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Report of the work done-

Brief objective of the project

Establishment of suspension culture of P.ovata to induce somatic embryogenesis(SE).



Estimation of total polyphenol content by FCR method from differentiating callus(DC) and non differentiating callus(NDC).



Determination of contents of polyphenols eg. Gallic acid, Ferulic acid ,Rutin,
Caffeicacid,cinnamic acid ,quercetin , Trans- Resveratrol, Vanillic acid, Synergic acid etc by
HPLC analysis during somatic embryogenesis from DC and NDC by spectrophotometric
analysis.



Cloning and sequencing of PPO gene expressed during somatic embryogenesis (SE).



Bioinformatics study of the PPO gene.

SummaryPlantago ovata is a good source of polyphenols and polyphenols have great health benefits .So
experiments were set up to increase its amount through tissue culture.Four combinations of
kinetin and 2,4-D (Group A, Group B and Group C and Group D) [ (0.5 mg/L Kinetin and 1 mg/L
2,4D) , (1 mg/L Kinetin and 0.5mg/L 2,4D), (1mg/liter kinetin and 1mg/liter 2,4D) and (0.5mg/L
Kinetin and 0.5 mg/L 2,4D) respectively were used in MS media for callus induction. Quantity of
total polyphenols and Total antioxidant are relatively higher in 21 days callus of combination
Band C and comparatively low incombination A and D. the study depicted that,higher Kinetin
concentration had a positive impact in polyphenol accumulations and total antioxidant.
Polyphenol oxidase (PPO) enzyme causes tissue browning by oxidation of phenolic group, so its
overexpression was not acceptablein tissue culture. Hormonecombination of group B proved
beneficial in respect of rise in polyphenol accumulation and down-regulation of PPO expression.
The beneficial role of Kinetin in enhancing polyphenol accumulation was further verified with
another experimental set up where Kinetin and 2,4-D as PGRs was applied in combination like [
Group I (control) (0.5 mg/L Kinetin and 0.5 mg/L 2,4-D) , Group II (1 mg/L Kinetin and 0.5mg/L
2,4-D), Group III(1.5mg/L kinetin and 0.5mg/liter 2,4-D) and Group IV (2.0 mg/L Kinetin and
0.5 mg/L 2,4-D) in MS media for callus induction. Kinetin was applied in ascending
concentration gradient from 0.5mg/L to 2mg/L and 2,4-D of fixed concentration i.e. 0.5mg/L.
Increment in kinetin concentration induced more polyphenol accumulation, total flavonoid and
total antioxidant activity in 21 days old Plantago ovata callus. Gradual increase in total
polyphenols and total flavonoid from Group I to III and decline in Group-IV occurred. Total
antioxidant activity increased gradually from Group I to IV. Beneficial Polyphenols like (+)Catechin, vanillic acid, Rutin, Luteolin 7-O-β-D-glucoside and Trans-cinnamic acid were
detected and quantified by HPLC technique. First step of the phenylpropanoid pathway is
catalyzed by PAL enzyme which leads to the formation of phenolic compounds.RT-PCR and
qPCR technique were used to find PAL gene expression which got up-regulated significantly in
group II and III, significant down- regulation of PPO gene expression occurred with increment of
kinetin application to that of the control during callogenesis, which was the advantageous output
of the experiment. The study continues with sub-culturing 21 days callus with (1.5mg/L and
2mg/L) and fixed 2,4-D (0.5mg/L) for non- embryogenic callus induction and on the other hand
with NAA and BAP( 0.5 mg/L and 5mg/L) respectively for embryogenic callus induction.
Histology study of the embrogenic callus showed globular somatic embryo formation of P.ovata.
A comparative analysis was carried out to find Polyphenol content and total antioxidant activity

of 48 days old non embryogenic callus, embrogenic callus and 63 days embrogeniccallus.PAL
and PPO expression was analyzed accordingly. Elicitors induce Polyphenols accumulation.
Polyphenols also get increased in presence of stress. Plants experience stress due to heavy metal
pollution caused by improper discarding of the industrial waste. Hexavalent chromium is one of
the heavy metal pollutants in India and also present particularly to some region of India, where
Plantago grows to a great extent. The aim of the study was to find the effect of hexavalent
chromium on P.ovata and how the plant responded to such heavy metal exposure in vitro.
Morphological changes in the reduction of shoot and root length were significant in a dosedependent manner from low to high. However multiple root development took place at 100 μM,
300 μM and 500 μM doses. P.ovata (10 days) showed tolerance response up to 1500μm
concentration in respect of rising in secondary metabolites accumulation( polyphenols),
Chlorophyll content(Chlorophyll a, b, total chlorophyll), carotenoids and total anti-oxidant
activity but DPPH radical scavenging activity were not significantly high with Cr(VI) doses.
MDA (Malondialdehyde) content was significantly low, depicting low lipid peroxidation, and
showed tolerance against chromium stress. Stress-induced gene (PPO and PAL) expression
showed significant upregulation as compared to the control. PAL gene expression showed
upregulation till 1500 μM dose and PPO gene significantly up to 1800 μM, highest with 1000 μM
concentration. Atomic absorption spectroscopy technique depicted chromium accumulation in the
shoot (0-1800 μM) and root (0-500μM). Chromium accumulation in shoot and root of P.ovata
(ppm) increased in a significant manner with increasing potassium dichromate concentration in
the germination medium. Though the morphological changes in terms of reduction in shoot and
root length occurred in a dose-dependent manner from low to high, but to some extent, P.ovata
combated the stress significantly by inducing the stress responses and showed tolerance against
chromium stress.


