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Chapter 4. Results and Discussion

The present chapter is mainly divided into two giaievelopment oin vitro cultures
and phytochemical analysis. The first objective viasestablish cultures using different
explants ofLeptadenia reticulataand Tylophora indica The second objective was to analyze
the in vitro cultures qualitatively and quantitatively for thargeted metabolites. Last
objective was to enhance the selected metabobi@®wct in cultures by elicitation.

Leptadenia reticulata (Retz.) Wight and Arn
Establishment of callus and shoot cultures was dsimeg leaf and nodal explants and

the results are summarized below.

4.1 Development ofn vitro Cultures

In vitro cultures when tried to develop using MS mediuntified with different PGRs,
the observations revealed that establishing cudtwvas difficult due to heavy bacterial
contamination. Therefore an antibacterial assay peaformed at first to nullify the bacterial

contamination by selecting suitable antibiotic.

4.1.1 Antibacterial Assay

Initially the explants were treated with HgG@lone to avoid contaminants, but it failed
to control the bacterial contamination hence a braldy of antibacterial assay using
different antibiotics was carried out. This primagreening helped in selection of a suitable
antibiotic which could be further utilized alongthiother surface sterilizing agents. This
assay was done using disc diffusion method whettebal contaminant was grown on plates
containing antibiotic octodiscs (Hi media) and #ome of inhibition was checked with respect
to bacterial growth. The result showed that gentam{Fig. 7a), kanamycin and streptomycin
(Fig. 7b) gave more zone of inhibition but they @t semitransparent ring around clear
zone which made it unclear zone. Maximum clear zohenhibition was observed in
tetracycline (Fig. 7b) and rest of the antibiotqypeared with semitransparent/unclear zone of
inhibition (Table 4). Hence initially both streptgoin and tetracycline were used for the
treatment of explants. Though tetracycline showeskimum zone of inhibition, it was
observed duringn vitro studies that streptomycin could prevent contarfonabetter as
compared to tetracycline. Therefore streptomyciras wtilized to treat the explants fior

vitro culture establishment.

67 |Page



Wy

7

|
"

| | )
o

)

w |
o

"

)

[ |

9, -

O
Ay

)

Figure 7. Antibiotic assay using disk difftsion

method: (a) Gentamycine (GEN) showedclear

zone of inhibition and (b) maximum clear zone of

inhibition in streptomycin andtetracycline (T).



Chapter 4. Results and Discussion

Table 4. Effect of different antibiotics on inhibition of bacterial growth.

Sr. o Concentration Zone of
Antibiotics Type of zone o
No. (ng) inhibition

o Semitransparent ring
1 Amikacin (AK) 30 ++
around clear zone

2 Ampicillin (AMP) 10 - -

3 Cefoxitin (CX) 30 Irregular +

4 Ceftazidine (CAZ) 30 - -

5 Ceftriaxone (CTR) 30 Irregular +

. Semitransparent ring
6 Chloramphenicol (C) 30 +++
around clear zone

Semitransparent

7 Gentamicin (GEN) 10 +++
around clear zone

8 Piperacilin (PI) 100 Clear ++

9 Carbenicillin (Cb) 100 - -

_ _ Semitransperant ring
10 Ciprofloxacin (cf) 10 ++
around clear zone

11 Co-Trimazine (cm) 25 Unclear zone +
_ Semitransperant ring
12 Kanamycin (K) 30 +++
around clear zone
13 Nitrofurantoin (Nf) 300 Clear +
14 Streptomycin (S) 10 Clear ++
15 Tetracyclin (T) 30 Clear +++

+: less inhibition, ++: moderate inhibition, +++ighest inhibition

4.1.2 Leaf Explant

Entire leaves of.. reticulata were collected from plants growing in botanicafdgan
and excised explants were placed in the MS medupplemented with sucrose (3%) and
different PGRs, the morphogenic response was eealugt the end of six weeks. Medium
without PGR served as control and result showeg swelling of explants which failed to

survive after four weeks.
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Chapter 4. Results and Discussion

4.1.2.1 Effect of PGRs on Callus Growth and Morphology
MS medium was fortified with individual and combiimas of cytokinins (5-20 puM)

and auxins (0.1-1.0 uM) to assess their effeceahéxplants.

 Individual cytokinins (BA and Kn)

Presence of cytokinins in the medium is known toauga morphogenic response and
hence media was fortified with different cytokinins. BA/Kn(5-20 uM) individually. Out of
all the concentrations tried, BA (15 uM) was théyaoncentration which was able to induce
callus formation in 30% cultures (Table 5). Callwas induced from the cut margins of the
explants by end of second week. It slowly prolifedatill four weeks and then the explants
along with callus, was transferred to fresh mediwitn the same concentration for further
growth. Subculture enhanced the growth of callusciviwas off-white, friable and it covered
the entire lamina of leaf till the six weeks (F&n). It started to turn brown in further weeks
and completely became black by eight weeks. Sipilahen effect of Kn was evaluated in
the same concentration range (5-20 uM), the regpaas observed only in terms of swelling
of explants in all the concentrations by third we€kg. 8b) and then after they failed to

survive.

+ Individual cytokinins results depicted that BA waesneficial for callus differentiation as

compared to Kn.

 Individual auxins (IAA, NAA and 2,4-D)

Auxins are reported to induce callus from leaf arpl hence the MS medium was
fortified with 1AA/NAA/2,4-D in concentration rangeof 0.1-1.0 pM. In IAA, lower
concentration (0.1 uM) was able to induce callu®® cultures. Greenish-brown friable
callus formation was observed from the periphernexplants after two weeks. This callus
was slow growing and less proliferative in naturel &ven subculture could not help in

enhancing the growth of callus till six weeks (F@). Further increase in concentration (0.5

1.0 uM) resulted in only swelling of leaves.

When another auxin NAA was tried (0.1-1.0 uM), ttellus was greenish-white,
friable in comparison to IAA, and the response eckd to 60% at 0.5 UM NAA. The callus
induction was observed from cut end of leaf ex@aafter two weeks. Callus growth
increased till three weeks and a small cluster fmaned within six weeks (Fig. 9b), but later
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Chapter 4. Results and Discussion

the growth stopped and it turned black. Furthergase in NAA concentration to 1.0 uM
decreased the callus growth as well as response.

When NAA was replaced with 2,4-D, the color andtdex of callus changed to white
and it became more friable in comparison to théezaauxins (Fig. 9¢). Moreover result also
showed enlargement of leaves especially at highecantration of 2,4-D. Maximum callus

growth was observed at 1.0 uM and 70% cultures able to survive till six weeks (Table
5).

4 The effect of individual auxin proved to be benigdidor callus growth in leaf explants as
compared to individual cytokinins. The morphogergsponse in individual PGRs only
accounted for formation of callus, which failedetater in any organogenic pathway. Thus,

further experimental work was carried out to evedufie synergistic effect of cytokinins
and cytokinins with auxins on organogenesis.

Table 5. Individual and synergistic effect of diffeent PGRs on callus growth and
morphology in leaf explants ofL. reticulata (6 weeks).

PGRS Callus growth and Profiferation Response
morphology (%)
BA (15 uM) Off-white, friable ++ 30
Kn (5-20 puM) No response - -
IAA (0.1 uM) Greenish-brown, friable + 50
NAA (0.5 uM) Greenish-white, friable ++ 60
2,4-D (1.0 puM) White, friable + 70
Kn (20 uM) + AdSQ (10 uM) Brown, friable + 30
BA (20 uM) + NAA (0.5 um) Greenish-white, friable ++ 70
BA (15 puM) + 2,4-D (1.0 puM) Off-white, semi friable +++ 80
Kn (10 uM) + I1AA (1.0 uM) | Greenish, off-white, fie + 40
Kn (20 uM) + NAA (1.0 uM) White, semi-friable + 50
Kn (10 uM) + 2,4-D (1.0 uM) White, semi-friable + 05

: less proliferation, ++: moderate proliferatiet+: highest proliferation
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Figure 8. Effect of individual cytokinins on allus
differemtiation from leaf explants of L. reticulata:
(a) Off-white, friable callus in the presence oBA
(15 pN) after six weeks and (b) swellingof leaf
explanisin Kn (10 pM) within three weeks.

Figure 9. Effect of individual auxins on callus formation from leaf explants
of L. reticulata at the end o' six weeks: (a) Greenistrown, friable callus on
medium supplemented with IAA (0.1 uM), (b) greenishwhite, friable callus

differentiated in NAA (0.5 pM) and (c) white,friable callus in presence of
2,4-D (1.0uMm).
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4.1.2.2 Synergistic Effect of Cytokinins and Auxins on Callus Growth and Morphology

When synergistic combinations of two cytokinins. iBA with Kn/AdSQ,, Kn with
AdSQO, and cytokinins with auxins i.e. BA/Kn with IAA/NA&/4-D was tried, observations
revealed that only three combinations enteredemnsttimatic embryogenesis pathway which is
discussed afterwards and rest all formed only calhish is summarized below.

e Kn and AdSO,

As individual Kn was unable to generate morphogeesponse, it was combined with
AdSO, (5-10 uM) and their effect was evaluated. Lowaraamtrations of Kn (5-10 uM) with
all concentrations of AdSQailed to form callus. Whereas at higher leveKof(20 uM) with
AdSO, (10 uM) differentiated brownish friable callus fimahe cut margin of leaf (Fig. 10a).

The growth of callus was slow as well as the respabtained was very less (30%).

* BA and NAA/2,4-D

As from the above result it could be concluded thdividual BA was able to induce a
response for callus induction but individual auxid8A and 2,4-D were better. Thus, a
combination of BA with NAA/2,4-D was tried to und¢and their effect on leaf explants. BA
and NAA was able to further enhance the growthadiis. Maximum callus proliferation was
recorded at higher concentration of BA (20 uM) WMAA (0.5 pM) in 70% cultures (Table
5), but these cultures could not sustain after weeks. Greenish-white, friable callus
differentiated from the midrib of leaf explants ataxial surface during second week. Growth
enhanced in the third week and it spread towardsialsurface of explant. After four weeks
callus was transferred to the similar medium contpos for further growth and it was
observed that it became more friable and prolifeeatFig. 10b).

2,4-D is commonly utilized for differentiating cal and hence its synergistic effect
with BA was evaluated. Lower level of BA (5 uM) a@¢di-D (0.1 uM) differentiated callus
but the rate of proliferation was less which insegh at higher concentration of BA (15-20
uM) with 2,4-D (1.0 uM). Maximum proliferation wagcorded in medium supplemented
with BA (15 uM) and 2,4-D (1.0 pM) within six weelts 80% cultures. It resulted with
induction of off-white, semi friable callus from drib of explants by second week. Then it
proliferated in further weeks and covered the ertimina of leaf explants till six weeks (Fig.
10c). BA-2,4-D combination proved to be better fallues growth as compared to all the other
PGRs combinations (Table 5).
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Figure 10. Synergistic effect of PGRs on callus growth andmorphology from
leaf explants ofL. reticulata at the end of six weeks: (a) Bwn, friable callus
in Kn (20 uM) + AdSQ, (10 uM), (b) greenish-white,proliferative friable
callus in BA (20 puv) + NAA (0.5 uM), (c) offwhite, semi frable callus in BA
(15 uM) + 2,4D (1.0 uM), (d) greenish, off-white,friable callus in Kn (10 uM)
+ IAA (1.0 uM), (e) white, semi-friable callus inKn (20 uM) + NAA (1.0 uM)
and (f) white, sem-friable callus in Kn (10 uM) + 2,4-D (1.0uM).
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* Kn and IAA/NAA/2,4-D

As it was earlier noted that presence of individGalfailed to give any response, it was
combined with individual auxins to induce a respoirsleaf explants. The synergism of Kn
with IAA formed callus in 40% cultures at moder&eel of Kn (10 uM) with 1AA (1.0 uM)
(Table 5). Callus induction was observed afterdtlweek and it was greenish, off-white and
friable in nature. It ceased to grow after sixthetwgFig. 10d), and later it gradually turned
brown and finally became black along with the erpla

Combining Kn and NAA in the media, improved calfgpswth and response slightly. It
was observed that lower concentrations of Kn (%+84) with NAA (0.1-1.0 uM) evoked less
response and the highest response (50%) was recordén (20 uM) and NAA (1.0 pM)
(Table 5). In this the callus differentiation wamtiated in two weeks and it was white and
semi-friable. Callus was induced from margins @if lexplants and grew towards the lower
lamina of leaves by the end of six weeks (Fig. 10e)

When Kn and 2,4-D were combined, it failed to imgrahe response, however the
callus growth and morphology remained similar wghite and semi-friable. Only few
combinations differentiated callus with very lessgonse and in presence of Kn (10 uM) +
2,4-D (1.0 uM) in 50% cultures formed callus. Tlhalus induction was observed after two
weeks which further proliferated slightly by foueeks, then it slowed down (Fig. 10f) and

after six weeks turned brown.

+ It was observed that all combinations of Kn withokynins/auxins induced poor growth
and response for callus in comparison with BA corabons. Thus BA-NAA and BA -
2,4-D proved to be beneficial as they showed mawinoallus growth within six weeks

and were further utilized for phytochemical anadysi

Leaves ofL. reticulatawere excised and square piece of lamina contaimiadgib was
inoculated as cut region would help for efficiebsarption of nutrients and growth regulators
(Sarwar and Skirvin, 1997). MS medium fortified kvindividual cytokinins induced varied
response as BA induced callusing with meagre respavhereas Kn failed to induce any
morphogenic response. These results are in link prévious reports on leaf explants of
Gerbera jamesoni{Kumar et al., 2004)Metabriggsia ovalifolia(Ma et al., 2011)Viola
canescengKhajuria et al., 2017) an&caevola sericedlLiang et al., 2020). Whereas in

Azadirachta indica/Akula et al., 2003), BA failed to induce any callfrom leaf explant. In
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L. reticulatg the callus formed in presence of few concentrat@nBA and it was friable in
nature and similar findings are reported for leafplent of Hemidesmus indicus
(Shanmugapriya and Shivakumar, 2011). Similarigyés ofStevia rebaudian@Janarthanam
et al., 2009)Biophytum sensitivurgKala et al., 2014) andnisochilus carnosu@Reshi et al.,
2017) induced only callogenesis and no caulogenesisedium containing BA. Generally
AdSOyis used to enhance the organogenesis, but in #sepr study when it was combined
with Kn, it only induced callus, and the same isoalocumented irLilium longiflorum
(Zapanan, et al., 1999-2000). Whereas Garro-Monge €2@08) reported callus formation in
Aloe barbadensigvhen placed in BA+AdS£52,4-D. The variation in morphogenic responses
is due to the antagonistic effect of cytokinins ehinhibits the synthesis of IAA oxidase
isoenzyme and in turn stops the production of eadogs IAA which in turn adversely
affects the morphogenic responses (Lee, 1971).

When MS medium was fortified with different conaations of 1AA, greenish-brown
friable callus was developed within six weeks. famresults are documented foecomella
undulata(Patel and Patel, 2013) airtl indicus(Pathak and Joshi, 2017) where callus was
formed with similar morphology in presence of IA¥/hereas in leaf explant ddmelina
arboreg bothcompact and friable callus was formed dependintherconcentrations of IAA
(Ujjwala et al., 2013). Individual IAA induced onlgallus from leaf explant oPlumbago
roseaand P. zeylanica(Das and Rout, 2002). Changing IAA with NAA in timeedium
improved the response in terms of callus proliferat and the texture also changed to
greenish-white and friable. This type of change besn reported by Shanmugapriya and
Shivakumar (2011) irH. indicus where the callus changed to dark green and compact
medium containing NAA. Individually NAA can indu@allus from leaf explants as observed
in Justicia gendaruss@Agastian et al., 2006 phiorrhiza japonicaKai et al., 2008) ané.
zeylanica(Lubaina and Murugan, 2012). The difference ifusamorphology is due to the
variation in physiological activity of the auxinsithin the plant tissue (Anjusha and
Gangaprasad, 2017).

When MS medium was supplemented with different eatrations of 2,4-D, it induced
white friable callus and the response was betteoagared to IAA and NAA. Whereas lih
indicus (Purohit et al., 2015) an@cimum sanctun{Mishra, 2015), compact callus was
formed in medium having 2,4-D. But the superionfythis auxin for callus formation is also
documented iMylophora indica(Faisal and Anis, 2003)jinospora cordifolia(Bhalerao et
al., 2013), Anthurium andreanun{Thokchom and Maitra, 2017Qldenlandia umbellate
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(Saranya et al., 2019) amlyalthia bullata(Kamarul Zaman et al., 2020). It was concluded
that when cytokinins and Auxins were used individuahey failed to differentiate shoots
from leaf explants, which is in line with reports Spilanthes acmelléSingh and Chaturvedi,
2012).

As leaf explants oL. reticulata were unable to differentiate shoots in presence of
individual cytokinins or auxins, thus their comitinas were tried as the ratio of these PGRs
is reported to influence organogenesis (Skoog aitidi1957; Bhojwani and Razdan, 1996).
Earlier studies have stated that the main funaiooytokinin is to stimulate the cell division
and form adventitious bud. Whereas auxins are kntawmfluence the initiation of cell
division and organize meristems which differentiatgans along with promotion of vascular
differentiation (Gaspar et al., 2003). However, wiegtokinins and auxins were combined in
the present study, most of the combinations indweeyg callus. This might be due to the fact
that auxins play important role in callus inductiand when combined witleytokinins
induces a different morphogenic respofiéang et al., 2010) which is also reported in saver
studies (Baskaran et al., 2011; Aghaali et al. 9201

The observations revealed that when BA and NAA wesed individually it showed
little response for callus formation, whereas theédponse as well as callus proliferation
increased when they were added together, which ¢®iroboration with results iRoncirus
trifoliata (Tzatzani et al.,, 2018). In the present study gstenihite friable callus was
observed in presence of BA-NAA, and this combimatio the leaf explant aAbelmoschus
esculentusormed callus which was white and green, compadtfaable (Kabir et al., 2008).
Whereas other report @elosia argenteahowed greenish-reddish-white compact and friable
callus (Bakar et al., 2014). Many previous studMsitiion indicum(Seth et al., 2017) and
Allophylus edulisMessias et al., 2019) have documented that thescieature and colour
changes in different concentrations of BA-NAA. Tdalus failed to regenerate shoots which
might be due to the quiescent cells of the explanit$ with respect to PGRs involvement
(Phillips, 2004). Similarly the callus formed froeaf explant ofAdhatoda vasicdMandal
and Laxminarayana, 2014) afrallocarpus epigaeufNarayan, 2016) in presence of BA-
NAA also failed to induce shoots.

The combination of BA-2,4-D induced more profuséusaas compared to individual
BA and 2,4-D which is in line with report oh. reticulata (Patel et al., 2014)Piper
permucronatum(Santos et al., 2016) andimonium sinensgDam et al., 2017). The

synergistic effect of BA-2,4-D on profuse callus mf@tion is in accordance with earlier
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reports onA. indicum(Rout et al., 2009; Seth and Panigrahi, 2089)acmellaNabi et al.,
2018) andEriobotrya japonicaDeng et al., 2020). Whereas Mehabebhl. (2019) depicted
that MS media fortified with BA (0.5 mg/l) + 2, 4-[2.0 mg/l) + NAA (0.5 mg/l) formed
maximum callus inZingiber officinale One of the reason is the presence of 2,4-D in the
medium which is known to be efficient in stimulagithe cell division in plant tissue (Gaspar
et al. 1996). Previous study dn reticulata (Martin, 2004; Bharat et al., 2011) stated that
media is supplemented with NAA/2,4-D individually ior combination with BA it formed
callus which is similar with present investigatiMihereas results documented by Hariharan
et al. (2002) and Patel et al. (2014) reported tEttmum somatic embryos and shoot
differentiation respectively in presence of BA adAA from leaves ofL. reticulata Many
combinations induced callus from leaf explant lof reticulata but maximum callus
proliferation was observed in presence of BA-NAA &#l2,4-D, but the later proved slight
better as compared to former and similar resulteweported inrCerasus humiligWang et
al., 2016) andrucea mollis(Das et al., 2018). The effectiveness of BA withM2,4-D was
observed to be better as compared to Kn whichse etported foHemidesmus indicus
(Pathak and Joshi, 2017) aBgnura aurantiacgCui et al., 2019).

Combination of Kn with IAA induced greenish, off-id and friable callus which was
different from other combinations. Previously Pé&tlaad Joshi (2017) reported callus with
varying morphology i.e. greenish-white, compact amwwn, friable-nodular callus in
different combinations of PGRs. Whereas when Kn-N#s used the callus again became
white-semi friable. This might be due to the endumges auxinconcentrations (Lane, 1978).
Similarly leaf explant of many species only inducatius when placed in Kn-IAA/NAA like
Stevia rebaudianéSivaram and Mukundan, 2008uphorbia nivulia(Sunandakumari et al.,
2005),Populus ciliate(Thakur and Srivastava, 2008)jithania coagulangJain et al., 2011)
and Ophiorrhiza pectinataMidhu et al., 2019). The combination of Kn-2,4a30 evoked
callogenesis, but response was less as comparedntbination of BA-2,4-D which is in
accordance with results limonium sinenséDam et al., 2017). Generally BA/Kn-2,4-D was
responsible for the formation of embryogenic callDem et al., 2017; Sangra et al., 2019),
whereas irL. reticulataboth these combinations failed to induce somatibrgos which is in
accordance with the report dvacrotyloma uniflorum(Mohamed et al., 2004) an®.
pectinata(Midhu et al., 2019). Generally individual auxif¥&ang et al., 2009; Mousavi et al.,
2012) and combinations of cytokinins and auxinsgiDénd Joshi, 2005; Lim et al., 2009) are
considered to be responsible for callus inductid®NAA, BA-2,4-D, Kn-NAA and Kn-2,4-
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D combinations induced only callus in leaf explamvarious plants lik&Solanum tuberosum
(Kumar et al., 2014),.antana camargVeraplakorn, 2016)A. indicum(Seth and Panigrahi,
2019) andPapaver rhoeagAghaali et al., 2019).

In the present study, it was noted that the callogh differentiated from leaf explants
when excised and subcultured turned brown withiveak. Even it was transferred to a fresh
medium along with the explants resulted in browramgl similar results are documented for
the same plant (Bharat et al., 2011) and other plaké Pinus sylvestrigAnderson and
Levinsh, 2002) Bougainvilleaspp. (Anand et al., 2017) ansodon amethystoidg®uan et
al., 2019). Thus further proliferation of callussvarrested which is in line with other studies
(Ling et al., 2007; Chugh et al., 2009; Mondal let 2014). The first reason is programmed
cell death caused by environmental stress, the pib&sible reason is that there is formation
of quinones from phenolic compounds in the platit (€&ao, 1999). Another reason may be
oxidation adversely affecting the regenerative cdpaof the plant tissue (Quisen et al.,
2009).

4.1.2.3 Synergistic Effect of PGRs on Somatic Embryogenesis

It was interesting to note that combination of cytaks or cytokinin (5-20 uM) and
auxin (0.1-1.0 uM) induced a varied morphogenipoese. The type of PGRs played a vital
role in either differentiating callus or callus whi formed somatic embryos. In the
combinations which were responsible for somatic madenesis, only cotyledonary stage of
SEs were taken into consideration for countingrafi® weeks and detailed results are

described below.

* BA and Kn

A combination of both cytokinins i.e. BA and Kn wiaed in concentration range of 5-
20 uM. Both the cytokinins at lower concentratidruM) induced less SEs (3.70 £ 0.95), and
this number increased to 15.30 + 2.15 in 90% ce#twhen BA was kept constant at 5 pM
and Kn level was increased to 10 pM. Further raitiegKn concentration to 15 and 20 uM,
it reduced the number of SEs. Addition of 10 uM ®#&h Kn (5-20 uM) gradually decreased
the no. of SEs with increased levels of Kn. Thedency of differentiating SEs enhanced
when BA level reached to 15 pM with Kn (5 pM) i20.90 + 2.86 SEs in 90% cultures
(Table 6). This was one such combination which #ameously differentiated indirect as well

as direct embryos from the leaf explants. In indidifferentiation of SEs, initially off-white,
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Figure 11.Induction of somatic embryos (SEsfrom leaf explants ofL.
reticulata in presence ofBA (15 pM) + Kn (5 uM) at the end of six
weeks: (a) Drect SEswith heart and torpedo stages anc(b) indirect
differentiation of embryos with globular and elongated glolular stages.
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friable callus was formed by the end of first we&kis callus was friable and it proliferated

fast in next week, and simultaneously started tiemintiate somatic embryos by third week.

These embryos passed through globular, heart apddo stages till six weeks, but by end of
eight weeks the callus started to turn brown andéred the further development of SEs. The
response for direct formation of SEs was very (8886), however they were able to develope
into heart and torpedo stages within six weeks. (Elg). An asynchronous development was
observed in both direct and indirect pathways, etoee all SEs were not able to reach
torpedo/cotyledonary stages and few remained ibulge or elongated globular stage (Fig.

11b). At higher concentration of both PGRs (20 y&pidly decreased the frequency of SEs
to 2.70 £ 0.81 and the percent response also ddoppe

* BA and AdSO,

Kn was replaced by AdSGn the medium and the effect of its combinationhwBA
was evaluated for leaf explants, it depicted vemmain terms of number and response of SEs.
The differentiation of SEs was less (3.00 £ 0.60)wer concentration (5 uM) of BA and
AdSQO,, the number gradually increased to 10.00 £ 1.6th@sAdSQ level was enhanced to
20 pM. Increasing BA to 10 uM slightly improved thember of SEs in presence of AdSO
(5 and 10 uM), but gradual decrease was observEs-20 M. When BA reached to 15 uM,
it induced few SEs at lower levels of AdS® and 10 uM). However suddenly the frequency
of SEs increased at higher concentration of Ag@6 uM) and a maximum 21.70 + 2.06 SEs
were obtained in 100% cultures. In this combinatmailus differentiation was initiated from
lower end of the cut margin of leaf explants withinveek and proliferated by second week.
Between three to four weeks, globular embryos wdferentiated from which few elongated
by four weeks (Fig. 12a). The callus of four weekss harvested and observed, from which
early stages of SEs i.e. globular and elongatedutdolzould be clearly identified (Fig. 12b).
The transfer of explants along with callus to frestdium with similar composition helped in
converting embryos to heart and torpedo stagefdwtvere restricted in elongated globular
stage at the end of six weeks (Fig. 12c, d). Daffieistages of SEs could be identified after six
weeks as the growth was asynchronous (Fig. 12¢¢r Aiat germination ceased and callus
along with SEs turned brown to black within eighgeks. Further increasing concentration of
both BA and AdS®to 20 uM, slightly decreased the number of SEs3(12.2.09) in 100%

cultures (Table 6). Additionally, in this combirmati callus proliferation remained high
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Figure 12. Differentiation of somatic embryos (SEs) iran optimized
medium with BA (15 uM) + AdSO, (15uM) from leaf explants of L.
reticulata: (a, b) Induction of globular embryos by four weeks (c, d)
heart and torpedo stage embryos within six weeks ane) different
stages oembryos separated from callus after six weeks.



Figure 13. Microscopic observatior of somatic embryos (SEs)
differentiated on optimized medium BA (15 pM) + AdSO, (15 puM): (a)
Globular and elongated globular embryos at four weelks, (b) different
stages ofembryos by end of six weeks and (c-f) individuastages of SEs -
(c) globular, (d) early heart stage, (e) heart and (f) torpedc(Bar = 0.5mm)



Chapter 4. Results and Discussion

compared to BA-Kn, but the number of SEs obtainedewnore or less similar with above
combination.

Embryogenic calli which formed in above combinatimas further observed under
microscope. This was done for identifying the diéf@ stages of embryos. Four weeks
embryogenic calli showed globular embryos on thdaser of callus (Fig. 13a) which
converted into different stages (Fig. 13b). Embryoth distinct stages like globular, early
heart, heart and torpedo were easily separatedlzsetved (Fig. 13c-f).

Table 6. Effect of different PGRs on induction ofsomatic embryos

from leaf explants ofL. reticulate (6 weeks).

PGRs (uUM) No. of somatic Response

BA Kn | AdSO, | IAA | embryos/explant* (%)

0 0 0 0 Oi 0

5 5 0 0 3.70£0.95 gh 80
5 10 0 0 15.30+2.15¢ 90
5 15 0 0 11.10 +1.55 cd 90
5 20 0 0 8.70 £ 1.36 de 90
10 5 0 0 6.40 £ 0.92 ef 90
10 10 0 0 7.50 £ 1.50 ef 90
10 15 0 0 9.60 + 1.50 de 90
10 20 0 0 10.60 + 1.48 cd 90
15 5 0 0 20.90 +2.86 a 90
15 10 0 0 14.00+1.99¢c 90
15 15 0 0 9.70 £1.73 de 90
15 20 0 0 9.20+1.43 de 90
20 5 0 0 8.90 £ 1.25de 90
20 10 0 0 7.60 £ 0.95 ef 90
20 15 0 0 4.80£0.97 fg 80
20 20 0 0 2.70 £0.81 gh 70
5 5 0 3.00 £ 0.69 gh 90
5 10 0 3.80 +£0.75 gh 90
5 0 15 0 8.10 £ 1.39 ef 80
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5 0 20 0 10.00 + 1.61 cde 90
10 0 5 0 12.10+1.66 C 90

10 0 10 0 14.00+2.04 c 90

10 0 15 0 10.40+1.82cd 80

10 0 20 0 7.50+1.73 ef 80

15 0 5 0 3.30 £1.09 gh 70

15 0 10 0 450+1.17 fg 80

15 0 15 0 21.70+2.06 a 100
15 0 20 0 14.30+1.39c 100
20 0 5 0 9.70 £ 1.64 de 90

20 0 10 0 11.50+1.01cd 100
20 0 15 0 18.60 +1.39 ab 100
20 0 20 0 19.30 £ 2.09 ab 100
5 0 0 0.1 3.80 £0.52 gh 50

5 0 0 0.5 3.83+0.55 gh 60

5 0 0 1.0 6.86 = 0.94 ef 70

10 0 0 0.1 9.00£1.21 de 70

10 0 0 0.5 1225+1.20c 80

10 0 0 1.0 7.71+1.65 ef 70

15 0 0 0.1 543+1.21fg 70

15 0 0 0.5 4.20+0.72 fg 50

15 0 0 1.0 2.75+0.41 gh 40

20 0 0 0.1 2.33+0.27 gh 30

20 0 0 0.5 1.50 £ 0.35 gh 20

20 0 0 1.0 Oi 0

*Values represent mean + SE. Means (n = 10) foltblwg same letter are not
significantly different p < 0.05) according to Tukey’s test.

« BA and IAA

Auxins when combined with cytokinins are known moluce embryogenic callus from
leaf explant. Thus, BA was combined with IAA in cemtration ranges of 0.1-1.0 uM and
their results were evaluated. Low level of both BAuUM) and IAA (0.1 uM) resulted with
less embryos (3.80 + 0.52) in 50% cultures. Sligbtease in the concentration of both PGRs
facilitated formation of high number of embryos B4 (10 pM) with 1AA (0.5 puM)
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differentiated 12.25 + 1.20 embryos with 80% respon¥he number of SEs were
comparatively less than the optimum number obtaimedibove combination. BA-IAA
formed greenish-white, friable callus within thneeeks which proliferated in further weeks
and became embryogenic. Induction of globular stie&gies was observed within four weeks
(Fig. 14a), after that the callus was transferredttem fresh medium having same PGRs
concentrations. Subculture assisted significantifieration of callus compared to BA-Kn as
well as in germination of SEs, as they converted h#art and torpedo stages by end of six
weeks (Fig. 14b). The number of embryos and thporese declined when both PGRs level
reached to 20 uM (Table 6).

+ |t was noted from somatic embryogenesis studydt@mbination of cytokinins proved to

be better as compared to cytokinin with auxin corabon.

Indirect somatic embryogenesis is a multi-step @sscin which the somatic cells
dedifferentiates and form callus, in which embryagelumps originate and develop into SEs
(Williams and Maheswaran, 1986; Von Arnold et aD02). Cytokinins are known to play
important role in this transition as well as inmstiating divisions in pro-embryogenic cells
(Feher et al., 2003). Although there are reportstion use of individual cytokinins for
initiation of somatic embryogenesis in various $pe¢Sagare et al., 2000; Cheruvathur et al.,
2013Db; Li et al., 2014), generally combinationscgfokinins and cytokinins with auxins are
reported to have inductive effect on SEs.

