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Abstract
In the recent years, widespread interest has 
borne in the development of plant-based 
pharmaceuticals, flavours, fragrances and colours 
and the demand for such plants have drastically 
increased. Continuous harvesting of these plants 
has caused their rapid depletion from the natural 
habitats. Morinda is one among those valuable 
genus used as a source of pharmaceuticals and 
natural dyes. Anthraquinones are compounds 
with industrial as well as medicinal importance. 
They are widely applied in food, medicine, and 
dye industry. Morinda roots are chief source of 
anthraquinone. Plant tissue culture practices has 
become a promising approach for large scale 
propagation and production of useful secondary 
metabolites from economically valuable plants. 
This review includes the aspects of in vitro 
propagation and anthraquinone production 
in Morinda which would encouragingly be 
worthwhile for researchers to exploit this genus 
with enormous multidimensional value, via more 
innovative approaches, in order to promote the 
cause for its improvement. 

Keywords: Morinda, anthraquinone, micropropa-
gation, root culture, cell suspension 

Introduction
The genus Morinda belongs to the family 
Rubiaceae, is composed of small trees to shrubs 
represented by 80 species, mostly of old world 
origin, distributed in almost all tropical and 
subtropical regions of the world. It is represented 
by 8 species in India. In Kerala, four species 

of Morinda are reported. They are M. citrifolia, 
M. pubescens, M. reticulata and M. umbellata 
(Sasidharan, 2004). The name for the genus was 
derived from two Latin words “Morus” means 
mulberry and “indicus” means Indian, in reference 
to the similarity of the fruit of noni to that of true 
mulberry (Morus alba). Several species of the 
genus Morinda are valued as source of medicines, 
cosmetics, vegetables or industrial raw materials. 
In China, the roots of M. officinalis administrated as 
a tonic as well as to treat rheumatism, impotence 
and hypertension (Zhang et al., 2018). The stem, 
bark, roots and leaves of M. lucida can treat 
fever, malaria, yellow fever, dysentery and shows 
antihelminthic property (Nguyen and Nguyen, 
2003). The leaves of M. elliptica may be added 
to rice for loss of appetite and consumed to cure 
head-ache, cholera, diarrhoea and fever (Burkill, 
1935). The woods of M. tinctoria are also used 
as foundation for the house pillar by the local 
people. The root bark of several Morinda species 
are traditionally been used for dyeing purpose 
because it gives a reddish or yellowish dye. M. 
bracteata produces a high quality of colour in 
traditional batik industry in Java (Groenendijk, 
1992). In India, the roots of many species of 
Morinda were used as source of natural dyes for 
dyeing cotton, wool and silk under the names al, 
ach, sarangi etc. Morinda citrifolia and M. coreia 
are considered to be the chief source of al dye. 
The species, M. citrifolia, commonly called Noni, 
stands forth as the “Queen” of the genus, for its 
conspicuous features, its multiple uses and its 
supreme ability to distribute itself on sea coasts 
far and wide without needing human aid. Noni 
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fruit products has been approved as a botanical 
dietary supplement and novel food (Phakhodee, 
2012).

A diversity of phytochemicals including iridoids, 
flavonoids, flavonoid glycosides, anthraquinones, 
coumarins, phenolics and triterpenoids have been 
reported from Morinda species. The members 
of the genus Morinda are known to contain 
substantial amount of anthraquinones especially 
in the roots (Han et al., 2001). Anthraquinones are 
one of the most important classes of dyestuffs 
among commercial colorants. Anthraquinones 
are compounds with industrial as well as 
medicinal importance. They are widely applied 
in food, medicine, and dye industry. Synthetic 
and natural derivatives of 9, 10- anthraquinones 
are important because they include many 
drugs in the pharmaceutical industry and are 
collectively called anthracenediones; they 
include antimalarials (eg. Rufigallol), laxatives 
(eg. Dantron, Emodin) and antineoplastics used 
in the treatment of cancer (eg. Mitoxantrone 
and Pixantrone) and used to treat constipation 
(Chan et al., 2011). Anthraquinones are reported 
to possess antibacterial, antitrypanosomal, 
antifungal, and antiviral properties (Barnard et 
al., 1992; Semple et al., 2001; Koyama et al., 2002; 
Mohanlall et al., 2011; Wandiahyel et al., 2016). 
Now natural anthraquinones have been used 
as colouring agents for beverages, sweets and 
other foods (Saastamoinen, 2007). The principal 
advantages of anthraquinone dyes are brightness 
and good fastness properties including light 
fastness (Hunger, 2003).