Structural prediction was carried out of the partial sequence of the PPO.

IntroductionPlantago ovata Forsk commonly known as Isabgul is an herbaceous plant. It has its origin in
Europe and then to southern Mediterranean to Eastern Asia including India, Iraq, Spain and
Canary is-lands. The production of Plantago ovata seeds is commercialized and widely produced
in European countries, Pakistan and India.[ Ross, 2005].The seed husk of Pysillium is widely
used as a remedy for dysentery and intestinal disorder.(Dhar et al. 2005) This plant also possess
many other medicinal uses and its uses are from ancient times .Many countries like India, Iran,
Spain and Thailand has their traditional way of using as medicinal plants.( Ross,2005). It is used
to improve kidney and bladder function, as diuretic, etc. (Zargari, 1994). It has many therapeutic
values and helps in the treatment of constipation, irritable bowel syndrome, diarrhea,
inflammatory bowel disease, colitis, Hypercholesterolemia, colon cancer and diabetes. (Singh,
2007)
Apart from all the medicinal uses, Plantago ovata is a good source of plant secondary
metabolites such as Polyphenols. (Talukder et al. 2015). Polyphenols are a class of
heterogeneous bioactive compounds produced in many medicinal and vegetable plants during
secondary metabolism. Polyphenols are mainly characterized by the presence of phenolic groups
in the molecules. The position of hydroxyl or phenol group in the polyphenolic compounds are
believed to determine their antioxidant properties, especially against peroxyl and superoxide
radicals (Rice-Evans et al., 1996). Significant amount of Polyphenols accumulation are also seen
in callus culture of P.ovata. (Talukder et al. 2015).Because of the wide use of medicinal plants,
researchers are interested to explore it in many ways. In vitro tissue culture is a popular
techniques to enhance the amount of plant secondary metabolities (Hirose et al. 1990; Lee Y et
al. 2011).Plant growth regulators are used to induce callogenesis during in vitro callus culture.
The effectiveness of the growth of the callus and accumulation of polyphenols as plant secondary
metabolities depends on the growth regulators and its concentration (Deus and Zenk 1982; Lee et
al.2011). Somatic embryo induction is the artificial way of embryo formation and in the process
of tissue culture polyphenol accumulation is the natural phenomenon. Some studies revealed its
role in maintaining efficiency of the embryo and some polyphenols specially get enhanced in
some species indicating as a marker for SE induction in that species (Kouakou et al 2007).
Phenylalanine ammonia-lyase (PAL,) is the enzyme which catalyzes the first step in the

Phenylpropanoid pathway and it’s over expression leads to increase in accumulation of
Polyphenols. (Chang et al. 2009). Increase in the content of the plant secondary metabolities help
plant to withstand biotic and abiotic stress. Biotic and abiotic stresses lead to the enhancement in
accumulation of plant secondary metabolites. (Baslam et al. 2013). Enzymes of the
phenylpropanoid pathway take part in the synthesis of several polyphenols

and with the

synthesis of polyphenolic compound there occur an increase in susceptibility of the phenolic
group to get oxidized by Polyphenol oxidase, (PPO,EC 1.10.3.2),a gene whose gene product is
responsible for the formation of brown coloration in plant tissue. It’s an enzyme containing
copper and causes hydroxylation of monophenolsto form O-diphenols. O-diphenols oxidized to
O-quinones, forming the brown pigmentation (Mazzafera and Robinson 2000; Dirks- Hofmeister
et al. 2014). Many higher plants possess PPO as an active enzyme, but it has no definite
biological

function,

many

predicted

possible

functions

were

proposed

by

many

authors.(Mazzafera and Robinson 2000; Mayer 2006; Li et al. 2017). Phenolics are susceptible to
oxidation by Polyphenol oxidase and leads to the formation of brown pigment. So when several
elicitors and plant hormones are being used to enhance the accumulation of Polyphenols by
tissue culture technique, simultaneous expression of PPO gene causing oxidation reaction is also
an area of interest (Mayer and Herel 1979; Ferrar and Walker, 1996; Walker and Ferrar, 1998).

Chapter 1- Establishment of callus culture with different combinations of hormone and its
effect on polyphenol accumulation and PPO gene expression.

IntroductionCallusing is induced by plant growth regulators. Cytokinin(Kinetin) and Auxin (2,4D) have their
significant role in callus induction. In this study four combinations of hormones are used to
enhance polyphenol accumulation in 21 days P.ovata callus culture. In this paper we found
some correlation between Polyphenol accumulation and external kinetin exposure during callus
culture of Plantago ovata. Polyphenol oxidase gene expression is not always correlated to total
polyphenol content.[10] .Ascorbic acid content is significantly high in Loquat food treated with
kinetin.[15].So effect of Kinetin can be correlated with increase in Total antioxidant.

RESULTS
Figure 1-21 days P.ovata callus with four combinations of Kinetin and 2,4D in MS media.

GroupA (0.5mg/L
Kinetin)+(0.5mg/L
2,4D)

Group B(1mg/L
Kinetin)+(0.5mg/L
2,4D)

Group C( 1mg/L
Kinetin)+(1mg/L
2,4D)

Group D (0.5 mg/L
Kinetin + 1mg/L 2,4D)

Figure 1- shows the 21 days callus of Plantago ovata Forsk. Browning of callus is
comparatively high in Group C and D.

