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Biotechnology for propagation and secondary metabolite production
in Bacopa monnieri
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Abrtract
Ra.opo nnvtie i lL-) Wed-\|. or waler hyssop corunonly known a\ "Brahmi" is a srnall. creepinS. succulenr herb fiom thc P/,enrafr-
n .e,3 fafiily. Il is popolarly employed in Ayurvedic rn€dicine as a nerve ronic to improve rnemory and cognition. Ol late. rhis planr

has been rcponed extensively for its pharmacologically acli\€ phyaconstituenli. The rnain phlochemicals are brahmine. alkaloid\.
lE p€stine, and saponins. Tlte saponins include brcoside A. b6codide B, and berl ic acid. lftrstigation ido rlle pharmffilogical effecr

of &js planl has lkived lalely. encoumging ils n€umpnxecdve and memory supporting capacity among olhers. B€sides, ir poss€sses

many other thempeutic activities like antimicrobial, antioxidant, anti-inflamma(ory gastroprotective pmpenies, etc. Because ol i$
mullipurpose thempeutic po{ential. il is ovcrcxploited owing to fte prioritiz:tion of natural rcmcdies over convenrional ones, which

comp€ls us to conseNc $em. 8. Damieri is contronting thc danScr ofcxlinction trom its natural habitat as il is a majo cultivatcd
medico-bola cal and seed propagation is restricted due lo less sccd avdilabihy and viabiliry. The ever-increasing demand for thc
planl can be denlt wilh mass propagation lhrough plant tissue cultur€ strateSy. Micropmpagaxon utilizing axillary m€ristems as well
ar de novo organogenesis have been widcly investigated in this plant which has also been €xplored for it\ conservation and produclon
of diferEnl rypes of s€condary metaboliles. Dv€.s€ in vitro methods such as oBanogenesis, cel suspensiorl and callus culturcs have

been accounted for with tie airn of production and/or enhancemenl of ba.osides. Direc! shqx-organogenesis was inidared in errcise!

leafaid intemodal explanls wilhout any exoAenous planl gmwlh rcgulalo(s) (PGRS). and lhe inductun rale was improled when exoS-

enous claokinins and orher supplenEnts werc used. Moreover, bio(elhnoloeil:jl toolkits like A9/tb{Ltenu,r-meJliaen ransfomration

and thc use ot mulagens have be€n rcponcd. B€sides, the molecular marlcr-brsed srudies demonsht { lhc clonal fideliry amonB rhe

nalural and in vitD generared planllelr also elucidating the inherent dirr$iry among dre natural f,op{lations. ,4smra.krim-mediarcd
uansforma[on system was mosdy employed lo optimize ba€oside biosynthesis and heterologous €xpr€ssion of orher g€nes. Th€ prc-

senl review aims at depictinS lhe recent rcsei[ch outcomes ol in viro sndie! perform€d on R nonnr?ri which include root and shool

org.rnogenesis, calus induction, somatic embryogenesis, poduction of secondary n'€tabolites by in viEo propagation, acclinlanation
of th€ in vito raisel plarders. genetic trmsformation, and mol€lular markerbai€d sndies of clonal ndelity.

Key points
. Ctiticol old up to late records on in litro p pasation of Bocopa monnieti
.ln vitm p,opagoti. ad elbittltion olsecondary ne,abolnes lnm B. nonnieti
. Molerular nartuts andtftns$,tic studies h B. monnieti
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Ra.opanonnieti (L.) Wctlsr. liom the Plarta8iaa..ae thm'
ily is an amphibian planl ol'rhe tropicllregions thar usually
grow on the banks ofrivers.nd lakes (Binitac( al. :005). lt
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is found in the tropical and sublropical regions worldwide
which include lndia, Sri Lanka, Nepal. Taiwan, China. Paki-
stan, and Vielnam. It is also reported from Florida, Hawaii,
soulhern states of the USA, and the Medirenanean Basin.
In lndia, il occurs in Assam, Delhi, Manipur, Goa, Andhra
Pradesh, Gujaral, Bihar, Kerala, Karnataka, Tamil Nadu,
Punjab, Andaman, Raj.rsthan, Orissa. and West Bengal. lt
isalso found thoughout theWestern and Sourhern Peninsula
(Lansdown et al. 2013). Figure I presents the global disrl
burion of a. monnreli (source: https://www.8bii.org/species/
3l7ll69). Popularly referred (o as Jalanimba, Brahmi,or the

rhinking man's herb. A. aonnrpli is a major ancienr Medhya
Rasayan!drug in the Ayurveda (AbdulManapet al.2019).Ir
is employ€d as a valuable component in a number ofAyur-
vedic prcprrarions. such as Brahmi rasayana, Brahmivlti,
Brahmighrir, and Sarrsvatarisht (Sharma er al. 2016). In
Ayurveda, ir has been used as a brain tonic to improve mem-
ory, concentralion, and learning capachy and also to cure
m€ntal illness (Brimson et al. 2021: Lopresti et al. 2021).
The plani improved cognirive and bchaviora, parameters in
childrcn as well as in adolescenrs (Kee er al- 2017). A. ,r."r-
ni?/i has been suggesled in the Indian Matcri.r Medica and
Tradilional Chincsc Medicine forthe remedy ofa variely oi
menral mcdrcal coodrrions such a: rnsomnra. poor cugnr
rion, anxiety. psychosis, a delicir olconcenradon. epilepsy,
insanity, Alzheimer's disease, and depression (Moskwaet al.
2020i Halderer al. 2021I Anand et,l. 2022). The planr was

found to improve respiratory function during bronchocon-
striction ard also is utilized as a cardi& ronic and digestive
aid in India and Pakisran (Saha ei al. 2020). Add,tionally, the

planl possesses neuroprorective, anli-n€uro-infl ammatory.
pro-cognitive, neuropsychiatric. antinociceptive, analgesic,

an(icancer, antioxidanl, antipyrelic, and andconvulsanl prcp,
erties (Nemerchek er al.20l7i Ranjan et al.20l8: Abdul
Manap er al. 20191 Brimson er al. 2020; Casrelli et al. 2020i
Jeyasri elaI.2020i Kiani er al.2020i Micheliel aI.2020i
Checma er al. 2021i Darra et al 2021: Dulla cl al. 2021r
Paulet al. 2021; Sharma er al. 2022). Thc planl extracl also
orered protection againsr tacrolimus-mediared kidney toxic-
ity and opioid induced toxicry (Shahid er al. 2016i Oyouni
el al. 2019). The plant hlrs also exhibited anri-anhedonia
(Micheli et al 2020). vasodilatory (Kamkaew et al. 2019),
hippocampus'srrengthening (Promsuban er al. 2017), rnd
anti cytoloxic-genotoxic (Dogan and Emsen 2018) prop€r-
ties. The plant alsodid notcxhibit any acute and chronic rox-
icilies in a rat model (Sireerarawong cI al. 2016). The acrive
phytochemicals of B. nontri.ri include saponins. alkaloids.
and sterols. The alkaloid brahmine was firsr reporred liom
rhe pldnr. EvenruJlly. severrl orheralkalord\ su.h a, nijoline
and herpestine were also reporled. The planr houses other
maJor ph)rrlhem,(a\ vil. de\,apon,n gl).o.i.leyrtirerpe
noid and saponins (bacosides A and B). Ir also posscsscs

olher minor constiluents such as bclulic acid. bacosides AI
and A3. hersaponin, monnicrin. herpestin and flavonoids,
glucuronyl-7-luieolin. luteolin-7-glucoside, and glucuronyl-
7-apigenin. The pharmacological attributes of B.,,onnieri
fbr enhancing memory and cognition have been credired to
lhe presence ofvarious triterpenoid saponins like bacosides
A, B, C, and D also referred as memory ch€micrls (Dey

ct rl. 2019i Banerjee el al. 2021i Nandy et al. 2022).

Fig.l WorldNide disribution ofr. zdnn,eri (souEe: hltpsr/ww.sbif.ors/species/l l ? l 169)
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Thc seeds of A. monrirli arc considered as poor prop-

agules bccause of lheir sho( viability (two months), and

thc seedlings otten die at the two lcal,ed stage, making the

growth diffrcult from seeds. Vegetative proprgation is slow
which is rlso hampered by particular habitat conditions
and inferior perio.mance of tlre propagules. Further, ris-
ing demand for the plant materials due to over expbiration

tLr prr..ure on rhe \uppl) ui rhi' medrclrdl 'pe.ie. (!u.-
ing adultcration ofplant malerials (Tiwrricl al.2001). An

eftective and mosl suitable alternative is thc development

of in vitro techniques for thc conservalion and sustainable

yield of medico'botanicals xnd their phylochemiclls Trtle-
to-type. infection-free and compalible plants for identifica-

tion. characterization. and quantilicalioo of phytochemioals

can be provided by the in vitro propagatid.In rhe past two

decades. in vitro technology has been proSrcssively applied

lor rapid clonal propalittion and conservalion olfirealened
and v,tluable plant germplasm. Thereibre, the implcmenta

lion of in vitro techniques might hc a promising alternativc

ror 8. ,4orr,e/i muhrplrLarron Jnd cun\erldlion.

Taxonomic description

B. nonnieri also known as Herp?nis nanniera ot watct

hyssop.locally called Jalanimba or Brahni in lndia, is a

much used Ayurvedic hcrb helor,glnq to the Plantdqindceoe

family.