Since, the roots of Morinda is the source of 
anthraquinones, the plants are uprooted to get 
maximum amount of pigments. Due to destructive 
harvesting, the valuable genus is facing threat in 
natural conditions urging the need to restore its 
natural population. Plant tissue culture techniques 
provide an alternative for rapid and mass 
production of many rare, medicinal and economic 
valuable plants (Martin, 2002) and for the large 
scale production of important phytocompounds. 
This review will focus the important reports on the 
in vitro propagation and secondary metabolite 
production of Morinda species from literature 
data of recent years. 

In vitro propagation of Morinda
In vitro propagation is a reliable teachnique in plant 
tissue culture for commercial scale multiplication 
of propagules of valuable plant taxa. In Morinda, 
there are several reports on in vitro growth and 
multiplication and several factors are reported 
to influence the growth of in vitro propagated 

plantlets. Various Morinda species were in vitro 
propagated through direct adventitious shoot 
induction or through intervention of callus 
formation in number of media formulations 
fortified with variable sources and measures of 
plant growth regulators as summarized in Table 1.

Role of explant source: In any micropropagation 
study, the nature of explant considerably influence 
shoot proliferation. Therefore it is necessary to 
choose suitable plant material prior to tissue 
culture. Shoot tip and nodes were exploited for in 
vitro direct shoot multiplication in genus Morinda. 
Indirect organogenesis via. callus induction using 
leaf explants from seedlings were also achieved 
(Selvaraj et al., 2006; Subramani et al., 2007). 
Nodal explants were found to be more thriving 
for inducing multiple shoot per explant (Hong et 
al., 2000; Jimenez et al., 2011; Deng et al., 2015; 
Anjusha and Gangaprasad, 2016).

Role of surface disinfection: Explant disinfection 
is the first and most challenging step of 
establishing an aseptic culture and is therefore 
a prerequisite for the successful tissue culture of 
any plant. During disinfection, all microorganisms 
such as bacteria or fungi that contaminate the 
explant exogenously and endogenously have to 
be removed without destroying and killing the 
plant tissues thus giving the explant a fighting 
chance for surviving in vitro (George, 1993). For 
most of the Morinda explants, the commonly used 
technique entails surface sterilization with 70% 
ethanol for 30–90 s followed by 0.1 % (w/v) HgCl2 
for 5-10 min and repetitive washing in sterilized 
water (Hong et al., 2000; Haung et al., 2007). In 
some species, sodium hypochlorite solution 
was used instead of HgCl2 (Jimenez et al., 2015). 
Some workers also employed 0.1-0.2 % systemic 
fungicide Bavistin solution about 10-15 min to 
eliminate fungal contamination (Sreeranjini, 2013; 
Shekhawat et al., 2015). 

Role of season of explant collection: Seasonal 
variation is an important factor that influences the 
percentage of axillary bud proliferation as well as 
the availability of contamination free cultures.The 
season of explant collection greatly influenced 
establishment of Morinda cultures in vitro. In M. 
citrifolia, the least number of explants responded 
(17%) in the month of June while the maximum 
response was observed in explants collected 
during January-March (81%) (Sreeranjini, 2013). 
Shekhawat et al. (2015) reported that in M. coreia, 
nodal explants collected during the months 
March-June responded earlier compared to those 
collected during July-December. High percentage 
of morphogenesis and low percentage of 
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contamination was observed when the nodal 
explants were collected during the month of 
April-May in M. reticulata (Nair et al., 2012; Nair 
and Gangaprasad, 2018; Renji, 2019) and March-
May in M. umbellata (Anjusha, 2016). 