Figure 2- Total Polyphenol Content
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Figure 2-Group A-( 0.5mg/L Kinetin)+(1mg/L 2,4D),Group B-(1mg/L Kinetin)+(0.5mg/L
2,4D),Group C-( 1mg/L Kinetin)+(1mg/L 2,4D),Group D-(0.5mg/L Kinetin)+(0.5mg/L
2,4D)

Total Polyphenol content is relatively high in group B and group C but relatively low in Group A
and Group D. Result depicts that high Kinetin level in the media has some positive impact in
accumulation of Polyphenols.
Figure 3- Total Antioxidant
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Figure 3 -Group A-( 0.5mg/L Kinetin)+(1mg/L 2,4D),Group B-(1mg/L Kinetin)+(0.5mg/L
2,4D),Group C-( 1mg/L Kinetin)+(1mg/L 2,4D),Group D-(0.5mg/L Kinetin)+(0.5mg/L
2,4D)

Total anti-oxidant is relatively higher in Group B and C. MS Media supplemented with higher
kinetin concentration that is 1mg/L has some positive effect and has a direct correlation with
Total antioxidant .
Figure4- Relative PPO expression
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Figure5: Band Intensity -Group A-( 0.5mg/L Kinetin)+(1mg/L 2,4D),Group B-(1mg/L
Kinetin)+(0.5mg/L 2,4D),GroupC- (1mg/L Kinetin)+(1mg/L 2,4D),Group D-(0.5mg/L
Kinetin)+(0.5mg/L 2,4D)

PPO gene expression is relative to the callus browning observed in 21 days old callus given in
Figure-1. This result is relevant to many studies on enzymatic browning caused by Polyphenol
oxidase enzyme. [10]].Several papers have reported that high polyphenol accumulation is
susceptible to PPO action.[2]. Polyphenol content and PPO action is not always correlated.
Studies on several apple cultivars have shown that some cultivar with high Polyphenol content
are not relatively high in PPO enzyme action. PPO enzyme action was found relatively higher in
other cultivar with comparatively less Polyphenol content. [14] Densitometry of the PPO
expression suggests Group B combination of the hormone shows negative correlation with
Polyphenol content and Total antioxidant, which can be related to several studies [14].
ConclusionPolyphenol has diverse medicinal value. Its accumulation as plant secondary metabolities is a
well-known fact. Plant biologists have shown diverse interest in isolating Polyphenols and its
application in medicinal science. Tissue culture proves to be an important process of producing

polyphenols. Plantagoovata is known to provide several health benefits. Its tissue culture results
in accumulation of Polyphenols in significant amount. Kinetin, as plant growth regulator has
positive role in inducing polyphenol accumulation. Its application is beneficial to increase
Polyphenol accumulation in significant amount. Polyphenol oxidase is known as Browning
enzyme. Its activity results in tissue browning, which proves problematic economically in food
industries. Polyphenol oxidase enzyme action causes callus browning during tissue culture.
Kinetin, in several studies proves to improve tissue health by increasing ascorbic acid content
and total polyphenol content. This study shows the Positive role of kinetin in plant tissue culture.

Chapter 2- Kinetin induced Polyphenol Accumulation and expression of Phenylalanine
Ammonia-Lyase gene (PAL) and Polyphenol oxidase gene (PPO) in Plantago ovata Forsk in
vitro.

IntroductionThe effectiveness of the growth of the callus and accumulation of polyphenols as plant secondary
metabolities depends on the growth regulators and its concentration (Deus and Zenk 1982; Lee et
al.2011). Kinetin and 2,4-D are two effective plant growth regulators which are used widely in
in vitro callus culture. (Bevan and Northcote 1979).Kinetin, a cytokinin has many biological
effects on cell cycle, altered expression of genes, in inhibiting auxin action and enhancing
calcium flux. It has been reported that Kinetin has anti-stress, anti-aging properties and it self an
antioxidant (Barciszewski et al. 2000).In this study, Kinetin is applied in ascending concentration
gradient along with fixed 2,4-D concentration in four groups to induce callogenesis. There are
evidences which document the fact that there are two plant growth promoting hormones i.e.
auxin and cytokinin which are required to induce callogenesis and it’s a widely accepted and
popular use in plant tissue culture and horticultural field.(Ikeuchi et al. 2013).In our study the
combination (0.5mg/L Kinetin and 0.5mg/L2,4-D) mimicked as the control group as other
combinations such as (0.1mg/L Kinetin and 0.1mg/L 2,4-D),(0.3mg/L kinetin and 0.3mg/L 2,4D) and ( 0 mg/L Kinetin and 0.5mg/L 2,4-D) did not result in fairish growth of callus which can
be grant as the control group and to use further for all the experimental work. So Group I with
(0.5 mg/L Kinetin and 0.5 mg/L 2,4-D) proved to be the best among these four combinations as
control group and then keeping the 2,4-D concentration fixed, Kinetin concentration varied in

concentration in ascending order in Group II, III and IV, where increment of Kinetin
concentration resulted in regulation of polyphenol accumulation, PAL gene and PPO gene
expression in P.ovata. Another gene named Polyphenol oxidase (E.C. 1.10.3.2) found in nature,
its gene product or the PPO enzyme cause the enzymatic browning in many species.(Li et al.
2017) The inactivation of PPO is required to minimize product losses caused by browning (Chen
et al.2000; Le et al. 2004). In some reported studies, kinetin application causes reduction in
tissue browning(Shyamali and Kazumi 2007; Alderson and Nagarajan 2012) and PPO gene
activity(Vernon and Straus,1972)PPO also acts as an anti-oxidative defense enzyme in many
plant species(Goud and Kachole 2012)

Objectives: Enhancement of Polyphenols by kinetin application is the prime objective of the
study and simultaneously PPO gene product causes the oxidation of the phenolic groups leading
to tissue browning, so study of PPO gene expression along with Polyphenol accumulation and
upregulation of PAL with different Kinetin concentration are the lookouts of the experiment.

