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Chapter 2. Review of Literature

In this chapter, studies related to organogenegiseanbryogenesis using leaf explant,
axillary shoot proliferation from nodal explantsheenical profiling, quantification of
metabolites ofn vitro cultures and elicitation of metabolites using yesedract and salicylic

acid has been cited.

2.1 Regeneration Studies

The selection of a suitable medium is essenti@stablishin vitro plants and some of
the culture media are: Murashige and Skoog’'s medM®, 1962), White’s medium (1963),
Linsmaier and Skoog (LS, 1965), Gamborg’s mediuf, (Bamborg et al., 1968)litsch and
Nitsch Medium (NN, 1969) and Llyod and McCown’s mad woody plant medium (WPM,
1980). There were many reports which states theotiddferent types of media for cultures
and it has been documented that MS media was bealefor regeneration e.g. optimum
shoot regeneration iSenna sopherhas been reported in presence of MS medium (Parvee
and Shahzad, 2014). Later on Sharma et al. (201s§) stated that optimum shoot
regeneration iflBacopa monnierwas observed on MS media. Similarly, positive &ftgd MS
media was reported in many other studies (Wondyiftad Surawit, 2004; Wang et al., 2008;
Arab et al., 2014). The reason behind superioritiM8 media is because it has a high ion
concentration, especially nitrogen, potassium, and chlorine (Leifert et al., 1995). Out of
these, nitrogen is one of the most important elésméar plant growth as it directly affects
amino acid and nucleic acid production in the cétsarenga et al., 2015; Grzegorczyk-
Karolak et al., 2015; Rahman et al., 2015).

The first aim of present study was to establistiuces using leaf and nodal explants in
different media. Undein vitro conditions, plant tissues are in heterotrophic mafdeutrition
and thus require augmentation of carbohydratelsanredia. Amongst different carbohydrate
sources, sucrose has been proved superior andywisietl one (Thorpe et al., 1986, Pathak et
al., 2019). Similarly, plant growth regulators (P§Rre also important factors which affect
the regeneration (Trewavas, 1981). Cytokinins amdns are two main classes of PGRs as
their ratio affects regenerationiofvitro culture (Skoog and Miller, 1957).

2.1.1 Shoot Regeneration from Leaf Explant
In vitro organogenesis is quite useful for rapid mass plidétion and production of
superior genotypes. This technique has many adyestaver other conventional propagation

methods, and it is cost effective as it favoursléoge scale production of desirable medicinal
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plants (Seth et al., 2017). Plant regeneration tiirandirect organogenesis is exploited in
basic and applied research across many plant speaieand Huang, 2014).

One of the major factors for efficient shoot regatien is the type and the
concentration of cytokinins in the medium (Thorpele, 1980; Evans et al., 1983). They are
involved in regulation of proteins synthesis which prerequisite for formation and
functioning of mitotic spindles, hence required ¢etl division and shoot formation (Chawla,
2002; George et al., 2008). BA and Kn are one efrtftost commonly used cytokinins, and
some authors have suggested the use of individdarBKn for multiple shoot regeneration
from leaf explant. BA (6 uM) was used for optimuhost regeneration from leaf explant of
Bacopa monnier(Joshi et al., 2010), whereas &8B! proved optimum for regeneration in
Solanum xanthocarpurfBundar and Jawahar, 2011). Individual BA has alsen reported
for regeneration of other plant species likathemis xylopoddErdag and Emek, 2009),
Citrus limon (Kasprzyk-Pawelec et al., 201&nthurium andreanuriThokchom and Maitra,
2017), Inula royleana(Amin et al., 2017)Genipa americangdde Souza et al., 2019) and
Zingiber officinale(Mehaboob et al., 2019). In few studies, differemdia were used for
shoot induction and elongation e.g. optimum shoegeneration inBlepharispermum
subsessilavas observed in BA containing medium, however tiadifpration and elongation
was achieved in medium fortified with BA-GA(Nayak and Kalidass, 2016). Whereas
Amudha and Shanthi (2011) have reported fanella calvaeaf explant formed callus in
the medium fortified with BAP (3uM) and NAA (2 uM) which differentiated shoots after
subculturing on another medium containing BAPu{8). Similarly Lubaina and Murugan
(2012) studies orPlumbago zeylanican which callus differentiated from leaf explamt i
presence of BA and 2,4-D, and it later differemthtshoots after transfer to medium
containing BA alone. Whereas in leaf explants @frysanthemum morifoliundirect
organogenesis was reported in presence of BA wimndhced indirect organogenesis by
transferring into media containing BA and NAA (Kazenian et al., 2018). Another
cytokinin Kn is reported in few studies for shoegeneration like irSolanum nigrumKn
(1.50 mg drit) was beneficial for shoot organogenesis as cordpar8A (Bhat et al., 2010).
Similarly in leaf explant ofJusticia gendarussgAgastian et al., 2006) antbnidium
suffruticosum (Sonappanavar and Jayaraj, 2011) maximum shoote \imed when
inoculated on Kn containing medium.

Like individual cytokinins, synergistic effect ofABand Kn has also been documented

in many studies for efficient shoot regeneratioacé&ntly BAP (4.0 mg/l) with Kn (1.0 mg/l)
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has been proved to be optimum for regeneration feahexplant ofAloe vera(Singh et al.,
2020). Similarly, Rajan et al. (2020) observed tliedi organogenesis in/ernonia
anthelminticain presence of 4 mg/l BA and 6 mg/l Kn. This PGRnbination has been also
used for optimum regeneration f@tevia rebaudianaSreedhar et al., 2008)) ithania
somnifera(Joshi and Padhya, 201@Jadiolus grandiflorus(Shaheenuzzaman et al., 2011)
and Achyranthes asperéSen et al., 2014). Whereas\Withania coagulanshe combination
of BA+Kn was used for shoot formation which furthelongated in the medium having
BA+Kn+phloroglucinol (Jain et al., 2011). This PGi®mbination was not only used for
regeneration, but is also reported for shoot mudgpion and elongation dEnicostemma
hyssopifolium(Seetharam et al., 2002). Few studies suggestedsinef auxins along with
BA and Kn for maximum shoot regeneration e.g. coration of BA (2.0 mg/l), Kn (0.5
mg/l) and 1AA (1 mg/l) has been documented &ynura procumbengBanu et al., 2017).
Recently Gandhi et al. (2020) also reported thiatient regeneration iscoparia dulciscan
be achieved by fortifying media with BA (6.0tM), Kn (3.59 uM) and IAA (3.93 uM).
Whereas use of BA+Kn+NAA has been also well docuetmPunica granatun{Soni and
Kanwar, 2016)Moringa oleifera(Jun-Jie et al., 2017Brucea mollis(Das et al., 2018) and
Isodon amethystoidé®uan et al., 2019).

Cytokinins and auxins are mutually dependent witdgted together many physiological
effects of the cytokinins can be described by tiv@ieraction with the auxins (Song et al.,
2011). This is because they are known to regulaté ether’s biosynthesis and when used in
synergism they also help in organogenesis as wdiranching of shoots (Muller and Leyser,
2011). It is also documented that exogenous apgpitaof auxin causes asymmetric
distribution of auxin in the explant, which is nesary for de novo initiation of organ
primordia under culture conditions (Zhao et al.080 Raj et al. (2015) observed that
maximum shoots from leaf explants Gapsicum chinensean be achieved in presence of
BAP (5 mg/l) and IAA (0.1 mg/l). Similarly inEuphorbia pulcherrimaalso, optimum
regeneration was reported in presence of 1.0 mgivih 0.2 mg/l IAA (Danial and Ibrahim,
2016). In another Asclepiadaceae memHerindicus optimum regeneration was recorded
when MS medium was fortified with combination of B20 uM) and IAA (1 uM) (Pathak
and Joshi, 2017). The combination of BA with I1AAshaeen also reported for multiple shoot
formation inS rebaudiana(Sivaram and Mukundan, 2003pilanthes acmelléSingh and
Chaturvedi, 2012)Anisochilus carnosu@Reshi et al., 2017Rrunus armeniacéMitrofanova
et al., 2019) Andrographis echioidegSavitikadi et al., 2020) anf. monnieri(Tata, 2020).
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Recently Sharma et al. (2020) reported that foemegation inPopulus deltoidsthe media
was augmented with BAP (2.5 pM), I1AA (2.5 uM) and30, (15 mg/l) along with ascorbic
acid (5 mg/l) and (NB.SO, (250 mg/l). Whereas BAP+IAA+GA was reported for
organogenesis idiziphus jujubaHou et al., 2017) andanthoxylum armatur(Purohit et al.,
2020). Recently Vanegdsspinoza et al. (2020Jocumented that leaf explant dhgetes
erectaformed callus when placed on media containing BA (mg/l) + 2,4-D (2.0 mg/l),
which differentiated optimum shoots upon subcultumeBA (0.5 mg/l) + IAA (3.0 mg/l).