In the present study, it was observed that typecamgentration of PGRs significantly
affected somatic embryogenesis and among all thebrations tried, BA-Kn, BA-AdSQ
and BA-IAA induced SEs from leaf explant. This jies the key role of BA in inducing SEs
(Chang, 1991) and these observations are compavatileprevious report on same plant
(Martin, 2004). Similarly, the profound effect ofABon induction of somatic embryos from
the leaf explant has been well documented in mahgrattudies (Girija et al., 2000; Chitra
Devi and Narmathabai, 2011; Sane et al., 2012; &atmal., 2019; Sedaghati et al., 2019;
Liang et al., 2020). Recently, Yumbla-Orbes et(2020) documented that SEs Bfistoma
grandiflorum matured better when placed in media containing &#d it was also observed
from previous report of cassava that cytokininsedfective for germination of SEs (Taylor et
al., 2001; Mongomake et al., 2015).
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BA (10 uM) + IAA (0.5 puM) from leaf explants ofL. reticulata: (a)
Induction of globular embryos from callus within four weeks anc (b)
different stagesat the end of si weeks.
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In the present investigation, BA alone inducedusatig but when combined with Kn or
AdSQ,, it differentiated SEs. A combination of BA and Ksrarely reported for somatic
embryogenesis e.g. iSolanum trilobatum(Dhavala et al., 2009) aniloringa oleifera
(Devendra et al., 2012). On the other hand sonearekers have suggested the use of other
PGRs along with BA and Kn for e.g. Li et al. (20@®Yained optimum SEs when leaf explant
of Picea koraiensisvere placed on media containing BA (1) + Kn (1.16 uM) + NAA
(8.06 uM). Whereas SE formation idatropha curcashas been documented in presence of
multiple PGRs like BA+Kn+TDZ+IAA (Mweu et al., 2016

Another cytokinin AdS@ has stimulatory effect on somatic embryogenesienwvh
combined with other PGRs especially cytokinins.the present study optimum SEs were
obtained in BA-AdSQ® which is in accordance with the report Rhaseolus vulgaris
(Cabrera-Ponce et al., 2015). Whereas combinati@Aq13.3 uM), AdSO, (271.5uM) and
NAA (2.7 uM) has been reported for somatic embryo formatioAmacardium occidentale
(Martin, 2003). Taha et al. (2007) reported that fSEnation in Phoenix dactyliferavas
optimum in presence of BAP+2iP+AdaCsimilarly in Acacia senegdkeaf explants, AdS©O
has beneficiary effect on SE induction as well @srgnation when added together with other
PGRs (Rathore et al., 2012). Whereas Jha et al7j2@ported that SEs dfcurcaswas
developed in presence of Ads@lone. Additive effect of AdSOwhen combined with other
cytokinins is also documented in many plants Micacia farnesianandA. schaffneri(Ortiz
et al., 2000)Coffea arabicaand C. canephora(Samson et al., 2006f;arthamus tinctorius
(Walia et al., 2007aBixa orellana(Parimalan et al., 20114. senega(Rathore et al., 2012),
C. tinctorius(Walia et al., 2007b) an@arica papayaAl-Shara et al., 2020). It is due to the
fact that AdSQ retards the degradation of cytokinins in the medhy feed-back inhibition
or by competing for the enzyme systems involvecatytokinin metabolism which in turn
facilitates somatic embryogenesis (Van Staden.e2@08).

Auxins has very important role in somatic embryagges process because they provide
the signal for both cell polarization and the asytno division for somatic cells (Jimenez,
2005; Pagnussat et al., 2009). Especially whennguare combined with cytokinins they
regulate cell division and differentiation and, réfere, are beneficial in inducing SEs (Pinto
et al., 2011). It was noted from the experiment the combination of BA and IAA also
induced SEs irL. reticulata which is also reported id. curcas(Sardana et al., 2000),
Hybanthus enneasperm@Shekhawat and Manokari, 2016) aWdis vinifera (Das et al.,
2002; Alavijeh et al., 2016). Midhu et al. (201%9ported that embryogenic callus in
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Ophiorrhiza pectinatadeveloped in presence of IAA (3 mg/l) which furthieansferred to
medium having combination of BA (0.2 mg/l) and I1AB.1 mg/l) for induction of SEs. The
observations revealed that when BA was combined WA it induced embryogenic callus
but combination of BA+NAA when used it formed namd@yogenic callus, this is in
corroboration with report oesmodium motoriunfChitra Devi and Narmathabai, 2011).
Similarly beneficial effect of IAA and inhibitory fect of NAA on embryogenic callus
formation was documented f@ucalyptus grandigNakhooda and Mandiri, 2016). In the
present study, SEs differentiated and germinatedirmlar media and PGR combination,
whereas in earlier study for the same plant SE® ie@med in presence of BA (2 mg/l) and
NAA (0.5 mg/l), and were further transferred to Kinmg/l) for germination (Hariharan et al.,
2002).Similarly, combination of BAP (4.4AM) and NAA (2.68uM) was used for optimum
differentiation of SEs by Sathyanarayana et al. 80 other studies oh. reticulatg SEs
were induced in presence of BA (8.8M) and IBA (2.46uM) (Martin, 2004). Whereas in
the study of Rathore et al. (2013), the differdetiaSEs failed to develop into plantlets.
Furthermore the number of embryos developed irptesent study is higher as compared to
earlier reports. It was also noted that auxin 2,4&s8[@ommonly used for induction of SEs
(Horstman et al., 2017). But in the present study® had inhibitory effect on individually or
in combination with cytokinins for differentiatiasf SEs, and similar observations were made
by Martin (2004) for the same plant.

4.1.2.4 Development of Somatic Embryos

Mature SEs which were in torpedo or cotyledonaages (Fig. 15a) were transferred to
static and liquid media fortified with different RS i.e. BA (15 uM) + AdSQ(15 pM), GA
(0.5-2.0 uM) and CW (4%) for their germination imgiantlets. When BA (15 uM) + AdSO
(15 pM) was tried, SEs germinated into healthy {4 in static medium but the response
was less, whereas in liquid medium embryos turrmeavb along with medium within two
weeks. Presence of GAn static medium proved to be beneficial for texelopment of SEs,
and 1 uM was suitable in converting SEs into hggilantlets within two weeks (Fig. 15b) as
compared to the other two concentrations. In liquedium embryos failed to survive and
turned black within a week. Whereas the CW failedprove response for development of
plantlets because conversion frequency was vesyihestatic medium and embryos failed to

survive in liquid medium.
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Figure 15. Development of SEs in GA (1.0 pM derived
through leaf explants ofL. reticulata: (a) Torpedo stage, (b)
germination of an embryo into aplantlet after two weeks, (c
differentiation of secondary SEs (SSEg)nd embryogznic callus
from hypocotyl region by four weeks, (d)further indluction of
direct SSE; at six weeks and (e) development 0SSEs into
plantlets, differentiation of indirect embryosfrom callus at the
end of eighiweeks
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An interesting result for differentiation of dires¢écondary SEs (SSEs) occurred inGA
medium from the hypocotyls of plantlets by fourtleek and simultaneously embryogenic
callus was also differentiated (Fig. 15c). Subaeltwas done on the medium with same PGR
concentration which induced repeatitive SSEs wigimweeks (Fig. 15d). SSEs elongated
and converted into plantlets and simultaneouslyusatlifferentiated SSEs which were in
globular stage at the end of eight weeks (Fig..15€e)

+ All combinations showed development of SEs but amlgtatic medium as liquid medium
turned black and therefore static medium was beiaéfior the development of SEs in
reticulata. Developing medium containing GAproved to be advantageous as repetitive
somatic embryos were formed in the same mediumtwbauld help in obtaining large

number of plantlets from single explant.

The conversion of mature SEs into plantlets is ssewrtial phase, as mature SEs are
known to accumulate sufficient storage proteins dedelop into normal plants (Rai et al.,
2008). Many studies suggested that this stage nejudifferent PGRs as compared to
induction medium (Pasternak et al., 2002; Mohamedlg 2004). In this study, when
developmental media was fortified with GAptimum growth of SEs was observed which is
in accordance with earlier study on the same pramthich presence of Gfalong with BA
facilitated maximum conversion of SEs into plargl@Wartin, 2004). It has been generally
reported that for maturation of SEs, removal ob&ytin and auxin from medium proved to
be beneficial (Hazubska-Przybyl et al., 2020), #imel same was observed in the present
study. The beneficial effect of GAor conversion of SEs into plantlets has been decued
previously in Gossypium hirsutunfGanesan and Jayabalan, 2008grthamus tinctorius
(Kumar et al., 2008)Jatropha curcagCai et al., 2011)Hemidesmugdicus(Cheruvathur et
al., 2013b),Curcuma amadaRaju et al., 2014)Abutilon indicum(Seth et al., 2017),
Haworthia retusa(Kim et al., 2019) and/aleriana officinalis(Abdi et al., 2019). Whereas
Daniel et al. (2018) reported that iAbelmoschus esculentudifferentiated SEs were
developed in presence of BAP and £2%ong with glutamine and casein hydrolysate. The
efficiency of GA could be due to gene activation for the develogro€SEs (Sharmin et al.,
2014).

The observations from the present results hasraiszaled that during development of
SEs, both direct as well as indirect secondary semembryos differentiated from
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hypocotyles of the plantlets in the same mediumis Tdould be due to the fact that
embryogenic cells can act independently from neaghing cells and they either undergo
further stages of germination or they can contitwalifferentiate into secondary embryos
(Raemakers et al., 1995). Similarly secondary smnaahbryogenesis is also documented in
Anacardium occidental@artin, 2003),Piper nigrum(Ramakrishnan Nair and Dutta Gupta,
2006), Carthamus tinctoriugKumar et al., 2008)Desmodium motoriuniChitra Devi and
Narmathabai, 2011)Camellia assamicgBajpai and Chaturvedi, 2021) and other species
(Karami et al.,, 2008; Bao et al., 2012; Cheruvatauml., 2013). If the right protocol is
developed then the process of generating directirahicect secondary somatic embryos is
easy and quick method and can be kept for extepdadd of time (Arrillaga et al., 1994;
Pavlovic et al., 2012). It also shows high multiption rate and increased level of genetic

uniformity (Bao et al., 2012).

4.1.3 Nodal Explants
To develop shoot cultures, nodal explants wereazatll and they were placed in MS
medium fortified with different cytokinins (5-20 p\and their effect was monitored till eight

weeks.

4.1.3.1 Effect of Individual Cytokinins on Shoot Regeneration

MS medium with 3% sucrose without PGRs served asndrol which failed to form
shoots. Cytokinins are known to stimulate the aryllquiescent meristem to develop into
shoot and hence they are commonly used for the.SHms, to achieve better response, basal

medium was fortified with different cytokinins inddually for multiple shoot regeneration.

 Individual cytokinins (BA and Kn)

Nodes ofL. reticulatawere placed in media fortified with individual cidains like BA
and Kn in concentration range from 5-20 uM. BA @awér concentration (5 uM) formed
shoots (2.20 + 0.28) and their length of 2.95 i5Q:h was recorded in 100% cultures by end
of eight weeks (Table 7). Gradually when BA levehsvincreased to 20 puM, shoot
regeneration frequency remained same. In presenBé oéxillary bud break was observed
within a week and immediately the axillary bud bé topposite node proliferated by second
week. Both the buds elongated into shoots in furtbeeks and after four weeks, they were

subcultured on the fresh medium. This induced msboot buds to emerge from both sides of
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the node in the sixth week and simultaneously tiiiez shoots elongated by eight weeks
(Fig. 16a).

Replacing BA with another cytokinin (Kn) formed meothan one shoot in all the
concentrations tried. Eight weeks result reveled tftom lower to higher concentration (5-20
K1M), slight increase in number of shoots as weltemponse was recorded but it was less in
comparison to BA. Whereas shoot length continualtyeased till 20 uM and it was more in
Kn than the former cytokinin. Only 2.33 = 0.19 stowith a length of 3.43 £ 0.36 cm were
recorded for Kn at 20 uM in 60% cultures (Table K. containing medium assisted better
growth ofL. reticulatashoots as they grew tall and healthy with broaddeaf (Fig. 16b).

+ |t can be concluded from the study for individuglokinins that BA gave better response

in terms of number of shoots and percent response.

4.1.3.2 Synergistic Effect of Cytokinins on Shoot Regeneration
Individual cytokinins failed to form multiple shanpttherefore synergistic combinations

of cytokinins in same concentration range was (Se2D uM).

« BA and Kn

It is documented that synergistic combination dbkinins in the medium promotes the
growth of axillary buds and multiple shoot formatitom nodes. BA and Kn individually
formed slightly more than two shoots thereforertitembined effect was evaluated. Initially
at lower concentration (5 uM) of both PGRs, it ofdymed 2.17 + 0.15 shoots and length
was also less (2.41 + 0.46 cm). Further increagieglevel failed to enhance the number as
well as response. A total 2.40 £ 0.60 shoots wecerded in 50% cultures when media was
supplemented with BA (10 uM) and Kn (10 uM) amoiiglee concentrations (Table 7). The
axillary buds proliferated within a week from batbdes which formed small shoots at the
end of two weeks. Within four weeks another bud rg@@ from one side and then nodal
explant was transferred to fresh medium, which fklime branching of shoots within six
weeks. Shoot elongation was monitored and data ezasded till eight weeks (Fig. 17a). The
synergistic combination of BA with Kn remained daniin terms of shoot number to that of

individual cytokinins.
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Figure 16. Effect of individual cytokinins on
shoot regeneration from nodal explant of L.
reticulata at the end of eight weeks: (a) I®ot
formation in presence of BA (5 uM) and(b)

elongated shoot in medium containing Kn (20
HM).
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Figure 17. Hfect of synergistic cytokininson shoot regereration from
nodal explant of L. reticulata at the end of eight week: (a) Shoot
formation in combination of BA (10 puM) + Kn (10 upM), (b)
development ofshoo in the presence of Kn (1QuM) + AdSG,4 (10 pM)

and (c) maximum shoo' length in medium supplementedwith Kn (10
HUM) + ADSO4 (5 uM).
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* BA and AdSO,

AdSOy is a cytokinin which is known to facilitate multglshoot regeneration when
added with other cytokinins. Thus, it was addedetbgr either with BA or Kn and the
response it induced in these combinations wereuated. When BA was kept constant to 5
MM and fortified with different levels AdS@5-20 uM), the shoot number could only reach
to 3.90 £ 0.22 shoots with 2.49 + 0.33 cm lengthe Dptimum number of shoots i.e. 5.10 *
0.33 was achieved in 100% cultures having 3.74 ® @18 length in presence of 10 uM of
BA and AdSQ. In this combination axillary bud emerged as shyosecond week from both
nodes (Fig. 18a), and this elongated in furtherkeeBlew buds were formed from both sides
within four weeks (Fig. 18b). Then the nodes weaadferred to fresh medium which helped
in multiplication and elongation of shoots withiix sveeks (Fig. 18c). At the end of eight
weeks, healthy shoots with significantly increassagth and formed a number of branches
(Fig. 18d). Further raising BA concentration to |28, failed to induce multiples and shoots
became stunted with hyperhydricity, moreover respdas shoot regeneration also gradually
declined (Table 7)

e Kn and AdSO,

BA was replaced with Kn and combined with AdS@howed a profound effect on
length of shoots. Lower concentration of Kn (5 puwith AdSQO, (5-20 uM) formed few
shoots as 20 uM induced 2.20 + 0.28 shoots with 2.088 cm length (Fig. 17b). Elevating
the concentration of Kn to 10 uM with 5 uM AdSf@sulted in elongating shoots to a
maximum length of 4.12 £ 0.68 cm, but it formed ywégss number of shoots (Fig. 17c).
Increasing the concentration of Ad$0 10 uM enhanced number of shoots to 3.10 £ m33
100% cultures. Higher concentrations (15-20 pMKofwith all AdSQ, levels decreased the

shoot number, its length and response (Table 7).

+ From the above experiment it was concluded thattimebination of BA with AdSQwas
beneficial for multiple shoot regeneration from nodaplants. Additionally Kn-AdS®
showed significant result with respect to improgédot length. However it was also noted

that axillary shoot regeneration was strongly inficed by different seasons.
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Figure 18. Axillary shoot regeneration in gotimized medium
fortified with BA (10 pM) + AdSO; (10 puM) from nodal
explant of L. reticulata: (a) Emergence of opposit axillary
buds into shoot: by two weeks, (b) induction ofnew buds
after four weeks, (c induction of multiple shootsat six weeks
and (d) healthy elongated shootst the end of eight veeks
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Table 7. Effect of PGRs on shoot regeneration frormodal explants of

L. reticulata (8 weeks).

PGRs (uM) No. of Shoot length | Response
BA Kn | AdSO4 | shoots/explant* (cm)* (%)
5 0 0 2.20+0.28 bc 2.95+0.25 bc 100
10 0 0 1.78 £0.28 de 2.09+£0.21 cd 90
15 0 0 2.11 +0.29 bca 2.84 +0.20 bc 90
20 0 0 2.00 £0.18 cde 2.02 +0.08 cd 90
0 5 0 1.67 £0.27 ef 1.88+0.19d 30
0 10 0 1.20 £ 0.18 ef 2.13+0.19 cd 50
0 15 0 1.80 £0.33 de 3.13+0.28 ab 50
0 20 0 2.33+£0.19 bc 3.43+0.36 db 60
5 5 0 2.17 £ 0.15 bcd 2.41 +0.46 bc 60
5 10 0 1.33+0.27 ef 1.80+£0.07¢ 30
5 15 0 1.80 £0.18 de 1.70£0.16 d 50
5 20 0 1.83+0.18 de 1.89+0.15d 60
10 5 0 1.33+0.27 ef 2.45+0.18 bc 30
10 10 0 2.40 £ 0.60 bc 257 +£0.3b¢ 50
10 15 0 1.40 £0.22 ef 1.37+0.09d 50
10 20 0 1.25+0.22 ef 1.42+0.15d 40
15 5 0 1.00+£0.00f 1.60+£0.00d 10
15 10 0 1.40 £0.22 ef 1.76 £+0.14 d 50
15 15 0 2.00 +£0.24 cde 2.42 +0.29 hc 60
15 20 0 1.25+0.22 ef 1.34+£0.10d 40
20 5 0 1.33+0.27 ef 1.60+£0.29 ¢ 30
20 10 0 1.00 £0.00 f 1.50+0.14 d 30
20 15 0 1.00£0.00f 1.30+£0.07 d 20
20 20 0 1.00£0.00f 0.90+0.07d 20
5 0 5 2.40 £0.25 bc 2.15+0.24 cd 100
5 0 10 3.60+0.57b 2.80 £0.26 bc 100
5 0 15 3.90+0.33b 2.76 £0.27 bc 100
5 0 20 3.90+0.22b 2.49 +0.33 bc 100

87 |Page



Chapter 4. Results and Discussion

10 0 5 3.90+0.26 b 2.59 £0.35 be 100
10 0 10 5.10+0.33 a 3.74 £ 0.60 ab 100
10 0 15 3.50+0.45hb 3.05+0.33 bc 100
10 0 20 2.30£0.25 bc 2.13+0.23 cd 100
15 0 5 2.10 £ 0.22 bcg 2.83+0.37 bc 100
15 0 10 2.10 £ 0.26 bcd 2.16 £0.21 hc 100
15 0 15 3.00 £ 0.33 bc 2.14+£0.29 ad 60
15 0 20 2.13+0.37 bcd 2.23+0.35 bc 80
20 0 5 1.80 £ 0.18 de 2.16 £0.51 cd 50
20 0 10 2.00 £ 0.35 cde 1.91+0.23d 40
20 0 15 2.67 £0.54 bc 1.74+£0.23d 30
20 0 20 1.75+0.41 de 1.69+0.21d 40
0 5 5 1.00+£0.20 f 1.76 £0.31d 100
0 5 10 150 £0.21 ef 2.67 £0.28 be 100
0 5 15 2.00 £ 0.28 cde 2.80 £ 0.36 hc 100
0 5 20 2.20 £0.28 bc 2.99 +£0.38 bc 100
0 10 5 1.90£0.17 de 412 +0.68 a 100
0 10 10 3.10 £ 0.33 bc 2.48 £0.15 bc 100
0 10 15 2.70 £0.28 bc 2.74 £0.28 bc 100
0 10 20 1.90 £ 0.28 de 3.82+0.38 gb 100
0 15 5 1.80 £ 0.28 de 2.59+£0.29 bc 100
0 15 10 2.70 £0.25 bc 2.52 +0.23 bc 100
0 15 15 2.40 £ 0.25 bg 2.16 £0.22 cd 100
0 15 20 2.60 £0.21 bc 2.50 £ 0.26 bc 100
0 20 5 2.00 £0.25 cde 2.32+£0.18 hc 80
0 20 10 1.29 £ 0.17 ef 1.88+0.14d 70
0 20 15 1.20 £ 0.18 ef 2.00 £0.22 cd 60
0 20 20 1.20 £ 0.18 ef 1.43+0.17d 60

*Values represent mean + SE. Means (n = 10) foltbiwg same letter in each column
are not significantly differenfp(< 0.05) according to Tukey's test.
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4.1.3.3 Elongation of Shoots

One common obseation which was notedluring the above sdy was the the nodes
when placed in differe PGRs combinations, regeneratetlltiple shoots, but shoots
remained stuntedTherehre these hoots were transferred to thnedium fortified with
different concentrations {2%) of CW for another four weekat lower concentration (2%it
failed to elongate all thehoots simultaneously, and only few shodongated to length of
4.49 + 0.29 cn{Fig. 19a).Increasing the concentration4% proved dvantageous becaus:
was able to elongatall the shoot and highest length of 6.72&38 cn could be achieved
(Fig. 19b).Further raisincthe level oiCW to 6-8%, similar result wa observed like 2% at
only few shoots elongatewhereas rest of shoots remained stunte’erage length was 5.:
+ 0.44 cm and 5.36 .41 cm for respective concentrations was rded(Fig. 19c, d; Fig.
20).

4+ On the basis of alve experiment it was concluded that «<CW favored formation of

healthy elongated shcs

a
ak ak
ak
T T T

2% 4% 6% 8%

Shoot length (cm)
o [l N w S w [e)} ~ [0}

Coconut water

Figure 20.Elongation of axillary shootsin presence of CV at the end
of four weeks.

Each bar showsie nean values (& 10) and errobar as standd error. Bar:
having same le2rs are not significantly differenip < 0.05) according tc
Tukey's test.

Nodes ofL. reticulata when cultured on BA supplementedediun, failed to form

multiple shoots andimilarly nodal explants oVitex negunddChandramu et al., 200
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Figure 19. Effect of CW on axillary shootelongation in L.
reticulata by end of four weeks:(a) 2%, (b) 4%, (c) 6% and
(d) 8%.
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Tinospora cordifolia(Gururaj et al., 2007) anBendrobium longicornuaréDohling et al.,
2012) are reported to be less responsive in BAfimit medium. Likewise, when Kn was
added as individual PGR, it also induced meagrporese which is in corroboration with
results of other Asclepiadaceae membersHkeidesmus indicuSiddique and Bari, 2006;
Shekhawat and Manokari, 201&}aralluma lasiantha(Aruna et al., 2012) an®ecalepis
salicifolia (Ahmad et al., 2018). In line with present studyany studies also stated poor
response for shoot regeneration in presence ofidwl BA and Kn such as i€lematis
viticella and C. integrifolia (Parzymies and Dabski, 2018pphora tonkinensi€lana et al.,
2013),Cucumis sativugAlam et al., 2015)H. indicus(Pathak et al., 2017 litoria ternatea
(Mishra et al., 2019) andedyotis biflora(Revathi et al., 2019). Further, augmentation & M
medium with combination of BA and Kn also failedimoluce multiple shoots. This results are
in agreement with previous results for nodal cesuofHolarrhena antidysentericéAhmed
et al., 2001),Terminalia arjuna(Pandey et al., 2006;ucumis anguria(Margaret et al.,
2014) andDendrobium chrysotoxuniKaur, 2017). Recently antagonistic effect of two
cytokinins on shoot regeneration from nodal explantreported inGlycyrrhiza glabra
(Shaheen et al., 2020).

It was noted that nodes bf reticulatafailed to induce multiple shoots in presence of
BA with Kn, but replacing Kn with another cytokiniaddSQ, facilitated maximum shoot
regeneration, which is previously observed for ma&dalant ofCocculus hirsutugMeena et
al., 2012). In line with present study, benefi@éfiect of ADSQ on shoot regeneration from
nodal explant ofL. reticulata is documented by Rathore et al. (2013). EarlieyaAet al.
(2003) depicted formation of 4.93 £ 0.77 shootgpiasence of BA (1&M) and IAA (0.6
uM) in L. reticulata butin the present study total 5.10 + 0.33 shoots Wit@% response was
recorded in combination of BA (4aM) and AdSQ (10 uM). Similarly, the shoot number as
well as % response was also higher as comparearlieraeport on same plant by Parabia et
al. (2007), however they have used Kn (10 mg/DhwBA (1 mg/l) as PGRs. Similarly
Bharat et al. (2011) also suggested combinatioiKrofwith IBA for nodal explant ofL.
reticulata The synergistic effect of cytokinins i.e. BA wikdSQ, proved to be beneficial
which was in accordance with previous studies amesplant where other cytokinins (BA and
Kn) are beneficial (Shekhawat et al., 2006; Sudgbtal., 2011). Whereas combination of BA
and NAA has been documented in other studies (Batggan et al., 2008; Dhawan and
Damor, 2013), but the reported shoot number anporese is less as compared to present
protocol.
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The combination of cytokinins are required for @dpansion, its division, regulation of
shoot formation and axillary bud multiplicationgthalso regulate protein synthesis which is
required for formation and functioning of mitotipisdles (Mok and Mok, 2001). Ih.
reticulata, optimum shoot regeneration was observed at sameeotration (1QuM) of BA
and AdSQ whereas irDendrocalamus strictubbwer BAP (4 mg/l) with higher AdS(15
mg/l) evoked maximum shoot formation (Pandey anjlsi 2012). The beneficial effect of
BA and AdSQ is also documented in nodal explantRifaseolus vulgarigGatica-Arias et
al., 2010). Murashige (1974) has mentioned thaitiaddof adenine in the form of AdS(ct
as a catalyst on the organization of enhanced dhabproliferation. This is because AdSO
is considered as a rich source of nitrogen and thuproves the shoot multiplication
(Ahmad et al., 2018). While some studies suggestddsion of auxin along with BA-AdSO
for better shoot proliferation. PGR combinationBA+AdSO,+#+NAA has been documented
for optimum shoot proliferation from axillary bud$ Asclepiadaceae plant speckésindicus
(Misra et al., 2003) andDecalepis salicifolia(Ahmad et al., 2018) as well as Bida
cordifolia (Sivanesan and Jeong, 2007). Whereas multiplet stem@neration irBacopa
monnieriis reported in presence of BA+Ad$KIAA (Ramesh et al., 2006) and khedyotis
biflora medium is supplemented with BAP, Kn, AdSénd IAA along with additives like
ascorbic acid, arginine and citric acid (Revathalet 2019). Favourable effect of Ad$On
axillary shoot regeneration has been well docuneeirtéd. antidysentericdRaha and Roy,
2001),Melia azedarach{Husain and Anis, 2004%;urcuma angustifoligShukla et al., 2007),
Petrocarpus marsupiunfHusain et al., 2008)Ficus religiosa (Siwach and Gill, 2011),
Solanum tuberosuii®ingh et al., 2017andDecalepis arayalpathréAhmad et al., 2018).

The observations also revealed that for efficiegeneration, combination of BA and
AdSO, was better as compared to Kn and AdS®ich is in line with previous study on
nodal explant oNyctanthes arbor-tristigRout et al., 2008). It may be due to the fact B
has more permeability across plasma membrane aiddell uptake which facilitates bud
break, efficient proliferation and multiple shootrhation (Malik et al., 2005). However, the
shoots regenerated from nodal cultures couldeohgate properly and earlier reportsLin
reticulata states the same (Arya et al., 2003; Parabia e2@07). This is one of the adverse
effects of high concentration of cytokinins (Hu avwng, 1983; Gonbad et al., 2014) and
BAP has often been reported to have inhibitorwégton shoot elongation (Figueiredo et al.,
2001; Purkayastha et al., 2008). But when thesetshwere transfered to medium containing

coconut water it facilitated their elongation amchitar observations on nodal explants have
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been reported ikclipta alba (Baskaran and Jayabalan, 2005) @agbsicum annuurtMythili
et al., 2017).

When nodes ot. reticulata were utilized for establishment of nodal culturesvas
observed that the shoot regeneration frequency affested by season. Maximum shoot
regeneration was recorded from nodes in the perfammer (Feb-June). In monsoon the
frequency was not affected but higher contaminatvas recorded (July-September), whereas
the shoot forming capacity of nodal explant wastiering winter (October-January). The
season of explant collection is a crucial factardstablishment o vitro cultures (Hu and
Wang, 1983). Previously Benmahioul (2009) also regub the effect of the season on
response oPistacia veraexplants and frequency of contamination which isaacordance
with present study. The explants collected durintuan (dormant axillary bud) from adult
trees were contaminated after a few days. Howeherbest results were recorded with nodal
segments taken in full growth (spring). In line hvppresent study Kumar et al. (2010) also
documented better growth in summer and succes®eecdse in monsoon and winter in
Gmelina arboreaSimilarly, nodal explants ddendrocalamus aspd6ingh et al., 2011c) and
D. hamiltonii (Singh et al., 2012) have maximum regeneratioguieacy during summer
whereas winter was unsuitable for vitro shoot establishment. Similarly nodal explants
showed significant variation in morphogenic resmodaring different months of the year in
H. antidysenterica(Kumar et al., 2005)\Vitex negundo(Steephen et al., 2010%5tevia
rebaudiana (Verma et al., 2011)Dalbergia sissoo(Vibha et al., 2014) anderminalia
bellerica(Dangi et al., 2014)

4.1.4 Rooting of shoots

Elongated eight weeks old shoots regenerated fraalrexplants were utilized for the
rooting experiment (Fig. 21a). They were first tfaned in the basal medium of different
strengths like full and half of MS media with 1%csase without any PGR. Basal MS
medium of both the strengths failed to form ro@sd shoots died after two weeks. Then
shoots were placed in the IBA supplemented medidinbath strength at 2 and 4 uM
concentrations, and response was evaluated withinweeks. Full strength MS medium with
2 UM IBA, formed only 1.5 * 0.35 tiny roots of fewndength (1.15 + 0.04 cm). The response
was also very less (20%) but rate of shoot suniivgdroved to 90%. When the level was

increased to 4 uM, number slightly enhanced bwa$s maximum number of roots 1.67 *
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0.27 as well as length (1.9 £ 0.05 cm) in 30% cekand the shoots survival (90%) remained
similar within four weeks (Fig. 21b).

Rooting was also tried in half strength MS mediuith IBA in same concentrations. In
this strength when medium was augmented with 2 fiNBA, 1.5 + 0.35 roots were formed
which was similar with full strength but length wabghtly increased to 1.53 = 0.19 cm.
Roots were formed only in 20% cultures but 100%o$hsurvived in this concentration up to
four weeks. Further raising the level of IBA (4 uM) half strength medium adversely
affected the root formation and shoot survival &mit failed to form roots and only 20%
shoots were survived (Fig. 22).

+ |t was concluded that MS medium supplemented vidth éncouraged rooting in shoots.

Rooting of nodal derived shoots depicted that be&&almedium of different strengths
(full and half) failed to induce roots which is alseported inAjuga bracteosdKaul et al.,
2013), Rubia cordifolia(Khadke et al., 2013) andemidesmus indicu@Pathak and Joshi,
2017). When different strengths of MS medium wagnaented with IBA, it induced rooting
of shoots which is in corroboration with previoussults documented for rooting &f
reticulata shoots (Martin, 2004; Parabia et al., 2007; Satyggea et al., 2008; Bharat et al.,
2011; Dhawan and Damor, 2013). Whereas other sudie same plant suggested that
addition of activated charcoal along with IBA fatates rooting (Sudipta et al., 2011; Patel et
al., 2014). On the contrary Arya et al. (2003) halkewn that BA and IAA combination could
induce rooting inL. reticulata They have also suggested that full strength medsubetter
which is also in accordance with present resuitsil&ly, full MS medium augmented with
IBA has proved to be helpful fam vitro rooting in shoots oBrunfelsia calycingLiberman et
al., 2010),Solanum nigrum(Bhat et al., 2010)Gynura procumbengBanu et al., 2017),
Genipa amecandde Souza et al.,, 2019njiber officinale (Mehaboob et al., 2019) and
Bacopa monnier(Tata, 2020). There are many other reportsBommonnieri(Joshi et al.,
2010), Munronia pinnata (Gunathilake et al., 2008)Camellia sinensis(Bidarigh and
Azarpuor, 2013)Allamanda catharticgdKhanam and Anis, 2018) arRbrtulaca quadrifida
(Pathak et al., 2019) where rooting was inducedesgnce of IBA.
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Figure 21. Rooting of L. reticulata micro shoots (a)
Elongated eight weeks old shoot and (b)nduction of
tiny rooits in full strength MS medium containing 4
UM of IBA at the end of four weeks.
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4.2 Phytochemical Analysis

In this study,in vitro shoots and callus regenerated from nodal and lepllaets
respectively in the medium fortified with differe®GRs were harvested and analyzed for
their potency to synthesize metabolites by develppHPTLC fingerprint. Whereas
quantification was performed for marker compouymdoumaric acid in above samples.
Further the culture having highest quantitypstoumaric acid was selected for elicitation
using yeast extract and salicylic acid at differesrticentrations and time interval.

4.2.1 HPTLC Fingerprint

In vivo shoots (L1),in vitro shoot and callus samples (L2-L6) were harvesteth fr
different media (mentioned in the chapter 3) anttagxed using solvents having different
polarities i.e. hexane, ethyl acetate and metha&iblhe three extracts from the samples (L1-
L6) were subjected to chromatographic separatiomldd plates in respective mobile phases
followed by derivatization using anisaldehyde-sulphcid reagent. Then the plates were
scanned at 254, 366 and 525 nm for densitometriysisaand the results are summarized

below.

