RESULTS




CHAPTER ITTI

RESULTS

The experiments described in the present Chapter were

aimed at successful establishment of tissue cultures of

Nicotiana tabacum L., var., Anand-2, to facilitate better
understanding of the physiological and biochemical changes

involved in growth and differentiation of these tissues,

In order to minimise the degfee of variabilify in the
presenf experimental set up, the factors taken into
consideration included environmental uniformity, genetic
homogenity of the starting material, and the age and size of
the experimental materials. Furthermore, to reduce variability
amongst treatments, 5 replicates were harvested at random at

a time, pooled and analysed,

The experiments described in this chapter were carried
out utilizing : (i) the floral buds, {ii) the floral bud
callus, (iii) the organ explants of diploid plantlets, {(iv) the
anthers, (v) the organ explants of haploid plantlets and
(vi) the callus tissues of haploid origin of Nicotiana

tabacum L, var. Anand-2,

The general layout of the experiments conducted is



listed below :

Section A : Initiation of Diploid and Haploid Callus Cultures

of Nicotiana tabacum L. var. Anand-2,

Expt. 1., Initiation of callus tissues of Diploid origin.

‘Expt., 2. Initiation of Haploid plantlets through

anther culture,

Expt. 3. Initiation of callus tissues of Haploid origin.

Section B - I : Growth and Accumulation of Phenolic Compounds

in Diploid Cellus Cultures of Nicotiana tabacum L., var,

Anand-2.

Expt. 4. Influence of Auxins,

Expt. 5. Influence of Cytokinins,

Expt. 6. Influence of Gibberellic acid (GA3).
Expt. 7. 1Influence of various sucrose levels in

combination with Auxins and Kinetin,

Section B - II, Growth and Accumulation of Phenolic Compounds

in Haploid Callus Cultures of Nicotiana tabacum L. var.

Anand-2,
Expt. 8. Influence of Auxihs.
) Expt. 9. Influence of Cytokinins,

Expt.10. Influence of Gibberellic acid (GAB).



Expt. 1l. Influence of various sucrose levels in

combination with auxins and kinetin,

section C - I :0rganogenesis in Diploid Callus Cultures of

Nicotiana tabacum L.
e st ot

Expt. 12, Influence of IAA on organogenesis,
Expt, 13, Influence of GA3 on organogenesis,

Expt. 14. Influence of other phytohormones and Adenine

sulfate on differentiation.

Expt, 15. Influence of IAA and Kinetin interactions on

organogenesis,

Expt. 16. Influence of added phenolic acids on

organogenesis,
Expt, 17. Organogenesis in root, stem and leaf explants

of diploid origin,

Section C

a———

II : Organogenesis in Haploid Callus Cultures of

-
——

Nicotiana tabacum L.

Expt, 18, Influence of IAA on organogenesis,

Expt. 19. Influence of other phytohormones and adenine

sulfate on organogenesis,

Expt. 20. Influence of IAA and kinetin interactions on

organogenesis,
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Expt. 21. Influence of added phenolic acids on

organogenesis,

Expt, 22. 0Organogenesis in root, shoot and leaf explants

of haploid tobacco plantlets,

Section D : physiological Studies with Peroxidase, IAA Oxidase,

MDH, PAL, Peroxidase Isocenzymes and Phenolics during

Growth of Diploid and Haploid Callus Tissues of

Nicotiana tabacum L,

Expt. 23, Studies with floral buds of N. tabacum during

callus initiation,

Expt. 24, Studies with floral bud callus of N. tabacum

during its growth on standard medium.

Expt, 25. Studies with haploid callus of N. tabacum

during its growth on standard medium,

Section E : Physiological Studies with Peroxidase, IAA Oxidase,

MDH, PAL, Peroxidase Isoenzymes and Phenolics in Diploid

and Haploid Callus Tissues of Nicotiana tabacum cultured

on Root differentiating medium,

Expt, 26. Studies with floral bud callus cultured on

root inducing medium,

Expt. 27. Studies with floral bud callus cultured on
root inducing medium supplemented with low

and high levels of sucrose.



Expt.

Expt.

Expt.

Expt.

Expt.

Expt.

Section F

28.

29.

30.

31.

32.

33.
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Studies with floral bud callus cultured on
root inducing medium supplemented with various
phenolic acids.

Studies with floral bud callus cultured on

root inducing medium containing 4% x and 2 x

++

Mn ion concentration,

Studies with Haploid callus tissues cultured

on root inducing medium,

Studies with Haploid callus tissues cultured
on root inducing medium supplemented with low

and high'levels of sucrose,

Studies with Haploid callus tissues cultured on
root inducing medium supplemented with various

phenolic acids.

Studies with Haploid callus tissues cultured on

root inducing medium containing 4 x and 2 x

Mn+% ion concentration,

Physiological Studies with Peroxidase, IAA Oxidase,

MDH, PAL, Peroxidase Isoenzymes and Phenolics in Diploid

and Haploid Callus Tissues of Nicotiana tabacum cultured

on Shoot differentiating medium,

Expt. 34, Studies with floral bud callus cultured on

shoot inducing medium,
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Expt, 35. Studies with floral bud callus cultured on
shoot inducing medium supplemented with low

and high levels of sucrose.

Expt. 36, Studies with floral bud callus cultured on
shoot inducing medium supplemented with

various phenolic acids,

Expt, 37. Studies with floral bud callus cultured on
shoot inducing medium containing % x and 2 x|

+

Mn ion concentration,

Expt, 38, Studies with Haploid callus tissues cultured on

shoot inducing medium.

Expt., 39. Studies with Haploid callus tissues cultured on
shoot inducing medium supplemented with low and

high levels of sucrocse.

Expt., 40. Studies with Haploid callus tissues cultured on
shoot inducing medium supplemented with various

phenolic acids,

Expt. 41. Studies with Haploid callus tissues cultured on

shoot inducing medium containing % x and 2 x

Mn™¥ ion concentration.

The results obtained through experimentation are presented

in Sections as outlined above,



Section A : Initiation of Diploid and Haploid Callus

Cultures of Nicotiana tabacum L. var. Anand-2,

i



Expt. 1. Initiation of callus tissues of diploid origin.

To initiate callus tissues of diploid origin, young
flower buds (10-12 mm long) were cut into two identical
halves longitudinally and cultured aseptically on MS medium
supplemented with 2,0 mg/1 each of IAA, NAA and KN, and "

2 per cent sucrose,

Callus formation was observed from cut ends of the
sepals during the third week in culture, The callus tissues
thus initiated were subcultured every 30 days onto fresh MS
medium containing 2,0 mg/l each of IAA, NAA and KN, and
2 per cent sucrose, The clones of callus tissues thus built up

were green, nodular and friable (Fig. 1).

Expt. 2. Initiation of hagploid plantlets throdgh anther culture,

Anthers with uninucleate pollen were excised from flower
buds (10-12 mm long) of N. tabacum var. Anand-2 and cultured
under aseptic conditions on Nitsch (1969) basal medium (NM)
(Table 2; Chapter II}, supplemented with 15% coconut milk or

0.2 mg/1 IAA, singly or in combination.

Pollen embryogenesis was observed in anthers with
uninucleate pollen (Fig. 2}. This single nucleus divided to

give rise to two nuclei, Both nuclei stained darkly and with



Fig, l. Diploid callus of floral bud origin of N,tabacum
growing on MS medium supplemented with 2.0 mg/1

cach of IAA, NAA and KN, and 2% sucrose,






- equal intensity (Fig. 2). The two nuclei give rise to
multi-celled pollen grain (Fig, 4). The next stage ebséfééd
was the emerging globular embryo from‘rnpﬁﬁred pollen Wa11: ;,
(Fig. 5). During third week in cultareJthe anthers split opgn »
along their lateral walls and young embryoids make their way
out (Fig. 6). It is during the feurtthQek in culture that
these'embrysiés deﬁelep into §1antlets {Fig. 7). These
young pléniletskwere remeved:frOm‘the anthers and planted mﬁ 
NM with 1% sucrose whereon théy deveiaged profuse root systeﬁ

(Fig. 8).

Root tip squaéhés of these young plantlets demonstrateg‘f*

haploid chromosome number n = 24 (Fig. 9).

Absence of either coconut water or IAA from the Nu
medium cempletely suppressed embryoid formation. With the ;
1nserporation of either coconut water (15%) or IAA (0.2 mg/l)'
into the medium only 2 per cent of the cultured anthers
supported embryo;d formation, However, the combination of za&.;
(0.2 mg/l}yandvcocanut water (15%) resulted in an enhancement

of r&sponse‘ioklé per cent.

Chllllng treatment to the anth@rs, prier to culture, at
temperatures ranging from 0-15° for varylng lengths of tlm@

{2-72 hrs) dmd not enhance the response.




 ‘?&1}en Embryogemesis in anthers of %.ii{fj_

(with Iaa (0.2 mg/1), Qi (15%, V/V) 8ﬁd sucrose (2%);kﬂ'

Fig. 24

A Q&Il@n @raxﬂ wzth a slngle mucleus ané a

aeaé @szlen Qrazn

Pollen grain with two identical nuclei with

equal staining intensity.

. Pollen grain with many cells,

A glebular embryo making its way auz éf the

palleﬁ grain efter rupture of the @xine.

A young h&@lﬁlﬁ plaﬂtlets em@rﬁzng out ef
the lateral walls of the antbm:*. B



FIG. 2. FIG. 3.

FIG. 5 FIG. 6



Fig. 7, A fully developed young haplcid'giamtiéﬁfsf

N ;.,‘: tabacum .

—

Fig, 8. Haploid plants of N. tabacum on MM + 1% sucrose

to induce rooting,

Figs 9 Camera Leucida drawing of chromosameslﬁf;hépggiﬁkﬁ““

Fig.l10,

N,fﬁébaCum root tip {(n = 24).

,ﬂam}@zd cailus of shoot srlaln cf Ni tabacum

grewzng on MS medium 5upplemeﬂted wzth 2.0 mg/l
e&ch of IA&, NAA and KK, and 2? sucrmse,




FIG.

FIG.

10.



Expt, 3. Initiation of callus of haploid origin,

The shoots of haploid plantlets were excised and cultured
aseptically on the MS basal medium (Table 1; Chapter II)
supplemented with 2,0 mg/1 each of IAA, NAA and KN, and 2.0

per cent sucrose,

Callus formation was observed all over the shoot explants
during the second week in culture. By the end of 4 weeks,
callus had proliferated enough to engulf the Sheot explant,

The callus tissue initiated was lush green, highly granular
and friable, By successive transfers every 30 days onto MS
medium supplemented with 2,0 mg/1 each of IAA, NAA and KN,

and 2 per cent sucrose, clones of tissues were built vp (Fig. 10),.

These callus tissues of haploid and diploid origins were uSed
- to study their morphogenetic potentials and growth requirements,
Certain key biochemical parameters associated with differen-

tiation were also examined,



Section B-I : Growth and accumulation of Phenolic Compounds

in Diploid Callus Cultures of Nicotiana tabacum

L. var, Aanand-2.




B -~ I, Growth and accumulation of phenolic compounds

in dipleoid callus tissues of N. tabacum L,

To study the hormonal influence on growth and the
accumul ation of phenolic compounds, callus masses weighing
300430 mg by fresh weight (1213 mg dry weight) were incubated
on 40 ml agar medium in continuous light at 26+2°, The callus
tissues were incubated on MS basal medium for 1 week before
hormonal supplements were made to minimize any carry over
effects, The tissues were harvesfed on the completion of 30
days in culture and analysed for fresh and dry weight
increases, and also for phenolic accumulation. The results

are presented in Tables 5 - 7 and Figures 11 - 20,

Expt. 4. Influence of auxins

Auxins - 2,4-D, IAA, NAA and IBA - were incorporated
into the MS basal medium containing 2 per cent sucrose, Each
auxin was used at the concentrations of 0.5, 2.0 and 4.0 mg/l
in the MS medium to study their effect on growth and phenelic
accumulation after 30 days in culture., Callus tissues cultured

on MS basal medium acted as the control,

After 30 days of culture the diploid callus tissues
increased 2,64 fold in fresh weight and 4,83 fold in dry

weight when cultured on MS basal medium, The phenolic
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accuhulation was 1,15 mg% and 0,66 mg/culture (Fig, 11,
Table 5),

With the increase of 2,4-D concentration in the MS
medium from 0.5 mg/l through 2,0 mg/l te 4.0 mg/l, the
fresh as well as the dry weights increased steadily. On
fresh weight basis 0.5, 2.0 and 4.0 mg/l 2,4-D gave 2,44,
2.79 and 3,12 fold increases respectively, Correspondingly
dry weight increased 3.73, 3,99 and 4,32 folds respectively,
Accumulation of phenoclic compounds was 1.77 mg% and
0.795 mg/culture on 0,5 mg/l 2,4-D medium, For 2.0 mg/l
2,4-D medium it was 1,27 mg% and 0.51 mg/culture, and for
4.0 mg/1 2,4-D medium 1.07 mg% and 0,65 mg/culture (Fig. 12,
Table 5).

The callus tissues on all the three media was pale
yellow in colour and became black with the passage of time

in culture.

As in the previous case IAA was incorporated in three
different concentrations of 0.5, 2.0 and 4.0 mg/l into the
MS basal medium. The fold-wise increases in fresh weight on
these three media were 4,86, 4,47 and 4.84 respectively, and
the fold-wise dry weight increases were 7,77, 7.45 and 8.8
respectively, Maximum accumulation of phenolic compounds was

supported by 0.5 mg/l IAA, the actual values being 2,02 mg¥%



Fig. 11, Histogram depicting growth (fresh and dry wt.)
and polyphenol accumulation in 30 day old
cultures of diploid tobacco callus cultured on:

MS basal + 2% sucrose
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Fig. 12, Histogram depicting growth (fresh and dry wt,)

*

and polyphenol accumulation in 30 day old

cultures of diploid tobacco callus cultured on:
A : MS basal + 2% sucrose,

B : MS + 0.5 mg/l 2,4-D + 2% sucrose

C : MS + 2.0 mg/l 2,4-D + 2% sucrose

D: MS + 4,0 mg/l 2,4-D + 2% sucrose
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and 1.87 mg/culture, The phenolic accumulation decreased
with the increase in IAA concentration in the medium,

2,0 mg/1 IAA facilitated phenolic accumulation to the tune
of 1.77 mgk and 1.59 mg/culture; whereas 4,0 mg/1 IAA
supportéd only 1.4 mg¥% and 1,47 mg/culture of phenolics

(Fig. 13, Table 5).

The callus tissues grown on 2,0 mg/l IAA containing
medium remained green, nodular and friable, On the other
two media though the callus was initially green, it turned

brown during the third week in culture.

In order to d¢udy the influence of NAA on growth and
phenolics, it was incorporated in three concentrations of
0.5, 2.0 and 4,0 mg/1 into the MS basal medium, The respective
fold-wise increases in fresh weight were 5,75, 8,65 and 4,53
respectively, The corresponding fold-wise dry weight
increases were 8,37, 9.81 and 7,01, NAA at 0.5 mg/l gave
phenolic accumulation of 1.9 mg% and 1.9 mg/culture; whereas
2.0 and 4.0 mg/1 NAA gave 1,65 mg% each and 1,94 and 1.38

mg/culture respectively (Fig. 14, Table 5),

On all the three media the callus tissues were green

and soft.

Of the three concentrations of IBA (0.5, 2.0 and 4.0



Fig. 13, Histogram depicting growth (fresh and dry wt.)
and polyphenol accumulation in 30 day old

cultures of diploid tobaccc callus cultured on:
A 1MS Basai + 2% sucrose

B :MS + 0.5 mg/l IAA + 2% sucrose

C :MS + 2.0 mg/1 IAA + 2% sucrose

D : MS + 4.0 mg/1 IAA + 2% sucrose
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. Fig. 14 : Histogram depicting growth (fresh and dry wt.)
and polyphenol accumulation in 30 day old E
cultures of diploid tobacco callus
cultured on

A : MS basal + 2% sucrose

B ;: MS + 0,5 mg/l NAA + 2% sucrose

C : MS + 2.0 mg/l NAA + 2% sucrose

D : MS + 4.0 mg/l NAA + 2% sucrose



70100, b SAUTONTHS S

nl i Al
= b sy10M7d  TIZEE ©

15

o) = o

\§§§\\\§

( N N
R RIR IR RIRIRRKRARRKS

O N N O N N N N N N N N N NN

P00 0 s 00 200 0 002050 %000 %0 %026 % %0 e a0 %% 8% %

BT RIS ARARTR
NN

2 \n, Ny ey

JL VS\SQE Jm \EQ RS
N 2, T oy

m%b%\«% fue 31 HS T [T

L .\\\\\\\\\\\\\\\\\\\\\\ Q

Fia.14



n
4]

Table : 5, Auxin effect on growth and accumulation of phenolic
compounds in diploid callus of Nicotiana tabacum,

Inoculum ; 300430 mg callus tissue by fresh weight
(1243 mg dry weight) on 40 ml MS basal
medium with 2% sucrose and various auxins
at different concentrations,

Incubation: 30 days in light at 2542°,

Concen- Fresh weight Dry weight Phenolics Phenolics

Auxin tration - {mg/culture) (mg/culture) (mg¥%) (mg/culture)
(mg/1)
- 7o, L 794,62 58,03 1.15 0, 667
(#21.6)  _ (#6.1)
2,4-D 0.5 734,04 44,83 1.77 0.795
(#21.3) (+5.0)
" 2.0 837,22 47,90 1.27 0.610
(138.1) (35.1)
n 4,0 938,03 51,93 1,07 0.555
(+44.3) (18.3)
IAA 0.5 1458,72 93.38 2.02 1.878
(£110,6)  (24.7)
n 2.0 1343,6 89.59 1.77 1.590
(+109.9) (39.9) ’
" 4,0 14,53.6 105,61 1.40 1.484
(+ 183.2) (+8.7)
NAA 0.5 1725, 13 100,51 1.90 1,909
(479.6) (+11.6)
" 2.0 2595.,75 117,86 1,65 1.944
(+201.8) (+18.2)
1t 4,0 1361.25 84,20 1.65 1.389
(192.9) {+13.2)
IBA 0.5 1653.47 106.01 1.15 1.219
(+134.7) (+10.6)
" 2.0 1183.,2 69,17 1.17 0.812
(+131.8) (18.8)
" 4,0 1228.,3% 74,80 1.52 1,140
{(+139.2) (9.3)

Data represents an average of 5 replicates.

Figures in parenthesis are standard errors,



mg/1) tested, 0.5 mg/1 gave maximum fresh and dry weight
increases, The fold-wise values were 5.51 and 8,83
respecéively. Next highest values were obtained with

4.0 mg/1 IBA. The fresh weight increased 4.29 folds and the
dry weight by 6.23 folds. 2.0 mg/1 IBA gave 3,94 fold
increase in fresh weight and 5.75 fold increase in dry
weight. The phenolic accumulation on percentage basis
declined with the decrease of IBA concentration in the
medium, The three concentrations of IBA - 4,0, 2.0 and 0.5
mg/1 - gavephenolic accumulation in the descending order of
1.52, 1.17 and 1.15 mg% On mg/culture basis maximum
accumulation was on 0.5 mg/l IBA followed by 4.0 and 2.0
mg/l IBA respectively. The actual values were 1,21, 1,14 and
0.81 mg/culture respectively (Fig. 15, Table 5).

The callus tissues grown on IBA containing medium were

green, nodular and very compact.

Expt. 5, Influence of cytokinins-

To study the influence of cytokinins on growth and'
phenclic accumulation in floral bud callus of N, tabacum the
two cytokinins, kinetin and 6~dimethyl-amino purine, were
incorporated into MS basal medium containing 2% sucrose. The
two cytokinins were used in the concentrations of 0.1, 0.4

and 1.0 mg/l. The callus tissues were grown on the above



Fig. 15. Histogram depicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of diploid tobacco

callus cultured on :

A : MS basal + 2% sucrose

o

. MS + 0.5 mg/l IBA + 2% sucrose

O

« MS + 2.0 mg/1 IBA + 2% sucrose

D : MS + 4.0 mg/1 IBA + 2% sucrose
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mentioned media for a@ period of 30 days before analysis

for growth and phenolic accumulation,

On fresh weight basis maximum growth of the callus
tissues was obtained on medium containing 0.1 mg/1 KN, the
fold-wise increase being 4,62 over the inoculum, 3,92 and
4,34 fold increases were registered on media containing 0.4
and 1.0 mg/l KN respectively. However, on the dry weight
basis 7,45 fold increase was registered on medium containing
1.0 mg/1 KN, 0.1 and 0.4 mg/1 KN containing media supported
6.75 and 6.74 fold increases in dry weight. Both on percentage
basis and culture-wise, the increase of KN concentration in
the medium resulted in decrease in the phenolic accumulation,
The actual values were 1,77 mg % and 1.44 mg/culture for
0.1 mg/l KN; 1.65 mg% and 1.33 mg/culture for 0.4 mg/l KN
and 1.4 mg% and 1,25 mg/culture for 1.0 mg/l KN respectively
(Fig. 16, Table 6). |

On all the three media the tissue was deep green,

nodular and compact.,

The other cytokinin, 6-dimethylamino purine (MAP), did
not support growth as well as KN.. With the increase of MAP
concentration in the medium from O.l to 1.0 mg/l the growth
declined on both fresh and dry weight basis, The fold-wise

increases in fresh weight were 2,55 for 0.1 mg/l MAP,



Table : 6., Cytokinin and Gibberellin effect on growth and accumulation
of phenolic compounds in diploid callus of Nicotiana tabacum,

Inoculum : 300430 mg callus tissue by fresh weight
(1243 mg dry weight) on 40 ml of MS basal
medium with 2% sucrose, and various levels
of cytbkinins and GA..

Incubation : 30 days in light at 25i2°,

Conce~ . . . .
Phytohormone ntration Lresh weight Dry weight Pphenolics  Phenolics

(mg/1) (mg/culture) (mg/culture) (mg%) (mg/culture)

- - 794,62 52,03 1,15 0,66
(#21.6) (36.1)
KN 0.1 1386.9 81.19 1.77 1,44
(190.4) (£7.4) ,
n 0.4 1177.7 80,93 1.65 1.33
(%78.3) (+6.3)
" 1.0 1304,3 89,55 1.4 1,25
{+103.7) {13.8)
MAP 0.1 766,2 77.55 1.32 1,02
(165.8) (29.5)
" 0.4 525, 4 58,7 1,16 C.68
{425, 4) (+4.3)
" 1.0 493,1 36.5 1,65 0.60
(#43.1) (+4.1)
GA, 10.0 678.7 51,45 1.84 0.94
(+36.8) (#8.1) :
" 50.0 017.4 64,41 1.52 0.97
(174.3) (13.8)
" 100.0 1222.5 e7.4 1,42 1.24
(+106.6) (18.6)

Data represents an average of 5 replicates,

Figures in parenthesis are standard error.



Fig. 16 : Histogram dipicting growth (fresh and
dry wt,) and polyphenol accumulation in
30 day old cultures of diploid tobacco

callus cultured on ;

A : MS basal + 2% sucrose

B : MS + 0.1 mg/1 KN + 2% sucrose
C : MS + 0.4 mg/1 KN + 2% sucrose

D : MS + 1.0 mg/l KN + 2% sucrose



7
FHNLINY Bee. SITON I

T
N B SITONIHA w7z ©

WAV A~, e 2 Gl VW,
RSCOCKIRIREEAX X XIILILIRREY

N
R R RS

B AYAY AV

0 o 5» 2_1..
FHNLIND /01X 7 AHT B
i m.v.. \ 0 ) Bl |

mmbﬁ\\.ﬁ&x.w& ™ HSFH4

Fic. 16



66

1.75 for 0.4 mg/l MAP and 1,64 for 1,0 mg/1 MAP respectively.
On dry weight basis the respective fold-wise increases were
6.45 for 0.1 mg/l MAP, 4.89 for 0.4 mg/1 MAP and 3.04 for

1.0 mg/1 MAP. The phenolic accumulation was 1.32 mg% and

1.02 mg/culture for 0.1 mg/l MAP; 1.16 mg% and 0.68 mg/culture
for 0.4 mg/1 MAP and 1.65 mg% and 0.60 mg/culture for

1.0 mg/1 MAP (Fig. 17, Table 6).

In all the cases the callus was dark brown to black

and highly compact,

Expt. 6. Influence of Gibberellic Acid (GA,)

Gibberellic acid (GA;) was incorporated in concentrations
of 10.0, 50,0 and 100.0 mg/l in the MS basal medium to study
its effect on growth and phenolic accumulation in diploid
callus tissues of N. tabacum, The callus tissues were grewn

on the above media for a period of 30 days prior to analysis.

GA; at 10.0 mg/l concentration supported .26 and 4.48
fold increases in fresh and dry weight. At 50.0 mg/1 GA4
the increases were 3,05 and 5,36 fold in fresh and dry
weight respectively. 100.0 mg/1 GAy supported 4.07 and 7.28
fold increases in fresh and dry weights., With the increase
of GA3 concentrations from 10.0 mé/l to 100 mg/l the phencolic

accumulation on percentage basis declined, The actual values



Fig. 17. Histogram dipicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of dipleid tobacco

callus cultured on

A : MS basal + 2% sucrose

as

B : MS + O.1 mg/l MAP + 2% sucrose
C : MS + 0.4 mg/l MAP + 2% sucrose

D : MS + 1.0 mg/1 MAP + 2% sucrose
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were 1,84 mg% and 4.94 mg/culture for 10.0 mg/l GA,
1,52 mg% and 0.97 mg/culture for 50,0 mg/l GA; and 1.42 mg%
and 1,24 mg/culture for 100.0 mg/1 GA4 (Fig. 18, Table 6),

All the three concentrations of GA5 supported callus

tissues that were green and friable.

Expt. 7. Influence of various sucrose levels in combination

with auxins and kinetin °

Auxins and kinetin were taken in combihation at different
levels of sucrose to study their influence on the growth and
phenolic accumulation in diploid callus tissues of N. tabacum,
The callus tissues were kept for one week on MS basal medium
priocr to its inoculation on media containing phytohorﬁones
to minimize any carry over effect. The callus tissues were
incubated over a period of 30 days before analysis for growth

and phenolics,

IAA (2.0 mg/l) and KN (0.4 mg/l) were taken in combination
and sucrose added im concentration ranging from 2 to 4% .
13.16 fold increase in fresh weight and 18,02 fold increase _
in dry weight were gained on IAA (2,0 mg/l) and KN (0.4 mg/1)
containing medium supplemented with 2% sucrose, With the
increase of sucrose concentration to 3% in the above medium

the fresh weight increased 36.34 fold and the dry weight



Fig., 18. Histogram depicting growth (fresh and
dry Wt.) and polyphenol accumulation in
30 day old cultures of diploid tobacco

callus cultured on :

A : MS basal +'2% sucrose

B : MS + 10 mg/l GAg + 2% sucrose
C : MS + 50 mg/l GA; + D% sucrose

D : MS +100 mg/l GAy * 2% sucrose
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28.01 fold, The increase of sucrose concentration in the
medium to 4% resulted in decline of growth., Sucrose at 4%
supported 13.84 and 21.21 fold increases in fresh and dry
weight respectively. The phenolic accumulation was 1.12 mg¥%
and 2,61 mg/culture for 2% sucrose medium; 1,84 mg% and

6,18 mg/culture for 3% sucrose medium, and 2.16 mg¥% and

5.49 mg/culture for 4% sucrose medium (Fig. 19, Table 7).

The callus tissue was green on medium supplemented with
2 and 3% sucrose,.The callus tissues, however, turned dark on
media supplemented with 4% sucrose. The callus tissue was
friable on 3% sucrose medium, On other media, it was nodular

and compact.

For yet another experiment auxins, IAA and NAA were
taken in combinations with KN, Two combinations tried were
2.0 mg/1l IAA + 2.0 mg/l NAA + 0.4 mg/l KN and 2,0 mg/1 IAA +
2,0 mg/l NAA + 2.0 mg/1 KN, The hormones were supplemented
into MS basal medium containing 2% sucrose. The callus tissues
were incubated on the above media for 30 days before analysis

for growth and phenolic accumulation,

The first of the two media i,e., IAA (2.0 mg/1), NAA (2.0 mg/1)
and KN (0.4 mg/l) containing medium gave 54,9 fold increase in
fresh weight and 30.74 fold increase in dry weight. When IAA,

NAA and KN were used in the concentration of 2.0 mg/l each in
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Table : 7, Effect of sucrose level in presence of auxin and kinetin
on growth and accumulation of phenolic compounds in
diploid callus of Nicotiana tabacum.

Inoculum : 300430 mg tissue by fresh weight (1243 mg dry
weight) on 40 ml MS medium supplemented with :
A, 2.0 mg/1l IAA + 0.4 mg/l KN + 2% sucrose
B, 2.0 mg/1 IAA + 0,4 mg/1 KN + 3% sucrose
C. 2.0 mg/l IAA + 0.4 mg/1l KN + 4% sucrose
D. 2.0 mg/1 IAA + 2,0 mg/1 NAA + 0.4 mg/1 KN + 2% sucrose
E. 2.0 mg/1 IAA + 2.0 mg/l NAA + 2.0 mg/l KN + 2% sucrose
Medium Fresh weight Dry weight Phenolics Phenolics
: {mg/culture) (mg/culture) {mg%) (mg/culture)
3950,9 216.32 1.12 2.61
(x114.2) (+10.7)
10903, 38 336.2 1.84 6.18
(4366.0) (422, 4)
4154,7 254,62 2,16 5.49
(+198.7) (+20.0)
16472,7 368.9 1,22 4,50
(+435,1) (+35.5)
13637.2 654,4 1.87 12.23
(+496.8) (+38.3)

Data represents an average of 5 replicates,

Figures in parenthesis are standard error,



Fig. 19, Histogram deépecting growth {fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of diploeid tobacco

callus cultured on :

A ¢ MS + IAA + KN + Sucrose
(2,0 mg/1) {C.4 mg/1) ( 1%)

B . LI " 3 " + SucCrose
(2%)
C: "4 " + " + Sucrose
(4%)
D: "+ IAA +  NAA + KN + Sucrose

(2.0 mg/1) (2.0 mg/1) (0.4 mg/1l) (2%)

E . " KN " + Li} + KN + "
(2,0 mg/1)
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the MS basal medium with 2% sucrose the fresh weight
increased 45,45 fold and dry weight by 54,51 fold after

30 days of culture. The accumulation of phenolics was to

the tune of 1.87 mg% and 12.23 mg/culture on the second
médium, whereas on the first medium the phenolic accumulation

was 1.22 mg¥% and 4,5 mg/culture (Fig. 20, Table 7).



Section B-II. Growth and Accumul ation of Phenolic

Compounds in Haploid Callus Cultures

of Nicotiana tabacum L. var. Anand-2.




B - II. Growth and accumulation of phenolic compounds

in haploid callus cultures

To study the hormonal influence on growth and the
accumulation of phenolic compounds, callus masses weighing
300430 mg by fresh weight (1243 mg dry weight) were incubated
on 40 ml agar medium in continuous light at 2642°, The callus
tissues were incubated on MS basal medium for 1 week before
hormonal supplements were made to minimize any carry over
effects, The tissues were harvested on the completion of 30
days in cultufe and analysed for fresh and dry weight
increases, and also for phenolic accumulation, The results

are presented in Tables 8 -~ 10 and Figures 21 - 29,

Expt. 8. Influence of Auxins

Auxins —— 2,4-D, IAA, NAA and IBA - were incorporated
into the MS basal medium containing 2 per cent sucrose, Each
auxin was used at the concentrations of 0,5, 2.0 and 4.0 mg/1
in the MS medium to study their effect on growth and phenolic
accumulation after 30 days in culture, Callus tissues cultured

on MS basal medium acted as the control.

On MS basal medium supplemented with 2 per cent sucrose
only, the callus tissues registered 1,52 and 2.85 fold increas:
in fresh and dry weights respectively. The phenolic content

was 1,35 mg% and 0.46 mg/culture (Fig. 21, Table 8).



Fig. 20, Histogram depicting growth (fresh and

dry wt,) and polyphencl accumulation in
30 day old cultures of haploid tobacco

callus cultured on :

MS basal + 2% sucrose
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Fig. 21. Histogram depicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on :

A : MS basal + 2% sucrose

B : MS + 0.5 mg/l 2,4-D + 2% sucrose
C : MS + 2.0 mg/l 2,4-D + 2% sucrose

D : MS + 4,0 mg/l 2,4-D + 2% sucrose
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Incorporation of 2,4-D (0.5 mg/l) resulted im 12,6 and
12.54 fold increase in fresh and dry weights respectively.
‘With the increase of 2,4-D concentration to 2,0 and 4,0 mg/1
the fresh weight increases were less significant, being 2.7
and 1.53 fold respectively. The’dry weight of the callus
tissue on these two media registered & 4,09 and 3,47 fold
increase, On percentage basis, 4.0 mg/l 2,4-D facilitated
maximum phenolic accumulation being 3.05 mg%. However, it
“was 0.5 mg/1l 2,4-D which gave maximum yield of phenolics on
per culture basis, being 2,408 mg/culture (Fig. 22, Table 8).
The callus tissues on the 2,4.D containing media were hard,

compact and turned brown,

N

Of the three concentrations of IAA incorporated into MS
basal medium, maximum growth was supported by 2.0 mg/1,
followed closely by 4.0 and 0.5 mg/l1 IAA. The fold-wise
increase in fresh weights was 2.31, 1.97 énd 1.83 respectively.
on dry weight basis, it was 4,0 mg/1 IAA follewed by 2.0 and
0.5 mg/l. The fold-wise increases were 4.21, 4,13 and 3,68
respectively., The phenolic accumulation on mg percentage
and mg/culture basis was maximum on 4,0 mg/l IAA containing
medium, the respective values being 2.30 mg% and 1.16 mg/
culture. 0.5 and 2.0 mg/1 IAA each supported 1.8 mg% phenolic
accumulation and the mg/culture accumulation was 0.79 and

0.89 mg respectively (Fig. 23, Table 8). The callus tissues



Table : 8, Auxin effect on growth and accumulation of phenolic

compounds in haploid callus of Nicotiang tabacum L.

Inoculum : 300430 mg tissue by fresh weight (1213 mg dry
weight) on 40 ml of MS medium supplemented

with 2% sucrose and different auxins.

Incubation :

30 days in light at 25i2°

Influence of

auxins

Medium Auxin Fresh weight Dry weight Phenolics Phenolics
(mg/1) (mgm/culture) (mg/culture) (mg%) (mg/cult.)
MS (Basal) - 457.,6 34,3 1.35 0.463
+ 29% sucrose (+42) (+8) -
" 2,4-D 3782,8 150.5 1.60 2,408
(0.5 mg/1)  (#43.1) (x15)
" 2,4-D 811.0 49,13 1.35 0.663
(5.0 mg/1)  (+10.7) (+7)
" 2,4-D L 461,2 41,66 3,05 1.270
(4.0 mg/1)  (43) (29) -
" IAA 550.2 44,26 1.80 0.796
(0.5 mg/1) (59)- (17.9)
n IAA 694,46 49,64 1.80 0.893
(2.0 mg/1) {+25.9) (35.7)
" IAA 591.78 50,6 2.30 1.163
(4.0 mg/1)  (£13.0) (13.2)
n NAA 1103,58 54,08 2.05 1.928
(0.5 mg/1) (+230)-- (+18.5)
i NAA 4209, 46 181.63 2.05 3.723
(2.0 mg/1) (#130.3) (#31.6)
" NAA 809.8 60,51 1.60 0,968
(4.0 mg/l) (24.5) (#7.2)
n IBA 677.8 43,46 1.10 0.478
(0.5 mg/1) (+14.2) (18.2)
" IBA 1240,0 48,31 0,9 0.434
(2.0 mg/1) (107.3) (£7.7)
" IBA 764,06 '57,98 2.05 1,188
(4.0 mg/1) (181.8) (£.5)

Data represents an average of 5 replicates,

Figures in parenthesis represent standard error,



Fig. 22. Histogram depicting growth (fresh and
dry wt,) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on :

A : MS basal'+ 2% sucrcse

B : MS + 0.5 mg/l IAA + 2% sucrose
C : MS + 2.0 mg/l IAA + 2% sucrose

D : MS + 4.0 mg/l IAA + 2% sucrose
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Fig. 23. Histogram depicting growth (fresh and
dry wt,) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on ;

A : MS basal + 2% sucrese
B : MS + 0,5 mg/1l NAA + 2% sucrose
C : MS + 2,0 mg/l NAA + 2% sucrose

D : MS + 4,0 mg/1l NAA + 2% sucrose
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on IAA containing media were green, soft, nodular and

highly friable,

Incorporation of NAA (2.0 mg/l) supported maximum
growth of the callus tissues on both fresh and dry weight
basis. The fresh weight increased 14.03 fold and the dry
weight 15.13 fold. 0.5 mg/l NAA was more effective than
4,0 mg/1 NAA in supporting growth. The former showing 3,67
and the latter 2.69 fold increase in fresh wéight. The
corresponding dry weight increases were 7.84 and 5.04 fold
respectively., 2.05 mg % phenolics accumulated in callus
tissues on 0.5 and 2,0 mg/l1 NAA and it decreased to. 1.6 mg %
with the increase of NAA level to 4.0 mg/l. On mg/culture
basis maximum accumulation of phenclics was obtained on
2.0 mg/1 NAA, the yield being 3.72 mg/culture followed by
0.5 and 4,0 mg/1 NAA providing with 1.92 and 0,96 mg/culture
of phenolics respectively (Fig. 24, Table 8). The callus
tissues grown on NAA contaiming media were green in colour,

highly plastic and watery by constitution,

Among the {hree concentrations of IBA (0.5, 2.0 and
4,0 mg/l) tested for grewth and accumulation of phenolic
compounds in callus tissues, it was found that 2.0 mg/1 IBA
gave maximum increase in fresh weight (4,13 fold) followed

by 4,0 mg/1 IBA (2.54 fold) and 0.5 mg/l IBA (2.25 fold).



Fig. 24. Histogram depicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on :

A : MS basal + 2% sgcrose

B : MS‘+ 0.5 mg/l IBA + 2% sucrose
C : NS + 2.0 mg/l IBA + 2% sucrose

D : MS + 4,0 mg/1 IBA + 2% sucrose
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4,0 mg/l IBA gave maximum increase in dry weight (4.83).
With the reduction of IBA concentration im the medium the
dry weight also dropped. 2.0 mg/l IBA gave an increase of
4,02 fold and 0.5 mg/l gave 3,62 fold increases in dry
weights, 4.0 mg/l IBA also proved to be more effective than
its pther two concentrations in facilitating phenolic
accumulation, The corresponding values were 2.05 mg % for
4,0 mg/1 IBA, 0.9 mg % for 2.0 mg/1 IBA and 1.1 mg % for
0.5 mg/1 IBA. Identical trend was followed for the
accumulation of phenolic compounds on mg/culture basis. The
values being 1,18, 0.43 and 0.47 mg/culture for 4,C, 2.0 and
0.5 mg/l IBA (Fig. 25, Table 8). The callus tissues were

green, compact and hard,

Expt. 9. Influence of Cytokinins

Prior to setting-up of the experiment the callus tissues
were incubated for one week on MS basal medium free of any
auxin or cytokinin to eliminate any carry over effect, Callus
masses 300430 mg by fresh weight (1243 mg dry weight) were ,
transferred onto 40 ml MS medium supplemented (singly) with
0.1, 0,4 and 1,0 mg/l of KN and 6-dimethylaminopuriné. The
cultures were incubated for 30 days in continuous light at
25+2°, A fixed number of replicates were harvested at the
end of 30 days and analysed for grewth measurements and

phenolic contents.



Table : 9, Growth and accumulation of phenolic compounds in haploid
callus of Nicotiana tabacum L.

Inoculum : 300430 mg callus tissue by fresh weight
{1243 mg dry weight) on 40 ml of MS basal
medium with 2% sucrose, and various levels
of cytokinins and GAg.

Incubation : 30 days in light at 25i2°.

Phytohormane %ggi?g; Fresh weight Dry weight Phenolics  Phenolics

(mg/1) {mg/culture) (mg/culture) {mg%) (mg/culture)

' {42) (18)

KN 0.1 1339.0 73.7 0.90 0.63
{(+34.7) (13.3)

" 0.4 1421.85 1.8 0. 45 0.41
: (+38.2) (24.6)

n 1.0 1898.58 185.8 0.45 0.83
(143.5) (3.7)

MAP 0.1 357.83 28,2 0.45 0.12
: (x29.8) (x4.2)

" 0.4 290.9 14,4 0.2 0.02
(#30.1) - {13.0)

n 1.0 389.8 31.3 0.45 0.14

(246.8) (+4.6) ‘

GA 10.0 465 .8 26,23 0.82 0.21

3 (436.6) (#2.7) ‘ ,

" 50.0 406,73 24,76 0.76 0,18
(+29.8) (14.0)

" 100.0 815,85 50.3 0.58 0.29
{392.1) {19.3)

Data represents an average of 5 replicates.
Figures in parenthesis represent standard error.



Fig. 25. Histogram depicting growth (fresh and
dry wt.) and polyphencl accumulation in
30 day old cultures of haploid tobacco

callus cultured on

A : MS basal + 2% sucrose
B : MS + 0.1 mg/1 KN + 2% sucrose
C: MS + 0.4 mg/l KN + 2% sucrose

D : MS + 1,0 mg/1 KN + 2% sucrose
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Kinetin at all the.three concentrations tested (0.1,
0.4 and 1.0 mg/1) enhanced the growth of haploid callus,
The respective fold-wise increase in fresh weights were
4,46, 4,73 and 6.32, The dry weight on the two. lower
concentrations did not increase as effeciently as at the
higher level. The actual fold-wise values being 6.14 and
7.65, On 1,0 mg/1 KN the dry weight increased by 15.48 fold,
At 0.4 and 1.0 mg/1 KN only 0,45 mg% each of phenolics
accumulated. The mg per culture yield of phenolics was 0.4l
and 0.83 mg/culture respectively. Maximum phenolic accumulation
of 0.90 mg¥% was supported by 0.1 mg/1 KN. The total phenolic
accumulation on culture basis was 0,46 mg/culture

(Fig. 26, Table 9),

The callus tissues grown on 0.1 and 1,0 mg/1 KN was
highly nodular, compact and turned brown during the culture
period.The tissue was, however, green and friable when

grown on 0.4 mg/l KN,

The other cytokinin testea, 6-dimethylaminopurine (MAP),
unlike KN did not show any pronounced effect on growth of the
tissues, The fresh weights increased 1.19 and 1.29 fold
with the callus tissues cultured on 0.1 and 1,0 mg/l MAP
respectively. No increase was noticed in fresh weight of

the callus tissues on 0.4 mg/l1 MAP., 0.l and 1,0 mg/1 MAP



Fig. 26. Histogram depicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultures on :

A : MS basal +2% sucrose
B 3 MS + O.1 mg/1 MAP + 2% sucrose
C : MS + 0.4 mg/l MAP + 2% sucrose

D : MS + 1.0 mg/l MAP + 2% sucrose,
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gave 2,35 and 2,6 fold increase in dry weights respectively.
0.4 mg/l MAP did not bring about any increase in the dry
weight, The phenolic accumulation in callus tissues was

0.45 mg % and 0,126 mg/culture on 0,1 mg/l MAP; 0.2 mg % and
0.028 mg/culture on 0,4 mg/l MAP, and 0.45 mg % and O.14 mg/
culture on 1.C mg/l MAP (Fig. 27, Table 9).

The callus tissues were dark brown and compact when

grown on the above concentrations of MAP.

expt. 10. Influence of GhAq

To study the influence of Gibberellic Acid (GA3) on
growth and accumulation of phenolic compounds, it was
incorporated into the MS basal medium in three concentrations

of 10, 50 and 100 mg/1l.

Of the three GAy concentrations the lower two (10 and
50 mg/l) supported only marginal increases in the fresh
weight, the fold-wise increases being 1,55 and 1,35 respective-
ly. GAy at 100 mg/1 brought about an increase of 2.71 fold
in fresh weight., Though the fresh weight varied over a
wide range of 1,35 - 2,71 fold increases, the dry weights
at all the three concéntrations remained more or less alike,

the fold-wise increases being 2,18, 2,06 and 4.i1 at 10, 50

and 100 mg/1 GA, respectively, The phenolic accumulation in



Fig. 27. Histogram depicting growth (fresh and
dry wt.) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on :

A : MS basal + 2% sucrose

B : MS + 10 mg/l GA, + 2% sucrose

3

C : MS + 50 mg/1 GAy + 2% sucrose

D : MS +160 mg/1 GAy + 2% sucrose
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Table : 10, Effect of sucrose level in presence of auxin and kinetin
on growth and accumulation of phenolic compounds in
haploid callus of Nicotiana tabacum.

