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RESULTS

(A) INVIVO SCREENING OF PLANTS

Plants of Withania somnifera (L..) Dunal were collected from
different localities and screent;d for the presence of alkaloids. The alkaloid
was isolated, identified and quantified as per the standard procedures. Among
the alkaloids, tropine alkaloid was identiﬁed)asﬂhe authentic sample of this
was available. A superior ‘elite’ plant was identified based on the highest
tropine content}{. Further, individual organs of this plant were screened for
their tropine contents so that the site of synthesis / accumulation could be

confirmed.

Experiment 1 : Screening of Withania somnifera (L.) Dunal plants for their

alkaloid contents

The objective of this experiment was to detect the presence of

alkaloid tropine in the plant and to quantify it.

- W. somnifera plants were collected in their vegetative and fertile
stages of development from M S University Campus (Fig. 1a, b). They were
washed under tap water, rinsed in distilled water, dried at room temperature
and powdered. These samples were extracted for their alkaloids following
the procedures described by Roberts and James (19%7) which have been given
in Chapt;er II Materials and Methods. A Herbarium sheet of the -plant was

prepared, identified and maintained in the Departmental Herbarium.
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Fig.1 (a) A plant of Withania somnifera from M S University Campus

(b) A fertile twig






>

Silica gel plated TLC plates were prepared and spotted with the
chloroform soluble extract. They were dried in oven and sprayed with
Dragendorff’s reagent, when orange coloured spots were developed. This test
showed the presence of alkaloid extracted in chloroform soluble fraction.
Further, these spots were eluted, dried, redissolved in chloroform and once
again used f&r TLC along with the authentic sample of tropine. It was
observed that the R, value of isolated compounds was 0.35 which coincided
with the values of the authentic sample (Fig. 2). This confirmed that tropine

alkaloid was extracted in the chloroform soluble fraction of the extract.

Results recorded in Table 111 ~im:‘iicate that vegetative plant of W.
somnifera accumulated on dry weight basis 0.10% of the alkaloid which was

,e/c
e’

S
enhanced to 0.43% as the plant reachedisc;{aflertﬂegsta -of-development.

The results of this experiment clearly confirmed that tropine

alkaloid was synthesized and accumulated by this plant.

Experiment 2 : Selection of ‘elite’ W. somnifera (L.) Dunal plant

/m;],

W. somnifera plants were collected in their vegetative and fertile
stages of development from (a) Ellora Park (b) M S University Campus, (c)
Karelibag, (d) Chhani and (e) Harni localities. These plants were processed

for isolation of their tropine contents.

Observations recorded in Table 1V/indicate that highest quantity
of the alkaloid was accumulated plants growing in the Ellora Park area when
they were in fertile stage of development (0.55%). M S University Campus

plants followed.next, as their alkaloid content was 0.43% when they were in
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Fig. 2 TLC of extracts of W. somnifera (a,b) along with authentic

sample of trdpine ©)
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Table }n/ Alkaloid conten% in Withania somnifera (L.) Dunal plants from M S

University Campus
Sr. No. : /Sltage of development of plant % alkaloid content
1. Vegetative 0.10
2. Fertile 0.43

% dry weight basis



¥
Table JV:  Alkaloid profile of W. somnifera (L.) Dunal plants from various

localities
% alkaloid content in plants

Sr. No. Locality Vegetative Fertile

1. Ellora park 021 0.55v"

2. M S University Campus 0.16 0.43

3. Karelibag 0.10 0.35

4, - Chhani 0.05 0.10

5. Harni 0.03 0.08

% dry weight basis
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their fertile stage of development. Plants growing in other localities did
contain tropine alkaloid but there was further reduction in their quantities.

Plants growing in Harni area recorded lowest alkaloid contents.

Results of this experiment showed that plant gorowing in Ellora
Park area synthesized/accumulated highest alkaloid contents amongst the

plants screened and hence they were identified as ‘elite’ superior plants.
Experiment 3 : Screening of individual organs of ‘elite’ plant

In this experiment,the individual organs of an ‘elite’ plant raised
from the seeds under controlled environmental conditions were used. The
v

procedure employed for screening was that of Roberts and James (1947) as

given in Chapter II Materials and Methods.
o ‘
Results recorded in Table ¥ clearly indicate that roots of this

o
plant accumulate O.ZS%K stem 0.10% of tropine alkaloid)when calculated on
dry weight basis. The leaves of this plant contained 0.13%, while fruits

accumulated 0.08% of the alkaloid.

From this result it was obvious that roots were the sites of

accumulation of this alkaloid.

Experiment 4 : Alkaloid contents of roots of W.somnifera from various

localities

As the roots indicated the site of accumulation of tropine alkaloid,
roots from four to five year old plant growing in various localities (a) Ellora

Park (b) M S University Campus (¢) Karelibag (d) Chhani and (e) Harni were
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Table V: Tropine profile of individual organs of W. somnifera ‘elite’ plant

18{1}0\‘\\ Plant Organ % alkaloid
1 \ Roots 0.25
2 \3 Stem 0.10
3 jlj Leaves 0.13
W Fruits 0.08
% dry weight basis -



collected. Out of the five samples of roots,'plams growing in Ellora Park
and M S University Campus had roots which were hard and woody (Fig. 3a,
b). Roots of the plants collected from Kareli.bag and Chhani were thin (Fig.
3¢, d). Plants of Harni area possessed short and stunted roots with profuse
laterals (Fig. 3e). These roots were processed in the usual manner and screened

for their alkaloid contents._

Results recorded in Table t)/(H?/indicate that there is variation in
the quantities of the alkaloids of these root samples of plants from various
localities, the highest being in the roots of plants growing in Ellora Park area,
followed by M S University Campus plants. In plants growing in Harni area

the roots recorded minimuom alkaloid contents (0.03%).

This experiment clearly indicates that the roots of the plants of
the same age collected from various localities differed in their alkaloid

contents.
(B) IN VITRO EXCISED ROOT CULTURE

In-this-section\gxperiments were conducted for the establishment

of axenic cultures of roots) @nce roots were proved to be the site of the

synthesis/accumulation of tropine alkaloid (Section A).

The nutritional/hormonal requirements supporting active and

. R
continuous growth of cultured roots were standardxfe,d. The growth parameters /

Z
L

studied were} length of main axis, number of laterals produced from it)and,7 9

biomass production in terms of fresh and dry weights during culture period

of four to eight weeks. The tropine alkaloid profile was investigated during
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Fig. 3

(a)
()
©
@
©

Root samples of W. somnifera plants collected from various
localities

Ellora Park,

M S University Campus,

Karelibag,

Chhani and

Harni



Fig 3
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Table yl" :  Tropine content in root samples of plants growing in different localities

Sr. No. ' Locality % tropine
a Ellora Park 0.25
b MS Universi'ty Campus 0.20
c Karelibag 0.10
d Chhani 0.05
e Hami 0.03

% dry weight basis
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the experimental period and it was expressed on percentage dry weight basis.
Further experimental work was conducted to bring about the increase in the

alkaloid contents in cultured roots.
Experiment 5 : Selection of suitable culture medium for excised roots

The composition of culture medium particularly the macro, micro
salts and vitamins exert profound effect on the growth of cultured roots. In
the present experiment)tw‘o known media (40 ml) WhiteéQSti)(Table I) and
Murashige and Skoog 6962) (Table II) were inoculated with root tips (1-2 cm)
excised from aseptically germinated seedlings. Culture flasks were maintained

on gyratory shaker (120 rpm) in culture room (25 + 2° C) in 16 h photoperiod

(1000 lux).

Results recorded in Table VII showed that the main axis of the
root reached to 2.9 cm in length in White’s medium without producing a single
lateral root at the end of four L\:veeks culture period (Fig. 4a). On the other
hand;in MS medium)ﬁlﬁrowth of main axis was poor (1.5 cm)jbut it

produced 1.3 lateral roots (Fig. 4b).

This shows that the M S medium supported the growth of excised
roots in culture,[vwhen compared with the White’s medium. As M S medium
was found to be superior to White’s medium, it was employed in further

experimental work.,
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Table )&If: Effect of White// Murashige and Skoogfa medium on the growth of
excised roots in culture ‘

Medium:  White / MS medium + sucrose (2%)

Inoculum : 1-2 cm roots with tips

Incubation : 4 weeks in culture room at 25 + 2° Cin 16 h photo period (1000 lux).