4.2.1.1 Hexane Extract

Hexane extract of all the samples were spotted b@ Pplates and subjected to
chromatographic separation using optimized mobilasphi.e. toluene:ethylacetate:formic
acid (7.2:2.5:0.3 v/v). Then plates were scanne@=&, 366 and 525 nm confirmed the

change in banding pattern, peak numbers, and tresisa

e 254 nm

Scanning at 254 nm showed almost similar profilofgL1 with L2, L3, L4 but it
differed for callus samples i.e. L5 and L6 (FigaR3In L1 sample a total 14 peaks were
present and maximum area 5973.6 was recorded & @eRf (0.90) (Fig. 24a). L2, L3 and
L5 samples had almost similar peaks (11, 10, 11ig, tae highest area obtained for similar
peak (Rf 0.78), but their areas varied viz. 10598724.5 and 5851.8 respectively (Fig. 24D,
c, e). Similarly, L4 sample showed total 14 peahks maximum area was 11651.8 at Rf 0.88
(Fig. 24d) and L6 sample appeared with 9 peaks gnwdrich highest area was 3762.0 at
0.02 Rf (Fig. 24f).
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Table 8. Peak areas of different samples at 254 nior hexane extracts.
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Rf
value

L1

L2

L3

L5

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

area (%)

Peak

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area (%)

0.02

17.32

2011.0 15.93

30.48

0.03

5182.1

17.18

4570.4

16.2]

3537.0

16.83

0.09

2.72

0.16

206.1

0.68

0.18

355.5

1.18

205.1

0.73

9 1.28

49 419

2.20

0.22

501.0

1.78

397.7

1.89

0 2.41

8.9 924

3.28

0.23

540.6

1.79

0.26

347.4

1.23

1.48

0.27

590.9

1.96

349.3

1.66

0.30

0.33

397.2

1.41

346.2

1.65

0 0.99

0.34

1030.5

0.37

323.4

1.15

0 6.41

0.38

0.41

1821.1

6.46

0.42

0.44

3400.1

0.46

0.48

2171.0

0.54

0.55

838.7

|

0.62

0.63

0.64

0.65

0.66

480.4
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0.71

0.74

0.75

11.09

0.77

3262.6

2626.1

7.6

0.78

0.79

5576.8

0.84

0.85

0.88

11651.8 33.73

0.89

6

)

0.90

5973.6

0.94

3854.7

11.16

0.95

8

)

0.96

550.7

0.99

679.9

2.02
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Chromatograms also showed variation in peaks angh@aogon was accomplished with
respect to all samples (L1-L6) which resulted withque peak present at particular Rf. The
peak at Rf (0.16, 0.23 and 0.34) was unique as# only present im vivo shoots (L1) and
absent in all then vitro samples. Likewise, the peak was common in allinheitro shoot
samples (L2-L4) at Rf (0.33 and 0.41) but it waseabsnin vivo sample (L1) and in vitro
callus samples (L5 and L6). Whereas, peak was pres®.42 Rf in samples L5 and L6, and
absent in rest of samples therefore this peak wapienSome unique peaks were present
only in callus sample and vivo sample for e.g. peak at Rf 0.55 and 0.66 was sekh and
L6 and L6 which was absent in shoot cultures. Sirlyilat Rf (0.84 and 0.85) the peak
appeared only in L5 and L6 samples which were salhmples and was absentirirvivo/in

vitro shoot samples (Table 8).

e 366 Nnm

Profiling of plate under 366 nm showed the variailomumber of bands between the
samples (Fig. 23b). Further scanning at same wagtiealso confirmed differences in
chromatograms among the samples. Total 14 peake wemorded for L1 sample and
maximum area (5973.6) was observed for peak aORfL] (Fig. 24g). L2-L5 samples had
less number of peaks i.e. 6, 6, 10 and 4 respdgtiRé 0.88 exhibited highest peak areas
(14346.2, 12966.7, 27755.0 and 440.4) for all absamples which differed greatly among
them (Fig. 24h-k). Whereas L6 sample showed maxiratea at very low Rf 0.02 (1323.9)
(Fig. 24l). The observations revealed that peaksedan all the samples and comparison
resulted in presence of unique peaks. Distinct pelekscted at Rf (0.36, 0.44, 0.51, 0.70,
0.91) were unique because it was only present isdriple which was ah vivo shoots and
absent in all then vitro samples. Rf (0.33, 0.41, 0.74 and 0.88) were ptaesesamples L2-
L6 and absent in L1 therefore these peaks wereuarimin vitro samples. Peak at Rf (0.62)

was present in only L2-L4 which wasiafvitro shoots samples (Table 9).

* 525 nm

Derivatization of the plates increased the numbfebamds in all the samples when
observed in white light and the band pattern wasoat similar in all samples (Fig. 23c).
Scanning of plate at 525 nm showed change in peadbers and area in the chromatograms.
Chromatogram showed a total of 15 peaks in sampland maximum area was 25633.3 at
Rf (0.76) (Fig. 24m).
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Figure 23 HPTLC fingerprint s of hexane extract for different
samples ofL. reticulata: (a) UV 254 nm,(b) UV 366 nn and (c) white
light after deriivatization.
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Table 9. Peak areas of different samples at 366 nior hexane extracts.

Rf L1 L2 L3 L4 L5 L6
value Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak
area | area (%) area area (%) area area (%) | area | area (%) area | area (%) | area | area (%)
0.02 - - - - - - 1653.3 3.87 440.4 33.37 1323.9 731.
0.03 | 2741.6 8.02 2236.8 8.94 26462 11.57 1 - i - L -
0.06 - - - - - - 1616.7 3.78 - - - -
0.10 - - - - - - - - 191.9 14.54 - -
0.23 - - - - - - 608.1 1.42 - - - -
0.25 579.3 1.70 - - - - - - - - - -
0.33 - - 904.0 3.61 1423.9 6.23 9957 2.33 - - ; -
0.34 - - - - - - - - - - 400.5 9.60
0.36 | 2692.4 7.88 - - - - - - - - - -
0.41 - - 3108.1 12.43 2526.8 11.05 3949.6 9.24 -| 762.3 18.28
0.44 | 5078.6 14.86 - - - - - - - - - -
0.51 | 1663.3 4.87 - - - - - - - - - -
0.62 - - - - - - 1626.0 3.81 - - - -
0.63 - - 1312.5 5.25 1200.7 5.25 - - - - - -
0.70 | 1721.0 5.04 - - - - - - - - - -
0.74 - - 3104.3 12.41 2105.6 9.21 3271.3 7.66 - - -
0.75 - - - - - - - - - - 590.5 14.16
0.77 R - - - - - - - 246.7 18.70 - -
0.78 | 4605.7 13.48 - - - - - - - - - -
0.82 - - - - - - 426.9 1.00 - - - -
0.88 - - 14346.2 57.36 12966.7 56.70  27735.064.96 - - - -
0.89 - - - - - - - - 440.6 33.39 10939 26.23
0.91 | 15087.8 44.16 - - - - - - - - - -
0.99 - - - - - - 822.6 1.93 - - - -
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Table 10. Peak areas of different samples at 525 nior hexane extracts.

Rf
value

L1

L2

L3

L4

L5

L6

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

0.02

3381.1

3.44

3 3.50

0.04

15321.7

14.52

18529.2

16.88

8.813.90

25060.7

21.49

16901.6 20.33

0.05

17435.1

17.76

0.17

5802.4

5.50

6113.9

5.57

g 5.53

7919.36.79

6976.9

8.39

0.18

6544.6

6.67

0.21

5535.1

5.25

0.22

5281.7

4.81

il 6.50

3301.9

2.8

0.23

5842.5

0.26

4796.6

5335.7

4.86

11

4.86

D

0.27

4307.0

5557.4

4.77

0.32

0.18

0.33

789.5

0.6¢

0.35

0.36

1324.8

1.14

0.37

0.39

2453.3

2.10

15355

0.40

0.41

4 3.02

0.43

0.44

0.45

0.46

.6 0.89

0.49

0.50

0.51

0.53
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0.58

15109.%

24615.8

21.11

0.59

17543.1

3

D

168(

)8.19.98

0.63

11936.2

0.64

7385.5

1068

0.66

11946.0

1245(

.014.97

0.68

6406.9

0.70

32842.5

5

0.71

0.72

15376.%

0.76

25633.3

15079.

»4.16.90

0.77

0.81

0.82

1 7.39

0.85

2167.1

0.87

0.88

0.90

3588.3

0.91

0.93

0.96

433.9

0.99

5
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The shoots samples i.e. L2-L4 recorded total p€a%s13, 15) and highest area were
slight differed (32842.5, 33453.5 and 37778.7)ibutas for same peak at Rf 0.70 (Fig. 24n-
p). Similarly, total 15 and 12 peaks were showed dallus samples (L5 and L6) and
maximum area were obtained for peak at 0.04 Rftusize of peak was differed as the areas
were 25060.7 and 16901.6 respectively (Fig. 24gAlthough difference was observed in
chromatograms resulted with different banding patt different Rf and comparison was
done to identify unique peaks. Peak appeared g0/88) was unique fom vitro shoot as
well as callus samples (L2-L6) and abseninirvivo sample (L1). Whereas peak at Rf 0.35
was present in samples L1, L5 and L6, it was abiseintvitro shoot samples. In sample L6,
the unique peak was obtained at Rf 0.53 (Table 10).

4.2.1.2 Ethyl acetate Extract

Ethyl acetate extract of all samples were separmiddluene:ethyl acetate:methanol
(6.4:2.7:0.9 v/v) and observed under different Wiges which showed variation in profile.
This was also confirmed when the plate was scaratesame wavelength. Then it was
derivatized using anisaldehyde-sulfuric acid reagemd scanned at 525 nm which also
showed change in banding pattern, peak numberslagidareas.
e 254 nm

In vivo andin vitro shoot samples i.e. L1-L4 showed identical profiteen observed

under UV 254 nm, while callus samples (L5 and L€jutted with slight different profiles
(Fig. 25a). L1, L2 and L3 sample extracts recordkdost same number of peaks (15), but
the maximum areas 14786.8, 7408.5 and 6874.7 veeaded for peaks at Rf (0.91, 0.03,
0.03 respectively) (Fig. 26a-c). L4 sample generaiatal 18 peaks out of which the
maximum area (11372.6) was for peak at Rf 0.89. (#agl). Both the callus samples (L5 and
L6) appeared with same number of peaks (10) anddahemon peak at Rf 0.14 had maximum
areas, but the values were distinct viz. 6228.8 4h#84.6 (Fig. 26e, f). Although the
chromatograms showed variation between all sammes vivo/in vitro shoots and callus
cultures, presence of some unique peaks was nBtaks at Rf 0.15, 0.06, 0.02 and 0.03
were common in all the samples while peak at 0.DW&s unique because it only present in
callus sample extracts (L5 and L6).itnvivo shoot extract, many peaks were unique (Rf 0.24,
0.45, 0.55, 0.66 and 0.86) whereas peak at 0.3@Rfmissing in L1 sample but present in all
thein vitro sample (L2-L6). Similarly, many peaks (Rf 0.53%3).0.89 and 0.93) were only
present in shoot samples (L2-L4) (Table 11).
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Table 11. Peak areas of different samples at 254 nior ethyl acetate extracts.

Rf
value

L1

L2

L3

L4

LS

L6

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

0.01

2810.6

4.02

0.02

9215.5

11.39

3925

8

5.61

4553

.1

18.584207.3

7.23

0.03

7408.5

18.60

6874.1

16.86

0.06

2590.7

3.20

1967.1

4.94

2503)5

6.14

22

3.9

0.3
:
-4

23989.4

16.28

7431.4

3 12.77

0.07

2919.0

11.91

5188

2 8.91

0.09

925.6

1.14

0.10

1310.9

2.25

0.12

964.5

2.37

0.14

1276.0G

3.13

1502.4

0.15

5554.8

11284

0.16

2254.2

5.53

0.18

0.19

2036.0

0.21

1421.3

764.9

0.22

0.23

0.24

5041.0

0.26

0.27

0.28

.8 3.4

0.31

0.31

0.33

3641.8

6.26

0.34

4509.9

0.36

0.37

10845.

P 18.63

10
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0.38

2941.2

4.20

953.6

3.89

0.39

1980.6

4.86

0.41

0.42

2193.4

3.13

0.45

5627.7

0.49

626.6

1.54

0.50

6110.3

7540.

2 10.77

0.53

999.6

2.45

5685

2 8.17

0.55

4555.1

0.63

9828.1]

14.04

0.64

6788.6

16.65

0.66

6521.6

0.80

370.7

0.53

0.83

3900.7

5.57

0.84

1999.(

4.90

0.86

2954.9

0.89

4697.(

11.52

D

1137

2.616.25

0.91

14786.8

0.92

10620.¢

3 15.18

0.93

1324.8

3.25

0.97

2831.4

6.94

0.98

0.99

540.1

0.77
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e 366 nm

Developed fingerprint was observed under UV 366clalso showed different profile
from UV 254. Banding pattern visibly looked idemtién L1-L4 but it changed in L5 and L6
(Fig. 25b). This is because of variation in bandanbars and intensities and it was also
confirmed after scanning as it resulted in numbepedks with different peak areas. L1
sample reported total 13 peaks and maximum areabZsi6und from the chromatogram for
peak at Rf (0.55) (Fig. 26g). L2 and L3 samplesilted with 15 and 13 peaks respectively,
and peak at same Rf 0.64 had highest areas i.e11568d 16032.2 (Fig. 26h, i). Whereas
maximum area (22604.2) for peak in L4 sample wdsf&.50 (Fig. 26j). Callus samples (L5
and L6) recorded less number of peaks which comdptreothers viz. 6 and 8, having the
maximum areas of 2528.8 and 5503.4 at Rf 0.02 a2®i i@spectively (Fig. 26k, I). There are
some common peaks at Rf (0.02) seen in all the lemnwhereas peaks at Rf (0.24, 0.66,
0.77) were observed only in L1 sample. AlthougHusabamples generated less number of
peaks, there was unique peak at 0.07 Rf which wlspmresent in L5 and L6 samples and
sample L6 also had one distinct peak at Rf 0.461€T42).

e 525 nm

Derivatization of the plate showed that fingerpnvas almost similar for L1-L4 and
different for L5 and L6 (Fig. 25c). Scanning und®25 nm showed change in the
chromatogram in terms of peak numbers and areasdriple resulted in 14 peaks and
maximum area of 23203.2 at Rf (0.50) (Fig. 26m)m¥er of peaks was similar for L2 and
L3 samples i.e. 19 and 18 peaks and highest area8473.4 and 16841.2 for peak at same
Rf 0.64 (Fig. 26n, 0). Total 15 peaks were notetdd4rsample and at Rf (0.89) maximum area
of peak (19821.5) was observed (Fig. 26p). Whek&aand L6 sample showed total 13 and
16 peaks, and area 16421.9 and 14828.9 were fok peaRf 0.33 (Fig. 26q, r).
Chromatograms appeared with presence of commors degtkveen them which were at Rf
(0.02, 0.08, 0.10 and 0.17) whereas peaks appearBd (0.33, 0.63, 0.81 and 0.97) were
only present inn vitro samples (L2-L6). One unique peak was noted in &armbp at Rf
(0.45) andn vitro shoots (L2-L4) also showed distinct peaks at RIg@nd 0.53) (Table 13).
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Figure 25. HPTLC fingerprint s of ethyl acetate extrac for different
samples ofL. reticulata: (a) UV 254 nm,(b) UV 366 nmand (c) white
light after derivatization.
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Figure 26. Chromatograms of different samples foethyl acetate extract inL. reticulata: (a-f)
254 nm, (g-l) 366 nm and (m-r) 525 nm.
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Table 12. Peak areas of different samples at 366 nior ethyl acetate extracts.

Rf
value

L1

L2

L3

L4

L6

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

area (%)

Peak

Peak
area (%)

Peak
area

Peak
area (%)

0.01

3610.4

5.14

4531.3

4.41

0.02

10181.3

8.65

47231

4.60

2528.8

33.5

»32851.7

16.21

0.03

6795.0

9.67

10188.p

14.44

l

0.07

12.57

0.08

1003.4

5.70

0.09

1688.7

1.43

1293.2

1.84

0.14

2197.7

3.13

2017.5

1347.817.88

0.15

9198.9

7.82

35473

0.18

2922.9

2.48

1290.0

0.19

2107.9

3.00

0.20

757.8

0.21

2741.2

2.33

1349.9

1.92

17235

0.22

18942

0.24

6011.4

5.11

0.26

3 23.1§

0.27

0.28

3352.8

4.77

5503}4

0.31

13216.0

11.23

0.33

1243.8

0.34

8153.8

11.60

8728.5

4

10186.29.91

0.36

12814.8

10.89

0.46

1006.4

0.50

22604.2 21.99

0.53

11324.9

8073.8

1

11453.811.14

0.55

25105.5

21.33

0.63

15455.0 15.04
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0.64 - - 15651.7] 22.27| 160322  22.72 - - - - - -
0.66 | 14791.3] 1257 - - - - ; ; : - _ }
0.70 - - 301.9 0.43 382.4 0.54 - - ; - ] ;
0.77| 351.0 0.30 - - - - R ; - _ - ;
0.80 - - - - - - 1511.5 1.47 - - - -
0.83 - - - - - - 5058.2 4.92 - - - ;
0.84 - - 3468.0 4.93 3532.0 5.01 - : = - - -
0.86 | 5058.5 4.30 - - - - ; - - ] _ ;
0.89 - - 7015.9 9.98 7429.9 10.53  20591.120.04 - =
0.91 | 13613.2] 11.57 - - - - - ; ; - _ ;
0.93 - - 2993.3 4.26 1841.9 2.61 - - 634[2 8.42 BA7 3.11
0.97 - - - - 2770.6 3.93 - - - ; ; ;
0.98 - - 665.2 0.95 - - 663.3 0.65 - - - -
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Table 13. Peak areas of different samples at 525 nior ethyl acetate extracts.

Rf L1 L2 L3 L4 L5 L6
value Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak
area | area (%) area area (%) area area (%) | area | area (%) area | area (%) | area | area (%)
0.02 - - - - - - 7526.4 6.70 7339.3 9.42 5125.8 96.6
0.03 | 15704.7 12.69 10791.7 11.08 12160.2 11.85 - - - - - -
0.05 - - - - - - 1405.0 1.25 - - - -
0.06 - - 2095.4 2.15 2738.6 2.56 - - - - - -
0.07 - - 2136.0 2.19 3462.6 3.23 1193.5 1.06 4649.45.97 6954.5 9.08
0.08 | 6314.6 5.10 - - - - - - - - - -
0.10 | 2973.3 2.40 1858.0 1.91 26748 2.50 722.9 0.64 - - - -
0.11 - - - - - - - - 2557.5 3.28 33111 4.32
0.13 - - - - - - 3713.4 3.31 - - - -
0.14 | 6013.0 4.86 4888.7 5.02 57969 5.41 - - 8569.011.00 11074.9 14.46
0.17 - - 8824.8 9.06 10615.p 9.91 10313.7 9.18 - - 9592.7 12.52
0.18 | 4791.1 3.87 - - - - - - 122350 15.71 - -
0.21 - - - - - - - - - - 4183.6 5.46
0.22 - - 2327.3 2.93 2906.¢ 2.71 1960.2 1.74 - - 1 -
0.23 | 4217.4 3.41 - - - - - - 2487.3 3.19 - -
0.26 - - - - 1979.4 1.85 330.( 0.29 - - - -
0.28 - - 1639.1 1.68 - - - - - - 18326 2.39
0.30 | 7399.7 5.98 - - - - - - - - 21149 2.76
0.33 - - - - - - 13278.2 11.82 16421.9 21.09 - -
0.34 - - 14359.8 14.75 148256 13.84 - - - - 14828.19.36
0.36 | 19711.9 15.93 - - - - - - - - - -
0.38 - - - - 1617.7 1.51 - - - - - -
0.40 - - 1879.3 1.93 - - - - - - 2825)0 3.69
0.45 - - - - - - - - 2758.3 3.54 - -
0.47 - - - - 8806.8 8.22 19396.8 17.27 - - 1831.2 2.39
0.48 - - 9745.6 10.01 - - - - - - - -
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0.50

23203.2

0.53

1429.3

1.47

1027.3

4769

A1 4.2%

0.54

1453.9

0.56

2160.7

2.22

0.63

16841.2

18274

0.64

15173.4

15.58

67949

0.66

0.70

0.73

0.74

347.8

0.36

0.81

10021.8

10.29

3 8.09

0.82

11683.8

79681

10.4

0.84

0.88

4598.9

4.72

0.89

4430.2

0.45

0.91

0.93

2222.1

2.28

1117.1

0.94

1.1

0.97

871.5

0.90

2996.6

0.98

0.44
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4.2.1.3 Methanol Extract

Samples were extracted using methanol and bandasigpawas performed in mobile
phase i.e. toluene:ethyl acetate:formic acid:meaihd6.0:2.7:0.6:0.7 v/v). Like previous
solvents, in this extract also the difference imdag pattern and chromatograms was
recorded when observed and scanned at differerglemgths.

e 254 nm

All samples showed variation in profiling when obsa in 254 nm (Fig. 27a).
Similarly scanning generated almost similar peales 10-11 for samples L1-L4. The
maximum area was 16015.3 of a peak at Rf 0.22 irsdrhple and 23160.1, 17714.1 and
10089.7 were for peak at Rf 0.03 for L2-L4 (Figaz8. L5 sample showed total 12 peaks
and at Rf 0.03 it was observed the maximum arepeak (6252.0) (Fig. 28e). L6 samples
appeared with same 7 peaks and highest peak a284.89vas obtained at Rf 0.66 (Fig. 28f).
Chromatograms resulted with different pattern apeetive Rf and when all the samples were
compared, it identified presence of some distimetls. Peak at Rf 0.02 was present in all the
samples (L1-L6) while at Rf 0.05, 0.22 and 0.63 espnted unique peaks in L1 sample. In
L5 sample Rf (0.25) a distinct peak was recordaetiare another peak at Rf 0.66 was present
in L5 and L6 samples. Some of peaks at Rf (0.84 @A83) were seen in all tha vitro
samples (L2-L6) (Table 14).

* 366 nm

Changing the UV wavelength to 366 nm also revealehge in banding pattern when
all samples were compared (Fig. 27b). L1 samplerted 9 peaks and maximum area of
22592.1 on the chromatogram at Rf (0.22) (Fig. 28¢)ereas in samples L2, L3, L4 and L6
total 9, 12, 9 and 6 peaks were appeared and higbak areas (15780.4, 9934.4, 6951.2 and
6444.6) were observed at same Rf 0.03 (Fig. 28hl)i,Whereas L5 sample showed 5 peaks
of which the highest area of 4756.7 was for a pataRf 0.52 (Fig. 28k). Chromatograms
revealed that some distinct peaks were found t.&f40.03) peak present in oniyg vitro
samples (L2-L6) therefore this peak was unique. &amy some peaks noted at Rf (0.22,
0.37 and 0.50) were only present im vivo sample and absent in ah vitro samples.
Similarly, few peaks showed clear difference betweallus culture samples and other
vitro/in vivo samples, whereas vitro shoot samples also showed unique peaks at Rf,(0.54
0.58 and 0.97) (Table 15).
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Table 14. Peak areas of different samples at 254 nior methanol extracts.

Rf
value

L1

L2

L3

L4

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area (%)

Peak
area (%)

0.02

10594.7

19.08

17714.

1 40.4]

L

0.03

23160.1

58.74

10089

.7 28.51

17.00

5895.7

9.93

0.05

5284.0

9.52

0.09

213.0

0.60

0.10

1367.4

3.12

0.13

1171.8

2.67

0.16

0.18

1860.1

0.19

0.22

.84

0.25

642.1

0.28

0.29

374.5

0.31

0.32

0.37

35009.

3

0.38

0.39

0.40

0.41

0.42

2761.9

0.47

0.48

808.2

0.49

0.50

16130.0 27.16

0.53

5250.6
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0.54 | 3036.6 5.47 3199.8 8.12 - - 3333.8 9.42 . - 1 -
0.55 - - - - 2939.6 6.71 - - - - - -
0.59 | 5926.6 10.67 417.9 1.06 651.6 1.49 539.2 1.52 399.8 1.09 - -
0.63 | 1501.5 2.70 - - - - - - - - - -
0.66 - - - - - - - - 3497.6 9.51 19201.8 32.34
0.72 444.5 0.80 - - - - - - - - - -
0.84 - - - - - - 987.4 2.79 2223.0 6.04 2415.1 4.0
0.85 - - 506.0 1.28 480.1 1.10 - - - - - -
0.88 590.5 1.06 - - - - - - - - - -
0.93 - - - - - - - - 9202.2 25.02 10381.8 17.49
0.94 - 5256.5 13.33 6600.2 15.06 8393.5 23.72 1 - - -

0.96 | 2673.7 4.82 - - - - - - - - - -
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Table 15. Peak areas of different samples at 366 nior methanol extracts.

Chapter 4. Results and Discussion

Rf
value

L1

L2

L3

L4

L6

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area (%)

Peak
area (%)

Peak
area (%)

0.01

4015.7

6.73

3087.G

7.88

0.02

8833.3

14.81

0.03

15780.4

43.50

9934.4

25.36

1.2 20.4

26.74

6444.6

25.35

0.16

4748.2

13.09

0.17

2.20

0.19

0.20

0.22

22592.1

0.24

0.28

0.30

185.3

0.31

0.32

0.37

5142.1

0.40

3705/6

0.42

7

0.43

2685.6

0.44

0.45

0.47

0.48

0.49

3771.9

0.50

0.52

4510,6

0.54

0.55
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0.58 - - 959.9 2.65 - - 1473.8 4.33 - - - -
0.59 | 11042.6 18.52 - - 1481.2 3.78 - - - - - -
0.79 - - - - 459.9 1.17 - - - - - -
0.93 - - - - - - - - 3189.0 22.92 4303(0 16.91
0.94 - - - - 2437.5 6.22 2599.6 7.64 - - - -
0.95 - - 2115.3 5.83 - - - - - - - -
0.97 1216.7 2.04 1255.5 3.46 2070)5 5.29 1477.2 4 4.3 - - -

113 |Page




Chapter 4. Results and Discussion

e 525 nm

Fingerprint formed after derivatization showed altqattern in L1 and L5 which were
different from rest of the samples (Fig. 27c). Biéint profile with number of peaks and areas
were recorded after scanning and it was observatdLth and L2 samples recorded different
number of peaks (14 and 12). The maximum areas3(74&nd 26272.7) were recorded for
peak at same Rf (0.05) but vast difference wasrgbdein them (Fig. 28m, n). L3 and L4
samples showed peaks (16 and 14) and highest\waezasat same Rf 0.08 but slight variation
was noted i.e. 13870.0, 15250.3 (Fig. 280, p). &m@e noted 17 peaks and peak present at
Rf (0.42) had maximum area was 13093.9 (Fig. 28¢)ereas L6 sample showed total 15
peaks and area 22886.5 at Rf 0.51 (Fig. 28r). Thaxe few unique peaks were found from
the chromatograms of all the samples. Peaks ab.R8 @nd 0.69) were only present in callus
cultures (L5 and L6) whereas in L1 sample distpeziks were observed at Rf (0.20, 0.78 and
0.85). Similarly peak at Rf (0.33) was present Ihtlae samples while sample L6 also
identified unique peaks at various Rf (0.73, 0@96 and 0.97) (Table 16).

+ |t was concluded from fingerprint analysis thatth# selecteéh vitro samples (shoot and
callus) were able to synthesize metabolites. Theyhithetic potentency ah vitro shoot
cultures was at par witim vivo shoots, whereas callus cultures synthesized catipely
less metabolites. Thus, it was concluded tmatvitro nodal derived cultures were

chemically similar tan vivo shoots.
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Figure 27. HPTLC fingerprint s of methanol extrect for different
samples ofL. reticulata: (a) UV 254 nm,(b) UV 366 nm and (c) white
light after derivatization.
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Figure 28. Chromatograms of different samples for rathanol extract in L. reticulata: (a-f)
254 nm, (g-l) 366 nm and (m-r) 525 nm.
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Table 16. Peak areas of different samples at 525 nior methanol extracts.

Rf
value

L1

L2

L3

L4

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area

Peak
area (%)

Peak
area (%)

Peak
area (%)

Peak
area (%)

0.03

7199.1

14.75

0.04

5843.8

8.06

2 7.57

6230.4

7.5

0.05

26272.7

45.04

3.3 7.21

0.06

7463.7

15.29

9826.2

13.55

97371.7

13.6

0.08

15250.3

21.43

0.09

4912.2

10.07

13870.0

19.13

0.12.82

0.10

0.13

3.95

0.14

0.16

2970.6

6 5.94

.1 62.2

0.18

6.50

0.20

1453.8

0.22

0.25

4 4.61

0.27

P 11.64

Ol

0.30

111335

0.31

0.33

7 8.69

0.34

3382.5

0.36

0.37

2334.1

0.40

0.41

0.42

130939

0.43

4309.8

0.47
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0.48

4034.

0.49

4360.6

6.01

0.51

22886.

0.53

4890.4

0.54

0.55

3670.8

5.06

0.58

6690,

0.59

2842|5

0.64

0.69

9684,

0.73

14744,

0.74

D

0.75

1531.0

0.78

0.81

Ol

0.82

3992.2

0.83

22792.

4 13.11

0.85

0.90

0.91

254.1

1834

6.810.55

0.93

120.5

0.96

5667.5

3.26

0.97

3203.8

1.84

0.98

563.2

0.99
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HPTLC fingerprint of different samples revealed tthhe culture type and PGRs
affected metabolite synthesis. All the extractditierent wavelengths showed that the profile
of shoot cultures were at par with vivo shoots, but the number of bands were less ingallu
samples. This is in accordance with the report allug and shoot cultures @roxylum
indicumwhere the fingerprint changesd betwaenitro cultures and also in comparisonino
vivo plant (Rojsanga et al., 2017). Similarly variatisas observed between three extract for
fingerprint of callus andin vivo samples and same is reported @yrinops walla
(Selvaskanthan et al., 2020). They have also obdetivat when 2,4-D was present in the
medium it failed to increase number of bands ad agldecrease the intensity of bands in
callus samples, which is in line with present resRecently, Buranasudja et al. (2021)
documented that HPTLC profiling of callus culturé @entella asiaticawas different as
compared to mother plant. Possible explanatiohiin direct regeneration there is a definite
organization, as the cells are oriented towardsegic biological development, which leads
to a uniform biosynthesis of secondary metabolites. the other hand, calli have an
unorganized constitution, where cells might notalbive and hence are oriented towards a
defined development and secondary metabolite ptamau@ukherjee et al., 2020). The same
phenomenon has been reported by Jain et al. (201Withania somniferan which the
metabolites synthesis takes place in specific éissr organs and are lacking in callus tissue.
Similarly in Picrorhiza kurroain vitro cultures, only shoots had the potential to syntiees
picroside production but callus cultures failed 9gnthesize (Sood and Chauhan, 2009).
Similarly effect of different regeneration pathwagbowed variation in fingerprint in
Curculigo orchioideqAlagar et al., 2014)Curcuma longgKharade et al., 20148 elastrus
paniculatus(Anusha et al., 2016) andrataeva tapia(Sharma et al., 2016). Another reason
for change in HPTLC fingerprint is because of ieflee of PGRs like cytokinins and auxins
on biosynthesis of different groups of secondaryaimaites (Ekiert et al., 2008; El Tahchy et
al., 2011; Grover et al., 2012; Joshaghani et @lL42Thiruvengadam and Chung, 2015).

HPTLC fingerprint with a visible pattern of bandsdais used to determine the number
of components in a mixture (Reich and Schibli, 20G6&wever inL. reticulatavariation in
number of bands was observed among the differanaas, it might be due to efficacy of
solvents to extract group of metabolites and sa@bserved ilAmsonia orientaliextracts
where number of bands varies between polar, midrgoid non-polar solvents (Acemi et al.,
2020). This technique has also been used to as$iseskiosynthetic potential ah vitro

samples of other Asclepiadaceae membersGmpegia junced&Nikam and Savant, 2009),
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Hemidesmusdicus(Pathak e al., 2017) andylophora indica(Patelzst al, 2021) as well as
other plants likeAsparagis adscende (Mehta and Subramanian,05, Bacopa monnieri

(Srivastava and Shrivasta, 2008) andChlorophytum borivilianungBasu and Jha, 201.

4.2.2Quantitative Analysis

The metabolite selcted for the present study wp-coumaric aic therefore initially a
standard curve gf-coumeric acic was prepared and method validai study for HPTLC wa
performed. In the furtherxperimental wol, quantity ofp-coumaric &ic was assessed using

different samples.

4.2.2.1 Standard Curve for p-Coumaric Acid and HPTLC Method Validation

Linear relationship 'as observe by plotting asix point calibratin curveof standardg-
coumaric acidoncentraon against p«k areasp-coumaric acid shved linear response
the concentration rangef 100-600 pg/spot (Fig. 29). Theorrespoding linear regressi
equation was = 19.969; + 134: with correlation coefficient (B of 0.998for p-coumaric
acid. Residual analysiwas performed to ascertain lineariThe slope and intercept of tf
curve werealso determind and it wa:1996 and 1343 respective[Jable 18.
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Figure 29 Standard curve ofp-coumaric acid.
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HPTLC method was validated according to Internaid@onference on Harmonisation
(ICH) guidelines (ICH, 1997) for linearity, limit ofdetection (LOD) and limit of

quantification (LOQ), precision and specificity.

» Limit of Detection (LOD) and Limit of Quantificatio n (LOQ)
The signal-to-noise ratios of 3:1 and 10:1 weresmered as LOD and LOQ. The LOD
and LOQ were found to be 10 pg/spot and 100 pgfespectively (Table 18).

* Precision

The results of the repeatability and intermediaexigion analysis are shown in Table
18. The repeatability of the method was testedralysing a definite amount (400 pg/spot)
of the standard for six times after applicationTatC plate, which resulted in RSD of 1.7%.
The intra and inter-day variation of nine replicater the determination qf-coumaric acid

was carried out at three different concentratimelie of 200, 400 and 600 pg/spot (Table 17).

Table 17. Intra-day and inter-day precisions for méhod validation.

Standard
Sr. No. _ Intra-day CV (%) |Inter-day CV (%)
concentration (ug)
1 200 1.9 2.0
2 400 1.7 1.3
3 600 15 2.1
Average - 1.7 1.8

» Specificity

To validate the method for specificity, sample atdndard were subjected to TLC
analysis. Chromatogram showed the band correspgidithe standarg-coumaric acid and
at the same Rf (0.23) in the sample. Further sagleatralysis Xmax 254 nm) was done for
confirmation and it revealed that the peaks obthinem both standard and test samples were

identical, as they had similar pattern (Table 18).
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Table 18. HPTLC method validation parameters fomp-coumaric acid.