Results
The aim of this experiment is to initiate the callogenesis in three groups namely Group I(0.5mg/L Kinetin +0.5mg/L 2,4-D), which was the control group ;Group II-(1mg/L
Kinetin+0.5mg/L 2,4-D); Group III-(1.5mg/L + 0.5mg/L);Group IV-(2mg/L Kinetin + 0.5mg/L
2,4 D). P.ovata seedlings of 10 days were inoculated in the MS media to get the 21 days P.ovata
callus to carry out the different experiments. Simple observing the calluses in four groups(Fig.1),
we noticed P. ovata callus of Group I and II were comparatively more brown in coloration than
Group III and IV, which were comparatively lighter.

Fig.1 21 days Plantago ovata callus supplemented with different concentration of Kinetin and
fixed concentration of 2,4-D. Group I- (0.5mg/L Kinetin +0.5mg/L 2,4-D) ;Group II-(1mg/L
Kinetin+0.5mg/L 2,4-D); Group III-(1.5mg/L + 0.5mg/L);Group IV-(2mg/L Kinetin + 0.5mg/L
2,4 D)

Significant increase in callus mass observed in group IV (Fig. 2), where as in group II-III there
was no such significant increase in fresh weight of the callus mass to that of the control group I.

Fig. 2 Fresh weight of callus in gram (g).

.
Total Polyphenol Content

In this study there was an objective to understand the effect of kinetin in accumulation of total
polyphenols by tissue culture technique in P.ovatacallus.Total Polyphenol content was
determined in four groups of 21 days P.ovata callus by folin-ciocalteureagent(Fig.3). Total
Polyphenol content increased significantly in Group-II and Group-III from the control. Highest
accumulation of Polyphenols occurred in Group-III of about 764.77± 20.24 µg GAE g-1 FW
which was 1.44 times more to that of the control. Though there was a significant increase in total
polyphenol content in Group-II and Group-III from the control, no significant accumulation of
total polyphenol occurred in Group-IV.

Fig.3 Graph representing difference in Total Polyphenol content in four groups of 21 days
P.ovata callus exposed to different concentration of Kinetin and fixed concentration of 2,4-D
during in vitro callus culture. Group I(0.5mg/L Kinetin +0.5mg/L 2,4-D) ;Group II(1mg/L
Kinetin+0.5mg/L 2,4-D); Group III (1.5mg/L + 0.5mg/L);Group IV(2mg/L Kinetin + 0.5mg/L
2,4 D). Significance level is indicated with asterisks, *P <0.05; **P <0.01; ***P <0.001.

Total Flavonoid Content-

Kinetin was found to have a positive effect in accumulating polyphenols in the previous
experiment and Flavonoid is a member of the Polyphenolic groups in the polyphenol
classification and it has many health benefits as discussed earlier. So its accumulation was
quantified byaluminium chloride (AlCl3) colorimetric method (Fig.4).Total flavonoid content
increased significantly from the control like total Polyphenols in Group-II and Group-III, in
Group-IV flavonoid content got declined in concentration in comparison to Group-II and GroupIII from the control. Like Total Polyphenol content, highest accumulation of Total Flavonoid
took place in Group-III supplemented with 1.5mg/L of Kinetin and 0.5mg/L 2,4-D. There was a
2.06 times increase in Total flavonoid content in Group-III from the control (Group-I) i.e.
203.836 ± 1.65 µg RE g-1 FW.

Fig.4 Total Flavonoid content in 21 days P.ovatacallus during in vitro callus culture. Group
I(0.5mg/L Kinetin +0.5mg/L 2,4-D) ;Group II(1mg/L Kinetin+0.5mg/L 2,4-D); Group
III(1.5mg/L + 0.5mg/L);Group IV(2mg/L Kinetin + 0.5mg/L 2,4 D). Significance level is
indicated with asterisks, *P <0.05; **P <0.01; ***P <0.001.

Total Antioxidant Activity

Folin–Ciocalteureagent (FCR) and aluminiumchloride (AlCl3) colorimetricmethod had inferred
total polyphenol and flavonoid accumulation in the study. Now the level of increment of the antioxidant activity in the four groups is a concern.

Phosphomolybdenum assay method had

depicted the result (Fig.5) and there was a gradual significant increase in total antioxidant
activity from the control from Group-II to Group-IV. Unlike Total Polyphenol content and
Flavonoid content, highest antioxidant activity was found in Group-IV P .ovata callus. Total
Antioxidant activity was 286.48± 7.60 µg AAE g -1 FW in Group-IV ,found to increase in 1.56
times from the control (Group-I).