Sr. No. Medium Length of main axis | Number of laterals
cm
1 White’s 29 + 13 -
2 MS 1.5 £03 13 + 043

Mean of six replicates with standard deviation

- No response

4

A



Fig. 4 Cultured roots after four weeks in

L
(@) Whitejmedium
24

" (b) Murashige and Skoog/medium



Fig' 4
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Experiment 6 : S*tandardiﬁ\ation of MS mediumEilt concentrations for optimal ) @3

i
; {
growth of excised roots ‘

This experiment was conducted to find out the optimal dose of

~

macroj micro salts,and vitamins as present in MS medium which could

A

support maximum growth of cultured roots.

Excised roots (1-2 c¢cm) with their tips intact were inoculated in

amdl
MS (40 ml) medium containing standard doses of macro&micro saltgjand
] vitarninsi in the second set, they were reduced to one half strength and in the
third set, their concentrations were increased to double strength of the original

medium, These media were supplemented with sucrose (2%). Cultural

conditions were maintained constant as given in Chapter II,(Materials and

Methods.
' 12
Results recorded in Table XI-I‘I showed that the roots cultured in
ﬁjﬁﬁ\ML&gL
one half strength MS medium grew well and seaehed=t@"'3.1 cm length of the

tBersan

main axis with production of 3.3 lateral roots (Fig.S)JWhile the excised roots

cultured in MS medium, with standard doses of salts #&ached-to 1.5 cm in

length of the main axis with 1.3 lateral root production. Further, doubling
ool

the concentration of macroAmicro salts and vitamins of the MS medium it

was observed that the length of the main axis declined (1.0 cm), without any

production of lateral roots.

el
Thus, it was confirmed from these results that the macro< micro

salts}and vitamins present in MS medium in their half strength supported

optimal growth of cultured roots.
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Table )LHI’: Effect of MS medium salts at various concentrations (Half / Standard
/ Double) on excised root culture

Medium ;: MS (Half/ Standard / Double) + sucrose (2%)
Inoe 1-2 cm root with tip

(Erglanity
Incubation : 4 weeks in culture room at 25 + 2°Cin 16 h photo":‘period (1000 lux)

(
{ cm
\
\

Half 3.1£0.06 3.3+0.43

2 Standard 1.5+0.3 1.3+0.43

’Sr. No. w Nfedium concentration | Length of main axis | No. of laterals
x
)

3 Double 1.0+0

Mean of six replicates with standard deviation

- No response



A

Fig. 5 Rootﬁ grown in M S medium (half strength) + sucrose (2%)

- After 4 weeks of culture period
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Experiment 7 : Effect of phytochormones on the growth of excised roots in

culture
(1) Effect of cytokinins Kn/BAP

Excised roots cultured in vitro require exogenous supply of
phytohormones for their growth and development during the culture period.

. ) e . ..
This experiment was under taken to find out the requirements of cytokinins

%A | viz., Kn, BAP;&@:{throwth.

)

”@%M&U’IL
Healthy roots with tips (1-2 cm%from aseptically germinated

seeds were inoculated in standard MS medium (40 ml) containing sucrose

(2%) and supplemented with Kn/BAP 0.5-6 @/1 individually.

Results indicated that Kn or BAP when tested individually at

. . - . .
various concentations (0.5-6 uﬂl) showed no improvement in the growth

of the cultured roots either in the length of main axis or in the production of -

laterals.

Hence, it was clear that no exogenous supply of cytokinins was

necessary for the growth of these cultured roots.
(ii) Effect of auxins IAA/IBA/NAA/2,4-D

Effect of each auxin IAA/IBA/NAA/2,4-D on the growth of

excised cultured roots of W. somnifera was investigated by incorporating them

—~
at various concentrations (0.5-6 u/:M/l) individually in M S medium (40 ml) |

containing sucrose (2%). Experimental procedures followed were as given

in Chapter 11 tMaterifuﬂs and Methods
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13

Results recorded in Table})(show that excised roots cultured in
3 IAA (0.5 Q: Wl) containing medium supported the growth of main axis to a '['cngéf
cr&, 2.5 cm thh 7.3 lateral rootspreduction. The fresh and dry weights recorded
were 7.2 mg and 0.21 mg respectively. It was observed that increase in IAA
level to 2 [1: M/1 produced highest increase in the length of main axis of root
(3.1 cm)a along with highest number of lateral root/&\pseéue-tsi@:a (12.6). At this }/zﬁ :;
level of IA/})biomass values were 12.4 mg and 0.37 mg in terms of fresh and N
dry weights respectively. Further, increase in IAA level in the medium
resulted in reduction of all growth parameters. Hence, IAA at 2 ;,L:M/l level / ::‘

b

could.be taken as optimal Jev€l for continuous growth of cultured roots.
e

Studies on the application of IBA at various levels, indicated that

.
) ) upto 2 [I\VI/I ;&%r there was a linear increase in all the growth parameters
V v

(52

M
studied viz., 2.5 cm length of main axis, 15 number-of laterals, 14.8 mg fresh }
e g kT
weight and 0.44 mg dry weight. Further increase in IBA level of the culture

[
medium to 4 and 6 ﬁ: M/l broughtﬁiecline in these growth parameters. Hence,

¢

2 u: M/1 of IBA wa(s‘zzﬁgtahle fomw roots of this plant. Comparing the

growth parameters, in presence of IAA the length of \main axis was highest.

Roots cultured in IBA containing medium supportedifh? Kr;,l;/mber of lateral rootd
~produection and their fresh and dry weights also wege increased as seen in

13
results of Table ;2(. .

Howe\}er, cultured roots treated with NAA (0.5-6 ;QMII) showed } :

1

(=)
A Wa

no enhancement in the length of the ggét main axis and zf)roducnon of lateral ’
L Z

roots.
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Table ,Uf . Bffect of auxins (IAA / IBA / NAA / 2,4-D) on the growth of excised
roots in culture

Medium : MS root culture medium + surcose (2%) + IAA/IBA/NAA/2,4D
05-6 ]iVM/I )

,,cfg%t%’ 1-2 cm root with tip .

Incubation : 4 weeks in culture room at 25 +2°Cin 16 h photo:period (1000 lux)

St-No.|  Auxin  [Length of main| No. of lateral Frfw'i; Dry wt.
@ rootaxis  |roots produced )
! (pmnt) (cm ) (me) (e )
| IAA
[1 05 2.5+ 0.08 731043 72402 0.21 1 0.003
12 1.0 284008 9.6+ 0.46 9.6+0.16 0.28 +0.04
) 2.0 3.110.1 126418 124109 0.37 £ 0.006
4 40 254006 8.40.43 8.1+0.13 0.23 4 0.006
5 6.0 2.110.08 5118 534013 0.16:+0.04
, IBA
6 0.5 2.110.06 10£18 104403 0.31£0.01
7 1.0 2.140.06 124046 |- 11.8:026 | 0.35+0.006
‘s 2.0 2.5 1 0.006 154 0.06 148£013 | 04410006
{9 40 23+006 | 71043 6.6+ 0.26 0.19 + 0.006
- o 6.0 240 21043 21008 0.06+0
! NAA
11 05 240 - - -
12 1.0 240 - - -
13 2.0 240 - - -
14 4.0 210 - - -
15 6.0 210 - - -
i 2,40
16 05" c - - -
17 1.0 c - - .
15 2.0 c . ] ]
19 4.0 - - R ]
20. 6.0 - - - -

Mean of six replicates with standard deviation
- No response

C - Callusing
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Incorporating 2,4-D at various levels in culture medium induced
callus at the root tips. The time required for callus induction decreased with

the increasing levels of 2,4-D in the culture medium.

Thus, IAA/IBA each at 2 ;{: M/I level was found suitable for
continuous growth of cultured root. In fact IAA favoured optimal growth of
main axis of root, while IBA favoured highest number of lateral root
formation as well as supported the production of biomass in terms of fresh

\3
and dry weights (Table I1X).