Parameters Results
Linearity range (1g/spot) 100-600 pg
Linear regression equation y =19.969x + 1343
Correlation coefficient (B 0.998
Standard error of slop 1996
Standard error of intercept 1343
Limit of detection (LOD) 10 pug
Limit of quantification (LOQ) 100 pg
Precision (%RSD)

Repeatability (n = 6) 1.9

Intra-day precision (n = 9) 1.7

Inter-day precision (n = 9) 1.8
Specificity Specific

4.2.2.2 Quantification of p-Coumaric Acid

Methanol extract of different samples when sepdrate TLC plate, presence pf
coumaric acid was confirmed as band in all the samfFig. 30a) and by scanning it
generated chromatograms (Fig. 30b). Further spextedysis was done for confirmenation of
p-coumaric acid with respect to standard (Fig. 3Uhg area under the curve (AUC) obtained
after scanning at 254 nm was different for all $henples. It was recorded that fiorvivo and
in vitro shoot samples (L1-L4) band on TLC plate were milar Rf (0.23) to standard and
the corresponding peak of sample to standard asolted after densitomatric scanning.
Further when AUC were recorded, it revealed thatcthretent ofp-coumaric acid in sample
L1-L4 were in range of LOD but out of range for LOQn the other hand, maximum quantity
was recorded in callus samples L6 i.e. 78.08 £ tglgm, whereas it was less in sample L5
i.e. 16.22 £ 0.09 mg/gm (Table 19). It was accosty@dd that callus culture (L6) were
developed in medium supplemented with BA (20 uMYAA (0.5 uM) derived through leaf
explants gave higher content mtoumaric acid. Therefore this callus culture wasaddicial

for the quantification or elicitation gF-coumaric acid.

120 |Page



200.0 250.0 3000 350.0 400.0 450.0 500.0 550.0 600.0 [nm] 7000

Figure 30. Quantification of p-coumaric acid using HPTLC in
samples of L. reticulata: (a) TLC plate under UV 254 nm
containing standard (S), in vivo shoots (L1), callus fom BA (15
uM) + 2,4-D (1.C uM) (L5) and callus from BA (20 uM) + NAA
(0.5 uM) (L6) (b) densitometric scanning of plate atJV 254 nm
and (c) specta of samples at UV 254 nr.
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Table 19. Quantification of p-coumaric acid in in vivo and in vitro samples ofL.
reticulata using HPTLC.

Sample Source Medium p—Cou-maric acid
quantity (mg/g)*

L1 In vivo shoots - NQ
L2 Nodal derived shoots BA (5 uM) + Kn (5 puM) NQ
L3 Nodal derived shoots| BA (10 uM) + Ad$Q@A0 puM) NQ
L4 Nodal derived shoots CW (4%) NQ
L5 Leaf derived callus BA (15 uM) + 2,4-D (1.0 uM) 16.22 £0.09 b
L6 Leaf derived callus BA (20 uM) + NAA (0.5 uM) B +220a

NQ- Not Quantifiable. *Values represent mean + BEans (n = 3) followed by same letter are not
significantly different p < 0.05) according to Tukey’s test.

+ Thus it was inferred that although HPTLC profilésshoot cultures were at par with
vivo shoots, selected metabolite wasn’t quantifiablang of these shoot samples, and it
was only present in detectable amount in callusiees. Nevertheless callus from both the
media synthesizeg-coumaric acid, it was maximum in leaf callus dedifeom BA (20
HM) + NAA (0.5 uM), thus this media was further ¢akup for elicitation study.

Shoot and callus cultures derived from media hadiifigrent PGR composition were
analyzed fop-coumaric acid content and it was observed that gstaall the cultures it was
guantifiable only in callus cultures and not in shooltures. This is in corroboration with
response irLarrea divaricata(Palacio et al., 2012) amironia melanocarpgSzopa et al.,
2013) wherep-coumaric acid synthesized only in undifferentiatedkures and not in shoot
cultures. Similarly Panwar and Guru (2011) depidteat alkaloid contents im vitro leaves
yielded less reserpine, whereas stem and leaf-deroadli yielded higher reserpine.
Moreover, higheressential oil synthesis is reported in callus e¢akuof Curcuma longaas
compared to mother plants (Kuanar et al., 2012¢ dlevated content of targeted metabolite
in callus cultures makes these cultures a promisiagrce for production of valuable
secondary metabolites from different important megil plants as compared itovivo plants
(Murthy et al., 2014). Callus cultures are reportedbe good source for synthesis of
pharmaceutically important secondary metabolites asciaticoside inCentella asiatica
(Gandi and Giri, 2013), picroside-Il iRicrorhiza kurroa(Rehman et al., 2014};sitosterol
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in Crataeva tapia(Sharma et al., 2016), berberine Tinospora cordifolia (Mittal and
Sharma, 2017) and baicalein@moxylum indicun(Faraz et al., 2020).

Apart from culture type, another factor which atfesecondary metabolite synthesis is
PGRs as they not only enhance the growth and diffextion of cultures but also alters the
synthesis of secondary metabolites (Dornenburgkamadr, 1995). Cytokinins of the medium
are known to repress transporters of macronutrisath as nitrate, ammonium, sulphate,
phosphate, and also regulate the expressiofPAdf gene of phenylpropanoid pathway
(Sakakibara et al. 2006). Similarly the type ofiagxalso affects metabolite synthesis as it is
well documented that auxin response factors (ARR®racts with auxin regulatory genes
related to several physiological and biochemicalcpsses, and in turn affects secondary
metabolite synthesis (Chapman and Estelle, 2009mal et al. (2019) observed that
synthesis of-coumaric acid is affected by PGRs of the mediunpamoea turbinateWhen
p-coumaric acid was analyzed in cultureslLofreticulatg higher content was recorded in
callus grown in presence of BA and NAA as compaceahédium supplemented with BA and
2,4-D. The amount of harmaline and harmine was rmopeesence of BA-NAA as compared
to BA-2,4-D where as contrary results are repofteddiosgenin accumulation in callus of
Tribulus terrestris(Nikam et al.,, 2009). Study oBchinacea purpurealso suggest that
phenolics in callus cultures is affected by combares of cytokinin with either NAA or 2,4-
D (Ramezannezhad et al.,, 2019). Recently in cafiug\msonia orientalisit has been
observed that the metabolite content is more insgree of cytokinin with auxin
(Selvaskanthan et al., 2020). Beneficial effedBAfNAA combination on accumulation @f
coumaric acid irHypericum perforatunevs. Helos (Kwiecig et al., 2015) as well as in other
metabolites like phenolic acids Ruta graveolengEkiert et al., 2008), lanatoside C and
digoxin in Digitalis ferruginea(Verma et al., 2014) and cucurbitacins E and Eaballium
elaterium(El-Mekkawy et al., 2018) is well reported. Gerlgr2,4-D is known to adversely
affect metabolite production because of its lesficiehcy for triggering secondary
metabolism (Mantell and Smith, 1983; Misawa, 1985). line with present results,
stimulatory effect of NAA and adverse effect of -B34on production of metabolites through
callus cultures is reported in other Asclepiadageaenbers i.eHemidesmuandicus (Misra
et al., 2005) an@€eropageguncea(Nikam and Savant, 2009).
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4.2.3 Elicitation of p-Coumaric Acid

Callus cultures were developed in presence of BAKR) + NAA (0.5 uM) for the
elicitation of p-coumaric acid using two elicitors i.e. yeast estisaand salicylic acid in
different concentrations. Cultures were developed growth was also monitored weekly
from induction to declining stage. Time intervaleds to be assessed for sufficient callus

biomass and therefore growth curve was prepared.

4.2.3.1 Callus Growth Determination

The present study was carried out for the determmimaf the growth pattern of callus
culture inL. reticulata This study was conducted to identify the onset dmction of the
various growth stages. Initially callus growth pregsed slowly, but as time passed, growth
proceeded rapidly then reached to a steady state¢ham declined. Initially there was slow
growth period which was up to three weeks, thetusaitarted to proliferate by four weeks
and maximum biomass was occurred at five weeks.cedgovely growth deceleration
occurred from the beginning of the sixth week. T$tisdy showed that sufficient biomass of

callus was obtained during four to five weeks (B).
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Figure 31. Growth determination of callus till six weeks.

Each line shows the mean values (n = 5) and emoad standard error.
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4.2.3.2 p-Coumaric Acid Content in Control Callus Culture

According to the growth curve study, the cultureswg in absence of elicitors served
as control and were harvested at four and five we€kllus proliferated in the medium and
the biomass in terms of FW (0.374 £ 0.04 gm) and [@@39 + 0.00 gm) was recorded at
four weeks and reached maximum in five weeks Mg.(B.740 £ 0.09 gm) and DW (0.051 +
0.00 gm) (Fig. 32). HPTLC analysis of control saesptietected the presencepetoumaric
acid only in five weeks old sample and not in sagfl four weeks. Densitometric scanning
at 254 nm of the five week old sample confirmed tha peak corresponded to the standard.
When area under curve (AUC) for five weeks old sienwas obtained, it was out of the
range of LOQ (Fig. 33a, b) (Table. 20).

4.2.3.3 Effect of Yeast Extract and Salicylic Acid on Callus Biomass and p-Coumaric Acid
Content

As p-coumaric acid was not detected in control sampléhis experiment the explants
were treated with YE and SA elicitors. Leaf exptanwvere placed in the medium
supplemented with YE/SA and allowed to grow tilldiweeks. The presence of YE (25-200
mg/l) in the medium facilitated callus proliferatin almost all the concentrations within five
weeks as the biomass of shoots (FW and DW) incdedaather analyzing the samples on
TLC plates confirmed band gf-coumaric acid in all the concentrations as a pafaér
densitometric scanning at 254 nm. After scanningatian was observed in content pf

coumaric acid among all the concentrations and weeks

* 25 mg/l

When 25 mg/l of YE was added to the medium callsnass increased as their FW
(0.597 + 0.04 gm) and DW (0.051 + 0.00 gm) at feeeks was higher than control. Whereas
when callus that was harvested in five weeks the (BWW10 + 0.19 gm) and DW (0.040 £
0.01 gm) was less as compared to five weeks oldaosdample (Fig. 32)p-Coumaric acid
quantity was analyzed after scanning at 254 nmag observed that peak ptcoumaric acid
in samples was corresponding to the standard. dhtet of metabolite was not quantifiable
in four weeks sample, and it was able to quantifgi55 + 0.36 mg/gm) when time interval
was increased for treatment to the cultures ti# fiveeks (Fig. 33c, d) (Table 20).
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* 50 mgl/l

YE concentration was increased in the medium tan®fl, and the biomass i.e. FW
(0.452 £ 0.03 gm) and DW (0.038 + 0.00 gm) whichsweted in five weeks was less as
compared to 25 mg/l concentration of YE but it vaggher than control. The callus became
proliferative and that can seen from biomass as(6¥800 = 0.08 gm) and DW (0.046 + 0.00
gm) was recorded by fourth week (Fig. 32). Buthag toncentration, YE failed to trigger the
synthesis op-coumaric acid and hence it coulden’t be quantiéiéidr four weeks. During the
fifth week this elicitor was able to elicit the cent ofp-coumaric acid to 22.95 + 0.81 mg/gm

which was almost identical to the content obtaiae?5 mg/l (Fig. 33c, d) (Table 20).

* 100 mg/l

Maximum callus biomass was recorded when mediumswpplemented with 100 mg/I
of YE for both four and five weeks i.e. FW (0.6490:09 gm) and DW (0.050 + 0.01 gm),
FW (0.927 + 0.09 gm) and DW (0.077 = 0.00 gm) resipely (Fig. 32). However, the
densitometric scanning showed tipatoumaric acid was quantified only in four weekes i.
10.72 + 1.11 mg/gm, which was less as comparedeadower YE concentrations (25 and 50
mg/l). Increase in YE concentration inhibited thathesis and by five weeks it was not
quantified (Fig. 33e,f) (Table 20).

e 200 mg/l

Further increasing the concentration to 200 mghsy decreased the biomass i.e. FW
(0.574 £ 0.09 gm) and DW (0.041 + 0.01 gm) at faeeks. A slight increase in FW (0.726 +
0.06 gm) and DW (0.064 + 0.01 gm) was noted at Weeks (Fig. 32). At this concentration
p-coumaric acid was present in both weeks which nesobserved in any of the earlier YE
concentrations tried. Callus cultures at four weskse able to synthesize maximum content
of p-coumaric acid i.e. 88.17 + 2.72 mg/gm, whicasv.91 fold higher than 25 mg/l. When
cultures were assessed for five weeks it was redethlat the content decreased to 41.44 +

0.59 mg/gm which was nearly half as compared teetrker weeks (Fig. 33e, f) (Table 20).
4+ Thus, it could be concluded from the elicitationpesiment that yeast extract was

beneficial for callus biomass as well as for elgtp-coumaric acid content within four

weeks.
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Figure 32. Effect of yeast extract on callus biomasderived through leaf explants

of L. reticulata.

Each line shows the mean values (n = 5) and eaoiab standard error. Means followed by

same letters are not significantly differept(0.05) according to Tukey’s test.

Table 20. Effect of different concentrations of YEon p-coumaric acid

content.
YE concentrations p-Coumaric acid (mg/gm)*

(mg/l) 4 weeks 5 weeks

Control ND NQ
25 NQ 22.55 + 0.36 bc
50 NQ 22.95 +0.81 bc
100 10.72+1.11¢c NQ
200 88.17+2.72a 41.44 £ 0.59 b

ND- Not Detectable, NQ- Not Quantifiable

*Values represent mean + SE. Means (n = 3) followgdsame letter are not
significantly different p < 0.05) according to Tukey’s test.
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Figure 33. TLC plates and chromatograms for methanol exract of callus samples (a, b)

Control samplesafter 4 weeks- C1 and 5 weeks- C2, (c, &)E (25 mg/l) treated callus
samples after 4 week¥1 and 5 week- Y2 and YE (50 mg/l) dter 4 weeks- Y3 and 5
weeks- Y4, (e, f)YE (100 mg/l} treated callus samplesafter 4 wee<s-Y5 and 5 weeks- Y6
and YE (200 mg/l) after 4 week- Y7 and 5 weeks- Y8. Sp-coumaric acid standarc.

Scanning of plates was one at 25: nm.
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Similarly when explants were treated with salicydicid, all explants turned brown
within a week and gradually became black. Presehabfferent concentrations of SA (25-
200 puM) in the medium had an adverse effect onda&pfant, as they failed to survive even

after repeatedly performing the same experimeeethimes.

+ L. reticulatacallus cultures had the potency to synthesizeidhgeted compound and the

same could be enhanced by treating the culturdsY#telicitor.

In recent years, callus cultures have gained comialgyotential for the manufacture of
pharmaceutically important secondary metabolitegité 2015; Wu et al., 2016). One of the
advantage of callus culture is they are more ridi#iitan collecting plant materials from wild
for extracting the therapeutic metabolites (Effeattal., 2019). Yeast extract, a biotic elicitor,
has been used due to their ability to stimulatedéfence mechanism, which leads to increase
biosynthesis of valuable metabolites, but its optitevel may be different for each plant
species (Abraham et al., 2011). Positive effecYBf on metabolites content is reported in
Lithospermum erythrorhizo(Ogata et al., 2004%ilybum marianunfSanchez-Sampedro et
al., 2005),Gymnema sylvesti(@eerashree et al., 201 Artemisia monosperm@il-Gendy et
al., 2016),Hoppea fastigiatgdMoon and Mitra, 2016) an@rthosiphon stamineu@Razali et
al., 2017). Thus in the present study, differentcemtrations of YE were utilized to treat leaf
derived callus and its effect grcoumaric acid was evaluated. The results suggedbssd
lower concentration of YE (25 mg/l) facilitated n@xam biomass in callus. This is in line
with report of Vijayalakshmi and Shourie (2019) imhich YE triggered biomass
accumulation in callus cultures of licorice. Simiya YE treatment increased biomass in
comparison to control itMorinda elliptica (Chong et al., 2005and Hyoscyamusgnuticus
(Ibrahim et al., 2009). Generally YE has been wsed source of nutrient (Jonard, 1960), but
it is also dependent on species as recently Chavah (2021) reported that YE failed to
increase biomass in callus culturesSafacia chinensis

HPTLC analysis of samples revealed that maximundysction ofp-coumaric acid was
observed after treatment of callus with 200 mg/IY& for four weeks. Similarly, YE
significantly enhanced the production of differphenolic acids including-coumaric acid in
Malus x domesticgCai et al., 2014). Younesikelaki et al. (2018ydnauggested that addition
of 100 mg/l YE to the medium resulted in maximunodarction of p-coumaric acid in
Althaea officinalis Up-regulation ofp-coumaric acid has been also documenteGlghnia
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littoralis after YE treatment (Ishikawa et al., 2007). YEoalscreased total phenolics in
Astragalus chrysochloru@Ozgur and Sule, 2009) amphiona mucronatgAl-Gendy et al.,
2015). The synthesis gb-coumaric acid is regulated by the activity of pylalanine
ammonia-lyaseRAL), the first enzyme of phenylpropanoid pathway. Tégorts suggested
that the expression dPAL rapidly increased after YE treatment and it presedhenolic
accumulation in cells (Sarkate et al., 2017). ddte there are many reports which have stated
the beneficial effect of YE on production of othreetabolites such as silymarin 8ilybum
marianum (Sampedro and Jorge, 2005), rosmarinic acid.ithospermum erythrorhizon
(Ogata et al., 2004) arm@drthosiphon aristatugHunaefi and Smetanska, 2013), xanthone in
Hypericum perforatuniConceicao et al., 2006), psoralerPisoralea corylifolia(Parast et al.,
2011), vasicine irAdhatoda vasicdBhambhani et al., 2012hiphenyl inSorbus aucuparia
(Qiu et al. 2012), carotenoid @leome rosedqSilva da Rocha et al., 2013), echitamine in
Alstonia scholarigSingh et al., 2015), chicoric acid and rosmarag inOcimumbasilicum
(Acikgoz et al., 2020) and mulberroside A, oxyreaw®l and resveratrol itMorus alba
(Inyai et al., 2021).

WhenL. reticulata leaf explants was treated with different concdigns of SA (25-
200 uM), it adversly affected and they turned brown. i&ny SA negatively affected the
growth ofGinkgo biloba(Kang et al., 2009Hypericum perforatuniGadzovska et al., 2013),
and Eurycoma longifolia (Nhan and Loc, 2018) callus cultures. Another ndmidle
observation was found that when quantification wase in six weeks old callus culture
grown on medium supplemented with BA+NAA, it wadeatn synthesiz@-coumaric acid.
Whereas at the time of elicitation, callus growttedmination study evaluated that callus
growth was declined in the six weeks gnadoumaric acid was not quantified when analysed
in four and five weeks old callus cultures. Thigghtibe due to seasonal variation and in
support of present results, variationpitoumaric acid content is well documented in many
plant species such &asa argenteastriatudNi et al., 2012)Sasa quelpaertensi{&o et al.,
2018) andConvolvulus althaeoide@irichi et al., 2020). It can be explained by fhet that
every season have different quantum of water, teatyes, and radiation. These climate
changes not only alter abiotic factors but also im#date different biotic factors of the
surrounding environment, which exert plethora obtibiand biotic stress on the plants and
leads to biosynthesis of specific secondary mettssofor either direct defense or induction

of signaling in response to abiotic/biotic stresadition (Singh et al., 2019).
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Tylophoraindica (Burm. F.) Merrill

Another important Asclepiadaceae member was tagdoruthe experimental work and

the detailed results are summarized below.

4.3 Establishment of Cultures

Leaf and nodal explants were utilized for the depeient ofin vitro cultures in MS
media fortified with different PGRs.

4.3.1 Leaf Explant

In the first experiment leaves were collected fiBatanical Garden which were used as
an explant for establishinig vitro cultures. Leaf explants were evaluated for morghay
response using cytokinins (5-20 uM) and auxins-{00LuM), and observations revealed that
PGRs individually or in combinations differentiatedly callus, indirect shoots, direct and

indirect somatic embryos.

4.3.1.1 Effect of Individual PGRs

Explants were placed in MS basal medium supplerdewi¢éh sucrose (3%) which
served as control. Leaf explants showed swellin@Qf6 cultures within four weeks but it
failed to show any morphogenic response till eigideks. Thus, MS medium was
supplemented with individual cytokinins and auxsich were tried to induce response in

explants.

 Individual cytokinins (BA and Kn)

Cytokinins are known to differentiate shoots froeafl explant. Therefore, the media
was supplemented with BA/Kn in a concentration eanfj5-20 uM. BA failed to evoke any
significant response except 10 uM which differeetiagreenish, compact callus from the cut
margins of leaf between third and fourth week. Sithee was done after four weeks and the
callus further proliferated till eight weeks (Fig4a). Increasing the concentrations further
inhibited the response for induction of callus. Wiwdividual Kn (5-20 pM) was tried it only
resulted in swelling of leaf explants in all the centrations (Fig. 34b) and turned brown after

four weeks and failed to survive in further weeks.
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Figure 34. Effect of individual cytokinins on leaf
explants of T. indica: (a) Differentiation of greenisr
compaci callusin BA (10 uM) after eight weeksand (b)
swelling of explant in presence of Knwithin four

weeks.

Figure 35. Effect of individual auxins on leaf exflants of T. indica at the end of
eight weeks: (a) Eplant differentiated roots in presence oflAA (1.0 uM), (b)
induction of roots from margins of explant in presence oNAA and (c) white, semi-

friable callus observedat 2,4-D (1.0 uM).
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* Individual auxins (IAA, NAA and 2,4-D)

The MS medium was fortified with different auxinkd IAA/NAA/2,4-D individually
in a range of 0.1-1.0 uM to analyze their effecteaplant. Presence of IAA resulted in only
swelling of the explants till four weeks and afterbculture, roots differentiated from the
proximal end of the lamina at 1 uM by the end gheiweeks (Fig. 35a). Similar response
was obtained when IAA was replaced with NAA as aslyelling of explants was observed
and thin feathery roots were formed from periphargll concentrations (Fig. 35b). Whereas
in presence of 2,4-D at lower levels (0.1 and OM) induced swelling of explants which
turned black within eight weeks. This morphogeeisponse changed at 1 uM as white, semi-
friable callus was formed, which proliferated arvered the entire lower lamina by end of

eight weeks (Fig. 35c).

+ In presence of individual cytokinins like BA andxéu 2,4-D, leaf explants formed callus,
but rest of the PGRs failed to induce any morphagessponse.

4.3.1.2 Synergistic Effect of PGRs
The synergistic effect of cytokinins and cytokinmwgh auxins was also assessed, and
varied morphogenic responses were observed whigd haen discussed below as per the

response.

A. Effect of PGRs on Callus Induction
Few synergistic combinations of cytokinins and &ytos with auxins which are
described below resulted in only callus differetnia.

* Knand AdSO,

As Kn individually induced only swelling of explantAdSQ which is known to help in
shoot regeneration both were combined and theiecefbn explants was assessed. A
combined effect resulted with formation of off-wdicompact callus from the periphery of
explants in few concentrations (Fig. 36a). The ottuncentrations showed only swelling of

explants till eight weeks.
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Figure 36. Synergistic effect of PGRs on leaf exants of T. indica
at the end d eight weeks (a) Formation of compactcallus in Kn
(15 uM) + AdSO, (20 pM), (b) proliferative callus covering entire
lamina in presence o BA (10 uM) + 2,4-D (0.5uM) and (c)
greenishcompact callus in mediumsupplemented witt Kn (15 pM)
+2,4D (1.0 uM).
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* BA/Kn and 2,4-D

When BA was combined with 2,4-D, lower concentrasiof both PGRs formed callus
but response was less. When BA at 10 uM was comini various concentrations of 2,4-
D, at 0.5 uM it differentiated callus in 70% cubtar A fast growing white compact callus was
observed which covered the whole explants by eredghit weeks (Fig. 36b). Further increase
in BA levels also formed callus with same morphgldgut the proliferation rate and response
gradually decreased.

BA was replaced by Kn and when combined with 2,4-&8lso resulted in formation of
callus, which was greenish-white, compact. In défeé concentrations there was variation in
the rate of proliferation and percent responsehésg proliferation was observed in medium
supplemented with Kn (15 pM) and 2,4-D (1.0 uMpBDbPb6 cultures as it covered the entire

lower lamina of leaf explants at the end of eigbtks (Fig. 36¢).

+ It was observed that few combinations differendatmly callus, among them BA with
2,4-D showed significant proliferation of callusrisled through leaf explants.

B. Effect of PGRs on Indirect Shoot Regeneration
Among all synergistic combinations, the followingrée combinations regenerated
indirect shoots from leaf explants.

« BA and Kn

MS medium fortified with combinations of BA and Kaxerted a strong influence on
indirect shoot regeneration. This combination addwnultiple shoots to regenerate, when
BA (5 pM) was with different concentrations of K&-20 puM), the shoot number steadily
increased and reached to 7.60 £ 0.73 at 20 UM 5@ response. Increasing the level of BA
to 10 uM failed to enhance the shoot number atlewels of Kn but at 15 uM there was a
sudden increase in number of shoots (22.50 + W8igdh reached to a length of 3.87 + 0.53
cm by the end of eight weeks in 80% cultures (T@dle In this combination it was observed
that a greenish, nodular callus started to develthin a week which proliferated and
covered the abaxial surface of leaf. By second weedKferentiated large number of shoot
buds (Fig. 37a) and at the end of four weeks fevoshuds grew into small shoots (Fig. 37b).
After transfering to a fresh medium having same eatration of PGRs, it helped to enhance
the number of shoot buds. Simultaneously multipilicaof shoots was observed by six weeks
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Figure 37. Synergistic effect of BA (10 uM) andKn (15 uM)
on optimum shoot regeneration from leaf explaits of T.
indica: (a) Induction of shoot budson the surface of callus
within two weeks, (b)emergence of small shootby fourth
week, (c) nultiplication of shoots during sixh week and (d)
elongation of shoots at the end of eight weeks.
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(Fig. 37c) and further elongation of shoots waseoled at eight weeks (Fig. 37d). Further
increase in BA level to 15 uM and 20 pM showed railar morphogenic response in
presence of different concentrations of Kn butgheot number declined and a maximum of
11.14 + 1.04 number of shoots was achieved at 2@fidhbth PGRs in 70% cultures.

Thus BA at 10 uM and Kn at 15 pM proved to haveymesgistic effect on shoot

formation and hence this combination was optimumodail the other concentration tried.

* BA and AdSO,

AdSQOy, is another type of cytokinin known to enhance rihenber of shoots and hence
its synergistic combination with BA was evaluated multiple shoot induction. When lower
level of BA (5 uM) was coupled with different comteations of AdS(Q it inhibited the
organogenic response till 15 uM of AdS@ improved at 20 uM and formed 8.00 = 0.63
shoots in 50% cultures with maximum 5.64 + 0.91length among all combinations. In a
week, greenish nodular compact callus was diffeaed from cut margin of explants and it
proliferated on to the upper surface and coverex ghtire lamina within two weeks.
Simultaneously the callus differentiated shoot bbgsend of four weeks. This callus was
transferred to fresh medium of same combination iamided shoot buds to elongate into
shoots. By the end of eight weeks as large numbshaots elongated and new small shoots
were observed to differentiate at their base (BBa). Enhancement in BA level to 10 uM
was able to regenerate only few shoots with 1000t AdSQO,. But increase in the level of

both cytokinins failed to improve the number of stsoor percent response (Table 21).

« BAand IAA

Synergism of cytokinins and auxins are also knowrtdntribute in development of
shoots and thus a combined effect of BA (5-20 uM) BAA (0.1-1.0 uM) on morphogenesis
was evaluated. Their presence in the medium ind@icadle callus which simultaneously
differentiated both shoots as well as SEs (disclidater). It was observed that lower
concentration of BA (5 uM) with all IAA concentratis failed to form shoots. When BA was
increased to 10 uM, callus differentiated multipl®ots (9.88 + 0.86) with a length of 2.46 +
0.15 cm, when IAA was at 0.5 puM in 80% culturesthis combination, callus induction was
observed within a week and it proliferated as gsdewhite, semi-friable during second
week. Callus grew in further weeks and simultanbosisoot buds differentiation occurred by
four weeks. After subculture, shoot buds elongated developed into shoots between six to
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Figure 38 Synergistic effect of PGRs onindirect shoot
regeneration from leaf explants ofT. indica at the end of eight
weeks: (a) Development of multiple shootsn presence ofBA
(5 uM) + AdSO4 (20 puM) and (b) shoot formationin BA (10
HM) + IAA (0.5 uM).
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seven weeks and at the end of eight weeks healtittypie shoots were formed (Fig. 38b). At
higher concentrations of BA (15-20 uM), the shoomber and percent response both

gradually decreased (Table 21). Shoot number wagpamtively less in this combination

than optimum which may be due to simultaneous ftionaf somatic embryos.

+ It was inferred that leaf explants @f indica induced multiple shoots through indirect

organogenesis in medium supplemented with both: bawations of cytokinins and

cytokinin-auxin. But cytokinin combination like BKn proved to be better for indirect

shoot regeneration.

Table 21.Effect of different PGRs on shoot regeneration fronleaf explants ofT. indica

(8 weeks).

PGRs (UM) No. of Shoot length | Response

BA Kn AdSO, | 1AA shoots/explant* (cm)* (%)

0 0 0 0 Of Of 0
5 5 0 0 275+041e 2.34 £ 0.22 cde 40
5 10 0 0 3.60 + 0.67 de 3.04 £ 0.34 bcd 50
5 15 0 0 5.00 + 0.63 cde 3.72+049Dp 50
5 20 0 0 7.60 £ 0.73 bcde 3.90+0.40pb 50
10 5 0 0 1.67+0.27e 3.66 £+0.53 Db 30
10 10 0 0 3.50 £ 0.56 de 2.95 + 0.48 bed 40
10 15 0 0 2250+0.81a 3.87+£0.53p 80
10 20 0 0 7.83 +1.07 bcd 2.83+0.33 ¢d 60
15 5 0 0 5.20 £ 0.77 cde 2.16 £ 0.24 cde 50
15 10 0 0 220+044 e 2.95 + 0.26 bcd 50
15 15 0 0 275+041e 2.72+0.41 ¢d 40
15 20 0 0 7.20+1.31 bcde| 3.06 +0.38 hcd 50
20 5 0 0 9.86+1.20b 3.21+0.49 hc 70
20 10 0 0 8.17 £ 1.09 bcd 3.07 £ 0.45 bc 60
20 15 0 0 9.43 +1.45 bc 3.53+0.59p 70
20 20 0 0 11.14+1.04Db 3.36 £ 0.57 bbc 70

5 0 5 0 of Of 0
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0 10 0 of of

0 15 0 of of
5 0 20 0 8.00 + 0.63 bcd 5.64+091p 50
10 0 5 0 4.00 £ 0.94 de 1.97 £ 0.18 de 30
10 0 10 0 Of of 0
10 0 15 0 225+041e 1.92 £ 0.36 de 40
10 0 20 0 4.67 +1.36 de 2.39 £0.29 cde 20
15 0 5 0 5.33 + 1.66 cde 2.82 +0.51 ¢d 30
15 0 10 0 5.00 £ 1.41 cde 1.89+£0.21 de 20
15 0 15 0 Of of 0
15 0 20 0 Of of 0
20 0 5 0 Of Of 0
20 0 10 0 Of of 0
20 0 15 0 3.00 £ 0.00 de 1.23+0.12 10
20 0 20 0 Of of
5 0 0 0.1 Of Of
5 0 0 0.5 of Of 0
5 0 0 1.0 1.83+0.28 e 1.82+£0.17 de 60
10 0 0 0.1 9.50 £ 0.57 bc 3.25+0.38 bc 60
10 0 0 0.5 9.88+0.86 b 2.46 £ 0.15 ¢d 80
10 0 0 1.0 4.00 +1.25de 3.09 +0.35 bbc 30
15 0 0 0.1 1.90+1.08¢e 1.86 £ 0.32 de 30
15 0 0 0.5 5.00 £ 0.94 cde 1.89 £ 0.22 de 40
15 0 0 1.0 150+0.35e€ 1.43+0.03 e 20
20 0 0 0.1 6.00 = 1.41 bcde 1.85+0.24 ge 20
20 0 0 0.5 267+030e 2.46 +£0.48 ¢d 60
20 0 0 1.0 2.33+0.72e 2.43+0.22 ¢d 30

*Values represent mean + SE. Means (n = 10) foltbeg same letter in each column are not
significantly different p < 0.05) according to Tukey’s test.

In vitro regeneration is mainly divided in three phases: pmtition, dedifferentiation
and redifferentiation (Sugiyama, 1999) and it isevbed that different PGRs composition
have a significant influence on leaf explants/calability to become organogenic and/or
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embryogenic (Jimenez, 2005). Both rely on totipoyenf somatic cells, which depend on
perception of phytohormones, undergo proliferaticagquisition of organogenic or
embryogenic competence and finally resulting inaorgitiation and development (Karami et
al.,, 2009; Yang and Zhang, 2010; Duclercq et abl113. Previously in many species
simultaneous organogenesis and embryogenesis les rfeported e.gValeriana edulis
(Castillo-Espafna et al., 2000pPrimulina tabacum(Ma et al., 2010; Yang et al.,, 2012),
Miscanthu x giganteugKim et al., 2010) Metabriggsia ovalifolia(Ma et al., 2011)Crocus
sps. (Verma et al., 2016passiflora eduligHuh et al., 2017)Neolamarckia cadambéLi et
al., 2019) andcaevola sericefl.iang et al., 2020).