Inoculum : 300+30 mg tissue by fresh weight (1243 mg dry
weight) on 40 ml MS medium supplemented with :
A. 2,0 mg/1l IAA + 0.4 mg/1 KN + 1% sucrose
B. 2.0 mg/1 IAA + 0.4 mg/1 KN + 2% sucrose
C. 2.0 mg/1 IAA + 0.4 mg/1l KN + 4% sucrose
D. 2.0 mg/1 IAA + 2.0 mg/1l NAA + 0.4 mg/1 KN + 2% sucrose
E. 2.0 mg/1 IAA + 2,0 mg/1l NAA + 2.0 mg/l KN + 2% sucrose
Medium Fresh weight Dry weight Phenolics Phenolics
(mg/culture) {(mg/culture) (mg%) {mg/culture)
A 1471,26 93.6 0.45 0,42
(143.2) . (36.6)
B 1196.0 99,2 0.65 0.64
(4567.8) (49.2)
C 1047.6 96.8 1,10 1.06
(44, 1) (#4.1)
D 17439, 43 469.9 0,66 3.10
. (261.3) (+18.1)
E 15600,32 587.4 1,12 6.57
(3344.9) {+22.8)

Data represents an average of 5 replicates.

Figures in parenthesis are standard error,
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callus tissues was 0,21 mg/culture and 0.82 mg% on 10,0 mg/1
GAy; 0.18 mg/culture and 0,76 mg¥% on 50,0 mg/1l GA; and 0.29
mg/culture and 0.58 mg% on 100,0 mg/l GA5 (Fig. 28, Table 9).

Expt. 11, Influence of various sucrose levels in

combination with auxins and kinetin,

Auxins and kinetin were taken in combination at different
levels of sucrose to study their influence on the growth and
phenolic accumulation in heploid callus tissues of N, tabacum,
The callus tissues weggﬂkept for one week on MS basal medium
prior to its inoculation on media containing phyto-hormones
to minimize any carry over effect, The callus tissues were

incubated over a period of 30 days before analysis for growth

and phenolics,

IAA (2,0 mg/l) and KN (0.4 mg/1l) were taken in combination
with sucrose added in concentration range of 1 - 4%. Increasing
sucrose concentrations resulted in decreasing growth values on
fresh weight basis, The fold-wise fresh weight increases on
1, 2 and 4% sucrose containing media were 4.9, 3.96 and 3.49
respectively, On dry weight basis the fold-wise increases were
7.8, 8,26 and 8.06 respectively. Increasing sucrose levels led
to increasing accumulation of phenolics. The values of phenolic
accumulation on 1, 2 and 4% sucrose containing medium were

0.45, 0,65 and 1,10 mg% respectively, On culture basis the



Fig. 28. Histogram depicting growth (fresh and
dry wt,) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on :
A : MS basal + 2% sucrose

B . MS + IAA + KN + sucrose
(2.0 mg/1) (0.4 mg/1l)  {(1%)

c: " + " + " + sucrose
(2%
D L " + " + sucCrosge

(4%)
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Fig. 29. Histogram depicting growth {fresh and
dry wt,) and polyphenol accumulation in
30 day old cultures of haploid tobacco

callus cultured on
A : MS basal + 2% sucrose

B« MS + TAA + NAA + KN + sucrose
(2,0 mg/1) (2.0 mg/1) (0.4 mg/1)  (2%)

O
4
4

+ KN oo
(2.0 mg/1)
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Corresponding values were 0.42, 0.64 and 1,06 mg/culture

(Fig. 29, Table 10).

In another experiment auxins, IAA and NAA were taken
in combination with KN, Two combinations tried were
2.0 mg/1 IAA + 2.0 mg/l NAA + 0.4 mg/1 KN and 2.0 mg/1l each
of IAA, NAA and KN, The hormones were supplemented into MS
basal medium containing 2% sucrose, On the first medium
the fresh weight increased 58,13 fold and 52.0 fold on the
second. Corresponding dry weight increases were 39.15 and
48.95 fold respectively. Maximum phenolic accumulation was
supported by the second medium, the values being 1.12 mg%
and 6.57 mg/culture. The phenolic content on the first
medium was 0.66 mg% and 3,10 mg/culture (Fig. 29, Table 10).



Section C-I : QOrganogenesis in Diploid Callus Cultures

of Nicotiana tabacum L.
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C - I. Organogenesis im diploid callus cultures of

Nicotiana tabacum L.

Callus cultures derived from the floral buds of
N. tebacum and maintained on MS medium supplemented with
2.0 mg/l each of IAA, NAA and KN, were later transferred to
MS medium containing varying levels of phytohormones, singly
and in combinations, and sucrose to evoke morphogenetic

responses,

Expt. 12, Influence of JIAA on organogenesis

Green, healthy looking callus masses were cultured on
MS medium supplemented with a wide range of IAA (0.175 -
4,0 mg/l) and sucrose (1-6%) as shown below :

i) MS + 2% sucrose

ii) MS + 0.175 mg/1 IAA + 2% sucrose

iii) " o4 " + 3% sucrose
iv) " + 0,3 mg/l IAA + 1% sucrose
v) "o+ n + 2% sucrose
vi)' LS " + 3% sucrose
vii) "4 " + 6% sucrose

viii) ® + 0,5 mg/l IAA + 2% sucrose
ix) "+ 2,0 mg/l IAA + 1% sucrose

x) "4 " + 2% sucrose



xi) MS
xii) "
xiii) »

xiv) "

xvi) "
xvii) »
xviii)
xix) n

xx) L

+ 2,0 mg/1 IAA +
+ " +
+ 3.0 mg/1 IAA +
+ " +
+ " +
+ " +
+ 4.0 mg/1 IAA +
+ " +
+ " +
+ " +

3%
6%
1%
2%
3%
6%
1%
2%
3%
6%

sSucrose
sSucrose
sucrose
SUCIQSE
sucrose
SUCIrose
sucrose
sucrose
sucrose

sucrose
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The cultures were incubated at 2642° in continuous light and

periodic observations made, The results are presented in

Table 11 and Figures 30 - 38),

Callus tissues cultured on MS basal medium containing

2% sucrose alone served as the control. On this medium shoots

were differentiated during the fourth week of culture with

40-50% frequency. Per callus mass 2-10 shoots were

differentiated (Fig. 30, Table 11).

On MS medium containing 0,175 mg/1 IAA and 2% sucrose;

no organogenetic response was obtained even after four weeks

of culture.

to 3%, however, resulted im the differentiation of flower

bud like structures (Fig, 31, Table 11),

In the same medium the increase of sucrose level
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On the other hand, 0.25 mg/l1 IAA in combination with
2 or 3% sucrose failed to invoke either shoot or root

differentiation,

On MS medium containing 0.3 mg/l IAA and 1% sucrose
similarly, no organogenic response was observed. However,
with the increase of sucrose level to 2% at the same auxinm
concentration, solitary shoots were differentiated during
the fourth week of culture with about 50% frequency (Fig. 32,
Table 1l1), Further increase of sucrose level to 3% in the
same medium, also as in the previous instance, resulted in
the differentiation of solitary shoots during the second
week of culture with 50% frequency (Fig, 33, Table 11). When
6% sucrose was used in the same IAA (0.3 mg/l) containing
medium, there was shift in organogenic response from shoot
to root formation, Roots were differentiated during the
second week of culture with about 25% frequency (Fig. 34,
Table 11). |

On MS medium containing 0,5 mg/1 IAA and 2% sucrose, one
or two roots were differentiated from diploid tobacco callus
culture, Roots usually appeared during the fourth week of

culture with 25% frequency (Fig., 35, Table 11),

No organogenetic response was observed in diploid tobacco

callus tissues cultured om MS medium supplemented‘with 2.0 mg/1



1
=
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Fig.

Fig.

Fig.

. 30,

31.

34.

35.

Sheoot differentiation from diploid tobacco

callus on MS medium + 2% sucrose { 6 weeks).

Flower bud like structures differentiate
from diploid callus on MS + 0,175 mg/l IAA +

3% sucrose (4 weeks).

Solitary underdeveloped shoot from diploid
callus on MS + 0,3 mg/1 IAA + 2% sucreose

{4 weeks),

Solitary well developed shoot from diploid
callus on MS + 0,3 mg/l IAA + 3% sucrose

(12-15 days).

Root differentiation from diploid callus on

MS + 0,3 mg/l IAA + 6% sucrose [12 days).

Root differentiation from diploid callus on

MS + 0.5 mg/1 IAA + 2% sucrose ( 4 weeks),



FIG. 30.
FIG. 31.

FIG. 34 FIG. 35



Table : 11, IAA effect, at different sucrose levels, eﬂ.marg
in diploid callus tissues of Nicotiana tabacum L.

Sucrose Morphogenic Erequea¢y  Time ta

Medium IAA
(mg/1) (%) response response (%)
M3 - 2.0 Shoot +4
" 075 2.0 - -
" 0.17% 3,0  Flower bud like +
. ‘ , structures
. 0.25 2.0 - -
" 0025 3o0 - -
" . 0.30 L0 - -
* 0,30 2.0 ~ shoot ++
" 0.30 3.0  shoot ++  Solitary shoot
‘ Day 12
" 0.30 6.0 Root + Day 12
4 0.50 - 2.0 Roots | T+ i 4~weekg _
" 2.6 | le - had -
" 2.0 2,0 Roots ++4 4 weeks
w20 3.0 Roots ret 13 - 15 days
" 2.0 6.0  Roots + Day 12
" ch l*a'é’e - ; - -
. 4;@ l;G-é.e -
Frequency response : -
+
++
4

o




Fig;

. Fig.

Fig.

Fig.

g. 36.

37,

33.

'R&thdifferentigticn frsm“ﬁigloid callus on

MS + 2,0 mg/l IAA + 2% sucrose (4 weeks),

Root éiffereﬂtiatisn from diploid callus on

MS + 2.0 mg/1 IAA + 3%:Svcraée (13«15‘days},f_‘,ﬁ

Root differentiation from diploid callus on

. MS + 2.0 mg/1 IAA + 6% sucrose (12 days).

39,

Root dif ferentiation from dipleid callus on

MS + 10 mg/1 GAy + 2% sucrose ( 5 weeks).

Shoot differentiation from dipiciﬁ callus on

MS + 0.03 mg/1 IAA + 1.0 ma/l KN + 2% sucrose

5. 41.

{3 weeks),

Ehéot and ro0t~differéﬂtiaiiéh frcm'diploid

cailus én MS + O‘2ﬁ‘mg/lxiAﬁ + 0,175 mg/l KN

+ 3% sucrose ( 2 weeks ).




FIG.

40.

F1G* 37

FIG.

41.



IAA and 1% sucrose, Roots were, however, differentiated
when in the same medium sucfose level was 'increased to 2%,
Réots were differentiated during the fourth week of culture
with 75% frequency (Fig. 36, Table 11), In the same medium
further increase of sucrose level to 3% also induced root
differentiation during the second week of culture with
about 75% frequency (Fig. 37, Table 11). Though further
increase of sucrose level to 6% in the same medium resulted
in root differentiation during the second week of culture,
the frequency of response dropped to a mere 25% (Fig., 38,
Table 1l),

MS medium supplemented with 3.0 and 4,0 mg/1 IAA and
sucrose (1-6%) did not invoke any morphogenic response

from diploid tobacco callus tissues,

Expt. 13, Influence of GA, on organogenesis

To study the influence of GA3 on differentiation in
callus cultures of floral bud origimn, it was incorporated
alone into MS basal medium in a wide range of concentrations

as shown below

i) MS + 5.0 mg/1 GAq + 2% sucrose
ii) " 4+ 10.0 mg/1 GAy + "
iii) "+ 15.0 mg/l GAg + "
iv) ® + 20,0 mg/1 GAy + "



v) MS + 25 mg/1 GAy + 2% sucrose
vi) " + 50 mg/1 GAy + 2% sucrose
vii)" + 100 mg/1 GA; + 2% sucrose

Of all the concentrations of GA5 tested, the only one
to be effective was 10.0 mg/l. At that particular level of
GA3 roots were differentiated during the fifth week of
culture with 10% frequency. Thé roots were Qcanty, small

and thin (Fig. 39, Table 12).

Expt. 14. Influence of other phytohormones and adenine

sulfate on differentiation

Besides IAA and GA,, other phyteohormones like NAA,
2,4-D, IBA, KN and MAP were tried singly te induce
organogenesis in diploid tobaccoe callus tissues, NAA, 2,4-D
and IBA were incorporated imto MS medium in a wide range of
concentrations. (0,1 - 4,0 mg/l). No orgamegenetic response
was obtained with any of these auxins tested. KN (0.02 -
2,0 mg/1) alone also proved ineffective in invoking
organogenesis, 6-dimethylaminopurine (MAP) at concentrations
ranging from 0.4 - 2,0 mg/1 too did not facilitate organ
formation. Adenine sulfate (10 - 500 mg/l) also failed to

induce orgsanogenesis in diploid tobacco callus tissues,



Table : 12. GA, effect on morphogenesis in diploid callus

tissues of Nicotiana tabacum L,

Medium GA4 Sucrose Morphogenic Frequency Time taken
(mg/1) (%) response Re?ﬁgnSe for response
MS 5.0 2.0 - . -
" 10.0 2.0 Roots 10.0 5 weeks
" 15.0 2.0 - - -
" 20.0 2.0 - - -
" 25,0 2.0 - - -
" 50,0 « 2.0 - - -
" 100.0 2.0 - . -

Frequency response : - Nil

885
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Expt. 15. Influence of IAA and kinetin interactions on

organogenesis

To study the influence of IAA and KN interactions on
organogenesis in diploid 'tobacco callus tissues, they were
incorporated into MS basal medium in a wide range of

concentrations as given below :

i) MS + 0.03 mg/1 IAA + 1,0 mg/l KN + 2% sucrose

ii) " + 0,25 mg/1l IAA + 0.,0175 mg/1l KN + 3% sucrose
iii) v o+ " + 0.175 mg/1l KN + "

iv) " + 0.35 mg/1 IAA + 0,035 mg/1 KN + "

v) "4 " + 0,35 mg/1 KN + "

vi) " + 0.5 mg/l IAA + 0.05 mg/1 KN + "
vii) LU " + 0,5 mg/l KN + "
viii) " + 0.75 mg/l1 IAA + 0,075 mg/l KN + n

ix) "o+ n + 0.75 mg/1 KN + "

x) " + 1,0 mg/l IAA + 0.1 mg/l KN + J

xi) "+ " + 1.0 mg/1 KN + "
xii) " + 2,0 mg/l IAA + 0.02 mg/l KN + 2% sucrose
xiii) » + n + 0.2 mg/l KN + 2% sucrose
xiv) "y n + 0.2 mg/l KN + 3% sucrose
xv ) " o4 n + 0,4 mg/l KN + 3% sucrose
xvi) LR S " + 0.5 mg/l KN + 2% sucrose
xvii) "+ n + 1,0 mg/l KN + 2% sucrose
xviii) " + " + 2.0 wg/1 KN + 2% sucrose



xix) MS + 2,0 mg/1 IAA + 2,0 mg/1 KN + 3% sucrose
XX ) " + 4,0 mg/l IAA + 0.4 mg/1 KN + 2% sucrose

xxi) " + 4,0 mg/1l IAA + 0.4 mg/l KN + 3% sucrose
xxii) " + " + 4,0 mg/1 KN + 2% sucrose
xxiii) » + " + " + 3% sucrose

On MS medium containing 0.03 mg/1 IAA, 1.0 mg/1 KN and
2% sucrose, shoots were differentiated during the third week

of culture with 40-50% frequency (Fig. 40, Table 13),

No organogenetic response was obtained from diploid
tobacco callus tissues cultured on 3% sucrose containing
medium supplemented with IAA (0.25 mg/l) and KN (0,0175 mg/1).
In the same medium, however, the increase of KN level to
0.175 mg/1 resulted in the differentiation of leafy shoots
with roots‘dUring the second week of culture with 50-60%
frequency (Fig. 41, Table 13).

Increase of IAA concentration from 0.25 mg/1 to 0.35
mg/l, in presence of 0.035 mg/l KN ih 3% sucrose contaiming
medium did not invoke any organogenic response. However,
shoots with roots were differentiated on increasing KN level
to 0.35 mg/l in the same medium, The shoots appeared during
the second week of culture with 35-50% frequency (Fig. 42,
Table 13).

Similarly, no organogenetic response was obtaimed from



Fig. 42. Shoot and root differentiation from diploid
callus on MS + 0.35 mg/l IAA + 0.35 mg/l KN +

3% sucrose {2 weeks),

Fig. 43, Shoot and root differentiation from diploid
callus on MS + 0,5 mg/l IAA + 0.5 mg/l KN +

3% sucrose ( 2 weeks),

Fig. 44, Shoot differentiation from diploid callus on
MS + 0.75 mg/l IAA + 0.75 mg/l KN + 3% sucrose

(2 weeks); note clumping of shoot,

Fig. 45, Shoot differentiation from diploid callus on
MS + 1.0 mg/1 IAA + 1.0 mg/l IAA + 3% sucrose
(2 weeks) ; note <clumping and sturnted growth

of shoots,

Fig., 46, Shoot differentiation from diploid callus on
MS + 2,0 mg/l IAA + 0.2 mg/l KN + 3% sucrose
( 2 weeks ).

Fig. 47, Shoot differentiation from diploid callus on
MS + 2.0 mg/1 IAA + 0.5 mg/1 IN + 2% sucrose

( 4 weeks).



FIG. 42. FIG. 43.

FIG. 44. FIG. 45.

FIG. 46. FIG. 47.
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diploid tobacco callus tissues cultured on 3% sucrose
containing medium supplemented with 0.5 mg/1 IAA and

0.05 mg/l KN. On the other hand, shcots with roots were
differentiated when the KN level was increased to 0.5 mg/1
in the above medium, The organ differentiation occurred
during the second week of culture with 80-90% frequency
(Fig. 43, Table 13),.

Similar pattern was observed with incorporation of high
IAA (0.75 mg/l) in presence of low KN (0,075 mg/l), However,
the increase of KN concentration to 0,75 mg/l1 in the same
medium resulted in the differentiation of shoots during the
second week of culture with about 75% frequency, The
differentiated shoots had tendency to remain aggregated and

were stunted (Fig. 44, Table 13),.

No morphogenetic response was likewise registered in
diploid tobacco callus tissues cultured on 3% sucrose
containing MS medium supplemented with 1.0 mg/l IAA and
0.1 mg/1 KN. However, the increase of KN lével to 1.0 mg/1
in the above medium resulted in differentiation of shoots
with about 40-50% frequency during the second week of culture
(Fig. 45, Table 13), The shoots were stunted and remained

.clustered,

Using high IAA (2.0 mg/l) in combination with KN



(0.02 and 0.2 mg/1) in MS medium containing 2% sucrose did
not induce organogenesis in callus tissues, Shoots were
differentiated, however, when sucrose level was raised to
3% in MS medium supplemented with 2,0 mg/l IAA and 0,2 mg/1l
KN, The shoots differentiated with about 70-80% frequency
during the second week of culture (Fig, 46, Table 13).

Shoots were differentiated from callus tissues when KN
concentration was increased from 0.2 to 0.5 mg/l, in presence
of 2,0 mg/1 IAA and 2% sucrose, The shoots were solitary and
did not grow beyond four leaf stage. The shoots were
differentiated during the fourth week of culture with about

25% frequency (Fig. 47, Table 13).

No organogenesis was observed from the callus tissues
cultured on 2% sucrose containing medium supplemented with
2,0 mg/1 IAA and 0.4, 1,0 or 2.0 mg/l KN, Shoots were,
however, differentiated on 3% sucrose containing MS medium
supplemented with 2.0 mg/l IAA and 2,0 mg/l KN, The shoots
were dwarf and remained clumped. The caWlogenic response
occurred during the second week of culture with 40-50%

frequency (Fig. 48, Table 13).

Increasing the concentration of IAA still higher (4.0 mg/1)
in the MS medium supplemented with 0.4 or 4.0 mg/1 KN in
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Table : 13, Influence of IAA and Kinetin interactions on
morphogenesis in diploid callus cultures of
Nicotiana tabacum L,

. IAA KN Sucrose Morphogenic Frequency Time taken
Medium (mg/1) (mg/1) (%) response response for response

(%)
MS(Basal) 0,03 1.0 2,0 Shoots ++ 3 weeks
" 0.25 0.0175 3.0 - - -
" 0,25 0,175 3.0 Shoots with~  ++ 2 weeks
: out roots
" 0.35 0,035 3.0 - - -
" 0,35 0,35 3.0 Shoots with ++ 2 weeks
roots
" 0.5 0,05 3.0 - - =
" 0.5 0.5 3.0 Shoots with
roots +4+ 2 weeks
n 0,75 0,075 3.0 - - -
n 0.75 0,75 3.0 Shoots +4+ 2 weeks
" 1.0 0.1 3.0 - - -
" 1.0 1.0 3.0  Shoots + 2 weeks
n 2,0 0,02 2.0 - - -
" 2.0 0.2 2,0 - - -
" 2.0 0.2 3.0 Shoots ++ 4 2 weeks
n 2.0 0.4 2,0 - - -
" 2,0 0.5 2.0 Shoots + 4 weeks
" 2,0 1.0 2,0 - - -
" 2.0 2.0 2,0 - - -
n 2.0 2.0 3.0 Shoots ++ 2 weeks
" 4,0 0.4 2.0 - - -
u 4,0 0.4 3.0 - - -
" 4,0 4,0 2.0 - - -
" 4,0 4,0 3.0 - - -
Frequency response : - Nil
+ 20-25 %
++ 40-50 %

+++ 60-75 %
+++ 85-100%



Fig. 48,

Fig. 49.

Fig. 50,

Fig. 51.

Shoot dif ferentiation from diploid callus on
MS + 2.0 mg/l IAA + 2.0 mg/1 KN + 3% sucrose
{2 weeks); noted clumping of shcots and

stunted growth,

Shoot differentiation from root explant of
diploid tobacco plant on MS + 2.0 mg/1 IAA

+ 0.4 mg/1 KN + 2% sucrose { 4 weeks ),

Shoot differentiation from shoot explant of
diploid tobacco plant on MS + 2,0 mg/l 1AA +
0.4 mg/l KN + 2% sucrose ( 3 weeks); shoot
cifferentiation occurred subsequent of

callusing from stem explant.

Shoot differentiation from the leaf explant of
diploid tobacco plant on MS + 2.0 mg/1l IAA +

0,4 mg/1 KN + 2% sucrose { 4 weeks ),



FIG. 46.

-1G. 50. FIG. 51.
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presence of 2 or 3% sucrose did not bring about differentiation,

Expt. 16. Influence of added phenolic acids on organogenesis

In order to study the influence of phenolic acids on
organogenesis, out of the whole array of media whereon
differentiation occurred, only three media were chosen. These
media were characterized by consistency, rapidity and high

frequency of response, The three media were :

(a) MS basal + 2.0 mg/1 IAA + 3% sucrose (root

differentiating medium),

(b) MS basal + 0,3 mg/1 IAA + 3% sucrose (shoot

differentiating medium) and

(c) - MS basal + 0.5 mg/1 IAA + 0.5 mg/1 KN + 3% sucrose

(shoot differentiating medium).

In the above mentioned media t-cinnamic acid (100, 500 pM),
Ceffeic acid (100, 500 pM), Ferulic acid (iOO, 500 pM) and
p-Hydroxybenzoic acid (1, lO‘pM) were added separately. The
addition of these phenolic acids into the above mentioned

media brought about complete inhibition of organ differemtiation.

Expt. 17. Organogenesis in root, stem and leaf explants of

diploid origin

The root,stem and leaf explants of plantlets differentiated
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from diploid callus on MS$ basal medium were used to study
their organogenetic capacities. The explanté were excised
aseptically and planted on MS medium supplémemted with
2.0 mg/1 IAA, 0.4 mg/1 KN and 2.0 per cent sucrose,

The root explants grew in length and were covered with
small amounts of callus and then the differentiation of leafy
shoots followed in the fourth week of culture, The shoots
were more or less leaf like structures and had tendency to

stick together (Fig., 49),

The stem explants callus profusely and later by the end
of third week in culture leaf 1like structures differentiated

from the callus masses (Fig. 50).

The leaf explants by the third week grew three to four
times their size at the time of inoculation and assumed a
mottled appearance, It is during the fourth week that many
shoots emerge from the base of the leaf in a bunch (Fig. 51).

No callus fermation was observed,



section C-II. Organogenesis in Hacloid Callus Cultures

of Nicotiana tabacum L,




C - II. Organogenesis in haploid callus cultures of

Nicotiena tabacum L.

—— —r—

Callus cultures derived from the ﬂuwt:explants of
haploid plantlets and maintained om MS medium supplemented
with 2,0 mg/1 each of IAA, NAA and KN, were later transferred
to MS medium containing varying levels of phytchormones,
singly and in combinations, and sucrose to evoke morphogenetic

responses,

Expt. 18. Influence of IAA on organocgenesis

Healthy looking, green callus masses were cultured on
MS medium supplemented with a wide range of 1AA (0.175 - 4.0

mg/1) and sucrocse (1 - 6%) as shown below :

i) MS + 2% sucrose

ii)  MS + 0.175 mg/1 IAA + 2% sucrose
iii) * + 0.175 mg/1 IAA + 3% sucrose
iv) "+ 0,25 mg/l IAA + 2% sucrose
v) LIS " + 3% sucrose
vi) " + 0.3 mg/1l IAA + 1% sucrose
vii) " + 0.3 mg/l IAA + 2% sucrose
viii) " + 0,3 mg/1 IAA + 3% sucrose
ix) " + 0.3 mg/l IAA + 6% sucrose
X) " + 0,5 mg/l IAA + 2% sucrose



xi) MS + 2,0 mg/1 IAA + 1% sucrose

xii) L " + 2% sucrose
xiii) LIS n + 3% sucrose
xiv) "oy " + 6% sucrose
Xv) " + 3.0 mg/1l IAA + 1% sucrose
xvi) LS " + 2% sucrose
xvii) " o4 " + 3% sucrose
xviii) ® + " + 6% sucrose
Xix) " + 4,0 mg/l IAA + 1% sucrose
XX) LS " + 2% sucrose
xxi) "oy " + 3% sucrose
xxii) "y + 6% sucrose

The cultures were incubated at 2632° in continuous light and
periodic observations were made. The results are presented

in Table 14 and Figures 52-61,

Callus tissues cultured on MS basal medium centaining
only 2% sucrose served as the control. On this medium shoots
were differentiated during the third week of culture with
about 50% frequency, The shoots differentiated numbered 3-8
per callus mass (Fig. 52, Table 14),

On MS medium containing 0.175 mg/1 IAA and 2% sucrose,
no organogenetic response was obtained even after four weeks

of culture, In the same medium the increase of sucrose level
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to 3%, however, resulted in the differentiation of shoots
with about 20-25% frequency during’the third week of
culture (Fig. 53, Table 14).

On the other hand, 0,25 mg/l1 IAA in combination with 2
or 3% sucrose failed to invoke either shoot or root

dif ferentiation,

On MS medium containing 0.3 mg/l IAA and 1% sucrose
similarly, no organogenic response was observed, However,
with the increase of sucrose level to 2% at the same auxin
concentration, leaf like appendages differentiated which
failed to grow further. These leaf like structures were
obtained latest by day 15 in culture and with 30-40% frequency
(Fig, 54, Table 14), Further increase of sucrose to 3% in the
same medium resulted in the differentiatien of a well defined
solitary shoot, Such shoot differentiation occurred by day 9
of culture with 75-80% frequency (Fig, 55, Table 14), When
6% sucrose was used in the same IAA (0.3 mg/1l) containing
medium, there was shift im organogenic response from shoot
to root formation. No more than 3-4 roots were differentiated
per callus mass, The differentiation of roots occurred during
the second week of culture with 40-50% frequency (Fig. 56,
Table 14),.

On MS medium containing 0.5 mg/l1 IAA and 2% sucrose, one



Fig. 52. Shoot differentiation of haploid callus of

N, tazbacum on MS basal + 2% sucrose (5 weeks).

Fig., 53. Shoot differentiation from haploid callus on

MS + 0.175 mg/l IAA + 3% sucrose (3 weeks),

Fig. 54, Shoot differentiation from haploid callus on

MS + 0.3 mg/l IAA + 2% sucrose ( 15 days).

Fig. 55. Very well developed shoot differentiated from
haploid callus on MS + 0.3 mg/l IAA + 3%

sucrose ( 9 days for differentiation).

Fig. 56, Root differentiation from haploid callus on

MS + 0,3 mg/l IAA + 6% sucrose (12 days).

Fig. 57. Root differentiation from haploid callus on

MS + 0.5 mg/l IAA + 2% sucrose (15 days).
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Table :

14, Influence of IAA at different sucrose levels o

~organogenesis in haploid callus tissues of
ﬂsrtabacum var. Anand-2, | |

ions Tbe cultures were incuba ed
at 2&%29 iﬂ,e_, nue&s 1ight

IAA ,sucrsse ; ééxph@geﬁétic' ?raquency
(mg/1) (%) | response raspanse (%)
k‘~x 2,0 Shoots ++
175 2.0 - -
0.175 3.0 shoots +
.3 1.0 , - -
0.3 2.0 Shoot ++
0.3 3.0 Shoot ' ik S 9 days
0.3 6.0 Roots + 12 days
0.5 2,0 Roets +
2.0 1.0 Roots +
2.0 2.0 Roots +.
2,0 3.0 Roots | HHE
2.0 6.0  Roots ++
3.0 1.0-6.0 - -
4,0 1,0-6,0 ‘ - -

Frequency response : - = No response
| &= 15.25%

++ = 40-60%

+++ = 60-80%

++++ = 80-100%

i



'7' §ig. 58, Root d;fferent&aﬁlcn from baplszd callus on

NS + 2.0 mg/l ZA& + I%«sucrase (15 days)

Fig. 59. Root észerenilatzon from haploid calle on

MS + E;meg/l TAA + 2% sucrose (15 éays)

 k60; Roat~differentiatien;ftﬁmfha§léid callus on

MS + 2.0 mg/1 IAA + 3% sucrose (9 days).

Fig.kél.‘R@otféifferéntiation from haploid callus

on NS + 2,0 mg/l IAA + 6% sucrose {9 days).

 Fig, 62, Shoot differentiation from haploid callus

on MS # 0,03 mg/1 IAA + 1,0 mg/1 KN #

; + 2% sucrose (21 days).

Fig. 63, $h0ﬂt and root differentiation from hani@ld
‘calzns on KS + 0,25 mg/1 IAA + 9.175 mg/l KN

~l+ 3 sucrﬁse {15 days).




fig. 58. FIG. 50.

FIG. 60. FIG. 61.

FIG. 62. F1G. 6aw
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or two roots were differentiated from haploid tobacco callus
cultures, The roots usually appeared during the third week

of culture with about 30% frequency (Fig. 57, Table 14),

Higher concentratien of IAA (2.0 mg/l1) induced root
formation on a wide range of sucrese level ( 1 - 6 %). With
1 and 2% sucrose in the medium, 2-4 roots differentiated by
day 15 of culture with 15-20% frequency (Figs. 58, 59;
Table 14). With the increase of sucrose level to 3%, the
number of roots differentiated per callus mass increased to
8-10. The time taken for differentiation was 9 days and the
frequency of response 60-80% (Fig. 60, Table 14). With further
increase of sucrese to 6% in the medium, 6-7 roots were
differentiated per callus mass by day 12 of culture wikh
40-50% frequency (Fig. 61, Table 14).

MS medium supplemented with 3.0 and 4,0 mg/1 IAA and
sucrose 1-6%) did not invoke any morphogenic response from

hapleid tebacco callus tissues even after 4 weeks of culture.

Expt. 19. Influence of other phytohormones and adenine

sulfate on organocgenesis

Besides IAA, other phytohormones like NAA, 2,4-D, IBA,
KN, MAP and GA3 were tried singly te induce organogenesis

in haploid tobacco callus tissues, NAA, IBA and 2,4-D were
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incorporated into MS basal medium in a wide range of
concentrations (0.1 - 4.C mg/1). No organogenetic response
was obtained by any of these auxins tested. KN (0.02 - 2.0
mg/1l) alone also proved ineffective in invoking morphogenesis.
6-dimethylamino purine (MAP) at concentratioﬁs ranging from
0.4 - 2.0 mg/1 too did not induce organ formation, GA4

(5-100 mg/1) and Adenine sulfate (10-500 mg/l) also proved
ineffective in inducing organogenesis im haploid tobacco

callus tissues,

Expt. 20, Influence of IAA and kinetin interactions on
0 Ygano genes K

To study the influence of IAA and KN interactions on

organogenesis in haploid tobacco callus tissues, they were
incorporated into MS basal medium in a wide range of

concentrations as given below :

i) MS + 0.03 mg/l IAA

+

1,0 mg/1 KN + 2% sucrose

ii) " + 0,25 mg/l IAA + 0.0175 mg/1l KN + 3% sucrose
iii) LIS " + 0,175 mg/1 KN + "
iv) - "™ 4+ 0,35 mg/1 IAA + 0.035 mg/l KN + "
v) n o4 " + 0,35 mg/l KN + "
vi) " 4+ 0.5 mg/l IAA + 0,05 mg/l KN + "
vii) v+ " + 0.5 mg/1l KN + "
viii) " + 0,75 mg/1 IAA + 0.075 mg/l1 KN + "
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ix) MS + 0,75 mg/l IAA + 0,75 mg/l KN + 3% sucrose
x) "+ 1,0 mg/l IAA + O.1 mg/1 KN + 3% sucrose
xi) "4 " + 1l.0mg/1 KN+ »

xii) " + 2,0 mg/l IAA + 0,02 mg/l KN + 2% sucrose

xiii) » 4+ n + 0.2 mg/1 KN + n
xiv) LSS " + n + 3% sucrose
xv) n o4 " + 0.4 mg/l KN + n
xvi) L " + 0,5 mg/l KN + 2% sucrose
xvii) " 4+ " + 1.0 mg/1l KN + "
inii) "oy " + 2.0 mg/l KN + u
xix) LIRS "  + " + 3% sucrose

xx ) "+ 4,0 mg/l IAA + 0.4 mg/l KN % 2% sucrose

xxi) "o " + " + 3% sucrose
xxii) " + " + 4.0 mg/1l KN + 2% sucrose
xxiii) m + n + " + 3% sucrose

On MS medium containing 0.03 mg/1 IAA, 1.0 mg/l KN and
2% sucrose, differentiation of shoots occurred during the
third week of culture with about 50% frequency. Usually 4-8

shoots were differentiated per callus mass (Fig. 62, Table 15).

No organogenetic response was obtained from haploid
tobacco callus tissues cultured on 3% sucrose containing
medium supplemented with IAA (0.25 mg/l) and KN (0.0175 mg/l).

In the same medium, however, the increase of KN level to



#

193

0.175 mg/1 resulted in the differentiation of very well
defined shoots during the second week of culture with 50-60%
response, Per callus mass 2-3 shoots were differemntiated

(Fig. 63, Table 15).

Increase of IAA concentration from 0.25 mg/l to 0.35 mg/1l,
in presence of 0.035 mg/l KN in 3% sucrose containing medium
did not evoke any organegenetic response, However, solgtary
shoots with roots were differentiated on increasing KN level
to 0.35 mg/1 in the same medium. The shoots appeared during
the second week of culture with 50-60% frequency (Fig. 64,

Table 15).

Similarly no organogenetic response was obtained from
haploid tobacco callus tissues cul{ured on 3% sucrose
containing MS medium supplemented with 0.5 mg/l IAA and
0.05 mg/1 KN, On the other hand, 2-4 shoots were differentiated
per callus mass when the KN level was increased to 0.5 mg/1
in the above medium, The shoots were differentiated during
the second week of culture with 80-90% frequency (Fig. 65,
Table 15).

Same pattern was observed with incorporation of high
IAA (0,75 mg/l) in presence of low KN (0.075 mg/l). However,
with the increase of KN concentration to 0.75 mg/l in the

same medium, solitary shoot with roots were differentiated
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in the second week of culture with 30-40% frequency (Fig., 66,
Table 15),

No morphogenetic response was likewise registered in
haploid tobacco callus tissues cultured on 3% sucrose
containing MS medium supplemented with 1,0 mg/l1 IAA and
0.1 mg/1 KN, However, the increase of KN levellto 1,0 mg/1
in the above medium resulted in the differentiation of shoots
with 30-40% frequency during the second week of culture

(Fig., 67, Table 15),

Using high IAA (2.0 mg/1) in combination with KN
(0,02 and 0,2 mg/l) in MS medium containing 2% sucrose did
not induce organogenesis in the callus tissues. Shoots were
differentiated, however, when sucrose level was raised to 3%
in MS medium supplemented with 2.0 mg/1 IAA and 0,2 mg/l KN,
The shoots differentiated with reduced (20-30%) frequency
during the second week of culture (Fig. 68, Table 159},

Very well defined shoots were differentiated from the
callus tissues when KN concentration was imncreased from
0.2 to 0.4 mg/l in presence of 2.0 mg/l1 IAA and 3% sucrose,
The frequency of response was 30-40% and shoot were

differentiated during third week of culture (Fig. 69, Table 15).

No organogenesis was observed from the callus tissues



Fig. 64,

) Figg 650

Fig. 66,

Fig. 67,
Fig. 68,
Fig. 69,

Shoot and root differentiation from haploid
callus on MS + 0.3% mg/1 IAA + 0.35 mg/1 KN

+ 3% sucrose (15 days).

Shoot differentiation from haploid callus on
MS + 0.5 mg/l IAA + 0.5 mg/l KN + 3% sucrose
{15 days).

Shoot and root differentiation from haploid
callus dn MS + 0.75 mg/1 IAA + 0,75 mg/l KN +

3% sucrose (15 days).

Shoot differentiation from heploid callus on
MS + 1,0 mg/1 IAA + 1.0 mg/l KN + 3% sucrose
(15 days).

Shoot differentiation from heploid callus on
MS + 2,0 mg/l IAA + 0,2 mg/1l KN + 3% sucrose
(15 days ).

shoot differentiation from haploid callus on
MS + 2.0 mg/l IAA + 0.4 mg/1l KN + 3% sucrose
(21 cdays).



fig. 65.

FIG. 64
-FI1G. 66. FIG. 67.
FIG. 68.

FIG. 69.



Table

%ete‘ All cultures were incubated at 2642° in caﬁtznue
Additions of IAA, KN and sucrose were made into MS (f
basal medium,

15 Imf}u&ace of IAA and KN interactzenx on erganogeaeais;g
in hapleoid callus tissues of N, tabacm& Le |

- IAA KN
 (mg/1) (mg/1)

Sucrose %@rphogeﬁetie Frequene?

Time taken(da

(%) response raspansa (%)
0.03 1.0 2,0 Shoots ++
0.25 0,017 3.0 - -
0.25 0,175 3.0 Shoots & roots ++
0,35 0,035 3.0 - -
0.35 0.35 3.0 Shoots & roots ++
0.5 0.05 3.0 - -
0.5 0.5 3.0 Shoots ++++
0.75 0,075 3.0 - -
0,75 0,75 3.0  Shoots & roots ++
1.0 0.1 3.0 - -
- 1.0 1,0 3,0 Shoots ++
2.0 0,02 2,0 - -
2,0 0.2 2.0 - -
2.0 0.2 3.0 Shoots +
2.0 0.4 3.0 Shoots ++
2.0 0.5 2.0 - -
2.0 1,0 2.0 - -
2.0 2,0 2.0 - -
2,0 2.0 3.0 Shoots ++
4.0 O.4 2.0 - -
4,0 0.4 3.0 - -
4.0 4.0 2.0 - -
. 4,0 4,0 3.0 - -
- = No response
+ = 15-25 % response
++ = 40-60 % "
+++ = 60-80 % "
+44+ = 80-100% -




Fig.

Fig,

;?ig“

;“' 7@‘

71,

Shoot differentiation from haploid callus
cultured on M5 + 2,0 mg/l IAA + 2.0 mg/l KN +

3% sucrose {12 da?s)ﬁ‘

Root differentiation from hapleoid cellus

cultured on MS + 0.3 mg/l IAA + 500 uM

t-cinnamic acid + 3% sucrose (6 days).

RBoot differentiation from haploid callus
cultured on MS + 0.3 mg/l IAA + 100 uM

caffeic acid + 3% sucrose (9 days),

Root differentiation from haploid callus

cultured on MS + 2,0 mg/l IAA + 100 uM

t-cinnamic acid + 3% sucrose (6 days).

Root differentistion from haploid callus
cﬁiiuied on NS + 2,0 mg/l IAA + 500 uM

caffeic acid + 3% sucrose (6 days),

BRoot differentiation from haploid callus
cultured on MS + 0.5 mg/1 IAA + 0.5 mg/l
N + 100 uM caffeic acid + 3% sucrose

{6 days).




FIG. 70.
FIG. 71.

FIG. 72. FIG. 73.

FIG. 74.
FIG. 75.
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cultured on 2% sucrose containing MS medium supplemented with
2.0 mg/1 IAA and 0,5, 1.0 or 2.0 mg/1 KN. Shoot were, however,
differentiated on 3% sucrose containing MS medium supplemented
with 2,0 mg/1l IAA and 2.0 mg/l1 KN. The shoots appeared during
the second week of culture with 30-40% frequency (Fig, 70,
Table 15).

Increasing the concentration of IAA still higher
(4.0 mg/1) in MS medium supplemented with 0,4 or 4,0 mg/l KN
in presence of 2 or 3% sucrose did not brimg about any organ

dif ferentiation in haploid callus tissues.

Expt., 21. Influence of added phemolic acids on organogenesis

In order to study the influence of phenolic acids on
organogenesis, out of the whole array of media whereon
differentiation occurred, only three media were chosen.»These
media were characterised by consistency, rapidity and high

frequency of response, The three media were :

(a) MS basal + 2.0 mg/1 IAA + 3% sucrose (root differentiating

medium),

(b) MS basal + 0.3 mg/1l IAA + 3% sucrose (shoot

differentiating medium) and

(c) MS basal + 0.5 mg/l IAA + 0.5 mg/l KN + 3% sucrose

(shoot differemtiating medium).



In the above mentioned media t-Cimnamic acid (100, 500 pM),
Caffeic acid (100, 500 pM), Ferulic acid (100, 500 pM) and
p-Hydroxybenzoic acid (1, 10 pM) were added separately.

Addition of 500 pM t-cinnamic acid, 100 pM .caffeic acid,
100 and 500 pM ferulic acid, and 1 andrlo pM p-hydrdﬁybenzeic
acid into MS medium containing 2,0 gg/l IAA, resulted in total
inhibition of root differentiation.(» incofporation of 100 pM
t-cinnamic acid roots were differentiated with 60-80% frequency
by day 6 in culture. (Fig. 71, Table 16), Roots wére also -
differentiated on 500 FNlcaffeic acid containing medium with

50-60% frequency by day 6 of culture (Fig. 72, Table 16),

inCOrporation of 100 pM t-cinnamic acid, 500 pM caffeic

" acid, 100 and 500 pM ferulic acid, and 1.0 and 10 pM p-hydroxy-
benzoic acid into MS medium comtaining 0.3 mg/l IAA resulted
in complete inhibition of shoot differentiation. With the

use of 500 pM't-cinnamic acid and 100 M caffeic acid in the
medium there was a shift in the erganogenetic expression from
shoot to root development (Figs. 73, 74; Table 16). In
presence of -500 oM t-cinnamic acid in the medium, roots
originated on day 6 and with lOC>FM caffeic acid in the

medium on day 9, The frequency of response in both the cases

was 50-60%.

In MS medium containing 0.3 mg/l1 IAA and 0.5 mg/l1 KN,
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the incorporation ef 100 and 500 pM t-cinnamic acid, SQQ BM
caffeic acid, 100 and 500 pM ferulic acid, and 1.0 and 10 pM
p-hydro%ybenzoic acid resulted in the suppression of shoot
differentiation, However, instead of shoots, roots
differentiated in presence of 100 pM caffeic acid in. the
medium (Fig, 75, Table 16), The roots differentiated on day 6
with 50-60% frequency,

Expt. 22, Organogenesis in root, shoot and leaf explants

of haploid tobacco plantlets

Root, stem and leaves were excised from haploid plantlets
derived from the anthers of N. tabacum. The explants were
cultured on MS medium supplemented with 2,0 mg/1 IAA and

0.4 mg/l KN in presence of 2% sucrose.