Experiment 8 : Effect of IAA in combination with IBA on the growth of excised
roots in culture

Results of previous experiment proved that the %ﬁ&rgg‘;‘:ﬁ IAA

and IBA at 2 u:M/l each, was beneficial for the cultured roots as the length

of main axis, production of laterals as well as the biomass values wefe

considerably increased. Hence, this experiment was conducted to find out

their synergestic effect keeping the levels of IAA and IBA at 0.5 to 6 u(:M/l

each. The growth parameters studied werejlength of main axis of roots and

the number of lateral roots produced.

I
Results recorded in Table X showed that IAA in combination

pr——

(J

3

with IBA from 0.5 to 2 ;@ M/1 each, produceJ?inear increase in the length of } A

. . . A .
main root axis upto 4.1 cm with 30 lateral roo%pm&uc@en. The laterals were
initiated within one week (Fig. 6a) and their growth was slow initially but in
. N
the third and fourth weelg it was very fast. It was noted that as the length of

lateral roots increased, the growth of the main axis slowed down. The length

50



UOHBIASD PIEPUE]S UM sajeoijdal xis Jo ueapy

FLFeLLero Tes) 0 Fe ro.o ¥90gd 07F¢ 0 ¥2 0¥Fe 0¥¢ 9 %

V0 ¥E11980 Fo€H 'L ¥£'81/98°0 F9'8/{e¥0 F&'G| 0F2 0 ¥6'2 |90°0 ¥82(900 ¥22| 0 F¢g L4 %
yo ¥eL) 90 ¥62 | 90 FO€ |v'0 Fe'eg! 0 FGL |g00 F82| 0 Fe |900 F1'v[900 F 6'€/90°0 ¥5°2 c T
Y0 ¥E01OY0 F9'GH 90 T2 | 90 F81 |1} FOLL{€00 F1°2|900 ¥5'2| 900 ¢ |900 F£€|900 ¥62 } JN
80 ¥9 |9v'0 FeLi{y'L FOGL|8L FO2L|LL FEO0L| 0 Fg 0¥e 0 %2 |900 ¥zg|10 Fe2 S0 I

vvi

9 L4 4 3 S0 9 14 4 I S0 vl éu
paonpoud sfessle|] JO JaqUINN sixe c_.m%_h wo yibue - kﬁ:@ ..w \

(xn| 0001) pouadojoyd yg| Ul 9,2 F G2 1B WOOs INYNO Ul SY98M & : UOHEBGNIU|

aT,N»

“sdi} UM SI001 WO Z - | “wmmw?o U]

a\s_\f 9-6'0) val + (YW T 8- G0) VVI + (%g) 85010nS + WNIPawW 8njno 1001 w)
W v (5

$J00J PAINYND JO YIMOIB 8y} Lo UOHBUIGUIOD Ui \Yg| PUB VY| JO 19043

: wnipay

: X\m_nm 1
A\

51



Fig. 6 Roots grown in
‘root culture médium’ + sucrose (2%) + IAA (2 ﬁ: M/D) +
IBA (2 ;13},4/1)
(a) After one week showing numerous root primordia
(b) T.S of root with a primordium (160 X)

(¢) After four weeks



Fig- 6



of lateral roots was usually three times the length of main axis. Besides, afew g +
lateral roots became thicker and showed the formation of secondary laterals

I
(Fig. 6¢). With the increase in IAA and IBA levels to 4 j{ M/l and 6 1i M/I

each, the values of these growth parameters declined.

Histological studies during root primordiuvm induction showed
that the epidermis burst open and root primordium pierced out from the

underlying tissues (Fig. 6b).

—
Thus, IAA in combination with IBA at 2 y_M/1 each, caused the

~7 - U
@ ] @gﬁm ing-ia beneﬁ@\effects on the growth of excised
roots in culture. Hence, MS medium containing sucrose 2% and IAA with
e
\(: ( IBA at 2 p M/l each was selected as the ‘root culture medium’ for W.

somnifera.
. Mol

Experiment 9 : Effect of different carbohydrates (Glucose / Sucrose / Mannitol)

on the growth of excised roots in éulture

The excised cultured roots require an exogenous energy source
in the medium, and hence the root culture medium (40 ml) was incorporated
with glucose / sucrose / mannitol at 2% and their biomass production after

four weeks was recorded.

\s &
Results recorded in Table X1 indicate that afterAfour week culture [

:
|7

o,
period, the roots in glucose supplemented medium recordedz{resh weightLSSS

‘f\b |+ 9 mg and dry weighags + 22mg (Fig. 7a). At the same concentration of
sucrose,the biomass values were 2018 + 20 mg fresh weight and 95 + 3 mg

dry weight (Fig. 7b), ‘While in mannitol, the cultured roots recorded very little
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Table )?{ :

PR Y-

Effect of different carbohydrate# (Glucose / Sucrose / Mannitol) on
growth of cultured roots

Medium : MS root culture medium + Glucose / Sucrose / Mannitol (2%) + IAA
+IBA (2 19, M/l each)
Inoculum : 10 roots with tips (1-2 cm)
Fresh weight -10 +£0.6 mg.
Dry Weight -0.4+0.02 mg.
Incubation : 4 weeks in culture room at 25 + 2° C for 1631 photoperiod (1000 lux)
N )
 St. No. Carbohydrate FI}(\ wt. Dry wt
! m mg
| / :
1‘ 1 / Glucose 838+ 9 35 +£2
i [ \/
{ 2 | Sucrose V2018 +20 95 + 3
|
N3/ Mannitol 276 +3 1541

Mean of six replicates with standard deviation.
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Fig. 7 Cultured roots in
‘root culture medium’ +IAA Q2 pC M/D + IBA (2 ;.C M/D)
(@) + Glucose 2%)
{b) + Sucrose (2%).
(¢) + Mannitol 2%)

After four weeks of culture period






7
biomass production in terms of fresh and dry weights tmm~276 +3

mg and 15 + 1 mg respectively (Fig. 7¢).

This experiment proved that sucrose, the disaccharide supplied
requisite dose of energy to the cultured roots and thereby the growth
parameters recorded were the highest when compared with glucose and

mannitol.

Experiment 10 : Determination of optimal level of sucrosenecessary for / -#:

continuous growth of cultured roots

The root culture medium (40 ml) was supplemented with sucrose
at various levels (0-4 %). Results recorded after four weeks of culture period,
showed that the cultured roots turned black in the absence of sucrose.
Incorporation of sucrose at 1% improved the growth of excised roots as the
biomass production recorded in terms of fresh and dry weights were 1337 +
13 mg and 65 + 5 mg respectively (Fig. 8). These parameters reached their
highest values when sucrose concentration in the culture medium was 2%.
At this level of sucrose the fresh and dry weights were 2012 + 20 mg and 95
-_&;‘7 mg respectively. With further increase in sucrose level to 3%, the b&ﬂmass ‘U?
yalues recorded were 1750 + 18 mg and 82 + 6 mg respectively@@gch showed } [ 5)]
reduction in their amounts|{ Still further reduction in the growth parameters
)

w??e recorded at 4% of sucrose as seen in @ig. 8y / N

Thus, sucrose at 2% was proved to be the optimal level necessary

for the noraral growth of cultured roots.
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Fig. 8 Growth of excised roots at various concentrations of sucrose

after four weeks
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Experiment 11 : Growth kinetics of cultured roots

The growth pattern of excised roots grown in root culture medivm
(120 ml) was determined at weekly intervals upto four weeks and finally at
the end of eight weeks. The culture roots were screened for their alkaloid
(tropine) contents following the procedures described by Roberts and James

v .
(1947) as given in Chapter II'Materials and Methods.

The fresh and dry weights exhibited a linear increase in their
amounts in the first two weeks as seen in Fig. 9. Thereafter,a sharp increase
in the biomass values occurred at the end ofz\t/hrée week culture period (the

/E'_ fresh and dry we:ighzzwere 1800 + 15 mg and 75 + 3.6 mg respectively). The
biomass production increased to its maximum at the end of four weeks (2100
+ 20 mg and 102 + 3 mg fresh and dry weights). These values were 2200 +
15 mg and 108 + 5 mg at the end of eight weeks. The graph of the growth

parameters produced a typical sigmoid curve.