Role of basal media and plant growth regulators: 
Murashige and Skoog’s (MS) medium was found 
to be the most commonly used for Morinda 
propagation. Based on the literature, most of the 
tissue culture works in Morinda were successfully 
achieved on agar based MS medium. MS medium 
combined with different PGRs with different 
concentration and different combination induced 
the best rates of shoot induction and proliferation 
in different Morinda species.Though introduction 
of Woody Plant (WP) medium and Murashige and 
Tucker (MT) medium also served as basal media 
for successful in vitro regeneration of Morinda 
(Hong et al., 2000; Selvaraj et al., 2006; Subramani 
et al., 2007).

The presence of cytokinins were reported to be 
significant to promote shoot formation. A variety 
of cytokinins such as 6-benzyladenine (BA), 
Kinetin, Thidiazuron (TDZ) and Zeatin has been 
used for Morinda micropropagation. In many 
species of Morinda, BA alone was efficient in 
inducing multiple shoots from nodal and shoot tip 
explant (Hong et al., 2000; Sam, 2003; Nair et al., 
2012; Sreeranjini and Siril, 2014; Shekhawat et al., 
2015; Deng et al., 2015; Anjusha and Gangaprasad, 
2016; Nair and Gangaprasad, 2018). But, there 
were also various instances where BA alone failed 
to produce much effect but a combination of the 
same with Kinetin or auxins (IAA/IBA) promoted 
multiple shoot formation efficiently (Selvaraj et 
al., 2006; Subramani et al., 2007; Gajakosh et al., 
2010; Jimenez et al., 2011; Gam et al., 2014). In 
M. citrifolia, combined effect of BA and Kinetin 
in shoot multiplication was reported favorable in 
semi-solid and liquid MS medium (Shekhawat et 
al., 2015). 

Indirect organogenesis via. callus formation from 
leaf explants were reported in M. citrifolia (Selvaraj 
et al., 2006; Subramani et al., 2007; Gajakosh et 
al., 2010). Selvaraj et al. (2006) and Subramani 
et al. (2007) demonstrated callus initiation from 
leaf explants inoculated in MS and WP media 
supplemented with 2 mg/l 2,4-D. The subculture 
of the callus on media containing combination of 
BA and Kinetin or BA in combination with IAA/
IBA resulted in shoot formation. Gajakosh et al. 
(2010) verified the morphogenetic response 
of leaf explant using various concentrations of 
auxins IAA, IBA and NAA, accounted that lower 
concentration of IBA and NAA produced callus 

proliferation which on further subculturing in MS 
medium containing 5 mg/l BA and 1 mg/l Kinetin 
in combination with 1 mg/l IBA induced multiple 
shoots.