In organogenesis the explant has to undergo a nuoflsteps, and it is critical that the
explant is competent and exposed to stimuli s@ffitito induce the differentiation and
subsequent morphological development of plant éissiChristianson and Warnick, 1985).
This can be achieved by fortifying media with pautar PGRs which triggers the entry of cell
into cell cycle resulting in cell division, thesetting organised into specific organ primordia
like shoot buds, which will get differentiated intaultiple shoots (Sugiyama, 1999; Phillips,
2004). Cytokinins are involved in various aspectsplaint development (Samuelson and
Larsson, 1993; Kiba et al., 2005; Sakakibara, 2@86)vell as in signalling of iron, sulphur,
and phosphorus (Franco-Zorrilla et al., 2002; Marmg-Nakashita et al., 2004; Seguela et al.,
2008). It is also documented that PGRs, particulasitokinins, play a key role in the
induction of nodular meristemoids which are depahdin a gene encoding a cytokinin
receptor for activation of the nodule initiator (May et al., 2007; Fortes et al., 2010).
However, in leaf explant df. indicaindividual cytokinins induced only callus whichl&d to
form shoots till eight weeks. This result is in rairoration with similar results observed in
leaf explant ofHemidesmus indicusnother asclepiadaceae member where individgsly
and Kn induced only callus (Pathak and Joshi, 20&imilarly, in many species likBtevia
rebaudiana (Janarthanam et al., 2009)ecomella undulatagPatel and Patel, 2013) and
Biophytum sensitivuniKala et al., 2014) these PGRs formed only callusenv added
individually.

Whereas in previous report of. indica individual cytokinins induced indirect
organogenesis. Faisal and Anis (2003) reportedicdtirmation in presence of 2,4,5-T (10
uM) and after subculturing on another medium coniterd uM Kn, it differentiated 64.8 +
0.74 shoots after 10 weeks of culture period. LatemThomas and Phillip (2005) documented
for the same plant that callus which was formegrasence of BA+2,4-D induced 66.7 shoots
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after 90 days when transferred to TDZ |{81) supplemented medium. Similarly callus
generated in BA+2,4-D combination differentiated018 0.4 shoots on medium fortified with
only BAP (2.0 mg/l) (Sadguna et al., 2013). Wheras(1 uM) has been documented to
induce total 4.6 + 1.1 shoots through direct organegis (Rathinavel and Sellathurai, 2010).
Sahai et al. (2010) has also reported indirectrayganesis using two different mediaTn
indicaas TDZ (2.5uM) induced callus and when transferred to BAES), it formed 26.80 +
0.97 shoots after 12 weeks. Whereas some resesifichee suggested the use BA and IBA
for shoot formation from leaf explant (Verma et &010; Sharma et al., 2014). Contrary to
above reports, in the present study optimum regéioarwas achieved in combination of BA
with Kn, their number was much higher as compaiecedrlier reports (Rathinavel and
Sellathurai, 2010; Sahai et al., 2010a; Verma.e28l0; Sadguna et al., 2013; Sharma et al.,
2014; Soni et al., 2015). There are few reportctvistate high number of shoots, but it has
been achieved in two different media such as one&dtus induction and another for shoot
differentiation and thus their culture period wasdthy (Faisal and Anis, 2003; Thomas and
Phillip, 2005; Sahai et al., 2010). But in the grasstudy indirect organogenesis occurred in
the same medium till eight weeks which reducedtrerall time period for propagation.

The observations in the present study revealedlolagr BA (10uM) and higher Kn
(15 uM) level evoked optimum regeneration, which is inel with report ofVernonia
anthelminticain which optimum indirect organogenesis was obskimepresence of BA (4
mg/l) and Kn (6 mg/l) (Rajan et al., 2020). The satombination of BA with Kn is recently
documented irAloe verafor maximum shoot formation (Singh et al., 20ZNe synergistic
effect of these two cytokinins has been previoudlycumented for multiple shoot
regeneration from leaf explant of many medicinanps likeStevia rebaudiangSreedhar et
al.,, 2008), Withania somnifera (Joshi and Padhya, 2010)Gladiolus grandiflorus
(Shaheenuzzaman et al., 2011) &uhyranthes asperéSen et al., 2014). On the contrary
Jain et al. (2011) found that leaveswdithania coagulangnduced optimum number of shoots
in medium having BA (22.21M) and Kn (2.3uM), but they were stunted and had to be
transferred to medium having BA (2u&/1), Kn (2.3 uM) and phloroglucinol (3.9M) for
elongation. Similarly BA-Kn proved to be beneficia multiplication and elongation of
Enicostemma hyssopifoliushoots (Seetharam et al., 2002).

Although many studies have suggested that BA anéhHaced optimum shoots, some
reports have documented the addition of auxins lk& or NAA for multiple shoot
formation. The combination of BA-Kn-IAA is reportddr optimum regeneration i@ynura
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procumbengBanu et al., 2017) arfsicoparia dulcigGandhi et al., 2020); and combination of
BA-Kn-NAA in Punica granatun{Soni and Kanwar, 2016)oringa oleifera(Jun-Jie et al.,
2017),Brucea mollis(Das et al., 2018) anidodon amethystoidg®uan et al., 2019). The
combination of BA with another cytokinin has beeparted for optimum organogenesis in
Hibiscus syriacugSeo et al., 2017) and other plants (Beasley &ut, R013; Lee and Pijut,
2017).T. indicaregenerated optimum shoots in presence of cytakinihich may be due to
the fact that the explants might contain adequatel$ of endogenous auxin, as the same is
also reported earlier (Bacchetta et al., 2003;efial., 2014). Previous reports documented
that the tissues undergo dedifferentiation andfexeéntiation only when both exogenous and
endogenous PGRs in the medium interact and diffiateréhoots (Schwarz and Beaty, 1996;
Huang et al., 2012).

When AdSQ was incorporated in the media along with BA/Kn, 8%ISQ,
differentiated shoots and SEs simultaneously, vdtser€n+AdSQ failed to induce any
morphogenic response which is in accordance widvipus report orRosa hybridaand
Mussaenda erythrophyllgDas, 2010). Simultaneous shoot organogenesis anthti
embryogenesis has been also documentedaieriana jatamans{Chen et al., 2014) and
Metabriggsia ovalifoligOuyang et al., 2016).

Another combination BA-IAA induced indirect orgaresgsis inl. indicawhereas BA-
NAA failed to induce shoot organogenesis, and ighig line with results reported by Faisal
and Anis (2003) as they have also stated that N##Abits activity for shoot regeneration in
T. indica This is also in accordance with the results danbed for leaf explant dfl. indicus
where BA-IAA combination favoured shoot formationdaBA-NAA had adverse effect
(Pathak and Joshi, 2017). Similarly leaf explarité&uisochilus carnosug/hen placed in the
medium with BA-IAA proved to be advantageous ové-BAA (Reshi et al., 2017). This
combination has also proved beneficial Rityopsis ruthii(Wadl et al., 2011)Spilanthes
acmella(Singh and Chaturvedi, 2012) aBé&copa monnier(Kumatri et al., 2015). In earlier
reports on leaf explant @f. indicait was documented that shoots regenerated in catibn
of BA and IAA (0.5 mg/l) (Haque and Ghosh, 2013nBet al., 2015), but in the present
study this combination induced simultaneous foramatf shoots and SEs. Whereas Banu et
al. (2017) reported contrary results where shogémeration was observed from leaf explants
of Gynura procumbenis presence of BA-NAA but changing auxin to IAA twiBA failed to
induce shoots. Similar contrary results were aggorted in many studies where NAA along
with different cytokinins was able to induce shotist when IAA was combined with
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cytokinins it failed to induce shoots (Sriskandamagt al., 2004; Gehl et al., 2020). The
reason is that induction oh vitro shoots depends on correct ratio of cytokinin toiraux
(Thorpe, 1980) and changing the type of auxin mved to be a critical factor for shoot
organogenesis (Yancheva et al., 2003; Mahoney,e2Gi8).

It was also observed that presence of BA with AgSD IAA in the medium
simultaneously induced the callus to differentisb®ots and somatic embryos. It has been
suggested that differential responses of explabtaimed under involvement of different
cytokinins may be a result of their varied tranalomn rates, differential uptake, various
effects on metabolic processes, and ability to ghathe level of endogenous cytokinins
(Rathore et al., 2016).

C. Effect of PGRs on Somatic Embryogenesis
When leaf explants were placed in the MS medium, fillowing combinations of

PGRs induced somatic embryos as well.

* BA and AdSO,

In this combination, at lower level of BA (5 uM)thv various concentrations of AdSO
it was observed that at all levels SEs were formfad5Q, with 5-15 uM concentrations,
differentiated less embryos and the number enhatoc8b0 + 2.19 when level reached to 20
HUM. As BA level increased to 10 pM, it failed tather enhance the number of SEs and only
9.50 + 0.35 embryos were formed when AdS@s at 10 uM. Callus induction was initiated
from cut margin within a week and it was whitistegn and semi-friable. It proliferated
towards lower lamina in further weeks and simultarsty differentiated globular embryos
within four weeks. Further development of embryo$eéart, torpedo and mature stages was
achieved after subculture. They germinated intollsphantlets and few remained in globular
or elongated globular stage by end of eight weBks @9a). Further increase in Adg@ével
to 15 uM decreased the number of SEs to 5.50 £ R38Bing level of BA showed inhibitory
effect as only few SEs were differentiated andlfjnat 20 uM the callus completely lost the
potency to form SEs (Table 22).

It was clear from the observations that leaf exgslasf T. indica were able to enter
somatic embryogenesis simultaneously with organegisnwhen cytokinins were added
together in the medium. Hence both cytokinins (BW &n) combined with different auxins
(IAA and NAA) to check their effect on somatic erybs.
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« BA and IAA

Addition of BA and IAA together induced the leafpdants to differentiate shoots
(above discussed) as well as somatic embryos. BAvwatoncentration (5-10 uM) with all
concentrations of 1AA induced only few embryos whiould reach to only globular stage.
When BA level reached to 15 pM with IAA to 1.0 uM.i5.50 + 1.77 embryos developed in
20% cultures. Further increasing the level of BR®&®uM, maximum embryos (9.33 £ 2.42)
were formed in presence of 0.5 uM of IAA but thepense was very less (30%) (Table 22).
The callus was greenish-white and friable in natmbéch initiated from periphery after two
weeks and spread towards the lower lamina of leplaats. Callus was less proliferative but
was embryogenic as it differentiated number of glabembryos within four weeks. At the
end of eight weeks many embryos get converted dotgledonary stage and few embryos
which were induced later remained in heart andetopstages by the end of eight weeks (Fig.
39b).

* BA and NAA

When BA was combined with another auxin NAA, itged in enhancing the formation
of the somatic embryos, but variation was obsewit different concentrations. When both
PGRs were at 5 uM it formed total of 14.67 + 5.3 only 30% cultures and increasing
the NAA levels, the number slightly decreased. Titeguency increased to 16.75 + 2.53
embryos (40% response) by raising the level of BAQ uM with NAA (0.1 uM) (Table 22).
In this combination, a greenish-white callus difigiated on the abaxial surface within two
weeks. It further proliferated and facilitated iction of globular embryos and they further
developed after transferring into fresh mediumarhe composition by four weeks. Embryos
germinated into plantlets at the end of eight we@kg. 39c). At higher concentration of BA
(15 uM) reduction in number of SEs and in % respomas observed but BA at 20 uM with
NAA (0.1 puM) the number reached to 14.50 + 2.28@9% cultures. Observations revealed
that low concentration of NAA (0.1 uM) was ableinoluce embryos with all levels of BA.
Additionally, many combinations also induced shbotls, but the percent response was less
and they failed to develop into shoots even afiecslture.

139 |Page



A

I

l' It
g

\

"
I

g
r

—
i
I e
ey A

) “

.
i

{

. -
—
| .
-
o]
-
B 020 aNa E
U S W %
L
Wl
d

RN

Figure 39. Differentiation of somatic embryos in different
combinations of PGRsfrom leaf explants of T. indica at the end of
eight weeks:(a) Germination of SEs into plantletsin presenct of BA
(10 uM) + AdSQ, (10 pM), (b) matured embryos inBA (20 uM) and
IAA (0.5 uM), (c) development of small plantletdn presence oiBA (10
uM) and NAA (0.1 uM) and (d) different stages ofSEs in medium
containing Kn (5 uM) and NAA (1.0uM).
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Table 22. Effect of different PGRs on somatic embiygenesis from leaf explants

of T. indica (8 weeks).

PGRs (uM) No. of Response
BA Kn |AdSO,4| IAA NAA SEs/explant* (%)
0 0 0 0 0 Oi 0
5 0 5 0 0 3.75+0.54 gh 40
5 0 10 0 0 1.25+0.22 h 40
5 0 15 0 0 2.20+£0.66 h 50
5 0 20 0 0 8.50 £ 2.19 ef 40
10 0 5 0 0 3.67£0.72 gh 30
10 0 10 0 0 9.50+0.35e€ 20
10 0 15 0 0 550+1.30¢g 40
10 0 20 0 0 2.00 £0.00 h 20
15 0 5 0 0 5.33+1.19¢g 30
15 0 10 0 0 1.50+0.35h 20
15 0 15 0 0 2.00 £0.00 h 20
15 0 20 0 0 Oi 0
20 0 5 0 0 Oi 0
20 0 10 0 0 Oi 0
20 0 15 0 0 Oi 0
20 0 20 0 0 Oi 0
0 0 0.1 0 Oi 0
0 0 0.5 0 Oi 0
5 0 0 1.0 0 Oi 0
10 0 0 0.1 0 Oi 0
10 0 0 0.5 0 Oi 0
10 0 0 1.0 0 5.00+1.70¢g 30
15 0 0 0.1 0 Oi 0
15 0 0 0.5 0 Oi 0
15 0 0 1.0 0 550+1.77¢g 20
20 0 0 0.1 0 9.00 £ 0.71 ef 20
20 0 0 0.5 0 933+242¢e¢ 30

140 |Page



Chapter 4. Results and Discussion

20 0 0 1.0 0 5.75+1.14¢g 40
5 0 0 0 0.1 14.67+£5.30 ¢ 30
0 0 0 0.5 6.33 £ 0.61 fg 60
0 0 0 1.0 12.00 + 3.86 cd 40
10 0 0 0 0.1 16.75+2.53 ¢ 40
10 0 0 0 0.5 Oi 0
10 0 0 0 1.0 9.00 £ 0.50 ef 40
15 0 0 0 0.1 Oi 0
15 0 0 0 0.5 5.67+0.98 g 30
15 0 0 0 1.0 2.33x0.27 h 30
20 0 0 0 0.1 1450 £ 2.28 ¢ 40
20 0 0 0 0.5 6.25 + 1.52 fg 40
20 0 0 0 1.0 450+1.069g 20
0 5 0 0.1 0 26.00+1.13 a 100
0 5 0 0.5 0 10.90 + 0.88 dsg 100
0 5 0 1.0 0 7.38+131f 80
0 10 0 0.1 0 9.88+1.83e 80
0 10 0 0.5 0 19.00+2.13 Db 90
0 10 0 1.0 0 10.63 + 1.49 de 80
0 15 0 0.1 0 10.00 £ 1.75 de 70
0 15 0 0.5 0 8.57 £ 0.83 ef 70
0 15 0 1.0 0 6.22 +0.77 fg 90
0 20 0 0.1 0 5.63+1.22¢g 80
0 20 0 0.5 0 3.00 +0.64 gh 70
0 20 0 1.0 0 2.17+0.28 h 60
0 5 0 0 0.1 8.50 + 2.27 ef 60
0 5 0 0 0.5 6.43 £0.92 fg 70
0 5 0 0 1.0 24.38 £ 2.14 ab 80
0 10 0 0 0.1 10.40 + 2.20 de 50
0 10 0 0 0.5 10.00 + 0.94 de 30
0 10 0 0 1.0 12.50 +1.98 cd 100
0 15 0 0 0.1 24.40 £ 6.89 af 50
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0 15 0 0 0.5 23.44 £ 4.91 al 90
0 15 0 0 1.0 22.00 £ 4.07 af 70
0 20 0 0 0.1 19.20 + 2.17 ak 100
0 20 0 0 0.5 18.86 £2.87Db 70
0 20 0 0 1.0 21.00 £ 3.13 af 80

*Values represent mean £ SE. Means (n = 10) foltbyrg same letter in each column are
not significantly differentg < 0.05) according to Tukey’s test.

* Kn and IAA

BA was replaced with Kn and combined with auxin&/NAA and their morphogenic
response was assessed. Kn with IAA failed to indinmets but showed pronounced result for
somatic embryogenesis. Lower concentration of Knu{8) and IAA (0.1 pM) proved
significant to form a maximum number of SEs i.e 026+ 1.13 in 100% cultures at the end of
eight weeks (Table 22). This concentration difféead highest number of SEs from all
combinations of PGRs tried above. Initially a whifaeable callus differentiated which
proliferated and covered the entire lower laminaledf explants. As this callus was
embryogenic a large number of globular embryos ieduzetween two to three weeks on the
surface of callus cluster (Fig. 40a). In furtherelk® callus proliferated and simultaneously
few embryos entered the further stages by forthkw{&eg. 40b). This callus cluster when
transferred to a fresh medium with the same conagom proved advantageous for further
development of embryos into different stages likarh torpedo and cotyledonary and few
germinated into plantlets within six weeks (Figci@y the end of eight weeks large number
of mature embryos started to grow into healthy pasit(Fig. 40d). This combination also
showed direct differentiation of SEs (Fig. 40e).&iHn concentration was kept constant and
IAA level was increased to 0.5 and 1.0 uM gradealide in the number of SEs occurred. Kn
10-20 uM when coupled with various levels of IAAjléd to improve the number, except Kn
at 10 uM with IAA at 0.5 uM differentiated 19.002:13 embryos in 90% cultures. In this
combination the whole germination process of SE wasied out from globular stage to
plantlet in the same medium and they developedfagnily in healthy plantlets with strong
roots by end of eight weeks (Fig. 40f).

In few combinations of Kn-IAA, direct SEs were alsbserved but the response for
induction was recorded less (30-40%) i.e. in Ku{®) + IAA (0.1 uM), Kn (10 uM) + IAA
(1.0 uM) and Kn (15 uM) + IAA (1.0 pM).
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Figure 40. Smatic embryos from leaf explant ofT. indica in MS +

Kn (5 uM) + IAA (0.1 puM): (a-d) Indirect somatic embryogenesis-
(a) SEs aftertwo weeks, (b) hear and torpedo stages atour weeks,
(c) germination of SEs into plantlets after six weeks(d) healthy

plantlets at the end of eigh weeks, (egermination of direct SEs into
plantlet and (f) sequential developmeral stages.



Figure 41. Microsscopic observation 0SEs formed inMS + Kn (5 uM)
+ 1AA (0.1 pM) from leaf explant of T. indica: (a) Differentiation of
SEs from callus,(b, c) direct differentiation of SEs, (d-i)stages of SE-
(d) globular, (¢) elongated globular (f) heart, (g) torpedo, (h)
cotyledonary anc (i) plantlet. (Bar = 0.5 mm)
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Microscopy also helped in confirmation of indird€ig. 41a) and direct (Fig. 41b, c)
somatic embryos from leaf explants. The growthahatic embryos was asynchronous, so
they were in different developmental stages on shme explants and all stages were
separated from callus i.e. globular, elongated kb heart, torpedo, cotyledonary and
plantlet (Fig. 41d-i).

* Kn and NAA

Another auxin NAA was also tried with Kn, this comdtion also proved better for
somatic embryos as all the concentrations formethrgos with high frequency. Lower
concentration (5 uM) of Kn with NAA (0.1 and 0.5 pkésulted in less number of embryos
as well as percent response. This number enhamcéd.B8 + 2.14 in 80% cultures in
presence of NAA (1.0 uM). Callus induction wasiatid from cut end of the explant after
two weeks, but the growth of callus was very slédwdual pathway of direct and indirect
differentiation of embryo was observed as withinrfateeks. Different stages of embryos
were observed within six weeks, then few embryasngeated into plantlets by the end of
eight weeks (Fig. 39d). Further raising the Kn leiee10 pM with various levels of NAA,
lowered down the number of embryos. Frequency &f B&s increased to 24.40 £ 6.89 again
when Kn level enhanced to 15 uM with 0.1 uM NAA.mhker significantly increased by
increasing the concentration of Kn to 20 uM (T&2i¢.

4+ Kn with IAA and NAA showed significant result forosatic embryos induction and
favoured maturation and conversion of embryos tantts in the same medium.

Therefore they were beneficial for somatic embrymges from leaf explants ih. indica

The process of morphogenesis depends on externalird@chal factors, such as
exogenously applied PGRs and the ability of thatpi@sue to perceive and respond to PGRs
(Prakash and Gurumurthi, 2010; de Souza et al9)20hus,in vitro cultures responses may
vary because it depends on the PGRs applied (Makgfaori et al., 2010; Lee and Pijut,
2017). The embryogenic commitment of the maturdscef the explant requires a
dedifferentiation step in which the cells lose thspecific destiny and become meristematic
(Sugiyama, 1999), and initiate a new developmefdéd for regeneration of embryos.
Therefore, induction of embryogenic calli is theengquisite for efficient somatic

embryogenesis. It has been proved that under sitatuctive conditions, somatic cells may
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undergo restructuring to generate embryogenic ,cellich then go through a series of
biochemical and morphological changes resultingormation of a somatic embryo which
regenerate into whole plant (Quiroz-Figueroa et28l06; Yang and Zhang, 2010).

Auxins have beneficial effect on stimulating thebepogenic competence of somatic
tissues (Gaj, 2004; Lincy et al., 2009) whereascthrabination of auxins and cytokinins are
the key factors to determine the embryogenic respalue to their pervasive participation in
the cell cycle regulation and cell division (Franend Sorrell, 2001). Embryogenic callus
induction was found to be effective in the combieshtment of auxins and cytokinins (Ma
and Xu, 2002; Hernandez et al., 2003; Nath and drain, 2005). In the present study, the
callus differentiated shoots and somatic embryosuaneously in presence of BA-IAA
within eight weeks, this is contrary to previoupaod on same plant where either indirect
organogenesis (Nema et al., 2011; Haque and GH&IB) or somatic embryogenesis
(Manjula et al., 2000) has been reported in theesB@ER combination. Whereas Solanum
nigrum maximum SEs were formed in presence of BAP and Nek& after they were
transferred to BAP and IAA it resulted in highesiquency of embryo germination (Sharada
et al., 2019). The results also confirmed thatrtieee of direct as well as indirect somatic
embryogenesis from leaf explant in this PGR comimna PGRs are known to control the
pathway of embryogenic in several plants lkeaevola aemul@/Veerakoon, 2010)Coffea
Arabica (Ibrahim et al., 2013)Portulaca oleracea(Sedaghati et al., 2019) ar&taevola
sericea(Liang et al., 2020).

In the present study, combinations of BA/Kn with AlAnduced only SEs which is
contrary to earlier study on same plant where shlyot formation was documented in these
combinations (Faisal and Anis, 2003; Thomas andli®h2005). Both BA/Kn at high
concentrations with IAA/NAA at low concentrationacflitated embryogenesis as this ratio
stimulated better embryogenesis as reportecEutalyptus camaldulensiéPrakash and
Gurumurthi, 2010) andMiscanthus giganteugKim et al., 2010). Although BA with
IAA/NAA induced SEs, their numbers were less as garad to Kn with IAA/NAA. The
observations also revealed that the results wéferelnt as the cytokinin was changed from
BA to Kn and the later formed only SEs. Whereaganlier report on same plant in which
indirect organogenesis was reported in combinatmnkn-IAA/NAA (Haque and Ghosh,
2013). The combinations of Kn-IAA/NAA also failed induce shoots iligitalis lanata
(Bhusare et al., 2018) which is in line with presstudy. This might be due to the fact that
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the choice of cytokinin affects the pathways of reggation (Song et al., 2011; Yang et al.,
2012).

In earlier study on indirect somatic embryogené&sim leaf derived callus ifi. indica
it was stated that BA at 2 mg/l formed 27.0 SEs3%@0response) after 150 days (Manjula et
al., 2000). Later on it was also observed for @i@mes plant that the use of Kn (0.081) and
2,4-D (9.04uM) induced embryogenic calli, but SEs differentithia 2-ip (9.84uM) with
IBA (0.05 uM) and after 10 weeks their number reached to &6 with 85% germination
(Jayanthi and Mandal, 2001). In another report, mlium fortified with 0.5uM TDZ and
1.5uM 2,4-D proved to be better for differentiation agermination of SEs in the same plant
(Chandrasekhar et al., 2006). Whereas Sahai €Gdl0a) developed a medium in which the
callus differentiated in presence of either BAufd) or TDZ (2.5uM) and induced 10.20 +
0.37 SEs (90% response) after 12 weeks in presdrigA (5 uM). The optimum number of
SEs differentiated in present study was higherrapid as compared to previous reports for
somatic embryogenesis from leaf explantTofindica (Manjula et al., 2000; Jayanthi and
Mandal, 2001; Chandrasekhar et al., 2006; Sahai, &04.0a).

In presence of Kn-IAA and Kn-NAA, optimum SEs diéatiated in the former
combination followed by later, which proved that Kad profound effect on SE induction in
T. indica Beneficial effect of Kn on SEs is well documentedglant species lik&¥aleriana
edulis (Castillo-Espafia et al., 2000Qncidium sp. (Chen and Chang, 200Ljchorium
intybus (Abdin and llah, 2007)Jatropha curcas(Jha et al., 2007)Vigna aconitifolia
(Choudhary et al., 2009)Abelmoschus esculenty®aniel et al., 2018) and&/aleriana
officinalis (Abdi et al., 2019). In the same way, beneficiffie@ of NAA with other
cytokinins is reported ibutilon indicum(Seth et al., 2017),imonium sinens¢éDam et al.,
2017) and\eolamarckia cadambéLi et al., 2019). Maximum embryogenesis was oleser
in presence of Kn (2.3M) and NAA (5.4 uM) in Mucuna pruriens but for maturation
AdSQO, (13.6uM) was also added with Kn-NAA (Vibha et al., 200®hereas Daniel et al.
(2018) documented that optimum SEs were induceth fleaf explants ofAbelmoschus
esculentusin presence of Kn-2,4-D which differs from the g@at results. Variation in
responses to different combination of PGRs may hee tdudifferences in genetic make-up
among different plant species (Xie and Hong, 2001).

The present protocol facilitated formation of platg from SEs in the same medium
within eight weeks and specific treatments for matiaon such as transferring of SEs into
basal media or dark treatment was not required & as it took less time for SEs to
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germinate into plantlet§ his might be due to the profound effect of syrgigicombinations

of cytokinins and auxins on somatic embryogenesis, they triggered a signal required for
root apical meristem (RAM) and shoot apical mens{&AM) as well as establishing shoot-

root axis during early somatic embryogenesis (Midled Sheen, 2008; Pinto et al., 2011; Su
et al., 2015).

4.3.1.3 Development of Plantlets Derived through Somatic Embryos

In the present study small plantlets developeduthindSEs were transferred to static and
liquid media containing different PGRs combinatidmsfurther growth. These plantlets were
transferred to liquid and static media fortifiedthvkKn (5 uM) and 1IAA (0.1 puM), which
enhanced to an average length of 3.66 £ 0.34 cliguid medium (Fig. 43a) as compare to
static medium (2.93 + 0.17 cm) (Fig. 42a). The samombination showed response for
development was high in static medium (80%) congbate liquid (50%). Another
combination, Kn (5 uM) and NAA (1.0 uM) when addedether, plantlets failed to elongate
in both media and were almost similar in lengthdtatic (2.71 £ 0.29 cm) (Fig. 42b) as well
as liquid (2.86 = 0.33 cm) media (Fig. 43b). Depat@nt response was high in static (70%)
in comparison with liquid (50%).

When the combination changed to BA with AdS@ showed better result as length
increased (7.76 £ 0.19 cm) in liquid medium (Figc}3Though in static medium the length
of plantlets was less (3.96 + 0.31 cm) as comptrdiduid medium, but it showed maximum
length among all combinations tried for static nuedi(Fig. 42¢). When GAwas tried with
different concentrations (0.5-2.0 uM), 1 uM sigeadintly gave better response among all the
PGRs tried and developed plantlets. Initially snpddintlets (Fig. 44a) obtained from SE were
transferred to the both static and liquid mediad &meir length was measured after four
weeks. Static medium showed 1.49 = 0.15 cm lerfgin 44b) which was comparatively less
among all combinations of static media tried. Wherm liquid medium, all plantlets started
to elongate within two weeks (Fig. 44c) and at ¢inel of four weeks there was significant
increase in their length (Fig. 44d). Maximum 9.3®.85 cm length with 90% germination
was observed in liquid medium (Fig. 44e; 45). Samhyl, CW also demonstrate that liquid
medium gave better elongation as length was 4.®22 cm (Fig. 43d) and germination
response was also satisfactorily high (80%). Wieneatatic medium, plantlets were stunted
as length was 1.48 + 0.2 cm but hyperhydricity waserved in both media (Fig. 42d).
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Figure 42. Development and elongation ofplantlets in
static medium fortified with different PGR combinations
at the end of four weeks inT. indica: (2) Kn (5 uM) +
IAA (0.1 uM), (b) Kn (5 uM) + NAA (1.0 uM), (c)BA (5
MM) + AdSO, (20 uM) and (d) 4% CW.



Figure 43. Developmen and elongation of plantletsin liquid medium
fortified with dlifferent PGRs combinationsat the end d four weeks in
T. indica: (a) Kn (5 uM) + IAA (0.1 pM), (b) Kn (5 uM) + NAA (1.0
uM), (c) BA (5 uM) + AdSO, (20 uM) and (d) 4% CW.



Figure 44.Developnent and elongation of plantlets in MSmedium fortified with
GA3 (1 uM) in T. indica: (a) SEs derived plantletsafter eight weeks, (b) further
growth of plantlets in static medium after four weeks (c) rapid growth of
plantlets in liquid miedium within two weeks, (d) multiplicaticn plantlets by four
weeksand (e) healtty elongated plantlets with strongmultiple roots.
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Thereforeall the plantles derived from SEs were developed wi four weeks in liquic

medium augmented withAs.

+ It was concluded that:A; proved to be advantageous for the dopment of SEs derive

plantlets.
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Figure 45. Developmentof plantletsin different media after four weeks.

Each bar shows theean values (& 5), error bar as standard errind the line represer
% germination. Barhaving same letters are not significantly diffi (p < 0.05) according
to Tukey's test.

Mature embryos off. indicawere transferred to MStatic anl liquid medii and the
results justify that both tped ir development of embryodut liquid medium provecto be
superior as compared toatic. This is in line with previous studyBixa orellane (Parimalan
et al., 2011) antledebouia ovatifoliz (Baskaran et al., 2018)here Iquid medium has bee
documented to have ber effect on SE developme Advantageof liquid media for

elongation of SE derivedlantlets is documenten Allium sativum(Kim et al., 2003). Due to
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higher response of liquid media, this medium isnfeused for scale-up cultures using
bioreactors (Dave et al., 2003; Kim et al., 200delPet al., 2005; Rizvi et al., 2007).

Among different PGRs tried for plantlet developmebf; proved to be better which is
in corroboration with results on SEs to plantlendation from internodal (Thomas, 2006) and
root explant (Sahai et al., 2010b) Bf indica But contrasting results has been reported for
leaf derived indirect SEs, where the use of sthisal medium for SEs conversion into
plantlets is suggested (Jayanthi and Mandal, 2Q@Bandrasekhar et al., 2006; Sahai et al.,
2010a). In line with the present study, developnar€ryptomeria japonicglgasaki et al.,
2003) andPanax quubquefoliu§Zhou and Brown, 2006) SEs occurred in presends A
According to Xiao et al. (2016), gibberellins hapeofound effect in cell division and
elongation of plantlets. The high rate of embryowassion into plantlets in presence of GA
is repeated inManihot esculenta(Syombua et al., 2019). GAwvas responsible for SEs
maturation and plantlet formation atharanthus roseuSiddiqui et al., 2011)Merwilla
plumbea(Baskaran and Van Staden, 201R)scari armeniacum(Ylcesan et al., 2014),
Paris polyphylla(Raomai et al., 2014) ar@urcuma longaRaju et al., 2015). In the present
study, it was also noted that in media fortifiedhwGAs, maximum length of plantlets was
achieved and this was because it stimulated shoogation by inhibiting the action of auxins
in meristematic regions (Taiz and Zeiger, 1998) sTikialso reported in many earlier studies
in which elongation oin vitro shoots occurred in presence of this PGR such a&ala
canescengMokhtari et al., 2016) and many other plants (Siwach and &il11; Inthima et
al., 2017; Manasa et al., 2019; Tata, 2020).

Some reports on embryogenesis suggest the use efwdA other PGRs for SEs
development e.g. the combination of §&and phloroglucinol was required for maximum
conversion of SEs into plantlets ibachenalia viridiflora (Kumar et al.,, 2016)and
Ledebouria ovatifolia(Baskaran et al., 2016). Whereas maximum gernanadf SEs was
achieved in presence of BA and @iy Acca sellowiangCangahuala-Inocenteet al., 2007),
Vigna aconitifolia(Choudhary et al., 2009)Vedelia calendulace¢gSharmin et al., 2014) and
Passiflora edulis(Huh et al., 2017). Similarly, GAalong with a low dose of cytokinin
promoted embryo maturation, germination, and pémbnversion in many species (Jimenez,
2005; Perera et al., 2009). Moreover formation efomdary somatic embryos were seen
directly on primary embryos which is also documdni Bixa orellana(Parimalan et al.,
2011),Primulina tabacum(Yang et al., 2012)Curcuma longaRaju et al., 2015)Medicago
sativa(Sangra et al., 2019) aigtaevola sericefLiang et al., 2020).
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4.3.2 Nodal Explants
Plant twigs containing nodes were collected frortabiwal garden, washed thoroughly

and placed in MS media containing PGRs and MS lmasdlum served as control.