Taxonomic clas5ifi cation

Kingdom: Plantae
Division: A ngio.rpPl,, !
Classr Erdicots
Order: Lamial€s
!hmilyi Plantaginaceae

Cenus: Bacopa

Species: molr?ieri
B. no,zi?rl is a smal1, annual, succulent. creeping, multi-

branch.d herb with numcrous proslrate branchcs and roots

arising lrom {he nodes. Thc planl grows lo a hcight ofaboul
2 3 feet (6G-90 cm). and $e branches are 10 35 cm long.

Roots developing from the nodes aJe small, thin, wty, much

branched, and creamish-yellow in color. The siem is soft,

grcen or purplish grcen, thin measuring about I 2 mm in

lhickness, and slighlly bitter in taslc. The nodes and inler-

nodes are pronrinent and glabrous. Each flower is small.

solirary, and axillary in posilion having four to five pctals

The shades oflhc flower range f.om whiIe, purpl., pink to
pale violet The pedicels are 6-30 mm long rnd bracrcoles

shorter fian pedicels. The )eavcs ofB. mornleri are succu-

lent or Seshy and relatively thick. They are obla.ccolate in

shapc. sessile, slalkless mcasuring about 0.6-2.5 cm Iong

and 3-8 mm broad, and oppositcly arrangcd on lhe stem

(Rameshwari et al. 20ll). Thc lruits are ovoid. lwo celled

and 1wo valled capsules. acute apex, and lipped with slyle

base. Ii is slighdy bitter in !a!te wilh no distinct odor. Fig-

ure 2A represenls the habit ofB. ,rorri./i (source: Wikime-
dia commons; Creadve Commons Alrribulion 3.0 Unported

license;Altributionr Forest & Kim Starr), and Fig.28 rcp-
rescnc lhe flower ofB. Don,i"ri (source: Wikimedia com-

mons: Crcrtive Commons Attribulion 2.0 Ceneric license).

Specres. a. wcll "\ lanril] ndme\. lre refllicd I" m $uq.

Phytochemistry

Phytochcmicals are classi6ed into lwo catcgories viz., pri-

mary and secondary components. The primary components

in B nanri.ri arc proreins, amino acids, sugir,,tnd chloro-
phyll. B. mdrrleri contains alkaloids, saponins, and sterols

(secondary componentr. The alkaloids, "brahminc" was

isolaled at 6rst. and other alkaloid, such as nicoline and

herpesline were also isolat€d laler Subsequcnrly. saponins

like D mannitol, hersaponin, and sterols like p-siloslerol

dnd 'l'gm3.lcr,,l $ere oblarned Bc.iJr'. nonnierin.
wogonin, berulic acids, and oxindin we.e also rsportcd
(Al-Snafi 2013). The major compounds were recorded as

tritetrapcnoid saponrns such as bacosides and bacopasapo

nrn\. Be,rde\. two .:ponin. q(rc lound J. rg.)\ onc\. \ r/
jujubosenin and pseudojujubogenio (Dey et al 2019) uhich
mJln.) Jin r lrom exch orhcr rn rht larJre o[ 'ugJI rir..
because the posirion oflhe glycosidic chain and the olefinic

side chain which is dilierent in the agllconc (Rajan et al.

2015). Few other major active components rccorded were

bacop.tside I, bacopaside II, bacopaside X, bacoside A3,

bacopasidc N2, and bacopasaponin C. Some minor active

components were bacopaside l1l. bacopasidc lV, bacopaside

V, bacopasaponin E. and bacopasaponin F (Murlhy er al.

2006). The most common and major phylochemical, baco-

side A, was found to be levoro{alory which i$ the mixlure of
lour r igl).u.idic .Jp,,nin. ltle bacoide Al hd!.'tr\aprrn
C. hdcupd'rde ll. -nJ iutubogenrn: lh ' rLtLh, Ernin i' an

isomer of bacopasaponin C (Dey et al. 2020) Bcsides, baco-

genins Al, A2, A3, and A:l were identified from ba.oside A,
with the help of hydrolysis process. Another common phy-

tochemical. bacoside B, which is the mixure oftbur digly-

cosidic saponins like bacopaside N1, bacopaside N2. and

b,tcopasides IV and V (Dey et al 2020). The dammarane-

lype triterpcnoid saponins vir. bacopasaponins A. ts, and C,

which wcrc isolated with difTerent names, such as l-O_a_L_

.rabinopyranosyl'20 o-a-Larabiropyranosyl-jujubogenrn.
3 O-la-L-arabinofuranosyl (l- 2) a Lrrrbinopyranosyl]
pseudojujubosenin and 3-o-tp-D'glucopyrnnosyl ( I . l)

Q sprlnge.
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Cig.2 lA)H* of 8. doint.n
($ure Wi*loedia commonsi
Crcalilc CommoN Atuibudon
1.0 lJnponcd liccnrr Amibu
ronrFoEsl & Kim Sld).
(B) Flowfi of A ro,,i.ri
(sourcc: Wikincdia comnonsl
Crcarive Commons Atnbu
rion 2.0Gen.ic lic.nse). (C)
Micoprprg{ion in ,. naMi.ri
(uipublishld plbtograph of
Dr D.y). (D) 2D stretues of
rhc mljor sonday melahc
lir.s tound in A.,arri,i (a:

ba.osid. A, b: bac.side B,.:
ba.opNidc I, d: bacopasidc IL
c: bacopaside N2. t ba.opaside
x,8 bacosde A3, h: baco-
paslponin c) (srrucrurc source:

hrrpr/qew.chcmspidercom/)
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la-L-rrab,noturanosyl ( I - 2)la-Larabinopyranosyll. BacG
pasaponin D is also isolat€d as 3-O-ts-Larabinofuranosyl
(l -2) p-D-glucopiranosyll pseudo.jujubogenin bv rhe

spectroscopic and €hemical transformation method. The

saponin. bacoside AI. and lrilerpenoid saponin A3 werc

also identi6ed (Dey er al.2020). A minor saponin. baco-

side Al which is known as 3-O-[a-L-arrbinofuranoyl
( I - 3 )-trL-arabinopyranosy ll j ujubosen in and riterpcnoid
saponin, bacoside Al werc also isolated by chemical and

spcctral analyses and known as 3"b-lO-b-Dglucopyranosyl
( l -3 )'o-taL'arabimfuranosy ( I - 2 )l-ob-D-slucopyrano-
syl)oxyl jujubog€nin. Along wilh lhis bacogerin A4 wls
characterized as ebelin lacione pseudojujubogenin. Le el al.

(2015) recosnizcd novel saponins like bacopasides I-xll.
Bacopasides Nl-N2 were also recorded from lhe Planl.
(3alpha)-l-Hydroxylup-20(29)-en-27-oic acid which is rrir-

erpene bacosine was isolated and identified from th€ aerill
parrs ofa. urnai?ri (Kishore el al. 2017i Chosh et al. 201 l).
From th€ aerial four cucurbitacins. bacobilacins A_D (l-4)
and cucurbitacin E(5). a known cyloloxin along with other

rhree known phcnylerhanoid glycosidcs. monnierasidc l.

lll. and plantioside B. were lllso isolaled (Bhandari et al..

2007). Besides, slalks and leave$ of8. uornrari were found

ro contain 88.4% noistur€. Caiohydrates (5.9 g), fat (0.6 g),

prolein (2.1 g), crude hbcr (1.05 g). ash material (1.9 8).
phosphorus (16.0 mg), calcium (202 mg), iron (7.8 mg).
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nicorinic acids (0 3 mg), ascorbic acids (61 mg), and some

amount of cncrgy (38 cal) were recordcd along rvith this
moislure (Devcndra et al. 2018). Figure 2D rcpresenls thc
2D srructures ol the major secondary m€rabolites found in
a.,no,nie'i (a: bacosjde A. b: bacoside B, c: bacopaside

I. d: bacopaside ll, e: bacopaside N2, r: bacopaside x, s:
bacoside A3, h: bacopasaponin C) (slrucrure source: hltpr/
www.ChemSpider.com).

Biotechnological aspecls ol B. monnieri

Sour(e of explant5

The iactors on which lhe rcgeneraiion potentialolan explanl
depends are genolype. size, age, source ol explanl, physi-
ological and d€vck)pmental stage, presencc oimcristema c

reSion. proper stcriliration, etc. (Dcy cl I1.2020i Tandon

cr al.2021). Almost allhcalthy planl pans can be employcd
as rhe explanr-source like apical or nodal merislem, root,
shoot, leaf, bud. rced. etc. Leal internodes, and nodes are

mosrly used as explanrs tbr plant regeneralior. €specially

for shoot lbrmarion. Direcl somatic embryos wer€ also

found using rhe leaf explants deriyed irom the microshoots
(Khilwani d al. 201(r. Thc use of mic()shools. leal or inler-

nodal explanls cxcised trom lhe basal region ofthe plant L
,!o,ni?ri was found ro bc very efecrivc for direct organo-

Scne\r\ o[ shoot|SJIk3r and Jha :017'. Posrtron. t]pc
and orienration oi cxplan(s in the mcdiunl were recorded

to influence lhe direct,lnd indirecr organogenesis ofshoots
(Saha et al. 2020). lor successrul slnlheric seed productnnr

in a. monri?ri, shoor rips were used as explanls, cultur€d iD

rhe MS medium, and supplemenlcd wilh 75 mM calcium

chloride and 2.57 sodium alginate (Pranranik el,l. 2021).