Another commonly used combination for shoot orgamegis is BA-NAA e.g. leaf
explant oflsatis constrictadifferentiated multiple shoots in MS medium suppéerted with 1
mg/l of both BA and NAA (Ozel, 2018)Similarly, higher shoot induction iechmea
ramosewas achieved when equal amounfif2) of both BA and NAA has been incorporated
in the media (Faria et al., 2018). Media fortifwth BA and NAA has been documented in
many species likeBegonia species (Mendi et al., 2009%echmea blanchetianand A.
distichantha (Santa-Rosa et al., 2013 erasus humilis(\Wang et al., 2016)Begonia
homonyma (Kumari et al., 2017),Centella asiatica (Senthil Kumar, 2017),0cimum
tenuiflorum (Aggarwal et al., 2020) an8tyrax benzoirfNurwahyuni et al., 2020) for shoot
regeneration as well as multiplication. Recently &t al. (2020) reported that BA with NAA
was beneficial for optimum regeneration from legplant of Populus pseudsimonii x P.
nigra var. italica. The combination of BA-NAA has been well documentied shoots
induction in some Asclepideaceae members Gkeopegia intermedigKaruppusamy et al.,
2009), Wattakaka volubiligVinothkumar et al., 2015) an@eropegia bulbosgdSubbaiyan
and Thangapandian, 2017). Whereas supplementatidd.é7 uM AgNO;3; was suggested
along with 17.76uM BA and 5.37uM NAA for optimum regeneration iBrassica rapaLiu
et al., 2018). Similarly for optimum indirect orgagenesis irLepianthes umbellatdne media
was added with BA, NAA and GA(Manasa et al., 2019). Recently the reporGCapsicum
annuumsuggested that maximum shoots in yellow varietys waserved in presence of
BA+NAA, whereas in red variety it was observed iRBNAA+IAA (Akther et al., 2020).

The combination of Kn with different auxins (IAA/N@ in MS media was also
documented for optimum shoot regeneration in margntp. The leaf explant of
Cardiospermum halicacabuformed callus in presence of 2,4-D|(B1) which differentiated
shoots when subcultured on medium having Knuk®) + IAA (0.5 uM) (Thomas and
Maseena, 2006). 2.0 mg/l Kn in combination with m@1 NAA formed 11.2 + 0.2 shoots via
indirect organogenesis imbutilon indicum (Rout et al., 2009). Similarly Kn-NAA

25| Page



Chapter 2. Review of Literature

combination was also reported fBeperomia obtusifoligNaggar and Osman, 2014) and
Ziziphora tenuior(Dakah et al., 2014). Whereas Bora et al. (20@pprted high rates of
multiplication in carnation cv. ‘Lipstick’ in the B medium supplemented with Kn (1.5 mg/l)
+ NAA (0.5 mg/l) + GA (0.5 mg/l). Leaf explant dPlectranthus bourneatrmed callus in
presence of BA (0.5 mg/l) and NAA (1.0 mg/l) whidarther induced shoots after
subculturing on Kn (1.0 mg/l), NAA (0.7 mg/l) andsein hydrolysate (50 mg/l) (Thaniarasu
et al., 2016). Whereas Thakur and Kanwar (2018gmesl that maximum shoot induction
was achieved in presence of 0.25 mg/l Kn, 0.25 mgA and 11.5 mg/l TDZ, which was
subcultured on media consisting of 2.0 mg/l Kn &25 mg/l NAA for multiplication of
shoots inDianthus caryophyllusSimilarly, two different media were reported fgotimum
regeneration irechinops keberichan which shoot induction was done in media coniay
BA-NAA whereas the multiplication was done in prese of Kn-NAA (Enyew and Feyissa,
2019).

The cytokinin AdSQ@have beneficiary role in organogenesis from legflaxt when
added in presence of another cytokinin and/or augith and Panigrahi (2019) reported
multiple shoots irAbutilon indicumin MS media containing 8.88V BA, 2.68 M NAA and
543 uM AdSO,. Similarly, stimulatory effect of this PGR has healso observed for
regeneration o¥aleriana jatamans{(Chen et al., 2014) andetabriggsia ovalifolia(Ouyang
et al., 2016). Whereas additive (Adg@ffects onin vitro shoot multiplication was reported
in Simmondsia chinensi®ala et al., 2019) and other medicinal plant sgge¢Nandagopal
and Kumari, 2006; Bantawa et al., 2009).

2.1.2 Somatic Embryogenesis from Leaf Explant

Somatic embryogenesis is another pathway to regengilants in a short period of
time. It has several advantages over the othernoggnic pathways as SEs are bipolar in
nature and thus rooting stage is avoided andatfalslitates the production of synthetic seeds
which aids in conservation of threatened medicptahts (Cheruvathur et al., 2018). vitro
development of somatic embryos (SESs) is influenmganany factors of which PGRs play a
central role (Van Staden et al., 2008). It has meggested that cytokinins are known to play
important role in this transition as well as inatiating divisions in pro-embryogenic cells
when used alone or in combination with auxins (Fetteal., 2003). There are only few
reports which suggest the use of individual PGResrabryogenesis from leaf explant e.g. MS

medium supplemented with BA (1.32V) effectively induced embryos i@urcuma longa
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(Raju et al., 2015)Similarly, individual BA was reported for SE germiioaé in Phoenix
dactylifera(Sane et al., 2012) ar8taevola sericeéiang et al., 2020).

Whereas reports are scanty for the use of indiVidnabut the synergistic effect of BA
with Kn has been documented by some authors. Dhastakl. (2009) reported that MS
medium fortified with combination of 11.4M BAP with 13.95uM Kn induced highest
frequency of embryos iBolanum trilobatumLater same combination proved to be beneficial
in Moringa oleifera(Devendra et al., 2012). Li et al. (2008) obsertred inPicea koraiensis
optimum SEs can be achieved by using combinatiéri3A0(1.10 uM) and Kn (1.16uM)
along with NAA (8.06uM), whereas SE formation ratropha curcasvas better when media
was fortified with combination of several PGRs |iB&, Kn, TDZ and IAA (Mweu et al.,
2016).

AdSQO, is also known to facilitate somatic embryos untgewitro conditions when
combined with other cytokinins and auxins (Van 8ta@t al., 2008). Combination of BA
with AdSQ, evoked optimum embryogenesis Rhaseolus vulgarigCabrera-Ponce et al.,
2015). Beneficial effect of AdSOfor formation of somatic embryogenesis is well
documented inRosa hybridaand Mussaenda erythrophyllgDas, 2010). In contrast, the
combination of BA (13.3uM), AdSOy (271.5 uM) and NAA (2.7 uM) was used in
Anacardium occidental¢Martin, 2003). Whereas Taha et al. (2007) degdidteat in P.
dactylifera maximum SEs were achieved when MS medium was soygpieed with
BAP+2iP+AdSQ. Similarly many previous studies dboffea arabicaand C. canephora
(Samson et al., 2006%arthamus tinctoriugWalia et al., 2007bBixa orellana(Parimalan et
al., 2011) Acacia senegalRathore et al., 2012%entiana decumberf3omiczak et al., 2015)
and Carica papaya(Al-Shara et al., 2020) suggested the use of AdBith cytokinins for
embryogenesis.

Majority studies on somatic embryogenesis sugdmedtthe combinations of cytokinins
and auxins are known to participate in the cellleyegulation, cell division and stimulates
the embryogenic competence of somatic tissues ¢Framd Sorrell, 2001; Gaj, 2004; Lincy
et al., 2009). IlDesmodium motoriuprcombination of BA (4.44 and 8.88M) with 1AA (2.9
uM) differentiated embryogenic calli which was fugthtransferred to germinating medium
containing BA (8.88uM) alone (Chitra Devi and Narmathabai, 2011). Mid¥tual. (2019)
reported that embryogenic callus @phiorrhiza pectinatadeveloped in presence of IAA (3
mg/l), which was further transferred to medium hgvcombination of BA (0.2 mg/l) and

IAA (0.1 mg/l) for maximum SEs formation. The coméiion of BA+IAA was also used in
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plants likeJatropha curcagSardana et al., 2000) aNtis vinifera(Das et al., 2002; Alavijeh
et al., 2016).

Recently Sedaghati et al. (2019) depicted that coation of higher BAP (1.5 mg/l)
with lower NAA (0.2 mg/l) induced highest embryasRortulaca oleraceaWhereas lower
BAP level (0.5 mg/l) and higher NAA level (2.0 mgihduced maximum SEs i8olanum
nigrum (Sharada et al., 2019). This combination is adgmrted for somatic embryogenesis in
important species likePhellodendron amurens@Azad et al., 2009) andNeolamarckia
cadamba(Li et al., 2019). Whereas embryogenic callud.whonium sinenseleveloped in
presence of BA-2,4-D when subcultured in medium kppnted with BA (4.44M) and
NAA (1.07 uM) proved optimum for germination of SEs (Dam ket 2017). Similarly, Seth
et al. (2017) also reported that medium contairdi@yD has been used for callus induction
from leaf explant oAbutilon indicum which further transferred to medium fortified WiBA
(13.32uM) + NAA (2.68 uM) + activated charcoal (200 mg/l) + ascorbic gditl.54uM) for
efficient embryogenesis. Some studies have reptitedse of BA with 2,4-D such as in leaf
explants ofScaevola aemul@Vang and Bhalla, 2004, 2006). Another cytokinin isralso
used for embryogenesis, but the reports are lessrapared to BA. IrlCichorium intybust
was reported that combination of Kn (1.5 mg/l) dAd\ (0.5 mg/l) along with casein
hydrolysate (500 mg/l) induced optimum indirect S#sch matured after subculturing into
media containing Kn (1.5 mg/l), IAA (0.1 mg/l), IB&.0 mg/l) and casein hydrolysate (500
mg/l) (Abdin and llah, 2007).

