking of explants with needle dipped in bacte-
The excised embryos of 15-17 mm size were cultured ial suspension; vortexing of explants in silicon carbide
2.5 cm diameter tube containing semisolid 0.9% (wWwN\5% (w/v) for 5 min and subsequent incubation in bacterial
agar supplemented with M3utrients, 3% (w/v) sucrose suspension for 20 min; incubation of explants in 12% (w/v)
and different concentrations of GA.e. 0.1, 0.2, 0.5, 1.0, mannitol for 1 and 2 h, and subsequent incubation in bac-
2.0, 3.0, 4.0 and 5.0 mg/l. To circumvent the brownintgerial solution for 5 min were evaluated. The explants
problem, the excised embryos were sub-cultured to freslere also injured/pricked with sterile blade without bacteria
germination medium at regular intervals of two days. Thand placed on the MS basal medium as control. Cotyledon
pH of the media was adjusted to 8.1 prior to auto- explants of size 0.5-0.8 cm from 8-day-old seedlings were
claving. All the cultures were incubated in dark in cultureultured on MS + 2,4-D (1.0 mg/l) for callus initiation.
room conditions at 2% 2°C and 80% relative humidity. These callus cultures were treated as normal/untransfor-
Subsequent to germination of excised embryos in darknessed control callus for the present study. All cultures were
the cultures were transferred to light. Each treatment wascubated in dark at 2% 2°C for different co-cultivation
carried out with 50 seeds. All the experiments were r@eriods, i.e. 24, 48 and 72 h. Finally, after 48 h of co-culti-
peated three times. The observations were taken after aragion the explants were transferred to the MS basal medium
month of culture. Latin square design was followed ansupplemented with various concentrations of cefotaxime,
mean and SE were calculated for all the parameters. Si&. 200, 250, 300 and 350 mg/l and incubated in culture
tistical analysis was done using Matlab version 5.3 amdom conditions in dark at 262°C. The concentration
SPSS version 10.0 Math Works Inc, USAatsstical of cefotaxime showing best result in terms of complete
packages. control of bacterial growth was selected. Observations

A. tumefaciensstrain C-58 was tested in a genetiavere recorded after 4—6 weeks of culture. Experimental
transformation study for induction of shooty teratomadata were recorded as the number of cultures showing
from explants ofT. chebula The strain was obtained swelling response and formation of callus per explant.
from M. A. Subroto (Department of Biotechnology, Uni-Each method was treated with a minimum of 25 to 200
versity of South Wales, Australia). This specialized straireplicates. Latin square design was followed and mean
of A. tumefacienbelongs to the nopaline typA. tume- and SE were calculated for all the parameters. Statistical
faciensC-58 strain was cultured and grown on LB meanalysis was done using Matlab version 5.3, 8R$S
dium. The cultures were maintained in the incubator &ersion 10.0 Math Works Inc., USA, statistical packages.
29°C. Bacterial culture of the strain was initiated from Bacteria-free callus obtained subsequent to genetic
fresh 1-2 d streaked plates. The suspensions were initiatiethsformation with C-58 strain was analysed for nopaline
by transfer of single bacterial colony grown on LB agaassay using paper electrophoresis. The untransformed callus
media to LB liquid medium. These bacterial cultures wergrowingin vitro on MS + 2,4-D (1.0 mg/l) treated as normal/
incubated in a shaker atZ9at 120 rpm. Acetosyringone untransformed control callus was used for nopaline
was incorporated in the liquid bacterial culture medium atnalysis. The nopaline analysis using paper electrophore-
concentrations ranging from 0.05, 0.1, 0.6, 1, 10 to 25 mds was done according to Otten and Schilpefbarith
after filter-sterilization. In another set of experimentsminor modifications. Approximately 150 mg of callus
acetosyringone at concentrations 0.6, 1, 5, 10 and 25 nfddm both transformed and untransformed control was
was also used in the co-cultivation culture medium. Theomogenized with 1 ml of nopaline extraction buffer and
OD of the bacterial growth was taken after 12, 24, 48, &&ntrifuged at 3500 rpm for 4 min. After centrifugation
and 96 h using spectrophotometer at 600 nm. the supernatant was collected in a new eppendorf tube.