Nodal segmenrs nnd lcaves. as explants. werc also repo.red

lor bacosrde production (Prnveen et al. 2009). The uses of
axillary bud, younger nodes, shoot tips, and young leaves

excised from the young shoob have been uscd lor the estab-

lishment of callus cultures (Bhusari elal 20lSiShowkat
el ai. 20101.

culture (onditions

For in viEo proprgation, plants are cullured in a suitable

cullure vessel cuntaining various nulrient media under

aseplic md conrrolled parameErs. Culture conditions l;ke

remper3rJre. lrthr Irlenrrl). pH. co. cunLenlralron. er.

are needed ro be oplinrized for the best lrowth and mor-
phogcnic responsc ofrhe planr mareri.rls in vilro. Thc lighr

intcnsity used was 50 gmol/m2ls PPFD (phorosynthedc pho-

ton Suxdensily) by Dey et il.20l9 which has been reporred

as 80-100 Jrnrol/mr/s PPFD by Baner.Jec lnd Srhivaslavr
(2007). ln anotlrcr study, a fluorescent lamp of 40 W was

used as a lighl sourc€ at night (Naik et al. 2017). The tem-

pcfalurc was reporrcd to be 2lt2'c (samanract xl.20l9).
The relative humidily provided lbr the incubalion was found
ro be 55 60% (Ranjan cr al. 2018). Some sources havt
shown to adjust rhe pH ar 5.8 of the mcdia wilh I N gcl
or I N NaOH solulions, and rhen. the culrure media were

autoclaved for 15-20 min al l2l 'C rempcralure and l5 lb
pressure (Binita et al. 2005). In some experiments.4.5 pH
has also been providcd for the accumularbn olbiomass and

production of bacosidc (Naik el al. 2010). lf culturc vessels

were uscd, ,fler auloclavinS, they wcrc lransitrred to lhc
media room under conlrolled rsep(ic coodilhns for furrher
experimenrs. Afrer this. all the sub€ulrures were generally

condurred in intervals ol'lburreeks (Sri!.Ntava el al.2017).

Surfa<e rt€rilization

Diffcrcnt planl parts/orSans collectcd liom thc field or
greenhouse are surlacc srerilized bclorc rclting up tic
in !itro cutrures. Surface disinfection of rhc explants is a
signi6cant step prior to the esrablishmenr of in vitro cul
ture sance microorgrnisms develop quicker in tissue culture
nredium rhan the explanrs do (Kim er al. 2017). Conramina-
liot) with microorganisms such rs viruses, bacteria, yeasl,

lxngi, elc. is countcd to be one ol the mosl imponant hin-
dranccs during in vitro cullure of planrs. Thcsc microbes
compcre unfavorably with planl tissucs Ibr nutricnts and

elevare rhe culture monalily rate. They clu also res h in
rissuc necrosis, invariable growth, decre.rs€d shoot prolifera-

rion, and reduced rooling. The very 6rst stcp in surtace sreri-

lizatnrn ofthe cut explant ol A. ,roanleli wrs periormed by

r rhorough washing ol lhe explant under rullning tap water

for 20 min to 2 h to rcmove the superficial ud and dust

parricles adhering to rhc surface (Banerjcc and Modi 2010i
Sharma etal.20l6). tnbolene (57 v/v for 15 min) (Banc.jee

.lnd Modi 2010), reepol (5% for 30 min) (N'lohapalra and

Rath 2005). Cetavlon ( I 2% for l0 nrin) (Sharma et al.
2010), erc. have also been uscd as nrild liquid detergents

tor initial microorganism eliminalion lionr lhe surface of
rhc explants. Kalita cl al (2018) in their experimenl used

70% ethanolfor 30 s todisinfeni nodal scgnrcnls ofa. ,,4,-
ni.ri follorvcd by a solution wilh 257 sodium hypochlorire:
0.01% Tween-2o forabour 25 min. Afterwffds.lhe explants

were washed thrice with sl€rile disrilled t'arer Few research-

crs have also recommcnded the use of a systcnric lungicide

called Bivistin@. Ceasar er nl (2010) soakcd excised shool

bids in 0.1% (w/!) aavistino containinr clrbendazim lor

20 nr r and lhen washed lhrice wilh slerile dislilled water. As

rqx)ned by mosr of thc rcscarchers. thc fin.r1(cpofwashing
was performed wirh 0.1% (w/v) mcrcuric chhride (HgCl,
sdurion for I to l0 min ibllowed by washing wirh sterile
distilled water (o remo\,c trnces ofHgclr (tluqre el rl. l0l7i
I'ar.rle et al. 201 0i sharm, et al. 20 1 0)'l hc linxl wash was

Q sprinse.



pcrlormed carelully several limes (4 5) with ruloclavcd
distilled water prior to inocularion of the explants in the

culture medium ln place ofHgCl,,40% dilured H,O, (v/v)

fbr l0 min was used as a surlnce srcrilanr by Karata! and

Aasim (201,1). Then.lhey were washed with double distilled
wlter for 5 nrin by continuous stirring. Some researchers

also used 707. alcohol lbr surlhce decontamination (Ceasar

el al. 2010i Kalila ei al. 2018).

source ofPGR Ior A. mornic, in vitro prcpagalion as 25%

of this extracr had shown i12.2% root inducrion and 60% of
this extraclhad shown 85.97. shoor induction aftcr inducrion

lo the medium (Rency et al. 2017). Figure 2C presents the

micropropagation in A. fldnnl?r/ (unpublished photograph
or D. Dey).

Planr nssue culru.e mcdiuni is most important ibr plant
growlh in vuro and basal medium, in the !am. way, is iorli-
fied wilh some n.ccssary nutrients like carbohydrater, vila-
nrins. minerals. and many additives lbr fie proper growth of
the planl Murashigc and Skoog (MS) medium, B5 (Green-

way e1al. 2012). l-insamaier ind Skoog (LS), and Schenk &
Hildebrandr (SH) are ihc mosl uscd media forin vitroculture
of the planls. For B. monrier,. MS mcdium of lirll srength
has bcen proven as the mosl suitable cullurs medium but

several works likc shoot multiplicaion and bacoside produc

rion have been observed in Gamborg's B5 mediun (Koul

and MaUubhotla 2020). l'lant growth regularors (PGRS) are

some .hemical compounds that reSulate planl's growlh and

developmenr in many ways by promoling or inhibiting them.

In planr tissue cultures. many PGRS.trc supplemented to the

nedium lbr seed gernination, promoting elongation or dif-
irenriarion ofcells etc MS medium fo.tiJied wnh drferent
concenrrarions of PGRS like auxins, cylokinins, etc. in dif'
ierent combinalions has shown to produce multiple shoors

and buds. Using nodes ofA. ,rdrnleri as crplanrs, Sanpura-

wonget al. (2021) conducted a sludy where lt4s mcdium was

supplemenled with 0 I mg,{- naplhalene acetic acid (NAA)
and 0 2 mg/L 6 bcnzyladenine (BA). Thcsc combinarions

of PGRs have produced good callus growth and shool

ampllticarion. BA and thidiazuron (TDZ) (0.5 mg/L and

0.25 mg/L, respectively) have also becn shown to enhance

the bacoside producrion in the cell suspension cultures
(Khardc ct al. 20i8). MS basal medium oi half strenglh,

supplemented with 0.5 mg/L benzyl amino purine (BAP)

and I mg/I, indole-3 buryic acid (IBA), was found lo pro-

vidc beue.results intermsofind ction oflongershools rnd

roots, respeclively. in greater numbers (Ccasxr er.l '010r
Iror micropropagaiion ofB- non,ieri, MS medium supple-

mcnted with gibberelliD A1 wrs found as one of lhe most

suired PGRS with dillcrenr combinaiions of NAA, 2-'l'D,
kincti (ki ), BAP, etc. lor cal1us inducrion, mulliple shool

lormation. and root growth (Murthy er al 2019). ln addirn)n,

100 ml/L of banana cxtracl and 100 ml,/L of coconur water

were added ai thc $trrces ofPGRS in thc MS bxsal medium

which showed mdimum numbers ofrooting trom the regen

eraled shoots (Soundara.ajan and Karrunakaran 20ll). ln

another stud), Gra.ilarid rd/lcor,ra extracts were used ,s !

