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Abstract The influence of varied concentrations of

sucrose and ammonical (NH4
?) nitrogen on in vitro induc-

tion and expression of anthocyanin pigments from Rosa

hybrida cv. ‘Pusa Ajay’ was investigated. Of two explants

(petal and leaf discs) selected and cultured under two dif-

ferent conditions (light and dark), leaf discs were found to

be most suitable for callus initiation. Profuse and early

callus induction was observed when leaf discs of rose were

cultured under total dark conditions on solid Murashige

and Skoog (MS) medium supplemented with 4.0 mg l-1

2,4-dichlorophenoxyacetic acid (2,4-D). Early pigment

initiation, enhancement and maximum anthocyanin pro-

duction from calluses were recorded when leaf discs were

cultured on Euphorbia millii (EM) medium supplemented

with 7% sucrose compared with calluses cultured at 4%

sucrose concentration under 16/8 h (light/dark) photope-

riod regime. Reducing the concentration of NH4
? nitrogen

in the solid MS medium led to slight improvement in

anthocyanin production in rose leaf calluses.

Keywords Ammonical nitrogen � EM medium � Sucrose

concentration � Rosa hybrida � Anthocyanin pigments

Abbreviations

2,4-D 2,4-Dichlorophenoxyacetic acid

ANOVA Analysis of variance

EM Euphorbia millii medium

FW Fresh weight

MS Murashige and Skoog medium

NH4
? Ammonical ion

Introduction

Anthocyanins are water-soluble vacuolar pigments in the

diverse flavonoid group, which are largely responsible

for blue, purple, red and orange colouration in higher

plants (Zhang and Furusaki 1999). Today, interest in

anthocyanin pigments has intensified because they can be

used not only as food and beverage additives to obtain

attractive natural red colouration (Jackman et al. 1987)

but also as nutraceuticals to treat a number of human

ailments (Wang and Jiao 2000; Gantet and Memelink

2002; Hou 2003; Lila 2004). The potential of utilizing

anthocyanin pigments for different purposes motivated

use of plant cell or callus cultures to produce several of

these vital secondary metabolites irrespective of seasonal

barriers.

In vitro anthocyanin production is well documented in

several crops such as Vitis sp. (Chi and Cormier 1991),

Oxalis linearis (Meyer and Staden 1995), Oxalis reclinata

(Makunga et al. 1997), Platanus acerifolia (Alami and

Clerivet 2000), Daucus carota (Sudha and Ravishankar
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2003), Fragaria ananassa (Asano et al. 2002; Edahiro

et al. 2005), Ipomoea batatas (Nishiyama and Yamakawa

2004), Raphanus sativus (Betsui et al. 2004), rose

(Hennayake et al. 2006), Torenia fourunieri (Nagira et al.

2006) and Cleome rosea (Simões et al. 2009). However,

research on in vitro induction of anthocyanin pigments

from flower crops, especially roses, using solid callus

cultures is non-existent to our knowledge. Earlier attempts

in rose and some other crops were based on cell suspension

cultures. Therefore, an attempt has been made to induce

and express anthocyanin pigments in solid calluses derived

from different explants of rose so that the extra effort of

maintaining the cultures with continuous shaking can be

dispensed with. Earlier studies indicated that in vitro

induction of anthocyanin was strongly influenced by high

sucrose concentration (Nagira and Ozeki 2004; Hennayake

et al. 2006) and low NH4
? nitrogen concentration in the

suspension culture media (Konczak-Islam et al. 2001;

Piovan and Filippini 2007). The positive effect of high

sucrose concentration on anthocyanin biosynthesis was

related to high osmotic potential in the culture medium

(Solfanelli et al. 2006) and change in the primary metab-

olism of the cells in case of reducing the NH4
? nitrogen

concentration (Sato et al. 1996). The primary objective of

our study is to induce anthocyanin pigments from rose on

solid culture medium by manipulating the sucrose and

NH4
? to nitrate (NO3

-) nitrogen concentration.

Materials and methods

Plant material

The explants, i.e. petal (tight bud stage) and fully expanded

young leaves (20–25 mm long), were collected during the

winter/spring season from 3–4-year-old field-grown heal-

thy and disease-free plants maintained at the Floriculture

Research Farm of the Indian Agricultural Research Insti-

tute (IARI), New Delhi, India.