Different types of explants @f. chebulawere used for Nopaline dehydrogenase activity was tested using a mixture
co-cultivation experiments. Explants such as cotyledom®ntaining arginine and-ketoglutaric acid and was neu-
and hypocotyls of different age groups, i.e. pre-culturetalized (pH 6.8—7.0) before adding to the mixture. One
in vitro for 8-12 d, 15-21 d in MS medium, excised matureolume incubation mixture was added to one volume ex-
zygotic embryos cultured in MS medium for 4—6rdyitro-  tract and incubated for 1 h at room temperature. From the
grown first generation shoot, leaves and cotyledonagbove reaction mixtur&—10ul was taken and spotted on
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a Whatmann 3 mm paper at the anodal end and driedtate (9—-12 days) on MS basal medium with 3% (w/v) su-
room temperature. The authentic nopaline (@gfml) crose (Table 1). On the contrary, 0.5 mg/l{&fimuated
was prepared and|8 from the stock was used as a markerthe highest percentage of germination, i.e. 938816
Electrophoresis was performed in formic acégtetic within shortest time, i.e. 2—3 days (Table 1). There was a
acid: water (5:15:80 v/v) for 1 h at 400 V. The paper wasdecline in the germination percentage on media containing
stained in 1 vol. 0.02% (w/v) phenantrenequinone/ethandieyond 1.0 mg/l GA In the earlier studies germination
1 vol. 10% (w/v) NaOH/60% (v/v) ethanol according toof cultured, excised embryos was found to be enhanced
Yamada and ItarfG After drying, the spots were visualizedby incorporation of GAinto the mediurff. Fully-grown
under a long-wave ultraviolet lamp (366 nm). Photohealthy seedlings were obtained after 7 daymaofitro
graphs of the nopaline assay were taken using gel doauture of excised embryos. As no literature was available
mentation system (Pharmacia, UK). on genetic transformation @t chebulastandardization
The callus induced subsequent to genetic transformatierperiment to evaluate optimum cefotaxime concentration
was excised and grown on MS basal media for furtheras undertaken. Cefotaxime concentration that inhibits
growth. These cultures were maintained in the same medigomplete bacterial growth around explants was considered
with a subculture passage of one month. Observationsagtimum, when the explants were transferred to cefota-
callus growth were recorded after four weeks of cultureime medium subsequent to co-cultivation for 48 h. In-
Growth kinetics study was undertaken and growth of therporation of higher concentration of cefotaxime, i.e.
callus was estimated on fresh weight basis. Extraction 0 or 350 mg/l showed complete inhibition of bacterial
tannin from transformed, non-transformed control callugrowth around the explant. Hence 300 mg/l cefotaxime
and pericarp of the seed was carried out. The dried powdes used for all the experiments. Different types of explants
of the callus and seed pericarp weighing approximatesyich as cotyledon, hypocotyls, CN, excised mature zygotic
400 mg was taken and extracted with 50 ml of methanembryos,n vitro shoot and leaf were used for the present
3—4 times. Extraction was done by vigorous mixing dfransformation experiments, which showed varied res-
tissue powder to 50 ml of methanol, first for 6-8 h angdonse in terms of degree of infection around the explants
the residue was then extracted for 16 h followed by twafter 48 h of co-cultivation (Table 2). Cotyledon, hypocotyl
extractions for 4 h each. The extracted solution derivexhd excised mature zygotic embryos showed moderate
from individual samples was pooled and air-dried for 8egree of infection after 48 h of co-cultivation (Table 2).
days at room temperature and the resultant liquid concathereas CNin vitro shoot and leaf showed high degree
trate was used for thin layer chromatography (TLC). TLGf infection after the co-cultivation period. Cotyledon and
was performed on 0.25 mm thick silica gel layer (silichypocotyl explants showed swelling response subsequent
gel 254F grade, Thomas Baker, Mumbai) using methée genetic transformation witlA. tumefaciensC-58.
nol: chloroform (2.1 v/v) solvent system, with minor Swelling was not observed in non-transformed control
modifications to the protocol by Panseaal*®. Equal cotyledonary explants. About 32452.5% cultures showed
volume (2pl) of the extract from each of the samples waswelling response when 8-12rdvitro, pretreated coty-
spotted on the TLC plate and compared with the standdetion explants were used, which exhibited subsequent
authentic tannic acid. After air-drying for 20 min, thecallus induction within 20 days of transfer to co-cultiva-
presence of tannic acid was viewed by spraying the plaien medium following transformation. The use of cotyle-
with 0.1% (w/v) Fe( reagent. A chromatogram wasdon explants without prioin vitro culture did not show
prepared for the calculation of Rf values. any swelling response. A swelling response of #555
Reduced frequency of germination of excised embry@nd 12.5+ 2.5% was observed from 8 to 12 days and 15
(i.e. 11.1+ 2.66) was observed after longer period of culto 21 daysin vitro pre-cultured hypocotyl explants res-