Also the tropine contents of the cultured roots at regular weekly
intervals when estimated,showed that in the first two weeks there was no
synthesis / accumulation of the alkaloid in the roots. In the third week/ only
its presence was detected. However, in the fourth week there was a slight

LE _ thoutd - Aot
s oliene A}tropme con! 0.001% (Fig.9). By this time the colour of the rootchhanged

to brown (Fig. 10a). The roots@t_geight weeks/turned dark brown }(Fi g. 10b)

and their alkaloid contents improved (0.002%).

e -
’%\( This expj{iment proved that the cultured roots retained the

capacity for synthesis / accumulation of alkaloid (tropine).
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/)iFig.Q Growth pattern of excised root in culture with the tropine

contents
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Fig. 10 Excised roots in root culture medium
(a) After four weeks

(b) After eight weeks



Fig. 10



Experiment 12 : Effect of precursor (L - ornithine) feeding to the cultured

roots

7
o

-
L-ornithine, bg/}rg the precursor of tropane alkaloidsﬁﬁ : was [
supplemented to the root culture medium to find out its effect on the synthesis

/ accumulation of tropine alkaloid by the cultured roots. About 10 roots with

tips (1-2 cm) were inoculated in root culture medium (40 ml) supplemented

with L-ornithine at various levels (0&25 }{:M/l). Culture flasks were

[+
maintained on Lgyratory shaker inkcuiture room (25 + 2° C) for four weeks,

_GuTtupeperiQdh,
‘ \b
Results recorded in Table X¢H show that with the incorportion of
L-ornithine, the biomass values in terms of fresh and dry weights along with
tropine conten%,é increased linearly. At 15 ;{/id/l level of L-ornithine the fresh
and dry weights were 2280 + 17 mg and 119 + 3 mg respectively with the
tropine content 2/0.04%. The white coloured excised roots turned yellowish
in colour with distinct thickened portions (Fig. 11a). On further increase in
~ .
L-ornithine level to 20 u\/M/l ievel, the biomass reached & highes%(ZBlO +
N’ A
12 mg and 125 + 9 mg) in terms of fresh and dry weights. At the same time
D
the cultured roots turned light brown (Fig. 11b). Besides)&hat these roots] KA
accumulated highest amount of tropine centents (0.15%). Furthmy increase [< })
S S’
N
in L-ornithine level to 25 p M/ level not only decreased the biomass

production to 1800 + 10 mg and 90 + 3 mg in terms of fresh and dry weights

respectively, but also éiw;apei the tropine content to 0.02% (Table XII).

T\ -
The cultured roots grown in 15 and 20 1 M/ldevel of L-ornithine !

)

g

C

were transferred to fresh medium after four weeks. At the end of eight weeks,
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Table ;(‘H"" Effect of L-omithine on z‘h/ tropine synthesis / accumulation by 1
cultured roots

Medium : MS root culture medmm + sucrose (2%) +IAA +1IBA (2 p, M/l each)
+ L-omithine (0-25 19 M/l)

%cuiﬁm : 10 roots with tips
- Fresh weight - 10 + 0.6 mg
Dry weight -0.41 0.02mg

Incubation : 4 weeks in culture room at 25 + 2° C in 16 h photoperiod (1000 lux)

Sr.{\f? Levels of Fr”s&t_ Dry wt %
L-ornithine g mg tropine *
' o
00 2150 £ 10 105 + 4 0.002
\ 2 5 2240+ 13 109 + 4 0.008
3 j 10 2265 4 15 112 £ .3 0.02
4 / 15 2280+ 17 119 + 3 0.04
5 / 20 2310+.12 125 +. 9 0.15
d 25 1800 + 10 90 + 3 ' 0.02

Mean of six replicates with standard deviation

¥ 9% dry weight basis.
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Fig. 11

(a)
(b)

©)
@

Excised roots grown in
15 u.M/1 L-ornithine
20 p M/1 L-ornithine

After four weeks

15 p M/1 L-ornithine
20 p M/1 L-ornithine

After eight weeks



Fig. 11



Fig. 1



~
the biomass values recorded for 15 and 20 p VM/! levels of L-ornithine were
2350 + 20 mg and 2500 + 15 mg, 115 + 6 mg and 140 + 8 mg in terms of
fresh and dry weights respectively. Roots became dark brown in colour (Fig.

11c, d) with their tropine contents increasing to 0.07% and 0.35% respectively.

Thus, 20 ;@I/l of L-ornithine was the optimal level for tropine

synthesis/accumulation in cultured roots.
(C) CALLUS CULTURES

The experimental work conducted for the successful
establishment of callus cultures raised from various organs of the aseptically
germinated W. somnifera plant has been described in this section. The medium
used was Murashige and Skoog?«s(1962) along with a source of carbohydrate
and requisite doses of phytohormones. In order to develop sufficient quantities
of callus biomass, nutritional/hormonal requirements were standardilgéd.
Besides, the biosynthetic potential of these tissues for alkaloid synthesis/

accumulation was also examined.

Experiment 13 : Establishment of callus cultures from W. somnifera plant

organs

Plants of W. somnifera were raised aseptically from seeds of
‘elite’ plant in petri dishes and individual organs viz., hypocotyl, stem and
leaf explants were excised and inoculated on the culture media. MS medium

(20/30 ml) in test tubes/flasks containing sucrose (2%) supplemented with Kn

/\ - . . . o LN
V, {(0—4 u\}v{/l) alene)and in combination with IAA/NAA/2,4-D (0-8 u\_/M/l),

gelled with agar (0.8%) were used. Six replicates for each treatment were
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maintained in the culture room at 25 + 2°C in 16h photoperiod (1000 lux).

Y

Results recorded in Table }H{duringj\flour week culture periqd
showed that in the absence of Kn or in its presence at various levels, no callus
initiation occurred from hypocotyl/stem/leaf explants except that the explants
remained green for a short period in the presence of high doses of Kn.
Addition of TAA to Kn;f:ontaining media at all levels failed to induce callus
from hypocotyl/stem/leaf explants as evident from the results recorded in Table

7, a
XHI,

The second auxin NAA was tested in combination with Kn at
various levels to induce callus from these explants. In hypocotyl explants Kn
at 1 g M/l with 2 u M/l of NAA induced ézvhite callus at the end of three

SN (P2 [
weeks. Further increase either in Kn or NAA levels failed to induce the callus

tissue,

In the presence of Kn and 2,4-D at 1 ;C M/1 each, hypocotyl :/ |
segments initiated yellowish callus within one week (Fig.12a) which turned
brown with passage of time. Further increase either in Kn or 2,4-D levels failed
to initiate callus ear.lier from hypocotyl explants as seen in the results of Table

it

Stem explants treated with Kn in combination with NAA at the
. <

W
levels tested failed to induce callus withing'our weeks period.

!

Leaf explants treated with Kn at 1 @l in combination with
N o - . o . .
NAA at 2 K M/l induced slight callus fronwthe midrib region. Further increase

in Kn level to 2 @/l failed to induce callus at faster rate. Increase in NAA
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Fig. 12 Callus (C)induction from

(a) Hypbcotyl segmer;t

(b) Leaf segment



Fig. 12



¥

levelf to4 ’“C M/1 did not 1mprove callus mducuonj however)at 6 B L M/1 it was

enhanced tol\apprecxable am_%nm

In the presence of Kn with 2,4-D, leaf segments induced white
I .
coloured callus when Kn levels were 0.5, 1.0 and 2.0 p M/l)thh 2, 4-D levels
Gv‘t/Z 4,6 and 8 p(l.'\M/l Amongst these, Kn at 2 p M/l and 2,4-D at 6 N M/l
o
Lo (,WM&L»«

were the optimal levels observed, as calluskmmwd in large quantities within

a short period as seen in the results of Table _X:}ﬂ' and in Fig. 12b. Callus* .

initiated from the midrib portion agd-proliferated all over the explant(,é within

four weeks period.
5 \ A/ .
Results of this experiment proved that Kn quh 24-Datl UI/I
N
;@@bma'bmn was suitable for hypocotyl callus mducuon, w&lme Kn at 2 p M/

W Lo -
I with 6 # A M/l fevel of 2, 4-D[lfor leaf callus induction.