Fig.5 Total Antioxidant activity in 21 days P.ovatacallus during in vitro callus culture.Group I
(0.5mg/L Kinetin +0.5mg/L 2,4-D);Group

II(1mg/L Kinetin+0.5mg/L 2,4-D);Group

III(1.5mg/L + 0.5mg/L);Group IV(2mg/L Kinetin + 0.5mg/L 2,4 D). Significance level is
indicated with asterisks, *P <0.05; **P <0.01; ***P <0.001.

Quantification of some beneficial polyphenols by HPLC analysis.

Polyphenols like (+) catechin, Vanillic acid, Luteolin 7-O- beta D glucoside and Trans-cinnamic
acid were detected and quantified at wavelength maxima of 278nm, 260 nm, 324 nm,278 nm

respectively by HPLC technique. Use of Kinetin as PGR in tissue culture to enhance the
accumulation of polyphenolsis the prime concern of the study. Each specific Polyphenols were
detected comparing with the peak of the standard sample at specific wavelength and retention
time (Rt). Polyphenols were measured calculating the peak area by comparing with the standard
curves of the known polyphenols. These polyphenols were measured in µg/g FW of the callus
tissue of the P.ovata. How kinetin is affecting in enhancement in accumulation of each of these
polyphenols were quantified (Table 1). Specific polyphenol peak was detected at specific
retention time in the HPLC chromatograph. ( Fig.6).

Fig.6 HPLC chromatogram showing polyphenol peak at specific retention time, peak 1 (+)Catechin ; 2 Vanillic acid; 3 Rutin 4 Luteolin 7-O beta glucoside 5 Trans-cinnamic acid. HPLC
chromatogram a group I (control) at 356nm b group II at 278 nm c group III at 278 nm d group
III at 278 nm e group IV at 278 nm.

Table 1 Quantification of the beneficial polyphenols of the four groups of P.ovata callus tissue in
µg/g FW of the callus tissue of the P.ovata

Beneficial

Concentration (μg/g) fresh weight of the callus

Retention

Wavelength

Polyphenols

tissue, mean ± S.D

Time

maxima(nm)

(min)
Group I
(+)- Catechin

Vanillic acid

Rutin

Group III

Group IV

114.2±10.49 114.94±13.8 128.51±4

107.17±1

6.01±0.84

38.09±2.94

Group II

8

.25

4.39

8.5±0.63

10.24±0.

13.50±1.

22

6

55.62±0.094 66.095±0

51.75±2.

.431

68

Luteolin 7-O-β-D- 22.35±0.775 31.533±

37.95±0.

35.38±1.

glucoside

0.236

82

09

5.49±1.56

61.82±0.

29.94±3.

84

76

Trans-cinnamic

3.73±0.714

acid

8.3

278

10.8

260

13

356

16.9

324

20.8

278

.

Relative Expression of PAL gene-

Phenylalanine ammonia lyase (PAL) is the first enzyme in the phenylpropanoid pathway and
this pathway leads to the synthesis of polyphenolic compounds (Chang et al. 2009) so the
regulation of expression of the PAL gene by different kinetin concentration in the medium
during callogenesis was an objective of the study.PAL gene expression was studied by RT-PCR
technique and the band intensity (Fig.7 a) was measured in image j software to get the
densitometry(Fig. 7c). The result depicted the effect of kinetin in regulating the expression

pattern in four groups.
There occurred a significant increase in PAL gene expression in Group II and Group III i.e. 1.2
and 1.15 fold to that of the control respectively. Group IV showed decrease in relative expression
as compare to Group II and Group-III.

The expression pattern of the PAL gene by RT-PCR technique was quantified by qPCR (Fig.7d).
There occurred 1.8 and 1.08 fold increase in relative PAL gene expression from the control in
group II and III. Relative PAL gene expression got decreased in Group IV P.ovata callus during
in vitro callus culture

Fig.7 Relative expression of PAL gene a Gel picture of PAL gene expression in four groups b
expression of endogenous control beta actin cDensitometry of Phenylalanine ammonia lyase
(PAL) gene expression. Densitometry was done in image j softwaredReal-time quantitative PCR
analysis of PAL gene expression in four groups with Kinetin in ascending concentration gradient
from group-I to Group- IV. Data representation in fold change (mean±S.d) from the control
(value1).Value represent as means of three replicates ± S.D. beta Actin used as endogenous
control to normalize the data.

Relative Expression of PPO gene.-

The objectives of the study demanded the above experiments to be done to have the idea of the
kinetin effect. Along with the expression analysis of the PAL gene, it was our concern to observe
the Polyphenol oxidase (PPO) expression with the enhancement of the polyphenol accumulation
by using kinetin. As discussed earlier PPO is responsible for tissue browning, and it oxidizes the
phenolic group causing browning of the tissue. PPO gene expression was studied by RT-PCR
technique and the band intensity (Fig. 8a) was measured in image j software to get the
densitometry (fig: 6). the result unfold the effect of kinetin in regulating the expression pattern in
four groups.

The expression pattern of the PPO gene was quantified by q-PCR (Fig. 8).Exogenous Kinetin
application in ascending concentration gradient caused decrease in fold change of expression of
PPO gene. There were 0.164, 0.467 and 0.387 fold change in Group-II, Group-III and Group-IV
respectively from the control Group-I (value-1).

Fig.7 Relative expression of PPO gene a Gel picture of PPO gene expression in four groups b
expression of endogenous control beta actin cDensitometry of Phenylalanine ammonia

lyase(PPO) gene expression.