Table 1. Effect of different concentrations of GAupplementationn germination of excised embryosTdrminalia chebula

Concentration of No. of No. of days taken *Percentage of embryos
GA; (mg/l) embryos inoculated for germination germinated (me&i)
0.0 50 9-12 11.3 2.66

0.1 50 7-9 38.30.96

0.2 50 5-8 66.% 0.55

0.5 50 2-3 99.&8 0.16

1.0 50 2-3 98.8 0.46

2.0 50 4-5 91.6 2.08

3.0 50 4-5 86.6 1.52

4.0 50 5-6 83.8 0.88

5.0 50 5-6 76.% 3.64

*Each treatment tested with 50 excised embryos and calculated %n&farof germination of embryos of three repeated experi-
ments. Observations were taken after one month of inoculation of excised embryos to the germination medium.
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Table 2. Effect of different explants and co-cultivation techniques for genetic transformation affebulausing Agrobacterium tumefaciens
strain C-58

Co-cultivation response after 48 h

**Percentage of

Time of No. of explants *Degree of explants showing
Co-cultivation treatment used for infection around culture response
Type of explant technique (min) cocultivation explant (meeBE)
Cot (0-12 d) Inj. - 100 + 2252.5, SWE
Hyp (8-12 d) -do- - 100 ++ 1340.3, SWE
Cot (8-12 d) PN - 100 + 15#0.3, SwWE
Hyp (8-12 d) -do- - 100 + 13562.5, SWE
Cot (8-12 d) Inb. 5 200 ++ 3252.5, SWE
(Callus induction 3.01%)

Cot (15-21 d) -do- -do- 200 ++ 14452.5, SWE
Hyp (8-12 d) -do- -do- 200 ++ 12462.5, SWE
CN -do- -do- 25 +++ — NSI/BE
Ex. Em (4-6 d) -do- -do- 100 ++ 21#52.5, Ger
IVL -do- -do- 25 ++ BE
IVS -do- -do- 50 ++ BE
Cot (8-12 d) -do- 10 200 ++ 12#0.3, SWE
Hyp (8-12 d) -do- -do- 200 ++ 9#40.2, SWE
Cot (8-12 d) -do- 15 100 +++ BE
Hyp (8-12 d) -do -do- 100 S BE
Cot (8-12 d) VSC (5%) 5 min 100 o+ BE

+BS

(Inb.) 20 min
Hyp (8-12 d) -do- -do- 100 S BE
Cot (8-12 d) Man. (1%) 1h 100 ++ 28t61.20, SWE

(Inb.)
Hyp (8-12 d) -do- -do- 100 ++ 12462.5, SWE
Cot (8-12 d) -do- 2 hr 50 ++ 17431.20, SwWE
Hyp (8-12 d) -do- -do- 50 ++ 11562.5, SWE