Explant preparation

Explants were washed with 0.1% Teepol� solution for

5 min, followed by thorough washing under running tap

water for 8–10 min. Explants were then subjected to pre-

treatment comprising 0.1% Carbendazim (BASF India

Ltd., Mumbai) ? 0.1% Mancozeb-45 (Rallis India Ltd.,

Mumbai) ? 200 mg l-1 8-hydroxyquinoline citrate (HQC)

for 3 h followed by surface sterilization with mercuric

chloride (0.2%) for 4 min. The explants were then rinsed

three times with sterilized double-distilled water. The

whole petal and leaf discs of 5 9 5 mm size were used as

explants for callus induction.

Callus induction

Agar-based MS (Murashige and Skoog 1962) medium with

0.72% (w/v) agar-agar (HiMedia Lab., Mumbai, India) and

3% (w/v) sucrose was used as basal medium. pH was

adjusted to 5.8 ± 0.1, and media were autoclaved for

20 min at 121.6�C and 15 psi. Callus was initiated from

petal and leaf discs (placed adaxial side down) on solid MS

medium supplemented with 1.0, 2.0, 3.0 and 4.0 mg l-1

2,4-D in test-tube (50 ml, borosilicate) containing 20 ml

solid medium. The cultures were kept in the dark at

24 ± 1�C. Induced callus was sub-cultured on fresh agar-

based MS medium at 25-day intervals.

Media composition for anthocyanin induction

Freshly initiated calluses were then transferred to test-tubes

containing 20 ml solid EM medium (Yamamoto et al.

1981) supplemented with 0.2 mg l-1 2,4-D for multipli-

cation and anthocyanin induction. Then, cultures were kept

at 24 ± 1�C under 16/8 h (light/dark) photoperiod

(108 lmol m-2 s-1) regime using cool-white fluorescent

tubes (Phillips Electronics India Ltd., Kolkata, India) and

sub-cultured at 15-day intervals. For anthocyanin induction

in callus cultures, EM medium supplemented with 4%, 5%,

6% and 7% sucrose was used. A modified MS medium

(Table 1) with 100% NH4
? nitrogen (control), MS medium with

50% strength of NH4
? nitrogen, and MS medium devoid

of NH4
? nitrogen were used for anthocyanin induction.

Cultures showing anthocyanin induction were harvested to

measure total anthocyanin content.

Quantification of total monomeric anthocyanin

Quantification of total anthocyanin was done according to

the method described by Wrolstad et al. (2005) on a UV-Vis

double-beam spectrophotometer (Thermo Electrone Corp.,

USA) by using two buffer systems, i.e. potassium chloride

buffer, pH 1.0 (0.025 M) and sodium acetate buffer (CDH

Ltd., Mumbai, India), pH 4.5 (0.4 M). A known weight of

Table 1 Composition of modified MS medium for anthocyanin

production in rose leaf calluses

Salt (mg l-1) Full-strength

MS medium

Modified MS, medium strength

50% 0.0%

NH4NO3 1,650 825 –

KNO3 1,900 950 1,900

K2SO4 – 500 500

KH2PO4 170 340 340

MgSO4 370 370 370

Other ingredients were as in standard MS medium
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sample (350–400 mg) was macerated with 80% methanol

(S.D. Fine Chemicals, Mumbai, India) in a pre-chilled pestle

and mortar. Then, sample was transferred to a vial and cen-

trifuged at 10,000 rpm for 15 min on a refrigerated centrifuge

(3K30; Sigma, Osterode, Germany). Final volume (25 ml)

was prepared by adding 80% methanol to the supernatant.

Then, final samples were prepared by taking 5 ml volume of

sample and diluting separately in pH 1.0 and pH 4.5 buffers

(5 ml each). Absorbance was measured at 520 and 700 nm

using 1-cm-path-length cuvettes in a UV-Vis double-beam

spectrophotometer. Anthocyanin content was calculated and

expressed as cyanidin-3-glucoside mg kg-1 fresh weight

(FW), using extinction coefficient (e) of 29,600 l cm-1 mol-1

and molecular weight of 449.2 g mol-1. The final concen-

tration of anthocyanin was calculated based on total volume of

the extract and weight of sample using

Absorbance Að Þ
¼ A520nm � A700nmð ÞpH 1:0� A520nm � A700nmð ÞpH 4:5

Total anthocyanin mg kg�1
� �

¼ A�MW� DF� vol:madeup

e� weight of sample
� 1000;

where A = absorbance, MW = molecular weight (449.2),

DF = dilution factor and e = molar absorptivity (29,600)

Statistical analysis

Statistical analyses were carried out using one-way ANOVA,

as suggested by Gomez and Gomez (1984). Each experiment

comprised suitable replicates. All percentage data were sub-

jected to arcsin H% transformation before analysis, and valid

conclusions were drawn at the P B 0.05 level of probability.