CarbohldLetcs arc one of the main sources of carbon ibr
planls as it controls lhe developmenral patlerns. absorprion

ofenergy, erc. (Dcy er al. 2020). Sucrose is usually fbund
Io be the best carbon lourcc in thc cullurc mcdi.r .tffong rll
llre carbohyd.ates which can be subitirured by galacbse.
lacros.. mannose, melibiose, and cellobiose in the culture

\Sr:\anird er al. iol7r. Huqever. \ucru\e i. lh( mJ n.'ar-
bohydratc ro hclp in the lranslocalion of phloem sap (Fink

et al. 2018) Even 2% sucrose supplementation in thc MS

medium incrcascd the shoocbiomass and enhanced baco-

side A conten! in the rcgencr cd shoots (Naik eI al. 2010)

Besides. 20 g,/L sucrose wirh 7 g/L agar. supplcmented to
MS medium. was tbund to be besl surted for induclion ol
rools (Ranjan el al. 2018). Supplementation ot 250 mM
sucrose enhanced the somatic enrb.yogenesis up lo 70%

probably via supplyinS the necessary cncrgy nccdcd to
form somaric embryos (Saha et aI.2020) Gluco\c as wcll
incrcascd rhe blomass as well as bacosidc A accumularion in

hairy .oots (Bansal et al. 2015) Sucrose, sorbiroL, malrose.

fructose, and glucose in dil'lerent combinalions in dircr-
ent meJi- qrrr d1'o ,Jppl(merled lbr .hur( rederrr:riun.
bJco,rde. LnJ bi.'na,s pr.ducrron. in ore {uJJ. ir $J' 'LB-
gestedlocheck evcry sugar combinalion tbr their suabilily in

obra:nrng lhe he.l r..ull. rn lh( propagar or ol p Jnr. ,n \'.1
(Naik et al.20l7)

Carbon sour(e

Nitrogen sour(e

Nitrogen has a plethoraofroles in plant grorvrh and develop

ment in in viro cooditions. Nitrogen has bcen.eporred to

inBuen.e L"ll Jin.renlidrrorr Jnd l.' erhzrr.l' rh. l, lrporen( )
of rhe cell A nitrogen source is not aluays rcquircd to be

added exogenously lo the cuhure medium bui for somc spc

cial advantage, it may be apflied (Kovalchuk el al. 20lEl.
Double strength ot NHrNOl added to lhe Ms medium pro-

duced maxnnum and emcieniyield olbacoside A. Even !his
.uttlcmrnr(.i n'edu DTuJLJCJ brunJ* dnd .now.. rn g-e:.rcr

l)umbers (Naik et al. 2011). Pota,isium nirrare (KNOr) was

also found ro bc cfeciive as a nilrogen source ior bacosiile
A prcduction and for oblaining incrersed biomass (Bansal

cr al. 2015). Nitrogen is rhc main componenr ofamino xcids.

and sometimes amino acids like L-asfaragine. L-glulamare.

dden.ne, erc rrc Jddcd lo rhe.Jilu_e n'r,l'., d. or.Jn.c n rr"

sen sources. ln an experimenl on biomass production inl]

4 sp.instu
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nonnieri, rhe\ addcd 0.1 g/L l-nyptophani 0.5 g/L and
0.25 g/L scrinc wcre added in the MS medium lor bcttcr
rcsponsc (Muszyiska et al. 2016).

'l he beneficial nutfltive chemicals, those act as chelators
or pH controlling bufier sysrcms to improve the produc-
liol rale, micro-salls availability to the ptanr parl used as

explant by providing suflicient nutrierrls, are k owo as addi

tivcs (Dey el al. 1020). Mosl of the timc, rglr is used as

an additi!e to solidit) thc nrcdium for befter rootlng and
shoor .egenerrtion (Showkar c1al. 2010). ln many srudies,

cascin hydrolysate was used to supplemeol rhe liquld MS
mediun for suspenslon cullurc to produce nraximum baco
side lKharde er r1.2018). Methyljasmonate was also lbund
to be ellcctive in bacolide A production, as an additive in
in !iro raised shoots oi IJ monr;./i. In addition, salicylic
acid (SA) and plruvic acid (PA) were applied as addilives
tor h&osidc trcducllon (Koul and Mallbhotla 2020: Parrle
et al. 2010). Zinc oxide nano-particles wcrc also .tddcd in
the suspension cultures tbr beflcr plant growth (Bhardwaj

et al.20l8). Magnesium sulfate, zinc hydroaspartate, and

anrhranilic acid have produced increased biomass tbllow-
ing being supplemented iI lhc media ft, a. raonnirli shoot
cultures (Loiewski er.rl. 201:l).

The ability of rapid multiplication into true to,rvpc
plrnr\ and em. rLnc) nB n , ' n ; , t , l rJ n . n l :r n r r r i . . r \ . r ,

be employed in conscrvation slrate8ies aod mass propaga

tion of thc plnnt lbr commercral use. B. naDlierihr\ u1

upright market demand owing ro (he mcdicinal attribures n
possesses. In India. rhe estimared consunrprion ofthis pl:tnl
is approxjmalely 1000 tons/year (Khardc er al. 20ll). The
annual de nund of A. ,rou ni?rt during the years 2004 to 2005
wrs 6621.8 tons wilh an annual growth rale of 7% accord-
ing to thc Nrtionil Mcdicinal Plants Boird (NMPB) This
dem.tnd is gro$,ing rapidly with the growing populrrity of
drugs consis! B. nr,,icri (Sharma et rl. 2010) Recendy,
NMPB and Technology Intbrmation Forecasting and Assess-

ment Council (TIFAC) havc identified this plant anrong rhc

seven prime nredico-botanicals suggested ior prompl rcc-
ognition 10 be pro!idedar)d are iodexed in rhe Listofhighly
endangered Indian medicinal plants ('Iripathi e1al. l01l).
Micropropagated planrs grow ripidly and marure early com
pared lo the progenies propagatcd via seeds. Plants gener-

ated tiom tissue cultur€ can multiply through the rncreasod

production of axillary .rnd/or advenltious shoo( .irhrr by
dircct or indirect organogenesis ibllowed by gcncration of
roots and also by somatic eorbrlog.ncsis.

Additivej

ln villo prcpagation

Callus indu(tion

In vilro propagation or micropropagation is a rechnique Lrscd

for the vegeiatlve growth and multiplication of planls from
li..ues or.eed. in J.eptic dnd contro-led ..ondiriun. on drli
ficialgronh media. Micropropagation is usually ex€culed in
lwo waysidirecl and irdirecl. Ihe indirecl process involves
callus development lionl explanl followed by shoot and

r(nx iormation, while the direcl process involves shooling
and.ooting on the explanL With ils rapidily and limillcss

Frrnr..l. I dnr ri..Jr Julrur .'d1. r,^, l,,tf,rrLnIrc\ ru

dcll wirh various shorlcomings in the arcas of medicinal
plant cultivation, conservation. and exploilation. Some of
rh, r\, rints htplr. Jr:u ,, dr. {\ploI:nE ts.n(n. cndrn..rinE
and somaclonll variation for cKrp imprcvcnrcnl, ian micro
propagalion to produce quality plants, in vitro conserva'
tion and germplasm exchange and production of secoDdary

metabolires. in vitro selecrlor tor.csislancc to bioric and

dbiotic (rcss, c1c. A grclt dcal of mcdicin.rl planls arc not

th. produccr ol sccds. or thc sccds arc too minutc to bc
gerrTnnated in soil. Thus, mass-scale propasaior ofdisease-
freeplants is acomnron problem.In ihis siturtion, the plant
tissue culture techniquc presents a rcnr!rkable potential for
lasl and true-ro-lype mass scale propagarion ofthe planls ill
disease-fiee conditrcns.

A callus is an undifit.entiared and unorganiTcd mllss ofrclls
produced from plant dssuc (explant) cullured on an appro-
priale medium supplemented with PGRS. Callus cuhures
are a sourcc ol tissues for plant regeneralion, chronrosonral
variatior (somaclonal variation), secondary metabolitc pro-

duction, and cell suspension culture. Apical shoot tip, lcat.
embryo, stem, nucellus, germinaling grains, stanrcn. l.(ro1.

basal plate merinem. erc. can bc uscd.s cxplants tar lhc
inccption ol callus culturcs. The cells of explanis divide
conlinuously to give rile to a soft, irregular shaped cauus.
in nrosrcases. the explant prcduce! callus withio 3 to 8 drys
ol incubation (Jat €t al. 2016). Callus tormation and its sub'
sequent rcgeneration are the nraiD sreps nr n? ,r,? ptupagr-
rror. oi pranl\. from rhe \hoor rip e\plJnr ,,1 B -,-"rr,,
callus was induced in MS media ibrtified indi!idurlll wirh
various auxins (NAA. lAA, and 2,.1-D). Callus developnrcnt

was recorded lhe highesl in media wrth 1.,1-D (2 nrg/L) xnd

moderate in media rreated wirh IAA and NAA fTalulda.
20.,1j. Sul'1. ).'llos i.h grrr'r ru br,,u nr'h .'Jilr, ti..re' tr ere

obtained iiom the leal explanls on MS medja supplemenled

wirh 0.5 mg/L 2,.1'D (Showkar et al. 2010). MS nredia conr
posed of various concentrations a,rd combinarions ol PGRs
lr'ere used lor cal1us tbrmalion oi which combination ot 6
BA (2 ppm) and IAA (l ppm) wcrc thc most usctul for thc

formation ofsoft, yelkrwish green crlli in l5 dxys (Ahmed

cr al. 2014). ln callus inniation ftom leaf cxpla.r, rhe ben
resulr was obtanred \rhen 0.5 mg/L NAA:rnd 0.5 mg/LBAP

A sp.i.sd.
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werc added ro the MS basal mcdia resulting in 757 callus

tormarion. In addilion. ior thc nodal segment .ts explanrs.