Densitometry was done in image j software d Real-time

quantitative PCR analysis of PPOgene expression in four groups with Kinetin in ascending
concentration gradient from group-I to Group- IV. Data representation in fold change
(mean±S.d) from the control (value1).Value represent as means of three replicates ± S.D. beta
Actin used as endogenous control to normalize the data.

Conclusion :
Kinetin proved to be an effective plant growth regulator in enhancing polyphenol accumulation
by in vitro tissue culture technique.
In this study at optimum concentration, significant increase of polyphenol accumulation occurred
in 21 days P.ovata callus. This technique can be utilized commercially to get beneficial
polyphenols.

Chapter- 3: A comparative study on polyphenol accumulation in embryogenic and nonembryogenic callus.

IntroductionSomatic embryogenesis induction is an artificial way of generating plant embryo from the
vegetative part of the plant. This helps in plant propagation. Somatic embryo (SE) can be used as
an artificial seeds for conserving endangered plant species.
Accumulation of phenolic compound is an usual phenomenon during callogenesis, it’s also get
accumulated in somatic embryo. Many studies corroborated that accumulation of phenolic
compound has a role to play in increasing the efficiency of the somatic embryo (Wu et al. 2004)
Objective of the study

To establish a comparative study in respect to polyphenol accumulation in both
embryogenic and non embryogenic callus.



To detect and quantify some beneficial polyphenols in both non-embryogenic and
embryogenic callus.

Result-

Tissue culture for inducing 48 days P.ovata callus

21 days non-embryogenic callus were sub-cultured for another 21 days with (1.5mg/L kin +0.5
mg/L 2,4-D) and (2mg/L kin + 0.5 mg/L 2,4-D) respectively as P2, GIII and P2, GIV.

GIII

GIV

Figure 1 : 48 days non-embryogenic P.ovata callus

Tissue culture for inducing somatic embryogenesis-

48 days Somatic embryogenesis were induced by sub-culturing 21 days non-embryogenic
P.ovata callus on MS media with NAA and BAP at concentration ( 0.5 mg/L NAA and 5 mg/L
BAP). 48 days somatic embryos were further sub-cultured with NAA and BAP on MS media to
get 63 days old P.ovata somatic embryos.

Globular somatic embryos were formed, embryos got more solid in texture and green in color
after sub-culturing 48 days old somatic embryo callus for 21 days on MS media with NAA and
BAP at given concentration.

a

b

Figure 2: a- 42 days somatic embryo of Plantago ovata , b- 63 days somatic embryo of
Plantago ovate

Histological analysis of globular stage P.ovata somatic embryo.

Figure 3 : Somatic embryo histological structure

Total Polyphenol estimationTotal polyphenol content was higher in group III compare to group IV in 48 days nonembryogenic

callus,1.5mg/L kinetin proved to be more effective than 2mg/L kinetin for

polyphenol enhancement (Fig 4)
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Figure 4: Total polyphenol content in 48 days old callus at hormone concentration of (1.5 mg/L
kin +0.5mg/L 2,4- D) and ( 2mg/L Kin +0.5mg/L 2,4-D) named as GIII-P2 and GIV-P2
respectively.
As GIII-P2 found to be accumulating more polyphenols than GIV-P2, It was set as control group
to analyze on comparative account of polyphenol accumulation between embryogenic and nonembryogenic callus.(Fig 5)

1200

***
Total Polyphenols in µg/g

1000
800

control

600

**

400
200
0
GIII-P2

SE-P2

SE-P3

Figure 5- Comparative analysis of total polyphenol accumulation among control group named
GIII-P2 ( 48 days non- embryogenic callus with 1.5 mg/L kin and 0.5 mg/L 2,4-D), SE-P2( 48
days somatic embryo with NAA and BAP at concentration 0.5 mg/L and 5 mg/L respectively)
and SE-P3( 63 days somatic embryo with same hormone supplementation as SE-P2).
Total antioxidant activityUnlike total polyphenol accumulation total antioxidant is comparatively higher in GIV-P2 than
GIII-P2. This is similar to the previous study, where antioxidant activity was higher in GIV in 21
days non-embryogenic callus. (Fig 6)
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Figure 6: Total antioxidant in 48 days non-embryogenic callus.
Total antioxidant is comparatively low in 48 days somatic embryo, but increased in 63 days old
somatic embryo(SE) callus. In Fig 7, GIII-P2 was taken as control and significant rise of total
antioxidant was observed in 63 days old SE callus. Similarly when non-SE GIV callus was
granted as the control group, result depicted significant increase in total antioxidant activity in 63
days SE callus (Fig 8).
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Figure 7: Total antioxidant activity in 48 days non-SE(control)( P2-GIII), in 48 days SE( P2GIII) and 63 days SE( P3-SE).
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Figure 8: Total antioxidant activity in 48 days non-SE( P2-GIII), in 48 days SE( P2-GIII) and 63
days SE( P3-SE).

Expression analysis of PAL and PPO gene
Up-regulation of PAL and PPO expression occurred in SE callus compare to non-SE callus.

Figure 9: PAL gene expression in GIII and GIV 42 days old callus.( lane 1- GIII and lane 2GIV)

Figure 10: PAL gene expression in GIII non.SE- 42 days old callus, SE- 42 days and SE- 63 days
old. ( lane 1- GIII,42 days; lane 2- SE,42 days, lane 3- SE, 63 days)

Figure 11: PPO gene expression in GIII and GIV 42 days old callus.( lane 1- GIII and lane 2GIV)

Figure 12:PPO gene expression in GIII non.SE- 42 days old callus, SE- 42 days and SE- 63 days
old.( lane 1- GIII,42 days; lane 2- SE,42 days, lane 3- SE, 63 days)
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Figure 13: Βeta actin as endogenous control.