The root explant grew in dimemsions during the early
phases of culture, Later during the fourth week of culture the
entire root explant gave rise to leafy shoots without prior

formation of callus (Fig. 76).

The stem explant thickened in culture and was later
covered with callus. No differentiation was obtained even

after 6 weeks in culture (Fig, 77).

The leaf GXplaﬁt increased many fold in size during the
first three weeks of culture. During the fourth week, the lower
half of the leaf explant rolled up lengthwise and then many
shoots appeared from the base of the leaf (Fig. 78).



Fig. 76. Shoot differentiation from root explant of
" heaploid plant on MS + 2,0 mg/1 IAA +

0.4 mg/1 KN + 2% sucrose (4 weéks).

Fig. 77. Callusing from shoot explant of haploid
plant on MS-+ 2,0 mg/1 TAA + 0.4 mg/1 KN +

2% sucrose ( 4 weeks ),

Fig., 78. Shoot differentiation from leaf explant of
haploid plant on MS + 2,0 mg/1 IAA + 0.4

mg/l KN + 2% sucrose (4 weeks).



FIG.

78



Section D : Physiological Studies with Peroxidase, IAA

Oxidase, MDH, PAL, Peroxidase isoenzymes

and Phenolics during Growth of Diploid and

Haploid Callus Tissues of N, tabacum L.
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In experiments carried out earlier on and déscribed
in Chapter III, Sections B-I and B-II, it became obvious
that diploid and haploid tissues of tobacco retained their

growth potentials when cﬁltured in vitro. Growth responses
of callus cultures rested largely on the exogenous supply

of growth hormones, singly or in combination,

In an attempt to elucidate the rcle of phytohormones in
growth and biochemical changes associated therewith, the
medium which supported rapid and maximum growth of both

diploid and haploid callus tissues was used :

MS (basal) + IAA + NAA + KN + Sucrose.
(2.0 mg/1) (2.0 mg/1) (2.0 mg/1l) (2%)

The results obtained are presented under the following

heads

(i) Studies with floral buds of N. tabacum during

callus initiation,

(ii) sStudies with floral bud callus of N. tabacum

during its growth on standard medium,

(iii) Studies with haploid callus of N. tabacum during

its growth on standard medium,
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Expt. 23, Studies with floral buds of N, tabacum during

callus initiation.

Flower buds (6-8 mm) of Nicotiana tabacum var, Anand-2

were surface sterilized, cut lengthwise into two halves and
cultured on 40 ml of MS basal medium supplemented with 2,0 mg/l
each of IAA, NAA and KN, and 2% sucrose, Explants weighing
500460 mg by fresh weight were cultured per culture flask,

The culture vessels were incubated in continuous light at

2612° for a period of 30 days. Every third day till day 21,

a fixed number of 5 replicates was harvested and analysed for
growth, enzymes : peroxidase, IAA Oxidase, MDH and PAL,
isoperoxidase banding batterns and also for phenolic content.

Final reading was taken after incubation for 30 days.

(a) Growth :

Growth of floral buds in culture was measured in terms of

fresh and dry weights and is presented in Fig. 79 and Table 17.

Growth of flower buds in culture followed a typical
"double sigmoid growth curve". Fresh weight increased linearly
durind day O and day 15. It was followed by a plateau during
day 15 to day 18 which acted as an interlude between twe growth
phases. On day 18 small bits of callus appeared, originating
from the tip and cut edges of sepals. The second phase of

linear growth was during day 18 and day 30. During the entire
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30 day period fresh weight increased 4.2 fold. On dry weight
basis a distinct lag phase for initial three days was
conspicuous, Thereafter, dry mass increased till day 15,
During day 15 and day 18 it remained essentially stable, The
second growth phase commenced from day 18 and lasted till

day 30. Dry mass increased 3.6 fold during the 30 day culture
period., The callus initiation was thus immediately preceded

by a period of slow growth,
(b) Peroxidase :

Total and specific peroxidase activity of flower buds of

tobacco in culture is illustrated in Fig, 79 and Table 17,

No peroxidase activity was detectable on day O of
culture, Theréof, total peroxidase activity increased till
day 6, attaining first peak value during the culture period,
The activity declimed during day 6 and day 9. Thereafter, till
day 15 total peroxidase activity increased steadily reaching
second peak value. The activity declined again, but rather
marginally, during day 15 and day 18. From day 18 onwards till
day 21 the activity increased very sharply to its third peak
value, Thereof till day 30 the activity was on decline.
Specific peroxidase activity also demonstrated three peak
values during the culture.period., The first peak was attained

on day 6, second on day 12 and the third on day 21.



o

Mu *sejeoTTdax ¢ jo abegsse ST pajueseaxdex ejle(
*J0II8 PIBPUERLS 93e0TpuT. sTsayjueIed ut seanbtd
; ) - (9:6%F) (89F) o
L8'T GT°v 9¢°0 T9°€ L9°E 6L°6V 60°0 VE'T. 80°T  TL'WT € ¢Ze v 'pO12
‘ . . Aﬁ.*w.—.ﬂv mﬁvﬂv T2
GG°'T €6°C 9¢°0 96°¢ 06°¢ Go9'egL -+ - 82°0 2ZB'E go°e 90°* L2 2°68T CZ°eTLI
, ,. (e1+)  (98%) ¢
8°0 OT°'T- 9C°0 86°C PE*9 g6°0OL 8c°0 6T°'t T€'0 LS*E 0°9eT O0O°Ot¥T
. . » _ (T°2t¥) _(e&F) ¢
Ev°'T ¢C6°'T 9¢°0 eT*TT 0¢*L 0O2°eTe - - 60°0 €0'¥y E'PET T EEVT
. _ (Legt)  (89F) oo
0oT'e 8b°c TGO 29°¢ .89°GT 69°08 - - T¢°0 99°C €°CTT 0'66CT
| L (or01%) (ev¥) ¢
¥8°C QLT - - 9y T  LLVT - - ZZ*o 62°C T°L6 2°0£0T
. . (e:8%)  (6vF)
LE'T $O°T - - 08°¢ 82°GC - - 69°0 g9t 9°9L 998
. : | (7F) (872SF)
T8°T 8T°T - - €E°0T T6°8G - - 00 €£°0 epiele] 8L9
c{F) (o) 4
TO'e +8°'T - - 99°%6  6T°Tc. - - - - €°'T9 00%
T .. *3Tno urejoad *3Tno urejord *3Tno  utetoxd ano  uteqoxd aTmo .. .
%bu : y : *3Tno/Bu *3Tno/Bu
% /Bu  Bw/situn /$31Tun Bw/s3itun /s3itun HBw/syTun /situn  Bw/sjTun /s3Tun p%zmmma p%nmmmg Aed
SOTTONTIHd Tvd Haw ISVYAIXO VYviI - ASVYAIXoudd ©Axd ysaad
*spnq TeJoli ysex}l buw Qgrp0g unTnooul
*qybIT SNONUTIUOD UT oZ+9Z 1B SsAep Og @ uoTieqnoul

*esoxons %z + N T/Bw 0°Z + VYN T/Bw 0°z + VYvI T/Bw 0°Z + SW : wntpew
*Z-pueuy °*JBA *7T WnOeEqge] °*N JO spng [eIO0[J WOII UOTIBTITUT Snlfeds Butinp HAW pue Tvd
‘osepTX0 VVI ‘@septxoxdd JO ALTAT}IOV 2yl uT sebueys aaTsssaboxd pue sTousaydATod ‘yamorn *,T ¢ alqel




Feroxi2ase

exfw,vimen(’al Def&ls as in Ta.b&. 17.

2 ?% —2‘“$ - e
& - .
- & P~ a
. TN
3 T3 T
I RN
, IR
BN S tn
X 0 s i
Q b_!iE §
o5 GROWTH 3 SE
—H*FFES‘/{N/‘ mjx/o Jcocrore bz |4
—-o DA’}’ m‘ g xm /cmweé |
,-‘- 1 3 5 2 i i 74“_‘__
o3 |y 'I_S'Q 3/0
[ [ TAA OXIDASE Ly
Q| -O-4f calline & 5
‘8 w »o.-afwyﬁafm . 8
o2 ¥ AN s
TR ‘éN
% § e
D N i v
gl 53 v
T 2hg N / MDH %o
20 -~ /CuLTmE
g —o- ,L{/?V /Qol‘éﬂ!
; | R— b ry ,J/.—L-....
be 112 PAL 3 4
1 - 4L cu.é&m i f]
Z
N
S| § 3
3 g H
H
§ N FS
oS
310,
0 %}. g ’
a P
~(7- mg FeuToRE
—— —i, iwf)"?’?fz:"‘ NN
© 2 3 98 /2 5 18 2 30 0 3 6.9 iz i5 ® 21 30
DAYS DAYS
Fi6. 79



111

Initiation of callus from floral buds on day 18 was

followed by a sharp increase in peroxidase activity.
(c) IAA Oxidase :

Fig. 79 and Table 17 illustrate progressive changes in
total and specific activity of IAA Oxidase in cultured floral

buds of N. tabacum,

IAA Oxidase activity was not detectable till day 15. It
was, however, detected from day 18 onwards. Total IAA Oxidase
activity attained its peak value on day 21. Thereof till day 30
the activity declined sharply. On the other hand, specific
IAA Oxidase attained its peak value on day 18. During
subsequent three days i.e. till day 21, the enzyme activity

remained stable, but thereafter it declined sharply till day 30,

It was noted that though the total IAA Oxidase activity
was detected only after the initiation of callus on day 18,
its specific activity Qhowed correspondenéé with callus

initiation (but not subsequent development},
(d) MDH :

Progressive changes of total and specific MDH activity
in cultured floral buds of tobacco are illustrated in Fig., 79

and Table 17.



Total MDH activity increased rapidly during initial
3 days of culture, and first peak value was attained on
day 3. Thereafter the activity was on decline till day 9.
During day 9 and day 15 the activity increased tremandously
to its second and major peak value, Thereof the activity
declined sharply till day 18, remained more or less stable
till day 21 and then continued to decline till day 30, This
double peaked developmental pattern was exhibited by specific
MDH activity also., The first peak value was reached onAday 6
and the second on day 12. During day 12 and day 30 the

activity was continuously on decline,

The MDH activity increased very sharply during the days
immediately preceding callus initiation from floral buds (on

day 18). With callus growth the activity decreased.

(e) PA

Fig. 79 and Téble 17 illustrate progressive changes in
total and specific PAL activity in the cultured floral buds

of N. tabacum,

Till day ¢ in culture no PAL activity could be detected.
Thereafter, the enzymé activity was d;tectable and peak va;ue
attained on day 15. During day 15 and day 18 the activity
declined sharply., From day 18 onwards till day 30 the activity
was again on increase, but the increase in activity was rather

marginal. Specific PAL activity reached its peak value on
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day 12 of culture, Thereof it declined rapidly till day 15,
During day 15 and day 30, specific PAL activity remained
essentially stable. The PAL activity demonstrated sharp
increase prior to callus initiation (on day 18). Thereafter

it declined.

(f) Phenolics :

Fig. 79 and Table 17 illustrate progressive changes of

phenolic content in the cultured flower buds of N, tabacum.

On culture basis the phenolic content in floral buds
declined from 1,84 mg/culture on day O to 1,04 mg/culiture on
day 6, Thereafter it increased to 3.48 mg/culture by day 12.
The phenolic conteﬁt was again on decline during day 12 and
day 18, the’value being 1,10 mg/culture on day 18. During day
18 and day 30 the phenolics again started accumulating, On
day 30 the total accumulation of phenolics was 4.1%5 mg/culture,
On percentage basis the phenolic content in cultured floral
buds declined from 3,01 mg% on day zero to 1.37 mg% on day 6.
During day 6 and day 12 the phenolics accumulafed and attained
the value of 3.10 mg% on day 12. Thereof it declined to the
value of 0.81 mg% by day 18. During day 18 and day 30 the
phenolic content was on the increase, reaching the value of
1.87 mg% by day. 30, During six daysnpreceﬁing callus
initiation i.e. day 12-18, the phenolic content of the

cultured floral buds was on the decrease, However, the
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phenolics started accumulating agaiﬁ with callus growth,

(g) Peroxidase Isoenzymes :

Fig. 79a illusirates progressive changes in the banding
batterns of anodic and cathodic isoperoxidases in cultured

floral buds of N. tabacum,

On day O of culture no anodic isoperoxidases were
detected in peroxidase preparation of cultured floral buds of
tobacco, Three slow migrating ones A, Ay and Ay were
synthesized on day 3, Of these Al persisted till day 12, but
A2 and Ay were seen again only on day 6. Three new anodic
isoenzymes A,, A5 and Ag -were synthesized on day 6, A4
persisted till day 12. Ag remained suppressed for the rest of
the culture period. A,, however, was synthesized on day 9 also,
On day 9 A7, a slow migrating anodic isoenzyme, was synthesized,
It never made appearance during the rest of the culture period.
Another slow migrating one A8 synthesized on the same day
persisted till day 30. Four new anodic isopéroxidases Ag - A12
were synthesized on day 12. Ag and All were not synthesized
on any other day during the culture period, AlO appeared on
all days between days 12 and 30, Al2 was suppressed on day 15
but resppeared on days 18, 21 and 30, Aj3 - Ayg, four slow

migréting anodic isoperoxidases were synthesized on day 15 of

culture, Al4 and Alg were not synthesized during the subsequent
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period of culture, Al3 persisted right through till day 30,
A15 also was synthesized on all days after day 15, Five slow
migrating Aj7 - Apys and two fast migrating A,, and Ayg,
anodic isoperoxidases were synthesized on day 18 and were
also a part of the banding pattern on days 21 and 30. The
slow migrating anodic isoperoxidases Al7’ A2l and A15 were
detected in detached callus masses formed from floral buds
in culture, Of the three anodic isoperoxidases, A

A

150 #y7 and
o1 detected in the callus masses of floral bud origin, only

Al5 was detected in cultiured floral buds before callus became

actually visible. The other two isoenzymes AlT and A,, were

21
detected on day 18 i.e. only after callus was formed from

the sepals of floral buds,

On the cathodic scale three slow migrating isoperoxidases

C C2 and C3 were present in floral buds on day O. C, was

1’ 1
synthesized on days 3-12, C2 on days 13 and 6, and C3 on days
3-9. On day 3 a slow migrating cathodic isoperoxidase C4 was
synthesized, It persisted right through the 30 day culture
period, Cy and Cg, two slow migrating cathodic isoperoxidases
were synthesized on day 6. C5 persisted right through the
culture period. Cg appeared again on day 12 only. C7 a slow
migrating isoperoxidase was synthesized on day 12, On the same

day a fast migratimg one C8 too was synthesized, which

reappeared on day 15, On day 15 a slow migrating cathodic



119

isoperoxidase Cy was synthesized. It persisted for the
remaining part of the culture period. ClO a slow migrating
isoperoxidase was synthesized on days 18 and 21, Cll another
slow migrating one.was evident on days 18, 21 and 30, On days
18 and 21 a fast migrating cathodic isoperoxidase C12 was
synthesizéd. In callus masses which originated from the
cultured floral buds, three slow migrating cathodic iso-
peroxidases were present. These isopercxidases were Chs Cqy and
Cg. Out of these C, was detectable in cultured floral buds on
day 3, C5 was detected on day 6 and C9 on day 15, In other

words, all the three isoperoxidases were synthesized in days

prior to callus formation from the floral buds.
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Expt. 24, Studies with floral bud callus of N. tabacum

during its growth on standard medium.

The callus tissue initiated from floral buds of N. tabacum
was subcultured regularly every 30 days to Build up stock
cultures, The medium used for optimum growth was MS basal
medium supplemented with 2,0 mg/l each of IAA, NAA and KN,
and 2% sucrose, 300130 mg of fresh callus tissue was
inoculated onto 40 ml of the above medium, which is referred
to as the standard medium. The culture vessels were incubated
at 26+2° in continuous light., Investigations carried out with
floral bud callus during its growth on standard medium are

documented below :
{a) Growth :

Growth measured as increments in fresh and dry weights of

the floral bud callus is presented in Fig, 80 and Table 18,

The fresh weight increased linearly upto day 6 with 2,5
fold increase during this period. During days 6 and 9 fresh
weight increased over 3 fold., Thereof till day 18 growth was
rather slow, the callus mass having doubled during this 9 day
period. Day 18 onwards saw another spurt in growth with a
maximum yield of over 10 gm of fresh tissue, During the total

30 day period, growth increased 33,7 fold on fresh weight basis.
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On dry weight basis growth of the callus tissues
exhibited a period of sleow growth during initial 6 days,
followed by exponential growth till day 18, total foldwise
increase being 17.36 during this 18 day period. Between days
18 and 30 dry weight increased only 2.33 fold, the total dry

weight increase during 30 day culture period being 40.5 fold,
(ii) peroxidase :

Peroxidase activity was assayed every three days in cell
free extract of floral bud callus, The data is illustrated in

Fig. 80 and Table 18,

The peroxidase activity remained rather low during the
first 6 days in culture, Between days 6 and 18 the peroxidase
activity increased sharply and linearly. However, the peak
value for, peroxidase a;tivi%y was attained on day 21, after
yet another sherp increase in the activity. By day 30 the

activity had declined very rapidly.

Specific peroxidése activity exhibited marginal decline
during initial 3 days of culture, The activity thereafter
increased till. day 9. The enzyme activity remained more or
less steady. between days 9 and 18, Peak specific perokidase
activity weas attaineq on day 21 in\culture. By day 30 the

activity had declineé to the value as of day O.
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(iii) IAA Oxidase :

Fig. 80 and Table 18 illustrate total and specific IAA
Oxidase activity of floral bud callus cultured on the

standard medium,

The total IAA Oxidase activity increased rapidly and
linearly during the first 15 days of culture, The activity of
IAA Oxidase shot up sharply between days 15 and 21, attaining
its peak value on day 21, The activity of IAA Oxidase, however,

thereof declined very rapidly till day. 30.

Tﬁe specific activity of IAA Oxidase shot up during days
O and 3, reaching its peak value, During the next twelve days
i,e. till day 15 the activity, however, decreased unabated
along a sha?p gradient, On day 18 a slight increase in specific
IAA Oxidase activity was registered over day 15 value., There-

after the activity was on decline till day 30.
(iv) MDH :

Fig. 80 and Table 18 illustrate progressive changes in

MDH activity in floral bud callus cultured on the standard

medium,

The total Malate dehydrogenase activity in the floral bud
callus increased ragpidly during initial 12 days in culture,

attaining its first peak value on that day. By day 15 the
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activity decreased slightly, but from thereon it increased
sharply to attain its second peak value on day 21, Beyond

day 21 the activity declined till day 30,

There was linear increase in the specific activity of
MDH between days O and 6, attaining its peak value on day 6.
The activity declined between days 6 and 15, but increased
agein to attain its second peak value on day 21. The enzyme
activity declined between days 21 and 30 to its value as of

day O.

{v) PAL :

s

The progressive changes in total and specific PAL
activity during the growth of floral bud callus on the

standard medium are illustrated in Fig, 80 and Table 18,

The PAL activity in floral bud callus tissue increased
rather marginally during the initial 3 days of culture,
Between days 3 and 9 the activity shot up immensely to attain
its first peak value during the culture periocd, During the
subsequent 6 days i.e. %ill day 15 the activity decayed very
rapidly., During days 15 and 18 the activity remained
essentially steady. Subsequent to rapiﬁ increase in the
activity the second peak value was attained on day 21 of
culture, The activity decayed very.rapidly between days 21

and 30,
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The specific activity of PAL increased marginally during
the first 3 days in culture, Thereafter, it shot up to its
peak value by day 6. From day 6 till day 15 the activity
declined rapidly and linearly. The PAL activity remained more
or less stable between day 15 and 21, but thereof declined
till day 30 to its value as of day C. |

(vi) Phenolics

Fig., 80 and Table 18 illustrate progressive changes in
the phenolic content of florel bud callus cultured on the

standard medium,

The phenolic content in the floral bud callus increased
steadily between days O and 18 from the value of 0.22 mg/
culture to 3,10 mg/culture. During days 18 and 21 the phenolic
content increased sharply to 6.43 mg/culture, By day 30 the
total phenolic content was 9,09 mg/culture.

On percentage basis the phenolic content kept fluctuating
during the.entire culture period, During days O and 3 the
value declined from 1,87 mg% to 1.49 mg%, from thereon it
increased to 2.15 mg% by dayﬂé. On day 9 the phenolic content
declined again to 1,55 mg¥% and thereafter remained essentially
steady till day 18, fluctuating between 1.4% and 1.68 mg%. By

day 30 the phenolic content had, however, declined again to

-1.87 mg%.
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(vii) Peroxidase Iscenzyme ;

Fig. 80a illustrates progressive changes in anodic and
cathodic isoperoxidase banding patterns in floral bud callus

tissues cultured on the standard medium,

Three ancdic isoperoxidases A,, A, and A; were present on
day O of culture., The isoperoxidase Ay remained suppressed
during the initial 15 days of culture. It was synthesized on
subsequent days of culture, The other isoenzyme A2 was
synthesized only on days 6, 21 and 30, The third original
anodic lsoperoxidase Ay Was synthesized on days 3, 6, 21 and
30. On all other days it remained suppressed, Five slow
migrating anodic isoperoxidases Ay-A and A9 were also
-synthesized during the culture period, Ay appeared between
days 3-12; A5 on day 3 only; A6 on day 9 and 12; A7 between
days 9-18, and A9 between days 15-21. A8’ a fast‘migrating

anodic isoperoxidase, was synthesized on days 9 and 12 only,

On day O three slow migrating cathodic isoperoxidases

o 02 and CS were present in the floral bud callus, Of these

l’

C, was synthesized on all days of culture; C2 on days 6, 9, 18,

1
21 and 30. The third one Cq remained suppressed till day 12,
It was, however, synthesized on all days from day 15 onwards,
Four slow migrating cathodic isoperoxidases C4'C6 and Cé were
synthesized during the culture period, c4 was synthesized on

days 3, 9 and 12; C5 was evideni on day 3 only; C6 was
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synthesized between days 6-18; and C8 on days 12, 15 and 18,
A fast migrating cathodic isoperoxidase C, was synthesized

on days.9, 12 and 21.

sSummary

Some correlations could be clearly made out between
growth phases and the enzyme activity per unit protein of
Peroxidase, IAA Oxidase, MDH and PAL. The peroxidase activity,
with an initial slight decline in activity was on increase
during the lag phase of growth, The activity remained more or
less constant during the entire exponential phase. With the
advent of post-exponential phase, the enzyme activity
registered sharp increase attaining the highest peak during
the entire growth period. At termination of the culture period,
peroxidase activity returned to that observed at the beginning

of lag phase,

Thé total IAA Oxidase activity per m unit protein was
highest during the lag phase, With the onset of exponential
phase and its progress, the enzyme activity was continuously
on decline, On entering the post-exponential phase, total IAA
Oxidase activity demonstrated slight increase in activity but
by the termination of the culture period it had declined to

the value observed at the beginning of lag phase,



The total MDH activity per unit protein was highest
during the lag phase, During the exponential phase it was
on decline, After the enzyme activity exhibited slight
increase during late exponential period and early post-

exponential phase it returned to its initial value,

The total PAL activity per unit protein attained its -
peak value during lag phase, Thereof, during the exponential
and post- exponential phases the activity was continuously

on decline,

Al

The phenolic content id’floral bud callus on percentage
basis remained high during the lag and post- exponential
phases."With theiadvent of exponential phase the phenolic
content declined and remained more or less stable during rest

of the period.

The ofiginal anodic isoperoxidase Al remained suppressed
throughout the lag and early exponential phases., It was,
however, synthesized during the late- exponential and post-
exponential phases, The other two original anoedic isoperoxi-
dases A2 and Ay were strictly restricted to the lag and post
exponential phases, ;soperoxidase Ay was strictly restricted
to the exponential growth phase, The staining intensity of
the i§operoxidases reflect total peroxidase activity per unit
protein., The inoculum (day O) cathodic isoperoxidase C, was

synthesized right through the growth cycle. C, was restricted

2
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to lag and post- exponential phases, C3 was synthesized
during the late- exponential and post- exponential growth
phases, Cg was synthesized during the exponential phase

and remained suppressed during the lag and post- exponential

phases,
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Expt. 25, Studies with haploid callus of N. tabacum during

its growth on standard medium,

The haploid callus tissue initiated from stem explants
of heploid plantlets of N. tabacum was subcultured regularly
every 30 days to build up stock cultures, The medium used
for optimum growth was MS basal medium supplemented with
2,0 mg/l each of IAA, NAA and KN, and 2% sucrose. 300130 mg
fresh callus tissue was inoculated onto 40 ml of the medium,
The culture vessels were incubated at 2612° in continuous
light., Callus tissues were harvested every three days till
day 21 and then on day 30 for analysis of growth, enzymes,

isoperoxidase patterns and phenolic accumulation,
(i) Growth :

Growth of haploid callus tissues of N, tabacum measured
as increase in fresh and dry weights, is illustrated in Fig, 81

and Table 19,

The fresh weight of haploid callus tissues increased
from 0.3 g on day O to 1,44 g on day 9 i.e. 4.8 fold increase,
Between days 9 and 30 the fresh weight increased from 1,44 g
to 14,87 g i.e, an increase of 10,3 fold. During the entire
culture period of 30 days fresh weight increased over 49 folds.
The increase in dry weight followed an identical pattern, The

growth was rather slow during the first 9 days but thereafter



it increased sharply and linearly. Dry weight increased

over 47 folds during the 30 days culture peried.

(ii) Peroxidase :

Progressive changes of total and specific peroxidase
activity in haploid callus during its growth on the standard

medium are illustrated in Fig. 81 and Table 19.

Total peroxidase activity in haploid callus tissues grown
on the standard medium was on inc;ease from the very outset,
The peak value was'reaéhed on day 21 of culture, Ry day 30
the activity declined, On the other hand, specific peroxidase
activity declined slightly by day 3 in culture, Between days 3
and 9 the specific peroxidase activity imcreased sharply to
reach peak value, Between days 9 and 21 the activity was on
decline along a linear gradient, but the rate of decay of
enzyme activity was slow, Between days 21 and 30 the enzyme

activity decayed vefy sharply. .

(iii) IAA Oxidase :

Progressive changes of IAA Oxidase activity during the
growth of haploid tobacco callus tissue om standard medium

are presented in Fig. 81 and Table 19.

The total activity of IAA Oxidase increased gradually
and linearly from day O till day 9. From day 9 till day 18
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the increase in the activity was phenomenal and reached the
peak value on day 18, By day 21 the IAA Oxidase activity
dropped very sharply and continued to decline till day 30,
On the other hand, specific activity of IAA Oxidase attained
its peak value on day 3, Thereafter specific IAA Oxidase
activity declined till day 30, Between days 3 and 12 the
activity declined along a slow but linear gradient, followed
by sharp decline till day 15. Between days 15 and 30 the

specific activity continued to decline linearly,
(iv) MDH :

The progressive changes of total and specific activities
of MDH in haploid tobacco callus tissue during its growth on

standard medium are illustrated in Fig. 81 and Table 19,

The total MDH activity in haploid tobacco callus grew
very rapidly and attained its peak value on day 18, followed
by sharp decline till day 30. The activity increased more than
350 folds between days O and 18, The specific MDH activity
demonstrated double peak pattern of development., The first
peak value was reached on day 9 and the second on day 18,

Retween days 18 and 30 the activity declined very sharply.
(v) PAL :

The prcgressive changes of PAL activity in haploid

tobacco callus during its growth on standard medium are
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illustrated in Fig, 81 and Table 19,

The total PAL activity showed a double beak pattérn.

The total activity increased slightly by day 3. Thereafter, a
sharp increase ensued till day 9 in the PAL activity. Between
days 9 and 15 the total PAL activity declined sharply and
linearly., By day 18, however, it increased to a second peak
only to decline again till day 30. The specific activity of
-PAL demonstrated only one peak value, which was reached on
day 6. Thereafter the activity declined sharply'till day 15,
Retween days 15 and 30 the activity continued to decline but

the changes were slight.
(vi) Phenolics :

The progressive changes of phenolic accumulation in
haploid tobacco callus cultures during its growth on standard

medium are illustrated in Fig:. 81 and Table 19.

On culture basis the accumulation of phenolics was on
increase from day O till day 30. The peak value of‘6.32 mg/
cultufe was reached on day 30. On the other hand, phenolic
accumulation on percentage basis reached its peak value of
3.67 mgd% on day 3. Thereafter it continued to decline till
day 30.

(vii) Peroxidase Iscenzymes :

The progressive changes of the banding patterns of anodic
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and cathodic isoperoxidases during growth of haploid tobacco

callus on standard medium are illustrated in Fig. 8la.

To start with three anodic isoperoxidases A A, and Ay

1
were present in the haploid callus tissue, Till day 15 the
anodic isoperoxidase Ay remained suppressed, A, and Ay were
seen on day 3. AS reappeared from day 15 onwards, whereas A2
reappeared on day 30. During the course of culture five slow

migrating anodic isoperoxidases were synthesized, Of these

A, was synthesized on days 3 and 6, A.6 on days 6 and 12, Ay
on days 6, 15, 18 and 21, Ag on days 9 and 12, and Ay on days

9 and 12, Only one fast migrating anodic isoperoxidase A5 was

synthesized on days 3, 9 and 12.

In haploid tobacco tissues the cathodic isoperoxidases

too were three, C)» G, and Cy. C) persisted right through

the culture period, C2 was synthesized only on days 12, 21 and

30, C3

isoperoxidases, all slow migrating, were synthesized at

appeared on days 3, 18, 21 and 30, Nine cathodic

varying intervals during the culture period, Ca

on day 6, C6 on days 9 and 18, C

appeared on

days 3, 6 and 9, C on day 9,

5
C8 on day 12, C9 on days 12 and 21, C

7

10 on days 15 and 18,

on day 15, and C on days 18 and 21,

Cna 12
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summary : ,

Unlike the growth of diploid tobacco callus tissues, no
lag phase was noticed in the growth cycle of haploid callus
tissues, The exponential phase lasted initial 9 days and was

followed by post~ exponential phase till day 30.

The total peroxidase activity per unit protein declined
slightly during early exponential phase, for the rest of
exponential growth phase the activity was on increase: With
the advent of post- exponential growth phase the enzyme
activity started to decline and continueé to decay till the‘
end of culture period, In haploid callus tissues the period of
highest peroxidase activity was the exponential growth phase
whereas it was the post- exponential phase in case of diploid
callus tissues, In haploid callus tissues the enzyme activity
during exponential phase was on increase, whereas in diploid

callus tissues it remained more or less stable,

The total IAA Oxidase activity per unit protein increased
sharply during the early exponential phase, but with its
- progress the enzyme activity was on decline along a slow
linear gradient. The activity continued to decay during the
post-exponential growth phase, but at a much faster rate than
observed during the earlier phase. The IAA Oxidase activity
in diploid and haploid callus tissues followed essentially

similar developmental patterns.



The total MDH activity per unit protein in haploid
tobacco callus tissues was on increase during the entire
exponential phase, it recorded the highest activity in post-
exponential period of growth., Here again as in the case of
peroxidase, the enzyme pattern was unlike that observed in
diploid callus tissues. In diploid callus maximum MDH
activity was registered during the lag phase and\the enzyme

activity was on decline during the exponential phase of growth,

The total PAL activity per unit protein in haploid callus
tissues registered its highest value for the entire growth
cycle during early exponential phase. During the late-
exponential and post- exponential periods the enzyme activity
was on decline, Decline in the activity was very sharp during
the early part of post-exponential phase. In contrast, the
PAL activity in diploid callus tissues registered peak value
during the lag period and thereof was continuously on decline

during the entire exponential and post-exponential periods,

During the early phase of exponential period, maximum
phenolic accumulation (on percent basis) was achieved, With
the progress of exponential phase and in the post-exponential
period the phenolic content decreased, On the other hand, in
diploid callus tissues maximum phenolic accumulation was
achieved during the post-exponential phase, Further the

phenoclic content remained more or less constant during the



‘exponential growth phase in diploid callus tissues,

As in diploid callus tissues the initial anodic
isoperoxidase Al was restricted to the post-exponential phase
of growth in haploid callus also, This particular isoperoxidase
exhibited identical electrophoretic mobility in both the
tissves, Another haploid anodic isoperoxidase Ay (which
exhibited similar electrophoretic mobility as AS in diploid ’
callus), was also essentially restricted to the post-exponential
phase of growth, As in the case of diploid callus the original
cathodic isoperoxidase Cl was present throughout the growth
cycle in hgploid callus tissues too, The original cathodic
isoperoxidase Cy was restricted essentially to the fag end of
the post-exponential phase of growth. No particular isoperoxi-
dase appeared with consistency during any specific phase of

growth,



Section E : Physiological Studies with Peroxidase, IAA

Oxidase, MDH, PAL, Peroxidase Iscenzymes and

Phenolics in Diploid and Haploid callus tissues

of N. tabacum cultured on root differentiating

medivum,
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From-the experiments carried out earlier and described
in Sections C-I and C-II of Chapter III (Results), it became
obvious that dipleid and haploid callus cultures of N, tabacum
retained their morphogeneti’c potential in vitro. The
organogenetic responses of these callus cultures rested
largély on the exogenous supply of phytohorménes, singly or

in combinations, and the subtle ratio between them,

To examine the physioclogical changes associated with
root differentietion in diploid and haploid callus tissues
of N. tabacum the following parameters were studied :
(i) Growth, (ii) Peroxidase, (iii) IAA Oxidase, (iv) MDH,
(v) PAL, (vi) Peroxidase Iscenzyme patterms and (vii) Phenolic

accumulation,

The root differentiating medium used for study was :
MS (basal) + 2.0 mg/l IAA + 3% sucrose. Roots were induced on
this medium within a maximum of 15 days from diploid callus
and within 9 days from haploid callus tissues with over 75
per cent frequency, The experiments were terminated as soon
as morphogenic responses were manifestgd or else were carried
on till day 15 of culture. During this period the callus
tissues were harvested every third day, commencing with day O,

till day 15 and analysed for the parametiers enlisted above.

As mentioned earlier on in Chapter I (Introduction) level

of sucrose in the medium is reported to influence morphogenetic
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response of tissue cultures, It alsoc became clear in the
present study {Chapter III, Results, Sections C-I and C-II)
that the level of sucrose not only altered the degree of

response but also influenced the time taken for'its expression,

Earlier studies mentioned in Chapter I (Introduction)
indicated that hydroxylated aromatic compounds like phenolic
acids influenced organogenesis in cultured tissues, It was
shown that their effectiveness could be correlated with their
enhancement of peroxidase mediated IAA Oxidation. It was
proposed that certain phenols stimulated IAA inactivation,
thus lowering the physiological level of IAA in the plant
tissue and creating & situation more favourable for organo-
genesis, Certain phenols have also been acredited with the
function of being auxin protectors, thereby preventing its
destruction. In the present investigation, experiments were
conducted to examine the effect/s of some phenolic acids on
root differentiation from both diploid and haploid callus,

Associated physiological changes were also studied,

On account of varied physiclogical roles attributed to

Mn™, which are already elaborated in the Introduction (Chapter
1), effects of different doses of Mt on root differentiation

and associated physiological parameters were alsc looked into.

For the sake of convenience, results in this section

are presented under following heads :
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(i) Studies with floral bud callus cultured on root

inducing medium,

(i) Studies with floral bud callus cultured on root
inducing medium supplemented with low and high

levels of sucrose,

(iii) Studies with floral bud callus cultured on root
inducing medium supplemented with various -

phenolic acids,

(iv) Studies with florel bud callus cultured on root
inducing medium containing 4 x and 2 x MnY ién

concentration,

(v) Studies with haploid callus tissues cultured on

root inducing medium,

(vi)  Studies with haploid callus tissues cultured on
root inducing medium supplemented with low and

high levels of sucrose,

(vii) Studies with haploid callus tissues cultured on
root inducing medium supplemented with various

phenolic acids,

(viii) Studies with haploid callus tissues cultured on
root inducing medium containing ¥ x and 2 x Matt

ion concentrations,
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Expt., 26, Studies with floral bud callus cultured on root

inducing medium.

From the stock cultures healthy looking, lush green
callus masses weighing 300430 mg were selected and cultured on
20 ml MS basal medium supplemented with 2,0 mg/l IAA and
3.0% sucrose, The culture vessels were incubated at 26+2°
. in continuous light, The roots differentiated from the
callus tissues between days 13 and 15. Every three days
five replicates were harvested and analysed for growth,
enzymes, lisoperoxidase patterns and phenolic content. The

results are described below,
{(a) Growth :

Growth was measured as increase in fresh and dry weights

and is illustrated in Fig, 82 and Table 20,

Growth on both fresh and dry weight basis exhibited
typical double sigmoid curve, Upto day 3 in culture a lag
phase was observed followed by 3 days of rapid growth., During
this period fresh weight increased approximately 1.5 fold and
dry weight by 2.5 fold, Another slow period of growth was
observed between days 6 and 9. Thefeafter growfh increased
linearly till day 15. During the entire cultufe period fresh

weight increased 1,85 fold and dry weight by 5,11 fold,

From the cultured callus masses roots were differentiated
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anytime between days 13 and 15, The frequency of response

was around 75%. Per callus mass 4-6 roots were differentiated.
(b) peroxidase :

The development of peroxidase activity is represented in

Fig. 82 and Table 20.

During first 3 days in culture the peroxidase activity
decreased to nearly half its value as of day O, From day 3
onwards till day 9 the enzyme activity increased attaining its
first peak value, On day 12 the enzyme activity dropped again

but by\day 15 increased to register its second peak value,

Specific peroxidase activity also declined during first
3 days of culture, Between days 3 and 9 the enzyme activity
increased to reach its peak value. The specific activity
declined by day 12 and thereof started to increase again till day
15,

Both total and specific peroxidase activities were on

the increase just before the differentiation of roots on day 15.

(c) IAA Oxidase :

The progressive changes of 1AA Oxidase activity are

illustrated in Fig. 82 and Table 20,

Total IAA Oxidase activity increased gradually between

days O and 6. Between days 6 and 12 the enzyme activity did
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not change significantly, The enzyme activity, however,

shot up between days 12 and 15,

Specific IAA Oxidase activity increased nearly 3 fold
between days O and 6, The activity declined slightly by day
9, but increased again to achieve its peak value on day 12,

before dropping again by day 15,

Just before the differentiation of roots on day 15
though the total IAA Oxidase activity was on the increase,

the specific activity demonstrated a sharp decline,
(d) MDH : ‘

The progressive changes in enzyme activity of MDH are

illustrated in Fig. 82 and Table 20.

The total activity of MDH declined between days O and 3
from 1,69 units to 0.98 units, The activity, however,
increased again to 2.11 units by day 6. Between days 6 and 12
the enzyme activity dropped to an all time low of 0,53 units,

but by day 15 had jumped up nearly 20 fold,

The specific activity of MDH followed essentially the
same pattern of development as total activity. However,
changes in specific activity from time to time were not as

pronounced as the total activity.

The appearance of roots from callus tissues on day 15

was preceded by a sharp increase in activity of MDH.



(e} PAL :

The PAL activity in cell free extract of flower bud
callus during differentiation of roots is illustrated in

Fig. 82 and Table 20,

There was no significant increase in PAL activity during
the days O and 3, During days 3 and 9 the activity increased
linearly by 2 fold., The activity on day 12 shot up to reach
its peak value before dropping to half its value on day 15.

. The specific activity of PAL fluctuated slightly during
days O and 9. Between days 9 énd 12 the activity shot up to a
peak value which was nearly 4 times more than day 9 activity.

The activity, however, declined on day 15,

The total and specific activities of PAL reached the

peak values prior to differentiation of roots.
(f) Phenolics :

Variation in phenolic content of floral bud callus cultures
during root differentiation are illustrated in Fié. 82 and

Table 20.

The phenolic content of fleral bud callus during root
initiation increased between days O and 12 from 0,22 mg/éulture
to 1.91 mg/cdlture. On day 15 the value decreased marginally
to 1.71 mg/culture. On percentage basis the accumulation of

phenolics increased between days O and 9 from 1,87 mg¥% to
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4,05 mg%. The phenolic content, however, declined between

days 9 and 15 to 2.8 mg¥%.

Thoﬁgh the phenolic content increased between days O
and 9, it started to decline just before differentiation of

roots,

(g) Peroxidase Isoenzymes :

The progressive changes of anodic and cathodic isoperoxi-
dases during root differentiation from floral bud callus of

tobaccec are illustrated in Fig., 82a,

Of the three initial anodic isoperoxidases only Ay and A,y
persisted throughout the culture period. The third isoperoxi-
dase Aqg did not make its appearance from day 3 onwards. Two
anodic isoperoxidases A4 and Ax appeared on day 3, of these
Ag persisted till the end of culture period; whereas, Ay |
remained suppressed on days 6 and 9, but was synthesized again
on days 12 and 15, Day 6 haralded the synthesis of isoperoxi-
dases A6 and Ag. Isoperoxidase Ag was present on day 9 also
but A7 was never seen after day 6, On day 12 the isoenzyme PR
was synthesized before roets were differentiated or rather
before the visual manifestation of rgot differentiation. The
isoperoxidase PR had relative mobility (Rm) of 0.3. Disc gel
electrophoretic analysis of detached regenerated root isoperoxi-

dases revealed this characteristic isoperoxidase PR which,
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however, was absent in the callus tissues,

To start with on day O of culture, three cathodic isopero-

xidases C C2 and Cy were present in floral bud callus. Only

1’
isoperoxidase ¢ persisted\throughout the culture period.
Isoperoxidase Cy remained till day 6 and iscperoxidase Cq was
repressed from day O onwards. On day 3 one slow migrating
isoperoxidase C4 and one fast migrating 05 were synthesized,
The isoperoxidase C, was repressed from day 9 onwards; whereas,
iscperoxidase Cg appeared on all days except day/9. During the
culture period other slow migrating cathodic isoperoxidase
made appearance, C6 on day 6, C7 on days 9 and 12, C8 on day 9,
C9 on days 12 and 15, and Clo and Cll on day 15. No correlation

was found between the cathodic isoperoxidase banding pattern

and root differentiation.
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Expt. 27, Studies with floral bud callus cultured on root

inducing medium supplemented with low and high

levels of sucrose.

Healthy callus masses of N. tabacum weighing 300130 mg
by fresh weight were cultured on 20 ml of rooting medium
(MS + 2.0 mg/1 IAA) in which the levels of sucrose used were
low (1 per cent) and high (6 per cent), and are referred to
in the text as Medium A and Medium B respectively. The
culture vessels were incubated at 2612° in continuous light
for a period of 15 days., Every three days 5 replicates were
harvested and ahalysed for growth, enzymes, isoperoxidase

banding patterns and phenolic content.
(a) Growth : 7~-

Growth measured as increase in fresh and dry weight is

illustrated in Figs. 83, 84 and Tables 21, 22,

The growth of floral-bud callus on Medium A (i.,e. 1%
sucrose containing medium) was better than on Medium B (i,e.
6% sucrose medium), On the former fresh weight increased 4.4
fold and dry weight by 7.75 folds (Fig, 83, Table 21), On the
latter fresh and dry weight increases were 1,97 and 4.4 fold
respectively (Fig. 84, Table 22). Moreover, the differentiation
of roots was completely absent on Medium A, On Medium B roots

differentiated on day 12 of culture but never more than two
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per callus mass, with about 25 per cent frequency,
(b) peroxidase :

The development of peroxidase activity is illustrated

in Figs. 83, 84 and Tables 21, 22.

On Medium A total peroxidase activity after fluctuating
slightly during the first 6 days started ascending and attained
its peak value on day 12; but by day 15 it again declined. On
the contrary, on Medium B the enzyme activity was on decrease
during the first 9 days. From thereon it increased to reach
its peak value on day 15. On any given day total peroxidase

activity was appreciably higher on Medium A than on Medium B.