A
Stem callus could not be induced at the concentratioz/of Kn and
2,4-D lexels- tested. Hence, further experimental work was conducted on

hypocotyl/leaf callus tissues.indueed:
e R YA s ——t—

Biomas{ b
Experiment 14 : Bio% groduction of callusjtissues

(a) Effect of Kn levels

Healthy callus tissues (300 + 20 mg Fr. wt.) of hypocotyl and
leaf were transferred to MS medium (30 ml) containing sucrose (2%), Kn (0-
4 @Il) supplemented with 2,4-D at 1 @/l for hypocotyl and 6 @/l for

leaf;respectively.

Results observed after four weeks showed thak in the}xbsence of

Kn;hypocotyl and leaf calli registered poor biomass production in terms of
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fresh and dry weights (Fig. 13). With the incorporation of Kn in the medium

there was an enhancement in the biomass. The fresh and dry weight values

Shewn— &x Naipaetivel
reached %&s maximumL334O + 50 mg and 168 + 11 mg/wheén Kn level was
Whanepeo ~

1 ;,{3\/1/1 for hypocotyl, whﬂelfhese values for leaf were 4117 + 55 mg and
. L
200+ 12 mg at 2 ;?M/l. Further increase in Kn levels deehnedl/the biomass

values for both the callus tissues (Fig.13).

Thus, it was evident that Kn at 1 u/\jflll for hypocotyl callus and
Kn at 2 u:}/l/l for leaf callus were the optimal levels for their respective

biomass production.
(b) Effect of 2,4-D levels

In this experiment)MS media (30m1)/containing sucrose (2%),

m .
Kn at 1 uvM/l and 2 p M/l individually, were supplemented with 2,4-D at
various levels (0-8 }.L:M/l). Culture vessels were inoculated with 300 + 20

mg of fresh hypocotyVleaf callus tissues.

Results depicted in Fig. 14 showed that in the absence of 2,4-D,
no growth in terms of fresh and dry weights of both these callus cultures was
observed. With the incorporation of 2,4-D in the medium the growth of callus
tissues was resumed. There was a steady increase in the biomass production
with )ké corresponding increase in the 2,4-D levels. The highest biomass
values of 4420 + 50 mg and 221 + 18 mg; ‘4788 + 47 mg and 240 + 21 mg
‘were achieved for hypocotyl and Iezfi}etal%\:xeg 2,4-D was at 6 p,CM/l level.
Beyond this level of 2,4-D the growth values declined. '

Thus, it was proved that 2,4-D at 6 5@ M/1 was the optimal level

for maximum biomass production -ig;)fboth the callus tissues.
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Fig. 13

Growth of hypocotyl and leaf callus tissues at various levels

of Kn (0-4 uCM/l)

Culture media for hypocotyl callus

MS + S (2%) + 2,4-D (6 u:M/l +Kn (0-4 uCM/l)

Culture media for leaf callus

A
MS +8S 2%) + 2,4-D (6 u\JM/l + Kn (0-4 ;.{34/1)



Fresh weight x 100 mg

50

45

407

1007

OFr. Wt
W Dry Wt
—
_—
e.5 1 2
Hypocotyi
-
Kn Levels u M/l

Fig. 13

Leaf

+ 309‘1".'

Bw g} x 3ybiap Aug



Fig. 14 - Growth of hypocotyl and leaf callus tissues at various levels
‘ a
of 2,4-D (O?é "y M/

Culture media for hypocotyl callus L

o) N,
MS + S (2%) + Kn (1 gy M/D) +2,4-D (OZLS B M/

Culture media for leaf callus

Y
MS + S (2%) + Kn (2 ji M/l) + 2,4-D (oé; YT
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Experiment 15 : Effect of various carbohydrates (Glucose / Sucrose / Mannitol)

on callus tissues

—
MS medium (30 ml) containing 2,4-D (6 ¢ M/I) with different
concentrations of Kn (1 and 2 u:M/I) supplemented with glucose/sucrose/

mannitol (2%) was inoculated with 300 + 20 mg of fresh hypocotyl / leaf

callus.
\&
Results recorded in Table }W’indicated that hypocotyl and leaf
. Qe
calli in the presence of glucose e a biomass of 2470 + 43 mg and

125 + 9 mg; 2745 + 38 mg and 138 + 17 mg in terms of fresh and dry weights
respectively. There was a variation in the type of callus tissuef and (Fig.15a;

Fig.16a) their growth was very slow.

Sucrose when substituted for glucose at the same concentration

(2%) recorded faster growth of calli reaching their biomass values tﬁl 4420 +

N
50 mg and 221 + 18 mg, 4788 + 47 mg and 240 + 21 mg in=terms-of fresh
o P

and dry weights respectively. Besides,&h;z the callus tissues were friable in

S

nature (Fig.15b; Fig.16b).

Incorporation of mannitol at 2% as the carbohydrate source in
e

the medlum recorded very poor growth of these tissues as=seen-in-the-results

\.\-M.

.efé‘able XPV and they turned brown by the end of four weeks peﬁsed (Fig.15¢;

Fig.16c¢).
T

'L,w\;
miesu‘h%%his experiment proved that sucrose at 2% was

superior to glucose and mannitol.
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&
Table ;gv :

Effect of various carbohydrates (Glucose / Sucrose / Mannitol) on the
growth of hypocotyl / leaf callus tissues

Medium : Hypocoft%'l callus
MS+Kn(l '3 M/l)+ 2,4-D (6 pnl M/l)+ Glucose/ Sucrose / Manmtol
(2%)
Leaf callus
MS+Kn(2 u\;d/l)+ 2,4-D (6 pM/D + GlucosélSucrose / Mannitol
(2%)
Inoculum: Fresh weight 300+ 20mg
Dry weight 15 + 1 mg
Incubation: 4 weeks of culture period at 25 + 2°C in 16h photoperiod (1000 lux)
Sr.No. | Carbohydrate Hypocotyl callus Leaf callus
2%
Fr. wt. Dry wt. Fr. wt. Dry. wt.
f. Glucose 2470+ 43 | 12549 2745+ 38 138+ 17
\ ’ S
% VSuorose | 4420 £50| 21218 |%788+ 47 | Ba0+ 21
D (3 Mannitol 635+ 22 32+8 825+ 20 | 40+.13

Mean of six replicates with standard deviation
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Fig. 15 Hypocotyl callus grown on MS medium containing
(@) Glucose (2%)
(b) Sucrose (2%) - highest biomass production -

(¢) Mannitol 2%)






Fig. 16 Leaf cz;l“lus grown on MS medium containing
(@ Glucose (2%)
(b)  Sucrose (2%) - highest biomass production

(¢) Mannitol 2%)



Fig. 16



Experiment 16 : Determination of optimal sucrose level for biomass production

b
Hypocotyl/leaf callus tissues (300 + 20 mg Frz wt.) maintained

on basal medium for a week and then transferred to MS medium (30 ml)

.. ) AN .. ) - /é
containing Kné m M/9 and Kn a:é g M/llin combination with 2,4—Dég»t 6 ull )
_}@ﬂ’supplemented with sucrose at various levels (Otl%). Culture flasks were

incubated as per procedures given in Chapter - II.

= i
Results recorded (Fig.17) after four weeks gﬁ;};i’é?i indicated that } E?

in the absence of sucrose, the callus tissues ceased to grow and it turned brown
and ﬁltimately died. Addition of sucrose at i% in the medium induced the
growth of callus tissues and their biomass values reached upto 3250 + 40 mg
and 163 + 4 mg for hypocotyl callus, 3860 + 30 mg and 192 + 8 mg for leaf
callus in terms of fresh and dry weights respectively. Maximum biomass
production was achieved when sucrose level was 2%, and-their fresh and dry
weights werg-4500 + 47 mg and 225 + 8 mg; 4770 + 45 mg and 240 + 10 mg

L . a- :
for hypocotyl and leaf callts respectively. However, sucrose atlsoncentratlon

of 3% or above)failed to ifﬁ“p:xieveghe biomass values of these calli.