In Mucuna pruriensthe embryogenic callus has been developed irepeesof 2,4-D
(6.7 uM) and then transferred to SE germination mediuppmented with 2.8M Kn + 5.4
uM NAA + 13.6 uM AdSO, (Vibha et al.,, 2009). The embryo germination amahet
formation inValeriana officinaliswas achieved in MS medium supplemented with Kn (2
mg/l) and NAA (0.1 mg/l) (Abdi et al., 2019), thesembination is also reported Yfaleriana
edulis (Castillo-Espafna et al., 2000). Rathore et al. 220depicted that MS medium
supplemented with Kn (2.3gM) + 2,4-D (0.45uM) + L-glutamine (15 mM) evoked best
somatic embryogenesis 1 senegalWhereas Daniel et al. (2018) reported that entege
callus in Abelmoschus esculentimas been induced in presence of 1.5 mg/l 2,4-D¢iwh
facilitated SEs development and maturation by siitseng into medium augmented with 1.0
mg/l Kn, 1.5 mg/l 2,4-D, 300 mg/l L-glutamine and04 mg/l casein hydrolysate. The
combination of Kn-2,4-D is also documented for @fnt embryogenesis imAcacia

farnesianaandA. schaffneri(Ortiz et al., 2000)C. arabica(Gatica-Arias et al., 2008Y/igna
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aconitifolia (Choudhary et al., 2009) arRhspalum scrobiculaturfCeasar and Ignacimuthu,
2010).

2.1.3 Development of Somatic Embryos

Somatic embryo germination and its developmentiigal process because most of the
times the development of SEs into plantlet requitiferent growth regulators (Pasternak et
al., 2002). SEs o€Carthamus tinctoriusand Haworthia retusagerminated and matured in
presence of GA(Kumar et al., 2008; Kim et al., 2019). Similadgdition of 2 mg/l GAin
the medium increased the conversion rat&. iourcasembryos to plantlets (Cai et al., 2011).
Whereas Raju et al. (2014) reported that SE€wfcuma amadagerminated well upon
subculturing on half strength MS medium fortifiedttw1.44 uM GAgj after being placed in
dark condition. Previously GAhas been documented to be responsible for develapof
SEs in different plant species (Cangahuala-Inoetng., 2007; Siddiqui et al., 2011;
Baskaran and Van Staden, 2012; Raomai et al., 20l¢kesan et al., 2014; Raju et al., 2015;
Syombua et al., 2019). WhereasGnyptomeria japonicglgasaki et al., 2003) andanax
qguinquefolius(Zhou and Brown, 2006) this PGR was used for edting of shoots in SE
derived plantlets.

Some studies states the use of cytokinins and fGiAdevelopment of SEs as reported
in Wedelia calendulaceahere SEs germinated into plantlets after traimgjeto MS medium
containing BAP and GA(Sharmin et al., 2014). Beneficial effect of &&long with BA for
conversion of SEs into plantlets has been well dented inGossypium hirsuturfGanesan
and Jayabalan, 2004y, aconitifolia(Choudhary et al., 2009) arRbssiflora eduligHuh et
al., 2017). Similarly, GA with other cytokinins also promoted the embryo uration,
germination and it's conversion into plantlets iamg species lik®aucus carotgJimenez et
al., 2005),Rhinacanthus nasutu&heruvathur et al., 2013a) aidutilon indicum(Seth et
al., 2017). Whereas combination of gAnd phloroglucinol has been used for maximum
conversion of SEs into plantlets ibachenalia viridiflora (Kumar et al., 2016) and
Ledebouria ovatifoligBaskaran et al., 2016). On the contrary, Daniell.e(2018) observed
that SEs of Abelmoschus esculentusere developed better when placed in medium
supplemented with BAP (1.0 mg/l) + GAO0.5 mg/l) + L-Glutamine (300 mg/l) + casein
hydrolysate (400 mg/l). Recently Bertero et al.2@0depicted the positive effect of coconut

water on conversion of SEs into plantletdvimthostachys verticillata
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During somatic embryogenesis, many times direetelkas indirect secondary somatic
embryos (SSEs) are simultaneously formed. Thisdcbel due to the fact that embryogenic
cells can either undergo development of embryosoatinue to differentiate into secondary
embryos (Raemakers et al., 1995). SSEs were rebort@any important plant species such
as Anacardium occidentaléMartin, 2003),Piper nigrum (Ramakrishnan Nair and Dutta
Gupta, 2006)Carthamus tinctoriugKumar et al., 2008)Acrocomia aculeatéMoura et al.,
2009), Zingiber officinale (Lincy et al., 2009),Bixa orellana (Parimalan et al., 2011),
Desmodium motoriur(Chitra Devi and Narmathabai, 201Pyimulina tabacun{Yang et al.,
2012),Curcuma longa(Raju et al., 2015)Medicago sativgSangra et al., 2019%caevola
sericea(Liang et al., 2020) an@amellia assamicé&Bajpai and Chaturvedi, 2021) and other
species (Karami et al., 2009; Bao et al., 2012;r@raghur et al., 2013a).

2.1.4 Axillary Shoot Proliferation from Nodal Explant

In conventional vegetative propagation, the axllauds take over the function of the
main shoot when the terminal bud is removed. Thisnpmenon is the basis for vitro
regeneration using nodal explant as under suifaBliR conditions the quiescent axillary bud
elongate and develop into shoots (Faisal et ab7R00rganized meristems are less prone to
spontaneous genetic changes than disorganizedgi$Rani and Raina, 2000; Ngezahayo and
Liu, 2014). Thus, this method is considered as ohéhe reliable way to produce clonal
plants, which are genetically identical to the neotplant.

Generally cytokinins are reported to have profoafidct on regeneration through nodal
explant as they are known to release bud dormandypsmomote axillary bud outgrowth
(Shimizu-Sato et al., 2009; Yaish et al., 2010).ohq different PGRs, stimulatory effect of
BA on axillary shoot regeneration has been wellueented in many important plant species
(Fracaro and Echeverrigaray, 2001; Hiregoudar ¢t24l06). It was noted that nodes of
Exacum travancoricunformed 21.4 + 1.8 shoots in presence of BA (13u88, which
increased to 26.9 + 1.79 shoots after third suboailin the same medium (Elangomathagan
al., 2006). Similarly, large number of shoots (34.10.22) were induced from nodes of
important medicinal planAndrographis paniculatat 10uM BA (Purkayastha et al., 2008).
In addition, many Asclepiadaceae members lexopegia hirsutdNikam et al., 2008)C.
spiralis (Murthy et al., 2010) anCaralluma lasiantha(Aruna et al., 2012) alsevoked
optimum axillary shoots regeneration in presenceBAf Recently Mandal et al. (2021)

depicted that among different cytokinins, BAP & fhg/l evoked best response from nodal
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explant of Aegle marmelasSuperiority of BA over other PGRs has also bekseoved in
Wrightia tinctoria(Purohit and Kukda, 2004Bacopa monnier(Mohapatra and Rath, 2005),
Munronia pinnata(Gunathilake et al., 2008Phyllanthum amarugSen et al., 2009)\egle
armelos (Yadav and Singh, 2011)Y5ynura procumbengAlizah and Nurulaishah, 2015),
Coccinia abyssinica(Kahia et al., 2016)Lawsonia inermis(Moharana et al., 2018) and
Helianthus verticillatugNowakowska et al., 2020).

Another commonly used cytokinin Kn is reported ewfstudies for axillary shoot
proliferation. The nodes &. junceaformed 8.5 + 0.3 shoots in medium supplemented with
7.5 uM Kn (Nikam and Savant, 2009) and similarly Padmapet al. (2011) documented
large number of shoots i.e. 49 + 1.32 when node&otdnum nigrunwere cultured in 1oM
Kn. Whereas Kn evoked shoots Tinospora cordifoliabut for multiplication the explants
were subcultured on BA (Sivakumar et al., 2014). Kas been reported for optimum
regeneration from nodal explants Ginkgo biloba(Mantovani et al., 2013and Cucumis
sativus(Abu-Romman et al., 2015). But Rotala rotundifoliathe combination of Kn (0.25
mg/l) with GAg (0.25 mg/l) proved to be better for axillary shoegeneration (Dogan, 2017).

Synergistic effect of cytokinins on axillary shqobliferation has been well reported as
they facilitate multiple shoot regeneration frondabexplant. Ahmed et al. (2005) stated that
nodal explants oPhyla nodifloraevoked better response when placed in PGR combmati
BA (2.5 mg/l) and Kn (0.5 mg/l). In AsclepiadaceaemberHemidesmus indicus3-10
shoots with 80% response was reported in BAP (g0)with Kn (2.0 mg/l) (Rama Devi et
al., 2014). Later on individually BA and Kn evokksds shoots, but their combination at BA
(10 uM) and Kn (5uM) regenerated optimum 11.00 + 0.24 shoots in @@es plant as
reported by Pathak et al. (2017). Similar resulesdocumneted in nodal explant where BA
and Kn positively affected shoot formation e.gEmcostemma hyssopifoliu(@eetharam et
al., 2002),Piper longum(Soniya and Das, 2002kclipta alba (Baskaran and Jayabalan,
2005), Artemisia vulgaris(Sujatha and Kumari, 2007 rataeva nurvala(Walia et al.,
2007a),Swertia chirata(Balaraju et al., 2009Andrographis paniculat@Dandin and Murthy,
2012),Catharanthus roseu&Sain and Sharma, 201Zhlorophytum borivilianunjAshraf et
al., 2014) andPiper betle(Elahi et al., 2017).