The specific activity of Peroxidase attained its peak
value on day 3 on both the media. On Medium A second peak was
attained on day 9, whereas it was attaineé on day 15 on
Medium B, Thé peak value of peroxidase on day 3 on Medium B

is more than double that on Medium A,

On medium A (i.e. the root differentiating medium
supplemented with 1% sucrose) the total and specific peroki*
dase activity was on the decline during the last phase of
the culture. In contrast, it was on the increase from day 9
onwards on Medium B (i.e. 6% sucrose containing medium)

whereon root differentiation occurred on day 12,
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(c) IAA Oxidase :

Progressive changes of IAA Oxidase activity are

illustrated in Figs, 83, 84 and Tables 21, 22.

‘The IAA Oxidase activity on Medium A increased slowly
till dgy 6 and then dropped down by day 9. From day 9 to day
15 it increased steeply to attain its beak value, On Medium B
(6% sucrose medium) total IAA Oxidase activity increased till
day 3 but declined thereof till day 6. Between days 6 and 15

the enzyme activity increased almost linearly.

The specific activity of IAA Oxidase on both media
attained peak value on day 3, On Medium B the activity was on
decline between day 3 and day 6, climbed back by day 9 and
then remained more or less steady till day 15. On the other
hand, the specific activity of IAA Oxidase on Medium A
decreased linearly between days 3 and 9; thenon it increased
to attain its second peak value on da§ 15. By and large the
specific activity of IAA Oxidase remained higher on Medium B

than on Medium A,

On 1% sucrose containing medium 'A', no root differentiati-
on occurred apd the IAA Oxidase activity - total and specific -
was on increase duriﬁg the later phase of culture period
during which root differentiation occurred on standard root

inducing medium. On the other hand, on 6% sucrose containing
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medium 'B', though total IAA Oxidase was on increase from
day 6 onwards, the specific activity remained more or less
steady during the period immediately preceeding and following

root differentiation.
(d) MDH :

Changes of MDH activity during the culture period of 15
days of floral bud callus are illustrated in Figs., 83, 84 and
Tables 21, 22,

On Medium A the total MDH activity increased rapidly and
substantially between days O and 6, The activity declined
thereof till day 9. Thereafter the activity increased linearly
till day 15. On Medium B the total MDH activity increased
marginally during first 3 days of culture, The peak value was
attained on day 6, The activity, however, declined by day 9,
but thereof increased again till day.l2 before finally declining

again by day 15,

The specific MDH activity on Medium A increased sharply
between days O and 3. Between days 3 and 9 the activity
increased slowly but linearly to attain the peak value. The
activity between days 9 and 15, however, was on decline, On
Medium B specific MDH activity increased during initial 3 days
attaining its pesk value, From thereon the activity declined

continuously till day 15,
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Both total and specific MDH activity in floral bud callus
cultured on root inducing medium containing 6% sucrose (Medium
B}, was on decline during the days immediately preceding root
differentiation. Though the same pattern of development was
followed by specific MDH activity on 1% sucrose containing
medium, whereon no rhizogenesis occurred, the activity was
appreciably higher as compared to that in case of Medium B,
The total MDH activity, on the other hand, registered peak
on day 6 on both the sucrose levels - but attained an another

high value on day 12 in Medium B,
{e) PAL :

The progressive changes of enzyme activity of PAL in
floral bud callus during its culture period are presented in

Figs. 83, 84 and Tables 21, 22.

On Medium A total PAL activity ettained its peak value on
day 6. The activity during this period increased nearly 50
fold. Thereof, enzyme activity declined till day 9, but thereof
increased again till day 12 to attain its second peak. Between
days 12 and 15 the activity was on decline again. On Medium B
thé enzyme activity increased nearly 17 fold by day 3 in
c&lture. After a slight drop by day 6, the activity inc%eased“
again till day 15. The increase being very sharp between‘days

9 and 12.
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" The specific activity.of PAL on Medium A increased
over 33 fold by day 6, Thereof, the activity decreased
confinuously till day 15, The specific activity of PAL on
Medium B shot up nearly 150 fold by day 3. This steep rise in
the activity was followed by sharp decline till day 6. From
day 6 till day 15 the enzyme activity increased linearly but

rather slowly.

The specific PAL activity in floral bud callus cultured
on 1% sucrose medium {Medium A) was continually on the decline
between days 6 and 15, On the contrary, during tﬁe same period
it was on increase in callus tissues cultured on 6% sucrose
medium (Medium B) on which the differentiation of rcots
occurred on day 12 of culture., The total activity too on

Medium B showed a sharp rise before root differentiation,
(f) Phenolics :

Changes in the accumulation of phenolics in floral bud
callus during the culture period of 15 days are presented in

Figs. 83, 84 and Tables 21, 22,

The(phendlic accumulation on Medium A (1% sﬁcrose medium)
increased between days O and 3 from 0.22 mg/culture to 0.64
mg/culture.‘The phenolic content, however, dfopped to 6.52 mg/
culture by day 6. Between days 6 and 12 the phenolic content
increased to 1,10 mg/culture, The total accumulation of

phenolics dropped to 0.61 mg/culture by day 15, On Medium B
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(6% sucrose medium} the phenolic content increased from 0,22
mg/culture to 1,63 mg/culture between days O and 6. By day

12 the phenolic content had, however, -dropped down to 1,33 mg/
culture, On day 15 it had again increased upto 1,79 mg/culture,
On culture basis the phenolic content was always higher in

callus tissues on Medium B than on Medium A,

On percentage basis the phenolic accumulation on
Medium A declined between days O and 6 from 1.87 mg% to 1.27
mg%. Between days 6 and 9 the percentage content of phenolics
 did not change. It, however, increased to 1,52 mg% by day 12,
but declined appreciably to 0,65 mg¥% by day 15. Medium B on the
whole supported higher accumulation of phenolics than did
Medium A, The phenolic content in callus tissues on Medium B
increassed from 1.87 mg% to 4,04 mg¥% by day 6 in culture, A
linear decline occurred in the phenolic content between days
6 and 12. On day 12 the value had declined to 2.64 mg%. By
day 15 the phenolic accumulation had, however,increased again

to 3.4 mg¥%.

On 6% sucrose conﬁaiﬁihg medium (Medium B) whereon root
differentiation occurred on day 12, the phenolic content was
on decline during the days preceding root differentiation,
Phenolic content, however,increased following root differen-
tiation. On the contrary, on 1% sucrose medium (Medium A),

whereon root differentiation was totally absent, the phenolic
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accumulation demonstrated inverse pattern of development,

(g) Peroxidase Isoenzymes :

Changes in the peroxidase isoenzyme banding pattern

are illustrated in Figs. 83a and 84a.

On Medium A (1% sucrose medium) the initial three anodic
isoperoxidases~Al, A2 and Ag were completely suppressed till
day 6. The isoperoxidase Al reappeared on days 9, 12 and 15,
wﬁereas isoperoxidase Ay reappeared on days\l2 and 15,
Isoperoxidase Az remained suppressed throughout the culture
period. New isoperoxidases Ay A and Ag appeared on day 3;
of these A4 and Ag Were never seen again, The isoperoxidase Ag
which was repressed on day 6, reappeared on days 9, 12 and 15.
Isoperoxidase Aq and AB made appearance on day 6. Peroxidase
isoenzyme A9 appeared on days 9 and 12. All new isocenzymes of

peroxidase, AA“AQ’ were slow migrating, The isoperoxidase Pgp

associated with root initiationasconspicuously absent.

On Medium B (6% sucrose medium) of the three initial
anodic isoperoxidases A and Ay were repressed for the entire

culture period, A, was, however, synthesized on day 15 of’

1
culture. Isoperoxidase Ay appeared on days 3, 9, 12 and 15 and

A5 on day 6, The isoperoxidase PR appeared with the differen-

tiation of roots on day 12.
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On Medium A (1% sucrose medium) cathodic isoperoxidase
Cl appeared on days 0, 3 and 15, C2 on days O and 6, and C3
on days 0, 9, 12 and 15, Fast migrating cathodic isoperoxidase
C4 appeared on days © and 15. A slow migrating isoperoxidase
C, was synthesized on day 9. Cg @ slow migrating cathodic
isoenzyme was synthesized on days 12 and 15. On Medium B (6%
sucrose medium) of the initial three cathodic isoperoxidases
Cl, 02 and Cas the last one was completely repressed during
the culture period, Cl appeared on days 3, 12 and 15; C,
appeared on all days except day 3. A fast migrating

isoenzyme C4 was synthesized on days 6, 9, and 15; whereas

Cy @ slow migrating one appeared on days 12 and 15,
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Expt, 28 : Studies with floral bud callus cultured on root

inducing medium supplemented with various

phenelic acids,

Healthy callus pieces weighing 300430 mg by fresh weight
were cultured on 20 ml of MS medium containing 2,0 mg/l IAA
and 3% sucrose and supplemented with various phenolic acids
individually. The phenolic acids and their concentrétions

tested were

(a) t-Cinnamic acid (100 pM)

(b) t-Cinnamic acid (500 pM)

{c) Ceffeic acid (1CO pM)

(d) Caffeic acid (500 uM)

(e) Ferulic acid (100 mM)

(f) Ferulic acid (500 uM)

(g) p-Hydroxybenzoic acid {1.C uM)
(h) p-Hydroxybenzoic acid (10.0 uM)

The culture vessels were incubated at 2642° in
continuvous light. Every three da&s a fixed number of
5 replicates was harvested for the analysis of growth,
enzymes; isoperoxidase banding pattern and phenolic

accumulation,
{a) Growth :

Growth, expressed as increase in fresh and dry weights,

of floral bud callus cultured on the root-inducing medium
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(MS basal + 2 mg/l1 IAA + 3% sucrose) supplemented with
phenolic acids is illustrated in Figs. 85-92 and Tables 23.30.,

All the phenolic acids enhanced growth at the two
differept levels tested. Maximum increase in fresh weight -
6.45 fold - was recorded on medium (b) containing 500 pM
t-cinnamic acid, 100 pM caffeic acid containing medium (c)

gave the maximum increase in dry weight - 14,16 fold.

Addition of t-cinnamic acid at 100 (a) and 500 PNl(b)
brought about an increase of 5.3 - and 6.45 fold in fresh
weight, and 12,47 and 13.07 fold increase in dry weight
respectively (Figs. 85, 86; Tables 23, 24),

Caffeic acid at 100 (c) and 500 pM (d) increased fresh
welght of the callus tissues by 6.29 and 5.09 fold, and the
dry weight increased by 14,16 and 10.67 folds respectively
(Figs. 87, 88; Tables 25, 26),

The fresh weight registered increase of 5,42 and 4,92

‘fold, and dry weight increased by 12.71 and 13.35 fold when
floral bud callus was cultured on medium containing 100 (e)
and 500 pM (f) of ferulic acid respectively (Figs. 89, 90;

Tables 27, 28).

Addition of p-hydroxybenzoic acid - 1.0 (g) and 10.0 pM .
(h) - into the medium did not bring about as marked increase

in fresh and dry weights as in case of other phenolic acids,
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-

The corresponding increases in fresh and dry weights for
the two concentrations were 3.04 and 3,21 fold in fresh
welght, and 6.98 and 7.5 folds in dfy weight (Figs. 91, 92;
Tables 29, 30).

Of significance was the observation that though
addition of phenolic acids enhanced grbwth, it nevertheless,

suppressed differentiation of roots im all cases.
(b} Peroxidase :

The peroxidase activity in floral bud callus cultured
on root_ inducing medium supplemented with phenolic acids is

illustrated in Figs. 85-92 and Tables 23-30.

The peroxidase activity in-florai bud callus on meéium
(a) supplemented with 100 pM t-cgnnamic acid registered a
slight drop in activity by éay 3. During the course of culture
two peaks were attained, one each on days 6 and 12 (gig. 85,
Table 23). On the other hand, the peroxidase activity with an
initial drop by day 3 continued to increase till day 15 in
floral bud callus cultured on medium (b) supplemented with
500 pM t-cinnamic acid (Fig. 86 and Table 24). The peak value
of peroxidase was higher on the latter than on the former
medium, The specific activity of peroxidase on both the media
attained the peak value on day 6. On 100 pM t-cinnamic acid

containing medium a lag of three days in the enzyme activity
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was observed, whereas on 500 pM t-cinnamic acid containing

medium the activity increased from day O onwards till day 15.

In callus cultured on media supplemented with 100 (c)
and 500 uM (d) caffeic acid, the peroxidase activity
declined by day 3, but thereof increased in both the cases
to its peak value on day 12. Between days 12 and 15 the
activity dropped again (Figs. 87, 88 and Tables 25, 26).

The specific activity of peroxidase remained more or less

steady till day 6 in the callus cultured on 1CO M caffeic

acid containing medium, From thereon it increased to reach

its peak value on day 9. Between days 9 and 15 the activity
Caffere aeid.

declined continuously (Fig. 87, Table 25). On 500 pMacontaining

medium the specific activity of peroxidase remained

stationary only till day 3, from where it increased to attain

its peak value on day 6, The enzyme activity, however,

declined between days 6 and 15 (Fig. 88 and Table 26).

The peroxidase activity in the callus cultured on
medium (e) containing 10C)Pleerulic acid remained essentially
stagle till day 6, increased from thereon till day 9,
stabilizes again between days 9 and 12 and then shot up to
its peak valve on day 15 (Fig., 89, Table 27), On the
contrary, the peroxidase activity remained stable till day 3.
in callus tissues cultured on medium (f) containing SOO,FM

ferulic acid, The enzyme activity attained its peak value on



day 9 and tﬁen dropped (Fig. 90, Table 28), The specific
activity of peroxidase on lOO/uM ferulic acid medium
increased to its peak value on day 9. By day 12 it dropped
to its lowest value. Thereof, However, it increased again
till day 15 (Fig. 89 and Table 27), On 500 pM medium the
specific activity of peroxidase declined between days O and
3 before attaining its peak value on day 9, The activity

declined agaimn between days 9 and 15 (Fig. 90, Table 28).

The peroxidase activity on both, 1.0 (g) and 10.0 (h)
M p-hydroxybenzoic acid, media declined by day 3 only to
climb steadily thereof and attain the peak value on day 15,
The peroxidase activity remained higher on the latter medium
(Figs., 91, 92; Tables 29, 30), The specific activity of
peroxidaée on 1,0 pM p-hydroxybenzoic acid medium increased
slowly between days 3 and 12. It, however, shot up to its
peak value on day 15 (Fig., 91, Table 29). On 10.0 p
p-hydroxybenzoic acid containing medium the specific activity
of peroxidase-declined between days O and 3, Thereof it
increased till day 9, remained steady between days 9 and 12,
and finally increased again to reach the peak value on day

15 (Fig. 92, Table 30).

with the exception of p-hydroxybenzoic acid (1,0 and
l0.0‘pM), the addition of all other phenelic acids resulted

in decline of specific peroxidase activity during the period -
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day 6 to 15 - preceding root differentiation; though root
differentiation did net occur with the addition of any of

the phenolic acids .tested.

(c) IAA Oxidase :

The progressive changes in the activity of IAA Oxidase
in floral bud callus cultured on root inducing medium
supplemented with different phenolic acids individually are

illustrated in Figs. 85-92 and Tables 23-30,

Both total and specific activities of IAA Oxidase in
floral bud callus cultured on medium (d) supplemented with
100 pM t-cinnamic acid followed identical developmental
éattern. The enzyme activity grew from (; day O till day 6
attaining its peak value, The activity dropped thereafter
(Fig. 85, Table 23). On 500 uM t-cinnamic acid containing
medium (b) the peak value of total IAA Oxidase activity was
attained on day 9; whereas the specific activity reached its

peak value on day 6 (Fig, 86, Table 24).

On 100 pM caffeic acid medium (c) the total and specific
activities of IAA Oxidase increased till day 6, to reach its
peak value and then decline from thereon till day 15 (Fig. 87,
Table 25)., The total IAA Oxidase activity on 500 FM caffeic
acid medium {d) exhibited double peaked developmental pattern,

one each on days 6 and 12, The specific activity, however,
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.

showed only one peak value on day 6. In both the cases the
enzyme activity declined after attaining its peak value

(Fig, 88, Table 26).

The total IAA Oxidase activity achieved two peak values,
one each on days 9 and 15, on both the media (e, f) containing
100 and 500 PM ferulic acid; The specific activity, however,
attained peak value on day 6 on 10O pM ferulic acid medium.

On 500 pM ferulic acid medium the peak value was attained on
day 9. In both cases the gpecific activity after decliming
till day 12 increased marginally by day 15 (Figs. 89, 90;
Tables 27, 28).

The floral bud callus tissues cultured on medium (g)
containing 1.C pM p-hydroxybenzoic acid had IAA Oxidase
activity increasing, both total and specific, till day 9.
Thereon the activity declined sharply till day 15 (Fig. 91
and Table 29). The total and specific IAA Oxidase activity on
10.0 pM p-hydroxybenzoic acid medium (h) demonstrated two
peaks,'one each on days 9 and 15 {Fig. 92, Table 30).

~

‘Incorporation of t-cinnamic acid (100, 500 M), caffeic
acid (100, 5C0 upM) and ferulic ecid (100 pM) into the root
inducing medium resulted in sharp inhibition of specific IAA
Oxidase activity from day 6 onwards. A compéfable trend was
followed with the incorporafion of p—hydfoxybenzoic acid

(1.0 pM) into the medium, However, in this case the inhibition



occurred from day 9 onwards, On ferulic acid (SOO‘pM) and
p-hydroxybenzoic acid (l0.0‘FNU containing medium there was

sharp decline in the activity between days 9 and 12,

(d) MDH : Progressive change; of MDH activity in floral bud
callus cultured on root inducing medium supplemented with
phenolic acids individually, are presented in Figs, 85-92

and Tables 23-30.

The MDH activity on medium (&) containing 100 P t-
cinnamic acid attained two peaks values, one each on days
6 and 15. Same developmental pattern was followed by specific
ac;ivity of the enzyme (Fig, 85, Table 23), On 500 Mt
cinnamic acid containing medium (b) the MDH activity increased
slowly and linear;y till day 12, A sharp increase was register-
ed between days 12 and 15, The specific activity of the enzyme,
however, as in the previous instance reached two peaks, one

each on days 6 and 15 (Fig. 86, Table 24),

On the medium (c) supplemented with lOO;PM caffeic acid,
total MDH activity increased till day 3. Between days 3 and 9
the activity dropped along a linear gradient. By day 12,
however, the enzyme activity increased sharply, but declined
again by day 15. The specific activity of MDH on this medium
followed the pattern as defined by total activity of the
enzyme (Fig., 87, Table 25)., The total and specific MDH activity
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Incorporation of individual phenolic acids, at both
the levels tested, into the root inducing medium brought
about decline of PAL activity per unit protein in floral
bud callus between days 12 and 15. During the same period
in culture, the PAL activity per unit protein declined on
standard root inducing medium and was followed by root
differentiation from callus tissue. Since on the root
inducing medium and also on the same medium supplemented with
various phenolic acids'PAL activity was on decline between
days 12 and 15, no correlation could be drawn between PAL

activity and root differentiation.,
(f} Phenolics :

The progressive changes in the phenolic content of floral
bud callus cultured on root inducing medium supplemented with
different phenolic acids are illustrated in Figs. 85-92 and

Tables 23-30.

In callus cultured on 1OO‘PM t-cinnamic acid medium (a)
the phenolic cgntent increased from 0,22 mg/culture to its
peak value of 5,68 mg/culture on day 12, On percentage basis
two peaké were obtained. During the first phase of phenolic
accumulation, it increased from 1,87 mg% to 3.06 mg¥% by day 3.
The second peak of 4,38 mg¥% wés obtained on day 12 (Fig. 85,
Table 23). -



180

On 500 pM t-cinnamic acid medium (b) the peak value of
phenolic accumulation of 3.85 mg/culture was attained on
day 9. The accumulation of phenolics fluctuated between
days 9 and 15, On percentage basis also the peak value
{(4.44 mg%) was attained on day 9, Thereof till day 15 the
phenolic content declined to 2.42 mg% (Fig. 86, Table 24),

The accumulation of phenolics in the floral bud callus
cultured on 100 PM caffeic acid medium (c) increased steadily
and linearly till day 9. Between days 9 and 15 the increase
was sharp. During the entire culture period the phenolic
" accumulation rose from 0.22 mg/culture on day O to 4,99 mg/
culture on day 15, On percentage basis also the peak value
was attained on day 15 of culture, rising from 1,87 mg% to

2.94 mg% (Fig, 87, Table 25),

On culture basis the phenolic content in callus on
300 FM caffeic acid containing medium (d) increased from
0.22 mg/culture to 4,27 mg/culture by day 12, On percentage
basis the peak value was, however, attained on day 9, the

rise being from 1,87 mg% to 4.3 mg% {Fig, 88, Table 26),

On 1OOJFM ferulic acid medium (e) two peak values of
2.31 mg/culture and 2.35 mg/culture were obtained on days
9 and 15 respectively. On percentage basis also the phenolic
accumulation revealed two peak values of 3.42 mg¥% and 3.48 mg%

on days 3 and 9 respectively (Fig. 89, Table 27).
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On 300 pM ferulic acid containing medium (f) the peak
value for phenolic accumulation on culture basis was attained
on day 12, the value being 3,65 mg/culture, On percentage
basis, the peak value of 3;36 mg% was, however, attained

on day 9 (Fig. 90, Table 28). -

The accumulation of phenolics on both per culture and
percentage basis increased till day 15 when callus was
cultured on 1.0 PM‘p-hydroxybenzoic acid containing medium(g).
The peak values attained on day 15 were 3,21 mg/culture and

3.84 mg% (Fig., 91, Table 29),

On 10,0 pM p-hydroxybenzoic acid medium (h) the peak
phenolic value (2.3 mg/culture) on culture basis in callus
was reached on day 12. On percentage basis the peak value of

3.48 mg% was, however, reached on day 9 (Fig. 92, Table 30).

With the exception of lOO‘PM caffeic acid and 1.0 pu
p-hydroxybenzoic acid, addition of all other phenolic acids
into the root inducing medium brought about decline of

phenolic content in floral bud callus during days 12 and 15,

{(g) Peroxidase Isocenzymes

The progressive changes of the anodic and cathodic
isoperoxidase banding pattern in floral bud callus cultured

on MS medium supplemented with 2,0 mg/l IAA and 3% sucrose,

and various phenolic acids are illustrated in Figs, 85a-92a.
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With the addition of 10O uM t-cinnamic acid into the
medium (a) the original anodic isoperoxidases A -Ay were
repressed till day 12. Only Al reappeared on day 15. During
the culture period five slow migrating anodic isoperoxidases -
A, on all days, A5 on day 3,,A6 on days 6 and G, A, on day 6,
and Ag on day 6 ~ were synthesized. Two fast migrating
isoperoxidases AMD on days 12 and 15, and All on day 15, were

also synthesized, The original cathodic isoperoxidases C.-C

1 73
were completely repressed till day 12. Cl reappeared on day 15.
Slow migrating cathodic isoperoxidases C4-C8 appeared at

dif ferent cultural periods (Fig, 85a).

As in the previous case the original anodic. isoperoxidases
Al~A3 were completely repressed when the callus was cultured

on 500 PM t-cinnamic acid medium (b); A,, however, reappeared

1
on days 12 and 15, Slow migrating isoperoxidases A4-A9 were
synthesized at different time intervals. One fast migrating
anodic isoperoxidase appeared on days 12 and 15, The original
cathodic isoperoxidase Cl remained repressed on all days
except day 15. The other two original cathodic isoperoxidases
02 and C3 remained suppressed throughout the culture period.

Slow migrating cathodic iSOperoxidaseé C4~Cg appeared at

different time intervals (Fig. 86a).

0f the original anodic isoperoxidases Al—AB only anodic

isoperoxidase Al’made its appearance on day 15, when the callus



was cultured on 100 UM caffeic acid medium (c)., Slow
migrating anodic isoperoxidases A4-A8 appeared during the
culture period, Two fast migrating anodic isoperoxidases

A9 and ALO were synthesized on day 15, Of the original
cathodic isoperoxidases Cl and C2 appeared on day 3., These
two isoenzymes were repressed for the rest of culture period,
AC3 was completely eliminated throughout the culture period.

Slow migrating cathodic isoperoxidases C4--C9 appeared

during different intervals of the culture period (Fig. 87a).

With culture of the callus on medium (d) supplemented
with 500 pM caffeic acid, the original anodic isoperoxidases
A2 and Ay were completely repressed. The original anodic
isoperoxidase Al’ however, appeared on day 15, Besides a
number of slow migrating eanodic isoenzymes A4—A7,\three fast
migrating anodic¢ isoenzymes AB-AlO also made their appearance.
Of the three original cathodic isoperoxidases, 83 appeared
on day 3 and Cl on day 15, C2 remained suppressed throughout
the culture period. Slow migrating cathodic isoenzymes of
peroxidase C4—Cﬁ were synthesized at different cultural

periods (Fig. 88a).

S
With the incorporation of LD%/UM ferulic acid in the
medium (e), all the three original anodic isoperoxidases were
repressed, Besides slow migrating isoperoxidases Ay-Aq and

A two fast migrating isoperoxidases AB and A9 were also

10°
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synthesized. Of the original cathodic isoperoxidases‘c2

remgined suppressed throughout the culture period, Cy was

seen on days 3 and 6 and C, on day 15, Only one fast

1
migrating cathodic isoperoxidase C; was synthesized on days
9 and 15, All other cathodic isoperoxidases synthesized

C,~Cg and Cg, were slow migrating (Fig. 89a).

As in the previous case, when the callus was cultured
on medium (f)} supplemented with 500 pM ferulic acid, the

original anodic 1lsoperoxidases A ~Ay were repressed throughout

1
the culture period. Five slow migrating anodic isoperoxidases
A4'A8 were synthesized at different cultural periods. Also

synthesized were fast migrating iscperoxidases Ag"Alz between
days 9 and 12, Of the original three cathodic isoperoxidases,
and C

only C3 appeared on day 3, C did not appear at any

1 2
time during the course of culture, Besides three slow
migrating cathodic isoperoxidases C,-Cg, one fast migrating

cathodic isoperoxidase C, was also synthesized, (Fig. 90a).

With the culture of callus on medium supplemented with
1.0 FM.p—hydroxybenzoic acid {g), the original anodic

isoperoxidase A, was repressed throughout the culture period,

1
except on day 15. A, appeared on days 6 and 9, and A5 on days
9, 12, and 15. During the culture period two slow migrating

anodic isoenzymes A, and A6 were synthesized on days 3, 6, 9

and 12, and days 12 and 15 respectively. A., a fast migrating

5’
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anodic isoperoxidase appeared from day 9 onwards. Other fast
migrating anodic peroxidases appeared - Ay and A8 on days 12
and 15, and gg on day 15, Of the original cathodic isoperoxi-
dases only C3 appeared on day 3, Cl and 62 remained repressed
for the entire culture period, One fast migrating cathodic
isoperoxidase Ce appeared on days 9 and 15, Slow migrating

cathodic isoperoxidases C,, C5, C7 and C, appeared at

8
different cultural periods (Fig. 9la).

With the increase of p-hydroxybenzoic acid level to lO‘pM
in the medium (h) the original anodic isoperoxidases Al and

A,, were completely repressed. Ag appeared on days 6 and 9,

3
Slow migrating anodic isoperoxidases A, on day 3, Ag on days
6, 9, 12 and 15, and A6 on days 6, 12 and 15, made appearance,
There was a spurt in the synthesis of fast migrating anodic
isoperoxidases A7'All during the later phase of culture i.e.
between days 9 and 15, Of the original three cathodic
isoperoxidases, Cl appeared on day 15, C3 on day 3, while‘

C2 remained suppressed throughout the culture period. Slow\
migrating - cathodic isoperoxidases Cyr Cg and C; were
synthesized at various cultural periods. Only one fast

migrating cathodic isoperoxidase C5 appeared cn days € and 15

(Fig. 92a).

The anodic isoperoxidase PR which preceded _ root
differentietion in earlier experiments was not synthesized

when phenolic acids were added to the ‘root inducing médium,
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Expt. 29, Studiés with floral bud callus cultured on root

. ) . s +
inducing medium containing %+ x and 2 x Mn¥¥ ion

AN

concentration.

Healthy masses of floral bud callus weighing 300430 mg
by fresh weight were cultured on 20 ml of the root inducing
medium i,e, MS basal + 2.0 mg/l IAA + 3% sucrose. In the
MS basal medium + x Mn++ and 2 x Mn++ ion concentration
of the standard level was used. Ordinarily MS basal medium
contained 22,3 mg/1 of MnSO,. Consequently to attain 4 x and
2 x Mn** level in the medium, respectively 11,15 mg/l and

44,6 mg/1 MnSO, was added in the basal medium.

The culture vessels were incubated at 2642° in continuous
light for & period of 15 days. Every three days, 5 replicates
were harvested and analysed for growth, peroxidase, IAA
oxidase, WMDH, PAL, phenolié accgmulation and peroxidase
isoenzyme patterns. The results are presented in Figs. 93, 94

and Tables 31, 32.
{a) Growth :

Growth of floral bud callus cultured on the root
inducing medium (MS basal + 2 mg/l IAA + 3% sucrose)in which
4+ x and 2 x Mn™* ion concentrations were used, is illustrated

in Figs. 93, 94 and Tables 31, 32,

The growth of floral bud callus, both on fresh and dry



vy

weight Dbasis, was inhibited when Mn™t ion concentration
was either reduced to 4 x or raised to 2 X of its normal
level in the MS medium, The fresh weight increased 1,62 and
1.54 fold respectively on these media. The dry weight
increases were 3,43 and 3,24 fold respectively oé the above
mentioned media (Figs. 93, 94;'Tables 31, 32). The medium
containing normal levels of Mntt ions gave 1.85 fold and
5.11 fold increase in fresh and dry weight respectively.

With alteration in the optimum mn** level the differentiation

of roots was completely inhibited.
(b) DPeroxidase :

The progressive changes of peroxidase aétivity in the’
floral bud callus tissues cultured on the rooting medium - MS
basal + 2.0 mg/l IAA + 3% sucrose - in which Mnt" ion level
was % X and 2 x of the optimal Mnt* ion level in the MS

medium, are illustrated in Figs. 93, 94 and Tables 31, 32.

The total activity of peroxidase, as well as its specific
activity in floral bud callus cultured on rooting medium with
4 x Mn++ion concentration, declined by day 3. The activity on
both accounts reached its first peak value on day 6, Between
days 6 and 9 the enzyme activity decayed again, rather rapidly.
Subsequent to sharp increase in the.peroxidase activity, total
and specific, the second peak value was attained on day 15

(Fig. 93, Table 31),
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.The total and specific activity of peroxidase in floral
bud callus on 2 x Mn™ ion containing medium, also showed
double peak pattern. The total peroxidase activity reached
the first peak on day 3. The activity, however, decayed
rapidly till day 12. Between days 12 and 15 the enzyme
activity increased again to reach the second peak, The
specific activity of peroxidase also reached its first peak
value on day 3. Between days 3 and 6 the enzyme activity
decayed sharply. It continued to decline till day 9. Between
days 9 and 15 the specific peroxidase activity increased

linearly to the second peak value (Fig., 94, Table 32).

The development of peroxidase activity per unit protein
between days 12 and 15, on standard root inducing medium and
the root inducing medium containing 4 x and 2 x Mntt ion
concentrations, was identical in view of the fact that in all
the three cases, the enzyme activity was on increase, However,
the enzyme activity during this period, when root differentia-
tion occurred on staﬁdard root inducing medium, was much
higher on media containing % x and 2 x Mn™% ion level, than
on the standard root inducing medium which supported normal

-

Mn ion level,

{c) IAA Oxidase :

In the floral bud callus cultured on the rooting medium -
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MS basal + 2.0 mg/l IAA + 3% sucrose - in which % x and
2 x Mn'" ion concentrations were used, the IAA Oxidase
activity, total and specific, is illustrated in Figs, 93, 94

and Tables 31, 32.

The total and specific activity of IAA Oxidase in floral

bud callus cultured on % x Mntt

ion containing rooting medium
showed typical double-peak developmental pattern, The first
peak value was reached on day 3 and the second on day 15. The
enzyme activity declined between days 3 and 9 (Fig. 93,'
Table 31). On the 2 x Mnt¥ ion containing rooting medium the
total IAA Oxidase activity increased till day 9. The increase
was rather slow till day 3 and very sharp between days 3 and
9, The peak value was reached on day 9. The total IAA

Oxidase activity decayed rapidly thereof till day 12. It again
staged a minor comeback by day 15, The specific activity of
IAA Oxidase reached the peak value on day 12, The enzyme
activity developed rapidly and linearly between days O and 9.
Between days 9 and 12 the enzyme gctivity progressed but
slowly. Between days 12 and 15 the specific activity decayed
rapidly (Fig. 94, Table 32).

In contrast with total IAA Oxidase activity per unit
protein, which declined between days 12 and 15 in floral bud
callus cultured on standard root inducing medium, the activity

increased during the same period in callus tissues cultured on



the same medium but containing only % x Mn™t ion level. On

the root inducing medium containing 2 x Mn'T ion level the
activity increased between days 12 and 15, and hence was
comparable with the pattern of development of enzyme activity
on standard root inducing medium., The activity during this
~period, however, was much lower on standard root inducing’
medium, The days 12-15 were characterized by being the

period of root differentiation from floral bud callus cultured

’on root inducing medium,
{d) MDH :

The floral bud callus was cultured on root inducing
medium - MS basal + 2,0 mg/l IAA + 3% sucrose -~ with 4 x and
2 x Mn*? ion concentration. The progressive changes 1in -the
activity of MDH in such cultures are illustrated in Figs.

93, 94 and Tables 31, 32.

on the 4 x Mn++ ion containing rooting medium the total
MDH activity declined slightly by day 3. It, however,
increased to its first peak value by day 6. Between days 6
and 9 the enzyme activity declimed sharply and remained more
or less steady till day 12, Between days 12 and 15 the activity
increased sharply to reach its second peak value, The specific
activity of MDH on the same medium followed identical pattern
of development, except for the fact that the enzyme activity
did not decay between days O and 3 (Fig. 93, Table 31},
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on the 2 x Mn*" ion containing rooting medium the total
MDH activity showed two peaks during its development, one
each on days 6 and 15, The specific activity also showed
double-peak pattern, but here  the peak values were attained

on day 3 and 15 (Fig. 94, Table 32).

The total MDH activity per unit protein was on increase
between days 12-15, in floral bud callus tissues cultured on
standard root inducing medium as well as on the same medium
but containing 4 x and 2 x Mn*+ ion concentrations. However,
on the latter two media the activity was appreciably higher

than on standard root inducing medium,
{e) PAL :

The progressive changes in the PAL activity in floral
bud callus cultured on %+ x and 2 x Mn++ ion containing rooting

medium, are demonstrasted in Figs. 93, 94 and Tables 31, 32.

on the % x Mn*" ion containing rooting medium the total
PAL activity increased sharply till day 3. Thereafter till
day 9 the increase in the activity was comparatively slow,
The peak value was attained on day 9. A sharé decline in the
enzyme activity ensued theéreafter till day 12, remaining more
or less stable between days 12 and 15. The specific PAL
éctivity on the same medium increased sharply and linearly

till day 6. After a slight increase in the activity between



days 6 and 9 the peak value was reached. The enzyme activity

declined rapidly thereafter till day 15 (Fig. 93, Table 31).

on 2 x Mn*7¥ ion containing rooting medium the total PAL
activitylincreased rapidly till day 6 reaching its peak value,
Thereafter the enzyme activity declined along a steep
gradient till day 12. The enzyme activity increased again
thereof till day 15. The specific PAL activity followed a
similar pattern but here the peak value was reached on day 3
instead of day 6 as in the total activity of PAL (Fig. 94,
Table 32)}.

The total PAL activity per unit protein was on decline
between days 12-15, in floral bud callus cultured on standard
root inducing medium and also on the same medium but contain-
ing only % x Mn™* ion level. During the corresponding period,
the activity was on increase on medium containing 2 x MnH
ion level, On the root inducing medium containing %+ x and x
2 X Mn++ ion levels, the PAL activity was rather higher than

on standard root inducing medium,
{f) pPhenolics :

Progressive changes in the accumulation of phenolic
compounds in floral bud callus cultured on % x and 2 X mnt
ion containing rooting medium are illustrated in Figs. 93, %94

and Tables 31, 32.

on 4 x Mn** jon containing rooting medium the phenolics
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~accumulated from day O onwards reaching peak value on day 12.
The phenolic accumulation increased from 0,22 mg/culture to
1.61 mg/culture during this period. On percentage basis also,
the peak value of phenolic accumulation was reached on day 12,
The accumul ation of phenolics increased from 1.87 mg% on day O

to 4.11 mg% on day 12 {Fig. 93, Table 31).

In the flﬁral,bud callus tissues cultured on 2 x Mn'' ion
containing medium the phenolic accumulation was much less as
compared with the previous case. The phenolic accumulation
reached its peak value of 0,87 mg/culture on day 6, On
percentage basis the peak value of 3,65 mg% was also reached

on day 6 (Fig., 94, Table 32).

Though phenolic content on percentage basis was on decline
between days 12 and 15 in root inducing medium as well as on
the same medium but containing 4+ x and 2 x Mnt* ion levels,
it nevertheless, was much higher on standard root inducing.

++

medium than on the media wherein Mn'~ ion level was manipulated,

{(¢) Peroxidase Iscenzymes :

The progressive changes in the banding patterms of anodic
and cathodic isoperoxidases in floral bud callus cultured on
the rooting medium containing % x and 2 x Mnt¥ ion levels are

illustrated in Figs, 93a, 94a.

On the root inducing medium containing % x Mntt ion



q A Ay, Ay g Ay Q Ay Ay
Ag Aff
Ag Ag A
—— Ay 2
Az Az A5 1IIT AS ) A3
; i
i : {
oo
,; %
E £
!
4 1
+
DAYS O 3 6 9 iR 15
—r ¢ ¢ ¢ = G r—y
Cz Fa¥ata¥ CI- ¥a¥ Cz CZ raaNa Cl L1l Cx
Cx
Cq X C“ xe Cy,
Ce Cs
‘ @ Ce z Ce
i
\
DAYS O 3 6 9 Y 12

Fiog. 93,
Ansdic and Calbsdic lwom‘a(ug Paferns .

¢ emimanial Delocls “as 1 Table. 31.



. - G A Ay L: Ay
I Ag Az
~ A6
4 Az z A,
T Ay
i 1
+ ¥
0AYS 0 3 6
+ C, Cq Cy
Ca Ca c?,
G
rrd C
}
DAYS © 3 6

Anooie  awvd Cathoods: I soperonidase
Ex P&'m‘mmd" al Detacls a5

As
;i A6

Ag Asg
Ag Ag
A;’L /‘12
Do
H
15

ﬁaf/evng
Table 32.

C| Ct
s R E Cq
rrrx C5 = Cg
1) Cg Ce

G
12 L)
Fig. 94 o .



St
QoL
o) ]

the original anodic isoperoxidase Al remained suppressed
throughout the culture period, The other original anodic
isoperoxidase A2 was synthesized only on day 15; likewise A3
was synthesized on all days except day 3. During the culture
period three slow migrating anodic isoperoxidases,.A4-A6,

were also synthesized, Aer was synthesized on all days, and

A5 and A6 on days 3 and 6. The synthesis of the root
peroxidase PR was suppressed as was the actual differentiation

of roots (Fig. 93a). .. '

On the cathodic scale the original isoperbxidase 03
remained suppressed right through the culture period, The
other two original cathodic isoperoxidases Cl and C, were
synthesized on all days of culture, Slo@ migrating cathodic
isoperoxidases C4~C6 were synthesized at different times during

the culture period. Cy appeared on days 9, 12 and 15, and Cq
and Cg on days 12 and 15 (Fig. 93a),

With the use of 2 x Mnt* ion in the root inducing medium
the original anodic isoperoxidases Ay and Aq were suppressed
right through the culture period., The third original one Ay
was synthesized on days 12 and 15, Four slow migrating anodic
isoperoxidases, A4-A7, were synthesized at different time
intervals of the culture period. Ay appeared on days 3 and 6,

A. on all days of culture, A6 between days 6 and 15, and A7

o)
on day 6, As in the previous case the root peroxidase PR,

was suppressed as was the differentiation of roots (Fig. 9%4a).



On the cathodic side the original cathodic iso-
peroxidase C3 remained suppressed right through the culture
period. The other two original ones Cl and C2 were
synthesized right through. Four more slow migrating
cathodic isoperoxidases, C4“C7, were synthesized, C4
appeared on days 6 and 9, 05 on days 12 and 15, Cg on
days 12 and 15, and C; on day 15 (Fig. 94a).
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Expt. 30. Studies with Haploid callus tissues cultured

on root inducing medium,

Healthy, green haploid callus masses weighing 300430 mg
were cultured on 20 ml MS basal medium supplemented with
2.0 mg/l IAA and 3% sucrose, The culture vessels were
incubated in continuous light at 2642°, The differentiation
of roots from haploid callus tissues occurred any timeA
between days 6 and 9, The experiment was terminated on
day 9. Five replicates were harvested every 3 days and
analysed for growth, enzymes, isoperoxidase patterns and

phenolic content.
(a) Growth :

Growth of haploid tobacco callus cultured on root
inducing medium, measured as increase in fresh and dry weights

is illustrated in Fig. 95 and Table 33,

Growth, measured on fresh weight basis, was almost
linear from day O till day 9, Fresh weight increased from
300 mg on day O to 852.8 mg on day 9, which was 2.84 fold
increase. Dry weight increased between day O and day 6 from
12.0 mg to 62.4 mg. An increase of about 5.0 mg in dry weight
" resulted in subsequent 3 days. Total foldwise increase during

the culture period was 5.6,

On this standard rcot inducing medium the differentiation



of roots occurred any time between days 6 and 9 with around

75% frequency,

The two phases of development,i.e.,, growth and
differentiation are very .clearly segregated here, The growth
was vigorous during the days preteding root differentiation
i.e., between days O and 6. However, it slowed down
considerably between days 6 and 9, when root diffefentiation

occurred,
(b) Peroxidase :

The development of peroxidase activity in haploeid tobacco
callus cultured on root inducing medium is illustrated in

Fig. 95 and-Table 33.

The total peroxidase activity in callus tissues was on
increase from day O till the end of culture period on day 9.

The activity during this period increased about 5.3 folds.

On the other hand, specific peroxidase activity declined
between days O and 3.The specific activity thereafter
increased to its peak value by day 6. Between days 6 and 9

the specific activity, however, declined again.

The peroxidase activity per unit protéin was on decrease
during the period of root differentiation i,e.,' between

days 6 to 9.
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(c) IAA Oxidase :

The progressive changes of IAA Oxidase activity in
haploid callus cultured on root inducing medium are

illustrated in Fig, 95 and Table 33,

The activity of IAA Oxidase on both accounts i.e.,, on
culture basis and its specific activity, increased to peak
values by day 6. Thereafter the activity declined sharply
till day 9.

During the period of root differentiation i,e., days 6

to 9, the IAA Oxidase was on the decrease,
{(d) MDH :

The progressive changes in total and specific activities

of MDH are illustrated in Fig. 95 and Table 33.

The total activity of MDH doubled during the first 3 days
of culture, Between days 3 and 6 the enzyme activity shot up
to its peak value, During this 3 days period the activity
increased by about 12 fold, There after the activity declined

till day 9.

The specific activity of MDH in haploid callus increased
marginally during the initial 3 days of culture. Between days
3 and 6 the enzyme activity increased sharply (11 fold) to

its highest value during the culture period. Thereafter the



specific activity of MDH declined till day 9.:

The MDH acﬁivity per unit protein and on culture basis
registered peak value prior to root differentiation and was
on decrease during the period of root differentiation i.e.,

(e) PAL :

The progressive changes of total and specific DAL
activities in haploid callus cultured on root inducing medium

are illustrated in Fig., 95 and Table 33,

The total activity of PAL declined slightly between day O
and 3, Thereafter the activity increased sharply (nearly
15 fold) till day 6, The activity continued to increase and
reached its pesk value by day 9, Likewise, the specific
activity of PAL declined between day O and 3, Thereof, the
activity increassed till day © to reach its peak value before

declining again by day 9.

During the root differentiating period i.e., between
day 6-9, the PAL ' activity on culture basis was on increase

but the activity per unit protein was on the decline,
(f) Phenolics :

The progressive changes of phenolic accumulation in
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haploid callus cultured on root inducing medium are

illustrated in Fig, 95 and Table 33,

On culture basis the phenolic content increased conti-
nuously between day O and day 9, the increase being from
0.13 mg/culture to 1.59 mg/culture, Cn the contrary, on
percentage basis the phenolic content dropped from 1,12 mg%
on day O to 0,9 mg% on day 3, Thereafter the accumulation
of phenolics was on increase till day 9 reaching the peak

valve of 2,38 mg%.