Results and discussion

Explant selection

Among the two explants used, minimum microbial con-

tamination (15.60%) was recorded when leaf explants were

used. This can be attributed to the short ontogenic age of

the tissue, as observed by Vijaya et al. (1986) in rose.

Highest culture initiation (78.77%) and earliest (8.84 days)

callus induction were also recorded when leaf explants

were used (Table 2). This may be due to the higher level of

endogenous phyto-hormones in leaves. It is well known

that in vitro culturability is dependent on the endogenous

level of phyto-hormones and is enhanced by exogenously

applied growth regulators (Mederos and Enriquez 1987).

Callus induction

Growth and morphogenesis of plant tissue under in vitro

conditions are largely governed by culture media compo-

sition. Earliest callus induction (9.67 days) was noticed in

leaf explants when MS medium was fortified with

4.0 mg l-1 2,4-D, whereas petal explants took longer

(11.56 days) to induce callus. The frequency of callus

formation from these explants also exhibited a similar

trend. Callus induction was noticed initially on the punc-

tured places, followed by other (Fig. 1a, b, c) parts. The

highest frequency of callusing (91.11%) was recorded

when leaf explants were cultured on MS medium fortified

with 4.0 mg l-1 2,4-D, followed by 3.0 mg l-1 (82.22%),

which was statistically non-significant (P B 0.05). The

frequency of callusing in petal explants was significantly

lower (77.24%) at 4.0 mg l-1 2,4-D. A similar trend was

observed in generation of callus biomass in Oxalis recli-

nata (Makunga et al. 1997) and in Hibiscus sabdariffa

(Mazukami et al. 1988). The differential ability of the two

explants to induce callus at the same 2,4-D concentration

could have been due to different levels of endogenous

auxins present in these explants. Earlier, Yi-xun et al.

(2009) and Wang and Bao (2007) also observed that

optimum level of 2,4-D induced high callusing in

Anthurium andraeanum Hort. and Viola wittrockiana,

respectively, which was further enhanced by addition of

benzyl aminopurine. Only calluses obtained from leaf

explants were used for anthocyanin induction, considering

the early response and higher biomass accumulation.

Table 2 Culture establishment

and effect of 2,4-D

concentration on callus

induction in rose

CD Critical difference
a Values in parenthesis indicate

arc sin H% transformation

2,4-D (mg l-1) Days to callus initiation Callusing (%)

Leaf Petal Mean Leaf Petal Mean

0.0 0.00 0.00 0.00 0.0 (0.00)a 0.00 (0.00)a 0.00

1.0 15.89 18.68 17.28 18.51 (25.48) 12.83 (20.53) 15.67

2.0 13.81 15.71 14.76 59.92 (50.71) 44.78 (41.96) 52.35

3.0 10.97 12.82 11.89 85.47 (67.54) 69.56 (56.48) 77.51

4.0 9.41 11.56 10.48 90.79 (72.24) 77.24 (61.48) 84.01

Mean 10.01 11.75 50.93 40.88

CD (P B 0.05) 3.09 8.90
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Effects of different sucrose concentrations

on anthocyanin induction

In this study the influence of varied levels of sucrose on

anthocyanin induction and expression indicated that earli-

est expression (5.0 days) in maximum number of cultures

(82.5%) was observed when EM medium was supple-

mented with 7% sucrose. It is well documented that sugars

might play an important role in induction of anthocyanin

biosynthesis in leaves or in flower petals, and also in red

autumn leaves (Ishikura 1973). Earlier studies indicated

that sugars such as sucrose and glucose are required as

substrates for anthocyanin biosynthesis. It was also postu-

lated that other sugars, such as sorbitol and mannitol,

which cannot act as substrates for plant metabolism, play

an important role as osmotic stress signals in triggering

induction or promotion of anthocyanin biosynthesis in

plant cells (Nagira and Ozeki 2004). Increasing sucrose

concentration was found to significantly enhance antho-

cyanin yield in callus or suspension cultures of Euphorbia

millii (Yamamoto et al. 1981), Daucus carota (Rajendran

et al. 1992), Aralia cordata Thunb (Sakamoto et al. 1993),

Fragaria ananassa (Mori and Sakurai 1994, 1995), Perilla

frutescens (Zhong and Yoshida 1995), Vitis vinifera

(Decendit and Merillon 1996), Vacciniurn pahalae (Smith

et al. 1997), Vitis vinifera (Pasqua et al. 2005) and Torenia

fourunieri (Nagira et al. 2006), as observed in our study.