Nevertheless there are some reports which suggasBA-Kn helped in multiplication
and elongation of shoots as well. Like Emicostemma hyssopifoliumhere nodal explant
induced shoots in presence of BA-IAA which wasHerttransferred to combination of BA-

Kn for elongation and multiplicationn vitro shoots ofPassiflora edulisvhich developed in
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presence of BAP (2.0 mg/l) were subcultured fortiplitation of shoots on medium fortified
with 1.0 mg/l of both BAP and Kn (Shekhawat et @015b). In the same wayorinda
citrifolia shoots were grown in presence of BAP and multipbe BAP and Kn augmented
medium (Shekhawat et al., 2015a). Whereas multghleot formation was reported in
Hedyotis biflorawhen MS medium fortified with PGRs like BAP (1.0 i)gKn (0.5 mg/l),
AdSO, (25 mg/l) and IAA (0.1 mg/l) along with additivdike ascorbic acid (50 mg/l),
arginine (25 mg/l) and citric acid (25 mg/l) (Reviagt al., 2019).

Another cytokinin AdSQ@ is also reported to stimulate axillary bud regatien in
many plant species when combined with cytokinircembinations of cytokinin and auxin.
Nodal explant oBacopa monnierformed total 18.00 + 0.35 shoots when they welenad
to grow on MS media containing BAP (1.5 mg/l) + AS(60 mg/l) + I1AA (0.2 mg/l)
(Ramesh et al., 2006). Similar PGR combination ifer@nt concentrations i.e. BA (1.5
mg/dnt), AdSQ, (50 mg/dni) and IAA (0.1 mg/dm) have been reported for maximum shoot
proliferation inNyctanthes arbor-tristigRout et al., 2008). Another auxin NAA is also used
along with BA+AdSQ for efficient regeneration isida cordifolia (Sivanesan and Jeong,
2007) andDecalepis salicifoligdAhmad et al., 2018). WhereasN@aringi crenulatathe nodes
regenerated maximum shoots when cultured in BAR (Rg/l), AdSQ (25.0 mg/l) and
glutamine (150 mg/l) supplemented medium (Singalet2011d). Similarly BAP (0.5 mg/l),
AdSO, (50.0 mg/l) and glutamine (150 mg/l) has been regbfor efficient regeneration of
Cocculus hirsutugMeena et al., 2012). Moreover, the combinatiorB&f and AdSQ was
documented for multiplication iBendrocalamus strictu@andey and Singh, 2012) and shoot
elongation inBambusa arundinace@/enkatachalam et al., 2015). Recently, Choudleai.
(2020) documented that nodeskdrsetia macranthaegenerated shoots in presence of BA
(0.5 mg/l) + ADSQ (25 mg/l) along with additives like ascorbic a¢dd mg/l), citric acid (25
mg/l) and L-arginine (25 mg/l). Further regeneratdtot clumps were subcultured on
medium augmented with BA (0.5 mg/l) + Kn (0.25 mddr multiplication. Whereas reports
on association of Kn with AdSCfor nodal regeneration was scanty. In antidiabptant
Stevia rebaudiangpresence of Kn (9.@M) and AdSQ 40 mg/l influenced maximum shoot
generation (Khan et al., 2014). Similarly promotietect of AdSQ for enhancement of
axillary shoot regeneration was also documentetiotarrhena antidysenteric§Raha and
Roy, 2001) Melia azedarachHusain and Anis, 2004;urcuma angustifoligShukla et al.,
2007) Petrocarpus marsupiurgfHusain et al., 2008};icus religiosa(Siwach and Gill, 2011)
andDecalepis arayalpathréAhmad et al., 2018).
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2.1.5 Regeneration through Nodal Derived Callus
The PGRs are known to induce axillary buds intcoshdut occasionally it form callus
at the base of nodes. When this callus is morphogennature, it has the potency to

differentiate shoots or somatic embryos as repont@aany previous experimental studies.

2.1.5.1 Indirect Organogenesis

In medicinal plantAegle marmelqgsislam et al. (2007) observed that the nodes fdrme
callus when placed in BA (0.3 mg/l) and 2,4-D (2@/l) and it differentiated shoots upon
transfer to a medium containing BA (2.0 mg/l) andAN(0.1 mg/l). Similarly nodal explant
of L. reticulata also induced morphogenic callus in presence of(hmg/l) + NAA (1.5
mg/l) and it was transferred to medium containing (R mg/l) + IBA (1 and 1.5 mg/l) for
shoot formation (Parabia et al., 2007). WhereasvigB 2,4-D induced callus from nodes of
Cassia alatawhich required hormone combination of 0.5 mg/l &md 1.5 mg/l 2,4-D for
caulogenesis (Hasan et al., 2008). Similarly rdle2@-D in inducing callus from nodal
explant and cytokinin on shoot regeneration wag edported irRauvolfia serpentindn this
plant optimum callus was documented in presendenef2,4-D which further differentiated
shoots in BAP containing medium (Gupta et al., 201@n the contraryGypsophila
paniculata nodes induced callus in presence of BA (44M) which then differentiated
shoots after subculturing on reduced level of BA.8luM) (Kanchanapoom et al., 2011).
Later on Saha et al. (2013) recorded that TDZ (Vg formed callus at base &lbizia
lucida nodes which differentiated shoots with 61.67% detey after transferring to media
fortified with BA (8.88uM) + NAA (0.54 uM) + AgNO; (5.89uM). Similarly nodal derived
callus ofLycium barbarumefficiently regenerated 23.33 + 1.86 shoots ditansferring to
BA (0.5 mg/l) (Karakas, 2020). Recent studyNtorus albastated that 2,4-D (M) and
NAA (2 uM) formed callus and further differentiated muld@hoots in presence of BAP (7.5
uM) + TDZ (2.0uM) (Rohela et al., 2020).

In the same way nodal derived callus was utilizadridirect organogenesis in plants
like Aristolochia indica(Siddique et al., 2002; Pattar and Jayaraj, 20KkR)elia pinnata
(Thomas and Puthur, 2004ragaria sp. (Biswas et al., 2010¥anilla planifolia (Tan et al.,
2011),Ananas comosugbrahim et al., 2013))Vithania somnifergUdayakumar et al., 2014),
Solanum tuberosuiiumlay and Ercisli, 2015) amdlhagi maurorum(Malik et al., 2020).
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2.1.5.2 Somatic Embryogenesis

Similarly, few studies have reported that nodesewadsle to form embryogenic callus
which differentiated somatic embryos under suitad®@&R combinations e.g. callus formed
from nodes ofDioscorea alatain presence of picloram (1.0 mg/l) which differated
embryos after transferring to medium having BAP (g/l) and 2,4-D (1.0 mg/l) (Belarmino
and Gonzales, 2008). Whereas Cheruvathur et al.3®0documented the role of IBA in
embryogenesis from nodal derived callusHafmidesmus indicud.ikewise in plants like..
reticulata (Martin, 2004) Dioscorearotundata(Manoharan et al., 2016) aiMirabilis jalapa
(Rohela et al., 2016), nodal explant differentiabatlus which was then utilized for plant

regeneration through somatic embryogenesis.

2.1.6 Rooting ofin vitro Shoots

Rooting ofin vitro shoots is a critical step in success of any regdioa protocol
because the final aim is to transfer the planttetdield. Rooting in microshoots can be
achieved via fortifying the media with commonly dseuxins such as IBA and NAA which is
reported to have profound effect on induction aftso(George and Sherrington, 1984). As the
auxin increases cell division which differentiatdvantitious roots (Abdul, 1987; Saleh,
1991). There are many reports which states theotidl strength MS media fortified with
IBA for rooting in shoots oEchinacea purpuredgKoroch et al., 2002)Munronia pinnata
(Gunathilake et al., 2008Brunfelsia calycingLiberman et al., 2010%o0lanum nigrun{Bhat
et al., 2010) Ajuga bracteosgKaul et al., 2013)Gynura procumbengBanu et al., 2017),
Genipa americandde Souza et al., 2019) aZingiber officinale(Mehaboob et al., 2019).
Recently Savitikadi et al. (2020) documented tloahloination of IAA and IBA is beneficial
for rooting inAndrographis echioideshoots.

Another factor which affects the rooting response strength of MS medium
(Murashige, 1979) and for majority of the spectellais been observed that half and quarter
strengths are more beneficial (Skirvin and Chu,91%7arland and Stoltz, 1981; Zimmerman
and Broome, 1981)Sivaram and Mukundan (2003) suggested thatitro shoots ofStevia
rebaudianainduced 12-13 roots when placed in half strengthriviglium fortified with IBA.
Similarly, optimum rooting in ¥2MS medium supplemahtwith IBA has been reported for
Bacopa monnieri(Joshi et al., 2010)Cannabis sativalLata et al., 2010)Catharanthus
roseus(Verma and Mathur, 2011Anisochilus carnosu@Reshi et al., 2017¥iziphus jujuba
(Hou et al., 2017)Brucea mollis(Das et al., 2018)Abutilon indicum(Seth and Panigrahi,
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2019) andPortulaca quadrifida(Pathak et al., 2019). Further reduction in stiengf MS
medium to quarter has been well documentesl. imonnieri(Mehta et al., 2012a},erminalia
bellerica (Mehta et al., 2012b);. roseugSain and Sharma, 2013) aki@midesmus indicus
(Shekhawat and Manokari, 2016; Pathak and Joshi/)2@imilarly, IBA has been used for
rooting in Cichorium intybugVelayutham et al., 2006}. indicus(Sreekumar et al., 2002;
Nagahatenna and Peiris, 2007; Sundarmani and H&di®), Camellia sinensigBidarigh
and Azarpuor, 2013)Rubia cordifolia (Khadke et al., 2013) andllamanda cathartica
(Khanam and Anis, 2018).