0.5 mg/L IAA and 4.0 mg/L BAP nddcd ro MS media sup'
ported 85% callus tbrmatron (Ranjan et il.20l8). He8az'

ct al. (2017) recorded that 9 UM 2.4-D and 2.3 UM kin added

ro MS nredium produced the best crllus initialion in B. ,?dn-

nier. In addition, it gencrated an increascd percentage ol'
lresh weighr and yellowish. white triable callus. Ali er al.
(1021) obrained maximunr callus generattun irom Ihe leai
explants with NAA (2.5 mg- l) showinE9.l.22% generarnrn

ntc accompanied via 2.1-D (1.5 mg- l) showing 82..13'l
generarion rateiin &e case of nodal explanls. lhe highcsl cnl-

lus tbrmation was detecred with 2,:l-D (2.5 mg- 1) showing
71.14% generatjon rale iollowed by NAA (2.5 lng- l) show'
irrs 62.15%.ln inlermodalcxplants, most ofthc calli lbr ma-

lion was nored in lhe prescncc oI2,4-D (2.5 mg- I ) show-

ing 65.21% generation rrte lolkrwcd bl NAA (2.5 mg- l)
showing 52.14% gencrdiotr ralc Samanta cr al- (2019) in
rhcirerltcrimenr obserled rhar whcn BAP(5 mg/L) w^s sxp-

plemenred in MS media iollowing 60days ofculture, caUus

lbrnration and potenr grow(h were achieved. Hencc. lhey
(on( ludeJ rhrr BAP (5 nrp/L) nc.JcJ n)ore l,me ,u inrrirr(
c.rllus lormalion. During in vitrc prcpagarion, leaf segmen$

were chosen moslly over the inlemodal segmcnts as expla t

$urccs iorcallus formalion bccause ofthe prescncc oisotl
Irssuc, no vioody slruclure, and brord surface area (Dey cl al.

:020). Hirh con.cnrrations ol phcnolic compounds are oticn
corrclaled $nh thc sr perior antioxidant capacity of the plant
(Arar el al. l0l8: Silinsin and tsursal 2018). Many phcno-

li0s such as quinic acid. p-cDUnaric acid, and nulic acid
$cre found ro be presenr iD the plaDl extrucls (Bursal el al.

2019). Owing to the presence oi hi8h phcnolics in B. ,ron-
nieli, rhe callus culturc oltcn bccanre brown and to prevenl

ihis browning: dilierent PCRS (2.4'D, NAA, IBA, and BAP)
Ar ditfcrenl concentralions wcrc Lrscd by Mccnashree el al.
(2017), out of which NAA produccd healthy callus wirhout
any browning. l-ow.ring lhe Lrnrounl of nitrate source and

incorporarion of ascorbic acid (lm nrg/L) in media also

hclped in arlenuating rhe brownin-q ofcallus. Dogan (2020)

rcporled thar lhe pcrc.ntnge ol callus induclion and inten'
sitics of callus growrh lronl noda! explants rcduced ttilh
xn incremenr in N"aClconccnlrrlions (salt strcss). In addi-
tr{rn. browning, yellowing. or cvcn deaths ofthe callus were

obscrvcd due ro salt toxicity.

drrecl organogcnesis or can bc found only folkrwin! crllus

Benemrion by indirect organolcncsis. Thc concenlrarion ol
cyrokrnins and a xins ro lhc €ullure medium is a signilicnnl
l'actor allec.ing the dcgree ol mohiplication. The cyrokrnrn
signuling pathway exhibirs r potential targer lbr conrrolling
Jc nuvu.h"r organuecr(.i. rnd rn \ iru flrnr r(d(nerJri, {
The rwo fundamenlal lypes ol cylokinins ulilized in tlant
tissue culture are BAP llnd kin. Binila cr !1. (2005) reporrcd

solid media with nDrc polcntial for bud proliferarion iltnn
rhc leaf whereas the liquitl medrum *ds su8gened ro bc

morc cnecrive tbr bud pr()lilcrtllion lrom axillary nodc' ind
inrernodcs. Sana er al. (2020) rcpfled enhanced direcr \ho(n

organogenesis from the ]e.rl lnd inlcrnodalexplanr\ wrrhout

the supply ofexogenous PCRs, and the inducrion rate wN
increased when exogenous cy(lkinins and some addirivcs
were used. Direcl shoot organogenesis was obrained in a eul-

lure nredium containing a conrbinat()n oi BAP ( 1?.110 tM )

JnJ IAA (2.28 pM, fn'du(,nB nrd\imum \h,{ir rnrrrur'.'r'
(85.2) wirh larger shoor production (Mahender el al l0l: )

lvlS medium foriilied wuh 0.15 mg^ BA+0.:5 mg/L N.\A
showed the maximum number of shoors per explanl ronr
pared to the medium with (,thrr (on)binarions of BA+NAA.
Sh,'ol regenerdlNn i\ rnhrbire.l q rlh a hrdhcr cuDJcrnJIr,
oINAA in combinalion wilh nllconcentrations ol BA.'Ihc
shoots developed flont Lhc lcal cxplants were conrparnrivcly
longer lhan thosc tiom thc olhcr crplnnts (Karalas.r rl.
201:l) When the swollcn nodcs wcrc sub-cultured eirher on

MS medium or MS media supple enred with I.0 mg I-'l
GA3, the highest shoot prolilcrarion (l l1.l shoor!/ nodc)
wilh an average shoor lengrh of6..l cnr rvls noted. Chauh n

rnd Shirkor (2020) in lhcir.xperimenr obscrved thxr IIS
nledium supplemented wirh 1.0 m8/L AAP and 0.5 !rg/1.
kin showed the bcst in vrro shoor nruhiplicrtion. The shoots

produced from MS mcJium cont ining 0.5 mgI- BAP wcii
rcportcd Iong and healthy rind on increasing thc BAP con-

cenlration 1() 2.0 mg/L. the ratc ol shoot mullrplicntion
declined. various concentr,uions ol dillercnt carbon source\
(glucose, sucrose. and nranrirol) were evaluared ro liDd our

the besl response in regencr.ltion events. among *hich 5'ri

sucrose in MS media $cs rccorded lo b€ fie mou uselul litr
shoor gcne.arion (22.6 shoots/cxplanl), and in casc ol l.ul
cxplant. l% sucRxe was laurd rnorc cllecri!e (20 6 sh,nn\/
explant) (Srivanava er nl. 2017). Similarly, ir was nored

fiar the medium with 27 suerose and 4.5 pH demonslrulcd
increased shool bioorass up to 150.50 shoors/explanr, Ii$h
wl.6.3lg. and drywl.250 nrg (Naiketal 2010).lnxstud)-
on lhe etrecl ofdircrent concenlralions of NaCl on 8. ,r,,
,ia.i. ir was observcd lhar in slnx)t. rhe Na* conr.nl $!\
cnhanccd with a rise in NaCl lclcl in rhc nreditlnr. and borh

K+ a.d Ca:+ levels dec.cascd in the shoor. and as a r.\uh- n

remarkable reduction was recorded in shoot numbLr/cuhnrc.
fresh and dry weights. shoot lcngth. rnd wrt.rcontent rn th.
tissues (Ahire et al. 2013).

Shoot organogenesis

Shoot mulliplicarion lronr a single cxplant is one oi rhe
primc hishlishls fo. micropropasation. sermplasm conse.
varion. and biomass production. Many rcscarchers recom-
mended the potency of nodal explanl ro produce mulliple
shoors (Dey er al. 2020). ShooI organogenesis can direcrly
rake place on rhe isolated explanr such ,rs leaf and stem via

O sr",r*
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Root otganogenesis

In plant rissue cullure. root organogenesis is primarily influ

rn.ec h) Jifierenr l) '\ dr d.' n\ 
"nrral'01' "( 

\u"1''" n' n_

crxls. PGRS, etc. in thc media and orher faci(n s in a cuhurc

like pH, tempcrarure. erc. Rooling is cspeclally cssenria! and

is considered as thc ultimate ,tchievemenl ibr micropropaga-

tion (Chen et al. 2014). Best rool inducrion (almosr 80%).

reporred by Ranian et al. (2018), was achieved on rhe MS

media cnriched with ? g/l- agar aod 20 g/L sucrose Com-

hilarion! ol20 g/l- sucrose. 30 g/L tiuclosc. and 40 g/L

glucose (al1as carbohydfttc sourc.s). supplenlcnrcd in liquid

and solld MS mediunr. using a (ctn of B. hn,ttitri wirh

lhrec nodes ar an cxpLant hrvc also becn recorded lo produce

a maximum number (21) ofroots using a horizontal culture

mcrhod (Ahmed et al. 2014). ln addition to this, seleclivc

shoor rooting medium (SSRM. l'1S nedium lorrified wilh

4.9 fNI IBA +25 mg/l- hygtomycin) i.duced rootiog honr

thc shoots, resisrrnl lo hygromycin (Mahender ct al 2012)

In anolher study, 0.5 m-s,{- phloroglucinol on MS medium

oihalfstrcnglh wrrh I m8/L IBA gave the belt orrtcome il,
rool organogenesis, in terns oflc.gth (8 7 cm) and numbers

( 16.5) (Ccasar et al. 2010). ln vitro regenera(ioo of a. ,D,-
n;.ri has also shown the besl combination ol I mdl- ofBAP

and I mg/L of IAA fbr root induction (Curnani et al. 2012).

Some experlments hltle showD better rooling oflegcneraled

shoots hom the l/2 \,{S inedia wilh 0.5 mg/L NAA. 17.

sucrose, and 29; iig-lery (Bhusari€t al.20L3) An evaluaLion

on thc impacr olsome polyrmines (PAs) in nr vrlp Propaga'

llon ol 8. u rrxleri was conduclcd where the MS m.dia with

I mg/L IBA and I mM spernrine has produced the high'

est number of rools liom the regcnerated lhoots (Dey ct al.