Rooting: The success of in vitro propagation 
relies on efficient rooting in regenerated shoots 
and their subsequent acclimatization. In vitro root 
induction varied with species, explant source and 
the supplied PGR. Generally explants utilizing 
juvenile plant parts root more effectively and 
easily than the mature parts due to the presence of 
meristematic tissue. Half strength MS medium was 
proved most effective for in vitro root induction 
in Morinda (Shekhawat et al., 2015; Anjusha and 
Gangaprasad 2016; Nair and Gangaprasad, 2018). 
Full and quarter strength MS media was also used 
for in vitro rooting of the genus (Shekhawat et al., 
2015). Several researchers deliberated the impact 
of PGRs in in vitro root initiation of Morinda. 
Among the three auxins sources employed in 
variable concentrations, suitability of IAA or IBA or 
NAA for in vitro rooting of Morinda was reported 
to be different in different literatures. Superiority 
of IBA over IAA or NAA was substantially observed 
by many researchers (Sam, 2003; Haung et al., 
2007, Gam et al., 2014, Shekhawat et al., 2015, 
Deng et al., 2015). Nevertheless, suitability of 
NAA over IBA was also evident in a number of 
instances (Hong et al., 2000 ; Nair et al., 2012; 
Anjusha and Gangaprasad, 2016). Engagement 
of IAA, a source of auxin during successful root 
induction in Morinda was reported (Jiminez et 
al., 2011; Nair and Gangaprasad, 2018). Gajakosh 
et al. (2010) reported that in M. citrifolia, the 
frequency of root development were maximum 
in medium containing combination of 5.0 mg/l 
IBA and 2.0 mg/l NAA. Interestingly, Zhiying and 
Kelie (2006) reported 85% rooting of the in vitro 
shoots in M. officinalis without supplementation 
of auxins in the medium. In M. citrifolia also, roots 
development from the in vitro shoots without 
any auxins were reported (Sreeranjini and Siril, 
2014). The elimination of a laboratory rooting 
phase helps in reduction of cost production, 
energy, resources and increases chance of survival 
of plantlets during hardening and field transfer 
(Yan et al., 2010). Successful ex vitro rooting was 
reported in M. citrifolia (Sreeranjini and Siril, 2014; 
Shekhawat et al., 2015) and M. coreia (Shekhawat 
et al., 2017). 

Acclimatization and field establishment: The 
successful acclimatization of propagated plants 
and their subsequent transfer to the field is a crucial 
step in micropropagation. Rapid desiccation 
of plantlets and its susceptibility to bacterial 
and fungal diseases makes the acclimatization 
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procedure more difficult. In M. officinalis, Deng et 
al. (2015) reported acclimatization and subsequent 
greenhouse establishment of in vitro plantlets 
by transfering them to a mixture of sterile sand 
and garden soil in the ratio 1:1. Survival rate of 
98% was obtained at the hardening phase when 
a substrate cocopeat was used up in M. citrifolia 
(Subramani et al., 2007). Various researchers added 
a range of organic substances in the substrate. 
For instance, Nair et al. (2012) transferred the in 
vitro rooted plantlets of M. reticulata in polybags 
containing mixture of sterile soil, sand and 
manure (6:2:1). In M. umbellata and M. reticulata, 
in vitro rooted plantlets were first transferred to 
plastic pots filled with garden soil and sand (1:1) 
and covered with polyethylene bags, irrigated 
once in a day for 4 weeks and subsequently 
transferred to clay pots containing mixture of 
sand, garden soil and dried cow dung (1:1:1) and 
maintained in the green house before eventually 
transferring to field (Anjusha and Gangaprasad, 
2016; Nair and Gangaprasad, 2018). On the other 
hand, vermiculite in the substrate ameliorated 
the survival rate. The ex vitro rooted plantlets of 
M.citrifolia transferred to sand:soil:vermiculite 
(1:1:1) showed 87.5% survival rate (Sreeranjini 
and Siril, 2014). In M. coreia, a mixture of garden 
soil, soilrite, manure and vermi compost (1:1:1:1) 
revealed high rates of survival and displayed 
vigorous growth (Shekhawat et al., 2015). Both in 
vitro rooted and ex vitro treated plantlets of M. 
citrifolia were transferred to the soilrite containing 
paper cups and subsequently were planted in the 
field showed 100% rate of survival under natural 
conditions (Shekhawat et al., 2015).