Likewise, there were some plants in which optimwoting was observed in presence
of NAA e.g. in shoots oPulsatilla koreanareported to formed 14.37 roots in ¥2MS medium
fortified with NAA (3 mg/l) (Lin et al., 2011). Wheas Thokchom and Maitra (2017)
documented that 2MS with NAA (1.0 mg/l) induced ioptm roots in Anthurium
andreanum Similarly, NAA has been reported for rooting Decalepis hamiltoni{Anitha
and Pullaiah, 2002)itex trifolia (Hiregoudar et al., 2006%tevia rebaudianéThiyagarajan
and Venkatachalam, 2012Moringa oleifera (Jun-Jie et al., 2017)Styrax benzoin
(Nurwahyuni et al., 2020) amlegle marmelogMandal et al., 2021). Whereas combination of
both auxins is reported for optimum rootingBegonia homonym@umari et al., 2017) and
Isodon amethystoid¢Buan et al., 2019).

2.1.71n vitro Studies on Selected Plants
2.1.7.1 Leptadenia reticulata
Previously many studies were carried out for regain using leaf and node explant

of L. reticulataand they are discussed below.

» Leaf Explant

Although leaf is one of the most important explémt induction of large number of
shoota, irL. reticulatathe reports are scanty. Hariharan et al. (2002uchented that indirect
SEs were developed on MS medium supplemented WAt{{2BD mg/l) and NAA (0.5 mg/l)
which were then germinated on medium having Kn (in@/l). Similarly somatic
embryogenesis was induced in presence of BA (@MY and IBA (2.46uM) and were
converted to plantlets on ¥2MS medium supplementiéd BA (0.22 or 0.44uM) and GA;
(1.44 uM) (Martin, 2004). Later on Patel et al. (2014) eeped an efficient shoot

regeneration protocol in callus proliferation wasiaved on BAP (0.5 mg/l) and 2,4-D (0.5
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mg/l) and after subculturing to shoot differentatimedium containing BAP (0.5 mg/l) and
NAA (0.1 mg/l) formed 30.70 = 1.70 shoots.

* Nodal Explant

Another commonly used explant for shoot regeneratidn reticulatais node, which
was reported by several authors. Arya et al. (2@@3erved formation of 4.93 + 0.77 shoots
in presence of BA (18M) and IAA (0.6uM). Whereas in another study shoot induction was
recorded in BAP (5.0 mg/l) which were transferreccombination of BAP (1.5 mg/l) + Kn
(0.5 mgl/l) for multiplication (Shekhawat et al.,0B). Later on Parabia et al. (2007) optimized
medium having Kn (10 mg/l) and IBA (1 mg/l) for niple shoots induction (6.8 = 0.12).
They have also observed formation of nodular catlugresence of Kn (10 mg/l) and NAA
(1.5 mg/l) and it differentiated shoots after subdnlg on Kn (2 mg/l) + IBA (1 and 1.5 mg/l)
fortified medium. Similarly combination of Kn (10gft) and IBA (1 mg/l) was also reported
for optimum axillary shoot proliferation (Bharat &ft, 2011). Sudipta et al. (2011) reported
medium with combinations of BA (0.25 mg/l) and KhZ5 mg/l) which formed 5.70 £ 0.23
shoots. Further, this number increased to 6.20L& By addition of 10% CW (Sudipta et al.,
2013). An efficient regeneration protocol was tlumveloped in which initially 6.5 + 0.70
shoots emerged from nodeslofreticuatain presence of BAP (5.0 mg/l) along with additives
(50 mg/l ascorbic acid, 25 mg/l each of AdSO-arginine and citric acid). Further the shoot
clumps were transferred to multiplication mediungmented with BAP (1.0 mg/l) + Kn (0.5
mg/l) + 2-iP (0.5 mg/l) + NAA (0.1 mg/l) + additigewvhich formed 23.9 £ 2.60 shoots. They
have also reported formation of nodular callus aelba node which differentiated 8.4 + 0.69
shoots when subcultured on MS medium + BAP (1.d)mgNAA (0.1 mg/l) (Rathore et al.,
2013). Dhawan and Damor (2013) also reported stem@neration through nodal explants in
presence of NAA (1.0 mg/l) with BAP (4.0 mg/l). Gme contrary, Martin (2004) reported
that nodal explants failed to induce shoots throaghary bud, and instead the nodes induced
embryogenic callus in presence of BA (848¥) and IBA (0.45uM) which differentiated
17.3 SEs upon subculturing on BA (8,8V1) with IBA (2.46 uM).

* Invitro Rooting

In vitro rooting of L. reticulata shoots, have been tried in different MS media in
previous studies e.g. Arya et al. (2003) reporteat tooting can be achieved in PGR free
¥%MS medium containing 100 mg/1 activated chardoatler Bharat et al., 2011 reported that
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full MS medium containing IBA (0.25 mg/l) was optim for rooting of shootand similarly
the same has been documented in many other st(Péeabia et al., 2007; Dhawan and
Damor, 2013). Sudipta et al. (2011) rooiadvitro regenerated shoots in full strength MS
media containing IBA (2 mg/l) and 200 mg/l activchieharcoal. A combination of IBA (1.5
mg/l) and activated charcoal (100 mg/l) in quadength of medium ih. reticulata was
given by Patel et al. (2014). Similarly ¥aMS withAE3.0 mg/l) has been used for rooting of
shoots by Rathore et al. (2013).

2.1.7.2 Tylophora indica
T. indicais one of the important medicinal plant of Indidigh has many medicinal
properties, but due to less availability in wildany reports attempted vitro regeneration of

this species.

* Leaf Explant

Previous studies carried out on leaf explant regbtioth organogenesis as well as
embryogenesis. Indirect organogenesis throughebgalints has been achievedrinindicain
which callus was induced on 2,4,5-T (18l) and it differentiated 64.8 £ 0.74 shoots aftér 1
weeks of culture period on shoot induction medmn@Kn (5uM) (Faisal and Anis, 2003).
Later on Thomas et al. (2005) also reported twéediht media for indirect organogenesis,
callus inducing media contained BA+2,4-D and trandio TDZ (8 uM) supplemented
medium induced a total of 66.7 shoots with 100%wese. Similarly callus was formed on
medium augmented with TDZ (24aM) and it was subcultured on medium fortified with
another cytokinin i.e. BA (M) for differetiation of 26.80 + 0.97 shoots at teed of 12
weeks (Sahai et al., 2010a). Role of cytokinin aias reported by Rathinavel and Sellathurai
(2010) in the same plant where 4.6 £1.1 shoots weheced in presence of Kn (IM). On
the contrary combination of cytokinin and auxin waported to be suitable for shoot
formation in report of Verma et al. (2010), in whiMS medium supplemented with BAP
(2.0 mg/l) and IBA (0.5 mg/l) differentiated orgagemic callus with shoot buds which further
elongated on TDZ (0.1 mg/l) and formed shoots. 8adget al. (2013) developed callus in
BA+2,4-D combination and it was transferred to BRFO(mg/l) + L- glutamic acid (2.0 mg/l)
for multiple shoot (18.0 £ 0.4) formation. Haqueda@hosh (2013) studied the effect on age
of leaf explant for regeneration potency and obseéthat 18.6 + 0.36 shoots induced directly

on BAP (2.0 mg/l) from ‘mature leaves’ explants. Wdas 25.2 £ 0.57 shoots were produced
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from ‘young leaf’ explant via indirect organogersesn BAP (2.0 mg/l) and IAA (0.2 mg/l).
In line with this report, combination of BA (1 mp/with IAA (0.5 mg/l) has been
documented for indirect shoot regeneration in anathealy also (Soni et al., 2015). Moreover
two different media were also developed by Shartma.g2014) in which BAP (2.0 mg/l)
with IBA (0.5 mg/l) formed callus whereas multipihoots (12.00 = 1.50) emerged and
elongated on MS medium fortified with TDZ (0.1 mg/l

Indirect somatic embryogenesis formed 27.0 SE3{80esponse) after 150 days from
leaf derived callus iff. indicain presence of BA (2 mg/l) (Manjula et al., 2000jhereas in
another report, combination of Kn (0.¢®1) with 2,4-D (9.04uM) induced embryogenic
calli and it differentiated 25.0 SEs after 10 week®n subculture on 2-ip (9.84M) with
IBA (0.05 uM), further conversion of mature embryos to plastieas done on basal medium
(Jayanthi and Mandal, 2001). Another procedurdrfduction of somatic embryoids through
mature leaves of. indicawas developed by Chandrasekhar et al. (2006). heg reported
that combination of 0.aM TDZ with 1.5uM 2,4-D which facilitated highest SEs induction
and were successfully converted into plantletsr @fensferring onto semisolid MS medium
without PGRs. Sahai et al. (2010a) documented mhmatimum callus differentiated was
observed in presence of either BA(@®) or TDZ (2.5uM) which induced 10.20 + 0.37 SEs
(90% response) after 12 weeks in presence of BAINY. They also reported that for

maturation and germination into complete plantheéxlium devoid of any PGRs.