Detection of some beneficial polyphenols in non-SE callus and SE callus

Figure 14: HPLC chromatogram of Non-SE (P2-GIII)

Figure 15: HPLC chromatogram of SE( 63 days)

Conclusion


Total polyphenol accumulation was highest in 63 days SE callus, Flavonoid like Rutin
found to accumulate more in 63 days SE



Some of the polyphenol got enhanced in SE callus, depicting some positive role in
inducing SE in P.ovata.

Chapter 4: Chromium (VI) induced stress response in Plantago ovata Forsk. in vitro
Introduction
Heavy metals are natural constituent of soil but the pollution caused due to unregulated disposal
induces stress both to plants and animals. Plants growing on such contaminated soil found to
show several physiological changes to combat such heavy metal stress. Chromite is a natural
form of Cr and found in ultramatic and serpentine rocks, in other compound forms as Crocoite
(PbCrO4), Tarapacite (K2CrO4), etc. [1].Chromium is also one of the heavy metal pollutants from
various sources like steel industries, metal smelters, leather tanning, and emission from some
industries and from pesticides and fertilizers[2,3,4,5]. An institute, works for heavy metal
pollution control in many parts of the world, reported hexavalent chromium pollution in different
industrial zone of India like Kanpur, Kolkata, Ranipet, Sukindra Valley and Vadodara, Gujarat
[6].The soil of Surat, Gujarat also contained heavy metal pollutants; chromium presence was
305.2 mg/kg of soil, higher than the permissible limit [7]. Chromium is one of the 129 th prime
pollutants and listed as harmful heavy metals. Inappropriate disposal of industrial waste
containing chromium leads to its pollution in soil, and chromium (VI) is being very stable and
more soluble than chromium (III) also causes groundwater pollution [8].
Many studies have been conducted in relation to the heavy metal tolerance of the genus
Plantago. Serrano et al. [18] have corroborated the hyperaccumulation trait among Plantago.
Several genera of Plantago shows hyperaccumulation of some heavy metal pollutants like
Aluminium, Zinc, Copper, lead, etc [18].Plantago arenaria is tolerant to Cu, Cd, Ni and Zn [19].
Khan et al. [20] considered P.ovata as hyperaccumulator of lead as it can grow in soil with lead
concentration up to 4000 μmol. Study of hexavalent chromium effects on P.ovata wasn’t carried

out yet. Effect of hexavalent chromium on P.ovata and its responsiveness towards the stress is
being depicted in this study.
Results

Morphological analysis
Morphological changes occurred in shoot and root length on exposure to chromium (VI) stress.
Roots got more affected than shoot. Significant changes have occurred in a dose-dependent
manner as compared to the control (Fig 1). Multiple root growth was seen in P.ovata seedlings
with chromium stress (100 μM, 300 μM and 500 μM) (Fig 2). Though morphological changes
due to chromium stress (VI) took place by affecting the shoot and root length (Fig3) and (Fig 4)
respectively. P.ovata seedlings seemed quite tolerant in respect of germination rate and multiple
root growth up to 500 μM.

Chlorophyll and carotenoid content
Chlorophyll (a, b and total chlorophyll) and carotenoid content increased significantly on Cr (VI)
exposure up to 1500 μM concentration. The highest content was with 500 μM and lowest with
1800 μM doses (Fig 5). Carotenoid content followed the same trend as the chlorophyll content
(Fig 6)

Total Polyphenol content
As discussed earlier exposure to heavy metals stress leads to increase in plant secondary
metabolites and polyphenol accumulation as plant secondary metabolites got increased
significantly in this study with chromium stress in a dose-dependent manner (Fig 7). Total
polyphenol content increased to about 3.75 times with 500 μM dose compared to the control,
highest among the other doses.

Total Antioxidant activity
Increase in total antioxidant is a response of a plant to stress exposure and it protects the plant to
survive by quenching ROS. In our experiment steady and significant increase in total antioxidant

activity occurred as compared to control with up to dose 1500 μM, then slightly the trend
declined with the highest Cr dose in the experiment (Fig 8)

DPPH radical scavenging activity
Total antioxidant increased with the stress but unlikely, DPPH radical scavenging activity or the
percentage of inhibition did not increase as compared to the control. The decrease was
significant but the difference to that of control was little till 1000 μM of Cr (VI) stress (Fig 9)
Percentage of inhibition was 90.81 in control plant and with Cr dose of 100 μM, 300 μM, 500
μM,1000 μM were 89.43, 84.31, 78.24 and 83.71 respectively. At concentration 1500 μM and
1800 μM the magnitude decreased sharply to 56.78% and 68.09% respectively.

Lipid peroxidation
MDA content was significantly low with Cr stress, and the low MDA content proved lower lipid
peroxidation. Plant showed its tolerant behavior and stress management to some extent. (Fig 10)

PAL gene expression analysis
Phenyl-alanine ammonia lyase (PAL) gene upregulation was significant with stress exposure (
hexavalent Cr). Band intensity showed significant rise with stress to that of control, highest
increase in 1.377 fold intensity with 1000 μM Cr VI) dose (Fig 11)

PPO gene expression analysis
Polyphenol oxidase expression also got upregulated with stress (Fig 12) and being an
antioxidative enzyme [2, 11] its upregulation might signify as a defensive response against the
heavy metal toxins. Upregulation of expression was highest with 1000 μM Cr (VI), 1.56 fold
increased as compared to the control.