Genetic fidelity analysis: In vitro propagation 
is a valuable tool for plant regeneration, but it 
carries the risk of inducing genetic variability 
(Werner et al., 2015). Culturing in vitro may 
induce the loss of cellular control, resulting in 
somaclonal variations (Pathak and Dhawan, 
2012) which is a key setback confronted during 
commercial propagation. DNA methylation, point 
mutations and chromosome rearrangements are 
the major causes of somaclonal variation, which 
may arise due to in vitro stresses (Phillips et al., 
1994). This propensity for genetic variability 
demands the need of a tool to detect somaclonal 
variations in in vitro grown plants (Saha et al., 
2016). Somaclonal variants can be detected 
using various morphological, physiological, 
biochemical and molecular methods (Bairu et al., 
2011). Molecular markers are the most suitable 
tool to study the genetic uniformity between the 
micropropagated and donor plants. Several DNA 
markers have been used to find out the genetic 

variations among the in vitro raised plants (Tilwari 
et al., 2016). For genus Morinda, there is only 
one report present on the assessment of clonal 
fidelity published by Sreeranjini and Siril (2014) 
in M. citrifolia, where RAPD was employed as 
molecular marker. A total of 10 random 10-base 
primers were utilized to test genetic stability of 
9 randomly selected regenerants and the mother 
plant. The monomorphism in the banding pattern 
among the RAPD markers confirmed that the in 
vitro raised plants were genetically identical to 
that of control mother plant and no variation was 
induced during clonal propagation.

In vitro production of anthraquinones
Production of active principle through in vitro 
culture has drawn attention of the scientific 
communities. In natural circumstances, the 
production of secondary metabolites are in fewer 
quantities so there is a requirement for large 
scale production. Plant tissue culture techniques 
are widely used for the production of useful 
compounds using callus, root and suspension 
cultures.

Callus culture: Callus culture raised from parent 
tissue can be maintained for an extended period 
by subculture and can therefore represent a 
convenient form of long term maintenance of 
cell lines. These cultures can be used for initiating 
suspensions. Callus can be used as an effective 
in vitro system for the production of secondary 
metabolites (Legha et al., 2012). In M. citrifolia L., 
callus and cell suepensions raised in the presence 
of NAA showed a substantial production of 
anthraquinones (Zenk, 1975) and later it was 
supported by Van Der Plas et al. (1995). Stalman 
et al. (2003) has demonstrated that in M. citrifolia, 
anthraquinone biosynthesis in callus cells is 
strongly inhibited by 2,4-D compared to NAA 
although the cell growth rate was same in both. 
Anjusha and Gangaprasad (2017) standardized 
a callus culture system of M. umbellata for the 
first time for the production of anthraquinone 
using in vitro derived leaf explants and the callus 
produced the highest amount of anthraquinones 
on MS medium with 1 mg/l 2,4-D. In M. citrifolia 
leaf callus, an increase in anthraquinone content 
was noticed when chitosan from shrimp shell 
extract was used as elicitor (Purwianingsih et al., 
2019). 

Root culture: Adventitious root culture is another 
alternative system for the production of secondary 
metabolites on a commercial scale. In vitro 
cultured roots grow vigorously and profusely in 
phytohormone-supplemented medium and have 
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shown tremendous potential for accumulation of 
valuable secondary metabolites (Murthy et al., 
2008). Production of a red pigment from the root of 
M. angustifolia by root cell culture was reported by 
Aobchey et al. (2002) and the major components 
of the red pigment extracted was found to be 
an anthraquinone pigment morindone. M. royoc 
root cultures were established for the production 
of anthraquinones (AQs) followed by isolation 
and identification of seven AQs by Borotto et 
al. (2008). Baque et al. (2010) proved quarter-
strength MS medium supplemented with 5 mg/l 
IBA and 30 g/l sucrose as the suitable for the 
production of both root biomass anthraquinone 
(AQ) production in M. citrifolia. The effect of 
initial sucrose concentration was investigated by 
Baque et al. (2012) in root suspension cultures 
of M. citrifolia to improve root growth and 
secondary metabolites production, and found 
that 5% sucrose supply was shown to be optimal 
for the production of root dry mass whereas the 
maximum production of anthraquinone were 
achieved at 1% sucrose-treated culture. In an 
attempt to improve production of anthraquinones 
(AQ) by adventitious root cultures of M. citrifolia 
using balloon type airlift bioreactor, an aeration 
rate of 0.05 vvm, 15 g/l inoculum density, and 
half-strength MS medium were found to be 
optimal for enhancing accumulation of root dry 
biomass and AQ (Baque et al., 2013). Adventitious 
root proliferation was achieved in Murashige 
and Skoog liquid medium supplemented with 
24 μM Indole-3-butyric acid and pectin added 
adventitious root cultures resulted in highest 
accumulation of the two anthraquinones, alizarin 
and purpurin in M. citrifolia (Sreeranjini and 
Siril, 2015). Chitosan was used to enhance the 
production of anthraquinones and phenolic 
compounds from the cultured adventitious 
roots of M. coreia established using leaf explants 
(Kannan et al., 2020). 