* Nodal Explant

As compared to leaf explant, only few studies reggbthe developmental protocol for
shoot formation from nodal explant. However Faeadl Anis (2005) developed an efficient
high-frequency shoot regeneration protocol from enaigrived callus. They have reported
callus formation in presence of 1M 2,4,5-T followed by induction of 45 shoots after
transferring of callus onto the Kn (81) containing medium. Later on 8.6 £ 0.71 shootseve
reported in 93% cultures via axillary shoot praigon in MS media fortified with BA (2.5
uM) + NAA (0.5 uM) + ascorbic acid (100 mg/l) (Faisal et al., 2Q0milarly combination
of cytokinin and auxins were reported for optimuinoat production in other reports e.g. Kn
(2 mg/l) and IAA (0.5 mg/l) regenerated 3.59 shd&sni et al., 2015) and TDZ (1.5 mg/l) +
IBA (0.1 mg/l) induced 5.84 + 0.72 shoots (Najaakt 2018).
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* Rooting

Faisal and Anis (2003) documented that ¥2MS mediupplemented with 0.5M IBA
was beneficial to induce maximum 4.30+ 0.47 ro8isilarly ¥2MS medium supplemented
with 3 uM IBA was used for optimum rooting of shoots by Tieas et al. (2005). Later on 0.5
uM of IBA dosage ¥2MS medium was observed to formnopin 5.8 + 0.37 roots and 13.20 +
0.80 cm length (Sahai et al., 2010). Many othehaeunst also suggested the use of ¥2MS
medium with IBA for rooting ofT. indica shoots (Verma et al., 2010; Haque and Ghosh,
2013; Sadguna et al., 2013; Sharma et al., 2014gredas full MS with IBA (1 mg/l) (Soni et
al., 2015) and IBA (0.5 mg/l) (Najar et al., 2018)s been reported for optimum rooting from
shoots.

2.2 Phytochemical Analysis

In vitro regenerated cultures must be analyzed qualitgtevedl quantitatively to assess
their biosynthetic potential. This can be done byious methods such as qualitative analysis
using HPTLC fingerprinting, quantification of seled metabolites and also the metabolites
content can be enhanced via elicitor applicatiomniprevious reports documented these

aspects and some of them are summarized below.

2.2.1 Chemical Profiling ofln vitro Cultures

Chemical fingerprint is a method based on the clatogram pattern of compounds that
provide special characteristics. This can be deweglopsing different chromatographic
techniques which are valid methods for identificatof chemical constituents (Valentao et
al., 1999; Xie, 2001; Fiehn, 2002; Wolfender ef 2015). Among different chromatographic
methods, HPTLC is the simplest and versatile tepiniwhich has potential to detect even
microgram quantities of metabolites within a shionte period. These advantages bring about
the possibility of screening the secondary metémipresent in the plamixtracts (ltankar et
al., 2015). It also offers better resolution of aimilites with accuracy (Sethi, 1996; Pawar and
Guru, 2011), has low running cost and simultangoaBkle to detect many compounds makes
it beneficial for medicinal plant studies (Wagneadaladt, 2001; Birk et al., 2005). HPTLC
fingerprint is also accepted by the World Healtlg@nization (WHO), the Food and Drug
Administration (FDA), the European Medicines Agel&MEA), the German Commission
E, the British Herbal Medicine Association, and thdian Drug Manufacturers’ Association

(Ciesla et al., 2008). In this technique, visible pattef bands provides data of compounds

39 | Page



Chapter 2. Review of Literature

present in the sample and further densitometry segrgives information of each band which
is represented as peaks and generates charactehistimatograms with defined parameters
including Rf, peak height and area (Moffat, 200klv@skanthan et al., 2020). These
fingerprints can be compared on the basis of nujdegjuence, position and colour of the
bands and it is used for identification of plan¢pexially in absence of standard compound
(Mammen et al., 2011b; Kamboj and Saluja, 2017¢ &ativantage of HPTLC fingerprint is
that it helps in identification of marker compounitlsthe extract and also used for the
isolation, purification and characterization of thseful phytoconstituents (Narayanan and
Marimuthu alias Antonysamy, 2016).

The prerequisite for HPTLC fingerprint is to tala@wents of different polarities so that
they can extract all groups of metabolites (Harbp®84). Generally hexane extract contains
terpenoids, aglycones, saponins, waxes and fatg| atetate extract contains flavonoids,
alkaloids, tannins, phenols, glycosides and chloylighand methanol extract contains
polyphenols, phenones, saponins, tannins, flavenoahthocyanins and xanthoxyllines
(Houghton and Raman, 1998). Study on wild amditro plants ofMunronia pinnatawas
done using extracts prepared from three differeivesits (hexane, dichloromethane and ethyl
acetate) and observed similar chemical constitueettseen them (Gunathilake et al., 2008).
Recently, Selvaskanthan et al. (2020) also usedreethyl acetate and methanol extract for
development of fingerprint of callus and vivo samples oiGyrinops walla As different
solvents extract different groups of metabolitesiat®n in number of bands can be observed
and the same has been well documentetalbernaemontana catharinengiBoligon et al.,
2013) andAmsonia orientaligAcemi et al., 2020; Selvaskanthan et al., 2020).

This technique has also been used to assess gathietic potential oh vitro samples
of other Asclepiadaceae members liK®ropegia juncea(Nikam and Savant, 2009),
Hemidesmus indicu¢Pathak et al.,, 2017) and. indica (Patel et al., 2020). Similarly,
Busilacchi et al. (2008) assessed vitro shoots ofPassiflora caeruleausing HPTLC
fingerprint and reported it to be chemically simita wild shoots. Later on comparative
fingerprints were also depicted for wild ammdvitro cultures ofP. caeruleaandP. incarnata
(Ozarowski et al., 2013). Similarly, identical chiead profiling between wild andnh vitro
derived plants have been reportedacopa monnier(Patni et al., 2010)Sarcandra glabra
(Zhu et al., 2011),Withania somnifera(Shetty and Chandra, 2012 hlorophytum
borivilianum (Basu and Jha, 2013) a@irculigo orchioidegAlagar et al., 2014). Sometimes

the PGRs affect the synthesis of certain compoumd$erin vitro conditions, it can be
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detected by HPTLC and fingerprints can be comparhl in vivo samples, as reported by
Srivastava and Shrivastava (2008)Binmonnieri Similarly, Kharade et al. (2014) have also
reported difference in peak areas due to PGRstaffe€Curcuma longaGantait and Kundu
(2017) reported that different storage temperatdreynthetic seeds affected HPTLC profile
of Rauvolfia serpentinaWhereas Rojsanga et al. (2017) used extracts wivo plant and
compared it within vitro grown callus, shoots and roots ©foxylum indicumand reported
slight variation in their profile. Recently nodaérivedin vitro cultures ofEclipta albaalso
showed slight change in fingerprint profile of hegaethyl acetate and methanol extract due
to influence of PGRs in the medium (Pathak et28l21). Similar results are also observed in
Primula veris (Morozowska and Wesotowskam, 2004rnicae folium and A. caulis
(Stefanache et al., 20140 elastrus paniculatugAnusha et al., 2016) an@rataeva tapia
(Sharma et al., 2016).

The successful regeneration protocol also dependsaacdening and acclimatization of
in vitro plants and in many studies the hardened plants alsp evaluated for their ability to
synthesize metabolites similar to source plantsSD& and Senarath (2009) documented that
hardened plants and seed raised plant®Wofsomniferashowed similar HPTLC profile.
Likewise, analysis ifCurcuma angustifoli@evealed that chromatogram of the conventionally
propagated plant had similar fingerprint patternh@t of micropropagateplants (Jena et al.,
2018). Tissue culture derived and field grown mamave similar HPTLC profile in
Asparagus adscendeflehta and Subramanian 2008elastrus paniculatugMartin et al.
2006), Curcuma longa(Nayak et al.,, 2011; Singh et al., 2011Kaempferia galanga
(Mohanty et al., 2011a, bRiper nigrum(Ahmad et al. 2013)Nothapodytes nimmoniana
(Prakash et al. 201&nd Centella asiatica(Buranasudja et al., 2021\Vhereas report in
Erigeron breviscapustated that the profile changed when the cultaresunderin vitro
conditions, but after hardening plant showed sinplafile in comparison with mother plants
(Liu et al.,, 2008). In many studies, fingerprint atso used for analysis of biosynthetic
potential ofin vitro grown rhizomes ofAsparagus adscenderfMehta and Subramanian,
2005) andC. angustifolia(Jena et al., 2018) as well as roots\Wf coagulansand W.
somnifera(Preethi et al., 2014).
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2.2.2 Selection of Secondary Metabolites
Quantitative analysis was carried out fecoumaric acid irl. reticulataand lupeol in
T. indica Though the reports are scanty for these plartsgroplants studies for these

metabolites are summarized below.