Calluses obtained from leaves took significantly less

time (9.75 days) for enhancement of anthocyanin pigments

when cultured on EM medium supplemented with 7%

sucrose. A similar trend was observed (Fig. 2a, b, c) when

estimating the quantity of anthocyanin (50.49 mg kg-1

FW). Intense red colouration and high quantity of antho-

cyanin were estimated in cultures having 6% or 7%

sucrose. The red pigmentation became more intense as the

concentration of sucrose in the culture medium was

increased to 7% (Fig. 3d). It is apparent that sugar does not

act as a promoter of anthocyanin biosynthesis but rather as

an inducer, as reported in Arabidopsis seedlings (Mita

et al. 1997), Terminalia catappa (Dube et al. 1993) and

Hedera helix leaves (Murray et al. 1994). Taking this

phenomenon as a clue, we too applied high concentrations

of sucrose in the culture medium as the anthocyanin

inducer, which invariably led to higher anthocyanin accu-

mulation in the calluses. The augmentative effects of

sugars on anthocyanin accumulation have been reported

mainly for sucrose, glucose or mannitol in cultured cells of

various species (Do and Cormier 1991a, b; Rajendran et al.

1992; Suzuki 1995; Tholakalabavi et al. 1997).

The decrease of cell growth in media containing high

sucrose concentration, as observed in our study, could be

due to inhibition of nutrient uptake owing to increase in the

osmotic potential or high viscosity of the medium. The

increase in anthocyanin induction and expression was

specific to sucrose-induced osmoticum rather than salt-

induced (high-salinity) osmoticum, as suggested by Nagira

and Ozeki (2004). Besides, the earlier available hypothesis

indicates that accumulation of phenylalanine in cells as a

result of growth suppression at higher osmoticum is uti-

lized in anthocyanin production, and the concomitant

reduction in cell density increases the amount of perme-

ating light, which further increases anthocyanin content in

pigmented cells (Sato et al. 1996). The capacitance of the

cultured cells indicated a difference in membrane structure

between cells cultivated with different sucrose concentra-

tions, supporting the hypothesis that cell membrane per-

meability was increased at higher sucrose concentration

(Zhang and Furusaki 1999).

In plants, sugars represent not only energy sources and

structural components but also act as physiological signals

Fig. 1 Callus induction on leaf explants in Rosa hybrida cv. ‘Pusa Ajay’: a ideal stage of leaf for culture; b leaf segments on culture medium;

c callus induction on leaf segments cultured on MS medium supplemented with 4.0 mg l-1 2,4-D (25 days)
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regulating expression of a variety of genes (Jang et al.

1997). Hennayake et al. (2006) postulated that glycosyla-

tion of cyanidin might be promoted if cells absorbed sugar

from sucrose-rich medium, thereby improving anthocyanin

production. Solfanelli et al. (2000) explained that sugar

acts as a signalling molecule, whose signal transduction

pathway may lead to activation or inactivation of gene

expression, as observed in Arabidopsis thaliana. Vitrac

et al. (2000) reported that sucrose signal transduction

leading to anthocyanin accumulation involves phosphory-

lation of hexoses by hexokinase. The effect of high con-

centration of sucrose on both cell growth and anthocyanin

production was also reported in other in vitro studies

(Sakamoto et al. 1993; Narayan and Venkataraman 2002).

It was observed that, as the concentration of sucrose was

reduced, anthocyanin induction drastically reduced in the

cultures. The minimum anthocyanin accumulation

(1.48 mg kg-1 FW) was estimated at 4% followed by 5%

(7.20 mg kg-1 FW) sucrose (Figs. 2c, 3a, b). Higher con-

centration of sucrose (6% and 7%) in the culture medium

might have induced high osmotic stress, which resulted in

slow growth of callus and rhizogenesis. It is interesting to

observe that in vitro induced roots and root hairs also

exhibited anthocyanin biosynthesis when sucrose supple-

mentation was either 6% or 7% (Fig. 3e, f). Our literature

search revealed that there is no such anthocyanin biosyn-

thesis in roots and root hairs in other species that were

utilized for anthocyanin induction and expression. Such

de novo biosynthesis and expression of anthocyanin in

roots and root hairs also open up a new avenue for in vitro

pigment production (Fig. 3e, f).

Increase in sucrose concentration in basal media above

normally used concentrations (2–3%) has been reported to

enhance production of various phenolic compounds

including anthocyanin (Mizukami et al. 1991) in Hibiscus

sabdariffa. Those researchers clearly demonstrated that,

among the different carbon sources, only sucrose and

glucose were equally effective in inducing anthocyanin

production, whereas fructose and maltose improved

anthocyanin formation only marginally. Other carbon

sources such as xylose, galactose, mannose and lactose did

not support anthocyanin production. It was also hypothe-

sized that the altered C:N ratio may also influence the

phenolic metabolism, resulting in increased anthocyanin

production. Such a favourable response in anthocyanin

production is limited to a few carbon sources such as

sucrose and glucose but not with other sugars, which

prompts further investigations.