Chromium accumulation detection by AAS.
Chromium accumulation in shoot and root of P.ovata increased with an increase of potassium
dichromate concentration in the germination medium (Fig 13 and Fig 14) respectively. Control
shoot with no potassium dichromate in the media showed chromium presence of about
0.27045ppm, with a dose of 100 μM (29.419 mg/L) in the germination medium, caused an
increase of Cr accumulation by 2.88 fold. The accumulation of Cr increased by 147.55 fold in
the shoot of P.ovata, highest in the experiment with 1800 μM dose (529.533 mg/L).In the root of
control P.ovata seedlings; Cr presence was at an amount of 0.92815 ppm, comparatively more
than in shoot region. Similarly as in shoot part; in the root also Cr accumulation got enhanced in
a dose-dependent manner from low to high Cr concentration in the medium. Significant root
growth of P.ovata seedlings took place with 0 μM , 100µM, 300µM and 500 μM Cr doses and
not more than that, and the AAS results showed the Cr accumulation increased by 15.64 fold in
root with 500 μM potassium dichromate as compared to the control P.ovata root.

Conclusion- Nature has its own way to deal with any harsh condition, be it any biotic or abiotic
stresses. In our study on P.ovata with abiotic stress (hexavalent chromium) gave us a brief idea
of its behavior of tolerance to some extent. Life always tries for its existence and is also built
with such mechanisms. An increase of plant secondary metabolites, total antioxidant,
overexpression of PAL and PPO gene in P.ovata and Cr uptake by the plant to some extent,
depicted its survival strategy and tolerant response towards the Cr stress in vitro.

Structure prediction and homology modeling of partial sequence of PPO
Partial sequence of Polyphenol oxidase (PPO) of about 422bpcdswas sequenced for structural
and homology analysis. Partial cds of the PPO gene translated into a 140 amino acid long
sequence by in silico analysis [GenBank: KM192264.1]. SignalIP prediction showed an absence
of signal peptide in (figure: 8a), in the partial sequence of the PPO gene. TMpred software
prediction predicted the model showing one strong trans-membrane helices of 22 amino acids
between 109 to 130 amino acid regions showed in (Figure: 8c). The Protscale hydropathicity
score (Figure: 8b), corroborate the maximum hydrophobicity between the positions 122 to 124,
1.378 as maximum score. Swiss model analysis showed the template based homology with 33
templates. Maximum of those templates were named as Polyphenol oxidase, Catechol oxidase,
tyrosinase. Polyphenol oxidase is also known by other names like Catechol oxidase, Tyrosinase,
etc [Yoruk and Marshall, 2003]. So the result predicted the homology with other Polyphenol
oxidase of other plant species. Out of the 33 template, the maximum homology is with Catechol
oxidase of sweet potato. The built model of the 3D structure of PPO (Figure: 8d) analysis
showed it as monomer protein with 50.36% similarity with sweet potato 3D structure.

Figure 8: (a)

Figure 8: (b)

Figure 8: (c)

Figure 8: (d)

Figure 8: (a) Prediction of signal peptide by SignalP; (b) Prediction of transmembrane domain
by TMpred tool; X-axis: Number of amino acids; Y-axis: Hydrophobicity score; (c) The
predicted three dimensional model of P. ovata PPO protein; (d) Hydropathy plot showing the
hydropathy score of the amino acids of predicted protein

Conclusion

The objective of the study was to enhance polyphenol accumulation through tissue
culture technique.



Different hormone combinations were used to set up callogenesis.



The result depicted that the combination of hormones with kinetin concentration higher
(group B and C) compare to other combinations accumulated more polyphenols.



The result was further verified with another experimental setup of four groups with
ascending kinetin concentration from Group I-IV and with fixed 2,4-D concentration .



This study proved the positive impact of Kinetin in accumulating polyphenols and
suggested its application commercially as in optimum doses less browning of callus
tissue occurred referring down-regulation of PPO gene expression whereas PAL gene
expression was up-regulated compare to the control group I.



Somatic embryos were cultured with specific hormones and Polyphenols accumulation
was analyzed.



P.ovata SE of 63 days showed the highet accumulation of total polyphenols compare to
non-Se and 48 days SE.



P.ovata is an important medicinal plant and many literature depicted hyper accumulating
characteristics of its Genus to some specific heavy metal.



The two concern gene of the study PPO and PAL are stressed induced gene and plant
secondary metabolities like polyphenols play important role in managing plant health in
presence of abiotic stress.



Responsiveness of P.ovata in presence of chromium stress was studied. Hexavalent
chromium is a pollutant and also present in region where Plantago grows to great extent
like in Gujrat and other parts of India.



The study depicted the tolerance level of P.ovata to the Cr stress and how plant secondary
metabolities and other biochemical attributes get regulated according to the level of stress
to make the plant tolerant to withstand the stress.



Conclusively Kinetin played an important role in enhancing polyphenol content. At
optimum level adequate amount of polyphenols can be enhanced. Significant level of
polyphenol

was

also

increased

in

63

days

SE.

inducing SE was also a good option for polyphenol enhancement and plant propagation
as well.
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