4.3.2.1 Effect of Individual Cytokinins on Axillary Shoot Regeneration
Nodes ofT. indicawhen placed vertically in MS basal medium, axillayds failed to
form shoots. Thus this medium was further suppleetemtith individual cytokinins (5-20

pHM) and their effect on shoot formation was evatdat

 Individual cytokinins (BA and Kn)

Cytokinins are generally known to induce axillahost formation. When nodes were
inoculated in the medium with various concentrat@nBA (5-20 uM), the morphogenic
response in terms of shoot formation was similallithe concentrations tried (Table 23) and
the average number of shoots per node was only+x10405. Buds proliferated within a week
and elongated into shoots in the further weekse@dsh node of. indicahas two opposite
buds, it was observed that one bud initially sthitte grow and after two weeks the second
bud grew into a shoot. In presence of 5 UM BA, sheots were able to reach a maximum
length of 3.97 £ 0.91 cm by four weeks in 100% wnd$. The other concentrations proved to
be slightly inferior than the above concentratiéig( 46a). Gradual increase in BA levels
failed to enhance the shoot number and length dgTable 23).

Replacing BA with Kn in the same concentration eustpowed similar response like
BA. However, there was significant increase in shtmigth as observed in all the
concentrations of this combination (Fig. 46b). dsarecorded that, even the concentration of
Kn increased, shoot number remained the same.ah @6t1.60 £+ 0.15 shoots having 5.92 +

1.44 cm length was recorded in presence of Kn (I} (Table 23).

+ Among BA and Kn, the later proved to be benefifialregeneration as it induced shoots

with broad leaves and increased length.
4.3.2.2 Effect of Synergistic Cytokinins on Axillary Shoot Regeneration

Individual cytokinins mostly stimulated the axifaouds to form one or two shoots, but

they failed to form multiples and therefore thembinations were tried.
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Figure 46. Effect of individual cytokinins on shoot egeneration
from nodal explants of T. indica at the end of eiglt weeks: (a)
Formation <shoots in presence of BA (5 uM) and (bflevelopment
of shoot wit significant length in Kn (15 pM).
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« BA and Kn

When medium was fortified with BA and Kn (5-20 uNgwer concentration (5 uM) of
BA and Kn formed more than one shoot (1.60 + 0&1d the length reached to 3.84 + 0.64
cm. When BA was kept constant at 5 uM and Kn lewadse increased (10-20 puM) it only
helped in elongation of shoots as the length rehthet.50 + 0.49 cm at 15 pM. Multiples
were obtained when BA level increased to 10 uMiaf@med maximum 4.10 £ 0.22 shoots
with Kn (5 uM) and their length increased to 5.15029 cm by eight weeks. In this
combination, the bud proliferated in the first wessldd immediately formed a shoot within
two weeks (Fig. 47a). These shoots elongated withun weeks and another bud emerged
from the opposite node (Fig. 47b). Subculture wasedafter four weeks in the same medium
composition and that aided development of multghleots within six weeks (Fig. 47c¢). Shoot
proliferation and elongation was observed at the eh@ight weeks (Fig. 47d). Further
increase in Kn level to 10-20 uM, reduced the nundbeshoots as well as length. When BA
was increased to 15-20 uM, shoot frequency slightliganced to 2.40 £ 0.38 in presence of
BA (15 uM) with Kn (5 pM) and highest shoot lengih5.34 + 0.50 cm was achieved as
compared to above concentrations. Although maxinmumber of shoots were recorded at
lower concentration of cytokinins, BA (15 uM) and KL5 pM) proved to be better for shoot
length as it became 6.54 + 0.86 cm. Increasindetve of Kn failed to improve in number of
shoots. At higher concentrations of BA (20 uM) wedrious levels of Kn, shoots were grown
as stunted with hyperhydricity at the end of eigktks (Table 23).

* BA and AdSO,

AdSOy is a known cytokinin which stimulates multiple shdotmation, thus it was
combined with BA and Kn to enhance the shoot numbmtially AdSO, (5-20 uM) was
combined with BA in same concentration range asi@fitect on nodal explants was assessed.
Observation revealed that at low concentration 8f @ uM) with all concentrations of
AdSO, failed to enhance the number. When BA reached taritD15 pM, the shoot number
slightly went up i.e. 2.50 £ 0.25 in presence of B uM) with AdSQ (10 uM) in 100%
cultures, but this response wasn'’t significant.hdigt length of 7.05 £ 1.16 cm was obtained
in presence of 10 uM of BA and Ad$(-ig. 48a) among all combinations trigt. high

concentration of BA, the shoot number as well agtlie gradually declined (Table 23).
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Figure 47. Syrergistic effect of PGRs on ofimum
shoot regenerationin MS + BA (10 pM) + Kn (15 pM)
from nodal explants of T. indica: (a) Axillary bud
break and its elongatior within two weeks, (b) shoot
formation and induction of new budsfrom both sides
of node at four weeks, (c) formationof multiple shoots

after six weeks and (d) healthy elongated shts by
eight weeks.
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Figure 4§ Effect of synergistic cytokinins o shoot
regeneration from nodal explants of T. indica at the end
of eightweeks (a) maximum shoot length inpressence ¢
BA (10 uM) + AdSO, (10 pM) and (b) regenention of
shoot in medium supplemented with Kn (10 pM) +
AdSOy4 (15 pM).
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Table 23. Effect of cytokinins on shoot regeneration from nodl explants of

T. indica (8 weeks).

PGR (uUM) No. of Shoot length Response
BA Kn AdSO, shoots/explant* (cm)* (%)
0 0 0 0.00+0.00 e 0.00 £0.00f 0
5 0 0 1.40 £ 0.15 bcd 3.97+0.91 d’e 100
10 0 0 1.30+0.14 cd 3.81+0.68 d’e 100
15 0 0 1.40 £ 0.15 bcd 3.34+£0.55 qe 100
20 0 0 1.30 + 0.14 cd 3.54 +0.67 de 100
0 5 0 1.20+£0.13d 4.32 +1.07 cd 100
0 10 0 1.40 £ 0.15 bcd 480+1.19cd 100
0 15 0 1.60 + 0.15 bcd 5.92+1.44bc 100
0 20 0 1.30+0.14 cd 3.80 £ 0.69 d’e 100
5 5 0 1.60 £ 0.21 bcd 3.84 +0.64 de 100
5 10 0 1.20+0.13d 3.61+£0.57 de 100
5 15 0 1.10+£0.09d 4.50 +0.49 cd 100
5 20 0 1.50 £ 0.16 bcd 297+040¢ 100
10 5 0 410+0.22a 5.15 £ 0.29 bed 100
10 10 0 1.30+0.14 cd 3.02+054 ¢ 100
10 15 0 1.50 £ 0.16 bcd 3.54+0.42 de 100
10 20 0 1.40 £ 0.15 bcd 3.99£0.69 de 100
15 5 0 240+£0.38Db 5.34 £ 0.50 bed 100
15 10 0 1.80 £0.13 bcd 5.75+0.74 bc 100
15 15 0 1.70 £ 0.14 bcd 6.54 £ 0.86 gb 100
15 20 0 1.80 £0.13 bcd 3.90 £0.50 de 100
20 5 0 2.10 £0.22 bcd 2.39+0.29¢ 100
20 10 0 1.50 £ 0.16 bcd 4.08 + 0.44 cde 100
20 15 0 1.80 £0.13 bcd 461 +0.78 cd 100
20 20 0 1.90 £ 0.26 bcd 5.40 £ 0.37 bed 100
5 5 1.30+£0.14 cd 4.27 +0.79 cd 100
5 10 1.70 £ 0.20 bcd 5.67 £1.29 bc 100
5 0 15 1.60 £ 0.15 bcd 3.92+0.85 qe 100
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5 0 20 1.60 + 0.15 bcd 4.08 + 1.02 cfle 100
10 0 5 1.90 £0.22bcd | 4.06 *1.00 cle 100
10 0 10 1.40 + 0.15 bcd 7.05+1.16 a 100
10 0 15 2.10 + 0.26 bcd 3.11+0.38de 100
10 0 20 2.00 + 0.20 bcd 4.07 +0.70 cdle 100
15 0 5 2.10 £ 0.22 bcd 4.25+0.99 cd 100
15 0 10 2.50+0.25b 4.15+0.74 cd 100
15 0 15 1.50 + 0.16 bcd 4.07 + 0.81 cdle 100
15 0 20 1.70 + 0.20 bcd 4.25+0.89 od 100
20 0 5 2.30+0.32 bc 3.05+0.39 e 100
20 0 10 1.70 £ 0.20 bcd 3.06+0.75¢ 100
20 0 15 1.70 + 0.14 bcd 250+0.73 ¢ 100
20 0 20 1.20 £0.13d 287+0.70 e 100
0 5 5 1.40 + 0.15 bcd 5.58 + 0.97 bc 100
0 5 10 1.40 + 0.15 bcd 3.88 £0.73 de 100
0 5 15 1.50 + 0.16 bcd 3.71 £0.49 de 100
0 5 20 1.60 + 0.15 bcd 4.45+0.78 cd 100
0 10 5 1.40 + 0.15 bcd 5.10 + 0.92 bed 100
0 10 10 1.20 £0.13d 4.97 +0.52 b¢d 100
0 10 15 1.70 + 0.14 bed 6.97 £0.88 db 100
0 10 20 1.30 £ 0.14 cd 4.55+0.63 cd 100
0 15 5 1.50 + 0.16 bcd 5.57 £ 0.81 bc 100
0 15 10 1.40 £ 0.15 bcd 4.37 +0.18 ad 100
0 15 15 1.30+0.14 cd 4.06 £ 0.62 cde 100
0 15 20 1.40 + 0.15 bed 4.10 +0.63 od 100
0 20 5 1.40 + 0.15 bcd 4.10+0.67 cd 100
0 20 10 1.50 + 0.16 bcd 3.38 £ 0.43 de 100
0 20 15 1.40 + 0.15 bed 3.26 £ 0.53 de 100
0 20 20 1.30 £ 0.14 cd 2.90+0.51 ¢ 100

*Values represent mean + SE. Means (n = 10) foltblwg same letter in each column are not
significantly different p < 0.05) according to Tukey’s test.
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* Kn and AdSO,

When Kn was added with AdQQit hardly improved the shoot number which
remained below 1.70 + 0.14 per node in all conegiains (Table 23). But AdSWas able to
increase the shoot length as well as leaf broademinen combined with KnAt lower
concentration (5 uM) of both PGRs the shoot lemgéthed to 5.58 + 0.97 cm which slightly
lowered down with increasing concentrations of Ad80-20 puM). Maximum length 6.97 +
0.88 cm was observed when Kn at 10 uM and Ag8Q@5 pM wasadded in the medium (Fig.
48b). Further increasing concentration of Kn (18 @0 pM) with various concentrations of

AdSQ,, the length gradually decreased.

+ Axillary shoot regeneration experiment facilitattdmation of healthy shoots in 100%
cultures. BA-Kn proved to be better for regeneratdrmultiple shoots and BA-AdSO

helped in elongation of shoots.

Nodal explant ofT. indicawhen placed in medium augmented with BA formedyonl
few shoots which is in accordance with previousiltesfor Hemidesmus indicugSiddique
and Bari, 2006; Singh et al., 201®esmodium gangeticuVishwakarma et al., 2009) and
Cucumis sativugAbu-Romman et al., 2015). Similarly individual Kaiso failed to induce
multiple shoots and there are similar report fovitex trifolia (Hiregoudar et al., 2006),
Ceropegia pusillalKondamudi et al., 2010)linospora cordifolia(Sivakumar et al., 2014)
andT. indica(Najar et al., 2018). However shoots regeneratedn supplemented medium
had longer internodes and thus they were long egpaced to BA containing medium. This is
in accordance with previous report ®nindica(Faisal et al., 2007) and other Asclepiadaceae
plants like Gymnema sylvestréKomalavalli and Rao, 2000) anderopegia candelabrum
(Beena et al., 2003), as well as for shoot derifrech nodal explant oSolanum nigrum
(Padmapriya et al., 2011) ar@l sativus(Abu-Romman et al., 2015) where Kn facilitated
shoot elongation.

Both the cytokinins individually failed to induceuftiples but when added together
they induced an optimum response with 4.10 £ Ol with 5.15 £ 0.29 cm length in
eight weeks. This is may be due to the fact thavkigins when added in combinations,
release bud dormancy and promote axillary bud outtir (Shimizu-Sato et al., 2009; Yaish
et al., 2010). Similar observations have been tedom nodal explant oEnicostemma
hyssopifolium(Seetharam et al., 2002) a@#hlorophytum borivilianunfAshraf et al., 2014).
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In contrary to previous studies on nodal explant oindicawhere the use of cytokinin with
auxin BA+NAA+ascorbic acid was reported for optimwhoot formation (Faisal et al.,
2007). Their report states formation of 8.6 + Oshbots with 5.2 cm length in 93% response
which is slightly higher as compared to the prestuatly. In another report 3.59 shoots are
documented after 12 weeks when nodes are growresepce of Kn (2 mg/l) with IAA (0.5
mg/l) (Soni et al., 2015) and this shoot numbdovger as compared to present study. Najar et
al. (2018) also used combination of cytokinin angia [TDZ (1.5 mg/l) + IBA (0.1 mg/l)] in
their study but culture period required for mukighoot formation was longer (60 days) as
compared to 56 days stated in the present result.

In T. indica optimum regeneration was observed when MS medvas fortified with
higher BA (10 uM) with lower Kn (5 pM) concentratiosimilar PGR combination at same
level has been documentedHnindicusby Pathak et al. (2017). Similarly, in nodal explaf
Artemisia vulgaris a combination of higher BA and lower Kn (4.44 a@d2 puM
respectively) evoked optimum regeneration, whenedisidual cytokinins differentiated less
number of shoots (Sujatha and Kumari, 2007). Onctivérary another report df. indicus
stated that low level BAP (1.0 mg/l) with high lé¥n (2.0 mg/l) showed maximum shoot
formation (Rama Devi et al., 2014). The positivéeetf of BA and Kn is also reported in
Piper longum(Soniya and Das, 2002 rataeva nurvala(Walia et al., 2007a)Swertia
chirata (Balaraju et al., 2009)Andrographis paniculatgdDandin and Murthy, 2012) and
Catharanthus roseuain and Sharma, 2013). Moreover, in medicinahtgléike Passiflora
edulis (Shekhawat et al., 2015d)lorinda citrifolia (Shekhawat et al., 2015b) afdrsetia
macrantha(Choudhary et al., 2020) these PGR combinatione lieeen used for efficient
multiplication of shoots.

When combinations of BA/Kn with AdSQvas tried for shoot regeneration from nodes
of T. indicg it failed to induce multiple shoot, but it enhadcthe shoot length in both the
combinations. This is in line with previous repat Bambusa arundinacean which
maximum shoot length was achieved on MS medium atoing BAP/Kn and AdSQ®
(Venkatachalam et al., 2015imilarly, Garima and Amla (2010) have also destilthe
promotive effect of AdS® in combination with BAP on shoot elongation ®hevetia
peruviana Whereas inStevia rebaudianasignificant shoot length has been reported in
combination oKn and AdSQ (Khan et al., 2014).
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Axillary shoot recneration experiment facilitatesimultanzous formation ¢ a
morphogenic callus at tl base of node. This callus differentiatedot buds in presence
BA with AdSQ, and it became embryogenic under the influenceKn and AdSO, which
formed somatic embryo<Thus, the results for these two, differenivelopmental pathwa:

have been given under tir respective synergistic combinati

« Effect of BA and AdSC, on Indirect Shoot Regeneration

BA and AdSQ induced he formation of a morphogenic a#l at the base of noc
explant in many combations. As soon as the axillary bud (ferated into a shoo
simultaneously callus stted to differentiate at the base of the 1l explants. There wel
several combinations in/hich this response was observed. Theius became nodular |
progressive weeks andfferentiated shoot buds by end of eigheeks (Fig. 49a). Th
response varied betweel0% to 50% but it reached to 70%presene of BA(20 uM) with
AdSQO, (5 uM) (Fig. 50) The basal portion of nodal explants with callus was transferre
to a fresh medium (Figl9b) and immediately the shoot buds eted into shoots withi

twelve weeks (Fig. 49c).
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Figure 50. Resporse of nodal derived callus for hoot rzgeneration in
different concentrazions of BA + AdSO, by the end of eight weeks
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Figure 49. Indirect shoot regeneration from rodal derived
callusin presence of BA (20 uM) + AdSQ(5 pM) in T. indica:
(a, b) Differentiation of shoot buds andshoots after eight
weeksand (c) elongated shoots after twelveveeks.
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Generally nodal cultures are aimed to generate shaataxillary bud proliferation, but
sometimes callus formation was observed at the tiasede especially when media contains
cytokinins which affect callogenesis by decreasihg cell wall lignification, facilitating
callus initiation and proliferation (Kumlay and Eig 2015). In present studyf. indica
nodes when grown in presence of BA-AdS@multaneously formed callus at base which
differentiated shoot buds during the culture peribus callus regenerated shoots within four
weeks when transferred to fresh medium. This resuft contradiction to previous reports on
the same plant (Najar et al., 2018) as they alssemied callus at the base but was not
morphogenic in nature. Whereas Faisal and Anis (R@@%eloped shoot regeneration
protocol from nodal derived callus in presenceradther cytokinin (2,4,5-T) at 1M, which
differentiated shoots after transferring to Knu(8) fortified medium.

It was observed that higher of BA-Ad$@duced basal callusing from nodes Tof
indica which is in line with report oAnanas comosusy Ibrahim et al. (2013) but callus was
formed in presence of only BA. Similarly in otherapts like Gypsophila paniculata
(Kanchanapoom et al., 201 8oplanum tuberosurtigbal et al., 2014) antycium barbarum
(Karakas, 2020) callus formed at the base of nafferentiated shoots after subculturing.
Whereas inRauvolfia serpentinanodal derived callus was transferred to BA contagni
medium for shoot regeneration (Gupta et al., 20Rdheficial effect of ADSQin presence of
BA for indirect shoot regeneration has been docuetem S. tuberosun{Singh et al., 2017)
and Gerbera jamesoni(Talla et al., 2019). Previously, nodal explantLofeticulatainduce
basal callus in presence of Kn with NAA/IBA whicbrined multiple shoots afterwards
(Parabia et al., 2007), similar response was atported in BA-NAA by Rathore et al.
(2013). Whereas Sudipta et al. (2011) documentiasdarmation in presence of BA and Kn
for the same plant. Recently Rohela et al. (202piaded optimum regeneration from nodal
derived callus oMorus albain combination of BA with another cytokinin (TDZWse of
nodal derived callus for multiple shoot regeneratsoalso reported previously Aristolochia
indica (Siddique et al., 2002XKigelia pinnata (Thomas and Puthur, 2004Jassia alata
(Hasan et al., 2008ragaria sp. (Biswas et al., 2010¥,anilla planifolia (Tan et al., 2011),
Aristolochia indica(Pattar and Jayaraj, 201Albizia lucida (Saha et al., 2013)/ithania
somniferalUdayakumar et al., 2014) asslanum tuberosuifikumlay and Ercisli, 2015).
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« Effect of Kn and AdSO, on Somatic Embryogenesis

Presence of Kn inie medium induced a similar resporwith above combination ¢
this combination also ditrentiatedcallus from the base of node amdvas embryogenic. It
was noted that in all cabinations with different concentrations,2 % response for Sl
differentiation variedFig. 52. Highestnumber of embryos were inesence (Kn (10 uM)
with AdSQ, (15 pM) in 60% cultures Initially they were in glbular stage andfter
subculture these embry@assed through different stages and gertedinto plantlets (Fig.
51a).Few embryos indud later which remained in the globular orart stageby the end of
eight weeksFor further d:velopment of plantle/SEs, callus waganserred to static mediu
with the same combinatn (Fig. 51b) and also in earlier optimizéiquid mediumfor SE
development (1 uM GA generated through leaf expaAfiter subcuture by end of twelve

weeks healthy plantlets :re obtained from both me;, static (Fig. 9.¢) and liquid medium

B

(Fig. 51d) but latecompaatively proved bette
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Figure 52. Respnse of nodal derived callus for differenation of SEs in
different concentations of Kn + AdSO, by end of eight weks

It was observed tht when BA was replaced by Kn and triwvith AdSC, it formed
embryogenic callus whicsimultaneously differentiated SEs. Previg role of Kn in indirec

somatic embryogenesis s been well documentedGentianasp. Tomiczk et al., 2016). In
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Figure 51.Induction of indirect SEs from nodalderived callus
in presenceof Kn (10 uM) + AdSO, (15 pM) in T. indica: (a)
Formation of embryogenic callus at the base daxillary shooi,
(b) cluster of differentiating SEs, (c)germination of SEs intc
plantlets in static medium after twelve weeks and (d)
germination of SEs intoplantlets in liquid medium containing
GA3 (1 uM) by twelve week.



Figure 53. Histology of SEs inT. indica: (a) Embryogenic cell
clumps, (b) early heart stage embryc (c) heart and (d) torpedo
stage.(Bar = 0.5 mm)
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the present study, it was also observed that stuveuin the same combination helped in
conversion of SEs into plantlets. As the AdS&as present in the medium it enhanced the
efficiency of SEs maturation which is consideredkay step in somatic embryogenesis
(Vibha et al., 2009). Earlier reports have suggedteat synergism of Kn with AdSO
facilitated SEs formation ientiana kurroo(Fiuk and Rybczynski, 2007) ar@entiana
decumbengTomiczak et al., 2015). The embryogenic callusveéel from nodal explant has
been utilized for plant regeneration through soma&tinbryogenesis imioscorea alata
(Belarmino and Gonzales, 2008), indicus(Cheruvathur et al., 2013H)joscorearotundata
(Manoharan et al.,, 2016) anMirabilis jalapa (Rohela et al., 2016). Although the
combinations of BA/Kn with AdS@induced morphogenic callus from nodal explanflof
indica, which further differentiated shoots and embrytig®e potency of this callus for
regenerating shoots and SEs was less as compaleaf terived callus. This is due to fact
that the explant type affects the frequency of noggnesis and embryogenesis (Lincy et al.,
2009; Abrha et al., 2013; Kumlay and Ercisli, 2015)

4.3.2.3 Histology of SEs

Histological study of embryogenic calli showed tlehbryogenic cells were small,
closely packed and after four weeks, some darkdynstl embryogenic cell masses were
observed (Fig. 53a). In the initial weeks earlyrhaad heart stage embryos were visible (Fig.

53D, ¢) and as culture time increased torpedo stagee observed (Fig. 53d).

4.3.3 Effect of PGRs on Rooting of Shoots

In the present study shoots developed throughdedfnodal explants were placed for
rooting in half and quarter strength of MS mediungraented with 1% sucrose and different
concentrations (2-8 uM) of IBA and NAA. ¥4 and Yesgth MS basal media served as

control.

* IBA

%.MS basal medium formed 1.50 + 0.25 roots whichevgenaller in length (0.90 £ 0.10
cm). Supplementing it with different concentratiom$ IBA induced rooting in all
concentrations. Lower concentrations of IBA (2 @gdM) formed higher roots compared to
basal but bothe concentrations showed almost similenber of roots. Length was less in 2

UM as compared to 4 UM where it reached to 2.0336 @m which was highest in all
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concentrations of ¥2MS. Root number and length desee at higher concentrations (6 and 8
HM) and response also decreased. Reducing thestrensMS facilitated higher number of
roots in basal medium i.e. 3.40 £ 0.54 and at 4 ariVbptimum of 9.75 + 0.74 roots (80%
response) were formed with 3.11 £ 0.33 cm lengtks vexorded at the end of four weeks
(Fig. 54a). Further raising the level of IBA gratlyaecreased the number of roots as well as

their response (Table 24).

Table 24. Effect of IBA and NAA on rooting inT. indica shoots(4 weeks).

PGRs (uM) No. of Root length Response
IBA | NAA roots/shoot* (cm)* (%)
¥-MS
0 0 1.50+0.25f 0.90+0.10d 40
2 0 3.71+£0.33 de 1.62 +0.21 bc 70
4 0 3.80+1.00 de 2.03+0.36 b 50
6 0 1.80 £ 0.33 ef 0.97+0.17 c 40
8 0 1.75 +0.41 ef 0.84+0.09d 40
0 2 3.67 £0.77 de 1.07 £0.09 bc 50
0 4 6.33+0.51 bc 1.24 £ 0.05 bc 50
0 6 4.60+1.28 cd 0.98+0.12c 50
0 8 2.00 = 0.00 ef 0.48+0.11d 30
YaMS
0 0 3.40 £ 0.54 de 1.47 +0.28 bc 50
2 0 8.33+0.98 bc 1.81£0.28 bc 30
4 0 9.75+0.74 a 3.11+0.33a 80
6 0 420+£0.91cd 1.84 +0.14 bc 50
8 0 2.00 = 0.00 ef 0.73+0.09d 20
0 2 4.00 + 0.63 cd 1.89+0.19b 50
0 4 5.33+1.09 cd 1.59 + 0.04 bc 30
0 6 3.00 £ 0.47 de 1.39£0.14 bc 30
0 8 3.29 £ 0.80 de 1.64 £ 0.07 bc 70

*Values represent mean + SE. Means (n = 10) foltblvg same letter in each
column are not significantly differenp £ 0.05) according to Tukey’s test.
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* NAA

Replacing IBA with NAA in the medium also induceabting in all the concentrations
tried. In ¥2MS it formed 6.33 + 0.51 roots in 4 pNttwl.24 £ 0.05 cm length in 50% cultures
(Fig. 54b). Higher concentrations (6 and 8 uM) tlthe root number and response. The
¥.MS medium containing NAA was better as comparel@#£ocontaining medium. Reducing
the strength to %2MS and addition of NAA resultedhviptal 5.33 + 1.09 roots at 4 uM and
percent response reached to 30% which was comyelsatower to half strength. Increased

concentration of NAA (6-8 uM), declined the numbgramts as well as response (Table 24).

4 The results for root induction in shoots can bectmsed that the strength of MS medium
and the type of auxins had a profound effect omtimaber of roots, their length and the %
response. The lower concentration of IBA (2 andW) [n ¥4 strength proved beneficial for

root induction.

Fortifying the media with different IBA levels (248M) induced rooting of shoots in all
the concentrations and both the strengths. Thenopti rooting with 9.75 £ 0.74 roots (80%
response) with 3.11 + 0.33 cm length was obsermédMS medium fortified with 4M of
IBA. Whereas full MS (Soni et al., 2015) and ¥2MSdmen (Faisal and Anis, 2003; Thomas
and Phillip, 2005; Faisal et al., 2007; Sahai et2010a; Sadguna et al., 2013; Sharma et al.,
2014; Najar et al., 2018) supplemented with IBA bagen reported for rooting df. indica
shoots, but the percent response achieved in tbsepr study for rooting was higher in
comparison to above reports. Similar to presentstigation, ¥saMS medium fortified with
IBA proved to be beneficial for rooting in other dignal plants such aBacopa monnieri
(Mehta et al., 2012a);erminalia bellerica(Mehta et al., 2012b)Catharanthus roseu&Sain
and Sharma, 2013),. reticulata (Rathore et al., 2013; Patel et al., 2014) dl@mmidesmus
indicus(Shekhawat and Manokari, 2016; Pathak and Jo8hi;)2

When another auxin NAA (2-8 uM) was tried, the roatmber and length decreased as
compared to IBA containing media which is in linghwearlier studies oii. indica(Thomas
and Phillip, 2005; Faisal et al., 2007; Sahai et 2010a; Verma et al., 2010; Najar et al.,
2018). Martin (2002) suggested that the IBA whedeatito media showed slow movement as
well as degradation which facilitates its localiaatnear the rooting site and thus increases
the rooting. Superiority of IBA over NAA has beds@observed im. indicus(Sreekumar et
al., 2000; Nagahatenna and Peiris, 2007; SundararahiHasina, 2015Munronia pinnata
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Figure 54. Rooting of T. indica shootsat the end offour weeks:
(@) Induction of long multiple roots in YMS medium
supplemented with IBA (4 uM) and (b) induction of roots in
MS medium with NAA (4 uM).

Figure 55. Differentiation of SEsfrom immersed stem portion
in ¥2aMS medium added with NAA at the end offour weeks in
T.indica: (a) Indirect SEs on stem portionof shod in NAA (4
uM) and (b) cotyledonary stageembryos sepirated from
callus.



Chapter 4. Results and Discussion

(Gunathilake et al., 200, Rubia cordifolia (Khadke et al., 2013)Anisochilus carnosus
(Reshi et al., 2017Yiziphus jujub (Hou et al., 2017) anBrucia mdlis (Das et al., 2018).
The adverse effect of NA may be due tcncrease irethylene biosyniesis which affects ro

formation and its elong@n (Riov and Yang, 1989; Taiz & Zeiger, 2003)

Another morphogec response which accompanied along vrooting of shoots we
SEs differentiation from termodal segment of shoots which were :ed in half strength M
medium fortified with difzrent concentrations of NAA. Maximum 15.4 + 1.82 SEs were
formed at 4 uM in 6% cultures (Fig.55: 56). SEs differentiated fro NAA were develope
till cotyledonary stage vhin four weeks (Fi¢ 55b). Thein vitro shoots showed a stro
tendency to form SEs ire strength MS medium fortified with NA£This dual organogen

response has been studior the first time irT. indica.

20
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Figure 56. Formation of SEs from stemof shoots in ¥MS medium
supplementecwith NAA.

Each bar showthe mea values (n= 10) and error bar as stard error. Bar
having same lters are not significantly differenp < 0.05 according tc
Tukey's test.

When rooting of shots wasachieved in NAA containing meam, formation of direc
SEs occurred on interdal portion of stem. Similar, the role of NAA on somati
embryogenesis is welllocumented inManihot esculenta(Taylor et al., 2001) and
Chlorophytumborivilianunr (Akhtar and Choudhary, 201@}reviousy in T. indicag indirect
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somatic embryogenesis from internodal explantpsmed in which callus formation occurred
in presence of another auxin 2,4-D aiM (Thomas, 2006). Similarly, ih. reticulataalso
the SEs are documented to be induced from stemamixgSathyanarayana et al., 2008).
Nevertheless, the frequency of embryo formatioless in stem explants as compared to leaf
explants, which is in corroboration with the resulh Solanum nigrum(Xu et al., 2014),
Crocussps. (Verma et al., 2016) aiMhnihot esculentgSyombu et al., 2019) arRRbrtulaca
oleracea(Sedaghati et al., 2019). The differences in thepaase of different explants to
somatic embryogenesis could be attributed to thé&®rences in morphological structure and
stages of maturity (Schadel et al., 2010). Lealaxp are with large surface area which is in
contact with the mediurand thus a better morphogenic response is geneaatedmpared to
stem explants which are round in shape. Additigndhe differential response by the two
explants could also be due to the fact that learesless lignified as compared to stem
explants making them more responsive to regulammmones and easily programmed to
undergo dedifferentiation (Twumasi et al., 2009n-Sasé et al., 2010; Schadel et al., 2010).
Similarly Azad et al. (2009) also documented thas Slifferentiated from stem explants is

less as compared to other tried explant3hellodendron amurense

4.3.4 Hardening of Planltlets

Young and healthy plantlets obtained from SEs amoted shoots derived from
leaf/nodal explants were removed from the culturedioom, washed gently with distilled
water and carefully transferred to cups filled witiixture of cocopeat:sand (1:1). Plantlets
were covered with polythene bags to maintain huiyidnd placed in culture room. They
were watered every alternate day till four weekd eegularly monitored (Fig. 57a). These
healthy plantlets were shifted to greenhouse aadsterred in small pots with same
composition of substrates for another four weekeenlthey were removed gently from pots
without damaging their roots after eight weeks (Bigb) and placed in garden soil. Hardened
plants were phenotipically similar to tirevivo mother plants and 100% survival of the plants
was observed under field conditions (Fig. 57c). SEhaealthy plants formed flowers (Fig.
57d) and fruits (Fig. 57e) after one year. Datagaywth of plantlets in terms of shoot and
root length was recorded from the day they wenasfieared to substrate (Day 0) till they were
shifted to field (Day 90) (Fig. 58) and these ptawere successfully acclimatized.
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Figure 57. Hardening of T. indica shoots developed from differentregenerative pathways:
(a) Plantlets transferred in cups filled with cocopeat:sand (1:) and kept under lab
condition after four weeks (b) plantlets with well developed rootsafter eight weeks, (c) one
year old hardened plantsin field and (d, e) flowering and fruit formation in hardened

plants.
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Figure 58. Growth of T. indica plantlets during hardening and
acclimatization.

Each bar show the mea values (n= 10) and error bar as stiard error. Bar
having same tters are not significantly differenp < 0.05) according t
Tukey’s test.