It is well documented that osmotic stress imposed by

sugars provides the impetus necessary to induce anthocy-

anin biosynthesis. However, the mechanism operating in

the cells that activates anthocyanin biosynthesis is not yet

clear. In this study, we have demonstrated that the media

requirement for callus induction (MS medium supple-

mented with different concentrations of 2,4-D) and

anthocyanin production (EM medium with different

Fig. 2 Effects of sucrose concentration on anthocyanin production

from rose leaf calluses cultured on solid EM medium supplemented

with 0.2 mg l-1 2,4-D: a frequency of response (%); b days taken for

initiation and enhancement of anthocyanin; c total anthocyanin

content (mg kg-1 FW). Vertical bars represent standard error.

Asterisk indicates recommended dose of sucrose in EM basal medium
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sucrose and NH4
? to NO3

- nitrogen concentration) were

different. Such media preference could be due to a shift of

cells from growth state to metabolite production state, as

suggested by Simões et al. (2009).

Effects of NH4
? to NO3

- nitrogen

The nitrogen source is another important factor affecting

anthocyanin production by plant cell cultures. In general,

depletion of some nutrients led to enhancement of sec-

ondary metabolites, but with growth limitations (Narayan

et al. 2005). This study revealed that reducing the NH4
?

nitrogen and increasing the NO3
- nitrogen concentration in

the MS medium (Table 1) resulted in improvement of

anthocyanin biosynthesis. Maximum frequency of response

(36.12%) at an early period (10.20 days) was recorded

when cultures were maintained on MS medium devoid of

NH4
? nitrogen. Quantification of total anthocyanin in pro-

liferated calluses also exhibited a similar trend. It was

hypothesized that the ratio of NH4
? to NO3

- nitrogen

improved anthocyanin production, which was mainly due

to change in primary cellular metabolism (Yamakawa et al.

1983; Sakamoto et al. 1994; Sato et al. 1996; Konczak-

Islam et al. 2001; Nagira and Ozeki 2004).

Anthocyanin induction was not observed in cultures that

were grown on MS medium with full-strength NH4
?

nitrogen (control). When the medium was devoid of NH4
?

nitrogen, the anthocyanin enhancement was early (Fig. 4b).

Highest anthocyanin production (6.58 mg kg-1 FW) was

recorded in cultures maintained on MS medium devoid of

NH4
? nitrogen (Fig. 4c). However, in medium having full-

strength NH4
? nitrogen, anthocyanin production was sig-

nificantly low (0.75 mg kg-1 FW). Thus, the ratio of NH4
?

to NO3
- nitrogen markedly affected production of antho-

cyanin pigments. These findings are in concurrence with

earlier findings of Yamamoto et al. (1981) and Rao and

Ravishankar (2002). Similar response to reduced NH4
?

nitrogen was also reported by Simões et al. (2009), who

postulated that the increase in anthocyanin content in callus

culture of Cleome rosea was probably due to nutritional

stress induced by reduction of salt concentration to quarter

strength.

Fig. 3 Stereomicroscopic observation of in vitro anthocyanin induc-

tion and indirect rhizogenesis in rose leaf calluses cultured on EM

medium supplemented with different sucrose concentrations, i.e.

a 4%, b 5% (control), c 6%, d 7% sucrose. Delayed rhizogenesis at

6% (e) and 7% (f) sucrose. Bars 2 mm
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Production of anthocyanin pigments was considerably

higher when cultures were grown on EM medium com-

pared with MS medium. Our results support the hypothesis

that modification of the nutrient composition in the plant

cell culture medium can play an important role in induction

of anthocyanin pigments under in vitro conditions, as

proposed by Collin (2001).

The protocol standardized for successful in vitro

induction of anthocyanin pigments by manipulating the

carbon source (sucrose) and altering the nutrient status

(reduced NH4
?, increased NO3

- nitrogen) of the culture

medium opens up an exciting avenue to produce these

nutraceutical pigments at will without seasonal boundaries.

Such pigment production can be more reliable, simpler and

more predictable. In vitro cultures can yield pigments of

defined purity and standard in a short span of time. At the

same time, anthocyanin pigments can be produced in large

volume without interference from other compounds that

occur in field-grown plants.
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