Hyp, Hypocotyl; Cot, Cotyledon; Inj, Injury; Inb, Incubation; Man, Mannitol; Ex. em, Excised embryo; CN, Cotyledonary nodrp®B&ing of
explant; IVL, In vitro leaf; IVS, In vitro shoot; NSI, No shoot initiation; VSC, Vortexing in silicon carbide (5%); PN, Pricking with needle. SwE,
Swelling of explants; Ger, Germination. Each treatment of explants with given replicates and calculated-%me@rservations were taken af-

ter one month of culture. *Bacterial infection around explant (+, less; ++, moderate; +++:, high). Note that callus iy geniéraluced in MS

basal medium ifT. chebula The transformed nature of the induced callus was confirmed by nopaline assay. **Before co-cultivation the bacterial
suspension was treated with 0.1 mM concentration of acetosyringone. —, No treatment time.

pectively, but no callus induction was observed. No calluslicon carbide turned completely brown within 2—3 days
initiation was observed in untransformed cultures wheaof transfer to co-cultivation medium.
transferred to MS basal medium. Various concentrations of acetosyringone were used in
There was no callus initiation observed from @N\yitro  bacterial suspension as well as in inoculation medium.
shoot and leaf explants; rather they turned brown after &allus induction was observed in one of the swollen coty-
10 days ofin vitro culture in co-cultivation medium. In ledon explants infected with the bacterial suspension con-
overall evaluation, the cotyledons and hypocotyls showedining 0.1 mM acetosyringone (Table 2). But at higher
best response as explants for genetic transformatiaguncentrations of 10 and 25 mM, the explants turned
Therefore, further experiments on genetic transformatidrown and no swelling was observed. In contrast, no callus
using different co-cultivation techniques were carried ounduction was observed in untransformed cultures. Nor-
using cotyledon and hypocotyl explants only. The numbenally no @llus was induced by placing cotyledon ex-
of cotyledon and hypocotyl explants showed swelling anglants ofT. chebulaon MS basal medium. Transformed
the frequency was 15#0.3 and 13.% 2.5% respectively, callus ofT. chebulanduced subsequent to genetic trans-
when infected through pricking method (Table 2). Higliormation with C-58 was analysed for the presence of
degree of infection, evident by increased area of bacterigpine, i.e. nopaline. Isolates from control-untransformed
growth around the explants, was observed in 8-12-dagallus, transformed callus, standard arginine, and standard
old cotyledon and hypocotyl explants co-cultivated aftesuthentic nopaline were used for the study. The presence
vortexing in silicon carbide for 5 min. However, the exof nopaline (Figure 1, lane 3) was confirmed and itis ata
plants co-cultivated through the method of vortexing iposition similar to that of the standard nopaline (Figure 1,
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lane 1). The presence of arginine in control-untransformedThe transformed callus was analysed for the presence
callus and transformed callus was confirmed by comparimmg tannins using TLC. Isolates from the pulp of the seed,
with standard arginine (Figure 1, lane 4). Nopaline wasntransformed callus, transformed callus and standard au-
not detected in the untransformed control callus (Figutbentic tannic acid were used for the study. The presence
1, lane 2). This assay clearly indicated the transformed raf-tannin in the pulp of the seed (Figure 4, lane 2), un-
ture of the C58-induced callus with the presence dfansformed callus (Figure 4, lane 3) and transformed callus
nopaline. (Figure 4, lane 4) was confirmed by comparing with au-
C58-transformed callus excised and grown on freghentic tannic acid (Sigma Co, USA). Rf of tannin in the
MS basal medium showed profuse growth compared to
control (Figure &, b). From a study on the growth kinetics,
it was found that there was more than two-fold increas 160 -
in the growth of the callus after four weeks of culture g 140 -
compared to the normal callus (Figure 3). A slight declin(% 120 4
in the growth of transformed callus was observed afte= 100 |
four weeks compared to the third week of culture. Afterg 8o -
four weeks of culture, fresh weight of control callus was%s 6o - [} |
reduced when compared to initial weight of the callus a§, 4o { B
the time of inoculation. The control callus slightly turned 2 20 -
brown compared to the transformed callus after four week 0 . . . .

of culture. 1 2 3 4
No. of weeks

Figure 3. Growth curve of untransformed control callus and C58-
SN uTC TC SA induced transformed callus @t chebula Open square represents two-
fold increase in the growth of C58-induced transformed callus after
four weeks of cultureb, Closed square represents growth of untrans-
formed callus after four weeks of culture.