Thus, sucrose at 2% was found to be the optimal level for
biomass production of hypocotyl and leaf callus tissues. Therefore, MS
medium with 2% sucrose supplemented with Kn (1 pCM/l) and 2,4-D (6 p
M/1) was designated as standard medium for hypocotyl callus. MS medium .
with 2% sucrose supplemented with Kn (2 p:: M/1) and 2,4-D (6 pC M/1) was

designated as the standard medium for leaf callus.
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Fig. 17

Growth of hypocotyl and leaf callus tissues at various levels

of sucrose (0-4%)

Culture media for hypocotyl callus

MS + Kn (1 @4/1) +2,4-D (6 jL M/D) + S (0-4%)

Culture ngedia for leaf callus

MS + Kn (2 u:M/l) +2,4-D (6 ;,Q M/D + S (0-4%)
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Experiment 17 : Growth kinetics and Tropine profile of callus cultures

Healthy callus tissues (300 + 20 mg Fr. wt.) were transferred to
the respective standard media (30 ml) to find out their growth kinetics. Culture
flasks were maintained in culture room at 25 + 2° C for 16 h photoperiod (1000

lux).
(a) Growth kinetics

Results recorded at weekly intervals indicated that during the first
week both the callus tissues showed slight growth which improved during the
second and third week. The maximum growth values recorded were 4420 +
50 mg and 4788 + 47 mg; 200 + 18 mg and 240 + 21 mg for hypocotyl and
leaf callus in terms of fresh and dry weights at the end of four weeks. These

?’g/ values at the end of ,% eight weer incubation period were)4530 + 12 mg

and 5000 + 35 mg; 211 + 10 mg and 250 _+_""lé mg respectively (Fig.18).

The graph of the growth pattern of both the callus tissues

exhibited sigmoid curves indicating that they followed the normal growth.
(b) Tropine profile of hypocotyl/leaf callus tissues

Callus tissues of hypocotyl/leaf grown on standard medium were
screened for their iropine contents at the end of four weeks. In hypocotyl
callus the presence of tropine alkaloid was detected, while during the same
time leaf callus a;:éumulated 0.005% of the alkaloid (Fig.18). At the end of
eight weeks period tropine contents of hypocotyl callu; was 0.001% and of
the leaf callus it was 0.018% (Fig.18). This means that the leaf callus showed

|2
enhacement of tropine contents duringlg)ur to eight week period.
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Fig. 18 Growth kinetics and tropine contents of hypocotyl and leaf

callus tissues during eight weeks period
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Thus)thc experiment clearly proved that the leaf callus possessed
{
e_/,e!?fent potential for tropine synthesis / accumulation as campdrtc’d with the
L

hypocotyl callus. Hence, further experimental work was carricd on leaf callus

tissues.
Experiment 18 : Studies on suspension cultures
(a) Establishment of suspension culture of leaf callus

In order to establish suspension cultures, healthy friable leaf
callus pieces were transferred to Erlenmeyer flasks containing standard
medium (25 ml) and the culture flasks were maintained on gyratory shaker

(120 rpm) at 25 + 2°C for 16 h photoperiod (1000 lux).

)

sl
Within a week the callus separated into single cells and cell égnfx-tas(

due to the agitation caused. Each suspension culture was aseptically filtered
through nylon mesh (45 T& pore) and 5 ml of the filtrate was subcultured in
fresh medium of the same composition. Microscopic observations of the

LV,

filtrate showed that it consisted mostly of single cells and ceil[vumg of 5-7

cefls
cells. Gel-lhslw’hen stained with Evan’s blue,?S% Lremamed unstained indicating

that they were the viable cells.
(b) Growth kinetics of suspension cultures

Cells in suspension cultures were harvested at weekly intervals
and growth measurements in terms of fresh/dry weights, cell number, packed
cell volume (PCV) and alkaloid content were determined as per the procedures

described in Chapter 11Materials and Methods’
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Results depicted in Fig.19 indicated that cell-biomass in the first

week increased in a linear manner;,ge,em-dj«ng their fresh and dry weights as L?’
© 660 + 8 mg and 30 + 2 mg respectively, the cell number reached o 144 x 10°
-cells/ml and the PCV “&;'?"10%. Further, the biomass values showed a sharp
rise in their fresh (4695 + 32 mg) and dry (223 + 10 mg) W(?ights, the cell
number increased to 3.96 x 10° cells/ml and @cked felcl volun@ to 30%

(Fig.19) at the end of the third week. In the fourth week their values were

slightly enhanced.

P

During this period )the tropine contentg of suspension cultures /

(NS .
were 0.002% at the end of the first week. After three weeks,there was a sharp
2

increase (0.02%)) éut with the passage of time,tropine content}:}/ declined to )

0.017% after four weeks period.
£

Experiment 19 : Effect of precursor - L-ornithine feeding on tropine contensf/ f

(8

of the suspension cultures

N
Lres
Cell suspension (5 ml) from stock cultures were: transferred to
M£ M)«(ﬂ&’ﬂn@w&d

liquidLmedia (25 ml)/\with L-ornithine at various levels (5, 10, 15, 20, 25 ¢
[»Mll) and control. Culture flasks were incubated for three weeks on gyratory

shaker at 25 + 2°C for 16 h photoperiod (1000 lux).

19 o)

Results in Table %V indicated that the tropine contentlé of the
suspension culture (control) was 0.02%. With the incorporation of L-ornithine
at$s ;i: M/1 in the culture medium)a sharp increase in the tropine contentf to

0022% was noticed. Further increase nﬁﬁe L-ornithine to 10 p:M/l enhanced

~
the tropine content to®025%, whereas it was0027% at 15 u_/M/I level. Highest
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Fig. 19 Growth kinetics and tropine contentf in cell suspension of

leaf callus during four weeka.
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A
Table W :

Effect of L-ornithine on growth and tropine synthesis of cells in

suspension culture

(fﬂ
MS + sucrose (29) + Kn (24 M/l) + 2,4-D (64 M/l) + L-ornithine (5,

Medium :
10, 15, 20, 25 4_M/1))
Incubation : 3 weeks in culture room at 25 + 2°Cin 16 h photoperiod (1000 lux)
Sl?No. L-ornithine Fr. wt. Dry wt. % *
s M/ mg mg tropine
1. Control 4695 +85 | "223 + 11 0.020
ﬁ\ ' 5 4200 + 75 200 + 10 0.022
3.) 10 3910 + 80 180 + 15 0.025
4./ 15 3845 + 90 178 +8 0.027
5( 20~ 3657 1 60 - 173 +10 0.030.”
/é.\ 25 3600 + 65 170 +12 0.015

Mean of six replicates with standard deviation

¥ dry weight basis
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L~ &\”Zﬁ.;g:r;\&

) y
tropine content 0f0.030% was recorded at 20 i M/1 levell Further rise in L-

10860 L&{,/

ornithine level to 25 u M/l deémeé the synthesis / accumulation of tropine
of cell suspension culture to () 015%. It was interesting to note that with the % i
addition of precursor to the culture medlum} the biomass production was f;

B e

somewhat reduced. At the same time)the tropine contents were enhanced with

the incorporation of L-ornithine.

Thus, it was concluded that exogenous feedmg of L.-ornithine to

/
em'f\&\mmaL A !
the cells in suspenswn ;mpmxed'{the Eynthesm / accumulation of tropine.

X

' %remtams«.- )
Experiment 20 : Selection of high yielding cell-lines

In this experiment cell-suspension (2 ml) was plated on standard
medium (15 ml). Petriplates were incubated in culture room at 25 + 2°C for

16 h photoperiod.

Results recorded showed that cell colonies wese developed

(Fig.20) and their tropine contentg wEk 0.025%. Cells of the colonies were
[<8

aseptically transferred to liquid medium andifresh suspension was prepared.

Thls suspensxon was cultured once again, plated) and the tropine content

)nwk«,d/

mcreased to 0.038%. Hence,the effect of precursor feeding was most effective

. AR
during two to threeﬁcu‘?tures.

This experiment showed that high-yielding cell lines could be

established by feeding L-ornithine to the suspension cultures.

70



Fig. 20 Colony formation from cell-suspension on standard medium

,%fter four weeksg






Experiment 21 : Morphogenctic potential of callus cultures

The callus tissues grown on standard medium were transferred
to basal medium for a week before they were subjected to sucrose 3% with
Kn 'at 2 p;t: M/1 in combination with IAA/NAA/2,4-D (0.1 - 0.6 [I;M/l). Callus '
pieces of 1-2 cm in diameter were transferred to the above mentioned media

and the flasks were kept in culture room at 25 + 2°C in 16 h light (1000 lux).
&0
Results showed (Tablc_,&i&jf) that callus treated with IAA (0.1 Y

ﬁ
0.4 uvM/l) differentiated only roots (60-80%) within two weeks (Fig.21a).
The callus failed to show any response when IAA level was increased to 0.6
ML
No morphogenic response was evoked in the presence of NAA

from the callus cultures.