Cell suspension culture: In vitro dedifferentiated 
plant cell suspension cultures are more 
convenient for the large-scale production of fine 
chemicals in bioreactors and for the study of 
cellular and molecular processes as they offer the 
advantage of a simplified model system for the 
study of plants. Cell suspension cultures contain a 
relatively homogeneous cell population, allowing 
rapid and uniform access to nutrition, precursors, 
growth hormones and signal compounds for 
the cells (Mustafa et al., 2011). Biosynthesis of 
morindone and alizarin in intact plants and cell 
suspension cultures of M. citrifolia has been 
reported by Leistner (1973). Inoue et al. (1981) 
isolated five known anthraquinones and seven 
new anthraquinones from cell suspension cultures 

of M. citrifolia. Igbavboa et al. (1985) observed 
abundant anthraquinone synthesis in M. lucida, 
when photoautotrophic and photoheterotrophic 
suspension cultures were transferred into 
darkness, provided sucrose in the medium. 
Hagendoorn (1994) cultivated cell suspensions 
of M. citrifolia in a B5 medium containing 4% 
sucrose as the sole carbon source and 1 mg/l 
NAA or 1 mg/l 2,4-D and reported that although 
both auxins were able to support growth, only in 
the presence of NAA anthraquinone production 
was observed. 2,4-D inhibited the production in 
NAA cultures. The induction of stress metabolites 
by endogenous and exogenous elicitors found 
in plant-microorganism interactions has been 
studied in M. citrifolia suspension cultures by 
Dornenburg and Knorr (1994) and found that 
exogenous elicitor chitin-50 induce chitinase and 
anthraquinone synthesis, and M. citrifolia derived 
pectins were highly active in stimulating plant 
stress response. An increase in AQ production 
by M. citrifolia cell suspension cultures by adding 
nonionic surfactant pluronic F-68 has been 
reported by Bassetti and Tramper (1995). MS 
basal medium used in combination with 0.5 mg/l 
NAA and 0.5 mg/l kinetin, 8% sucrose was found 
to be the best in enhancing both cell growth and 
anthraquinone production in suspension cultures 
of M. elliptica (Abdullah et al., 1998). Jasril et al. 
(2000) chemically investigated the cell suspension 
culture of M. elliptica yielded eight anthraquinones 
and their structures were established based on 
spectral studies. 