On per culture basis as well as on percentage basis
the phenolic content in heploid callus was on the increase

during the period of root differentiation i.e.,’day 6 to 9,

(9) Peroxidase Isoenzymes :

The progressive changes of anodic and cathodic peroxidase
isoenzymes in haploid tobacco tissues cultured on root

differentiating medium are illustrated in Fig, 33a.

To begin with on day O three anodic isoperoxidases
Al’ A2 and A3 were present in the haploid callus tissues, Of
these Al persisted right through the culture periéd of 9 days.
Ay and Ay appeared only on day 3 and were suppressed there-
after, On day 3 a slow migrating anodic isoperoxidase A, was

synthesized. A fast migrating one A5 also appeared on days 3
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and 9, Day 6 heralded the synthesis of anodic isoperoxidase
Ags which was a slow migrating one and was synthesized on
day 9 also. The isoperoxidase PR was synthesized on day 6
and appeared on day 9 also. This isoperoxidase PR preceded
differentiatioﬁ of roots and was also detected in peroxidase

preparation of the differentiated roots.

Initially on day O three cathodic isoperoxidases C,, C

1’ 72
and C3 were present, The cathodic isoperoxidase Cy was
repressed right through the culture period, Cl and C, on

the contrary were synthesized on all days of culture, Two
slow migrating isoperoxidases, C4 on day 3 and C5 on éay 9,

were also synthesized, Cathodic isoperoxidase pattern did

/
not show any correspondence with root differentiation.
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Expt. 31. Studies with habloid callus tissves cultufed on

root inducing medium supplemented with low and

high levels of sucrose.

Healthy and green callus masses of haploid tobacco
-weighing 300430 mg by fresh weight were cultured on 20 ml of
root inducing medium supplemented with low (1%) and high (6%)

sucrose levels, The media used were :
(a) MS basal + 2,0 mg/l IAA + 1% sucrose and
(b} MS basal + 2.0‘mg/1 IAA + 6% sucrose,

The culture vessels were incubated at 26320 in continuous
light for a maximum period of 15 days. Every 3‘days, 5 repli-
cates were harvested and analysed for growth, enzymes,

'isoperoxidase banding patterns and phenolic accumulation,
(a) Growth :

Growth measured as increase in fresh and dry weights is

illustrated in Figs. 96, 97 and Tables 34, 35,

The growth of haploid callus on fresh weight basis was
better on 1% sucrose containing medium than on 6% sucrose
containing medium, The respective foldwise increasesw were
4,23 and 2.79. The dry mass was more on 6% sucrose medium
than on 1% sucrose medium. The corresponding foldwise increases

were 6.5 and 5.73
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Roots wére differentiated from haploid callus tissues
on both, 1% and 6% sucrose containing media. The response
was, however, delayed as compared with the standard root
inducing medium which had the optimum level of sucrose (3%)
in it. On 1% sucrose medium roots differentiated on day 15
with 25% frequency, while on 6% sucrose medium on day 12 with

50% frequency,
{(b) Peroxidase :

The progressive changes of total and specific activities

of peroxidase are illustrated in Figs. 96, 97 and Tables 34,35,

On 1% sucrose containing root inducing medium (MS + 2.0
mg/1l IAA), the total peroxidase activity was on the decline
between days O and 9. From day 9 onwards till day 15 the
peroxidase activity increased sha;ply and linearly to its
peak value, The specific activity of peroxidase, however,
attained peak value on day 3, Between days 3 and 6 the enzyme
activity declined sharply. The decline continued between days
6 and 15 but at a slower rate and along & linear gradient

(Fig. 96, Table 34),

The total peroxidase activity on 6% sucrose containing
rooting medium demonstrated typical double peaked developmental
pattern, one each on days 6land 15. The specific peroxidase
activity, however, reached its peak values on days 3 and 15

(Fig., 97, Table 35).
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The peroxidase activity per unit protein during root
differentiation {day 9-15) on 1% sucrose medium was on the
decline whereas on the 6% sucrose medium it was on the
increase, Obviously, there was no correspondence between

this enzyme and root differentiation.
(c}y IAA Oxidase :

The changes in the activity of IAA Oxidase during root
differentiation are illustrated in Figs. 96, 97 and Tables
34, 35,

The total and specific activities of IAA Oxidase in
haploid tobacco callus on 1% sucrose containing root inducing
medium, exhibited double. peaked developmental pattern, one

each on days 3 and 15 (Fig., 96, Table 34),

On 6% sucrose containing medium also the total and
specific activities of IAA Oxidase reached two peak values.
The total IAA Oxidase activity reached peak values on days 6
and 12. The specific IAA Oxidase attained peaks on days 3 and
15 {Fig., 97, Table 35).

The IAA Oxidase activity per unit protein during the
period of root differentiation (day 9-15) was on the increase

on both 1% and 6% sucrose containing root inducing media.
{(d) MDH

The progressive changes of total and specific activities
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of MDH in haploid tobacco callus on rooting medium
supplemented with low (1%) and high (6%) sucrose levels,
are illustrated in Figs. 96, 97 and Tables 34, 35,

The total MDH activity on 1% sucrose containing medium
increased along a linear gradient between days O and 9. During
this period the activity increased from 1,05 to 54,86 vunits/
culture. Between days 9 and 15 the activity showed a very
pronounced increase, reaching upto 442,5 units/culture, The
specific activity exhibited two peak values on the same
medium, Between day O and 3 the specific‘activity increased
sharply from 0,92 units/mg protein to 40.0 units/mg protein.
Thereafter the activity declined linearly till day 9. Between
days 9 and 15 the enzyme activity exhibited another sharp
increase, rising from 36,0 units/mg protein to 54,0 units/mg

protein (Fig. 96, Table 34).

On 6% sucrose containing medium total MDH activity
exhibited double peaked developmental pattern, one each on
days 6 and 12, The specific activity demonstrated a single
peak on day 3 subsequent to sharp increase of activity.
Thereon till day 15 the activity was on the decline (Fig. 97,
Table 35). The enzyme activity on 6% sucrose medium was not

as high as on 1% sucrose medium.

The MDH activity per unit protein during root inducing
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period (day 9-15) was on the increase on 1% sucrose medium

and on the decline on 6% sucrose medium,
(e) PAL :

The progressive changes in total and specific activities
of PAL in haploid tobacco tissues cultured on root inducing
medium supplemented with low (1%) and high (6%) sucrose levels

are illustrated in Figs., 96, 97 and Tables 34, 35,

The total and specific activities of PAL in haploid
tissues cultured on 1% sucrose medium demonstrated double
peaked pattern of development, The first peak was reached on

day 3 and the second on day 15 (Fig. 96, Table 34).

On 6% sucrose medium, as in the previous instance, the
total and specific activity of PAL demonstrated double peaked
pattern of development. The first peak was reached on day 3
as a result of very sharp increase in the activity. Between
days 3 and 9 the activity decayed rapidly and considerably.
The total activity of PAL increased again between days 9 and
15 along a steep and linear gradient to attain the second peak
value by day 15, The specific activity of PAL also increased
between days 9 and 15, The incresse was linear but marginal

{(Fig. 97, Table 35).

The PAL activity per unit protein during root differentia-

ting period (day 9-15) was on the incresse on both 1% and 6%



sucrose containing medis,
(f) Phenolics :

The progressive changes of phenolic accumulation in
haploid tobacco callus cultured on root inducing medium
containing low (1%) and high 6%) levels of sucrose, are

illustrated in Figs, 96, 97 ‘and Tables 34, 35,

On 1% sucrose containing medium the phenolic content
increased from 0.13 mg/culture on day O to 0.33 mg/culture on
day 3. It; however, declined to 0.21 mg/culture by day 6.
Between days 6 and 15 the phenolic accumulation was on
increase and reached its peak value of 1,52 mg/culture by
day 15, On percentage basis the phenolic content increased
from 1,12 mg% on day O to 1.97 mg% by day 3. The phenolic
content, however, declined to 0.65 mg% by day 6. Thereafter,
the phenolics continued to accumulate linearly reaching the

peak value of 2,21 mg% on day 15 (Fig. 96, Table 34).

On rooting medium containing 6% sucrose the phenolic
content in haploid tobacco tissues increaseq from 0.13 mg/
culture on day O to 1.56 mg/culture by day 6. Thereafter, the
phenolic content declined tec 0.63 mg/culture by day 9. Between
days 9 and 15 it increased again to 1,13 mg/culture by day 15,
On percentage basis the phenolic content shot up from 1.12 mg¥%
on day O to 4,36 mg% on day 3, The phenolic content declined
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rapidly to 1.06 mg% by day 9. Thereafter, the phenolics
accumulated again and reached the value of 1.46 mg¥% by day 1%
(Fig. 97, Table 35).

The phenolic content in haploid tobacco callus tissues
during root inducing period (day 9-15) was on increase on

both 1% and 6% sucrose containing media,

(g) Peroxidase Isoenzymes

The progressive changes of the anodic and cathodic
isoperoxidases in haploid tobacco callus grown on root
inducing medium supplemented with low (1%) and high (6%)

levels of sucrose, are illustrated in Figs, 96a, 97a,

On 1% sucrose contsining medium of the initial three

anodic isoperoxidases A,, A, and AS’ the isoperoxidases A

1 72
and A3 were suppressed throughout the culture period. Ay

however, appeared on days 3 and 15. During the culture period

2

five slow migrating anodic isoperoxidases were synthesized.

4
day 6; and A

A, appeared on day. 3; A5 on days 3, 12 and 15; A6 gnd A7 on
g on days 9 and 12. Besides,one slow migrating

anodic isoperoxidase PR appeared on days 9, 12, and 15. This
isoperoxidase was detected in the peroxidase preparations of
regenerated roots. On the same medium the original cathodic

isoperoxidase C, remained suppressed throughout the culture

period; C5 appeared only on day 15 and C, on days 3 and 15.
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During the culture period three slow migrating cathodic
isoperoxidases were synthesized, C5 on day 6, Cg ©On days 9
and 12, and C,; on days 12 and 15, Besides, one %ast migrating
cathodic isoperoxidase C4 was synthesized on days 3, 6 and 12

(Fig, %6a).

On 6% sucrose containing medium the original anodic
isoperoxidases Ay and A3 remained suppressed right through the
culture period, The initial anodic isoperoxidase Al’ however,
was synthesized on days 12 and 13. Four slow migrating anodic
isoperoxidases were synthesized at varying intervals of time
during the culturg period, A4 appeared on day 3, A5 on day 6,
Aé on days 9 and 15, and A7 on days 12 and 15. Besides, one
anodic isoperoxidase PR appeared on days 6, 9, 12 and 15, This
isoperoxidase PR was detected in the peroxidase preparations
of regenerated roots. Of the initial three cathodic isoperoxi-
dases (Cl’ C, and CB)’ C, and C; remained suppressed throughout
the culture period., The third initial cathodic isoperoxidase Cy
appeared on days 3 and 15, One fast migrating cathodic isopero-
xidase C4 was synthesized on days 3, 6 and 12, Besides, three
slow migrating cathodic isoperoxidases Csyr Cq and C, were also
synthesized, 05 appeared on day 6, and C6 and C7 on days 9, 12
and 15 (Fig, 97a).
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Expt. 32. Studies with haplold callus tissues cultured on

root inducing medium supplemented with various

phenolic acids.

Healthy callus pieces of haploid tobacco weighing 300+30
mg by fresh weight were cultured on 20 ml of the MS medium
containing 2,0 mg/1 IAA and 3% sucrose. This medium was further
supplemented with phenolic acids in the concentrations enlisted

below :

{a) t-cinnamic acid (100 pM)

(b) t-cinnanic acid (500 puM)

(c) caffeic acid (100 puM)

(d) caffeic acid {500 pum)

{e) ferulic acid (100 M)

(f) ferulic acid (500 M)

(g) p-hydroxybenzoic acid (1.0 uM)
(h) p-hydroxybenzoic acid (10.0 uM).

The culture vessels were incubated at 2642° in continuous
1ight. Every 3 days, till day 9, 5 replicates were harvested
and analysed for growth, enzymes, peroxidase isocenzymes and

phenolic accumulation,
(e) Growth :

Growth, expressed as increase in fresh and dry weights,

of haploid tobacco callus cultured on the root inducing



medium (MS basal + 2,0 mg/l IAA + 3% sucrose) in which
phenolic acids were added, is illustrated in Figs. 98 - 105

and Tables 36 - 43,

Of all the phenolic acids used, only caffeic acid
(500,uM) and p-hydroxybenzoic acid (1.0, 10.0M) enhanced
growth, Maximum increase in dry weight (6.57 fold) was
registered on 1,0uM p-hydroxybenzoic acid medium, Maximum
increase in fresh weight (3,36 fold) occurred on 10.0,UM

p-hydroxybenzoic acid medium,

Addition of t-cinnamic acid into the medium at 100 and
500uM brought about 2,2 and 2,71 fold incresse respectiveiy
in fresh weight. The corresponding dry weight increases were
4,0 and 5.85 fold respectively (Figs. 98, 99; Tables 36, 3%).
Root differentiation occurred on day 6 with 75% frequency on

j

root inducing medium containing 100 puM t-cinnamic acid,

Incorporation of 500 M t-cinnamic acid inhibited this response,

Caffeic acid at 10O and 500 M in the medium increased
fresh weight by 2,69 and 3.0 fold, whereas the dry weight
increases were 4,83 and 6,3 fold respectively (Figs. 100, 1C1;
Tables 38, 39). Root differentiation occurred on day 6 with
50% frequency on incorporation of 500 M caffeic acid into
rooting mediuvm, In 100 muM caffeic acid the morphogenetic

response was absent,



On 100 and 500 uM ferulic acid containing root inducing
medivm fresh weight increased 2,42 and 2,66 fold respectively.
The dry mass increases on the two media were 4,3 and 4,58 fold
respectively (Figs. 102, 103; Tables 40,41). Addition of
ferulic acid (100, 500uM) into the root inducing‘medium
brought about total inhibition of root differentiation from

haploid tobacco callus,

Addition of p-hydroxybenzoic acid (1.0 and 10.0/UM} into
the rooting medium resulted in 3.32 and 3.36 féid increases
in fresh weight respectively., The corresponding increases in
dry weight were 6,57 and 5,71 fold (Figs. 104, 105; Tables
42, 43). Addition of p-hydroxybenzoic acid at both the levels

into the rooting medium inhibited root differentiation.

Of significance was the observation that the differentia-
tion of roots was inhibited by the aédition of all but two of
the phenolic acids., Root differentiaﬂion in haploid callus
occurred only in the presence of 100 uM t-cinnamic acid and
SOQ/UM caffeic acid in the roet inducing medium. In conirast,
the differentiation of roots in diploid callus was not

registered in presence of any of these phenolic acids.
(b} Peroxidase : *

The progréssivé changes of peroxidase activity in haploid

tobaccc tissues cultured on root inducing medium supplemented
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with different phenclic acids are illustrated in Figs. 98 -

105 and Tables 36 - 43,

With the incorporation of 100 oM t-cinnamic acid into
the medium; the total and specific activities of peroxidase
declined sharply between days O and 6, Thereafter between

days 6-9 the peroxidase activi%y on both accounts increased.,

The increase of total peroxidase activity was quite substantial

whereas the increase in specific activity during the same
period was only marginal (Fig., 98, Table 36). The total and

specific activities of peroxidase decayed initially with the

addition of 500 -uM t-cinnamic acid into the medium, The total

activity of peroxidase declined slightly by day 3, but staged

a minor increase by day 6, Thereafter it shot up to its peak
value by day 9. The decrease of specific activity of peroxi-
dase between days O and 3 was quite sharp. However, the
activity increased thereof, to its peak value by day 9 (Fig.
Table 37).

The peroxidase activity per unit protein was on decline
before the differentiation of roots (on day 6) on root
inducing medium supplemented with lOQ/UM t-cinnamic acid, On
the other hand, the activity was on increase during the same
period when 500/UM t-cinnamic acid was added into the root
inducing medium, As stated earlier, the later concentration

of t-cinnamic acid inhibited root differentiation.

929,
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The total peroxidase activity in haploid tohacco callus
cultured on root inducing medium supplemented with 100 M
caffeic acid was on increase right from the day O of culture,
The increase was almost lineaf till day 9, when it reached
its peak value. On the other hand, the specific activity of
peroxidase increased rather slowly along a linear gradient
till day 6. Thereafter the specific peroxidase activity shot

up tec its pezk value by day 9 (Fig. 100, Table 38).

On 500 uM caffeic acid containing rooting medium the
total peroxidase activity remained steble between days O and
3, followed by a sharp increase in the activity till day 6.
Though the total peroxidase activity continued to increase
beyond day 6 till day 9, the increase in the activity was
rather modest.The specific activity of peroxidase on the same
medium increased to reach its peak value on day 3. Thereafter
the activity declined rapidly and linearly till day 9 (Fig. 101,
Table 39),

The peroxidase activity per unit protein in haploid
tobacco callus during root differentiating period (day 3-9)
was on increase with the addition of 100 uM caffeic acid into
the medium. During the same period the enzyme activity was on
decline when 500 M ceffeic acid was added into the root

inducing medium, As mentioned earlier, incorporation of 509/0M

caffeic acid into the medium supported root differentiation



220

whereas the lower level (lOO/uM) brought about its inhibition,

In haploid callus tigsues cultured on 100 uM ferulic
acid the total beroxidase activity was on increage from day O
till day 9. It reached its peak value on day 9. On the other
hand, the specific peroxidase activity declined slightly between
days O and 3, Thereof, it increased sharply to its peak value

by day ¢ (Fig, 102, Table 40).

Elevation of ferulic acid level to 500 M in the medium
resulted in decay of totael and specific activities of peroxi-
dase by day 3. Thereafter, the activities on both accounts

demonstrated rapid increase till day 9 (Fig. 103, Table 41),

The peroxidase activity per unit protein in haploid
tobacco tissgeé cultured on medium supplemented with ferulic
acid (100, 500/UM) was on the increase during the root
inducing period (day 3-9). Addition of ferulic acid into the

rooting medium inhibited root differentiation in its entirety,

On 1.0 M p~hydroxybenzoic acid containing medium the
total peroxidase activity increased continuously between days
0 and 9. The most rapid period of peroxidase development was
between days 3 and 6, The specific activity of peroxidase on
the same medium increassed marginally by day 3. Thereafter the
increase.was rather sharp and rapid till day 9 (Fig. 104,
Table 42).
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The total peroxidase activity increased modestly between
day O-3 in haploid tobacco callus cultured on l0.0/uM
p-hydroxybenzoic acid containing medium, Between days 3 and 9
the activity, however, increased very rapidly. The specific
peroxidase activity declined during the initial 3 days in
culture, but thereof it shot up along a linear gradient to

its peak value by day 9 (Fig, 105, Table 43),

Incorporation of p~hydroxybenzoic acid (1.0, 10.0A4M)
into the medium resulted in the increase of peroxidase-
activity per unit protein during the period of root differen-~
tiation (days 3-9). Supplementation of p-hydroxybenzoic acid
into the root inducing medium brought about total inhibitiona

of root differentiation.

(c) IAA Oxidase :

The progressive changes in IAA Oxidase activity in
haploid tobacco callus cultured on root inducing medium
(MS + 2,0 mg/1 IAA + 3% sucrose) supplemented with different
phenolic acids, are illust;ated in Figs. 98 -~ 105 and Tables

36 - 43,

Both total and specific activities of IAA Oxidase in
haploid callus cultured on 100,UM t-cinnamic acid containing

medium exhibited identical developmental pattern. The enzyme

activity increased at a slow rate between days O and 6.
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Thereafter they increased sharply to attain peak values on
day 9 (Fig. 98, Table 36). On 500,uM t-cinnamic acid total
IAA Oxidase activity increased rather slewly till day 6, but
thereof the increase till day 9 was very sharp. On the other
hand, the specific activity increased rapidly from day O till

day 9 (Fig, 99, Table 37).

Incorporation of t-cinnamic acid (100, 5OQ/0M) into the
root inducing medium resulted in inérease of IAA Oxidase
activity per unit protein during the period of root
dif ferentiation (day 3-9), The enzyme activity on day 6 was
at least 30 per cent more in callus tissues cultured on
5OO/UM t-cinnamic acid medium which inhibited root differen-
tiation, than in callus tissues cultured on 100 uM t-cinnamic
acid medium, Roots were differentisted at the lower level of

t-cinnamic acid, whereas the higher level inhibited it.

The total and specific activity of IAA Oxidase in haploid
tobacco tissues cultured on 100 AM caffeic acid containing
medium, demonstrated double pesked pattern of development.

The first peak value was attained on day 3. The second peak
value was reached on day 9 following a sharp increase in the
activity (Fig. 100, Table 38). On 500AM caffeic acid
containing medium the total IAA Oxidase activity increased
slowly till day 6. A sharp increase in the activity ensued

thereafter reaching its peak value on day 9. The specific
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IAA Oxidase activity on the same medium increased till day 3
and then declined marginally by day 6. Thereof, the activity
increased sharply to reach its peak value on day 9 (Fig. 101,

Table 39),

The IAA Oxidase activity per unit protein during root
differentiation from haploid cal lus tissues cultured on 300 oM
caffeic acid containing root inducing medium remained stable
at a level between days 3 and 6., The roots were differentiated
on day 6. Thereafter, the activity increased. Cn the other hand,
on 100 pM caffeic acid medium, which inhibited root differen-
tiation the enzyme activity declined sharply during the

corresponding period of culture,

Both total and specific activities of IAA Oxidase followed
identical patterns of development in haploid tobacco tissues
cultured on lOQ/UM tferulic acid containing medium. The
activity till day 6 incregsed rather slowly; thereafter, sharp
increase in the activities ensued.The peak values were reached
on day 9 (Fig., 102, Table 40). On SOQ/UM ferulic acid containing
medium the total and speéific IAA Oxidase activities declined
slightly during the first 3 days. By day 6 the activities had,
however, registered a modest increase. After day 6 the
activities shot up to the peak values on day 9 (Fig. 103,

Table 419,

Incorporation of ferulic acid (1CO, SOQ/UM) into the
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medium inhibited root differentiation. The IAA Oxidase
activity per unit protein during the rcot inducing period
(day 3-9) was on the incresse on both the azbove mentioned

media.

Both total and specific IAA Oxidase activities in hapleid
callus tissues demonstrated double peaked developmental pattern
when cultured on medium containing 1.0 and 10,0 pM p-hydroxy-
benzolc acid., Om both the media the first peak value was
reached on day 3 and the second on day 9 (Figs. 104, 105;
Tables 42, 43).

p-Hydroxybenzoic acid (1.0, 10.0/M) brought about
inhibition of root differentiation. The IAA Oxidase activity
per unit protein aeclined during the days immediately
preceding the normal period of root differentiation (days

3-6} and then increased sharply between days 6-0,
(d) MDH :

The progressive changes in MDH activity in haploid tobacco
callus tissues cultured on rooting medium supplemented with
phenclic.acids individually, are illustrated in Figs. 98 - 105,

and Tables 36 -~ 43,

The total and specific MDH activity in tissue cultured on

medium containing lOO/uM t-cinnamic acid, demonstrated double



peaked developmental pattern, The first peak value was

reached on day 3 and the second on day 9 (Fig, 98, Table 36), .
On 500 pM t-cinnamic acid containing medium the increase in
total MDH activity between days O and 3 was very marginal,
Thereafter the increase in the activity was rather sharp till
day 9, when the peak value wés reached, The specific MDH
activity, on the other hand, declined slightly by day 3,
followed by a sharp increase till day 6. The activity continued
to increase thereafter rather slowly till day 9 (Fig. 99,

Table 37).

The MDH activity per unit protein was on the decline
during days immediately preceding root differentiation
(days 3-6) in haploid callus cultured on root inducing medium
supplemented with lOO/OM t-cinnamic acid, whereas the inverse
trend was followed when 500 M t-cinnamic acid was used.
Furthermore, at the higher level of t;cinnamic acid root

differentiation was inhibited.

On 100 M caffeic acid containing medium the total andy
specific activities of MDH were on increase from day O till
day 9, when the peak values were attained (Fig. 100, Table 38),
On SOO/bM caffeic acid medium the total MDH activity registered
a slight increase during the initial 3 days., Thereafter the
activity increased to its peak value on day 9. On the contrary,

the specific activity increased between days O and 6 to reach
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the peak value, Thereafter the activity declined (Fig. 101,
Table 39),.

The MDH activity per unit protein was an increase during
the days immediately preceding root differentiation (days 3-6)
in haploid tobacco tissues cultured on root inducing medium
supplemented with BdO[uM caffeic acid, Seame trend was followed
by the development of enzyme activity when 100 pM caffeic acid
was incorporated into the medium. The low level of caffeic acid

inhibited root differentiation whereas the higher one induced it.

The total and specific activities of MDH demonstrated
double peaked pattern of development in haploid tobacco
callus cultured on 100 pM ferulic acid. The first peak value
was attained on day 3 and the second on day 9 (Fig. 102,
Table 40). On 500 pM ferulic acid medium both, total and
specific MDH acti&ities declined slightly during the first
3 days. By day 6 it had, however, increased again but only
marginally., Between days 6 and 9 the activities increased very'

sharply to peak values on day 9 (Fig. 103,. Table 41),

The incorporation of ferulic acid (100, 500 pM) into the
root inducing medium brought about total inhibition of root
differentiation from haploid tobacco callus tissues. The MDH
activity per unit protein in callus tissues cultured on lOO,uM

ferulic acid medium was on the decline between days 3-6, whereas



on SOD/ﬂM ferulic acid medium.it was on the increase,
Between days 6-9 the enzyme activity increased sharply on

both the media.

The total activity of MDH in haploid callus cultured on .
1.0 fuM p-hydroxybenzeic acid containing medium registered
only a marginal increase by day 3, Thereafter it increased
very sharply and almost linearly till day 9 to its peak value,
On the other hand, the specific activity of MDH on the same
medium decreased slightly by day 3, only to register a sharp
and linear increase thereof till day 9, attaining its pgék
value (Fig., 104, Table 42). On medium containing lO.g/GM
p~hydroxybenzoic acid the total MDH activity decayed slightly
during the first 3 days of culture., Thereof it increased
sharply and linearly to its peak value on day 9. The specific
activity of MDH also demonstrated a slight decline in the
activity'during the first 3 days in culture, féllowed by sharp
increase in the activity till day 6. The activity continued
to increase till day 9; but the increase between days 6 and 9

was rather modest (Fig. 105, Table 43).

The MDH activity per unit protein of tobacco callus
cultured on medium supplemented with 1,0 and 10.g/hM p-hydroxy-
" benzoic acid, increased between days 3-9, reaching almost
identical values on day 9, On both these media the root

differentiation was inhibited.
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(e) BAL :

The progressive changes in the total and specific
activities of PAL iﬁ haploid tobacco callus cyltured on Toot
inducing medium supplemented with various phenolic‘acids
individually, are illustrated in Figs. 98 - 105, and Tables
36 - 43,

The total PAL activity in tissues cultured on lQO pi of
t-Cinnamic aéid increased rather sharply between day; 0 and 3.
By day 6 it, however, declined slightly. Thereof, the activity
increased again steeply to its peak value on day 9, The
specific activity of PAL also increased sharply between days
0 and 3., The increase in the activity was marginall between
days 3 and 6, but thereof, the activity increased again
rapidly to attain the peak value on day 9 (Fig. 98, Table 36).
On SCK)FM t-Cinnamic acid medium tﬁe PAL activities, total and
specific, demonstrated double peazked developmental pattern. The
first pesak was attained on day 3 and the second on day 9

(Fig. 99, Table 37).

The PAL activity per unit protein of haploid tissues
remained more or less stable at a level between days 3-6

(the period preceding root differentistion) on root inducing

Medium supplemented with 100 pM t-cinnamic acid., With the

incorporation of 500 FNit-cinnamic acid into the rooting
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medium the enzyme activity was on the decline between days
3-6, and also root differentiation was inhibited on this

medium,

The total and specific PAL activity in haploid tissues
cultured on 100 pM caffeic acid medium reached two peak values
during the culture period. The first pesk value was reached on
day 3 and the second on day 9 (Fig. 100, Table 38). On 500 pi
caffeic acid medium the total PAL activity increased rapidly
and linearly to its peak value on day 6, Thereafter, the
enzyme activity declined.The specific activity of PAL reached
its peak value on day 3 following sharp increase in the
activity, Thereof till day 9, the specific PAL activity decayed
rapidly (Fig. 101, Table 39),

The PAL activity per unit p;otein in haploid tobacco
tissues was on decline between days 3-6 and on increase
between days 6-9 on root inducing medium supplemented with
100 pM caffeic acid, On incorporation of 500 pM caffeic acid
into the roofing medium the enzyme activity was on decline
between days 3-6 and 6-9 i,e., the days preceding and following
root differentiation, The lower concentration of caffeic acid

(i.e. 100 pM) inhibited root differentiation.

On 100 pM fervlic acid containing medium the total and

specific activities of PAL showed identical developmental
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pattern, The activities attained two peak values, one each

on days 3 and 9, during the culture period (Fig. 102, Table 40),
On 5oo/nm ferulic acid medium the total PAL activity incresased
rapidly and almost linearly between days O and 9. The peak
value was reached on day 9. The specific activity, on the

other hand, reached its peak value on day 6 followiﬁg sharp

and linear increase in the aciivity. Thereafter, by day 9 the

activity declined (Fig, 103, Table 41).

The PAL activity per unit protein of haploid tobacco
callus was on the decline between days 3-6 and on the incfease
between days 6-9, when log/bM ferulic acid was incorporated
into the rooting medium, Exactly inverse trend was followed
by énzyme development with incorporation of 50Q7®M ferulic
acid into the medium, Both levels of ferulic acid, however,

inhibited root differentiation.

The total PAL activity in haploid tobacco callus cultured
on medium supplemented with l.g}uM p-hydroxybenzoic acid
increased very sharply till day 6, reaching its peak value,
It, however, decayed thereafter till day 9. The specific PAL
activity reached its peak value on day 3 as a consequence of
rapid increase in the activity. Between days 3 and 9 the
activity was on decline (Fig. 104, Table 42). On lO.?/UM
p-hydroxybenzoic acid medium the total and specific PAL

activities were much higher than in the previous case. Further,
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the total PAL activity demonstirated double peaked developmental
pattern, The first peak value was attained on day 3 and the
second on day 9, The specific PAL activity, on the other hand,
continued to increase rapidly till day 6 reaching its peak

value, Thereafter, the activity declined {Fig. 105, Table 43),

On incorporation of 1,0 PNip—hydrOXYbenZOiC acid into
the root inducing medium the PAL activity per unit protein in
haploid tobacco tissues was on the decline between days 3-9
(i.e., the period preceding root differentiation and after it),
On using 10.0 pM p~hydroxybenzoic acid in ‘the medium the
enzyme activity was on increase between days 3-6 and declined
between days 6-9., Incorporation of p-hydroxybenzoic acid into
the medium brought about total inhibition of root differentia-

tion from haploid callus tissues,
(f) Phenolics :

The progressive changes in the accumulation of phenolics
in haploid tobacco callus cultured on root inducing medium
supplemented with various phenolic acids individvally, are

illustrated in Figs, 98-105, and Tables 36-43.

The phenolic accumulation was on increase right from
the beginning in haploid callus cultured on 100 pM t-cinnamic
acid medium., The phenolics increased from 0.13 mg/culture on

day O to 1.97 mg/culture on day 9. On percentage basis the
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phenolic content increased from 1,12 mg% on day O to 4.12 mg%
on day 9 (Fig. 98,‘Tab1e 36)}. On 500 pM t-cinnamic acid
medium the phenolic content increased from 0.13 mg/culture on
day O to 2.23 mg/culture on day 9. On percentage basis the
phenolic content increased from 1.12 mg% on day O to 3,28 mg%
on day 3. By day 6 it declined to 2,62 mg%. But by day 9 it
had again increased to 3.18 mg% (Fig. 99, Table 37).

On 100 PM t-cinnamic acid containing root inducing medium
the phenolic content in haploid callus tissuves increased from
2.63 mg% to 3.42 mg% between days 3-6 i,e., immediately
preceding root differentiation. On 500 PM t-cinnamic acid
containing medium, whereon root differentiation was completely
inhibited the phenolic content decreased from 3.28 mg% to
2.62 mg% between days 3-6 and increased from 2,62 mg% to
3,18 mg% between days 6-9. ‘

On 100 FM caffeic acid containing medium the phenolic
content increased from 0,13 mg/culture to 1.13 mg/culture by
day 3. By day 6 it, however, declined to 0.96 mg/culture,
only to increase again to 1.13 mg/culture on day 9. On
percentage basis the phenolics increased from 1,12 mg% to
2.44 mg% by day 3, By day 6 it declined to 1.68 mg%, but
recovered again to reach 1.96 mg% on day 9 (Fig. 100,

Table 38), The phenolics in haploid tobacco callus tissues

cultured on 500 fM caffeic acid medium increased, from



241

0.13 mg/culture to 2,07 mg/culture by day 6, but dropped to
1.61 mg/culture by day 9. On percentage basis, the phenolics
increased from 1.12 mg% to 3.68 mg% by day 3. Thereafter, it
declined to 2.14 mg% on day 9 (Fig. 101, Table 39).

On 100 pM caffeic acid containing root inducing medium
the phenolic content declined between days 3-6, from 2,44 mg%
to 1.68 mg%. Thereof it, however, increased to 1,96 mg% by
day 9. On 500 FM caffeic acid containing medium the phenolic
content was 3,68 mg¥% before root differentiation on day 3,
3.12 mg% on day 6 i,e,,the day of root differentiation and

2.14 mg% on day 9 i,e.,, the days following root differentiation,

On 100 pM ferulic acid containing medium the phenolic
content increased between days O and 9., It increased from
0.13 mg/culture on day O to 1,79 mg/culture on day 9. On
percentage basis the phenolics incressed from 1.12 mg% to
2.42 mg% by day 3, but dropped again to 1,87 mg% by day 6.
The phenolic accumulation, however, reached its peak value
of 3.48 mg% on day 9 (Fig. 102, Table 40}. On 500 pM ferulic
acid medium the phenolic accumulation on culture basis was
on the increase right thfough the culture period, increasing
from 0.13 mg/culture on day O to 1.57 mg/culture on day 9.
On percentage basis the phenolic accumulation reached its
peak value of 3,42 mg%'on day 6, It then declined to 2.86 mg%
by day 9 (Fig. 103, Table 41).
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Incorporation of ferulic acid (100, 300,4M) into the
root inducing medium resulted in total inhibition of root
differentiation from haploid callus tissues, The phenolic
content on lOO/MM ferulic acid medium was on the decline
between days 3-6, and increased thereafter, On 500 M
ferulic acid medium the phenolic content increased between

days 3-6 and decreased thereof.

~

In haploid tobacco callus tissues cultured on 1.00M
p—%ydroxybenzoic acid containing medium the peak value of
2,08 mg/culture of phenolic accumulation was atfained on
day 6, thereafter, the content declined to 1.67 mg/culture
on day 9, On percentage basis the peak valuve of 3,62 mg¥ was
reached on day 3, It then declined to 2.12 mg% by day 9
(Fig. 104, Table 42). On 10.0AM p-hydroxybenzoic acid
containing medium the phenolic accumulation on culture basis
was continuously on the increase right through the culture
period, It increased from 0,13 mg/culture to 2,14 mg/culture
on day 9., On percentage basis the peak value of 3.63 mg% was
attained on day 6. By day 9 it had declined to 3.12 mg%

(Fig. 105, Table 43),

in
On incorporation of l.O/pM p-hydroxybenzoic acidhmedium

' the phenolic content in haploid callus tissues was on decline
between days 3-9, whereas on l0.0/uM p-hydroxybenzoic acid

medium it increased between days 3-6 and declined between
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days 6-9, Both the levels of p-hydroxybenzoic acid in the

root inducing medium inhibited root differentiation.

(g) Peroxidase Isoenzymes :

Progressive changes in the anodic and cathodic banding
patterns of peroxidase isocenzymes in haploid tobacco callus
cultures on MS medium supplemented with 2.0 mg/1 IAA and

various phenolic acids are illustrated in Figs. 98a - 105a.

With incorporation of 100 pM t-cinnamic acid into the
root inducing médium, original three anodic isoperoxidases
Al, A2 and Ag remained suppressed throughout the culture
period, Six slow migrating anodic isoperoxidases Ag-Ag
were synthesized at different intervals during the culture
period.~Anodic isoperoxidase A, appeared on days 3, 6 and. 9;
A on days 6 and 9, and A

A6 and A7 on day 3; A on day 6.

5° 8 9
Root differentiation in haploid tobacco callus tissues cultured
on the above medium was preceded by the appearance of anodic
isoperoxidase "PR", which was also detected in peroxidase
preparations of regenerated roots., Only Co and C3, of the three
initial cathodic isoperoxidases were suppressed during the
culture period, Cl appeared on all days. A slow migrating

cathodic isoperoxidase C, was synthesized on days 3 and 6.

(Fig. 98a).

The increase of t-cinnamic acid toEXX)PM in the above
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medium, resulted in suppression of three initial anodic
isopéeroxidases Al’ A2 and A3. Root peroxidase "PR" and root
differentiation were also suppressed. During the ¢ day
culture period, seven slow migrating anodic isoperoxidases
were synthesized, Of these Ay and A5 appeared on day 3; Aé
on days 3 and 6; A7 and AB on days 6 and 9; Ag and A

10

on day 9, Only one original cathodic isoperoxidase C, appeared

1
on all days of culture, out of the three initial ones. A slow
migrating cathodic isoperoxidase C4 appeared on day$s3, 6 and
9. Another slow migrating one Cq appeared only on day 3

(Fig. 99a).

On the culture of haploid tobacco callus tissues on
100 FM caffeic acid containing medium, initial anodic
iSOperoxidasés Al’ A2 and AS did not make appearance at any
time during the culture period. The root peroxidase "PR" and

differentiation of roots was also suppressed. During the
culture period six slow migrating anodic isoperoxidases were

synthesized, Of these AA and A6 were synthesized on day 3;
A5 on days 3, 6 and 9; A and A8 oﬁ days 6 and 9; and A9 on
day 9. Of the three initial cathodic isoperoxidases, only Cl
appeared on all days of culture. The other two C, and Cg,
remained suppressed right through, One slow migrating

cathodic isoperoxidase, C4, appeared on days 3 and 6 (Fig. 100a).
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Increase of caffeic acid to 500,uM in the root inducing
medium resulted in differentiation of roots (on day 6) which
was preceded by synthesis of anodic isoperoxidasé "PR" on
day 3, and continued to appear till day 9., The original
anodic isoperoxidase Al was synthesized only on day 9. The
other two initial isoperoxidases Ay and A5 were repressed
throughout the culture pericd. Slow migrating anodic
isoperoxidases A4 on days 3 and 6; A5 on days 3 and 9; and
Ag on days 6 and 9 were also synthesized. The two initial
cathodic isoperoxidases C2 and Cy were not synthesized at all
during the culture period. The initial cathodic isoperoxidase
Cl’ however, did appear on all days., A slow migrating

isoperoxidase C, was synthesized on days 3 and 6 (Fig. 10la).

With incorporation of l0O0AM ferulic acid into the root
inducing medium, initial anodic isoperoxidase AZ’ rémained
suppressed in haploid callus tissues throughout the culture
period, Other two original anodic isoperoxidases Ay and Aq
appeared on days 6 and 9, Two slow migrating anodic peroxidases
A, oD days 3, 6 and 9; and Ag on days 3 and 6 were also
synthesized, Ag, @ fast migrating isoperoxidase was synthesized
on day 9. Though the incorporation of iOQ/mM ferulic acid into
root inducing medium suppressed differentiation of roots, it
nevertheless, brought about the synthesis of anodic isoperoxi-

dase "PR" which was associated with root differentiation

~
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elsewhere, On same medium of the three initial cathodic
isoperoxidases, C2 remained suppressed throughout the culture
period. Cl’ however, appeared on all dayé and Cg on days 6
and 9, A fast migrating cathodic isoperoxidase C4 was
synthesized on,days 3 and 9., On day 6 a slow migrating one

Cys Was also synthesized (Fig. 102a).

Increase of ferulic acid to 500 pM in root inducing
medium suppressed differentiation of roots, as well as the
.synthesis of anodic isoperoxidase "PR"™., Gf the three initial
anodic lsoperoxidases Al appeared on all days and A3 on days
’6 and 9, The third initisl anodic isoperoxidase A, remained
suppressed throughout the culture period. A slow migrating
anodic isoperoxidase A, was synthesized on days 6 and 9, A
fast migrating one A5 was also synthesized on days 6 and 9.
One initial cathodic iSOperoxidaée Cl’ appearéd on all days
of culture;'c2 was suppressed for the entire length of culture
period; and 63 appeared only on day 3. A slow migrating
cathodic isoperoxidase C4 and a fast migrating one Cy, were

synthesized on day 9 (Fig, 103a).

with the addition of 1.0 FM p-hydroxybenzoic acid in
root inducing medium, the initial anodic isoperoxidase Al was
suppressed for the entire length of the culture period. Second
initial anodic isoperoxidase A2 was synthesized on days 3 and

6 only. The third one, A3 appeared only on day 9. During the



culture period one slow migrating anodic isoperoxidase A,
was synthesized on days 3, 6 and 9, Two fast migrating ones,
A5 on days 6 and 9, and Aé on day 9, were also synthesized,
The root anodic peroxidase "PR" remained suppresse&, as did
the differentiation of roots, Of the three cathodic isoperoxi-
dases, only Cl appeared during the culture period, The other
two, C

and C3, were completely suppressed. A fast migrating

2
cathodic isoperoxidase C4 appeared on days 3 and 9, On day 9

a slow migrating one C; was also synthesized (Fig., 104a).

Elevation of p-hydroxybenzoic acid to 10.0 pNIin the
root inducing medium resulted in suppression of the initial
anodic ilsoperoxidase A2. Ay appeared on all days, and Ay on
day 9, A slow migrating one A4 was synthesized on day 3, Fast
migrating anodic isoperoxidases, A

5
on day 9 were also synthesized, The root isoperoxidase "PR"

on days 6 and 9, and Ag

was not synthesized, as the roots differentiation was
inhibited, On the cathodic scale, the initial cathodic
isoperoxidase C3 remained suppressed for the entire culture
period, Of the other two initial cathodic isoperoxidases, Cy
appeared on all days and C2 on day 3 only, On day 9 a slow

migrating isoperoxidcase C4 was also synthesized (Fig. 105a).
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Expt. .33, Studies with haploid callus tissues cultured on

root inducing medium containing % x and 2 x Mn'Y

ion concentrations.

Healthy callus masses of N, tabacum of haploid origin,
weighing 300430 mg by fresh weight were cultured on 20 ml of
the root inducing medium i.e,, MS basal + 2.0 mg/1l IAA + 3%
sucrose, Here the MS basal stocks had been so adjusted as

X
T ions.

to contain only 4 x or 2 x normal level of Mnt
Ordinarily MS basal medium contains 22.3 mg/l of MnSO,. In
the present experiment MS basal medium was prepared with

11.15 mg/1 (% x normal) and 44.6 mg/l (2 x normal) MNSO,.

The culture vessels were incubated at 2612° in continuous
light. Every three days till day 15, a fixed number of 5
replicates was hafvested and analysed for growth, enzymes,

peroxidase isoenzymes and phenclics.
(a) Growth :

The growth of haploid tobacco tissues cultured on IAA
containing root inducing medium, in which 4 x and 2 x MntV
ion concentrations were used, is illustrated in Figs. lOQ,

107, and Tables 44, 45,

The growth of haploid callus was inhibited as compared
with contrel, when in the root inducing medium the Mn++ level

was either reduced to 4+ of the normal level or elevated to
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. . . s +
double its concentration, On medium containing % x Mnt

ion level the respective fresh and dry weight increases were
1.81 and 3,53 fold (Fig. 106, Table 44), On medium containing
2 x Mn** ions the fresh and dry weight increases were 1,78
and 3,51 fold (Fig. 107, Table 45). On the other hand, the
fresh and dry weight increases on the control medium were

2.84 and 5,6 fold respectively,

With the use of 4 x and 2 x level of Mn'T ion in the
IAA (2,0 mg/l) containing root differentiating medium, the
differentiation of rcots from haploid tobacco callus tissues
was inhibited. On the control medium the same organogenetic

Tesponse was obtained on day 6 of culture,

(b) Peroxidase :

The progressive changes in the total and specific
peroxidase activity of haploid tobacco callus cultured on
IAA (2.0 mg/1) containing medium in which % x and 2 x Mnt*
ion were used, are illustrated in Figs. 106, 107 and Tables

44, 45,

On suboptimal Mn*¥ ion containing medium the total
peroxidase activity demonstrated double peaked pattern of
development. The first peak was reached on day 6 and the

second on day 15, On the other hand, the specific peroxidase

activity declined slightly during the initial three days of



culture, Thereafter the activity was on the increase right

upto day 15 (Fig. 106, Table 44).