_)&lj;ﬂézx the presence of 2,4-D (0.1 - 0.4 u:M/l) in the culutre

medium, the callus turned nodular (50-95%) within four weeks (Fig. 21b).

Histological observations of each nodule revealed that it consisted
of meristematic growth centres formed of thin walled cells which were

concentrically arranged,with prominent nuclei (Fig. 22 a,b)

21
Results recorded in Table XV indicate that when Kn at 1'@

-
f«LM/l in combination with BAP from lzg uﬁ\’[/l were added to the culture media,
"—\‘
@ ) failed to evoke any motphogeégic response. With increase in Kn level to 2
u:M/l and BAP at 2 p:,l\d/l )thc nodular callus turned green (100%). Al the

ﬂ
same level of Kn, with increase in BAP to 4 and 6 u\/M/l, nodular callus
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Fig.21 (a) Roots (R) differentiated from callus grown on media
A
containing IAA (0.1 - 0.4 uVMll)

(b) Nodular callus (N) Eg%’i after two weeks



Fig.

21



Table XV¥: Differentiation of callus tissues of W. somnifera (L.) Dunal
Medium: M S+ sucrose (3%) + Kn (ZuﬁM/l) +1AA/NAA/2,4-D(0.1-0.6u M/])

Incubation : 4 weeks in culture room at 25 + 2°C in 16 h photoperiod (1000 lux)

r. No. Auxin Morphogenic . %
response : response
(nmn)
/ TIAA)
(
& 0.1 R 80
2 ) 0.2 R 60
K 0.4 R 80
/!
i\ 4 0.6 - -
\ NAA)
5} O- I - -
. - _
(7 0.4 - -
0.6 - -

5
/
K9 : 0.1 NC 95
)
!
:

0.2 NC 75
0.4 NC 50
1 '6\ 0.6 - -
Mean of six replicates
- Noresponse
R ~ Roots
NC-~Nodular callus,
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Fig.22 (a) T. S. of nodule showing meristematic growth centres
(160 X)
(b) Single nodule showing cells with prominent nuclei

(250 X)



Fig. 22



{«w}Fv g A
differentiated into shoot buds (80-90%). /Ancrease in Kn level to 4 u “MJI with-

BAP at 1 and 2 ;1: M/bthe callus remained green. Keeping Kn constant and
increasing BAP to 4 ;,CMII induced 15-17 shoot buds (Fig. 23) with 95%
response, whereas at 6 ]j: M/1 of BAP, the number of shoot buds decreased to
4-5 (80%). Increase in Kn level to 6 pu v M/l withBAPatl and2 p M&turned
the callus green

)
A
and ﬁé B M/l of BAP no morphogenic response was observed.

and it differentiated into 7-8 shoot buds (85%1}%{3 4 'y M/l z Q‘{)

’ ) '
This experiment proved that Kn and BAP each at 4 p M/1 level
2\
induced highest number of shoot buds as seen in Table XVA

The shoot buds were transferred to fresh medium of the same

composition and allowed to grow for four weeks.

Rooting of these shoot buds was achieved by transferring them
to MS medium with sucrose (1%) supplemented with IBA at 1 pCM/l level

where it grew well and developed roots (Fig.24).
Experiment 22 : Regenerative potential of excised leaves

This experiment was conducted to find out the regenerative
potential of excised leaves. First to fourth leaves from the apex of a branch
in serial order of development were used as the explants. They were cultured
on MS bagal medium as well as other media supplemented with IAA/IBA (0.5
-4 uiM/l). Experimental procedures were maintained as given in Chapter 11

(Materials and Methods’
First to third lez;ves and their segments cultured on all the test

media failed to regenerate any organs and turned white within four weeks.
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Table %V : Shoot bud differentiation from leaf cpl,llus§

i "
I

s
H

i
H l i
1

{ '

U

{

i
]

|

Medium: M S + sucrose (3 %) + Kn (1-6 4 M/I) + BAP (1-6 j1 M/I)

Incubation : 4 weeks in culture room at 25_+ 2°C ::leé’ h photope: iiod (1000 Iux)
Sr. No. Cytokinin level Morphogenic Numbér of shoot %
. response of i buds response
/ pM/ nodular callus ' '
/ Kn + BAP
;\ 1 1 1 - - -
\g 1 2 - - -
% 1 4 - - -
e | _ _
A - - -
;“6 2 2 Green - 100
ky <2 47 Shoot buds 7.8 90 -~
;g 2 6 Shoot buds 3-4 80
§9 4 1 Green - 80
:10 4 2 Green - 80
511 w4 4 | Shootbuds 15-17v 95—
iiil 4 6 Shoot buds 4-5 80
13 6 1 Green - 90
}4 6 2 Green - 60
§1\5 6 4 Shoot buds 7-8. 85
AN I - - -

Mean of six replicates

-No response
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Fig. 23 Regenerated shoots (15-20) from callus

Fig. 24 Plantlet developed from a single shoot



Fig. 23

Fig. 24



/\

s
Results recorded in Table %VHr indicate that the fourth leal when

cultured on basal medium also failed to regenerate either roots or shoots.
However, when IAA at 0.5 uCM/l was incorporated in the medium,a few roots
developed. With increase in IAA level to 1 and 2 u_:M/l 2-3 roots (80%) could
be regenerated whereas at 4 pf:Mll the regenérative potential of leaf to

regenerate roots was lost.

Excised leaves cultured on IBA at 0.5 ﬁ: M/1 regenerated 6-8 roots
. o
(80%) and the number of roots increased to 15-20 (90%) at 1 y_M/I level
Ne
(Fig.25). With further increase in IBA level to 2 and 4 y M/I the number of

roots was reduced.

The second type of morphogenetic response was observed in the
fourth leaf when it was cultured on MS media supplemented with Kn and BAP

(110 6 W M.
®
Results recorded in Table M indicate that with the addition of

D

P
Kn at 1 g M/l in combination with BAP (1-6 B M/1) failed to induce

@

}morphogenélc response. However, Kn at 2 pt M/I level in combination with
2%
BAP at 4 u_M/1 induced 5-6 shoot buds (Table X¥X). Keeping Kn constant

D

and increasing BAP to 6 pg\ M/1 did not evoke any response. Increa@nal(n
to 4 1 M/l in combination with BAP at 2}13/[/1 induced 6-7 shoot buds and
the number of shoot buds were enhanced to 10-12 (Fig. 26) at 4 ;;.: M/1 level.
Further rise in BAP level to 6 ;’C M/l with the same concentration of Kn

decreased the number of shoot buds.

')
This experimen%proved that Kn and BAP each at 4 y M/1 level
- 4%
induced highest number of shoot buds as seen in Table )g's‘f
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Table X :Regeneration of roots from the fourth leaf segments of W. somnifera.

Medium: MS + sucrose (2%) + IAA/IBA (0.5-4 pr/l)
Inoculum: Leaf segments of the fourth leaf

Incubation : 4 weeks in culture room at 25 + 2°C in 16 h photoperiod (1000 Iux)

Sx{'} No Levels of Auxin Number tg(fi %
— regenera response
i ( i M/l) roots
1 0.0 . -
‘ IAA
;2 0.5 1-2 80
5 1.0 2-3 80
121 20 1-2 80
5 4.0 . -
IBA
i% 0.5 6-8 80
;}}7\ 1.0 15-20 90
’: 20 9-12 80
(al $ 4.0 4-6 60
Mean of six replicates

- No response
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Fig. 25 Roots regenerated (R) from midrib of cultured leaf segment



Fig. 25



* ol
Table X¥X : Shoot-bud/s induction ﬂoleeaf

Medium : MS + sucrose (3%)+Kn (1-6 uwl\/lll) +BAP (1-6 p&{l/l)

Incubation : 4 weeks in culture room at 25 + 2° C in 16 h photoperiod (1000 lux)

Sr.No. Cytokiri}n level Morphogenic response

(pM1 ) Nes ) Shoot buds/mid&,h:tf‘

Kn + BAP

W Ry

1 1 -
i
2| 1 2 -
3| L 4 -
i
4/ 1 6 -
/
3 2 1 -
i
6 2 2 i
i
{’7 2 4 5-6
E e _

~o
E-N
Yok

Y
S
-9
[ ]
o
Q

i
1%1 V4 4V 10-12 v/
1?2 4 6 3-4
I PR ,
i4 6 2 -
15 6 4 -
I :
Mean of six replicates
- No response
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Fig. 26 Shoot buds (10-12) from midrib of the leaf (lower surface)

Fig. 27 Shoot buds developed into plantlets dywtHy 7



Fig. 26

Fig. 27



ﬁf@a"f" é)ixf{"l)
In order to find out the ability for plantlet formation)&heyzjwcrc

detached from the explant and cultured on fresh medium of the samc
composition. Within four weeks these shoot buds produced pilantlets as seen

in Fig.27.