2019). Croom et al (2016) lbund transverse lhin celllavers

0-fcl) ol leafan.l srenr as cxplanls producnrS 100t" roots in

thc MS medium lortified with 5 ]jM IBA, using a liquid lah

rcckcr (LLR) box. An invcstigalion on the impact ofabiotic

stress using Nacl and polycthylene gllcol (PIIG) i. in vitro

raised B. nrnrieri hrs shown a good rcsponse in root fbr-

mation on the solid/liquid MS medium supplemented with

0.8 mg/l- N1CI whereas 26 g/l- PEG and enhanced concen-

trations ofNaCl have shown Io decrease the dcvelopment ol
(xns (Hussien el al.2017) In another sludy.60 mlextracts

of Cyanobacteria.Arl,r,rdlrlti1liss,,?ia, wilh theMS liquid

nrcdium of40 ml have produced superio rooting reiponsc

(Brnerjee and Modi 2010).

Somati( embryogenesi5

Sonratic enrbryogenesii is a lool of regenc.ation or

de\.l, pme, lil pJ.Lqay sl'r(h ln-m\ rhe n. n_/)go r'
cell de!oid ot vascul.u connection wirh rhe original !is-

suc. These non-zygotic cmbryos are formed from a sin'
glc or group.d somalic cell Thc rate ofgcrmi.ation in

somatic embryogcnesis is verl- high (809';-8511) This

process goes through dit'fcrcnr stages which are globular

slage (small globosc or sPheric.tl siructurc). hea.t shafc

stago Ghree'lobcd structure wrrh palc yellow color). rnd

rorpedo stage (elongited hctrl shape wirh pale ycllow

color) (Samdnla et al. 2019). Many researchcrs reportcd

\ [uJ\ lyfe\ J. .ullJr( m<d.. lur gr^$rr! 'JI-rir "
embryos of a. mor,1l?ri. Olher rcsearchers rc.oded thll
rhc somatic cnrbryos were devcloped in high Irequen.v

in 85 nredium tbrlificd $ilh 2.4'D (0 25 and 0 5 nrg/I.)

alooe or combincd with BAP 10.5 mg/l.) Thc conc.nna

tioo of2.,l D (l 0 mg/L) ir rhc ts5 medirtm wxs fbund to

be inrpo.tanl fbr thc growlh ol sonrilrc cmbryos whcn

2.4-D was present al low conlentration in B5 nredium,

the embryos gret! ir high lrequency. lnd absen.c ol

2,4-D in medium. no embryos were formcd. Hosever.
somatic embryos lailcd lo germin.rrc in the spccilic nrcdix

whcre only 2.4-D was prcsenr. BAP (0 5 mg/l ) wrs fbund

to be essential Ibr thc mrlumtion ol'somatic embryos

PGR'ibrtilied MS nredium was rcporred incilecri!e tor

cmbryo growllr (Jain er al. 20101 Paralc nnd Sxn!rle

(:020) reporled that wilh the decreasing coneenlrxtron

of2.4-D orkin in the media. the number oienrbrvos tlso

decrcased. BA and 2,,1-D influenced somalic enrbrvo

gcncsis from leaf explants of A. ,ro,nreri Thc dcvcloP'

mcntal frequcncy of sornrric embryos dePendcd on rhe

concentration of PCRS. MS mcdia supplemcnred wirh BA

(l2.5fM)and 2,,1 D(1.0!M) pmdncedsomaticembrvos

in a mrxinrum lrequeDcy of,17.l% When the 2.4-D con

centrarion \!a! increased in rhe mediunr.lhe frequcncy ot

explanr produciDg soinatic embrlo dccreased Somdic

embr),,g(Ie5r\ u.' .1.o,,,r'rrr1re. l-\ 'I' .''Ii.e-IIrIi I

oi sucrosc. Sucrosc (250 mM) containing nrcdia helped ro

prcduce somatic enrbrlos in rhe hiShcsr lrequcnc) (771'l)

as observed by Khrlwani er al. (2016). Parale and Sangle

(2020) cultured calli on rhe full strcngrlr of MS medium

with 1.59i. l%, or 4c. sucrose and half srrength of NIS

nrcdis with I 5%. 3%. or 494 sucrole uithout P(lRs The

full slrength ol MS media with a low corrcenlration ol

sucrosc produccd lhe enrbryo. but whcn lhe conccnrra_

tion of sucrose was high (4%). the somatic cmbrlos wcrc

nor tound. Ali cl al. (2021) staled that a mixlurc 01 2.:1_D

(2.0 ms/L) and kin (1.5 mg/L) was useful li)r \omxtic

embryogcnesis in maximunl liequency (847) Embrvord

dillerentialion look place in MS mcdta with 0.5 mg/L 2,1"

D. MS media wilh or without BA were xlso used lin tul

lher developme l ol these einbryoid! (Sahr.l al. l(120)

Hardening and a(climatization

In !itro raiscd plantlcts when Ptss lhrough lhe proce\s

.)1 acclimatizatron (hardening) show a highcr rate ol sut-

vival and \'igorous grollth when lranstirred Io thc n)il
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(Castrneda-M6ndcr ct al. 2017) The in !ilro generated

planrs arc dirccll) hrrdcncd in ihc grecnhouse slage. Ini
rially. watcr was nccdcd lo hc spralcd livc limes a day at

lbur'hour inter!al\ k) maintain hiSh hunid conditions
(Ranjan er al. ?018). Ailer rool dcvclopment lrom planrle6

{3 cm in lcngthl in culrurc vcssels. rhc roors wcre washed

properly. and a \iick) senrr-solid .rgar ntcdiun) was rcmoved

carefully lrom rools underrunni,tg rap waler (Mehla 2017)

Mosl otlhe rcporls irdicalcd lhal lhe planllcls were lrcatcd

$ nh 0. I ? Bavrsral@ tor l0 min durinB hard.ning lo protect

rhc tunlal rttrcL ln sddilion. il wls rccomuended lo trlrns_

t'er these trealcd lJlanll€{\ direclly lo lhe plaslic pot which

conlained dillercnr mixlurcs ol \lcrilired soil wilh variou\

combinarions such as soil ntixed with eilher vasculararbus

cular mycorrhizae (vAM), or larmyard nranure. or Rv ash

or lcrmiconrposr, or agrcpcar (Sharma et al 20l8) Vari
ou\ kinds ol soil nrixrurcs wirh diflcrcnl ratios wcre lound

ro hc uscd such n\ soiland organic nl,rnurc (2:l)i soil and

vermicomposl (l:l) (llaquc lllrd Ohorh 201-l)l soil and !'er-

miculite (50i50) lChnudlrry ct al. 2019)i soil and soilritc
(l:l) (Showkrr et al. 2010)i sand, sorl, and l-armyard manure

( l:l rl ) (Biniu el a) 2005)l .rnd snnd. soil, coco peat, and

famlard manLrtc ( I I I l:l ) (Runian er al. 2018). ln a few

studies, the plantlcrs were kepl for 2 weeks (or l0-l5 davs)

rn rhr Lulrurc n (irn l-,'11,.$,nr Uan\t(\rmirr.in fi,m rn virru r^

plasric pors (Shxrm cl ul 2010) ln.t t'cw rcports. plantle$

werc shilrcd to 25 "C-]0'C lcmpcralure and 80tl-907 rela-

tive humidiry and undcr r Pholoperiod of l6 h tbrac€limnli.

zrion (ShrrDu cr al. 201{)). According ro an cxperiment bv

Ch,uhaD and Shirkol (2020), thc survival rate was found ro

be 80% when thc plarllers wtre kcpl in coro pei( lbllowing
six weeks of hardeninS. ln sand and soil. the strr!ival rlte
was reco.dcd to be 427 or 68% lircr six weeks of planr-

lcrs transter. Morcoler. 41lr; rurvival ratl' of lhe planllcts

\(as notcd in ihc mi\lurc ol coco perl rnd sand atier six

$eekt ol lrrnsltr lo lhrs Inirlurc. Thc hardened Plandels
*ere also lr n\lerred lo a rriilure ol Joil sand. and t'ann

lard nranurc (FYNI ) in I : I : I rdio. in !L snall por covered

wilh a slass iur ior onc wcck Alicrrenrovillg thisglassjar'

rhe pot {as lrannirred k) lhc Blass house. aDd lhe growlh

rate ofplanllers was ohscrvcd for 2 4.6. and I weeks'

The hcighl of lhc hardcncd planllcts ntier rhc s{:'ond wcck

was recorded to be 2.96 cm wilh an averaSe grcwth of the

leaves lhat was recordcd as l9 50 per planl. Irollowing the

,lth weck. the phntlcrs reach€d a hcigln of 4 22 cm. and

the number ol leavcs were rocorded as 25 50 per plant; the

heighl of thc pl nllcls increascd k) 5 lll cnr as well as lhe

number oi lerves was inc|eused lo 3 1 00 per planl afler thc

6th week: dftcr 8th wcck, thc surfivcd pl:rn(lels rcached to

6.08 cm ol hciShr wirh 39.00 lcavcs per plant (Chauhan

and Shirkot 2020). Finnlly. the plantlers wcre successfullv

transttr.ed ro the net housc (under rhadc) ibllowing accli-

nrarizalion lbr turlh.r gr()$ Lh (Srivrstau er .rl. l0l7). Atter

acclimatization. 93i ol B. ,ror"ilri pltrnllcls sur!ilcil in rhc

naruralenvironment (Hcgari l0l6) Shnrnra cr nl (l0l7r)
rcported 9011 sur!ilal rat. \',hcrcas N'lchrr {l{)17) rccdrd.d

a 1007 surlivdlrnte tirr thc A.,r,trror nl nrl.I\.