2.2.2.1 Medicinal Properties of p-Coumaric Acid

Phenolic compounds are common constituents of vas@lants and it divided into
three classes: soluble, ester-bound and ligninrdércompounds (Wilson et al., 1986; Opsahl
and Benner, 1993). These are nutritional elemdrasraturally occur in small quantities in
foods. These componds are beneficial to humanthéait are not essential for the human
body. Phenolic compounds are an important classeobndary metabolites widely found in
higher plants especially in cereal grains and imebsges, such as teas, wines, and coffee
(Teodoro et al., 2015). Phenolic acids are dividéal two groups as hydroxybenzoic acid and
hydroxycinnamic acid derivatives (Karamac et aQ%2, Mattila et al., 2005). Whole-grain
cereals are primary sources of hydroxycinnamic asigth as ferulic, vanillic, sinapic and p-
coumaric acid (Sosulski et al., 1982; Fardet et28I08).

p-Coumaric acid, a phenolic acid of the hydroxycmimaacid family, is biologically
synthesized through the shikimate pathway with gla@anine and tyrosine as precursors
(Fig. 5). It plays a central role in secondary rhetem because it can be consequently
transformed to phenolic acids (e.g. caffeic acatulic acid, chlorogenic acid and sinapic
acid), flavonoids, lignin precursors and other roetes (El-Seedi et al., 2012). It has been
well known thatp-coumaric acid plays a key role as an antioxidawt @ anti-inflammatory
(Rice-Evans et al., 1997; Svobodova et al., 2008& oral administration gf-coumaric acid
is known to be also helpful for stomach cancer égucing the formation of carcinogenic
nitrosamines (Biswick et al., 2010). Wide rangeirofestigations have shown that it also
exhibit various bioactivities, including antimutage antiulcer, antiplatelet and anti-cancer
activities, in addition to mitigating atherosclesyxidative cardiac damage, neuronal injury,
anxiety, gout and diabetes (Pragasam et al., 2@i@pumaric acid can be found in many
fruits (apples, pears, grapes, oranges, tomatadkdbamies), vegetables (beans, potatoes and
onions) and cereals (maize, oats and wheat) ifotine of free acid or ester (Clifford, 2000;
Garrait et al., 2006; Mateos et al., 2006; Luceémle 2007; Lou et al., 2012; Reveron et al.,
2012). In plants, it is found as a component afiig and tannins (Barros et al., 2009; Naga
Vamsi Krishina et al., 2014).
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Figure 5. p-coumaric biosynthesis via phenylpropanoid pathway.
PAL: Phenylalanine ammonia lyasBTAL Phenyalanine/tyrosine
ammonia lyaseCYP73A trans-cinnamate 4-monooxygenase

2.2.2.2 Quantification of p-Coumaric Acid

Due to its medicinal propertiep;coumaric acid has been selected for quantification
different in vitro cultures. Aerial and underground parts of wild,vitro and acclimatized
plants ofPelargonium sidoidesvere assessed fprcoumaric acid and it was observed that
the content was less in vitro culture as compared to wild and acclimatized glghoyo et
al., 2013). Similarly, Karakas and Turker (2013catompared the content between wild and
in vitro grown leaves oBellis perennisand their findings stated that threvitro leaves had
slightly less content than wild plant. In anotherdy it was observed that the content of this
metabolite is significantly higher in cell suspamsicultures than in non-organogenic callus
cultures ofLarrea divaricata(Palacioa et al., 2012n vitro culture ofMerwilla plumbeahad
more content of phenolics includimgcoumaric acid, especially in the aerial part, @&nslas
reported because of the presence of cytokininhiegnnhedium (Aremu et al., 2013). Some
studies have documented the effect of combinatioBA+rNAA at different concentrations
on accumulation of metabolite e.g. in shoot cukwERuta graveolenssp.divaricata (Ekiert
et al., 2014) andHypericum perforatunfKwiecie et al., 2015). Ahmad et al. (2019) repdrt
positive effect of TDZ on synthesis pfcoumaric acid in leaf derived callus fgomoea

43 |Page



Chapter 2. Review of Literature

turbinate In corroboration with this study, TDZ along wihAA in presence of blue light
facilitated maximum accumulation of compound imstéerived callus ofepidium sativum
(Ullah et al., 2019). Whereas MS medium supplententgh 1.0 mg/l BAP and 2.0 mg/l
NAA was used for callus induction iRosmarinus officinalist affected accumulation of
different phenolics including-coumaric acid (Coskun et al., 2019). In additioantent of
this metabolite was also higher in callusSahisandra chinensi{&zopa and Ekiert, 2012) and
Pyrostegia venustéCoimbra et al., 2017). Few studies had also tegahat not only PGRs,
but the type of medium also affects the synthesimeffabolites e.g. when shoot and callus
cultures ofAronia melanocarpavere grown in Linsmaier and Skoog mediysrgoumaric
acid was produced only in callus culture (Szopal.e2013). Whereas when MS medium was
used, shoot culture synthesized mpreoumaric acid than callus culture for the sametpla
(Szopa and Ekiert, 2014). Recently, Rattan et282{) assessed callus derived from leaf and
root of Rhodiola imbricateand observed that the content of this metabositdigher in
former. Similarly higher level reported in suspemsculture oflL. sativum(El-Haggar et al.,
2021).

2.2.2.3 Medicinal Properties of Lupeol

Triterpenoids represent a large group of plant nsopids synthesized from the C30
precursor squalene, a linear hydrocarbon, whicbxidized to 2,3-oxidosqualene and then
rearranged by special enzymes, oxidosqualene @glés various cyclic structures (Kumari
et al, 2013; Moses et al., 2013). Two main grougs lee distinguished among these derived
structures: steroids and pentacyclic triterpenditgh groups are distinctly differing by their
functions in the plants, and therefore they are momly known as primary and secondary
metabolites, respectively (Hartmann et al., 199&rddu et al.,, 2002). In plants, it is
synthesized via two pathways: mevalonic acid (M\pathway (e.g. ses- and triterpenoids)
and methylerythritolphosphate (MEP) pathway (e.ganod and di-terpenoids) (Taiz and
Zeiger, 2006). These molecules have important godd and agronomic functions,
contributing in pest and pathogen resistance. Tdisy have a wide range of commercial
applications in the food, cosmetics, pharmaceytiaald industrial biotechnology sectors
(Thimmappa et al., 2014; Pérez-Gonzalez et al.9R01
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Figure 6. Lupeol biosynthesis via MVA/MEP pathways.
GPPS geranylgeranyl pyrophosphate synthadeRS
farnesyl phosphate synthas®S squalene synthas&E
squalene epoxidaselUS: lupeol synthase

Lupeol (GoHseO) is a well-known triterpene (Fig. 6) and the rimgjtpoint is 215-216
°C with a molecular weight of 426.7174 (g/mol).dtdroadly distributed in the plant kingdom

and is found in edible fruits (olive, mango, strawpeand grapes), vegetables and several
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medicinal plants. It is been reported for its potmii-cancer activity in different cell lines as
human prostate, breast, skin, liver, and blood ea(Ballo and Sarachine, 2009; Rauth et al.,
2016; Bhattacharyya et al., 2017b). It has greaemi@l to act as an anti-microbial, anti-
protozoal, anti-proliferative, anti-invasive andtisangiogenic. According to studies af
vitro andin vivo models, it has also been tested for its biologacaivities against conditions
including wound healing, diabetes, cardiovasculeaeake, kidney and arthritis disease
(Siddique and Saleem, 2011). Along with this it bd&erent activities such as antimutagenic
(Nigam et al., 2007), hypotensive (Saleem et abQ32, antitumor (Hata et al., 2002,
Aratanechemuge et al., 2004), anti-asthmatic (Vasgos et al., 2008) and anti-arthritic
(Blain et al., 2009). Lupeol has beneficial effentoxidative and inflammatory abnormalities

in the hypercholesterolemic conditions (Sudhahat.e007).

2.2.2.4 Quantification of Lupeol

Previous studies have reported quantification ofedlipin Asclepiadaceae member
Hemidesmus indicuMisra et al. (2003) documented that the synthekigpeol inin vitro
shoots and roots is comparable with parent plamenas leaf and root derived callus as well
as shoot cultures in PGRs combinations BA+NAA, BAHDR, and Kn+NAA respectively
affected its synthesis (Misra et al., 2005). Amaiighese, the maximum lupeol was recorded
in shoot cultures grown in presence of BA+NAA condtion. Later on Pathak et al. (2017)
assessed lupeol content in nodal derived shootsrgino presence of BA+Kn and IAA and
observed that cytokinin facilitated its synthedis.the same plant root derived callus also
synthesized lupeol and the content enhanced undétro conditions as compared to wild
roots (Purohit et al., 2015). Recently, Choez-Gudaaet al. (2021) observed that callus of
Vernonanthura patensvere able to synthesize lupeol, similar studies ather plants
Verbesina encelioidegflain et al.,, 2008)Cryptostegia grandiflora(Singh et al., 2011a),
Crataeva tapia(Sharma et al., 2016) arfSolanum melongen@/anitha et al., 2016) also
reported the same. Whereas Gifycyrrhiza uralensis in vitrestolon was also reported to

synthesize lupeol (Kojoma et al., 2010).

2.2.3 Elicitation of Targeted Metabolites
Biosynthetic pathways responsible for the synthesisecondary metabolites are often
inducible by exogenous addition of elicitor and qumsor feeding leading to stimulation of

secondary products accumulation (Barber et al., 20@@s, 2018). There are some reports
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suggesting the enhancementpatoumaric acid inn vitro cultures using different elicitors.
Ishikawa et al. (2007) suggested that enhancenfgntoumaric acid and furanocoumarins in
Glehnia littoraliscan be observed after treatmenirovitro cultures with YE. Similarly, the
production of different phenolic acids includipgcoumaric acid significantly enhanced in
cell suspension cultures dflalus x domestica(Cai et al., 2014). Later on, the report
documented that addition of 100 pug/ml of YE to tmedium resulted in its maximum
production inAlthaea officinaligYounesikelaki et al., 2018).