Rooting of these shoot buds was achieved by transferring them to
sterilized vermiculite containing pots. Six to eight plants were well developed

and were transferred to field conditions where they are growing well.
(D) PRODUCTION OF ANDROGENIC HAPLOIDS

This section describes the experimental work for the production
of haploids in W. somnifera (L.) Dunal. The necessary conditions required for

the raising of haploids viz., age of buds, developmental stage of the pollen)s”

gy

and nutritional requirements were standardiged. }
~ Experiment 23 : Selection of suitable age of bud for induction of haploids
a) Age of bud

The seeds of single fruits of elite W.somnifera plant ( Fig. 28a)
were germinated and plantlets raised in pots (Fig. 28b). As soon as the
flowering set in, the floral buds were collected from axillary cyme
inflorescence (Fig. 28c). The buds were dissectedaérvgm the youngest to the

oldest and the developmental stage of polleng was recorded according to

. L4
procedures described in chapter II Materials and Methods?

Qe
Results recorded in Table }(fX indicate that the youngest floral

bud contained pollen mother cells (PMC) in dividing condition. The next bud
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Fig.28 (a) Ripe fruits of W. somnifera growing in Ellora Park area
(b) Plants raised from above fruits

(c) Inflorescence



Fig. 25



showed pollen tetrads and 5% of the pollen‘s’ were in the uninucleate stage of
development. The percentage of uninucleate polleng (Fig.29) reached 4& 60%
in the third floral bud. Further in the fourth floral bud the percentage of
uninucleate polleng decreased to 40% and it was 10% in the fifth bud (Table
,Xq;{’), mostly the pollens were in their binucleate or late binucleate stage of

development.

Thus third, fourth and fifth buds in serial order of development

containing uninucleate to binucleate polleng were used for further experiment.

o
b) Suitable stage of development of pollen$ for haploid induction

As -ﬁ:oma,t—he:/:{esult of the previous experiment)healthy third to
fifth floral buds in serial order of development were collected and surface
sterilized according to the procedures described in Chapeter II (Materials and
Methods’ The anthers were inoculatedgabeséztbated at 25 + 2°C for 16h

photoperiod (1000 lux).

Results depicted in Fig.30 indicate that the cultured anthers of
the third floral bud were most responsive (60%) as these anthers started
swelling within ten days and by the end of three weeks the anther wall ruptured
longitudinally (Fig.31). The rate of response decreased to 12% in the fourth
bud, which was further reduced to 5% when the anthers of the fifth bud were
tested (Fig.30).

Thus,the third floral bud in serial order of development
containing anthers with mostly uninucleate pollen; wccﬁ?r‘g:bfound to be suitable

¥

for induction of haploids.
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Fig. 29 Uninucleate polleng (400 X)



Fig. 29



Y
Table XX :

Selection of suitable bud for induction of haploids

80

S, Buds Stage %
in serial of pollen uninucleate
order of development pollen
development
from apex,
within a cyme
1}. First PMC -
[
%.. Second Tetrad 5
5). /hird Uninucleate 60"
/4. Fourth Binucleate 40
}5. Fifth Late binucleate 10




Fig. 30 Response of cultured anthers of the third / fourth / fifth

buds in serial order of development



QO Third
D Fourth
OFifth

S Y e v Shaly
Y ...w{ RN w: aw%lys n.&
wmzf St Wiy

Frapt S ity Hres
SRt TR R
SRR S A

«N w,ﬁmm‘ f{«;«w WN

.w, 3o r ?

Yoo Ca \

x,

«% 1%
:n% 3 o
.ﬁ G s_«&w,.ri%uﬁm 345

a

,x
%wmwwﬁms 2
AN _wsum»

vlc

5

70

10 ¢
0

8. b e 8 &
" sJayjue aalsuodsal 'y,

Fifth

Fig. 30

Fourth
Budes in serial order of development

Third



Fig. 31 Responding anthers from the third floral bud on M S basal

"medium



Fig.
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Experiment 24 : Effect of coconut _‘mi-l'ﬁzgn anther/polien culture

MS media (20 ml) with sucrose (2%) supplemented with various

N
concentrations of coconut _g;i—li%(s, 10, 15, 20, 25%) were inoculated with
anthers containing uninucleate polleng. Culture tubes were incubated according

€
to procedures described in Chapter II Materials and Methods®

g

Results recorded in Table ,X«X“l‘)indicale that at lower
concentrations of CM (5, 10%) the morphogenic response observed was
callusing of the anthers (70%). Microscopic observations revealed that the
-callus?ﬁ%tiated from the connective portion (Fig.32a) and it entirely covered
the anthers within four weeksl (Fig.32b). At higher concentrations of C%I/ (15-
20%), tﬁe anthers swelled (50%) and burst within Eﬁé‘ weeks apd small
embryoids were seen to emerge (Fig.33a). These wére transferred to MS
medium containing sucrose 4% and 15% nghich supported the growth of
the embryoids which germinated into delicate plantlets at the end of four

n W .&eéc,it"’
weeks (Fig.33b). Further increase in C% to 25% did notii;nd-uee any

morphogenic response.

_ w
Thus)MS medium supplemented with 15% CM induced haploid

A
plantlez from the pollen?.

Experiment 25 : Production of homozygous diploids
brae. z,ww(/”
In vitro haploid plants »‘rgﬁe raised from pollen cultur?ito produce

homozygous diploids. Axillary shoot buds of haploid plants were treated with
cotton swab dipped in colchicine of different concentrations of 0.1, 0.5 and

1% for about 24, 48 and 72 hours. These buds were washed with steri‘le
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Table X:XI : Bffect of conconut 131}}17’ on anther/pollen culture

J

Medium : M S + sucrose (2%) + c@ﬂ (5, 10, 15, 20, 25%)

Incubation : 4 wecks in culture room at 25 + 2°C for 16 h photoperiod (1000 lux)

Coconut . Morphogenic % response
- S1. No. MchWM%&: response
%
\ 1 s callusing 70
l 2 10 callusing 60
\ - P
‘ V/IS_ embryoid 50
4 20 embryoid 50
5 25 - -
|3
\ }
- No response
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Fig.32 (a) Callus formation from the connective of the anther lobe
(160 X)

(b) Callus after four weeks of culture period



Fig. 32



Fig.33 (a) Small embryoid formation after two weeks

L3

&
(b) A delicate plantlet/after four weeks



Fig. 33



P

distilled water and wege transferred to roof?ﬁ!ainducing mediuvm. Within four

e
<)
EZ } weeks,healthy plantlets werT developed in all the treated axillary buds. Out

of these 0.5% colchicine treatment given for 48 hours in all the five replicates
of plantlets were found to be healthy and normal (Fig.34a). Root tip of onc
of the plants when squashed showed th(, chromosome number to be .24
(Fig.34b). This mdxcated that the dipld 1§anon of these haploid plants had

e SR
occurred, as the chromosome number ‘2n in W. somnifera is 54.

Plants were transferred to pots containing vermiculite and

L}

¥ . .
accl?matxzed to natural environmental conditions.

e———— ) e

A
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Fig.34 (@ A diploi(?/plantlet after eight weeks
AN
(b) A metaphase plate from root tip of regenerated plant

showing diploid chromosome number 2n = 24 (250 X)



Fig. 34