I sp 's*

lnvitlo production ol se.ondory metobolites

A. "ro,,icri 
houses irs prime secondrry mctubolirts r\

the dammarane t)pc trilerpcnoid saponin\ whi.h \hoscd
arti-oxidanr. anti a r .\Iic. rnd noorrt)ftc !tl((l\ (I)c)

et al. 1020). Amons lhes.. thc nm\l lrolorrrd.rprnrin I'
bacoiide, and rhe orhcr saponins rccordcJ nr. hr(dp!\id.
I-XII. includinr bacopa! nonin F. ha.ol]r'ir|nnrin I). hr!('
pasaponin C, bacopasidc V. b.rcollsidc ll. ".r. (lvlulunr-

dar e1al. 201 1). Besides saponins. all.ll(,itls lile brnhnrirr'

herpesline, and nicotine (Lala. 2020) and llaunhi(ls lik.
lurcolin. luleolin-7-glueosidc. glucoronyl 7-lur{tclif , glu.-

orcnyl-7-etigcnin. crc havc rlso bccn rccordld irorrr lhc

tlanr (Jar er al.. 2016). Clucose (5 6?7 ). KNOr (0 I l l'l ).

and Kll,Por (0.29%) wrrh 0 66{ inoculunr dcnsrrv in r.ll\
cultured in MS mcdium demonstruled an crlhrnrcd r.t. ol

bacoside A producrion (Bansaler al.20l7). Anorlrcr in !irro
srudy assessed the bacoside A concc tralitnr in lhc (xxns

olB. rrrnris., cullured in MS nlediurrr supplcnrcrrlcd $irh
2 mg,4- kin. An .rddirIon oi cllokinin rcsulrcd ir x highcr

.tccumulalbn ol bacosidc A in lhc rtgcncrnleil \lro(ni rn

ihc liquid mcdinm (Prrrvccn cl 1.20{)1)) Inrn{nhcrnlrd!.
reg<nLrxl<d Jd!(nrilrou. .ho.,l' nr.\lur..l rh( nrr\rIrr''r'
amount oi bacoside A in lhe medium lonrlitd $rlh o 20 m\"1

copper (Cu) and 27. sLrcrose ar il 5 pH (r\'Iik cr xl 2l)lo'
2015). In addiliur. orsrilic suPPlcnrcrrrs Il. SA antl P,\

added lo the shoot cull!res h.!c rho$n !n irr.rcrt irr lhc

bacoside A a.cumulalron in the rhools iSrh!.t rl l{)l0r
Melhyl .jasmonalc (MJl has {l$, bc.n noull.) Pr nrrl.rh.
produclion of bacosidc A in lhc \hodl cttlltr..\ ol /J ,,,r-
,i.,i (Sharmx ct al. l0ll ). NU (50 pM)eonrbincd $rrh S,\

(50 FM) enhlnced dre rccrn)ularion ol bn(os;dc ,\ h.\rd.s
producing bacoside A.. bacopaside ll. arrd bn.of!\rpotroD C

(Largir et al. 2015). Colchicine (0.1'l ) rrcrrrrr!rn.nl) lor I h

also enhanced the bacoside con(cnlr li( in thc rcscrt.rxrc(l

plants (Kharde er el. 2017) ln tn Aqnl,t h nut, nti:t)\( t\'
transformed 8. ,rdtrnieri plant.lirc rcgcncrrlcd hair! shoors

produced a higher amounr oi bacosidc A (l-rrgir cr nl lol6).
Combinations of somc rhizospheric nricRxnrrnrsnrs lillr
G l o"tus mt ro tudi.t s. Trit ha.lc r 

"(t 
htt: nn u t'tr'| llt R t I

/,r rrc8drzrn r, using a Inelhod (allcd l!urier lrirnslolm
Near-lnfrarcd (FTNIR), have sh,)wn ro crrhrtrec rhc prtrluc-

lion ofbacoside A in l, norrn'ri (CuP(r cl rl lOli).'l'h.
brcosidc A content was recordcd hiShcr tluring licbrunry

to May under slrcss condrlions which v{s imPli.rlul 1n

rhe in vitro production ol the compound rrnder nre\s Brl-

loon lype bubble brorerctor and -rlass bollle hiorenrror hrv.
also been ernployed, a d rlre lbrmer wtrs litrrrrd ro b. rrxn.
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prelerred lor bacosidc production (Sharma cl 'l 'l)l9l
Dc) et al. (2010) recordcd High Performance Thin Laver

Chromarography (lIPTLC) as t potent t.chnique to asscss

bacoside A content and aho compared the conpound among

in vitro and nature grown plandets.

Use ol mole(ular mark€rs

I{igh sur!i!al ralc lnd gc ctie stabilit) $.r. ldnd using

n ecutxr markcrs (random !mplificd follmorphic DNA

(RAPD) (OPC l5 )and rnr.r simPle sequcncc repeat (ISSR)

(UBC 808)) on ir. ,x,,?,., i \l dsconservcd ibr l2 months

(Sharmr er al. l0l6) RAIrD studies also rcvealed no nora-

ble reproduclble !arirtior) anNng the control sets and the

ill !ill.!!crlopreselved 8. ,k, iel, planls (Sharma et al

2017b). In anorher srud),20 ISSR prinreN generared l:r0

Table 1 Ir \trro sltuol loa oJt rirDalro rr r,,,xnn'ri liadntct orlarogcne\n

Cullur. coDdrtio.s B.rnl rNdiunr

l-qtu(L ],trI iLTLL IIS 2! !rl- {Lrn\t. ll) l,l-
liu.ust. "10 !/l-
:rltr$\e

\lS l(r!/l .u(r.\L rill
I lil- rir.tr

\1S
tsAP,0 I rg^.

Thi er aL (1012)

0.5 mg/L IBA

2 28 FM IAA

(nl)

BA

Nls

50,/i Nts

Nls

\{S

\1S

l() !i . ,r."t r. .,- llhL.: , rL .. ilL l

rlrrtrirrL . !.fr. r i,:lr.r,r.,. :

I jjlrl. B,\l', l) : !11- lr, t rL .rl rl l

! sp' ,s.

clear and reprodu!iblc amplicons. wirh 125 band! show

ing monomorphism. In addillon,25 RAPD markcr\ \ho$.d

I l5 h.tnds wrth 94'7 ofthcsc bcins mononturphrc tullowitg
6 monrhs ofsmrlge (Muthiah el al.201l) Clonal hdclity

ofrhe regeneraled A. ,k rr;.ri !as invesrigaled using ISSR

and RAI']D mrrkers thxt rlso re'ealed hrgh nronomorPhrs.r

(907) bctween thc mother planr aril in vitro regenerarc.l

pla rlets (Dey el al 1019).

In ordcl lo dclcrmitc thc di!c1\il) in 1I. {ild |(,i)ul.r
rions, about 157 larialions were tound usrng RAtrD rnd

l55k llouLrcr, lSsR rn:rl'.'r. .n,N\u l' -lk'r r.r,.':.'
(4,1.97") than the RAPD markcrs (23%) (Brnsaler 41.l(llrtr)
RAPD and tSSR lnalysis also re\,e.rled gcn.ric di!ersily in

l5 A. ,k ?"ic, i accessions from ccntral lndir wlrich wa!

reported necessary to be used i)r thcit co[ser\rrior] r\ $.ll
as lor brccding ( Iriprrhicl al l0l:l

Srcm wnh rhEe .d.' -
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Table2 ln\'r..r rs rd(.rnrr.rn! $ntrl'. tnlbrto!ene!i ii /r rx,rtr.r

Nls

Clllus dcvcl,pmcnl i highcr

Formanon ol $malrc c brlos

su.ce$ful induclion oi soh
yeLLowi:h-green.rllu\

2 nr!/L:..1D

l: 5 UNl BA, I BM 2,1 i)

\ts

0 5 mgllm and 0.25 nls/L
2.4-D:0.25 ng/l- 2.4-Dr and

0.1 Dg/L BAP

2 fM BA,0.2X Oeknco.
l0 !/L sucmse. 0 ?% n-qrr, 6

I 
'ng/L 

2.4-Dr 02 mg/L

l6x l0r ol silver nanopani.lcs

l% suc,os€r O.65ti ngnri0 25.

0.50. and I mg/L oltsA lrd

0.8tl.gar 025 lnd 0 5 nrs[
2,1D:and0.5 nrg^- B,^P

20 FM 2.4 Dand20fM kio,
:l% sucrcse.0 8? dglr

I mg/L IBA rnd 1 mg/L IAA.
37. sucrose.0 65% usar

I mg/L 1,4-Dr I 5 m8/L knr

Shrrr\trrr\r..nl R1| rr i L!)rrr)

Enbryo n)arrrarnD nnd pn,

ducrioi oi tlrnrlel Jionr

N'IS

\1S

MS

Nrs

Sonrariccmbryosei.sirat

Somatic enrbrlo inducr n Irfa . rfulSrn!1. 1l1rll,

\lalrmu (841) irnluctnnl
xml ini.urnnr ol nnrtrL.