Healthy rooted shots and SE derived plantlets were stssfully hardened ar
acclimatized within 90 dys in cocopeat:sand (1::Planting substral used for hardening
in vitro plant is one of th mos important factors during acclimatizon. In previous studie
on T. indicg different flanting substrates like vermiculite folled by sand:soil (1:1
(Manjula et al., 2000), sxd:soil:cow dung (1:1:1) (Jayanthi and Ma, 2001), vermiculite
(Faisal andAnis, 2003; rfaisal et al., 2007), soil (Thomas and fp, 2005), vermiculite
(Chandrashekhar et al., )6), pee-moss:perlite (3:1) (Sahai et al., 2a), vermicompost:sc
(1:3) (Verma et al., 201, soilrite (Haque and Ghosh, 2013), soi:soil (1:1 (Soni et al.,
2015) andsand:soil:manre (1:2:1) (Najar et al., 2018) were ustefore final transfer t
garden soil. The survivaate of T. indica plantlets in present stucwas 100% throughot
hardening and acclimatition, which is higher as comparto earlier reports. This sugges
that the mixture of cocceat:sand (1:1) was suitable for growthT. indice, which is also
reported for hardening (Limonium hybrid "Misty Blue' (Bose et ., 2017) ancHibiscus
sabdariffa(Konar et al., 218).
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+ Different modes of regenerative pathways were abthifrom leaf and nodal explants of

T. indicg which undergo rooting and successively harderiting 69).

Tylophora indica

v .

Leaf explants Nodal explants
Indirect Somatic Axillary shoot Nodal derived
shoots embryos regeneration callus
Indirect Somatic
X shoots embryos

v l v

. Plantlet
Rooting
development
A
v
Somatic
embryo:

Hardening and Transfer to

\4

A 4

acclimatization field

Figure 59. Schematic representation of different rgenerative pathways inT. indica.
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4.4 Phytochemical Analysis

In the present studyn vivo shoots served as a control,vitro shoots regenerated from
leaf and nodal explants treated with different PGIRd SEs derived hardened plant shoots
were harvested (T1-T7) and utilized to analyze itptately for their potency to synthesize
metabolites using HPTLC fingerprinting. Quantificait of lupeol was done using these
samples and then elicitation for the targeted nwditebwas carried out using different
elicitors like yeast extract and salicylic acid.

4.4.1 HPTLC Profiling

Extraction was done using three solvents havintemdiht polarities i.e. hexane, ethyl
acetate and methanol. All the three extracts webgested to chromatographic separation on
TLC plates in optimized mobile phases followed bsridatization using anisaldehyde-
sulphuric acid reagent. Then the plates were schan254, 366 and 525 nm for densitometry

analysis and the results are summarized below.

4.4.1.1 Hexane Extract

HPTLC fingerprint experiment was performed usingdree extract for all the
samples, were spotted on TLC plates and subjectechtomatographic separation using
mobile phase i.e. toluene:methanol (9:1 v/v). Then plates were observed under 254 and
366 nm and then derivatized to obtain a profilechidiffered in banding pattern of samples.
Scanning was done at 254, 366 and 525 nm which @sfirmed the variation in peak

numbers and areas.

e 254 nm

Scanning at 254 nm showed changes in profiling BTY in which, fingerprint of T2
matched with T6 and T7, was moderately similar Widhbut different from rest of the sample
(T1, T3 and T5) (Fig. 60a). T1 sample extract rdedra total of 15 peaks and maximum area
was 6570.8 for a peak at Rf (0.02) (Fig. 61a). Sampp2, T3, T5 and T7 recorded almost
same peaks 14, 14, 11, 15 and among them highess$ &or peak at Rf 0.82 i.e. 22736.9,
10421.1, 13802.0 and 12724.1 (Fig. 61b, c, e, bk T4 and T6 samples showed similar
number of peaks (14) and maximum peak areas we28214t and 16904.8 at Rf 0.13 and
0.39 (Fig. 61d, f).
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Table 25. Peak areas of different samples at 254 nior hexane extracts.

T1 T2 T3 T4 T5 T6 T7

Rf Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak

value area area area area area area area area area area area area area area
(%) (%) (%) (%) (%) (%) (%)

0.02 | 6570.8 13.64 11248(610.78 | 10051.7 23.12 | 8981.6/ 13.93 582.4 1.59 709|6 1.01 275.3 0.51
0.03 - - - - - - - - 916.0 2.51 - - - -
0.04 - - - - - - - - - - - - 489.7 0.91
0.05 | 3693.8 7.46 - - - - - - - - 227.6 0.3p - -
0.07 - - - - - - 2657.4 4.12 324.2 0.89 721,13 1.03 - -
0.08 | 878.7 1.78| 4046.3 3.88 558.4 1.28 - - - ] - - 1164.5| 2.17
0.11 - - - - 498.7 1.15 - - - - - - - -
0.13 - - - - - - 14282.4 22.15 | 2331.6 6.38| 6491 9.23 5507.4 10/26
0.14 | 6245.9 12.62 14589,013.99 | 3672.3| 8.45 - - - - - - - -
0.15 - - - - - - 12193.9 18.91 - - - - - -
0.16 - - - - - - - - 1777.5 4.87 415216 7.74
0.17 | 5905.1 11.93 10567,010.13 | 2506.6| 5.76 - - - - 5025.9 7.14

0.18 - - - - - - - - 677.4 1.85

0.19 - - - - - - - - - - 1648.4 2.34 1309/1 2.44
0.23 - - - - - - - - 5313.1 1454 86322 12.27

0.24 | 3848.1 7.78| 10712{710.27 | 3129.1] 7.20| 4530.1 7.08 - - - - 7309.7 13|62
0.27 - - 1658.5 1.59 1111.1 2.56 - - 532/8 1.46

0.28 - - - - - - - - - - 1571.6 2.23 10410 1.94
0.30 - - - - - - - - 551.8 1.51 - - - -
0.31 | 1917.1 3.87 2073.1 1.99 5725 1.32 - - 814 1.77 1258.4 2.34
0.35 | 2360.71 4.77 - - - - - - - - - - - -
0.36 - - 5410.1] 5.19 2399.8 5.52 1050.9 1.63 1660.4.54 - - - -

0.39 - - 9471.6 9.08 1816.1  4.18 - - - - 16904.34.02 | 11319.7 21.09
0.41 | 662.6 1.34 - - - - - - - - - - - -
0.42 - - - - - - - - 669.0 1.83 - - - -
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0.47 - - - - - - - 1113. 3.05 40071 5.69

0.48 | 2580.4 5.21 - - - - - - - 2237]9 4.1

0.49 - - 37445 3.59| 1065.2 2.4

OT
1

0.50 - - - - - - 2198.0 341 - -

0.53 - - - 453.0 0.64 - -

)
1

1

=
(e}
N
(o)}
&

0.55 - - 144883 3.9
0.56 | 679.7 1.37 - - ]

0.57 - - - - 222.5 0.51 - - - - - - - -

0.58 - - 216.8 0.21 - - - - - - 358.8 0.51

059 | - - - - - -

062 - - - - -

0.64 - - - - 5457.6] 12.55 - - 4833/1 13.23

0.65

0.66 | 4663.4 9.42| 7139.8 6.84 - - - - - - - - -

067 | - - - - - -

0.70 - - - - - 3766.60 5.84 - - - - - -

0.73 | 1370.6 2.77 - -

0.81 | 3665.4 7.41 - - 10421{123.97 | 10966.1 17.01

0.82 - - - - - - 13802.0 37.78 | 16796.1 23.87

0.83 - 22736.9 21.80 - - - - - - 12724.1 23.71

0.85 | 4265.1] 8.62 - - - - - - - -

0.95| - - - - - - - - - - 184.0] 0.26 - -
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Chromatogram showed variation in peaks with resfmetite samples i.én vivoand all
in vitro samples of shoots and callus found unique peaksiePeaks were common at Rf
(0.02, 0.07, 0.13) in all samples (T1-T7) whereaakpat Rf (0.41) was only presentinvivo
sample (T1). Unique peak was also presemt wivo and nodal derived shoots (T6 and T7) at
Rf (0.04). Similarly T7 also recorded two uniquekeat Rf (0.59 and 0.67) (Table 25).

* 366 nm

A fingerprint which was developed on TLC plate waso observed under UV 366
followed by scanning at same wavelength. This tedulith different banding pattern
therefore comparison was done between all the ssplvivo sample (T1) had quite similar
profile with in vitro shoot samples (T3 and T5). Similarly, leaf derigadot sample (T2) was
matched with nodal derived shoots (T6 and T7) batghoot sample of hardened plant (T4)
showed more variation in profile from all the saggp(Fig. 60b). T1 and T5 samples reported
similar no. of peaks (15), and peak at Rf (0.8%) hmmaximum area of 15159.3 and 23831.5 in
chromatogram (Fig. 61h, ). T2 resulted with maxima7 peaks among all the samples and
highest peak area 34853.3 was obtained at Rf G809 §1i). T3 sample recorded 16 peaks
having maximum area of 10819.5 was noted for peaRfg0.23) (Fig. 61j). Whereas T4
sample showed less peaks (13) and highest peak(:486&7.50) was achieved at Rf 0.56
(Fig. 61k). T6 and T7 sample extract showed simgaaks i.e. 15 and maximum areas
(44554.7 and 33207.1) were also recorded at sani@. Bg) for respective samples (Fig. 61m,
n). Chromatogram appeared with different peaksferdnt Rf and by comparing peaks of all
samples, unique peaks were detected. Peak waspmesdl the samples at Rf (0.02) whereas
peaks recorded at Rf (0.07 and 0.11) were only geén vitro shoot extracts samples (T2,
T3, T5-T7). Similarly nodal derived shoot samplés @nd T7) also had unique peaks at Rf
(0.47, 0.54, 0.65) (Table 26).

e 525 nm

The plate was then derivatized and observed inewhght which confirmed that
fingerprint was quite similar in all the sampled{T7). Although it was observed that, il
vitro samples formed higher number of bands compared\tvo sample after derivatization
(Fig. 60c). This was further confirmed after scawgnat 525 nm which showed change in peak

numbers as well as its area in the chromatogram.

168 |Page



-_ﬁ_- —
Figure 60.HPTLC finigerprint s of hexane extract for different samples ofT. indica:
(a) UV 254 nm,(b) UV 366 nm and (c) white light after derivati:ation.



Figure 61. Chromatograms of samples for hexane exct in T. indica: (a-g) 254 nm,
(h-n) 366 nm and o-u) 525 nm.
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Table 26. Peak areas of different samples at 366 nior hexane extracts.

T1 T2 T3 T4 T5 T6 T7

Rf Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak
value area area area area area area area area area area area area area area

(%) (%) (%) (%) (%) (%) (%)
0.01 - - - - - - - - - - 437.1 0.31 - -
0.02 | 6952.6/ 8.53 9644.4  5.00 9684.3 1437 5724.619 7. 397.8 0.55 1592.2 1.14 865.p 0.7
0.04 - - - - - - - - 182.7 0.25 - - 278.5 0.2
0.06 | 2047.9|, 251 3512.8 1.82 - - - - - - - - - -
0.07 - - - - - - 979.3 1.34| 3873[7 2.7B 3236.5 812.
0.08 - - 6471.5| 3.35 2081.0  3.09 2689.1 3.838 . - 1 - - -
0.09 | 2177.9| 2.67 - - - - - - - - - - - -
0.11 - - 5355.9 2.77 389.2 0.58 - - 1163.8 1.60 .32 0.23 236.8 0.21
0.12 | 4837.2| 5.93 - - - - - - - - - - - -
0.16 - - - - 31825 4.72 - - 4693.8 6.44 10205.9.31
0.17 | 3395.0/ 4.16| 14673/17.60 - - 11031.5 13.86 - - - - 9182.8 7.97
0.18 - - - - 1224.3 1.82 - - - - - - - -
0.20 - - - - - - - - - - 4097.1 2.94 - -
0.23 - - - - 10819.5 16.06 - - 13034.8 17.88 | 17281.9 12.39 | 18829.2 16.33
0.24 | 10724.6 13.15 | 27091.0 14.03 - - 12540.0 15.76 - - - - - -
0.27 - - - - 4419.5 6.56 - - 16769 2.30 - - - -
0.28 | 2370.7] 2.91 6394.4 3.31 - - 1855.0 2.83 . 047 | 3.66 | 3956.5 3.43
0.30 - - - - - - - - 1098.8 1.51 - - - -
0.31 | 3122.6/ 3.83 5412.0 2.80 1436.4  2.13 1182.3 9 1.4 - - - - 2054.9 1.78
0.35 - - - - - - - - 4708.4 6.46 - - - -
0.36 | 4608.0/ 5.65 - - 7478.8 11.10 3650.5 4.59 - - - - -
0.37 - - 13613.2 7.05 - - - - - - - - - -
0.39 - - - - 3469.9] 5.15 - - - - 44224.731.70 | 33207.1 28.80
0.40 - - 30384.4 15.74 - - - - - - - - - -
0.41 - - - - 3221.1 4.78 - - - - - - - -
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Table 27. Peak areas of different samples at 525 nior hexane extracts.

Rf
value

T1

T2

T3

T4

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area
(%)

0.01

2.29

0.02

4202.6

3.60

13222,410.13

0.03

8807.8

7.54

17715

810.03

12038.1

11.76

0.08

o)
N
N
~
=
ol
»
o

0.09

10626.4

6.02

4835.1

4.72

5588.Y

4.28

0.10

7918.4

0.11

3906.9

2.21

0.13

0.14

44773

0.15

9003.9

5.1(

0.16

0.17

8637.2

4.89

5255.1

0.19

0.22

0.23

0.24

18416.7

0.27

4376.3

H
fos!
(@)

0.28

0.29

0.30

10725.6
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0.31

0.32

0.34
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0.35
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0.37

99282

171 |Page



Chapter 4. Results and Discussion

0.38

10838.

b

7.87

0.39

6987.9

2530.9

0.41

6704.4

8001

4

5.8

0.42

4.49

0.43

6501.9

0.44

6643.3

14407

8868.5

6.44

1 6.4

0.45

11384.2

0.46

11278.3

11779.1

6025.8

4.38

1 3.9

0.47
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0.57

20600.

20691.9
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Thein vivo shoots sample (T1) resulted with total 14 peakEhvivas lowest among all
the samples and maximum area of 11486.5 was notguefk at Rf (0.93) (Fig. 61dh vitro
samples i.e. T2, T3 and T4 recorded total 19, I¥ B peaks and highest peak areas were
also recorded i.e. 18416.2, 12038.1 , 24502.0 éakpf respective samples at different Rf
(0.24, 0.03, 0.62) (Fig. 61p-r). Total peaks (16, 27) were noted in nodal derived shoot
samples (T5-T7) and their maximum peak areas weB@@5, 20691.9 and 32527.2 at same
Rf (0.57) (Fig. 61s-u). Chromatograms also depgetibat there were some common as well
as unique peaks present in different samples. A pe&f (0.03) which was common in all
the samples (T1-T7), whereas peak at Rf (0.08) amys present inn vitro sample extracts.
Similarly a unique peak was present in all nodaivee shoots (T5-T7) at Rf (0.76) and T7
sample also had unique peaks at Rf (0.51 and OT2®)€ 27).

4.4.1.2 Ethyl Acetate Extract
Ethyl acetate extract of all the samples were sdotin TLC plates and separated in

mobile phase toluene:ethyl acetate:formic acid: {6vdv).

e 254 nm

Plate when observed at UV 254 showed variationanding pattern with respect to
number of bands and it was further confirmed throsicanning which exhibited the change in
peak numbers and areas. It was observed from @bt T3 sample extract was more varied
from all other samples. T1 was vivo shoot sample showed similarity with T2 and T4, @nd
was different from T5-T7 (Fig. 62a). After scanningvas recorded that T1 and T3 sample
had a total 16 and 18 peaks and maximum areash@é13.2 and 25244.9 at same Rf (0.02)
(Fig. 63a, c). T4 sample recorded 15 peaks fronthvpeak had maximum area (19074.2) at
Rf (0.81) (Fig. 63d). Samples (T2 and T5-T7) recdrdknost same peaks 16, 18, 16, 15 and
even though the highest peak areas i.e. 2524418522, 33286.0, 25909.0 respectively at Rf
0.83 (Fig. 63b, e, f, g). Similarly by comparinggsamples some unique peaks were observed.
Unigue peak was obtained at 0.68 Rf because itomhspresent in T1 sample and absent in
all thein vitro sample. Shoot which were procured from the hamieneitro plants (T4) also
recorded a distinct peak at Rf (0.06) and similatlyn vitro samples (T2-T7) also had unique
peaks at different Rf (0.14, 0.27, 0.34). Leaf dedli shoots (T2 and T3) also showed unique
peak at Rf (0.48) (Table 28).
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Table 28. Peak areas of different samples at 254 nior ethyl acetate extracts.

T1 T2 T3 T4 T5 T6 T7

Rf Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak
value area area area area area area area

area (%) area (%) area (%) area (%) area area (%) (%)

0.02 | 16513.2 23.45 - 18271.¢ 26.42 | 16823.3 17.19 -

0.03 - - 19455.5 16.71 - - - - 16526.% 16.43 | 19367.1 15.14 - -

0.06 - - - - - - 4759.5 4.86

0.09 - - - 1305 130 17637 1.38 245.20.27

0.10 | 8925.4| 12.67 1578.0 2.28 - - - -

0.11 - - 1631.1] 1.40 - - - - - 10801 0.84 - -

0.12 - - - -

0.13 | 12524.7 17.78 - - 1588.4f 2.30 - - - - -

0.14 - - - - - - - 5865.9 459 27935 3.1

0.15 - 9520.0 9.78 41065 4.08 1 - - -

0.16 | 7045.7] 10.00 - - 11457 1.66 - - - -

0.18 - - - - - - - - - 854.4 0.67 326.0 0.3
0.19 - - 1597.6)] 1.37 1303.4 1.88 r

0.20 - - - -

0.22 - - - 2003.1 2.90 - - - - 167855 131 863.90.97

0.23 | 460.1 0.65| 4624.9 3.97 - - - - 1175.0 1.17 1 - -

0.26 | 197.9 0.28 - - - - - - - -

0.27 - - 8726.0 6.82 6191]1 6.9

0.28 - 83249 7.15| 51466 744 63553 6.49 5414.6.38

0.31 | 6549.0f 9.30 - - - -

0.34 - - - -

0.35 - - - 2007.5] 2.90 39871 396 8529.0 6.656694.6| 6.38

0.39 | 1209.5| 1.72) 9278.4 7.97 - - - - - - - - -

0.40 - - - - - - 4654.7 5.22

0.41 - - - - - - 2106.4 2.15] 4632[/ 4.6 15 951 - -

O
o
(@]
N~
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0.42 - - - 2648.8] 3.83 - - - -

0.43 - - 8784.5| 7.55 - - - - 9371)7 7.383 4363.64.89

0.44 - - - - - - - | 3458.8 3.44 - - 3 3

0.46 | 248.2 0.35 - - - - - - - - - - -

0.47 - - - - - - - - - 3774.7 4.23

0.48 - - 472.2 0.48] 3618p 3.60 - - - -

0.49 - - 3896.9] 3.35| 144417 2.09 - - - - - - - -

0.55 - - - - 2933.2] 4.24 - - - -

0.57 - -

0.58

0.61 | 5075.9] 7.21 - -

0.64 - -

0.66

0.68 | 332.8 0.47 - - - - - - - - - -

0.70 - ; ; - : :

0.71 - - - -

0.72 - - 7663.8] 11.0§ - - 447416 4.4b - - - -

0.73 - - 6161.8] 5.29 - - - -

0.74 - - - - - - - 23547 2.34 - - - -

0.76 | 1171.6] 1.66 - -

0.81 - - - - 14941.3 21.60 | 19074.2 19.49

0.83 - - - - - - - 22165.9 22.03 25909.0 29.05

0.84 | 5207.1] 7.39| 25244/921.68 - - - - 33286.0 26.02 - -

0.87 - - - - - - - 6567.9 6.53 - - -

0.88 - - - - - 3125.1] 3.19 - - 90337 7.06 7460.28.36
0.89 ]

0.91 | 3665.5| 5.20 - - 28166 2.88 35216 350 136®| 5.17 | 66629 7.47

0.92 - - - 2182.7] 3.16 - - - - - - - -

0.93 - - 4640.6) 3.99 - - - - -

0.96 - - - - - - - - 4614.5 4.59 - - - -
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* 366 nm

The TLC plate when observed under UV 366, it coméid the disparity in banding
pattern through the fingerprint seemed roughly lsimin all the sample extracts except T3
which was quite different from others (Fig. 62bheh scanning at 366 nm showed variation
with respect to peak number and area by compatingntatograms of all the samples. T1
sample noted 16 peaks among them maximum area 8881 B of peak at Rf (0.31) (Fig.
63h). Rest of all samples contained almost sam&spéb4) and maximum areas were
33093.0, 29085.4, 40763.9, 35176.5, 37704.9 andB9Gespectively at Rf (0.43 for T2 and
0.82-0.83 for T3-T7) (Fig. 63i-n). Chromatogram wfd variation in peaks at different Rf,
therefore many unique peaks were identified forsathples i.e. at Rf (0.31, 0.61 and 0.76),
peaks were present in only T1 which wass/ivo shoot sample and absent in all thevitro
samples. Whereas peak at Rf (0.72) was presenll im &itro samples (T2, T3, T5-T7)
therefore it was unique for these samples. Whgveak present im vivo shoot sample (T1)
and nodal derived shoot (T7) at Rf (0.40) and twaue peaks which only present in T7
sample at different Rf ( 0.47 and 0.88) (Table 29).

e 525 nm

In white light the fingerprint which developed bapakttern was almost similar in all the
samples after derivatization. Later TLC plate weensed at 525 nm and it showed difference
in peak numbers and area from the chromatograniffereht samples (Fig. 62¢). Maximum
16 peaks were reported by both sample T1 and T®yalath maximum area of 18127.5 and
22652.2 on the chromatogram at Rf (0.28 and 0.B&). 630, p). SampleT3-T5 recorded
similar peaks (14), and their highest peak ared&3823, 25595.1, 20731.0 were noted at
almost same Rf (0.82-0.84) (Fig. 63g-s). Similesgmples (T6 and T7) recorded with 12
peaks and at Rf (0.85 and 0.83) maximum areas 38G@8& 30094.6 were noted for peaks
with respect to sample (Fig. 63t, u). Similarly theak variation was observed between
samples which found uniqueness between them by acomgpaeaks at different Rf. Peak at
Rf (0.93) was only present in T1-T3 therefore iswmique for these samples. Similarly at Rf
(0.55) recorded distinct peak which was only présenn vivo shoot sample (T1). Nodal
derived shoots (T6 and T7) also identified distipetks at different Rf (0.23 and 0.35) and
hardened plant shoots (T4) also had a unique peRk(@.34) (Table 30).
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Figure 62. HPTLC fingerprints of ethyl acetate extract for
different samples ofT. indica: (a) UV 254 nm, (b) UV 366 nm
and (c) white light after derivatization.



Figure 63. Chromatograms of samples for ethyl aceta extract in T. indica: (a-g) 254 nm,
(h-n) 366 nm and (0-u) 525 nm.
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Table 29. Peak areas of different samples at 366 nior ethyl acetate extracts.

Rf
value

T1

T2

T3

T4

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area

0.02

11541.2

11.36

26605.0 17.39

0.03

22777.1

13.39

19482.1

12.61

22227.9

23848.6

0.09

1868.5

1.84

0.10

1607.1

1.04

0.11

3157.2

1.86

0.12

3692.2

0.13

3409.8

0.14

[o))

0.15

7443.2

7008.6

2194.0

7300/6

0.16

3132.5

oo

0.17

3839.6

0.21

2621.6

0.22

5907.1

0.23

10995.7

11132.9

7.28

3641.9

0.27

0.28

27086.0 17.70

17366.59

12406.7

18566.7

0.29

17175.2

0.31

0.32

17415.1

0.37

19129.8

0.40

0.41

9490.8

15851.010.28

0.42

12631.26.51

0.43

33093.(

21214.1

11138.9 7.45

0.44

8141.1
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0.46

0.47

6.30

0.48

0.49

5181.

)

0.52

0.56

7790.5

0.57

0.58

11248.(

0.59

0.61

0.63

0.64

0.65

0.66

0.68

0.72

11478.9 7.43

0.73

[ 10.20

0.74

0.76

0.81

} 19.01

0.82

40763.9 26.38

0.83

35176.5 22.80

33642.6

) 22.49

0.84

15499.9

37704.

D 19.43

0.88

7245.9

4.84

0.91

3499.7

3839.9

4P

9164

D.66.13

0.92

6810

1

3.5

0.93

0.95

1416.8

0.96

5534.3

0.97

0.28
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Table 30. Peak areas of different samples at 525 nior ethyl acetate extracts.

Rf
value

T1

T2

T3

T4

T5

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

0.02

0.03

16049.1

14.65

21676.4 15.24

13538.9 14.23

15224.4

15.50

17598.4 13.56

18832.§

0.05

10385.7 10.92

0.08

0.09

5651.1

4.35

5906

0.10

7823.7

6352.Y

4.47

4769.

0.12

0.13

6140.2

5353.9

10933.8

0.14

9746.1

6.85

0.16

1374.2

0.17

3004.2

2224.8

1.56

0.19

1537.2

0.20

1081.8

0.76

0.23

W

0.24

5999.0

4027.6

0.25

3691.3

2.59

0.27

0.28

18127.5

13852.§

9.74

10465.9

14682.5

14752.(

17531.4

12.09

0.34

8567.1

0.35

4376.3

6350,8

4.3

0.37

6832.7

4.80

0.39

6953.9

4.79

0.40

52987

B
o
(o)

0.41

7238.4

5.09

0.42

N
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0.43

17139.

111.82

16528.7

? 16.81

0.44

.80

0.45

9648.

0.48

10)

0.49

5791.4

1.69

0.55

0.57

15918.

14036.1

0.58

8.38

0.59

17513.4

0.64

0.65

0.34

0.66

410.2

0.73

5

.3b

0.78

10542

12664.7

0.81

0.82

0.83

0.84

20731

0.85

0.86

22652.7

0.90

0.91

0.92

S
o
o
o

0.93

7

0.94

0.96

0.98

0.99
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4.4.1.3 Methanol Extract

In sequential extraction, methanol was the lastesudlused for preparation of extracts.
Extracts of all the samples were separated usinglenphase i.e. toluene:ethyl acetate:formic
acid (6.5:3.0:0.5 v/v) for the qualitative analyBisHPTLC.

e 254 nm

The TLC plate was observed under UV 254 which shibwagiation in banding pattern
(Fig. 64a). Then plate was scanned which genermteasimatograms with number of peaks
and areas. T1 sample recorded highest peaks (1ah)caall samples analyzed and maximum
area 6570.8 was obtained at Rf (0.02) (Fig. 65am@es (T2, T3, T5 and T7) had total 14
peaks, and it was observed that the highest aressfar same peak at Rf (0.83) and there is
significant difference in their values (22736.9420.1, 13802.0 and 12724.1) (Fig. 65b, c, e,
g). T4 sample obtained 12 peaks of which the highesa was 14282.4 at Rf (0.13) (Fig.
65d). Total peaks (10) were recorded in T6 sampteraaximum area 16904.8 was observed
for a peak at Rf (0.39) (Fig. 65f). Chromatograrauteed with different peaks which were
present at respective Rf. By comparing all the sampncludingin vivo and in vitro,
identified unique peaks present in them. As pedRfdl.02 and 0.24 was common in all the
samples (T1-T7) while at Rf 0.41 and 0.85 peakseweesent in only T1 sample therefore
peaks were unique for this sample. Similarly at(®69) recorded distinct peak which was
present in only T7 sample. The unique peak wagiftethin nodal derived shoots (T5-T7) at
Rf (0.82) (Table 31).

e 366 Nnm

The fingerprint profile was also observed in UV ctieer at 366 nm and then scanned at
the same wavelength. Observation showed chanigeniding pattern (Fig. 64b) and scanning
depicted the total peaks present with their ar€asand T2 sample reported with total 14 and
10 peaks, and among them maximum peak areas 151594853.3 were recorded at same
Rf (0.85) (Fig. 65h, i). Similarly for T3 and T5 thosamples resulted with total 7 and 11
peaks respectively their highest areas were 108r81513034.8 recorded for peak at Rf 0.23
(Fig. 65j, I). Whereas T4 sample showed total 18kperom which maximum area 14577.5
for peak at Rf 0.56 (Fig. 65k). T6 and T7 sampbgsorted same peaks (10) and highest area
44224.7 and 33207.1 was noted at Rf (0.39) (Fig,69.
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Table 31. Peak areas of different samples at 254 nior methanol extracts.

Rf
value

T1

T2

T3

T4

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area
(%)

0.03

494411

0.04

6900.3

25.64

7124.8

43.91

5371

0 21

16

575526.85

0.09

327.1

1.29

0.10

15131

0.11

3029.2

11.26

1607.6

0.12

0.13

0.14

0.15

1232.6

967.9

0.16

1.1y

0.17

110.1

0.18

533.7

0.19

0.20

245.2

0.21

0.22

0.23

0.24

0.25

0.26

0.27

0.28

0.29

0.30

0.31
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0.33 - - - - 909.0 3.58 577.8 2.70 - - - - - -

0.35

[e0]
[e)IN
©
o
A

1

1
(o))
w
~
N
w
N

1

1

0.36 | 1889.3 7.02 - -

—_
™o

0.38 - - - - 722.0 2.84 517.9 2.47

N
N
Ea
©
=
\]
Ul

1

1

N
w
©
m 1
o
©
o))
(®))

0.41 - -

0.42

0.43 | 3756.8 13.96 - - - -

0.44 | - - - - - - | 13953 651 - - - - - -

0.47 - - - - 106.0 0.42 - - 324.3 1.1y - - - -

0.52 | 237.0 0.88 - - - - - - - - - - - -

0.54 | 1525 0.57 - -

0.56 - - - - 201.9 0.80

0.57

0.58 | 166.4| 0.62

0.61 - - 195.0 1.20

0.63 | 269.0 1.00 408.4 1.61 - - - - - - - -

0.64 - - 134.4 0.83 - - - - - - - - - -

0.65 | 106.3 0.40

0.68 - - 189.3 1.17

0.78

0.82 | 1092.0 4.06 - - - -

0.90 - - - -

0.91 9316.1] 36.70 - - 60047 21.72 1974.81.53 | 2410.8] 16.62

0.92 | 3807.5 14.15 941.7 5.80 -

0.96 - 6916.7] 27.24 1567/,8 7.3 45784 16|56 -

0.97 | 1387.9 5.16| 1626.8 10.03 - - - - - - 1601.5 359, 1965.9| 13.55
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Table 32. Peak areas of different samples at 366 nior methanol extracts.

Rf
value

T1

T2

T3

T4

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area

Peak
area
(%)

Peak
area
(%)

Peak
area

Peak
area
(%)

0.03

5157.9

17.91

4858.0

23.40

3794.12.32

31.92

0.04

5796.5

40.17

7520./

40.4

0.08

1560.1

5.42

0.10

2391}6

0.11

5231.9

18.17

2263.6

0.12

0.14

o))
o1
©
N

0.15

1361.0

0.16

1599.3

0.17

0.19

215.3

0.20

0.22

0.23

\‘

0.24

0.25

2127.1

0.26

0.27

0.28

1423.8

0.29

0.31

1728.6

0.32

0.34

0.35

0.36
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0.38 | 5373.9] 18.66 - - 742.2 3.5 14321 475 1 -

0.40 - - - - 399.9 2.16 - - - - - - 769.0 5.9

0.41 - - 782.0 5.42 - - - -

0.42 - - - - - -

0.43

0.44 | 1401.1] 4.86 - -

0.54

0.55 ] 505.2 1.75 - - - - - -

0.57 - - - - - - - - 128.9| 0.43 - - - -

0.60 - - - - 197.9 1.07 - - - - - - - -

0.61 - -

0.64 - - 188.9 1.31 - - - - - - - - - -

0.68

0.73 | 148.9 0.52 - - - - - - - -

0.79 - - - - - - - - - - 207.6 1.22

0.86 - - - -

0.90 - -

0.91 1671.6] 11.58 - - - - - - 15597 9.20 288b.17.60

0.93 | 1843.3] 6.40 - - - - - - - -

0.96 | 485.5 1.69 - - - - - - - - 324.7 1.92

0.97 - - - - - - - - - - - - 245.3]  1.89
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The chromatograms were also evaluated for uniga&sppresent in particular sample.
Peak at Rf (0.02) was present in all the samplésI(A), whereas peaks identified at Rf (0.09,
0.57, 0.67 and 0.75) were unique because they amyepresent in T1 sample. T6 sample
also obtained one distinct peak at Rf (0.20), siryl T5-T7 sample also had unique peaks at
Rf (0.47 and 0.65) (Table 32).

* 525 nm

Fingerprint formed after derivatization also comfed variation among the sample when
observed under white light (Fig. 64c). When TLCtelavas scanned at 525 nm, different
samples showed number of peaks and their area34Tdamples showed almost similar
peaks (10, 8, 10 and 9) and among them areas &b qedifferent Rf (0.48, 0.34, 0.67 and
0.62) gave maximum area i.e. 16554.8, 20296.4, @256nd 24502.0 at respective Rf. (Fig.
650-r). Nodal derived shoot samples T5-T7 showedl oeaks 14, 7 and 7 and they had
maximum areas (20600.5, 20691.9 and 32527.2) atsdmee Rf 0.57 (Fig. 65s-u).
Chromatogram showed varied peaks at different RF iarconfirmed presence of distinct
peaks by comparing all the samples. At Rf (0.85@®8@) peaks present onlyimvivo (T1)
whereas at Rf (0.98) showed peak only presen imtro samples. Unique Peak was also
identified in T2 and T3 samples at Rf (0.46). Sarlil in nodal shoot samples like T5-T7
identified unique peaks at Rf (0.13 and 0.76). Mesx T7 sample also had unique peaks at
Rf (0.16, 051 and 0.58) (Table 33).