Many reports have documented the use of othetaticiike methyl jasmonate (MJ) for
enhanced production @gFcoumaric acid in_eucojum aestivurahoot cultures (lvanov et al.,
2013). The higher concentration of MJ (100 uM) \easeficial for enhancement of same
metabolite in cell suspension culture $€rophularia striata(Sadeghnezhad et al., 2016).
Sanchez-Pujante et al. (2020) also observed enmmamteafter MJ treatment in broccoli cell
suspension culture. On the other hand, in cell sw@pe culture of Cocos nucifera
(Chakraborty et al., 2009) argl striata(Kamalipourazad et al., 2016) the accumulatiop-of
coumaric acid increased upon exogenous applicatiarhitosan. Moreover thp-coumaric
acid content increased in cell suspension cultefe€ucumis meloafter treatment with
jasmonic acid (Nafie et al., 2011) and after SAatmeent in Polygonum multiflorum
(Thiruvengadam et al., 2016). Whereas El-Ashry let(2019) observed that its content
increased after addition of phenyl alanine andcgkdi acid in callus culture oGGardenia
jasmonidesDuran et al. (2019) suggested that applicatiomefanonin induced biosynthesis
of this metabolite in callus culture @cimumbasilicum Studies were also carried out for
enhancement of this metabolite in hairy roots aiddition of elicitors e.g. jasmonic acid has
been used irMomordica charantia(Chung et al., 2016), however kinum albumit was
observed that fungal elicitor (Tashackori et al1@) and chitosan (Samari et al., 2020) were
beneficial.

Whereas only few studies have been carried ouglicitation of lupeol inin vitro
cultures, for e.g. Misra and Mehrotra (2006) repdhat enhancement of lupeol usinys
in callus culture ofHemidesmus indicud.ater on Singh et al. (2011a) enhanced lupeol
guantity using SA inCryptostegia grandiflora Whereas lupeol increased after UV-B
radiation in Vitis vinifera (Gil et al.,, 2012) and after jasmonic acid Jatropha curcas
(Zaragoza-Martinez et al., 2016).
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2.2.4 Elicitation of Metabolites using YE and SA

Elicitation of in vitro cultures is an excellent strategy for enhancediraatation of
bioactive secondary metabolites in relatively shione (Hussain et al., 2012). Biotic elicitor
yeast extract (YE) and abiotic elicitor salicylicid (SA) are commonly used for elicitation of
medicinally important secondary metabolitesnrvitro cultures. Earlier report by Suzuki et
al. (2002) depicted that treating cell suspensioltues of Medicago truncatulawith YE
increased the triterpenoid biosynthesis by up-&mgd the expression of genes related to its
biosynthesis. Similar effect of YE was observeddnohanced expression of terpenoid genes
and in turn its production which has been well stddnScutellaria baicalensig¢Yoon et al.,
2000) andSalvia miltiorrhiza (Zhao et al., 2010). Variation in YE level affedtehe
production of pseudojujubogenin content Bacopa monnieriand maximum content was
recorded when shoots were treated with 2 mg/ml K&r(onwannasit et al., 2008). Likewise,
reports onAstragalus chrysochlorugOzgur and Sule, 2009) ardphiona mucronata(Al-
Gendy et al.,, 2015) documented that YE treatmerrteased amount of different phenolic
compounds after treatment of callus cells with @ngh et al. (2015b) documented more
than 2 fold enhancement in echitamine productionnwb@lus ofAlstonia scholariswas
treated with YE. Positive effect of YE on productilevel of metabolites is also reported in
silymarin in Silybum marianum (Sampedro and Jorge, 2005), rosmarinic acid in
Lithospermum erythrorhizoifOgata et al., 2004) an@rthosiphon aristatugHunaefi and
Smetanska, 2013), xanthoneHiypericum perforatun{Conceicao et al., 2006), psoralen in
Psoralea corylifolia(Parast et al., 2011), vasicine Adhatoda vasicgBhambhani et al.,
2012), biphenyl irSorbus aucuparidQiu et al., 2012), carotenoid @leome rose4Silva da
Rocha et al., 2015), echitamineAtstonia scholarigSingh et al., 2015b), chicoric acid and
rosmarinic acid in Ocimum basilicum (Ac¢ikgéz et al., 2020) and mulberroside A,
oxyresveratrol and resveratrolMorus alba(lnyai et al., 2021).

Ginsenoside biosynthesis iRanax ginsengincreased when farnesyl diphosphate
synthase KPS and isopentenyl pyrophosphate isomerdB®Ij genes were up-regulated
after addition of YE in the medium (Rahimi et &014). Similarly, tanshinone enhancement
in Salvia miltiorrhizahas been correlated with increased expressiomtbiyay genes e.g. 3-
hydroxy-3-methylglutaryl-CoA  reductase HMGR), 1-deoxy-D-xylulose-5-phosphate
reductoisomeraseDKR), isopentenyl diphosphate isomeris@’Rl) and geranylgeranyl
diphosphate synthas&GPPS after YE treatment (Li et al., 2016). Other rdpatocumented

that lower concentration of YE was more benefiémlincreased production of ginsenoside

48 |Page



Chapter 2. Review of Literature

and phenolics ifPanax quinquefoliumandimpatiens balsaminéKochan et al., 2017; Kasem,
2018) respectively. Recently Agikgoz et al. (202@ed that different concentrations of YE
enhanced different metabolite @ basilicumas maximum accumulation of chicoric acid was
recorded at 50 mg/l treatment whereas 200 mg/l extnation was optimum for rosmarinic
acid. Addition of YE has been proved to be advasag for production of other important
metabolites such as plumbagin and rosmarinic ati®rosera burmanii(Putalun et al.,
2010), plumbagin iD. indica (Thaweesak et al., 2011); furanocoumarirRima graveleons
(Diwan and Malpathak, 2011), flavonoid Merwilla plumbea(Baskaran et al., 2012),
rosmarinic acid irMelissa officinaligNasiri-Bezenjani et al., 2014) and phenol, 2, g{ti 1-
dimethylethyl) inOrthosiphon stamineu®&Razali et al., 2017) has been enhanced using YE as
an elicitor. Magsood and Abdul (2017) observed thatorporation of YE enhanced
vinblastine and vincristine in protoplast derivedfedent stages of embryo and leaves of
Catharanthus roseus

Abiotic elicitor salicylic acid (SA) is a potentgsialling molecule in plants and it has
role in growth, metabolism, development, interactibiotic and abiotic stresses (Senaratna et
al., 2000). It is known to activate plant defenesponse and thus used as an elicitor to
enhance the secondary metabolite production umdeitro conditions (Kang et al., 2004;
Goyal and Ramawat, 2008). Exogenous SA increasedettpression of 3-hydroxy-3-
methylglutaryl CoA synthaséHMGS and HMG CoA reductas¢iMGR) genes of terpenoid
biosynthesis irBrassica juncegAlex et al., 2000). Whereas Hayashi et al. (20@pprted
that SA treatment accumulated precursors of terpenimiosynthesis ilGlycyrrhiza glabra
Similarly, in Taxus chinensigWang et al., 2004P. ginseng(Ali et al., 2006),T. baccata
(Khosroushahi et al., 2006) afd chinensisvar. Mairei (Fan et al., 2006) it also enhanced
terpenoid biosynthesis. Later on Kovacik et al.020observed that the content of different
phenolic acids increased after elicitation usingifAeaf rosettes ofatricaria chamomilla
Many pharmaceutically important metabolites wes® @anhanced after SA treatment such as
caffeic acid and rosmarinic acid content Thymus membranaceyPerez-Tortosa et al.,
2012), flavanoids inCistus heterophyllugLopez-Orenes et al., 2013), hypericin and
pseudohypericin inHypericum perforatum(Gadzovska et al., 2013), rosmarinic acid in
Solenostemon scutellarioideSahu et al.,, 2013), withanolides Mithania somnifera
(Sivanandhan et al., 2013), bacoside Batopa monnierfLargia et al., 2015; Sharma et al.,
2015), bacoside and corotenoid contenRirta angustifoligOthman et al., 2015), essential

oils and phenolics iAchillea millefolium(Gorni and Pacheco, 2016), phenolic compounds in
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Ajuga integrifolia(Abbasi et al., 2020) and reserpine and ajmalicin@auvolfia serpentina
(Dey et al., 2020).

The elicitor effect depends on type of metaboliseveell as on plant species e.g.
increase in hypericin and pseudohypericin was dembrat 50uM of SA in Hypericum
hirsutum shoots, whereas iAl. maculatumthe same metabolites were increased at higher
concentration i.e. 20(AM (Coste et al., 2011). Later on Patil et al. (20aBp reported that
different concentrations of SA showed differenceptimum production of two metabolites
as 50uM proved beneficial for digitoxin and 200M for digoxin in shoots oMigitalis
purpurea (Patil et al., 2013). Many studies depicted thatdop concentrations of SA was
beneficial for e.g. in cell cultures @finkgo biloba SA (0.1 mM) improved the production of
ginkgolides A and B with 3.1 and 6.1 times resp&tyi (Kang et al., 2009 Similarly lower
concentrations of SA has been used for enhanceohemttabolites in cell culture of different
plants e.g. production of psoralen was enhancechiB@uM were added to the suspension
culture of Psoralea corylifolia(Hari et al., 2018). Likewise, lower concentratiafsSA up-
regulated the accumulation of metabolite©rostachys cartilaginoué/NVen et al., 2019and
Anethum graveolengBulchandani and Shekhawat, 2020). In accordamceyitro shoot
cultures ofSwertia paniculataalso synthesized amarogentin, swertiamarin andyifeam at
lower SA levels (9 mM) (Kaur et al., 2020). Whereasent study by Nazir et al. (2021)
depicted that higher concentration of SA (3200) showed highest diosgenin production in
shoot cultures dbioscorea deltoidea
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