With the use of supraoptimal MntY ion level in the
medium the total and specific peroxidase activities demonstra-
ted identical developmental pattern, which was a double
peaked one. The peroxidase activity during the initial three
days of culture declined slightly. Thereafter, it increased
steadily to the first peak on day 9. By day 12 the activity
had declined sharply, bu{ made a slight come back by day 15
(Fig. 107, Table 45),

The total peroxidase activity per unit protein of
haploid callus cultured on stendard root inducing medium as
well as on the root inducing medium contasining 4 x and 2 x
Mn++ ion levels, was on the decline duridg the first three
days of culture. On the control medium the peroxidase
activity increased between days 3-6 i.e,, before root
differentiation on day © and declined thereof with root
differentiation. On + x Mn™Y ion containing medium the enzyme
activity was continuously on the increase between days 3 and
15, On 2 X Mn++ ion containing medium the activity increased
between days 3 and 9, declined between 9 and 12 days and
then increased again till day 15. On the root inducing medium
containing £ x and 2 x ™™ ion levels root differentiation

was totally inhibited.
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(c) IAA Oxidase :

The progressive changes in the total and specific
activities of IAA Oxidase in haploid tobacco callus tissues
cultured on IAA (2.0 mg/1l) .containing medium in which sub-
and supra~ optimal concentrations of Mn++ were used, are

illustrated in Figs. 106, 107 and Tables 44, 45,

The total and specific activities of IAA Oxidase in
haploid tobacco callus tissues on suboptimal Mn'! ion
containing medium, demonstrated identical double peaked
developmental pattern, The first peak of total and specific
IAA Oxidase activity was reached on day 3. By day 6 the
activity declined. Thereafter till day 12 the activity was
on the increase and the second peak reached, However, by day

15 the activity declined again (Fig. 106, Table 44).

On SUpraoptimai mnt* ion containing medium the total
IAA Oxidase activity in hapioid tissues increased during the
first three days of culture, Between days 3 and 6 the activity
declined, but only marginally. The peak value was reached on
day 9 as a result of a very sharp increase in the activity.
However, between days 9 and 15 the activity was continuously
on the decline. On the other hand, the specific activity of
IAA Oxidase on the same medium demonstrated double peaked
pattern of development. The first peak value was attained on

day 3 and the second on day 12..Between days 3 and 6, and 12
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and 15 the activity declined (Fig. 107, Table 45).

The total IAA Oxidase activity per unit protein of
haploid callus on standard rooting medium was on the
increase during the days preceding root differentiation
(day 3-6) and on decline thereafter (day 6-9) with the use
of 4 x and 2 x Mntt ion levels in the same rooting medium
the enzyme activity exhibited double peaked pattern of
development. The first peak value was reached on day 3 and
the second on day 15, Between day 3 and 6 the enzyme activity

was on the decline and then on increase between days 6-9,
(d) MDH :

The Figs, 106, 107 and Tables 44, 45, illustrate
progressive changes in the total and specific activities of
MDH in haploid tobacco callus cultured on IAA (2,0 mg/l1)
containing medium in which sub- and supra-optimal levels

of Mn++ ion were used.

The total MDH activity in haploid tobacco callus tissues
cultﬁred on medium containing sub-optimal level (% x) Mn™%
ions, demonstrated double peaked developmental pattern.
During the first 6 days of culture the activity was on the
increase and attained its first peak value. The activity
declined, however, between days 6 and 9, Thereafter, the

activi ty increased unabated till day 15 reaching its second
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peak value, On the contrary, the specific activity of MDH
demonstrated incessant increase ddring the entire culture

period of 15 days (Fig. 106, Table 44},

On supra-optimum (2 x ) Mn** ion containing medium the
total MDH activity demonstréted a slight decline during the
initial 3 days of culture, Thereafter, it increased sharply
till day 9 to reach its peak value. The activity, however,
decliﬁed between days 9 and 15. The specific activity of
MDH, on the other hand, exhibited a very modest increase in
activity between days O and 3, Thereof the activity increased
unabated till day 12 attaining its peak value, The activity,
however, declined thereafter till day 13 (Fig. 107, Table 45),

The total MDH activity per unit protein of haploid
callus tissues cultured on standard root inducing medium
increased sharply during the days preceding root differen-
tiation {days 3-6), Following root differentiation the enzyme
activity declined (days 6-9), With the incorporation of % x
and 2 x Mn't ion levels in the Toot inducing medium the MDH
activity of haploid callus during the period of days 3-6
increased but rather marginally in comparison with the
increase on standard medium, The activity oﬁ 3 x mn*" ion
containing medium continued to increase till day 15, whereas

on 2 x MntT containing medium the activity increased till

day 12 and declined thereafter,



296

(e) PBAL :

Figs. 106, 107 and TaBles 44, 45 illustrate the
progressive changes in the total and specific activities of
PAL in haploid tobacco callus tissues cultured on IAA
(2.0 mg/1) containing medium in which sub- and supra-

optimal (% x and 2 x) Mn™ ion levels were used,

In haploid tobacco callus tissues cultured on sub-
optimal (% x) Mn™* ion containing medium the total PAL
activity demonstrated double peaked developmental pattern,
During the initial 3 days of culture, tﬂe activity demonstra-
ted only marginal increase. The activity, however, shot up
thereof and attained its first peak value on day 6, Between
days 6 and 12 the PAL activity was on the decline, By day 15
it again made a come back and attained its second peak value
on day 15, On the other hand, the specific PAL activity was
on the increase between days O and 12, whence the peak value.

was attained, Thereafter, the activity declined till day 15
(Fig, 106, Table 44).

The total PAL activity in haploid tobacco callus tissues
cultured on supra-optimal (2 x) Mn™t ion containing medium

increased sharply betweéh days O and 6, Between days 6 and

9, the activity increased only marginally and the first peak
value was reached on day 9. A sHarp decline in the activity

was registered between days 9 and 12, but thereafter, it



climbed up again to its second peak value by day 15. The
specific PAL activity also demonstrated similar developmental
pattern, The PAL activity increased unabated during the first
9 days of culture., A sharp decline in activity ensued there-
after, till day 12. Between days 12 and 15 the activity

increased again to its e second peak value (Fig., 107, Table 45),

The total PAL activity per unit protein of haploid
callus tissue cultured on standard root inducing medium
increased between days 3~6 i.e,, the days immediately
preceding root differentiation, and declined between days
6-9, i.e., the days immediately after root differentiation,
With the use of % x and 2 x MntY ion levels in the root
inducing medium though the enzyme activity was on the increase
between days 3-6, the value reached on day 6 was about 12
times more than on the standard rooting medium, Furthermore,
during the days 6-9 the enzyme activity instead of declining,

as was the case on standard rooting medium, continued to

increase,
{(f) Ehenolics :

Figs. 106, 107 and Tables 44, 45 present progressive
changes in the accumulation of phenolics in haploid tobacco
Callus tissues cultured on IAA (2.0 mg/l) containing medium

1

in which sub- and supra- optimal ($# x and 2 x) Mntt ion

levels were used,
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On sub-optimal ntt ion containing medium the phenolics
accumulated in hgploid tobacco callus throughout the 15 days
of culture period, It increased from 0,13 mg/culture on day O
to 1.59 mg/culture on day 15, On percentage basis, the peak
ohenolic accumulation was reached on day 12. It increased
from 1,12 mg% cn day O fo 3.98 mg% on day 12, By day 15 it
had, however, declined slightly to 3.75 mg% (Fig. 106,

Table 44), |

In haploid tobacco callus tissues cultured on supra-
optimal Mot ion containing medium the phenolics increased
from 0.13 mg/culture on day O to 1.23 mg/culture on day 9.
Between days 9 and 15 it was on decline, and reached the
value of 0.80 mg/culture on day 15, On percentage .basis, also
the peak phenolic accumulation was attained on day 9. It
increased from 1.12 mg¥% on day O to 3,12 mg% on day 9.
Thereafter till day 15 it declined continuously and reached

the value of 1.89 mg% on day 15 {Fig. 107, Table 45).

The phenolic content of haploid tobacco callus cultured
on root inducing medium increased from 0,96 mg% to 1.37 mg%
during days immediately preceding root differentiation
(days 3-6) and to 2.38 mg% immediately after it between days

6-9. During the corresponding periods the phenolic content

1 ++

on ¥ X Mn ion containing medium increased from 0.31 mg%

to 0.86 mg% (between days 3-6) and finally to 1.0 mg% (on



day 9). On the use of 2 x Mn*T ion in the medium the
phenolic content increased from 0.46 mg% to 0.99 mg%
(between days 3-6) and then to 1.23 mg% (on day 9). Hence,
the phenolic accumulation in the root forming calli was

more than in non-root forming ones,

{g) Peroxidase Isoenzymes :

Illustrated in Figs. 106a, 107a are the progressive
changes of anodic and cathodic isoperoxidases of haploid
tobacco callus tissues cultured on IAA (2.6 mg/1) containing
medium in which sub- and supra- optimal levels (% x and 2 x)

'3— »
of Mn‘+ ions were used.,

On sub- optimum Nm++ containing medium the original

anodic isoperoxidases A, and Ay remained suppressed right

1

through the culture period. The third one A.,, however, was

o1
synthesized between days 9-15. During the culture period
five slow migrating anodic isoperoxidases Ay-Ag,were
synthesized, AA and A5 appeared on all days, Ag on days 3,
12, and 15, A, on day 3 and AB between days 6-15, On the
cathodic scale the originel cathodic isoperoxidase Cy was
not synthesized at any time during the 15 day culture period,
The othe;_originai cathodic isoperoxidase Cl appeared on all
days and Cz was synthesized only on day 15, Three slow

migrating ones were also synthesized during the culture
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period, Of these C, appeared on all days, Cy on days 9,
12 and 15, and Cg on days 12 and 15 (Fig. 106a).

All the three original anodic isoperoxidases A Ay and

1°
Ay remained suppressed in haploid tobacco callus tissues
when cultured on supra- optimum Mn¥t ion containing medium,
During the culture period six slow migrating anodic iso-
peroxidases A4~A9, were synthesized, Ay appeared on day 3,
A5 and A7 were synthesized on all days, Aé on days 3 and 6,
Ag from day 6 onwards till day 15 and Ag on days 12 and 15.
On the cathodic scale the original cathodic isoperoxidase

Cl was synthesized on all days of culture, C,, other original

27
cathodic isoperoxidase, remained suppressed only on day 3.
The third original one CB was synthesized only on day 15,
During the culture period two slow migrating cathodic

isoperoxidases Cy and C5 were synthesized. C, appeared on all

days of culture and Cy on days 9, 12 and 15 (Fig. 107a).

On this IAA (2,0 mg/1l) containing root inducing medium

the alteration of Mn+*

level to either 4 x or 2 x of the
normal level, reflected in suppression of root differentiation,
Furthermore, the synthesis of root peroxidase "PR" was also

inhibited,



Section F

.

Physiological Studies with Peroxidase, IAA

Oxidase, MDH, PAL, Peroxidase Iscenzymes

and Fhenelics in Diploid and Haploid callus

tissues of N, tabacum cultured on shoot

differentiating medium,




From the experiments carried out earlier and described
in Sections C-I and C-II of Chapter III (Results), it became
obvious that diploid and haploid callus cultures of N, tabacum
retained fully their morphogenetic potentials in vitro. It
was the exogenous supply of growth hormones, singly or in
combinations, which determined the orgeanogenetic responses

of these callus cultures,

To examine physioclogical changes associated with shoot
differentiation in diploid and haploid tobacco callus tissues,
the parameters studied were : (i) Growth, (ii) Peroxidase,
(iii) IAA Oxidase, (iv) MDH, (v} PAL, (vi) Peroxidase

isoenzyme patterns and (vii) Phenolic accumulation.,

The shoot differentiating medium used was : MS (basal) +
0.3 mg/1 IAA + 3% sucrose. Shoots were differentiated from
callus tissues of tobacco on the above medium in a maximum
of 15 days from diploid callus and within 9 days from haploid
callus tissues with around 75 per cent frequency, The
experiments were terminated as soon as morphogenic responses
were manifested or else were carried on till day 15 of culture,
During this period, commencing with day O; callus tissues were
harvested every @hird day and analysed for the"pafameters

enlisted above.

The level of sucrose in culture medium is reported to
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influence morpheogenetic response of tissue cultures

(Chapter I, Introduction)., In the present study also, it
became clear that alteration of sﬁcrose level in medium had
profound influence on the degree of response and time taken
for its expression, Also it was amply demonstrated that with
alteration of sucrose level in the medium, é shift occurred
in the morphogenetic response from rhizogenesis to caulogene-
sis or vice versa, (Chapter III, Results, Sections C-I and

C-11).

Earlier studies mentioned in Chapter I (Introduction)
indicated that hydroxylated aromatic compounds like phenolic
acids influenced organogenesis in cultured tissues. Effective-
ness of these phenolic compounds was correlated with enhanced
peroxidase IAA Oxidation, It was also proposed that ﬁertain
phenolics stimulate IAA inactivation, thus creating a situation
favourable for organogenesis. Some phenolics are also acredited
with the function of being auxin protectors, thereby preventing
its destruction, In the present study (Chapter III, Results;
Sections C-I and C-II} it was observed that addition of
certain phenolic acids into the shoot inducing medium, either
brought about complete inhibition of caulogenesis or created

a situation favouring root differentiation,

The requirement of Mnt* ions for growth and its

continuation has been amply demonstrated by earlier studies,



Its requirement for IAA Oxidation and also its influence on
PAL have also been greatly elaborated {(Chapter I,
Introduction}. On account of varied physiological roies
attributed to Mn++, effects of different doses of Mn'' on
shoot differentiation and associated physiological parameters

were looked into,

For the sake of convenience the results in this section

are presented under the following heads

(1) Studies with floral bud callus cultured on shoot

inducing medium,

(ii) Studies with floral bud csllus cultured on shoot
inducing medium supplemented 'with low and high

levels of sucrose,

(iii) Studies with floral bud callus cultured on shoot
inducing medium supplemented with various

phenolic acids,

{(iv} Studies with floral bud callus cultured on shoot
inducing medium containing % x and 2 x Mot ion

concentrations,

(v} Studies with haploid callus tissues cultured on

shoot inducing medium,



(vii)

{viii)

noy,
[ S

Studies with haploid callus tissues cultured on
shoot inducing medium supplemented with low and high

levels of sucrose,

Studies with haploid callus tissues cultured on shoot
indicing medium supplemented with various phenolic

acids,

Studies with haploid callus tissues cultured on
shoot inducing medium containing % x and 2 x Mn'T

ion concentrations.



Expt. 34, Studies with floral bud callus cultured on

shoot inducing medium,

Health? callus masses weighing 300130 mg by fresh weight
were selected and cultured on 20 ml MS basal medium SUpélen
mented with 0.3 mg/l IAA and 3% sucrose. The culture vessels
were incubated at 26+2° in continuous light for a period
of 15 days. Every third day, 5 replicates were harvested and
analysed for growth, enzymes, isoperoxidase petterns and

phenolic content, The results are described below,
(a) Growth :

Growth of floral bud callus cultured on shoot inducing
medium and measured as increase in fresh and dry weight is

illustrated in Fig, 108 and Table 46,

Growth of floral bud callus, cultured on shoot inducing
medium, on fresh and dry weight basié increased rather rapidly
between days O and 3. Between days 3 and 6, the growth rate
was comparatively . slower, The rate was again fast between
days 6 and 9. Between days 9 and 15 the growth was on increase
but at a very slow rate. During days O to 15, fresh weight
increased 1,64 fold and dry weight 3.63 fold.

On the above medium differentiation of shoots occurred
from floral bud callus on day 15 of culture with over 75 per

cent frequency,
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(b) Pperoxidase :

Progressive changes of peroxidase activity in floral
bud callus cultured on shoot inducing medium are illustrated

in Fig., 108 and Table 46,

The peroxidase activity per culture and also per unii
protein was on decline between day O and 3, Thereof the
activity increased to reach its first peak value on day 9,
Between days 9 and 12 the activity was again on the decline,
but thereof till day 15 the activity increased. In other words,
the peroxidase activity per culture was on the increase in the
days (12-15) immediately preceding shoot differentiation.

!

{c) 1AA Oxidase :

Changes in IAA Oxidase activity of floral bud callus
cultured on shoot inducing medium are illustrasted in Fig, 108

and Table 46,

The IAA oxidase activity per culture and per unit
protein followed almost identical pattern of development. The
activity per culture increased between days O and 12, and
thereof declined till day 15, The peak value was reached on
day 12. The activity per unit protein increased almost
linearly between day O and 9, thereof till day 15 it was on

decline, The IAA Oxidase activity of floral bud callus was
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[

on the decline during‘the days preceding shoot differen—

A}

tiation on day 15,
(8) MDH :

The activity of MDH in floral bud callus cultured on
shoot differentiating medium is illustrated in Fig, 108 and

Table 46,

The MDH activity per culture and per unit protein follow
identical patterns of development. during the 15 day culture
period, The activity on both the accounts increased rather
rapidly between days O and 3, However, it was on the decline
from aay 3 to 9, The activity increased linearly between days
9 and 15. So during the entire culture period two peak values

were reached, one each on day 3 and 15,

The MDH activity on both accounts was on increase during
the days immediately preceding (days ¢ to 15) shoot

differentiation,

{(e) P

P

Fig. 108 and Table 46 represent progressive changes of
PAL activity per culture and per unit protein in floral bud

callus cultured on shoot inducing medium.

The PAL activity per culture and per unit protein
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exhibited similar patterns of development, The PAL activity
on both accounts declined between days O and 3, It, however,
remained more or less stable between days 3 and 6, Thereof
PAL activity increased very rapidly tec reach its peak value
on day 9. Between days 9 and 12 it decayed again very fast,
From day 12 to 15 the activity increased again, but the

increase was rather modest.

The PAL activity per culture and per unit protein was
on increase between days 12 and 15 i,e., the days preceding

shoot differentiation,
{(f) Phenolics :

Progressive changes in the phenolic content of floral
bud callus during differentiation of shoots on shoot inducing

medium are presented in Fig., 108 and Table 46,

The phenolic content (on culture basis) in floral bud
callus increased steadily from day O to 9, from 0.22 mg/culture
to 1,06 mg/culture, Between days 9 and 15 the phenolic content
remained stable, On percentage basis, the total extractable
phenolics increased from 1,87 mg% on day O to 3.3 mg% by day 3.
Thereof till day 6 the phenolic content remained stable,
Between days 6 and 15 the pheno%ic content was on:decline,

reaching the value of 2,3 mg% con day 15,



The phenolic content on percentage basis was on decline
preceding shoot differentiation., Whereas on culture basis it

remained more or less stable,

{g) Peroxidase Isoenzymes :

Fig. 108a illustrates progressive changes in anodic and
cathodic isoperoxidases during shoot differentiation from

floral bud callus.

The three initial anodic isoperoxidases Al’ A2 and A3
persisted right through the culture period. Anocdic isoperoxi-
dase A4 was synthesized on day 6 and persisted till day 15,
On day 12 three fast migrating enodic isoperoxidases PSl, P52
and PS5 were synthesized, These three anodic i§operoxidases
were also present on day 15, The anodic isoperoxidases PSl,
PS, and PSy were also detected in the pe;cxidase preparation
of detached regenerated shoots. Hence, the differentiation of
shoots from floral bud callus was signalled prior to actual

visual manifestation by above mentioned three anodic

isoperoxidases,

On the cathodic scale, the initial cathodic isoperoxi-
dases Cl and C2 were synthesized on all days of culture,

The third initial one C, was synthesized only on day 3 and 6.
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For the rest of culture period, it was repressed. Two fast

migrating isoperoxidases C4 and 05 were synthesized on

5 persisted till day 15, whereas C4

did not make its appearance on any other day after day 3,

day 3. Of the two C

Two slow migrating cathodic isoperoxidases Ce and C7 were
also synthesized, C6 was synthesized on days 6, 9 and 12,

whereas C7 was synthesized on days 9 and 15 only,

No positive correlation could be found between the
cathodic isoperoxidase banding pattern and shoot

differentiation.



Expt, 35. Studies with floral bud callus cultured on

shoot inducing medium supplemented with low

and high levels of sucrose,

Healthy callus masses of N, tabacum weighing 300430 mg
by fresh weight were cultured on 20 ml of shoot inducing
medivm (MS + 0.3 mg/l IAA) in which low (1%)-and high (6%)
sucrose levels were added, The culture vessels were incubated
at 26+2° in continuous light for a period of 15 days, Every
three days 5 replicates were harvested and analysed for
growth, enzymes, isoperoxidase banding patterns and phenolic

content,
{a) Growth :

Growth of floral bud callus cultured on shoot inducing
medium supplemented with low (1%) and high (6%) sucrose
levels is illustrated in Figs. 109, 110 and Tables 47, 48.

Growth on both fresh and dry weight basis was almost
linear in floral bud callus cultured on 1% sucrose containing
medium, During the culture period of 15 days, fresh weight
increased 3.6 fold and dry weight by 5.07 fold (Fig., 109,
Table 47). On 6% sucrose-medium growth of the callus on

fresh weight basis was rapid between days O and 6, The rate

of growth was rather slow thereof till day 15, Dry weight
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increased rapidly between days 0-3 and days 9-12, The rate
of increase in dry mass was slow between days 3-9 and 12-15,
During the 15 day culture period fresh weight increased

2.35 fold and dry weight by 4.78 fold (Fig, 110, Table 48).

Compared with the standard shoqt differentiating medium
(MS + 0.3 mg/1 IAA + 3% sucrose), both low (1%) and high (6%)
sucrose levels supported better growth, On sfandard shoot
inducing medium fresh and dry weight incresses were 1,64 and
3,63 fold respectively, Furthermore, 1% sucrose in the medium

supported best growth among all the three.sucrose levels tested.

With the reduction of sucrose level to 1% in the standard
shoot inducing medium, differentiation of shoots was completely
inhibited. Use of hiéh (6%) sucrose level in the same
medium, however, brought about dramatic change in morpho~
genetic response, In other words, with incorporation of 6%
_sucrose in the medium roots were differentiafed instead of
shoots, These roois were differentiated any time between

/

days 12-15, with about 25 per cent frequency,
(b) Peroxidase :

Progressive changes of peroxidase activity in floral
bud callus cultured on shoot inducing medium supplemented
with low (1%) and high (6%) concentrations of sucrose are

illustrated in Figs. 109, 110 and Tables 47, 48.
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The total peroxidase activity of floral bud callus
cultured on low (1%) sucrose. containing medium declined
slightly during initial three days of culture., From day 3
onwards till day 15 the enzyme activity increased linearly,
Specific peroxidase activity, however, increased during the
initial three days of culture, The peak activity was attained
on day 3. Between days 3-6 the activity declined sharply.
However, from day 6 to 9, a modest increase in the activity
ensued, only to decay further thereof till day 15 (Fig. 109,
Table 47).

Total peroxidase activity of floral bud callus cultured
on high {6%) sucrose ccntaining medium declined appreciably
between days O and 3. The aCtivity,vhowever, increased by
day 6 to its first peak value, By day 9 peroxidase activity
declined again to touch the lowest value during the entire
culture period, From day 9 till day 15 the activity was on
increase again and reached its second peak value on day 15,
Specific peroxidase activity increased between day O and 3
to reach peak value, Thereof it declined till day 15 (Fig. 110,
Table 48).

In contrast with increasing peroxidase activity per
unit protein during last phase of culture {day 12-15) of

floral bud callus on standard shoot inducing medium (whereon

shoots were differentiated on day 15), the peroxidase activity
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per unit protein was on decline during the same phase of

culture (day 12-15), when low {(1%) or high (6%) sucrose

level was used,

{c) IAA Oxidase :

Progressive changes in the activity of IAA Oxidase in
floral bud callus cultured on shoot inducing medium supple-
mented with low (1%) and high (6%) sucrose levels, are

presented in Figs. 109, 11C and Tables 47, 48,

Total TAA Oxidase activity in the callus cultured on 1%
sucrose containing mediuvm increased during the first six days
of culture, Between days 6 and 9 the enzyme activity declined,
but increased agein from day 9 till day 15, Specific IAA
Oxidase activity exhibited double-peak developmental pattern.
The activity increased sharply between days O and 3 reaching
its first peak value. Rapid decay in activity ensued between
days 3 and 6. However, it agaln started to increase thereon
and continued to do so till day 15, when second peak value

was reached (Fig, 109, Table 47).

As in the previous case, total IAA Oxidase activity of
floral bud callus cultured on 6% sucrose medium increased
between days O and 6, reaching its first pesk value on day 6.

On that particular day the éctivity was about three times .



higher than in callus tissues cultured on 1% sucrose medium,
The enzyme activity declined between days 6 and 9, but
climbed up again from day 9 onwards to reach peak activity
on day 15, specific IAA Oxidase activity reached its peak
value on day 3 subsequent to rapid increase in activity. The
activity on that particular day was about 12 times more than
the pesk value on the same day in callus tissues cultured on
1% sucrose medium, The specific IAA Oxidase activity decayed
rapidly between days 3 and 6; remained stable between days

6 and 9, and from thereon continued to decline linearly till

day 15 (Fig. 110, Table 48),

The total IAA Oxidase activity per unit protein was on
increase in callus tissues cultured on 1% sucrose medium
between days 9 and 15, On 6% sucrose medium during the
corresponding period the activity was on decline. On standard
shoot inducing medium (MS + 0.3 mg/1 IAA) which contained 3%
sucrose the activity decayéd between day 9 and 15. Though
IAA Oxidase activity per unit protein was on decline during
the final phase of culture (day 9-15) in floral bud callus
cultured on standard shoot inducing medium as well as on 6%
sucrose containing medium, the decline in activity was more
rapid on standard shoot forming medium (from 4,3 units/mg
protein to 2,4 units/mg protein) than on 6% sucrose containing

medium (from 4,25 units/mg protein to 3,63 units/mg protein),
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On the former medium shoots were differentiated on day 15
and on the latter root differentiation occurred between

days 12-15, No organogenesis occurred on 1% sucrose medium,

(d) MDH

Progressive changes of MDH activity in floral bud callus
cultured on shoot inducing medium {(MS + 0.3 mg/1 IAA)
supplemented with 1% and 6% sucrcse, are illustrated in Figs.

109, 110 and Tables 47, 48,

In callus cultured on 1% sucrose containing medium, total
MDH activity increased from day O till day 15, The rate of
increase of activity was rather slow during the initial three
days of culture, but thereof it increased linearly and rapidly
till day 15. Specific MDH activity on the same medium increased
sharply between days O and 3, reaching its peak vaiue. Retween
days 3 end 15 the activity was continuously on decline along

a linear slope (Fig. 109, Table 47).

Total MDH activity in floral bud callus cultured on 6%
sucrose medium decayed marginally between days O and 3. It,
however, increased over 30 fold between days 3 and 6 to attain
its peak value on day €. The activity declined again between
days 6 and 9. Thereof it increased to reach the second peak
wvalue on day 12. By éay 15 the enzyme activity had decayed

again., Specific MDH activity increased sharply between days
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O and 3. The activity continued to increase between days

3 and 9, but the rate of increase was very slow, The enzyme
activity decayed very rapidly between days 9 and 15 (Fig.llO,
Table 48).

On the control medium (shoot inducing MS medium + 0.3
mg/l IAA + 3% sucrose) the MDH activity per unit protein was
on linear increase between days 9-15 and shoois were differen-
tiated on day 15. On incorporation of low (1%) and high (6%)
sucrose into the same medium the MDH activity per unit
protein during the same period (day 9-15) was on decline,

The decay of activity was much rapid on 6% sucrose medium
(16.7 units/mg protein to 2.7 units/mg protein) that on 1%
sucrose medium (8,2 units/mg protein to 4,2 units/mg protein),
Roots were differentiated on 6% sucrose medium, whereas,‘
organogenesis was completely inhibited with the addition of

1% sucrose,

(e) P

A ———

Progressive changes of PAL activity in floral bud callus
cultured on shoot inducing medium containing 1% and 6% sucrose

are illustrated in Figs. 109, 110 and Tables 47, 48.

PAL activity in callus on 1% sucrose medium increased
slowly between days O and 3. It was followed by sharp

increase between days 3 and 12, The peak value was reached on
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day 12, from thereon till day 15 the enzyme activity

declined, Specific PAL activity in floral bud callus on

the same medium increased rather rapidly till day 3. By day

6 the enzyme activity had declined a little, but increased
again thereof to attain peak value on day 9., Between days

9 and 15 the activity declined linearly and sharply (Fig. 109,
Table 47), |

On 6% sucrose containing medium PAL activity increased
between days O and 6, reaching first peak value. Between days
6 and 9 the enzyme activity declined, whereof it increased
again till day 15 reaching the second peak value during the
culture period. Specific PAL activity on the same medium
increased sharply -~ about 380 fold - during the first three
days of culture, The activity, however, declined very rapidly
betwéen days 3 and 9, Between days © and 15 it was again on

increase (Fig, 110, Table 48).

On the standard shoot inducing medium PAL activity per
unit protein exhibited a very modeét increase in activity
between days 12 and 15 i,e,, the days immediately preceding
shoot differentiation, During the corresponding period PAL
activity on 1% sucrose medium was rapidly declining; whereas
onlé% sucrose medium it was on increase, Though PAL activity
per unit protein increased on both, standard shoot indu€ing
medium and the ssme medium containing 6% sucrose, the activity

on the former medium was 2% to 3C times less than on the
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latter medium whereon roots were differentiated.

(f) Phenolics :

Changes in phenolic content of floral bud callus during
its growth on shoot inducing medium supplemented with 1ow
(1%)and high (6%) sucrose, are presented in Figs. 109, 110
and Tables 47, 48,

Phenolic content in callus tissues cultured on 1% sucrose
medium increased modestly from 0.22 mg/culture on day O to
0.34 mg/culture on day 6, By day 9 phenolic accumulation had
increased to 0.74 mg/culture and remsined stable till day 12.
By day 15 the phenolic content had declined to 0.53 mg/
culture, On percentage basis phénolic content declined from
1.87 mg% on day O to 1.02 mg¥% on day 6, By day 9 it, however,

increased to 1.65 mg%, but declined again thereof till day
15 to the value of 0.87 mg¥% (Fig. 109, Table 47),

The phenolic confent in callus cultured on shoot
inducing medium containing 6% sucrose, increased from
0.22 mg/culture on day O to 1.63 mg/culture by day 6. The
phenolic content, however, declined linearly between days 6
and 15 to 1.12 mg/culture., On percentage basis the phenolic
content increased from 1,87 mg¥% on day O to 3.86 mg% on day 3.
By day 6 the phenolic content decreased a little to 3.80 mg%,
but thereof decline was much more pronounced and almost

linear till day 15. On day 15 phenolic content had dropped
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to 1.96 mg% (Fig. 110, Table 48).

Phenolic content on both 1% and 6% sucrose media was on
decline during the last phase of culture (days 12 to 15). Cn
1% sucrose medium whereon organogenesis was completely
inhibited the phenolic content declined from 1.4 mg¥% to
0.87 mg% between days 12 and 15, On 6% sucrose medium whereon
root differentiation occurred (between days 12-15) the
phenolics during the same period (days 12-15) declined from
2.4 mg% to 1.96 mg¥%. On the other hand, on the standard shoot
differentiating medium which was supplemented with 3% sucrose,
phenolic content declined from 2.8 mg% to 2.3 mg% during

the corresponding pericd, N

{(g) Peroxidase Isoenzymes

Progressive changes of peroxidase igoenzyme banding
pattern in floral bud callus cultured on shoot.inducing medium
supplemented with low (1%) and high (6%) sucrose levels is
illustrated in Fig, 10%a and llOa,

In callus tissues cultured on 1% sucrose containing
medium all three initial ancdic isoperoxidases Ay A, and Ag
remained repressed on dayé 3 and 6, Al, however, reappeared
between-days 9-15, and A, Was synthesized on day 12. Ay
remained suppressed for the entire culture period, Five slow

migrating isoperoxidases Aﬂ"AS were synthesized during the

7



- A| Al @ A' @ Al
A Az
¥ Ay jresn] A
A2 AZ Ag
A3 — A5* :
N beeed A | :
it R i
o . { i
| P J i
o
o N
' T 1
i
+
DAY O 3 6 9 R 15
- C' C C|
¢ e He . He
3 Cs
; c Cs e &
T CL, 7z} Cy Iz C,
o*-
DAY 0 3 6 9 12 15
Fig. 1094

Anodic awdd  Catoclic fS%eroxia(a.Ce Pudterns .
f::fmém/&l Delails  as i Tadle 47.



A A A
Ay Ay 7 Asg
As 8
Az
Az Ag
PR PR
-+
DAY o 3 6 9 12 15
-+ o
¢ ¢ ¢ G
Ca ! Ca Cz 2 Ca
CS Cs C‘
C;
Cy, Cy
DAY 0 3 6 9 12 p 5
G, [ioa.
Avsdic  awd Calhoolec fSo/pcmxia(qu pa,ffevns. :

Exfuimml’al Delails  ao 4o Table 48



281

culture period, A4 was synthesized on days 3, 9 and 15, A5

and Ag on day 6, A, on day 12 and Ag on day 15. The shoot

isoperoxidases PS PS2 and PS; were not synthesized on

1?
this 1% sucrose containing shoot inducing medium. On the
cathodic scale, of the three initiel cathodic isoperoxidases
Cy appeared on days 3 and 15, 62 on days 6 and 9, and C3 on
days 9, 12 and 15. Slow migrating cathodic isoperoxidase C5
on day 9 and Cg on day 12 were also synthesized. A fast

migrating cathodic isoperoxidase C, appeared on days 6, 12

4
and 15 (Fig., 109a).

On 6% sucrose containing shoot inducing medium the
anodic isoperoxidases Al’ Ay and.A3 were not synthesized on

days 3 and 6, Isoperoxidases A, and Ay were not synthesized

2

even on the subsequent days of culture. A however, appeared

1
between days 9-15. During the culture period five slow
migrating anodic isoperoxidases Ag-Ag were synthesized, A,
and A5 were synthesized on day 3, Ag on day 6, A7 on days 9
and 12, and A8 on days 12 and 15, On day 12 preceding root
differentiation, the rcot ilsoperoxidase "PR" was synthesized
and it persisted on day 15. Gf significance was the absence
of shoot isoperoxidases PS,, PS, and PS;. These three
isoperoxidases, as was demonstrated in earlier experiment,
precede shoot differentiation from floral bud callus, On

the cathodic scale the initial cathodic isoperoxidase C3
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remained suppressed for the entire length of culture
period, Other initial isoperoxidases Cl and C, were
synthesized on days 3, 6 and 15, and days 6-15 respectively,
Three slow migrating isoperoxidases C5 on day 9, C6 on

day 12 and C7 on day 15 were also synthesized, A fast
migrating cathodic isoperoxidase C, was synthesized on

4
days 6 and 9 (Fig. 110a),
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Expt. 36. Studies with floral bud callus cultured on shoot

inducing medium supplemented with various

phenolic acids.

Healthy callus masses weighing 300430 mg by fresh weight
were cultured on 20 ml of shoot inducing medium (MS basal +
0.3 mg/1l IAA + 3% sucrose) into which various phenolic acids
were sppplemented individually in the concentrations

enlisted below

(a) t-cinnamic acid (100 pM)
{b) t-cinnamic acid (500 uM)
c) caffeic acid (100 uM)
d) caffeic acid (500 pM)
) ferulic acid (1CO uM)
) ferulic acid (500 uM)
g) p-hydroxybenzoic acid (1.0 pM)
) p-hydroxybenzoic acid (10.0 uM)
;
The culture vessels were incubated at 2642° in
continuous light for a period of 15 days. Every three days
a fixed number of 5 replicates was harvested and analysed.

for growth, enzymes, isoperoxidase banding pattern and

phenolic accumul ation,

- {8) Growth :

Growth, expressed as increase in fresh and dry weights
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of floral bud callus on the shoot forming medium (MS basal +
0.3 mg/1 IAA + 3% sucrose) into which the phenolic acids

were added are illustrated in Figs. 111-118 and Tables 49-56,

Growth on both fresh and dry weight basis was stimulated
with the addition of phenolic acids into the medium. Maximum
fresh weight increament of 5,33 fold occurred on medium
supplemented with 500 pM caffeic acid. Maximum dry weight
increase of 13,28 fold was recorded 6n 100 pM ferulic acic

medium,

With the incorporation of 100 pM t-cinnamic acid (&)
into the medium, the fresh weight increased 4,78 folds and
the dry weight by 9.46 folds (Fig. 111, Table 49). With the
increase of t-cimnamic acid concentration to 500 MM (b), the
increases in the fresh and dry weights were somewhat lesser
than in the previous instance. The fresh weight increased

4,46 fold and the dry weight 7.95 fold (Fig. 112, Table 50).

Addition of 500 pM caffeic acid into the medium proved
to be better growth promoter than 100 pM caffeic acid., The
increase in fresh weight on 100 (c) and 500 pM (d) caffeic
acid containing media were, 4.67 and 5.33 fold respectively.
Similarly the dry weight on the two media increased 10.14 and

11,76 fold respectively (Figs. 113, 114, Tables 51, 52),

Ferulic acid at 100 pM (e) promoted better growth
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than at 500 pM (f) concentration, The fresh weights on
the two media increased 5.24 and 4.36 fold respectively.
Corresponding dry weight increases were 13.28 and 10.5 fold

(Figs. 115, 116; Tables 53, 54y,

Though the incorporation of 1.0 PM p-hydroxybenzoic
acid {g) into the medium supported better growth than
10.0 pM p-hydroxybenzoic acid (h), the differences in growth
values were not significant., The respective fresh weight
increases on the two media were 4,36 and 4.33 fold. The
corresponding dry weight increases were 9.3 and 9.15 folds

(Figs. 117, 118; Tables 55, 56).

Addition of all the above mentioned phenolic acids
into the MS medium containing 0.3 mg/l IAA and 3% sucrose

completely suppressed differentiation of shoots.
(b) Peroxidase

Progressive changes of peroxidase activity in floral
bud callus cultured on MS basal medium + IAA (0.3 mg/l) +
sucrose (3%) and supplemented with two levels each of the
above mentioned four phenolic acids, are illustrated in

Figs. 1l1-118 and Tables 49-56,

The peroxidase activity in the callus cultured on

100 pM t-cinnamic acid (a) containing medium declined
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slightly by day 3. Thereon till day 15 it increased steadily
to reach its peak value, The specific activity of peroxidase
on the same medium declined by day 3 but increased again to
attain two.peaks, one each on days 6 and 15 (Fig., 111, Table
49). On 500 pM t-cinnamic acid (b) medium the peroxidase
activity as in the previous instance declined till day 3.
Thereon it increased to its peak value on day 9, Between
days 9 and 15 the enzyme activity declined slowly. Between
days O and 3 the specific activity of peroxidase decayed.
;t, however, increased between days 3 and 9, before
registering sharp decline in the éctivity between days 9

and 15 (Fig. 112, Table 50).

With the incorporation of 100 pM t-cinmamic acid into
the shoot inducing medium the peroxidase activity per unit
protein was 12 to 15 per cent higher between days 12 and 15
as compared with peroxidaée activity in floral bud callus
during the same period, when shoots were differentiated on
standard shcot inducing medium, With the increase of
t-cinnamic acid level to 500 pM in the same medium, during
the corresponding period (i.e. days 12 and 15) the activity
of peroxidase was declining and waé 2 to 4 fold less as I
compared with the activity on the standard shoot inducing
medivm, Incorporation of t-cinnamic acid (1CO, 500 pM) into
the standard shoot inducing medium completely suppressed

caulogenic response,
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The addition of 100 pM caffeic acid (c) induced a
double peaked pattern in peroxidase activity. Prior to
attaining peak values, one each on days 6 and 15, the enzyme
activity declined between days O and 3, The specific
activity of peroxidase on the same medium before attaining
peak activity on day 6 decayed between days O and 3.

Between days 6 and 15 the enzyme activity declined sharply
(Fig. 113, Table 51). On 500 pM caffeic acid (d) medium the
peroxidase activity after declining between days O and 3,
increased steadily to its peak value on day 15. The

specific activity of peroxidase too, on this medium declined
slightly by day 3. The peak value attained on day 9 was
followed by a sharp decline in the specific activity of

peroxidase till day 15 (Fig. 114, Table 52).

Contrary to the peroxidase activity per unit protein
in floral bud callus cultured on standard shoot inducing
medium, the peroxidase activity was on decline between days
12 and 15, with the incorporation of caffeic acid (100,

500 pM) into the medium, At both the levels of caffeic
acid the peroxidase activity on day' 12 was higher than the
control, but on day 15 it was about 50 per cent of the

contrel. Caffeic acid also inhibited shoot differentiation.

On 100 pM ferulic acid (e) medium the peroxidase

enzy&e activity decreased between days O and 3, Thereafter
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the enzyme activity increased to attain two peaks, one each
on days 6 and 15, The specific activity of peroxidase on
this medium decreased betwgen days O and 3. Thenof it
increased to its peak value on day 6, followed by sharp
decline in the activity till day 9. Between days 9 and 15
though the spgcific activity of peroxidase continued to
decline, however, the decay was rather slow (Fig. 115,
Table 53), The peroxidase activity in floral bud callus on
500 pM ferulic acid (f) increased steadily between days O
and 12 to reach its peak value. The activity, however,
declined sharply between days 12 and 15. The specific
activity of peroxidase on the same medium increased slowly
and linearly till day 6. Between days 6 and 9 the activity
increased sharply to reach its peak valué. Between days 9
and 15 the specific peroxidase activity decayed rapidly

(Fig, 116, Table 54).

As was the case with the incorporation of caffeic acid
into the shoot inducing medium, here too, with the use of
ferulic acid (100, 500 pM) into the shoot inducing medium,
the peroxidase activity per unit protein was on decline
between days 12 and 15 in floral bud callus. During the same
period (i.,e, days 12 to 15) the enzymé activity on standard
shoot inducing medium was higher and increasing. Incorporation
of ferulic acid too, at both the levels, suppressed shoot

differentiation.
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The peroxidase activity in callus cultured on shoot
inducing medium supplemented with 1,0 pM p~hydroxybenzcic
acid (g) declined till day 3. Thereafter the activity
increased to reach its peak value on day.9., The specific
peroxidase activity also dropped a little by day 3, but
thereof it climbed to its peak value on day 15 (Fig. 117,
Table 55), The peroxidase activity declined till day 3 in
callugs cultured on 10.0 pM p-hydroxybenzoic écid medium (h).
From thereon it increased attaining two peak values, one
each on days 9 and 15, The specific peroxidase activity
on this medium did not decline between days O and 3, but
from day O till day 9 it increased to its peak value, The
activity declined sharply between days 9 and 12. It,
nevertheless, increased again by day 15 (Fig., 118, Table 56).

with the incorporation of p-hydroxybenzoic acid (1.0,
10.GC pM){into the shoot inducing medium, the peroxidase
activity per unit protein increased between days 12 and 15,
gimilarly, the enzyme activity during the corresponding
period increased in floral bud callus cultured on standard
shoot inducing medium., However, on both the days i.e. days
12 and 15, the enzyme activity on p-~hydroxybenzoic acid
containing media was two to two and a half times more than
the control. As p-hydroxybenzoic acid too inhibited shoot

differentiation.
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(c) IAA Oxidase :

The progressive changes of IAA Oxidase activity in
callus cultured on shoot inducing medium {MS basal +
0.3 mg/1 IAA + 3% sucrose) supplemented with various
phenclic acids, are illustrated in Figs. 111-118 and
Tables 49-56,

The IAA Oxidase activity in callus cultured on medium
supolemented with 100 uM t-cinnamic acid (a) increased
between days O and 9 to reach peak value, Specific IAA
Oxidase activity on the same medium attained peak value,
however, on day 6 {Fig., 111, Table 49)., On the other hand, on
500 uM t-cinnamic acid (b) containing medium the total IAA
Oxidase activity as a consequence of incessant increase
between days O and 12 attained peak value on day 12, The
activity decayed rapidly between days 12 and 15, Specific
activity of IAA Oxidase zlso exhibited essentially identical
developmental~-pattern, though with a slight variation. The
specific activity increased between days O and 9, reaching
peak activity on day 9. Thereof, till day 15 the activity
decayed sharply and linearly {(Fig, 112, Table 50).