STA PS uTC TC

Lane1 Lane 2 Lane 3 Lane 4

Figure 1. Nopaline assay by paper electrophoresis for confirmation
of transformation ifferminalia chebule&SN, Standard nopaline (lane 1,
arrow); UTC, Untransformed callus (lane 2); TC, C58-induced trans-
formed callus (lane 3, arrow); SA, Standard arginine (lane 4).

L1 L2 L3 L4

Figure 2. Genetic transformation of. chebulaand growth of un-  Figure 4. Analysis of tannins in C58-induced transformed callus us-
transformed and transformed callus usikgrobacterium tumefaciens ing thin layer chromatography ih chebula STA, Standard tannic acid
strain C58.a, Reduced or meagre growth of untransformed control caflane 1, arrow); PS, Pericarp of seed (lane 2, arrow); UTC, Untrans-
lus on MS basal medium after four weeks of cultixeGrowth of C58- formed callus (lane 3, arrow); TC, Transformed callus showing pres-
transformed callus on MS basal medium after four weeks of culture. ence of tannic acid (lane 4, arrow).
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transformed callus was 0.94 cm and it was similar to tha$.
of standard tannic acid, i.e. 0.94 cm (Figure 4). The Rf of
tannin present in the pulp of the seed and untransformed
callus was also found to be 0.94. The observation clearly
indicated the presence of tannic acid in transformed callusy.

In the present study, out of the overall swollen cotyledon
explants (32.% 2.5), only a single cotyledon showed callus
formation when explants were co-cultivated in the bacte®
rial suspension containing 0.1 mM acetosyringone. The
other swollen cotyledons did not show any callus formations.
This may possibly be attributed to the fact that though in-
tegration of the T-DNA occurred, due to the weak expressidf:
of bacterial genes in the plant genome, callus formation
was not observed. Similarly, in an earlier repbthe
transformation response was not evident even though Tz.
DNA integration was confirmed iBetula pendula

The reduced frequency transformed callus formation
response of . chebulamay be attributed to low suscepti-
bility towards the C-58 strain. In an earlier study low sus-
ceptibility towards the strain C-58 was reportedaacia
mangiuni. But, in this study the addition of acetosyrin-
gone did not show better response in callus formation df-
transformation with C58 il. mangiuri'. Transformed
cultures offer an adtional advantage in the production
of valuable secondary metabolites as evidencehimp-
totheca acuminati, Taxus baccatd and many other
specied’.

Genetic transformation study usiAg tumefaciense-
vealed the susceptibility df. chebulato Agrobacterium
infection. Transformed callus was obtained from cotylets.
dons subsequent to genetic transformation using wild
strain ofA. tumefaciensC-58. Paper electrophoresis ana-
lysis revealed the presence of nopaline in transformed’
callus indicating its transformed nature compared to its
absence in untransformed control. TLC analysis using authers-
tic standard tannic acid showed the presence of tannin in
the transformed callus, which is generally found in seed
pulp. Susceptibility off. chebulato Agrobacteriumprovides
an opportunity to produce transgenic plants with desirable
genes. Transformed callus obtained in the present inves-
tigation can be used to study the tannin biosynthetic
pathway using the biochemical and molecular approacR!-
The importance of tannin and its high expression has also
been demonstrated Ropulus tremuloid€s. This culture
system may also be useful for metabolic profilingrof 22.
chebulausing recent metabolomics approaches.
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