+ It was revealed from fingerprint analysis thatth# selecteih vitro samples have potency
to synthesize metabolites. The biosynthetic podérdf in vitro shoot cultures derived
through nodal explants was high as they have sgisenore number of metabolites as

compared ton vivo shoots as well as vitro shoots of leaf explants derived.
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Figure 64.HPTLC fingerprint s of methanolextract for different
samples ofT. indica: (a) UV 254 nm, (b) UV 366 nm and (c)
white light after derivatization.
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Figure 65. Chromatograms of samples for methanol ¢vact in T. indica: (a-g) 254
nm, (h-n) 366 nm and (o0-u) 525 nm.
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Table 33. Peak areas of different samples at 525 nior methanol extracts.

T1 T2 T3 T4 T5 T6 T7

Rf Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak Peak
value area area area area area area area

area (%) area (%) area (%) area (%)

w
(0]
N
©
=
w
o
K
LR"4
'—\
()]
w
(2]
©
N
©

0.01 -

0.02 | 3912.0] 8.97| 2759.8 10.34 - 3112.2 30{97 413.1.19 - -

0.04 | 12740.5 29.21 | 10352.0 38.78 | 10789.0 41.10 | 3949.9] 39.30 11897.434.13

0.05 - - - - - -

0.07 - - - - 411.8 4.10 - - - - - -

0.08 - - - 3670.4] 13.9§ - -

0.10 - - 2476.9] 9.28 - - - - 197055 5.6b - - - -

0.12 - - - - - 2885.1 8.28 - - - -

0.13 | 8785.6| 20.14 29273 10.97 - -

0.14 - - - - - - 204.3 2.03 - -

0.15 - - - -

0.16 - - - 2465.6] 9.39 495.4 4.98 - - - - - -

0.17 | 3072.7| 7.04

0.19

0.20 | 4021.9| 9.22 - - - - - - 44561 12.78 - - - -

0.23 | 4091.6] 9.38 - - - - 193.1 1.92

0.27 - -

0.28 - - 1529.1] 5.73 - - - - - -

0.31 - - - -

0.33 - - - - 1192.8) 4.54 - -

0.35

0.36 | 3591.1] 8.23 - 1057.3 4.08 - - - - - - 229.32.86

0.38 | 2313.8] 5.30] 1517.1 5.68 1123.8 3.2

0.39 - - - - - - - 281.0 3.5]]

0.40 - - - - - - 343.8 3.42 - - 400.9 3.7

I~
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0.42 - - - - - - - - 1578.5 4.53 - - - -
0.46 | 852.7 1.95 - - - - - - - - - - - -
0.47 - - - - - - - - 410.8 1.18 - - - -
0.59 - - - - 626.9 2.39 - - 326.9 0.94 - - - -
0.63 - - - - 2125.00 8.10 497.2 4.95 1253.3  3.99 1 r 283.5 3.54
0.73 - - - - - - - - 1178.4 3.38 - - - -
0.76 - - - - 851.9 3.25 - - - - - - - -
0.78 - - - - 631.0 2.40 - - - - - - - -
0.97 - - 344.3 1.29| 2840.5 10.82 - - 1321.7 3.¥9 1 - - -
0.98 | 242.0 0.55 - - - - 841.8 8.38 - - 264|2 2.46 4 -
0.99 - - - - - - - - - - - - 176.9 2.2]]
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Fingerprint analysis revealed that there was \vanabetween than vitro samples
regenerated via different pathways, the same obsengahave been reported @urculigo
orchioideswhere the shoots regenerated via different pathwsagsved change in HPTLC
fingerprint (Alagar et al., 2014). This is also yorisly documented in medicinal plant
Arnicae foliumandA. caulis(Stefanache et al., 2014). Moreover, shoots regésdria nodal
explant (in presence of cytokinins) were more samibin vivo plants as compared to leaf and
SE derived shoots. This might be due to benefiefédct of cytokinins on synthesis of
metabolites and the same phenomenon was recordedipta alba(Pathak et al., 2021) as
well as in other studies (Sangwan et al., 2001kakret al., 2004). The chromatograms also
showed that profile of shoots from hardened plaas \&most similar tan vivo plants as
compared to shoots undervitro conditions. This is in corroboration with reparntirigeron
breviscapusn which the profile changed when the culturesarderin vitro conditions but
after hardening it showed the similar profile in garison with mother plants (Liu et al.,
2008). De Silva and Senarath, 2009) documentedhtiraiened plants and seed raised plants
of Withania somniferashowed similar HPTLC profile. Similarly, chromatagis of the
conventionally propagated plant Gurcuma angustifolichad similar fingerprint pattern to
that of micropropagateplants (Jena et al., 2018). The uniformity of cheahtomponents are
reported between tissue culture derived plants sowdrce plant inMunronia pinnata
(Gunathilake et al., 2008Rassiflora caerulegBusilacchi et al., 2008F. caeruleaand P.
incarnata(Ozarowski et al., 2013 ;urcuma longgNayak et al., 2011; Singh et al., 2011b),
Kaempferia galang@Mohanty et al., 2011a, b) ashrcandra glabrgZhu et al., 2011).

It was also noted that the variation in number afids differed with solvents used for
extraction, this is because of the affinity of solv for particular type of metabolites and the
same is reported infabernaemontana catharinensi@oligon et al., 2013). HPTLC
fingerprint is advantageous to assess the metabalisynthesis inn vitro cultures, it has
been reported in important medicinal plants lilkrimula veris (Morozowska and
Wesotowska, 2004)Celastrus paniculatugMartin et al., 2006)Bacopa monnier{Patni et
al., 2010),Piper nigrum(Ahmad et al. 2013)Withania coagulangandW. somnifergPreethi
et al., 2014) antlothapodytes nimmoniarf{Rrakash et al., 2016).

4.4.2 Quantification of Lupeol
Hexane extract of different samples when separatedLC plate, the presence of

lupeol was confirmed in all the samples as a baodesponding to the standard.
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Chromatogram showed the peak of standard lupeottedample at same Rf (Fig. 66a, b).
The content of lupeol varied in the samples andias 24.43 + 1.28 pg/gnm vivo shoot
sample (T1) whereas the lupeol quantity decreasddaif derived shoots (T2) i.e. 19.12 *
0.26 pg/gm which was least among all the sampl8safid T4 samples were from leaf
derived somatic embryos and shoots from hardenadtplrespectively. When they were
analyzed for lupeol content, it was observed that3 sample the quantity slightly increased
(29.92 £ 1.12 pg/gm) as comparednovivo sample. But the content was 3.01 fold higher in
T4 sample i.e. 73.77 + 4.14 ug/gm in comparisoim taivo shoot (T1). Nodal derived shoots
sample (T5 and T6) synthesized almost similar gtyaot lupeol i.e. 42.53 + 1.48 pg/gm and
47.45 = 0.78 pg/gm respectively. One of the sarfiple nodal derived shoots (T7) showed
an elevated content of lupeol i.e. 254.16 = 6.90ypgamong all samples analyzed, which
was 10.40 fold higher than vivo (Table 34).

Table 34. Quantification of lupeol in in vivo and in vitro samples ofT. indica using
HPTLC.

Sample Source Medium Lupeol quantity
(Hg/gm)*

T1 In vivo shoots - 2443 +£1.28 cd
T2 Leaf derived shoots BA (10 uM) + Kn (15 uM 1»40.26d
T3 SEs derived from leaf GAL1.0 pM) 29.92+1.12cd
T4 Shoots of hardened plants - 73.77+£4.14Db
T5 Nodal derived shoots BA (10 uM) + Kn (5 uM) 42561.48 bc
T6 Nodal derived shoots BA (15 uM) + AdsQ0 uM)| 47.45x0.78 bc
T7 Nodal derived shoots Kn (10 uM) + AdSQ@5 uM) | 254.16 +6.90 a

*Values represent mean + SE. Means (n = 3) followgdsame letter in each column are not
significantly different p < 0.05) according to Tukey’s test.

+ It was concluded from above study of quantificatibatin vitro sample especially nodal
derived shoots (T7) high potency to synthesize dupempared tan vivo shoots (T1).

Moreover one year old hardened plant shoots (89 sthowed significant content then T1.

Shoot cultures are known to synthesize high amotisecondary metabolites (Lorence
and Nessler, 2004; Liu et al., 2006) and thus énptesent study shoot samples from different

media were assessed. HPTLC analysis revealedupeabll quantity varied among different
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Chapter 4. Results and Discussion

samples which may be due to the presence of PGR®imedium (Dornenburg and Knorr,
1995; Lee et al., 2011). This result is in accoodawith earlier report for lupeol accumulation
in Hemidesmus indicusn which its amount differed according to combioas and
concentrations of PGRs (Misra et al., 2005). Effeichormones has been also reported to
affect bacoside A and coronarin D iBacopa monnieriand Hedychium coronarium
respectively (Parale and Nikam, 2009; Parida, 2018)

Amongst all the media tested, shoots from cytokiméised medium (Kn+AdS{phad
significantly high content of lupeol as comparednwivo shoots ofT. indica this is in line
with report ofCichorium intybusn which more esculin content has been observeshaots
grown in medium fortified with Kn (Rehman et al.Q@B). Previously many reports also
documented beneficial effect of Kn on metabolitatbgsis inNicotiana tabacun{Angelova
et al., 2001) Artemisia annugBaldi and Dixit, 2008)Genista tinctoria(Luczkiewicz et al.,
2014), Scutellaria alpina(Grzegorczyk-Karolak et al., 2015) a@bffea arabica(Acidri et
al., 2020). In line with present resulis, vitro cultures ofH. indicus (Misra et al., 2003;
Purohit et al., 2015; Pathak et al., 2017) @midoscolus chayamangRérez-Gonzalez et al.,
2019) also accumulated more lupeol as compareteio $ource plants when developed in
media fortified with cytokinins. Similarly, presem®f cytokinins enhanced the content of
hypericin and pseudohypericin ypericum hirsutunandH. maculatun(Coste et al., 2011),
esculin inCichorium intybugRafsanjani et al., 2011) and andrographolidémarographis
paniculata (Dandin and Murthy, 2012). The stimulatory eff@ftcytokinins on secondary
metabolite synthesis has also been well documentetdher medicinal plants likeluernia
hystrix (Amoo and Van Staden, 2013jtevia rebaudiangAman et al., 2013)Withania
somnifera(Sabir et al., 2013) arfslcutellaria alpinaGrzegorczyk-Karolak et al., 2015).

As nodal derived shoot cultures synthesized sicguifily high content of lupeol, it can
be considered as potential alternativartovivo T. indicaplants, this is in accordance with
other studies in whicln vitro cultures has been source for better productiometabolite
such as withanolide A iWithania coagulansand W. somnifera(Preethi et al., 2014),
barbaloin inAloe vera(Pandey et al., 2016), vasicinoneAidhatoda vasicgPanigrahi et al.,
2017) and diosgenin iDioscorea deltoidedNazir et al., 2020). It was also depicted that th
lupeol accumulation was more in nodal derived aspaoed to leaf derived shoots, this has
been also documented in recent report of Mukhezjesd. (2020) orRauvolfia serpentinan
which the reserpine content is more in direct shas compared to indirect regeneration.

Similarly, variation in metabolite with change imlttire type has been reported in many
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plants (Singh and Chaturvedi, 2013; Ng et al., 20A6other observation recorded was that
the shoots derived from SE have lower content agpeoed to micropropagated plants which
is also reported iRosa rugosgJang et al., 2016)t was also noted that hardened plant$ .of
indica synthesized more lupeol as compared to mother,phdrith is in contradiction with
earlier report orH. indicus(Misra et al., 2003) an@urcuma angustifoligJena et al., 2018)
where lupeol and curcumin content is almost simitawild and tissue culture derived plant.
The reason for more metabolite content in hardguadt as compared o vitro culture is
because they are exposed to stressful conditionshvadtivate defence mechanisms as well
as due to different light conditions which may e&se the compounds (Jang et al., 2016g.
same results are also reported in other speciesevithe micropropagated plants have similar
metabolite content as vivo plants (Sasidharan et al., 2017; Behera et al.82@hereas in
many studies it has been reported that metabaldagent in micropropagated plant material
is higher thann vivo plants (Arikat et al., 2004; Guo et al., 2007; Newet al., 2011; Rather et
al., 2012; Chen et al., 2014; Hayta et al., 2017).

4.4.3 Elicitation of Lupeol using Elicitors

In vitro shoots developed in the medium supplemented witl{1Q uM) + AdSQ (15
puM) within four weeks and they were transferredrésh medium fortified with same PGRs
concentrations for further growth. Shoots were bsi@d at weekly interval from the fourth
week to sixth week and they were served as cob&chuse medium devoid of elicitor. Shoot
growth was also monitored weekly and the observatloywed that biomass increased with
the time interval. Shoots were developed and tRéir (0.468 + 0.05 gm) and DW (0.108 £
0.01 gm) was recorded at four weeks and it incaeésd.704 + 0.09 gm (FW) and 0.129 +
0.01 gm (DW) at six weeks. HPTLC analysis detedie presence of lupeol after
derivatization in all the samples (Fig. 67a) whiwhs also confirmed after densitometric
scanning at 525 nm that the peak of the samplesponds to standard (Fig. 67b). However,
the AUC of lupeol peak were different in all themgdes which depicted that there was
variation in lupeol content. The content 254.16.9061g/gm was obtained after four weeks,
that reached to 446.13 + 8.69 ug/gm at five weelds dightly increased to 457.08 + 2.79
png/gm in six weeks which was almost similar witefweeks but higher comparedimovivo
shoots (Table 35).
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Chapter 4. Results and Discussion

4.4.3.1 Effect of Yeast Extract on Shoot Biomass and Lupeol Content

In vitro cultures were then treated with different conaaidns of yeast extract (25-200
mg/l) which facilitated better shoot growth as comegato control. Biomass increased
gradually with the increasing concentration of Y&veell as time interval. Further analyzing
the samples by densitometric scanning confirmed phesence of lupeol in all the
concentrations of YE after derivatization. Analysisowed variation in content of lupeol

among all the concentrations and treatment time.

* 25 mg/l

When 25 mg/l of YE added to the medium, shoot ghowtreased moderately with the
time interval and that was observed from FW and DWen shoots were harvested at four
weeks, FW (0.511 + 0.08 gm) and DW (0.0958 + 0.01 was recorded slightly increased in
fifth week i.e. FW 0.529 £+ 0.11 gm and DW 0.116 .82 gm. Further enhancement in the
biomass [FW (0.590 = 0.06 gm) and DW (0.122 + 0g@®@] was in six weeks which was
close to control for the same weeks (Fig. 68). lalggiantity was also analyzed by scanning
at 525 nm and it was 420.33 = 4.75 pug/gm in fouekse which was 1.65 fold higher than
control for the same weeks. Content slight incrédset48.86 + 5.09 pg/gm in fifth week and
it was similar with control for the same weeks.sirth week lupeol content (445.70 + 7.40
png/gm) remained similar with five weeks and hadhdlidecreased in comparison with control
six weeks (Fig. 69a-f; Table 35).

* 50 mg/l

YE concentration when increased to 50 mg/l, shoowth and biomass was rapidly
enhanced. FW (0.706 = 0.07 gm) and DW (0.127 + @@®) was recorded in four weeks
which were higher than control and 25 mg/l. Shaotass slightly increased when it was
harvested at five weeks and it reached to 1.0196& §m (FW) and 0.221 £ 0.02 gm (DW) in
six weeks which was higher than above concentra®nvell as control (Fig. 68). Lupeol
content was also analyzed after scanning the Tlafe@t 525nm. The content obtained for
four weeks was 400.78 + 5.82 pug/gm, which was abmstmilar with 25 mg/l for the same
weeks. Yield of lupeol decreased in five and sixekgi.e. 184.17 + 4.54 ng/gm and 239.95 +
4.60 ng/gm respectively (Fig. 69a-f; Table 35).
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* 100 mg/l

Variation was not observed in biomass when shoet® weated with 100 mg/l of YE
except four weeks showed FW 0.505 + 0.07 gm and@®Q¥98 + 0.01 gm respectively and it
was lower than 50 mg/l and similarity observed vatimtrol and 25 mg/l. When shoots were
harvested in five and six weeks, biomass obtainesl BV (0.852 + 0.05 gm and 0.948 + 0.06
gm) and DW (0.153 + 0.01 gm and 0.233 = 0.01 gmjclwhwvere similar to above
concentration (Fig. 68). The densitomatric scanrshgwed that the lupeol yield (382.92 +
7.61 pg/gm) was recorded nearer with both above iored concentrations for four weeks.
The yield was reduced (162.44 + 3.32 pug/gm andd®2.3.67 pug/gm) in five and six weeks
likewise 50 mg/l (Fig. 69a-f; Table 35).

e 200 mg/l

When 200 mg/l of YE treatment was given to fheindica shoots, biomass level
recorded higher compared to all the above condemtgaas well as control. Shoots when
harvested at four weeks, its FW and DW was i.e&6460.07 gm and 0.128 = 0.02 gm which
enhanced at five weeks as FW (0.821 + 0.06 gm)EAnMI(0.136 + 0.01 gm) was recorded.
Moreover when FW (1.081 + 0.05 gm) and DW (0.238.81 gm) was noted for shoots
harvested at six weeks, observations revealed ithaas highest biomass among all YE
concentrations (Fig. 68). The lupeol yield obtairedour weeks was 400.94 + 4.89 pug/gm
and was similar with all above concentrations foe tsame weeks. But it was slightly
decreased (386.19 + 5.61 pg/gm) in five weeks. Giladaclined in the lupeol yield from
four to six weeks was recorded as in six weekboined 180.22 + 3.35 pg/gm content (Fig.
69a-f; Table 35).

+ [t was observed that YE (200 mg/l) gave highestmaiss in six weeks among all

concentrations. Lupeol yield was higher in 25 madl,it gave 1.65 fold higher yield than

control in four weeks.
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Figure 68. Effect of yeast extract on shoot biomasderived through nodal
explants of T. indica.

Each line shows the mean values (n = 5) and eaoad standard error. Means followed by
same letters are not significantly differept(0.05) according to Tukey’s test.

Table 35. Quantification of lupeol in presence ofYE at different time intervals.

YE concentrations Lupeol (ng/gm)*
(mg/l) 4 weeks 5 weeks 6 weeks
Control 254.16 +6.90 d 446.13 £ 8.69 ab 457.08MP 2
25 420.33 £ 4.75 bc 448.86 + 5.09 ab 445.70 + @0
50 400.78 +5.82 bc 184.17 +4.54 ¢ 239.95+4.60d
100 382.92+7.61c 162.44 +3.32 ¢ 222.08 + 3e57|d
200 400.94 + 4.89 bc 386.19+5.61¢ 180.22 + 8.35

*Values represent mean + SE. Means (n = 3) followgdsame letter in each column are not
significantly different p < 0.05) according to Tukey’s test.

Although lupeol is important metabolites, scantypamws are available for its
enhancement like in callus culture ldémidesmus indicussingy-rays (Misra and Mehrotra,

2006), using SA irCryptostegia grandiflorgSingh et al., 2011a), UV-B exposure \fitis
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Chapter 4. Results and Discussion

vinifera (Gil et al., 2012) and jasmonic acid Jdatropha curcagZaragoza-Martinez et al.,
2016). Hence the effect of YE and SA needs to Ipdoesd on its production.

Shoots ofT. indicawhen placed in medium fortified with different camtrations of
YE, enhanced shoot growth was observed. Most ofctirabinations evoked better shoot
regeneration but maximum biomass was achieved atd/band it is in accordance with the
fact that lower concentrations of YE is beneficiar growth of shoots (Vasil and
Hilderbrandt, 1966). Similarly, low concentratioh¥E is reported to be effective for growth
as compared to higher concentration Garcuma manggaAbraham et al., 2011). The
additive effect is because it provides amino achdtin, N-acetyl-glucosamine oligomef,
glucan, glycopeptides, ergosterol and vitamin Bolex which is beneficial for growth of
plant (George et al., 2008). YE is also reportetidca good source of nitrogen which plays
pivotal role in growth of plants undar vitro conditions(Vasconsuelo and Boland, 2007) and
the same has been observedSalviamiltiorrhiza (Shi et al., 2007) andingiber officinale
(EI-Nabarawy et al., 2015Radman et al. (2003) suggested elicitor-recepteraation is the
basis for rapid array of biochemical responsesamfsl The variation in lupeol accumulation
was also recorded according to concentration andédinge effect of YE concentration has
been studied on production of different pharmacail§i important metabolites like
pseudojujubogenin iBacopa monnier{Kamonwannasit et al., 2008), plumbaginbrosera
indica (Thaweesak et al., 2011), flavonoid Merwilla plumbea(Baskaran et al., 2012)
vinblastine and vincristine i@atharanthus roseudvlagsood and Abdul, 2017) and phenolics
production inilmpatiens balsaminéKasem, 2018).

In the present study, optimum lupeol was obsermeshpots treated with 25 mg/l and
increased concentrations failed to enhance lupgadhssis. This is in accordance with earlier
findings for ginsenoside production Fanax quinquefoliunfKochan et al., 2017) in which
lower YE concentration has been proved to be beiaéfiSimilarly optimum synthesis of
plumbagin and rosmarinic acid i@rosera burmanii(Putalun et al., 2010) anilelissa
officinalis (Nasiri-Bezenjani et al., 2014) respectively is mpd at lower levels of YE. The
elicitation of lupeol might be due to increased esgion of genes related to terpenoid
biosynthesis as documented by Rahimi et al. (2014hich the accumulation of ginsenoside
in P. ginsengis increased due to up-regulation of farnesyl dggthate synthasé&RS and
isopentenyl pyrophosphate isomera®P() genes. Similarly, Li et al. (2016) depicted that
enhancement of terpenoid tanshinoneSinmiltiorrhizahas been correlated with increased

expression of terprnoid metabolism genes viz. 3dwyg3-methylglutaryl-CoA reductase
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(HMGR), 1-deoxy-D-xylulose-5-phosphate reductoisome(@s€R), isopentenyl diphosphate
isomerise IPPI1) and geranylgeranyl diphosphate synthaS&RPS after YE treatment. In
line with these results, addition of YE enhanceddpction of terpenoids by increasing the
expression of genes related to terpenoid biosyigheswell documented irScutellaria
baicalensis(Yoon et al., 2000)Medicago truncatulgSuzuki et al., 2002) an@. miltiorrhiza
(Zhao et al. 2010).

Nevertheless the exact mechanism of secondary oigé&sbenhancement is unclear as
it is diverse in different plant groups, but it cdube attributed due to peptide and
polysaccharide moieties of YE which stimulate meliéddsynthesis (Boller, 1995; Menke et
al., 1999). Another hypothesis depicted that meta like Zn, Ca and Co act as abiotic stress
to plants and thus in turn increased productionbmaachieved (Suzuki et al., 198B)Jume et
al. (2000) reported that it activates differentnsijng pathways which involve G-proteins,
protein kinases and ion channels. They furtherstransignals for reactive oxygen species
(ROS) production and jasmonate pathway which im turduce secondary metabolite
synthesis.Later on Sanchez-Sampedro et al. (2005) also steghdbat YE trigger the
production of endogenous jasmonic acid/methyl jasm® which in turn influence the
synthesis of secondary metabolites.

4.4.3.2 Effect of Salicylic Acid on Shoot Biomass and Lupeol Content

Shoot cultures of. indicawhen treated with SA (25-20@M), the shoot growth was
less as compared to control as well as YE tredtedts. The observations also revealed that
different SA concentrations and treatment timecéée the lupeol content. But in contrary to
YE concentrations, the amount of lupeol increasetha treatment time increased in all SA

concentrations.

e 25uM

When 25 uM of SA was added in the medium shoot traywadually increased and at
four weeks the FW was 0.08 + 0.00 gm and DW wad@®:0 0.00 gm and it increased to
0.502 £ 0.01 gm (FW) and 0.09 + 0.01 gm (DW) in sigeks (Fig. 70). But the biomass
recorded was less for all weeks compared to comtretlium. Lupeol production was
calculated after densitomatric scanning at 525 Yield (176.70 £ 6.24 ug/gm) was recorded
in four weeks and it increased to 365.87 + 9.10gmgin five weeks but content of both

weeks were less compared to control and 25 mgHEafin six weeks its level reached to
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584.26 + 8.14 ug/gm (Fig. 71a-f; Table 36) whichswacorded as optimum yield among all
the concentrations of SA as well as YE, and it W28 fold higher than control for the same

weekso.

* 50 uM

Medium added with 50 uM of SA to treat the shobismass was enhanced i.e. FW
(0.281 = 0.02 gm) and DW (0.056 + 0.00 gm) in fouweeks as compared to previous
concentration. In five weeks biomass was reduc®d (6.227 + 0.01 gm) and DW (0.058 +
0.00 gm)] and again enhanced [FW (0.293 + 0.04 gnd DW (0.077 + 0.01 gm)] when
shoots were harvested at six weeks (Fig. 70). Téld vf lupeol was higher (246.37 + 6.51
png/gm) in four weeks compared to above treatmerel.le-urther it slightly enhanced to
305.24 + 7.18 pg/gm with the prolonged time (fiveeks). Six weeks helped in increasing
lupeol production (465.55 + 9.55 pg/gm) which waaner to control but lower than recorded
in 25 uM (Fig. 71a-f; Table 36).

e 100 uM

Similarly when SA level was increased to 100 the biomass level gradually increased
from four to six weeks. Shoots when harvested at Wweeks had FW (0.224 + 0.01 gm) and
DW (0.048 + 0.00 gm) respectively which slightlyhamced in fifth week i.e. FW (0.249 +
0.02 gm) and DW (0.050 + 0.00 gm). The FW (0.35%685 gm) and DW (0.067 + 0.01 gm)
was recorded for six weeks was lower than contr@ a5 uM of SA (Fig. 70). Slight
variation was observed in content of lupeol at fand five weeks i.e. 221.43 + 2.12 ug/gm
and 244.84 + 8.19 pg/gm. Yield increased to 465:58.55 pug/gm in six weeks of SA

treatment (Fig. 71a-f; Table 36) which was sinvéth above SA level for the same weeks.

e 200 puM

The highest level of SA when added to the mediugnifscantly enhanced the growth
of shoots compared to other concentrations of 3% growth observed after four weeks was
almost similar with above all levels i.e. FW (0.288%.010 gm) and DW (0.059 £+ 0.00 gm)
but it increased in five weeks i.e. FW (0.359 +20@m) and DW (0.088 + 0.00 gm).
Maximum biomass i.e. FW 0.527 = 0.05 gm and DW P.110.01 gm was recorded in Six
weeks among all SA concentrations tried (Fig. T@)this concentration, lupeol production

was less as compared to all weeks of control Bé.66 + 4.29 ug/gm, 380.86 + 9.83 pug/gm
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and 442.65 + 9.84 pg/gm were noted for four, finel gix weeks respectively (Fig. 71a-f;
Table 36).
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Figure 70. Effect of salicylic acid on shoot biomasderived through nodal explants
of T. indica.

Each line shows the mean values (n = 5) and eaplab standard error. Means followed by
same letters are not significantly differept(0.05) according to Tukey’s test.

Table 36. Quantification of lupeol in presence of & at different time intervals.

SA concentrations Lupeol (ug/gm)*
(UM) 4 weeks 5 weeks 6 weeks
Control 254.16 £ 6.90 de 446.13 + 8.69 bc 457.@87 b
25 176.70 £ 6.24 f 365.87 £9.10 c 584.26 £ 8.14|a
50 246.37 + 6.51 de 305.24 +7.18d 465.55+£9.55b
100 22143 +2.12 ef 244.84 £ 8.19 de 465.55 + 8.55
200 236.66 + 4.29 def 380.86 +9.83 ¢ 442.65 + 984

*Values represent mean = SE. Means (n = 3) followwgdame letter in each column are not
significantly different p < 0.05) according to Tukey'’s test.
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+ It was observed that, six weeks cultures treateth WE (200 mg/l) showed maximum
biomass in all concentrations of YE and SA as waslicontrol. Optimum vyield of lupeol
was recorded in six weeks of SA (25 uM) which wa®81fold higher than control.
Additionally, 25 mg/l of YE at four week showed &.6ld higher content of lupeol than
control for the same weeks. Therefore, these twaeatrations of SA and YE proved to be

beneficial for lupeol production if. indica

Addition of SA at different concentrations also rieesed the biomass af. indica
shoots in comparison to control as it is knowndgeéhbeneficial effect on the growth of plants
(Vicente and Plasencia, 2011). However, maximummbi&s was achieved at higher
concentrations of SA i.e. 2QM which is in contradiction to earlier reportsAmdrographis
paniculataandMatricaria chamomillashoot cultures (Kovacik et al., 2009; Zaheer and, Gi
2015) where lower concentration is proved to béebeRecently, Sliwinska et al. (2021) also
documented that lower concentration of SA is bemafifor Polyscias filicifolia shoots.
Similarly positive effect of SA on plant growth umde vitro conditions is well reported in
many previous studies (Luo et al., 2001; QuiroziEiga et al., 2001; Hao et al., 2006). Upon
binding with plant receptors, SA is also knownnduce systemic acquired resistance (SAR)
synthesize pathogenesis related (PR) proteins appoersensitive responses which
subsequently activates defence mechanism (Durnaait Zong, 2004; Chen et al., 2006;
Horvath et al., 2007).

Previous reports suggested that application of Slhaeced different metabolites e.g.
caffeic acid and rosmarinic acid ithymus membranacey®erez-Tortosa et al., 2012),
hypericin and pseudohypericin iiypericum perforatum(Gadzovska et al., 2013),
withanolides in Withania somnifera(Sivanandhan et al., 2013), phenol, flavanols,
proanthocyanidins, lignin, gallic acid and hydroxyamic acid derivatives inCistus
heterophyllus(Lopez-Orenes et al., 2013), carotenoidRuta angustifolia(Othman etal.,
2015), essential oils and total phenolicsAichillea millefolium(Gorni and Pacheco, 2016),
psoralen inPsoralea corylifolia(Hari et al., 2018), phenolic compoundsAjuga integrifolia
(Abbasi et al., 2020), reserpine and ajmalicin®auvolfia serpentingDey et al., 2020) and
amarogentin, swertiamarin and mangiferirSiwvertia paniculatgdKaur et al., 2020). Thus in
the present study, effect of different concentraioh SA on lupeol biosynthesis was also
evaluated. Results revealed that similar to YEitalion, different concentrations and time

intervals of SA treatment affected the lupeol qignThis is in corroboration with previous
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report in lupeol elicitation using SA i€ryptostegia grandiflora(Singh et al., 2011).
Increased lupeol synthesis after elicitation withiS reported to be due to its positive effect
on terpenoid biosynthesis in many plants (Goredicll Bernstein, 2014This could be due to
over-expression of branch point genes of terpebagynthesis pathway i.e. 3-hydroxy-3-
methylglutaryl-CoA synthaseHMGS and HMG CoA reductaseHMGR) as reported in
Brassica juncedAlex et al., 2000). Whereas Hayashi et al. (2afepicted that SA treatment
accumulated precursors of terpenoids biosynthasi&dyicyrrhiza glabra In line with present
study, enhanced terpenoid biosynthesis has been achiesred 8A as an elicitor iTaxus
chinensis(Wang et al., 2004Ranax ginsendAli et al., 2006),T. baccata(Khosroushahi et
al., 2006) and'. chinensiwvar.Mairei (Fan et al., 2006).

The results also revealed that maximum lupeol pboo was achieved at 256M
concentration and further increase in its level asklg affected the synthesis. This is in
accordance with report datricaria chamomillain which higher SA level adversely affected
phenolic acids synthesis (Kovacik et al., 2009).3mkgo bilobathe accumulation of
ginkgolides A and B was higher as compared to cbmatnly when SA was applied at lower
concentrations (Kang et al., 2009) line with present study, lower concentratioh$Sé are
beneficial for enhanced production of secondaryaimaites inOrostachys cartilaginous
(Wen et al., 2019) andnethum graveolen@Bulchandani and Shekhawat, 2028)milarly,
maximum production of different metabolites in shaealtures have been documented at
lower levels of SA such as hypericin and pseudohgiein H. hirsutum(Coste et al., 2011),
rosmarinic acid inSolenostemon scutellarioidgéSahu et al., 2013), digitoxin iDigitalis
purpurea(Patil et al., 2013) and bacoside ABacopa monnier{Largia et al., 2015; Sharma
et al., 2015). Whereas recently Nazir et al. (20&d9erved that higher concentration of SA
(200 uM) showed highest diosgenin production in shooturas ofDioscorea deltoidealt is
believed that SA interferes the activity of antoemt enzymes and inhibit catalase enzyme,
which in turn increase secondary metabolites prooli¢Askari and Ehsanzadeh, 2015).

The elicitation experiment confirmed that both YBdaSA significantly increased
lupeol accumulation but elicitor type, its concatibn and duration of treatment affected the
content, which is in accordance with earlier repamtSalvia miltiorrhiza(Zhao et al., 2010)
and Corylus avellangSalehi et al., 2019)n the present observation SA was better in terms
of lupeol synthesis as compared to YE. Similaripg8 et al. (2019) also documented that
both YE and SA increased synthesis of uscharigimayigenin, calotropin and uscharin but the

later proved to be better. In line with this, becief role of SA over YE in enhancement of
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secondary metabolites is well documented in mediglaats likeDigitalis purpurea(Patil et
al., 2013),Swertia chirata(Kumar et al., 2013)Caesalpinia pulcherrimgAswathy et al.,
2017) andrrifolium pratensgReis et al., 2019)

4+ A part of the last objective was gene expressiaalyais using molecular technique for
elicited samples. The content of both targated bwditas increased after elicitation which
can be interpreted that the elicitor(s) up-reguldtee genes of respective pathways. Thus
carrying out gene expression analysis was an additistudy to confirm the same. This
study required the gene sequences for metaboliwvagt of the selected plants, and after
a thorough search it was known that this was natabla in KEGG or NCBI database. In
the mean time due to the pandemic out break thwiresl were lost and this further
experimental work which was planned in collaborati@iled to materialize. Therefore this

study was omitted from present research.
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