The IAA Oxidase activity per unit protein declined
between days 12 and 15 with the incorporation of t-cinnamic
acid (100, 500.uM) into the shoot inducing medium, Though

same pattern was followed by the enzyme activity on the



standard shoot inducing medium during the corresponding
period i.e, days 12 to 15, however, the activity on either
of the days was very high as compared with activity on the

medivm supplemented with t-cinnamic acid (100, 500 pM).

The total and specific activity of IAA Oxidase on both
100 (c) and 500 JM (d) caffeic acid media increased to peak
activity between days O and 9 before declining thereaftexr

till day 15 (Figs. 113, 11l4; Tables 51, 52).

As in the case of IAA Oxidase activity per unit protein
in floral bud callus cultured on standard shoot inducing
medium, with the incorporation of caffeic acid (100, 500 pM)
into the medium also resulted in decline of activity between
days 12 and 15. However, on both the days the enzyme activity
on caffeic acid containing medium was very low as compared

with the enzyme activity on the standard shoot inducing medium.

Peak value for total IAA Oxidase activity was reached
on day 9 in callus cultured on 100 PM‘(e} ferulic acid
medium, Between days 9 and 15 the activity was on decline,
on the same medium the specific IAA Oxidase activity reached
peak value on day 6, and was on decline thereafter till day
15 (Fig. 115, Table 53). Double peaked pattern was demonstra-
ted by total and specific activity of IAA Oxidase in callus

cultured on 500 pM ferulic acid (f) medium. The first peak
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value was reached on day 9 and the second on day 15

(Fig. 116, Table 54),.

Low level of ferulic acid (100 FM) favoured decay of
IAA Oxidase activity per unit protein between days 12 and
15, whereas, during the corresponding period the enzyme
activity increased on 500 PM‘ferulic acid containing medium,
However, on both the media, on either days i.e, days 12 and
15, the activity of the enzyme was appreciably low in
comparison with the enzyme activity on standard shoot

inducing medium,

Associated with sharp increases between days 3 and 9,
the total and specific IAA Oxidase activity in the callus
cultured on 1.0 pM p-hydroxybenzoic acid (g) medium, the
peak values were attained on day 9 in culture. Between days
9 and 15 the enzyme activity declined along a steep gradient
(Fig. 117, Table 55). The culture of callus on medium
supplemented with 10 pM p-hydroxybenzoic acid (h) induced
double peaked developmental pattern in the total and specific
IAA Oxidase activity. The first peak value was attained on

day 9 and the second on day 15 (Fig. 118, Table 56),

With the incorporation of l.Ova p-hydroxybenzoic acid
into the medium the IAA Oxidase activity per unit protein

decayed between days 12 and 15, thus following the same



pattern as on the standard shoot inducing medium during the
corresponding period., However, the activity wag much high
on the shoot inducing medium than on the medium containing
1.0 PM p-hydroxybenzoic acid, Increase of p-hy§roxybenzoic
acid‘to 10.0 FM in the medium reversed the trend of IAA
Oxidase activity development., The activity increased sharply
between days 12 and 15, and finally on aay 15 was about two
times as much as on the corresponding day on the standard

shoot inducing medium,
(d) MDH

Progressive changes in the activity of MDH in floral
bud callus cultured on medium (MS basal + 0.3 mg/l IAA +
3% sucrose) supplemented with phenolic acids are illustrated

in Figs. 111-118 and Tables 49-56,

The total and specific MDH activity in the callus on
100 pM t-cinnamic acid (a) exhibited a typical double peaked
pattern, The first peak was reached on day 6 and the second
on day 15 (Fig, 111, Table 49). The MDH activity in callus
cultured on SOO/mﬂtmcinnamic acid (b) increased unabated -
between days O and 15. The specific activity of MDH on the
same medium reached peak value on day 6, Between days 6 and 12
the activity declined, but increased slightly between days

12 and 15 (Fig. 112, Table 50).



The MDH activity per unit protein was on increase
between days 12 and 15, in floral bud callus cultured on
shoot inducing medium supplemented with t-cinnamic acid
(100, 500 pM). On day 15, however, the enzyme activity was
higher on 100 pM t-cinnamic acid medium when compared with
the activity on standard shoot inducing medium, On the other
hand, on 500 FM ~t-cinnamic acid medium the activity was
rather low in comparison with standard shoot inducing

‘medium on the day 15 of culture.

The MDH activity in the callus cultured on 100 Ju
caffeic acid (c) medium demonstrated double peaked pattern,
one each on days 6 and 12, The specific activity of MDH on
the same medium, however, attained only one peak value on
day 3. Thereof till day 15 the activity declined continuously
(Fig. 113, Table 51). On 500 P caffeic acid (d) medium the‘l
MDH activity attained two peaks, a minor one on day 6 and a
major one on day 15. The specific activity-of MDH also
reached two peaks, one each on days 6 and 15 (Fig. 114,

Table 52).

With the incorporation of 100 pM caffeic acid into the
medium the MDH activity per unit protein was on decline
between days 12 and 15, whereas,‘during the corresponding
period of shoot differentiation on the standard shoot

inducing medium the enzyme activity increased, The enzyme
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activity on SCK)PM caffeic acid medium increased very

rapidly between days 12 and 15, thus fcl;owing essentially

the same developmental pattern as on the standard shoot
inducing medium. However, the rate of increase of enzyme
activity was very rapid with the incorporation of 500 M
caffeic acid into the medium. And, moreover, the actual values

of activity were also very high.

On 100 pM ferulic acid (e) medium the MDH activity
increased slowly upto day 9. It was followed by sharp
increase in activity till day 15. The peak value was
realized on day 15, The specific activity of MDH on the
same medium, however, exhibited two peaks, one each on days
6 and 15 (Fig. 115, Table 53). On 500 pM ferulic acid (f)
medium both, total and specific activities of MDH showed
double peaked pattern, one each on days 6 and 15 (Fig. 116,
Table 54).

As in the case of floral bud callus cultured on standard
shoot inducing medium, the MDH activity per unit protein on
100 and 5OC)pNiferulic acid containing medium also increased
during days 12 and 15. However, the enzyme activity was much
higher on the ferulic acid containing medium than on the

standard shoot inducing medium,

The MDH activity in the callus cultured on medium
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containing 1.0 pM p-hydroxybenzoic acid (g) reached peak
value on day 6, Thereafter the activity declined till day
15, The specific activity of MDH, however, reached peak
value on day 3 and declined thereof till day 15 (Fig, 117,
Table 55). On 10.0 2 p-hydroxybenzoic acid (b) medium the
total and specific activities of MDH increased till day 6.
Thereafter sharp decline in the activities ensued till

day 9. The activities, however, picked up and continued to

increase till day 15 (Fig. 118, Table 56).

With the incorporation of 1.0 pM p-hydroxybenzoic acid
into the shoot inducing medium, the MDH activity per unit
proiein decayed between days 12 and 15, while on the standard
shoot inducing medium the enzyme activity was on increase,
Furthermore, on either of the days the enzyme activity was 2
to 3 times lower on the 1,0 HM p-hydroxybenzoic acid
containing medium, With the increase of p~hydroxybenzoic acid
level to 10,0 pM in the medium the enzyme activity was on
increase between days 12 and 15. However, as in the previous
case the activity was appreciably lower than on sféndard

shoot inducing medium,

(e} P

Progressive changes of PAL activity in floral bud callus

during its culture on IAA containing shoot forming medium



supplemented with different phenolic acids are illustrated

in Figs. 111-118 and Tables 49-56,

On 100 pM t-cinnamic acid (a) containing medium the
PAL activity reached two peak values during the culture
period, one each on days 3 and 15. The specific activity of
PAL alse reached its peak vaiue on day 3, The activity
declined considerably till day 12, By day 15 the specific
activity of PAL, however, exhibited a modest increase (Fig.
111, Table 49). On 500 oM t-cinnamic acid (b) medium the
PAL activity achieved a minor peak value on day 3 and a
major one on day 12, The specific activity also attained

two peaks, one each on days 3 and 12 (Fig. 112, Table 50).

The PAL activity attained its peak value on day 12 in
the callus when cultured on 100 pM caffeic acid (c) medium,
The specific activity, however, demonstrated two peaks, one
each on days 3 and 12 (Fig. 113, Teble 51). On 500 pM ceffeic
acid (d) medium double peaked pattern was demonstrated by
both total and specific activities of PAL., The total PAL
activity achieved the two peaks, one each on days 3 and 12,
whereas, specific PAL activity reached peak values on days

3 and 9 (Fig. 114, Table 52).

The total PAL activity in the callus on 100 i ferulic

acid (e) medium continued to increase between days 0O and 12,
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whereas, the specific activity reached its peak value on

day 9 and declined thereafter till day 15 (Fig. 115,
Table 53). On 500 pM ferulic acid (f) medium the total

| PAL activity. reached peak values on days 3 and 15, The

specific activity, however, reached peak values on days

3 and 12 (Fig. 116, Table 54),

On the culture of callus on 1,0 pN%p-hydroxybenZQic
acid medium (g) the total and gpecific activities of PAL
reached their peak values on day 3 of culture, The activities
declined thereafter (Fig. 117, Table 55), On the other hand,
when floral bud callus was cultured on medium supplemented
with 10,0 pM p-hydroxybenzoic acid {h) the peak values of
total and specific activity were reached on day 12. Between

days 12 and 15 the activity declined (Fig. 118, Table 56),

The total PAL activity per unit protein increased
between days 12 and 15 (i,e. the days of shoot differentiation)
on the standard shoot inducing medium, With the incorporation
of phenolic acid - except 100 pM t-cinnamic acid and 1.0 uM
p~hydroxybenzoic acid - into the shoot inducing medium the
PAL activity declined between Gays 12 and 15. Moreover,
irrespective of the pattern‘of development of enzyme
activity, the actual enzyme activity was higher on both the
days {i.e. days 12 and 15) on phenolic acid containing

medium, than on the standard shoot inducing medium,
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(f) Phenolics :

Progressive changes in the phenolic content of floral
bud callus cultured on shoot forming medium supplemented
with various phenolic acids are presented in Figs. 111-118

and Tables 49-56,

On 100 pM t-cinnamic acid (a) medium the phenolic
content in the callus increased continuously from 0,22 mg/
culture on day O to 2.76 mg/culture on day 15. On percentage
basis the phenolic accumulation feached its first peék value
of 2.68 mg¥% on day 6 and tﬁe second peak value of 2,43 mg%
on day 15 (Fig. 1ll, Table 49). On the other hand, on 500 i
t-cinnamic acid (b) containing medium thé phenolic content
reached its first peak value of 2.61 mg/culture on day 6 and
the second peak value of 3,37 mg/culture was attained on day
12. The phenolic accumulation on percentage basis also
followed the same pattern, The first peak value of 3.28 mg%
‘was realized on day 6 and the second peak value of 3.74 mg%

on day 12 (Fig, 112, Table 50).

On 100 pM caffeic acid (c) containing medium the
phenolic accu@ulation continued till day 12, reaching its
peak value of 3,57 mg/culture. On percentage basis too the
peak value of 3.46 mg% was reached on day 12 (Fig. 113,

Table 51). Phenoclic accumulation reached its peak value of



311

3.66 mg/culture on day 9 in the callus cultured on 5C0 M
caffeic acid (d) containing medium, On percentage basis the
phenolic content increased till day 3 to 2.28 mg%. By day 6
it dropped to 2.12 mg%. The peak value during the culture
period was reached on day 9. The phenoclic accumulation on

that day was 4,16 mg% (Fig. 114, Table 52).

On 100 pM ferulic acid (e) medium the phenolic centent
in the callus increased from 0.22 mg/culture on day O to
6.40 mg/culture on day 15. On percentage basis too the
phenolic accumulation increases from 1.87 mg% on day O to
4.02 mg% on day 15 (Fig. 115, Table 53). On 500 pM ferulic
acid (f) medium the phenolic content in callus was on
increase right from day O and reached its peak value of
5.12 mg/culture on day 15. On percentage basis the phenolic
content increased from 1.87 mg% on day O to 3.24 mg% on day 3.
By day 9 it, however, declined to 2.86 mg%. By day 15 the
phenolic accumulation had increased again to 4,07 mg%

(Fig. 116, Table 54).

In flower bud callus tissues cultured on shoot inducing
medium supplemented with 1.0 pii p-hydroxybenzoic acid (qg)
the phenolic accumulation reached its peak value on day 9,
on both culture and percentage basis. The respective values
were 2,93 mg/culture and 3.62 mg% (Fig. 147, Table 55). On
10.0 pM p-hydroxybenzoic acid (h) medium the peak phenolic

accumulation of 3,38 mg/culture was reached on day 15. On



percentage basis the phenolic content increassed from
1.87 mg% on day O to 3.22 mg¥% on day 9. By day 12 the
phenolic accumulation had gone down to 2,26 mg%. It, however,

increased to 3,08 mg% by day 15 (Fig. 118, Table 56),

On standard shoot inducing medium, with the advent of
shoot differentiation the phenolic contént in the callus
tissue dropped from 2.8 mg% to 2.3 mg% between days 12 and
15, with the exception of 500 pu caffeic acid and 1.0 M
p-hydroxybenzoic acid containing medium, where the phenolic
content was lower than on the standard medium, all other
phenolic acids facilitated higher levels of phenolic

accumulation. /

(g) Peroxidase Isoenzymes

Progressive changes in the banding pattern of anodic
and cathodic isoperoxidases of floral bud callus tissues
cultured on IAA containing shoot forming medium supplemented
with various phenoclic acids are illustrated in Figs.

11la - 1l8a,

The culture of floral bud callus on shoot inducing
medium supplemented with 100 pM t-cinnamic acid (a) resulted
in the repression of original anodic isopercxidases A, and Aj.

The original anodic isoenzyme of peroxidase A, also remained

1
suppressed on days 3 and 6, It, however, appeared from day 9
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onwards, Slow migrating anodic lsoperoxidases Ay = Ag

were synthesized at varying time periods of culture. A,
was synthesized on days 3 and 6, Ag on day 3, Ag on days

6 and 15, A, on day 6, Ag on days 9 and 12 and Ag On days
9, 12 and 15. Two fast migrating isoperoxidases Ao and Ay
appeared on days 12 and 15, Of the three originsal

cathodic isoperoxidases Cl’ C2 and C3, the isoperoxidase
62 was repressed right through the culture period. Cy

appeared on days 3 and 15, whereas C3 was seen only on

day 3. Three slow migrating cathodic isoperoxidases C, - Cg
were synthesized during the culture period. C, was synthesized
on all days between days 6-12, Cy on days 6 and 15 and Cq

on days 9, 12 and 15, No fast migrasting cathodic isoperoxi-

dases were synthesized (Fig. llla).

With the increase of t-cinnamic acid concentration to
500 pM (b) in the medium, the original anodic isoperoxidases

Ay and Ay were suppressed for the entire duration of culture

period, Al’ however, appeared between days 9 and 15, Five

slow migrating anodic isoperoxidases A4 - A8 were synthesized

during the culture period, A4 was synthesized on all days of

cultufe, g ON day 3, Ag between days 6 - 15, A, on day 6
and AB on days 9 and 12, One fast migrating anodic isoperoxi-

dase A, was synthesized on days 12 and 15. Cf the original

9,
cathodic isoperoxidases (C,, C, and Cy)y C, was repressed

for the entire culture period. Cy and Cas however, appeared
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on day 3. Three slow migrating cathodic isoperoxidases

C4 - Cg, were synthesized during the culture period. C, was
synthesized between days 6 - 15, 65 on days 9, 12 and 15,
and Cg oON days 12 and 15, Like the previous instance, no
fast migrating cathodic isoperoxidases were synthesized

(Fig., 11l2a).

Incorporation of 100 pM caffeic acid (c) into the medium
resulted in suppression of the three originsl anodic
isoperoxidases Al - Ag, right through the culture period.
slow migrating anodic isoperoxidases A

4 10
synthesized at varying periods of culture. A, was synthesized

- A were
on day 3, Ay between days 6 - 15, Ag on day 6, A, on days 6,

12 and 15, Ag between days 6 - 15, A, between days ¢ - 15,

9
and AlO on days 12 and 15, Only two of the original cathodic
isoperoxidases Cl and C3 were retained on day 3 of culture.
Thereaftter the initial cathodic isoperoxidases were not
viewed, Four slow migrating cathodic isoperoxidases Cy - C7,
appeared at different times during the culture of floral bud
callus, Cq
between days 9 - 15, and C; on days 12 and 15{Fig. "113a).

and 65 were synthesized between days 6 - 15, Cg

No fast migrating anodic or cathodic isoperoxidases were

synthesized.

On 500 pit caffeic acid (d) medium the synthesis of

original arodic iscoperoxidases Ay - Ay, was repressed for
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the entire culture period. During the entire culture period
only slow migrating anodic isoperoxidases Ay - Ag, were
synthesized, A4 was synthesized on day 3, A5 and A6 between
days 6 -~ 15, A7 on day 6, A8 between days 9 - 15 and Ag

on days 12 and 15, Of the three original cathodic isoperoxi-
dases Cl - C3, only C3 appeared on day 3., For the rest of
culture period they remained totally repressed, Slow
migrating isoperoxidase C4 was a permanent fixture for the
entire culture period of 15 days. Two more slow migrating
cathsd;g isoperoxidases Cg on days 6 - 15, and Cg on days 6
and 15 &ere synthesized (Fig. 1ll4a).

Incorporation of 100 uM ferﬁlic acid (e) into the,
culture medium resulted in suppression of original anodic
isoperoxidase Al on all days except day 15. The other two
original anodic iscperoxidases A2 and A3, were seen only on
days 6 and 9, During the culture period slow migrating
anodic isoperoxidasea Ay - Ay and Ag, were synthesized, Ay
was synthesized between days 3 - 15, Ag on days 3, 6 and 9,
A6 on days 3, 12 and 15, A7 on day 6 and A9 on days 12 and 15,
Besides four fast ﬁigrating anodic isoperoxidases A8 and
AlO - A12’ were also synthesized, AB appeared on days 9,
12 and 15, and Alo - Ay, on day 15. The original cathodic
iscperoxidase Cl was synthesized only on day 15 and C3 on

day 3. C2 remained repressed right through the culture
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period. Only one fast migrating cathodic isoperoxidase

C7, was synthesized on days 12 and 15, Four slow migrating
cathodic isoperoxidases C, - Cg and Cg» were also synthesized
at different periods of culture. C4 was synthesized between
days 3 - 12, 65 between days 6 - 15, Cg on day 6 and Cg on
day 15(Fig. 115a).

Increasing ferulic acid level to 500 uM (f) in the
medium resulted in suppression of originsl anodic isoperoxi-
dase A2 for the entire length of culture period, The original
- anodic isoperoxidase Ay appeared on day 15 and Ay on day 6.
Four fast migrating anodic iscperoxidases Ay - All appeared
between days 9 and 15. Five slow migrating ones A4 - A7 and
A12’ were also synthesized. A4 was synthesized on all days
between days 3 - 15, A5 on days 3 and 6, Ag between days 6 -
12, A7 between days 9 ~ 15 and A, on day 15. The original
cathodic isoperoxidases Cy and Cy appeared on day 15 and
day 3 respectively, C2 was completely repressed, A fast
migrating cathodic isoperoxidase Cg, appeared on days 12
and 15, Two slow migrating cathodic isoperoxidases were

also synthesized during culture, Cy between days 3 - 12 and

Cy between days 9 - 15 (Fig. 1l16a).

~~

The original anodic isoperoxidases Al and Ay, were
repressed for the entire tenure of culture period with the
incorporation of 1l.C Fwip—hydroxybenzoic acid (g) into the

medium, Ag, however, appeared on day 6. Slow migrating
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anodic isopercxidases A4 - Ag, were synthesized at
different time period. Ay appeared on all days between days
3 - 15, AS on day 3, Ag on day 6, Ay on days 9 and 12, Ag
between days 9 - 15 and A9 on days 9 and 12, Retween days

9 - 15 as many as six fast migrating anodic isoperoxidases
Alo - AlS’ were synthesized, Alo appeared on days 9 and 15,

A, and A between days 9 -~ 15, A,, on days 12 and 15,

11 13
and Aja and Ajg OD day 15. The original cathodic isoperoxi-
dase C2 was completely repressed, Cl appeared on days 3 and
15, and C3 on day 3., Besides a single fast migrating
cathodic 1soperoxidase C7ﬁ§§nthesized on days 12 and 15,
Three slow migrating ones C4 - Cg» also synthesized, C, was

synthesized between days 6 - 12 and C5 and C6 between days

Increasing p~hydroxybenzoic acid level in the medium
to lO.CEPM (h) resulted in suppression of all the three
original anodic isoperoxidases Al - Ag, for the entire
culture period. Slow migrating anoﬁic isoperoxidases Ay - Ags
were synthesized at different interval of culture period.

A, was synthesized on all days between days 3 - 15, Ay ON

4
day 3, Ag between days 6 - 12, A, on day 6, Ag between days

9 -~ 15 and Ag on days 9 and 12 of culture, Between days 9 -

15 four fast migrating anodic isoperoxidases Alo = A3

appeared.Al on days 12 and 15,

0 11
and A12 and AlS on day 15 of culture, The original cathodic

appeared on days 9 - 15, A
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isoperoxidases C2 and CS’ were completely repressed during
the culture period. C,, however, did appear on day 15,

Three slow migrating cathodic isoperoxidases C4
synthesized at different time intervals. C4 was synthesized

- C6’ were
between days 3 - 12, 05 on days 6 and 9, and Cg ©on days 6,12
and 15, A fast migrating one Css appeared between days 9 -
15 (Fig. 118a).

With the incorporation of t-cinnamic acid, caffeic
acid, ferulic acid and p-hydroxybenzoic acid into MS basal
“medium + TIAA (0.3 mg/l) + sucrose (3%) - on which differen-
tiation of shoots occurred - the caulogenic response was
prevented in its entirity, Even the synthesis of anodic
isoperoxidases PSl, PS, and PS,y which ordinarily preceded

shoot differentiation was suppressed,
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Expt. 37, Studies with floral bud callus cultured on shoot

inducing medium containing 4 X and 2 X Mnt% ion

concentrations

Healthy callus masses of floral bud callus weighing
300430 mg by fresh weight were cultured on 20 ml of shoot
inducing medium (MS basal + 0.3 mg/l IAA + 3% sucrose). In
MS, basal medium % X and 2 X Mn'¥ ion concentration of the
standard level was used, Ordinarily MS basal medium contained
22.3 mg/1 MnSO,. Consequently to attesin ¥ X and 2 X Mn't ion
level in the medium, respectively 11.15 mg/l and 44,6 mg/1l

MnSO, were added in the basal medium.

The culture vessels were incubated at 2612v in continuous
light for a period of 15 days. Every three days 5 replicates
were harvested and analysed for growth, enzymes, peroxidase
isoenzyme patterns and phenolic accumulation, The results

are presented in Figs. 119, 120 and Tables 37, 58,
{(a) Growth

Growth of floral bud callus cultured on shoot inducing
medium containing % X and 2 X Mnt* ion levels are illustrated

in Figs. 119, 120 and Tables 57, 58.

With the use of 4 X Mn™¥ ion level in the medium fresh

weight increased 1,67 fold and dry weight 3,36 fold during
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the 15 day culture period (Fig. 119, Table 57). On
incorporation of 2 X Mn™Y ion level into the medium, fresh
weight increassed 1.46 fold and dry weight 3.23 fold during
t%e 15 day culture period (Fig. 120, Table 58).

On shoot inducing medium containing standard wntt ion
level the.fresh weight increased 1.64 fold and dry weight
3.63 fold. Hence, on incorporation of 4+ X and 2 X Mot level
in the same medium growth on dry weight basis was definitely
inhibited. On fresh weight basis growth on 4 X Mn*" ion
containing medium Qas comparable'to that in the standard
medium, but on doubling mntt ion strength in the medium
fresh weight was also less than on standard medium. Further-
more, alteration of Mn™* ion level from the standard

resulted in complete inhibition of shoot differentiation.
(b)) Peroxidase :

Progressive changes of total and specific peroxidase
activity in floral bud callus cultured on 4 X and 2 X mnt
ion containing shoot inducing medium are presented in Figs.

119, 120 and Tables 57, 58.

Total peroxidase activity exhibited double peaked
pattern of development on % X Mn™ ion containing medium.
The activity decreased till day 3, but then increased to

reach first peak value on day 6, The second peak value was
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reached on day 15. Specific peroxidase activity continued
to grow from day O and reached peak value on day 15 (Fig.
119, Table 57),

On 2 X Mn%+ ion containing medium also, the total
peroxidase activity declined till day 3. Thereof it increased
to reach its first peak value on day 6. The second peak
value was attained on day 15. Specific activity was on
increase from day O till the end of culture period on day

15 (Fig. 120, Table 58).

In contrast with standard shoot inducing medium, the
total peroxidase activity per unit protein was on increase
right through the culture period when 4 X and 2 X Mntt ion
levels were used. On the control medium though the activity
was on increase between days 12 - 15 (i,e. days immediately
preceding shoot differentiation), it was 6 - 10 times less

than on media containing 4+ X and 2 X Mn'Y ion levels. °

(c} IAA Oxidase :

Progressive changes of IAA Oxidase activity in floral
bud callus cultured on shoot inducing medium containing % X
and 2 X Mntt ion levels are illustrated in Figs. 119, 120

and Tables 57, 58,

On 4 X MnT* ion containing medium IAA Oxidase activity
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increased between days O and 6, It struck a pleatu and
remained stable between days 6 and 9, thereof it continued
to increase rather rapidly till day 15, Specific IAA
Oxidase activity was on increase right from the beginning
on day O till the end of culture period on day 15, The
activity developed linearly between days O and 9, followed
by a sharp rise between days 9 and 12. The activity
exhibited only marginal increase between days 12 and 15

(Fig. 119, Table 57).

on 2 X Mn*" ion containing medium total IAA Oxidase
activity exhibited double peaked pattern of development, The
first peak value was reached on day 6. Between days 6 and 9
the activity declined sharply. It, however, increased again
between days 9 and 15 to reach the second peak value on day
15. Specific IAA Oxidase activity increaséd rapidly. between
days O and 3 to reach its first peak value. The activity
decayed linearly between days 3 and 9. Thereof till day 12
the activity increased again reaching its seconq peak value,
Between days 12 and 15 the activity declined rather rapidly
(Fig. 120, Table 58),

In contrast with IAA Oxidase activity per unit protein
in floral bud callus on the control shoot inducing medium,
the activity remained very high when % X and 2 X Mntt ion

1evels were used. The activity was 3 - 7 times more on use



W
I\
A

of ¥ X and 2 X Mn*™ ion than on use of standard Mn*" ion
levels, Furthermore, the patterns of development of IAA

Oxidase activity were entirely in contrasts with that on

the standard medium,

{d) MDH :

A

Progressive changes of MDH activity in floral bud
«allus cultured on shoot inducing medium containing 4 X and
2 X mn*" ion levels, are illustrated in Figs, 119, 120 and

Tables 57, 58,

on 4 x Mn™" ion containing medium total MDH activity
increased between days O and 6 to reach its first peak value
onn day 6, Between days 6 and 9 the activity declined a little,
but thereon till day 15 it was on increase. Specific MDH
activity, however, exhibited linear increase from day O till

day 15 (Fig. 119, Table 57).

On 2 X mn¥* ion containing medium total MDH activit?
declined between days O and 3. Thereafter it increased
continuously to reach its peak value on day 15, Specific
MDH activity, on the other hand; was on increase between
days O and 15, reaching peak value on day 15 (Fig, 120,
Table 58). |

On the standard shoot inducing medium as well as on the
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media containing 4 X and 2 X Mn++ ion levels, MDH activity
per unit protein was on increase between days ¢ and 15
(i.e. the days immediately preceding shoot differentiation
on standard shoot inducing medium). The activity increased
during that period from 0.99 - 1.66 units/mg protein on
standard shoot inducing medium, from 8.02 - 12.72 units/mg
protein on % X Mnt* ion containing medium and from 4,76 -
6,73 units/mg protein on 2 X Mnt* ion containing medium, It
became apparent that with alteration of Mnt* ion level in

the shoot inducing medium, the MDH activity was enhanced

considerably.

(e) PAL :

Progressive changes of total end specific PAL activity
in floral bud callus tissues cultured on shoot inducing

medium containing % X and 2 X Mnt ¥ ion'levels, are illustrated

in Figs. 119, 120 and Tables 57, 58.

On shoot inducing medium containing % X Mt ion level,
total PAL activity was on increase during the first 6 days
of culture. Between days 6 and 9, the activity remained
stable. Thereof it increased sharply to reach peak value on
day 15. The specific PAL activity, on the other hand, was
continuously on increase from day O till day 15 (Fig. 119,

Table 57).



Total PAL activity on medium containing 2 X Mn*™ ion

concentration declined till day 3. Thereafter it increased
continucusly till day 15. Specific PAL activity increased
between days O and 9 reaching peak value on day 9. Between

days 9 and 15 the activity was on decline (Fig. 120,Table 58).

In contrast with total PAL activity per unit protein
in floral bud callus cultured on standard shoot inducing
medium, the PAL activity in callus tissues cultured on % X and
2 X Mt ion containing medium remained higher on all days

of culture, irrespective of the pattern of development followed.

(f) Phenolics :

The changes of phenolic accumulation in floral bud
callus culiured on shoot inducing medium containing % X and
2 X% Mn+% ion levels are illustrated in Figs. 119, 120 and
Tables 57, 58.

In floral bud callus cultured on shoot inducing medium
containing % X vnt* ion level, the phenolic accumulation was
on increase from day O till day 15. It increased from 0.22
mg/culture on day O to 1.17 mg/culture by day 15. On
percentage basis also the peak phenolic accumulation was
reached on day 15. The phenolic content increased from

1.87 mg% on day O to 2.92 mg¥% on day 15 (Fig. 119, Table 57).



on 2 X Mn™" ion containing medium also as in the
previous case the phenolics accumulated right through the
culture period of 15 days. Phenclic content increased from
0.22 mg/culture to 1.05 mg/culture, On percentage basis
peak phenolic accumulation of 3.0l mg% was reached on day 12.
Between days 12 and 15 the phenolic content was on decline

{Fig. 120, Table 58).

On standard shoot inducing medium the phenolic content
declined from 2.8 mg% to 2.3 mg% between days 12 - 15 (i.e.
the days immediately preceding shoot differentiation), During
the corresponding period phenolic content increased from
2.74 mg% to 2.92 mg% on % X MnT¥ ion containing medium,
and declined from 3.0l mg% to 2.72 mg% on 2 X Mn'" ion

containing medium,

(g) Peroxidase Isoenzymes

Progressive changes of anodic and cathodic banding
patterns of peroxidase isoenzymes in floral bud callus
cultured on shoot inducing medium containing % X and 2 X

Mn++ ion levels are illustrated in Figs. 119a and 120a,

. . . R ++
On shoot inducing medium containing % X Mn * jon level
the initial anodic isoperoxidase Al remained repressed for

the entire length of culture period, Initial snodic
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isoperoxidase A2 was synthesized on days 3 and 6, and AB
was synthesized on all days of culture. During the 15 day
culture period 5 slow migrating anodic isoperoxidases A, -
Ag, were synthesized, A4 was synthesized between days 3 - 15,
Ag between days 6 - 15, A6 and A; between days 9 - 15 and
A8 on days 12 and 15, On cathodic scale the original
isoperoxidase Cq remained repressed for the entire length
of culture period. Other two original ones Cl and C, were
synthesized on all days of culture, C4 a slow migrating
cathodic isoperoxidase was synthesized between days 3 - 9,
Another slow migrating one C5 was synthesized between days

9 - 15, A fast migrating cathodic isoperoxidase Cg Was

synthesized on days 9, 12 and.15 (Fig. 119a).

on 2 x Mnt¥ ion containing shoot inducing medium the
original anodic isoperoxidése Ay remained suppressed for the
whele culture period. On the other hand, other original one,
A2 was synthesized on days 9, 12 and 15, The third origineal
anodic isoperoxidase A3 was synthesized on all days of
culture. Three slow migrating anodic isoperoxidases Ay = Ags
were synthesized during the culture period. A4 was synthesized
on all days of culture except day 6, Ag between days 3 -~ 15,
and Bg between days 6 - 15. On the cathodic scale initial

isoperoxidases Cl and C, were synthesized on all days of

culture., The third original one Cq remained repressed for
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the entire culture period. Two slow migrating cathodic
isoperoxidases C, on days 3 -and 6, and Cy on days 3, 6
and 9 were also synthesized. C @ fast migrating one was

synthesized on all days of culture (Fig. 120a).

On use of ¥ X and 2 X Mot ion level in the shoot
inducing medium, shoot differentiation was completely
inhibited, alsc anodic isoperoxidases PS,, PS, and PSy
were inhibited. In earlier experiment these isoperoxidases
were seen to precede shoot differentiation and were also

detected in peroxidase preparation of regenerated shoots.
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Expt. 38. Studies with haploid tobacco callus tissues cultured

on shoot inducing medium

Healthy callus masses of haploid tobacco weighing
300430 mg by fresh weight were cultured on 20 ml of the
shoot differentiating medium,., The medium used was

MS (basal) + 0.3 mg/l IAA +'3% sucrose,

The culture vessels were incubated at 2642° in
continuous light for a maximum period of 9 days. Every 3 days,
5 replicates were harvested and analysed for growth, enzymes,

isoperoxidase patterns and phenolic accumulation,
(a) Growth :

Growth of haploid tobacco callus cultured on shoot
.inducing medium’ and measured as increase in fresh and dry

weights are illustrated in Fig. 121 and Table 59,

Growth of haploid tobacco callus tissue increased
rapidly on fresh weight basis between days O and 3. There-
after till day 6 the growth slowed dewn, However, between
days 6 and 9 fresh weight'increased again at a rapid rate,
During the 9 day culture period fresh weight increased
2.77 fold. Growth on dry weight basis exhibited two phases
of growth. Retween days O and 3, dry weight increased rather
slowly, thereafter till day 9 it increased rapidly along a

linear gradient, Dry weight increased 4.97 fold during the



9 day culture period (Fig. 121, Table 59),

On the above mentioned shoot inducing medium, shoots
were differentiated from haploid tobacce callus on day 9

of culture with about 75 per cent frequency.
(b} peroxidase :

Progressive chariges of peroxidase activity in haploid
callus cultured on shoot inducing medium are illustrated in

Fig. 121, Table 59,

The total peroxidase activity increased right from the
beginning and reached its peak value on day 9, The specific
activity of peroxidase on the same medium followed & sigmoid
pattern of development., Specific peroxidase activity increased
slightly between days O and 3, followed by a sharp increase
betwéen days 3 and 6, The last phase was chareacterized by
slow increase of activity between days 6 and 9 (Fig. 121,

Table 59).

The peroxidase activity per unit protein was on the
increase, though at a slow rate, during days (6-9) immediately

preceding shoot differentiation,
{c} IAA Oxidase :

The progressive changes of IAA Oxidase activity in

haploid callus cultured on shoot inducing medium are
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illustrated in Fig, 121 and Table 59,

The total IAA Oxidase activity in haploid callus
increased right from day Q. The increase was rapid and
linear upto day 6. Thereof, the rate of increase of activity
slowed down considerably, before reaching the peak value on
day 9. Specific IAA Oxidase activity on the same medium
reached its peak activity on day 6 after sharp and linear
increase in activity between days O and 6. Thereafter the
specific activity declined sharply till day 9 (Fig. 121,

/

Table 59).

The IAA Oxidase activity per unit protein was on rapid
decline between days 6 and 9 i.e. the days preceding shoot

differentiation.

(d) MDH :

The progressive changes of the total and specific MDH
activity in haploid tobacco tissues cultured on shoot
dif ferentiating medium, are illustrated in Fig., 121 and

Table 59,

The total and specific MDH activity increased from the
very outset. The MDH activity on both the accounts increased
between days O and 9 to reach peak values (Fig. 121,

Table 59). |

The MDH activity per unit protein enhanced during the
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days immediately preceding shoot differentiation i.e.

between days © and 9,
(e) PAL :

The progressive changes of total and specific PAL
activity in haploid callus cultured on shoot differentiating

medium, are illustrated in Fig. 121 and Table 59,

Both total and specific PAL activities in haploid
callus declined during the initial 3 days of culture, There-
after the activity increased to reach the peak value on day 6.
'Between days 6 and 9 the activity was again on decline (Fig.

121, Table 59),

The PAL activity per unit protein was on decline during
the days preceding shoot differentiation i,e. between cays

& and 9.

(f) Phenolics

Progressive changes of accumulation of phenolics in
haploid tobacco callus cultured on shoot inducing medium,

are presented in Fig., 121 and Table 59.

The phenolic content of haploid callus cultured declined
slightly from 0.13 mg/culture on day O to O.1l mg/culture on
day 3. Thereafter the peak value of 1.35 mg/culture was
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attained on day 6, By day 9 the phenolic content had

declined to 0,57 mg/culture. On percentage basis also, the
phenolic content declined from 1,12 mg% on day O to 0,52 mg%
on day‘S.‘The peak value of 3.45 mg¥% was reached on day 6, ‘

Thereafter the phenolic content declined to 0.96 mg% on day 9
(Fig. 121, Table 59).

The phenolic content in haploid tobacco callus declined
sharply from 3.45 mg% to 0.96 mg% between days 6 and 9, i.e.

the days preceding shoot differentiation.

(g) Peroxidase Isoenzymes

The progressive changes of anodic and cathodic isoperoxi-
dase banding patterns during shoot differentiation from

haploid tobacco callus tissues are illustrated in Fig. 121la.

To begin with the haploid callus demonstrated three

anodic isoperoxidases A A2 and A,. Of these A, and Ay were

1
synthesized right through the culture period, Ar appeared
only on day 3, end was suppressed for the rest of the culture
period, A slow migrating anodic isoperoxidase A, Was
synthesized on day 3. PSl, a8 Tast migrating anodic isoperoxi-
dase was synthesized on days 3, 6 and 9, Another fast

migrating one PS, was synthesized on days 6 and 9 of culture.

2
On the penultimate day of culture i,e. day 9, & third fast

migrating anodic isoperoxidase PS, was synthesized, All the
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three fast migrating anodic isoperoxidases.PSl, PS, and PS,y
were also detected in peroxidase preparations of the

regenerated shoots (Fig, l21a).

Of the three original cathodic isoperoxidases C, and C

1 2
persisted right thrcugh the culture period, The third one Cy
was suppressed for the entire culture period., Two slow

migrating cathodic isoperoxidases Cy and Cg were synthesized
right through the culture period of 9 days. Another cathodic .

isoperoxidase Cg appeared only on day 3 (Fig. 12la),

The first signal for shoot differentiation @ppeared on

day 3 in the shape of anodic isoperoxidase PS Other two

1°
anodic isoperoxidases P82 and PSS were synthesized on days

6 and 9 respectively. All the three isoenzymes were detected
in regenerated shoots. No correlation could be detected
between cathodic isoperoxidase patterns and shoot

differentiation,



Expt. 39, gtudies with haploid tobacco callus tissues

cultured on shoot inducing medium containing

low and hicgh levels of sucrose

Healthy callus masses of haploid tobacco weighing
300130 mg by fresh weight were cultured on 20 ml of shoot
inducing medium (MS basal + 0.3 mg/l1 IAA) supplemented with
low (1%) and high (6%) levels of sucrose.

The culture vessels were incubated at 2632° in
continuous light, Every 3 days, 5 replicates were harvested
till day 15 and analysed for growth, enzymes, peroxidase

isocenzyme patterns and phenolic accumulation,
(a) Growth :

Growth of hapléid callus tissue cultured on the shoot
inducing medium supplemented with low (1%) and high(6%)
sucrose levels, are illustrated in Figs. 122, 123 and

Tables 60, 61.

The growth of haploid callus tissue grown on 1% sucrose
conteining shoot inducing medium (MS + 0.3 mg/l IAA) did not
exhibit any lag phase. The fresh and dry weight increased
between days O and 15, The fresh weight increased 2,96 fold
and dry weight 5.69 fold (Fig. 122, Table 60). On the same

medium supplemented with 6% sucrose, growth was more prolific.
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Fresh weight increased 5,19 fold and dry weight by 16,11
fold (Fig. 123, Table 61).

The use of low (1%) level of sucrose in shoot inducing
medium resulted in suppression of shoot differentistion from
haploid callus tissues. On the other hand, incorporation of
high (6%) level of sucrose in the shoot inducing medium
created a situation conducive to root differentiation rather

than shoot differentiation. -

(b) Peroxidase :

The progressive changes of peroxidase activity in haploid
callus tissue cultured on shoot inducing medium supplemented
with low (1%) and high (6%) sucrose levels, are presented in

Figs. 122, 123 and Tables 60, 61,

With incorporation of low (1%) sucrose level in the
shoot inducing medium, the total peroxidase activity increased
linearly till day 6 to reach its peak value. Thereof, it
declined continuously till day 15, Gn the other hand, the
specific peroxidase activity reached its peak value on day 3
as @ consequence of sharp increase in the activity., The
specific activity of peroxidase declined sharply between days
3 and 6, and continued to decline till day 15 (Fig. 122,
Table 60).
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On 6% sucrose containing medium the total peroxidase
activity declined slightly between days O and 3, Thereafter
the activity was on increase till day 12, when the peak
value was reached., BRetween days 12 and 15 the total peroxidase
activity dropped sharply, On the other hand, the specific
activity exhibited double peaked pattern of development.
Between days O and 3 the activity increased sharply to its
first peak value, However, by day 6 the specific activity of
peroxidase decreased very rapidly. Between days 6 and 9 it
increased again reaching the second peak on day 9. Between
days 9 and 15 the activity was on linear decline (Fig., 123,
Table 61).

The peroxidase activity per unit protein was on increase
in haploid callus cultured on standard shoot inducing medium,
during days 6~-9 i,e. the days immediately preceding shoot
differentiagtion., In contrast on 1% sucrose containing medium
during the corresponding period the peroxidase activity sper
unit protein was on decline, The decline of activity.
continued beyond day 9., During the corresponding period i.e.
between days © and 9, the peroxidase activity per unit
protein was on increase in haploid callus cultured on 6%
sucrose containing medium., However, the enzyme activity was
considerably higher during this period as compared with
activity on the standard shoot inducing medium, On 6% sucrose

containing medium the activity decayed rapidly between days 9



and 15, On this high sucrose conteining medium root

differentiation occurred on day 12 of culture.

{c) IAA Oxidase :

The progressive changes of total and specific IAA
Oxidase activity in haploid callus tissue cultured on shoot
inducing medium supplemented with low (1%) and high (6%
levels of sucrose, are illustrated in Figs. 122, 123 anrd

Tables 60, 61.

The total IAA Oxidase activity in haploid callus
cultured on 1% sucrcse containing medium increased slowly and
linearly till day 6. Between days 6 and 9 the activity,
however, declined slightly. This decay in the activity was
followed by a sharp and linear increase in the enzyme activity
till day 15. The specific activity, on the other hand,
increased sharply between days O and 3, registering its
peak value, Between Jdays 3 and 9 the enzyme activity decayed
rapidly. However, ‘it increased thereof linearly till day 15
(Fig. 122, Table 60). Though on standard shoot inducing
mediuvm also, the enzyme activity per unit protein decayed
between days 6 and 9. It nevertheless, was at least 5 times
higher on standard shoot inducing medium than on 1% sucrose
mediuvm during the corresponding period. Days 6-9 were

characterized by shoot differentiation from haploid callus
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on standard shoot inducing medium,

The total and specific activities of IAA Oxidase in
haploid callus cultured on 6% sucrose containing medium,
essentiélly followed similar developmental pattern as on 1%
sucrose medium. The total IAA Oxidase activity increased
slowly till day 6, reaching a minor peak vélue. Thereof
till day 9 the activity declined slightly., Thereafter, it
picked up again and as a consequence of sharp increase in
the activity, registering another peak value on day 15, The
specific IAA Oxidase activity, on the other hand, increased
sharply between days O and 3, reaching its peak value.
Thereafter till day 9 the activity was on decline along a
steep gradient. Between days 9 and 15 the activity increased
again {(Fig. 123, Table 61). As on 1% sucrose medium, here
also the enzyme activity per unit protein was on decline
between days 6 and 9, But the activity was atleast 4 times
less on 6% sucrose medium than on standard shoot inducing
medium, during the corresponding period. On 6% sucrose medium
the enzyme activity was, however, on increase between days 9
and 15, In other words, on this particular medium the enzyme
activity started to incresase just before root differentiation

and continued to increase even after,

(d) MDH :

The progressive changes of total and specific MDH
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activity in haploid callus tissue cultured on shoot
inducing medium containing low (1%) and high (6%) levels

of sucrose, are presented in Figs. 122, 123 and Tables 60,61.