Application of transgenics

Eadier A\t ahdtu\ ir tundld.n lJ strain EHAl05 harboF

i.g rhe blnrry lector fBIl2l I I lvnh the gcnes tor CtJS and

neoJnlcin fhosPhdrarstrarc was us.d lo tr.rnstorn A ,2,,
,,cri planis It shosed 60% lranstornration Irequcncy a d

l(x)k l\o monlhs li)r regeneBlil)n oflhe nrnsgenics frcn lhe

leal.xplartrs (Nisha cL tl.2003) In another ttudl.A. I,r,rrln
. n ?J l-B440.1 h.rrboring pCA MBIA I 30 I conrxining 0 3lu-
.ul(,ridxse (lilA) and htgronrycin phosphon 3n{terase (r/r)
gcnes dcmonslrated irsl and eHicrci.,irs shoot organogcn

esrs in vittu and transccnic plant production in I mr,ri?ri
(Mah.nderet al.20ll). A /r.,,rirr; \r'hen lransibnned using

rhee suains of,'1. r!rl"ir.,.,r such as LBA'I'|0'I, EHAl05,

and CV3l0l conumurg exprcssion veclor pcAlvlBlA230l
with 0-glucurcnidrsc (CUS), no rc rarkablc rariatiur iD Lhe

lransi)nnalior ctilcicrc) ann)ng the thrcc strain( w'j\ n'rerl

rYada! er al.:01.f) Ufectivc shoor rcgeneralion (87 5X)

,nJ,.r1,.. rr:r.lurm'.r..n '': 
q ''l /j. ,t",,',' r' { 'r(

,nl'r(\eo h) \,'r' r,.,',. _nledrJl(d l'.'r'.ltirmJlr^r .t ri

lirmed viaGUS as\ry an(IPCR mediated dctecrion ollr2rll
gcne (Kunrxri cl al. 2l)15) lo another repo . lddoN inllu-

c!cirg genctic-lraDsftrm.rlion and shool organogenesis iD 6.

no,,icri were a!n) slandardi/cd (Aggar$tl er al. l013l ln

anolher studr, a quick r.gcncrallng A. rlrx./ir.i.1r! nr.di!l.d
r.nstbnnation method lbrB. ,ro0rn,i (l-.1was achic\cd a\

a hetcrclosous exprcssion modcl ol adTrri,?rrr,!r mt.,!
derived tcrpenord indolt.tlkaloid pr,.iucing gen.\ ir r!f
lophan dccarbo\ylasc an(l slric(osiLlinc syrrlhrsc) t.rnrrll)'
,hscnt in 8. ,nrnni?/i (Sharnrr.l 11. :{)llc} l, ,rr,rn',j
rranstitrmcd with A8,?brkl.riron rri:.)rl.tr.r \lrarns LIl,\
or,,j 1nd A4.'.m rlJred ,..,f:.:rp. ]n...nrh.. i' ''
ibrmed calli and as well as in planls which was anributcd

t1r Ihe endogcnous elicitlttion nredi.rlcd b1 ,1. ,/'/.,(rrh
RiT-DNA (M.ttunxlar cr Il l0l1) Iiu(hci.Ri ,,li, lrr '\
iornred (en.oding ptr)lcinaceous elic itd cr ypbS. in ) li. ,k l
,l,/i showed a notrbly higher rccumulal,of oi hr.osr(lc .\.
lMaiunxlar cr al. l0ll) Th.cryPI lrin\larorcd /l tL,,rri,',i
kept long-tenn. cxhibiled nol.bly hrghcr blcosid..onlcnl
io !itro (1.66- lo 2.05{bklhighcr thao thc non_lrlr.\Lmcd
ones) (PaL er rl. 2015). B. ,mn,i.ri. Seneti.nlly Irrnnirnncd

w;th usine dillt.cnl A. rll.ose,.r strain\ (!iz. A4. R1000.

SA79, MTCC 532. and M ICC 2164), disph)-cd hrrhcr Pro

ducrion ol hairy lu)t bionrass !nd higher r.cufrulill{r. .
bacoside A (exc.pl A.l nrlin) conrparcd 1() lhe r('n 1r:Lrr\

lbrnred lincs (Bansrl cr al 10 l'tb). t,ri-l,r.,.\ (A I rn(l

MTCC 532 strains)_derilcd hair) l1l)r .rhibiled th. hisl'rn
rcgrowth fr.qucncy. Morcovcr.. high biomrs\ |lrodu.rn!

Sh,i{ rrl) \1!

l.r l.n r .nurr \lS
l.rr \lS

l-lr t.Ltr, . \ls

{ sprins*
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IableI ln riLr) tr.lu.1(!r rfrd.iIrd..n.nt.t b]..s,les tsingel.Ll.rs n!,r,,,x.,i

Phnrc€llororgln.ulrur
Senn solid lnrl lnlud MS

ItlS+0 lir/|. I l)r Kxrnon\rxnnNn el r I l11)0sr

(,1tr..'. ri a r'l r. li\O,
1! I :r'(i .JrLLKll,Lro

liLrirlrl . r r!\.f.' trfl

Ccll sls|cisnr crlruL. Shoor

Llu MS+ I nrg/L BAP

nrcrose. nnd 0 8r, aglr
R1i\. lnril,,r..

ItlS rl5 fM ll,^

50 !M nrerlrll jrrn.nrre

0 l,s m9/l- fDZ
l)5 u!/l rnhrJrilr x.i.l

Il5 + I org,4- 2,.1.D

r-iqlrd Ms+.1 1.r tM aAP

NIS+:lti su.fix.. I iUM
BA,0l0 !M IBA

Liquid MS+01nrg/l-
2.4 D

Lrqtrrd \4S + rro inojrlol,
nicotinic lcil. I nrUL
vna.nn Bl. I ng/L BAP.

lvlS basrl sul(+ l'i nrcar\c

MS.+9 |M 2..1 DilS uM

l-iquiJ Ms+5 fM BA

ln viri. shoor rcScncrardr

Sre r s.Smcnrs atrd lcrl

l-.,l. odc. iit.trr)de NIS+ l mg/l. aLrlirenl

Ad!.ntiLurs \hooG NIS+ I 
'n!/l- 

ktrr

l(l \lnr,.rr,.rnl
'/jr) rLfrl \.,, rr,ii'i!,,, r\

r.rr ,1 ,i,r 1/rr,, !t.
.lrrL\.! r.rr: r r,(r .

1rr:, nl lljtr! / [.\r!:

Iinc. upon eli.n.rtion. produced 5.817 ofhacosidc A lire and

rhree-ri es nrore lhan rhe unnanstonnc.l rnd lrinsfo.ored
Don elicited control sct\, rcsp.ctilcly (t.argia et al 2[ll6) li
additi(m. thc olerc\pl essing S./r.qr,,r re!rr)/-(leri!cd va.u

olar pI1non pyrcphosphaLase gene (SrvPPdr!) afienuated

sall \[ess in nrnsgcni. 8. /rrrrl.n nnnsgcnics prcduled h].

A t t|t:lak k' \ m.dirlcd tr anslbr rrrrron (Ahire et al. 20 I it).
ln.rnothcr rcporr. insedion of /d genes m)duhlcd lhc mor.
phogcnic polcnlral in rransgenic B.,zrtrrilr'i denled liom,1.
/r,,./iki.,rrnedr rcd rr.rnsfonnalion (Sarkr ind Jha 2021).

especiaiiy bacoside A. a. /no,,ieri is conrmcrcilll) inrpor
ranldue !o iN presen.c in larious hcrbrl linnrulatrcnr usc(l

against neurologicdl disorders.'l hi! phnr hxr rlwif\ h..f ,r

subiecl ol inLeresr lo a ryriud ol rc\eitrchc^ A \rb\rrnr rL

numbcrolstu.lies have bee conducred or1 Ihis pl.r r l()e!L\

ing on its tisnrc cuhurc rnd biotech olo!) lo p,.pxirrl. rh.
plant in vitro and also lbr sunainublr rrxl srrhLe I),,)dir
rion of its phylo-cor(itucnls The prc\ent r.\ icB tro\ rdc\
a comprehensrve account of it\ 1n virro ptr)prgrrion no,l
re. rrhd.crllJ.r(lu.fiiin.r.r JnL L ''..,. .1.- 

'
$matic embrloge esis. and secondtrrr" nrelubolir. fiodu.
rion ('lables 1.2, xnd :l). Besides. insighrs i]l rhc nrolc.u:I
markeFbased studi.s rcvcrlcd lh..lonrl lid.lil\ ri.onrr 1hc

narural and in vrtrc gcncratcd plrntlcts. t3,,rr./!.na
mcdialcd transtormrtion sr- ltcnr was nnrslly ur(rl l,) otli
mize bacoside fn)du.tion. biomrss ) i.ld. rnd h.L.ri)1,)!,,)1,:

erprelsion ol se.ondary mclaboliLc produ(rn! !a'r.\. lh(
r.gencratcd plants cln be used as a !o (r,rull pitr i\i,, r lii

conclusions

,il sp,rug",

a ,Lr,,n ri is considcr.d r\ a polenl mcdrcinnl pllnl con-

i.rining rn amr- oiphytoch.mic s viz .ilkaloids. fla!onolds.
saponins, and glycosidrs fhc planL possess.s seleral phar

nracological actiriries rrrribured to ns bro.rcIr!e compounds
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