Komaraiah et al. (2005) accomplished an 
enhancement of accumulation of anthraquinones 
in M. citrifolia suspension cultures by treatment 
with elicitors, ultrasonication and controlled 
feeding of the carbon source in the growth 
medium. A synergistic effect was observed 
by simultaneously applying elicitation and 
controlled addition of sucrose, resulting in 
four-fold increase in anthraquinone production 
above the control cultures. In M. elliptica, it was 
reported that different elicitors exerted different 
effects on cell growth and anthraquinone (AQ) 
production, depending on concentration and day 
of treatment (Chong et al., 2005). In M. citrifolia 
bioreactor cultures, dark-culturing suppressed cell 
growth, while a high photosynthetic photon flux 
inhibited AQ biosynthesis (Ahmed et al., 2008). 
In 2010, Quevedo et al. obtained a transgenic 
cell line by overexpresion of 1-deoxy-D-xylulose 
5-phosphate synthase (DXS) from Catharanthus 
roseus, a key enzyme of the metabolic pathway 
of anthraquinones (AQs) through direct 
transformation of cell suspension cultures of M. 
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citrifolia using a hypervirulent Agrobacterium 
tumefaciens strain thereby increasing the 
production of AQs by about 24% compared to the 
control cell line. The tissue specific expression of 
anthraquinones, flavonoids and phenolics in leaf, 
fruit and root suspension cultures of M. citrifola 
has been reported (Deshmukh et al., 2011). In 
the study, jasmonic acid (JA) elicitor treatment 
during early and exponential growth phase 
showed significant AQ induction than during 
stationary growth phase. The combination effect 
of methyl jasmonate (MeJ) and two cyclodextrins 
(CDs) on the production of anthraquinones (AQs) 
in Morinda citrifolia were analysed and found 
to synergistically increase the intracellular AQ 
content in suspension cultures (Perassolo et al., 
2016). 

Summary and Future outlook
The reports accessible so far on in vitro 
intervention in Morinda focused predominantly 
on developing protocols for rapid regeneration 
and enhanced production of anthraquinone. 
Biotechnological methods are reliable and 
provide continuous sources of plant material for 
food, pharmaceuticals and natural colourants. 
Application of in vitro technologies in Morinda 
could open new vistas for development of new, 
more effective, safe and higher quality products 
from the genus. The current review endows an 
assessment of the works on in vitro propagation 
and bioproduction of anthraquinone in Morinda 
which will aid in the future research of Morinda 
biotechology.

Table 1 
In vitro propagation studies in Morinda (arranged chronologically)

Species Explant Medium PGRs Result Reference

M. officinalis Nodes and 
shoot tips

MT 1 mg/l BA Adventitious shoots Hong et al., 2000

M. officinalis Nodes MS 3 mg/l BA Adventitious shoots Sam et al., 2003

M. officinalis Nodes MS 1 mg/l BA + 0.5 mg/l 
NAA

Adventitious shoots Zhiying and Kelie, 
2006

M. citrifolia Nodes of 
seedlings

Leaves of 
seedings

MS
WP

2 mg/l BA + 2 mg/l 
Kin

2 mg/l 2,4-D,
2.5 mg/l BA + 1 mg/l 

Kin,
2 mg/l BA + 0.1 mg/l 

IAA

Adventitious shoots

Callus induction,
Organogenesis from 

callus

Selvaraj et al., 2006

M. citrifolia Nodes of 
seedlings

Leaves of 
seedings

MS
WP

2 mg/l BA,
4 mg/l BA + 0.5 mg/l 

IAA

 2 mg/l 2,4-D,
4 mg/l BA+ 0.5 mg/l 

Kin,
2 mg/l BA + 1 mg/l 
Kin+0.1 mg/l IAA

Adventitious shoots

Callus induction,
Organogenesis from 

callus

Subramani et al., 
2007

M. officinalis Nodes MS 1 mg/l BA + 0.05 mg/l 
IBA

Adventitious shoots Huang et al., 2007

M. citrifolia Shoot tip

Leaf

MS 5 mg/l (BAP) + 2 mg/l 
(Kin) + 0.5 mg/l (IBA)
2 mg/l NAA + 2mg/l 

IBA,
5 mg/l BA + 1 mg/l 

Kin + 1 mg/l IBA

Shoot proliferation

Callus formation,
Organogenesis from 

callus

Gajakosh et al., 2010

M. royoc Nodes and 
shoot tip

MS 4.4 µM BA + 2.9 µM 
IAA

Adventitious shoots Jimenez et al., 2011

M. 
reticulata

Nodes MS 4.4 μM BA Adventitious shoots Nair et al., 2012
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