The total MDH activity on 1% sucrose containing medium
demonstrated double peaked pattern of development, The first
peak value was reached on day 6 and the second on day 15. The
specific MDH activity also registered two peak values during
the course of 15 days culture. The fi;st peak was éttained
on day 3 and the second on day 15 (Fig. 122, Table 60). In
contrast with MDH activity per unit protein on standard shoot
inducing medium, where the activity increased during days
immediately preceding shoot differentiation (days 6-9), on 1%
sucrose medium the activity during the corresponding period
was on decline, Furthermore, during the same period the MDH
activity was considerably higher on 1% sucrose medium than

on standard shoot inducing medium,

As in the previous instance, the total MDH activity on
6% sucrose medium also attained two peak values during the
culture period, one each on days 6 and 12. The specific MDH
activity increased between days O and 3, to reach its peak
value, Thereafter till day 15 the activity was on decline
(Fig. 123, Table 61). On 6% sucrose medium the MDH activity
per unit protein declined very sharply betwéen days 6 and 9,

whereas, during the corresponding period it increased on
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standard shoot inducing medium. The activity on 6% sucrose
medium continued to decline till day 15 and also roots were

differentisted on day 12 of culture,

{(e) P :

The progressive changes of PAL activity in haplold
callus tissue cultured on shoot inducing medium containing
low (1%) and high (6%) sucrose levels, are presented in Figs.

122, 123 and Tables 60, 61,

The total PAL activity in haploid tobacco callus
cultured on 1% sucrose containing medium attained two peak
values during the culture period, one each on days 6 and 15.
The specific PAL activity also demonstrated two peaked
pattern of development, but the peak values were reached on
days 3 and 15 (Fig. 122, Table 60). Though PAL activity per
unit protein was on decline between days 6 and 9 as also on
standard shoot inducing medium, the activity was, nevertheless,

considerably higher on 1% sucrose medium,

On 6% sucrose medium, the total PAL activity attained
two peak values during the culture period, one each on days
6 and 15. The specific PAL activity shot up during the
initial 3 days of culture. Thereafter till day 9 it was on
decline along a sharp gradient. Between days 9 and 15 the

activity increased again to reach the second peak value



(Fig, 123, Table 61). As in the previous case, though PAL
activity per unit protein was oncdecline between days 6 and
9 on standard shoot inducing medium as well‘as on 6% sucrose
containing medium, the activity was about & times higher on
the latter medium, However, the enzyme activity increased
between days 9 and 15 on 6% sucrose medium and alsc roots

were differentiated on day 12 of culture.

{f) Phenolics :

The progressive changes of phenolic accumulation in
haploid callus cultured on shoot inducing medium supplemented
with low (1%) and high (6%) levels of sucrose, are illustrated
in Figs, 122, 123 and Tables 60, 61,

On culture basis the phenolic content in haploid callus
cultured oﬁ 1% sucrose containing medium increased from
0.13 mg/culture on day O to 0.77 mg/culture on day 3. Thereof,
the phenolic content remained stable till day 6, and then
declined to 0.58 mg/culture by day 9. Between days 9 and 15
it, however, increased again to reach 1.44 mg/culture on
day 15, On percentage basis the ph?nolic content increased
from 1,12 mg% on day O to 2.32 mgy% on day 3, Between days 3
and 9 the phenolic content declined to 1.02 mg%. Thereof it
increased to 2.1l mg% by day 15 (Fig. 122, Table 60). The

phenolic content on percentage basis declined between days 6
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and 9 on standard shoot inducing medium as well as on the
same medium but containing only 1% sucrose. On the former
the phenolic content during this three day period declined
from 3.45 mg% to 0,96 mg%, whereas on the latter it declined
from 1,97 mg% to 1,02 mg%. Hence, during this period of 3
days (i.e. days 6 to 9) which was characterized by the
differentiation of shoots from haploid tobacco callus on
shoot inducing medium, the phenolic content declined with
much more rapidly on standard shoot inducing medium than

on 1% sucrose medium,

On 6% sucrose medium the phenolic content increased from
0.13 mg/culture on day O to 1.15 mg/culture on day 3. Between
days 3 and 9 it declined to 0.79 mg/culture. The phenolics
accumul ated rapidly between day 9 and 15, reaching the-
value of 3.3% mg/culture on day 15, On percentage basis,
peak phenolic accumulation was reached on day 3. Between
days O and 3 it increased from 1,12 mg¥% to 3.46 mg%. Thereof,
the phenolic content decreased to 1.09 mg% by day 9, Between
days 9 and 15 it, however, increased again, reaching the
value of 1.84 m¢¥% on day 15 (Fig. 123, Table 61). As in the
previous case, here too on 6% sucrose medium the phenolic
content on percentage basis declined from 2,48 mg% on day 6
to 1.09 mg¥% on day 9, On standard shoot inducing medium

also the phenolic content declined from 3,45 mg% to 0.96 mg%



during the corresponding period and was followed by

shoot differentiation from haploid tobacco callus tissue.
On 6% sucrose medium the phenolic content increased betweén
days 9 and 15 from 1.09 mg% to 1.84 mg% and was accompanied

by differentiation of roots.

{g) Peroxidase Isoenzymes

The progressive changes of anodic and cathodic isoperoxi-
dase banding patterns in haploid callus tissue cultured on
shoot inducing medium supplemented with low (1%) and high

(6%) sucrose levels, are illustrated in Figs, 122a and 123a.

On 1% sucrose containing medium, of the three initial
anodic isoperoxidases, only Al was synthesized on days 3, 9,
12 and 15. The other two original ones AZ and Aq remained
suppressed throughout the culture period. During the 15 day

culture period 5 slow migrating anodic isoperoxidases Ay - Ag

were synthesized, A, was synthesized on day 3, A5 on days 9,
12 and 15, Ag and A, on day 6, and Ag

the three initial cathodic isoperoxidases, Co remained

on days 12 and 15. Of

suppressed right through the culture period. C,, however,

10
appeared on days 3, 6 and 15, and Cq on day 15, One fast

migrating cathodic isoperoxidase C4 was synthesized on days
3, 6 and 12. Two slow migrating cathodic isoperoxidases C5
and Cg were also synthesized. C5 was synthesized on day 6

and Cg on days 9, 12 and 15 (Fig. 122a), Of significance
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was the absence of anodic isoperoxidases PSl, PS, and PS,,
which preceded differentiation of shoots on standard shoot

inducing medium,

On 6% sucrose containing medium, of the three initial
anodic isoperoxidases, A2 and Ay remained suppressed during
the entire duration of culture period. Al was, however,
synthesized on days 6 and 15. Three slow migrating anodic
isoperoxidases A4 - fg were synthesized during the culture
period. AA was synthesized on day 3, A5 on days 6, 9, 12
and 15, and Ag on days 9, 12 and 15, Prior to the differen-
tiation of roots on day 12, the root isoperoxidase 'PR!' was
synthesized on day 9 and continued to appear on days 12 and
15, The anodic isoperoxidase 'PR' was also detected in
peroxidase preparation of regenerated roots. The initial
cathodic isoperoxidases C, and C3 were not synthesized at
any time during the culture period, The third one C

1
however, synthesized on days 3 and 15, A fast migrating

was,

isoperoxidase C4 was synthesized on days 3, 6 and 15, Three
slow migrating ones 65 - C; were also synthesized. C5 was
synthesized on day 6, and C6 and C7 on days 9, 12 aqd 15
(Fig. 123a). No correspondence was found between root

differentiation and cathodic isoperoxidase pattern,

It is noteworthy that with the use of low (1%) sucrose

level in the shoot inducing medium, in place of standard



3% sucrose used in the standard shoot inducing medium,
the differentiation of shoots was completely arrested
as was the synthesis of shoot isoperoxidases PS,, 952
and PS;. On the other hand, when the sucrose level was
increased to 6% in the shoot inducing medium, it no
longer favoured shoot differentiation. However, the
conditions became favourable for the differentiation
ﬁf roots, which was preceded by the synthesis of root

isoperoxidase "PR", On this medium the synthesis of

shoot peroxidases PSl, PS, and PS3 was also Trepressed,
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Expt. 40, Studies with haploid callus cultured on shoot

inducing medium supplemented with various

phenolic acids

Healthy callus masses of haploid tobacco weighing
300430 mg by fresh weight were cultured on 20 ml of the
shoot inducing medium (MS basal + 0.3 mg/l IAA + 3% sucrose)
and supplemented with various phenclic acids individually.

The phenolic acids and their concentrations tested were ;

(a) t-cinnamic acid 100 pM
{b) t-cinnamic acid 500 pM
(c) caffeic acid ' 100 pi
(d) caffeic acid 500 pM
(e) ferulic acid 100 uM
{f) ferulic acid 500 pM

(g) p-hydroxybenzoic acid 1.C pM
(h) p-hydroxybenzoic acid 10.0 pM

The culture vessels were incubated at 20642° in
continuous light for & period of 9 days. Every 3 days, 5
replicates were harvested and analysed for growth, enzymes,

isoperoxidase banding patterns and phenolic content,
(a) Growth :

Growth of the haploid callus cultured on shoot inducing



medium supplemented with various phenolic acids and
expressed as increase in fresh and dry weight are expressed

in Figs. 124-131 and Tables 62-69,

Of the phenolic acids tested, caffeic acid (100 uM),
fervulic acid {100, 500 uM) and p-hydroxybenzoic acid {1.0 ui
were stimulatory to gfowth. Maximum growth increase of 4,21
and 8,74 fold on fresh and dry weight respectively was

recorded on 1.0 piM p-hydroxybenzoic acid containing medium,

Incorporation into the medium, of t-cinnamic acid at
100 (a) and 500 pM (b), resulted in suppression of growth
as compared with that on standard shoot inducing medium, The
growth inhibition was much more pronounced with the use of
100 pM t-cinnamic acid in the medium. Respective fresh and
dry weight increases on this medium during the 9 day culture
period were 2,13 and 3.66 fold (Fig., 124, Table 62). The
fold-wise fresh and dry weight increase on 500 pM t-cinnamic

acid medium was 2,31 and 4.30 respectively (Fig. 125,Table 63).

Incorporation of 100 pM t-cinnamic acid into the shcoot
inducing medium brought about complete inhibition of shoot
differentiation from haploid callus., However, the increase of
t-cinnamic acid level to 500 pM in the same medium created
a situaticn which was favourable for the differentiation of

roots rather than shoots., On this particular medium root
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differentiation occurred on day 6 of culture with about

50 per cent frequency,

Addition of 100 M caffeic acid into the shoot
inducing medium (c) stimulated growth as compared with
standard shoot inducing medium, The respective fresh and
dry weight increase was 3,01 and 5,65 fold (Fig. 126, Table
64). Increase of caffeic acid to 500 pM in the same medium
(d) resulted in inhibition of growth in comparison with the
standard shoot inducing medium. The fresh weight increased

2,06 fold and dry weight by 3,75 fold (Fig. 127, Table 65).

Addition of 100 uM caffeic acid into the shoot
inducing medium proved conducive to root differentiation
rather than shoot differentiation, The roots were differentiated
on day 9 of culture with about 50 per cent frequency. Higher
concentration of caffeic acid {SOO/UM) in the medium blocked

organogenetic expression from haploid callus.

Incorporation of ferulic acid at both the le&els tested
stimul ated growth, On 100 pM ferulic acid medium (e) the
respective fresh and dry weight increase was 3.26 and 7.17
fold (Fig. 128, Table 66).0n 500 uM ferulic acid medium (f)
the fresh weight increased 3.32 fold and dry weight increased

7.75 fold (Fig. 129, Table 67),

Incorporation of ferulic acid (100, SOOIFM) into the
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shoot inﬁucing medium inhibited shoot differentiation

in its entirity.

Incorporation of 1,0 uM p-hydroxybenzéic acid (g) into
the shoot inducing medium stimulated growth of haploid
tobacco callus. Respective fresh and dry weight increase
was 4.21 and 8,74 fold (Fig. 130, Table 68). Increase of
p-hydroxybenzoic acid to 10.0 uM (h) in the same medium
brought about marginsl inhibition of growth in comparison
with standard shoot inducing medium, The fresh weight
increased 2,39 fold and dry weigﬁt by 4.95 fold (Fig. 131,
Table 69).

Addition of p-hydroxybenzoic acid at both the levels
into the shoot inducing medium, inhibited shoot differentia-

tion from haploid tobacco callus.

{b) peroxidase :

Progressive changes of total and specific percxidase
activity in haploid callus cultured on shoot inducing medium
supplemented with various phenolic acids, are illustrated in

Figs. 124-131 and Tables 62-69,

The total peroxidase activity in haploid callus cultured
" on 100 pM t-cinnamic acid medium (a), increased marginally

between days O and 3. Thereafter till day 6 the activity



declined sharply, only to increase again and reach its
peak value on day 9, The specific peroxidase activity
declined considerably during the initial 3 dayg of culture,
Thereof, the activity increased rapidly and linearly till

day 9 (Fig. 124, Table 62).

On 500 pM t-cinnemic acid medium {b) the total
peroxidase activity exhibited a slight decline during the
initial 3 days of culture. The activity continued to decline
till day 6, but at @ faster rate. Thereafter it, however,
increased sharply to reach its peak value on day 9. The
specific peroxidase activity, on the other hand, was on
decline continuously right through the culture period of 9
days, The rate of decline of enzyme-activity was rapid
between days O and 6, Thereof the activity decayed at a
slower rate till day 9 (Fig. 125, Table 63),

The total peroxidase activity in haploid tobacco
callus cultured on 100 pM caffeic acid containing medium (c)
declined linearly and rapidly during the initial 6.days.
Thereafter till day 9 the activity was on increase, The
specific peroxidase activity was on decrease through out
the culture period, The decline during the initial 3 days
was sharp, Thereof it was, however, slow and linear £ill

day 9 (Fig., 126, Table 64).



On 500 pM caffeic acid containing medium (d), the
total and specific peroxidase activity exhibited identical
developmental pattern. The activity decreased very rapidly
during the initial 3 days of culture. By day 6 it.had, however,
climbed up again, but declined again therecf till day 9
(Fig. 127, Table 65),

With supplementation of 100 uM ferulic acid into the
medium {e), the total and specific peroxidase activity
exhibited identical developmental pattern. The activity
reached two peak values during the culture period, The first
peak was attained on day 3 and the second on day 9 (Fig. 128,

Table 667,

The total peroxidase activity was on increase from the
very outset in haploid tobacco callus cultured on 500 pi
ferulic acid containing medium (f). The peak value was
reached on day 9., The specific peroxidase activity declined
slightly during the initial 3 days of cuiture. Thereafter it
increased rapidly to reach its peak value on day 9 (Fig, 129,

Table 67).

The total and specific peroxidase activity demonstrated

identicel developmental pattern in haploid tobacco callus

cultured on l.C)PM p-hydroxybenzoic acid containing medium (g).
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On both the accounts the activity declined between days
O and 3, Thereafter it increased rapidly and linearly till

day 9 (Fig. 130, Table 68).

On 10.0 pM p-hydroxybenzoic acid medium {(h) the total
and specific activity of peroxidase declined sharply between
days O and 6. Thereafter the peroxidase activity on both

accounts increased sharply till day 9 (Fig. 131, Table 69).

wWith the exception of t-cinnamic acid (SbO‘pM) and
caffeic acid (100, 500 uM), the addition of all other
phenolic acids into the shoot inducing medium resulted in
increase between days 6 and 9 of peroxidase activity per
unit protein, On 300 pM t-cinnamic acid containing medium
the decline of activity per unit protein from 0.55 units to
0.38 units between days 3 and 6 was followed by root
differentiation on day 6. In a similar fashion on 100 uM
caffeic acid medium the enzyme activity declined from 0.45
units on day 3 to 0.36 unité on day 9, Roots were differen-
tiated on the latter day. Hence, on both the root differen-
tiating media, the peroxidase activity per unit protein was
nearly same, being 0.38 units on the former and 0,36 units

on the latter.

{c) IAA Oxidase .

The progressive changes of total and specific IAA
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Oxidase activity in haploid callus tissue cultured on shoot
inducing medium supplemented with various phenolic acids,

are presented in Fig. 124-131 and Tables 62-69,

On 100 pM t-cinnamic acid containing medium (a) the
total 1AA Oxidase activity was on increase right from the
beginning till day 9. The specific IAA Oxidase activity
increased during the initial 6 days, but declined thereafter

till day 9 (Fig. 124, Table 62),.

On 500 pM t-cinnamic acid containing medium (b} the
total and specific IAA Oxidase activity demonstrated double
peaked developmental pattern. The first peak value was
reached on day 3 and the second one on day 9 (Fig. 125,

Table 63).

The total and specific IAA Oxidase activity in haploid
tobacco callus cultured on 100 pM caffeic acid containing
medium (c) was on increase right through the culture period
of 9 days. The peak activity was attained on day 9 (Fig., 126,

Table 64},

With the increase of caffeic acid to SOO/mﬂin the
medium (d) the totale TAA“Oxidase activity did not demonstrate
any appreciable incréase during the initial 6 days. Thereafter
a very sharp increase in the activity ensued and the peak

activity reached on day 9. The specific IAA Oxidase activity
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declined slightly between days O and 3. By day 6 it had
increased marginally. Beyond day 6 and till day 9 the
activity increased very sharply (Fig. 127, Table 65).

The total and specific IAA Oxidase activity in haploid
tobacco callus cultured on 100 pM ferulic acid containing
mediuln (e) demonstrated identical double peaked developmental
pattern. The first peak value was reached on day 3 and the

second on day 9 (Fig. 128, Table 66).

On 500 pM ferulic acid containing medium (f) the total
and specific IAA Oxidase activity reached two pesk values
during the 9 day culture period. The first peak was reached

on day 3 and the second one on day 9 (Fig. 129, Table 67).

The total IAA Oxidase activity was on increase right
from the beginning till day 9, on l.O‘pM p-hydroxybenzoic
acid containing medium (g). The specific IAA Oxidase

activity also followed the same trend (Fig. 130, Table 68).

On 10.0 pM p-hydroxybenzoic acid containing medium (h)
though total IAA Oxidase activity was on increase during
the initial 6 day, the increase in activity was rather slow,
Thereafter, the activity shot up to reach its peak value
on day 9. The specific IAA Oxidase activity increased
marginally during the initial 3 days of culture. Thereof,
the activity increased very rapidly to its peak value by

day 9 (Fig. 131, Taeble 69).
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Addition of 100 uM t-cinnamic acid into the shoot
forming medium resulted in decline between days 6 and 9 of
IAA Oxidase activity per unit protein., All other phenolic
acids brought about increase of activity during the .
corresponding period. On SCK)PM t-cinnamic acid containing
medium the enzyme activity declined from 0,96 units on day 3
to 0.93 units on day 6 and was followed by root differentiation
on day 6, On 100 pM caffeic acid medium the activity increased
slightly from 0.93 units on day 6 to 1.04 units on dey 9, and
was followed by root differentiation on day 9. Hence, on the
two media whereon roots differentiasted, IAA Oxidase activity
per unit protein was 0.93 units and 1.04 units on the day

of root differentiation,
(d) MDH

The progressive changes of total and specific MDH
activity in haploid callus cultured on shoot inducing medium
supplemented with various phenolic acids, are presented in

Figs. 124-131 and Tables 62-69,

The total and specific MDH activity in haploid callus
cultured on 100 PM t-cinnamic acid containing medium (a), was
on increase throughout the 9 day culture period. The total
MDH activity increased rapidly between days O and 3. It was
followed by a three day period till day 5 when the increase

in activity was marginal. Thereof, MDH activity shot up to
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attain its peak value on day 9, The specific MDH activity
though on increase from day O till day 9, demonstrated most

rapid increase between days 3 and 6 (Fig. 124, Table 62).

On 500 pi t-cinnamic acid containing medium (b) the
increase in total MDH activitiy was rather modest during the
initial 3 days. Thereafter, MDH activity increased rapidly
and reached its peak value on day 9. The specific MDH activity
declined slightly during the initiel 3 days. Thereof, it
increased shaerply to reach the peak value on day 6. Between

days 6 and 9 the activity was on decline (Fig. 125, Table 63).

Oon lOC)PM caffeic acid containing medium (c¢) total MDH
activity increased rapidly between days O and 9, reaching peak
activity on day 9. The specific MDH activity, however, after
raspid increase of activity between days O and 6, declined

between days 6 and 9 (Fig. 126, Table 64),

The total MDH activity in haploid tobacco callus cultured
on 500 pi caffeic acid containing medium (d) increased slightly
during the initial 3 days. Thereafter, rapid increase of
activity ensued till day 9. The specific MDH activity decreased
slightly till day 3. Thereof, the activity increased sharply
to reach the peak value on day 9 (Fig. 127, Table 65).

on lOC)pNiferulic acid medium (e) the total MDH activity
increased slowly between days O and 6. It was followed by

sharp increase in the activity till day 9. The specific MDH



activity increased between days O and 3. By day 6 it had,
however, declined, Thereafter the specific MDH activity
increased sharply to its peak value on day 9 (Fig. 128,

Table 66),

The total and specific MDH activity declined during the
initial 3 days on 500 pM ferulic .acid containing medium (f).
Thereafter, the activity increased sharply to reach the peak

value on day 9 (Fig. 129, Table 67).

With the incorporation of 1.0 uM p-~hydroxybenzoic acid (9)
into the medium, the total and specific MDH activity in haploid
tobacco callus declined during the initial 3 days. Thereof,
the activity increased sharply to reach the peak value on day

9 (Fig. 130, Table 68).

On 10,0 pM p-hydroxybenzoic acid containing medium (h),
the total and specific MDH activity demonstrated double peaked
pattern of development, The first peak value was reached on

day 3 and the second on day 9 (Fig. 131, Table 69).

With the exception of 500 pM t-cinnamic acid and 100 pM
caffeic acid, the addition of all other phenolic acids into
the standard shoot inducing medium brought about increase of
MDH activity per unit protein between days 6 and 9. On 300 pM
t-cinnamic acid medium, whereon roots were differentiated on
day 6, the MDH activity per unit protein on that day was
5.63 units, On ﬂmeWicaffeic acid medium, whereon root
differentiation occurred on day 9, the MDH activity per unit

protein on that day was 5,50 units.
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(e) PAL :

The progressive changes of total and specific PAL
activity in haploid callus cultured on shoot inducing medium
supplemented with various phenolic acids, are illustrated in

Figs, 124-131 and Taebles 62-69,

Total and specific PAL acti&ity attained peak value on
day 6 in haploid callus cultured on 100 pM t-cinnamic acid (a)
medium, Thereof, the activity declined very sharply till day 9
(Fig. 124, Table 62),

On 500 pi t-cinnamic acid (b) medium the total PAL
activity increased throughout the 9 day culture period,
reaching pesk value on day 9, The specific PAL activity
attained peak value on day 6 and declined thereafter till day

9 (Fig. 125, Table 63),

On lOO/pM caffeic acid {(c¢) medium, total PAL activity -
demonstrated double peaked pattern of development. The first
peak value was reached on day 3 and the second on day 9. The
specific PAL activity increased sharply between days O and 3,
Though the activity continued to increase till day 9, however,

the rate of increase was slow {Fig. 126, Table 64},

The total PAL activity in hapleid tobacco callus cultured
on 50C>fw10affeic acid (d) medium demonstrated two periods of

rapid increase. The first phase was between days O and 3, and
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the second between days 6 and 9. Between days 6 and 9 the
activity increased marginally.The specific PAL activity
increased almost linearly and at a rapid rate between days

O end 9 (Fig. 127, Table 65),

On 100 pM ferulic acid (e) medium the total and specific
PAL activity increased sharply between days O and 6, to reach
the peak value on day 6. Thereafter, the activity declined
till day 9 (Fig. 128, Teble 66),

A double peaked developmental pattern was exhibited by
the total and specific PAL activity in haploid tobacco callus
cultured on 500 pM ferulic acid (f) medium. Subsequent to sharp
increase in the activity the first peak value was reached on

day 3 and the second on day 9 (Fig. 129, Table 67).

Oon 1.0 M p-hydroxybenzoic acid (g) medium, the total PAL
activity increased steadily and continuously during the entire
culture period of 9 days. The specific PAL activity increased
sharply between day O and 6, Thereafter the activity was on

decline till day 9 (Fig. 130, Table 68),

The total PAL acti&ity in haploid tobacco callus cultured
on 10,0 p p-hydroxybenzoic acid (h) medium exhibited double
peaked pattern of development. The first peak value was reached
on day 3 and the second on .day 9., The specific PAL activity

increased raepidly between days O and 3, reaching the peak value,
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Thereof, it was on continuous decline till day 9 (Fig. 131,

Table 69).

The PAL activity per unit protein of haploid tobacco
callus was on decline between days 6 and 9, when cultured on
the shoot inducing medium supplemented with t-cinnamic acid
{100, 5C0 pM), ferulic acid (lOOlpM) and p-hydroxybenzoic acid
(1.0, 10.0 pM), During the corresponding period the activity
increased on shoot inducing medium supplemented with caffeic
acid (100, BCK)PM) and ferulic acid (500 pM). On 500 pM
t-cinnamic acid contsining medium, whereupon roots were
differentiated on day 6, the PAL activity per unit protein
increased from 3,39 units on day 3 to 11.28 units on déy 6. On
100 oM catfeic acid medium, whereon roots differentiation
occurred on day 9, the enzyme activity per unit protein

increased from 9.40 units on day 6 to 12.22 units on day 9.

{(f) Phenolics :

Progressive changes of the phenolic content in haploid
callus cultured on shoot inducing medium supplemented with
various phenolic acids, are illustrated in Figs., 124-131 and

Tables 62.69,

Oon iOO‘pM t-cinnamic acid medium (a) the phenolic content
increased from 0.13 mg/culture on day O to 1.16 mg/culture on

day 6. By day 9 it, however, dropped to 0.71 mg/culture. On
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percentage basis the phenolic content increased from 1,12 mg%
on day O to 2.83 mg% on day 6. By day 9 it had declined to
1.63 mg% (Fig. 124, Table 62).

On culture basis the phenolics accumulated unabated
during the 9 day culture period in haploid callus cultured on
500 pM t-cinnamic acid (b) medium. It increased from 0.13 mg/
culture on day O to 1.82 mg/culture on day 9, On percentage
basis the phenolic content increased from 1,12 mg¥% on day O to
3.74 mg% on day 6, By day 9 it declined to 3.53 mg% (Fig. 125,
Table 63),

The phenolic accumulation reached its peak on day 9, when
haploid callus was cultured on lOOIpM caffeic acid containing
medium (c)., It increased from O.13 mg/culture on day O to
2.49 mg/culture on day 9. On percentage basis the phenolic
content increased from 1.12 mg% on day O to 3.68 mg% on day 9

(Fig. 126, Table 64),

In haploid callus cultured on 500 J caffeic acid (d)
containing medium, on culture basis phenolic accumul ation
reached its peak value on day 9, It increased from 0,13 mg/
culture on day O to 1:25 mg/culture on day 9., On percentage
basis the increase was from 1,12 mg% on day O to 2.78 mg¥%

on day 9 (Fig. 127, Table 65).

The phenolic content in haploid callus cultured on 100 /_\M

ferulic acid (e) containing medium, increased from 0,13 mg/
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period. Al’ however, appeared on day 9, Three slow migrating
anodic iscenzymes of peroxidase Ay - Ag were also synthesized,
A4 was synthesized oﬁ day 3, A5 on days 3, 6 and 9, and Ag '
on days 6 and 9. The differentiation of roots on this medium
on day 9 was preceded by the synthesis of anodic iscperoxidase
'PR! - from day 3 onwards, Cn the cathodic scale the initisal
isoperoxidases C2 and Cy were suppressed for the entire length

of culture period. C, was, however, synthesized on all days of

1

culture. A slow migrating cathodic isoperoxidase C,, was

49
synthesized on day 3 (Fig. l26a).

On 500 pM caffeic acid medium (d) all the three initial
anodic isoperoxidases A As and Ay remain suppressed during
the entire culture period, However, five slow migrating
anodic isoperoxidases Ay - Ag were synthesized during the
culture period. A4 and A6 were synthesized on days 3 and 6,

A. on days 3, 6 and 9, A7 and Ag on days 6 and 9, On the

5
cathodic scale two initial isoperoxidases C, and Cqy remain
suppressed for the complete culture period. The third

initial cathodic isopercxidase C, was synthesized on all days

of culture. A slow migrating cathodic isoperoxidase C4

appeared on day 3 (Fig. 127a).

with the use of 100 pM ferulic acid in the medium (e)
the original anodic isoperoxidase Ag remained suppressed

right through the culture period, Al was synthesized on all
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days and A2 on days 6 and 9. A slow migrating anodic

isoperoxidase A4 was synthesized on day 3. A5 and Ag s two
fast migrating anodic isoperoxidases were present on days
6 and 9. On the cathodic scale no new isoperoxidases were
synthesized. Cf the three initial cathodic isoperoxidases,
C

c2 and C3, only one i,e., C,, Was suppressed throughout

1’ 2°
the culture period (Fig. 128a).

The two original anodic iscperoxidases A, and Ay Were

. 2
suppressed in hgploid tobacco callus cultured on 500 pM
ferulic acid containing medium (f). The third initial anodic

i'soperoxidase A, was synthesized on days 6 and 9. Three slow

1
migreting anodic isoperoxidases Ay - hg were synthesized dgring
the culture period. A4 appeared on day 3, A5 on days 3 and 9,
and Ag on day 6. Two fast migrating ones A, and Aé were
synthesized on days 6 and 9. The differentiation of shoots

was inhibited on this 5CK)PN1férulic acid containing medium,
Even though there was no visual manifestation of root
differentiation, nevertheless, the synthesis of root
peroxidase 'PR' on days 6 and 9 ensued. On the cathodic scale
the original isoperoxidase C2 was not synthesized at any time
during the culture period. The other original cathodic
igoperoxidase Cy and C3 were synthesized during the culture

period. C, was synthesized on days 3, 6 and 9, and 63 on days

1
6 and 9. A fast migrating one C, was synthesized on days 6 and

9 (Fig. 129a).



*

Y
P

3814

Incorporation of l;C)PM p~-hydroxybenzoic acid into the
medivm {g) resulted in suppression of the original anodic
isoperoxidase Ag. Of the other original anodic isoperoxidases,
Al. appeared on day 3 and A
anodic isoperoxidas&sﬁ4 - Aq were synthesized, Ay appeared on

5 On day 6. Four slow migrating

day 3, Ay and A; on days 6 and 9, and Ag on day 6, Three fast
migrating anodic isopercoxidases Ag - Alo were synthesized on
day 9. On the cathodic scale the original iscperoxidase 62
remained suppressed, Cl appeared on days 6 and 2, and C, on
day 3, On day 3 a slow migrating cathodic isoperoxidase C4
was synthesized, C5 a slow migrating and Cg a fast migrating

cathodic isoperoxidases were synthesized on day 9 (Fig. 130a).

The increase of p-hydroxybenzoic acid level to LDJJ/WW in
the medium (h) resulted in the suppression of original anodic
isoperokidases A2 and AS‘ The third original iscperoxidase Ay,
ho&ever, appeared on days 3 and 6. Three slow migrating anodic
isoperoxidases A4 ~ Ag Were synthesized, A, Was synthesized on
days 3 and 6, AS on days 6 and 9, and A6 on day 9, On day 9
two fast migrating isoperoxidases A, and Ag were also synthe-

sized, The initial cathodic isoperoxidase C, was suppressed

: 2
for the entire length of the culture period, Cl appeared on
all days and C3 on day 9. On days 6 and 9 a fast migrating

cathodic isoperoxidase C, was synthesized (Fig. 131la).



Expt. 41. Studies with haploid tobacco callus tissue

cultured on shoot inducing medium containing

E3 + * N «
1 X and 2 X Mn™Y ion concentrations

Healthy, green callus masses of haploid tobacco,
welghing 300430 mg were inoculated on 20 ml of the shooth
inducing medium (MS + 0.3 mg/1 IAA + 3% sucrose) in which
4 X and 2 X of the optimum Mn'™ ion levels were used.
Standard MS basal medium contained 22,30 mg/l MnSO,,
consequently in the media containing + X and 2 X Mt ion

levels, 11.15 mg/l and 44.6 mg/1l MnsO, were used respectively.

The culture vessels were incubated at 26+2° in
continuous light. Every 3 days, 5 replicates were harvested
and analysed for growth, enzymes, peroxidase isoenzyme

banding patterns and phenolic accumulation.

(a) Growth :

Growth of heploid callus cultured on the shoot inducing
medium containing 4 X and 2 X Mn'" ion levels, are illustrated

in Figs. 132, 133 and Tables 70, 71.

when Mn*™" ion level was altered in the medium growth
of haploid callus was inhibited in comparison with that on
standard shoot inducing medium, On % X Mntt ion containing

shoot inducing medium the fresh and dry weight increase



during the 15 day culture peried was 1.81 and 3.81 fold
respectively (Fig, 132, Table 70)., Cn 2 X Mn™t ion
containing medium the respective fresh and dry weight
increase was 1,89 and 3.71 fold during the 15 day culture
period. (Fig. 133, Table 71), In comparison the fresh and
dry weight of haploid tobacco callus cultured on standard
shoot inducing medium increased 2.77 and 4.97 fold
respectively, Furthermore, these growth values were
reached in only 9 days of culture on standard shoot

inducing medium,

With deviation from optimum Mn™ ion level in the
standard shoot inducing medium, the differentiation: of

shoots was totally inhibited.

(b) Pperoxidase :

Progressive changes of total and specific peroxidase
activity  in haploid callus cultured on shoot inducing
medium containing 4+ X and 2 X Mt ion levels, are presented

in Figs. 132, 133 and Tables 70, 71.

on 4 X Mn¥t ion containing medium the fotal peroxidase
activity in haploid callus exhibited double peaked develop-
mental pattern. The first peak was reachéd on day & and the
second on day 15, The specific peroxidase activity increased
unabated during the first 12 days of culture, reaching its

peak value. Thereof, it declined rapidly till day 15

Eob
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(Fig., 132, Table 70). On standard shoot inducing medium
also, the specific peroxidase activity or peroxidase
activity per unit protein was on increase between days O
and 9, However, the enzyme activity on all deys was higher
on + X Mn** ion containing shoot inducing medium than on

the standard shoot forming medium,

The total peroxidase activity in haploid callus
cultured on shoot inducing medium containing 2 X mntt ion
level, declined during the initial 3 days of culture. Thereof,
it increased to reach its first peak value on day 6, Between
days & and 12 the peroxidase activity was on decline. However,
between days 12 and 15 the activity was on increase again,
The specific peroxidase activity declined sharply between
days O and 3. Thereafter, it was on increase right upto day
15 (Fig. 133, Table 71). The specific peroxidase activity
on standard shoot inducing medium was on increase right from
day O to day 9, Furthermore, the activity on any given day
was higher ‘on the standard shoot inducing medium than on

. < + . .
the medium containing 2 X Mn ion concentration,

{c) IAA Oxidase :

Progressive changes of total and specific IAA Oxidase
activity in haploid callus cultured on shoot inducing medium
containing % X and 2 X Mn'' ion levels, are illustrated in

Figs. 132, 133 and Tables 70, 71l.
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On % X Mntt ion containing medium the total and
specific IAA Oxidase activity exhibited identical develop-
mental pattern. The activity increased very rapidly between
days O and 12, reaching its peak valuve, Thereof, the
activity declined till day 15, The decline of specific
aétivity during last 3 days of culture was substantial
(Fig. 132, Table 70). On standard shoot inducing medium
the specific IAA Oxidase activity increased rapidly between
days O and 6, and then declined till day 9. On the other
hand, the specific IAA Oxidase activity on % X Mntt ion
containing medium was 2 to 6 times higher on all days of

culture,

e

on 2 x Mn** ion containing medium the total IAA Oxidase
activity increased between days O and 9, reaching its pesak
value, The increase of activity during the initial 6 days
was rather modest. Between days 6 and 9 the activity increased
very sharply. The activity was on decline betﬁeen days 9 and
15. The specific IAA Oxidase activity inbreased, though not
very substantially, during the first 6 days of culture.
Thereof till day 12, the activity increased sharply to reach
the peak value, Equally rapid and sharp was the decline of
activity between days 12 and 15 (Fig. 133, Table 71). The
Specific IAA Oxidase activity on days 3 and 6 wés higher

on the standard shoot inducing medium than on the above



mentioned one, On day 9, however, the activity was 4 times
more on 2 X Mnt* ion containing medium than on standard

shoot inducing medium,

(d) MDH :

Illustrated in Figs., 132, 133 and Tables 70, 71 are
progressive changes of total and specific MDH activity in
haploid callus cultured.on shoot inducing medium containing

L x and 2 X ¥n™" ion levels.

The developmental pattern of total and specific MDH
activity wes identical in haploid callus cultured on % X
Mn*t ion containing medium, The MDH activity on beth accounts
was on increase between days O and 12, reaching its peak
value, Between days 12 and 15 the activity declined sharply
(Fig., 132, Table 70). On the standard shoot inducing medium

the specific MDH activity was appreciably higher between days

&

+

3 and 9 than on the medium containing & X Mn" " ion level,

on 2 X Mn'" ion containing medium the total MDH
activity exhibited a near 1linear increase during the first
9 days of culture., Between days ¢ and 12 the increase of
activity was rather insignificent. Howéver, thereafter the
total MDH activity increased to reach its pezk value on day
15. The specific MDH activity increased rapidly during the first

3 days of culture, Between days 3 and 6 only modest increase
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in MDH activity ensued, However, thereof till day 12 the
activity increased linearly and sharply to reach the peak
“value, Between days 12 and 15 the specific MDH activity
remained essentially stable (Fig, 133, Table 71). The
specific MDH activity on all days was considerably less
than on standard sheot inducing medium during the

corresponding period,

(e) P :

—

Progressive changes of total and specific PAL activity
in haploid callus cultured on shoot inducing medium containing
% X and 2 X Mn™¥ ion levels, ere presented in Figs. 132, 133

and Tables 70, 71.

on %+ X Mnt* ion containing medium total PAL activity in
haploid callus increased slightly during the initial 3 days
of culture. Thereafter the activity increased very sharply
to attain the peask value on day 6, Between days 6 and 12 it
declined at a slow rate. However, by day 15 it increased again
to reach its second peak value. The specific PAL activity
demonstrated slight increase during the initial 3 days. It
was followed by sharp increase of activity till day 6. The
activity continued to increase till day 12, but at a much
slower rate than the preceding phase of rapid incréase. The
peak value was attained on day 12, Between days 12 and 15
the specific PAL activity declined sharply (Fig. 132, Table 70).



In comparison with the standard shoot inducing medium,
the PAL activity was 5 to 16 times higher on all days of

culture, '

The total PAL activity in haploid callus cultured on
2 ¥ Mnt* ion containing medium demonstrated double peaked
pattern of 'development, The activity increased rapidly
during the initial 9 days to reach the first peak value.
The activity was on rapid decline between days 9 and 12.
Thereof, the activity increased again till day 15 to achieve
the second peak value. The specific PAL activity exhibited
rapid increase between days O and l12. Between days 12 and
15 the activity wés on decline (Fig. 133, Table 71). Cn all
days the specific PAL activity was higher than on standard
shoot inducing medium, it being 10 to 50 times higher than

on standard shoot inducing medium,

(f) Phenolics :

Progressive changes of phenolic accumulation in haploid
callus cultured on shecot inducing medium containing 4 X and
2 X Mn* " ion levels, are illustrated in Figs. 132, 133 and

Tables 70, 71.

on %+ X Mntt ion containing medium the phenolic content

in haploid callus increased from 0.13 mg/culture on day O



to 0.98 mg/culture on day 6, Between days 6 and 9 the
phenolic content remsined stable. It was again on increase
between days 9 and 15, reaching the peak value of 1,22 mg/
culture on day 15. On percentage basis the phenolic content
increased from 1,12 mg% to 2.48 mg% during the initial 6
days. By day 9 it declined slightly to 2.39 mg%. Thereafter
it increased again till day 15, reaching the value of 2.66
mg% (Fig. 132, Table 70). The phenolic content in haploid
tobacco callus on day 6 was 3,45 mg%,and declined on day 9
i.e. the day of shoot differentiation, to 0.96 mg%. On
corresponding days on % X untt ion containing shoot inducing
medium the values were 2,48 mg% and 2.39 mg% and the phenolic

content continued to increase till day 15,

On culture basis the phenolic content in haploid callus
cultured on 2 X Mn™¥ ion containing medium increased from
0.13 mg/culture on,day O to 1.26 mg/culture on day 12. During
the subsequentAS days i.e. till day 15 the valve did not
change, On percentage basis the peak phenolic accumulation
was attained on day 12. During the initial 12 days the
phenolic content in hapleid tobacco callus increased from
1.12 mg% to 3.06 mg%. By day 15 the phenolic content had
declined to 2.84 mg% (Fig. 133, Table 71)., On standard shoot
inducing medium the phenolic content on day 6 was 3,45 mg%
and on day 9 i.e. the day of shoot differéntiation, it had

declined to 0.96 mg%. On corresponding days the phenolic
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values were 2,86 mg% and 2.%2 mg% in haploid tobacco callus

cultured on 2 X Mn++ ion containing shoot inducing medium,

(g) Peroxidase Isoenzymes :

Progressive changes of anodic and cathodic isoperoxidases
in haploid callus cultured on shoot inducing medium in which
% X and 2 X Mn'Y ion levels were used are presented in

Figs. 132a and 133a.

In haploid cellus cultured on 3 x Mn™" ion containing
medium the initial anodic isoperoxidases Ay and Ay were
suppressed for the entire culture period., The third initial
anodic isoperoxidase A2 was synthesized only on days 12 and
15, During the culture period five slow migrating anodic
isoperoxidases A4 - Ag were synthesized, A4 appeared on all
days but day 15 of culture, A5 and Ag were synthesized on
all days of culture, Ay wWas synthesized on days 3, 6 and 9,
and A8 on days 9, 12 and 15, On the cathodic side, the
initial cathodic isoperoxidase C3 remained suppressed
throughout the culture period, The other original cathodic
isoperoxidase Cl was synthesized on all days and 62 on day
15 only, Four slow migrating cathodic isopéroxidases Ch - &
were synthesized during the culture period, 04 was synthesized
on all days, C5 on days 6 and 9, Cg on days 9, 12 and 15, and

C, on days 12 and 15 {Fig. 132a).
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On 2 X Mot ion containing medium the initial anodic
isoperoxidases Ay and A, were suppressed throughout the
culture period. The third initial anodic isoperoxidase Aqg
was synthesized only on days 12 and 15, A4 - A7, four slow
migrating anodic isoperoxidases were synthesized during
the culture period. Ay and AS were synthesized on all days,
Ag on days 3, 12 and 15, and A7 on days 6, 9, 12 and 15 of
culture, On the cathodic side the initial isoperoxidase 62
was suppressed for the entire culture period, C; was

synthesized on days 9, 12 and 15, and C, on all days of

1

culture. C4 a slow migrating one was synthesized on all
days of culture, Cq another slow migrating isoperoxidase,

was synthesized on all days except day 3 of culture {Fig. 133a).

The differentiation of shoots was inhibited on shoot
inducing medium, when the MntT ion level was altered to
either 4 X or 2 X of the optimum concentration., Likewise,
the synthesis of anodic isoperoxidases PS5y, PS, and PSy was
inhibited., These isoperoxidases preceded shoot differentia-

tion on standard shoot inducing medium,



