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Abstract In this paper, we would like to show unex-

pected morphogenic potential of cell suspensions derived

from seedling explants of Gentiana kurroo (Royle). Sus-

pension cultures were established with the use of

embryogenic callus derived from seedling explants (root,

hypocotyl and cotyledons). Proembryogenic mass prolif-

erated in liquid MS medium supplemented with 0.5 mg l-1

2,4-D and 1.0 mg l-1 Kin. The highest growth coefficient

was achieved for root derived cell suspensions. The

microscopic analysis showed differences in aggregate

structure depending on their size. To assess the embryo-

genic capability of the particular culture, 100 mg of cell

aggregates was implanted on MS agar medium supple-

mented with Kin (0.0–2.0 mg l-1), GA3 (0.0–2.0 mg l-1)

and AS (80.0 mg l-1). The highest number of somatic

embryos was obtained for cotyledon-derived cell suspen-

sion on GA3-free medium, but the best morphological

quality of embryos was observed in the presence of 0.5–

1.0 mg l-1 Kin, 0.5 mg l-1 GA3 and 80.0 mg l-1 AS. The

morphogenic competence of cultures also depended on the

size of the aggregate fraction and was lower when size of

aggregates decreased. Flow cytometry analysis reveled

luck of uniformity of regenerants derived from hypocotyl

suspension and 100% of uniformity for cotyledon

suspension.
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Abbreviations

2,4-D 2,4-Dichlorophenoxyacetic acid

Kin 6-Furfurylamonopurine

GA3 Gibberellic acid

AS 6-Aminopurine hemisulfate

MS Murashige and Skoog medium (1962)

IM Initiation medium

K/C Cotyledon derived suspension culture

K/H Hypocotyl derived suspension culture

K/R Root derived suspension culture

Introduction

Gentiana kurroo Royle (Gentianaceae) is an important,

native Indian species used for medicinal purposes. Because

of possible extinction, it is legally protected by law and

cannot be exported (Ministry of Commerce, Government

of India; Raina et al. 2003).

Sharma et al. (1993) attempted to micropropagate this

species from nodal segments. They obtained an average 3.5

shoots per explant. Liquid culture constitutes a more effi-

cient method of plant propagation, but the fundamental

disadvantage is the risk of hyperhydration (Preil 2005). Up

to the present time, only Hosokawa et al. (1998) has

described the propagation of G. scabra cv. WSP-3 in liquid

culture with a very high plantlet yield via organogenesis.

The process is most often induced for in vitro multiplica-

tion of the genus (Morgan et al. 1997; Yamada et al. 1991;

Momčilović et al. 1997).

Suspension cultures derived from callus tissue, which

had been initiated from seedling explants, were previously

obtained only for G. pannonica (Mikuła et al. 2002),

G. tibetica and G. cruciata (Mikuła et al. 1996). This type
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of culture appears very efficient and a long-term source of

somatic embryos, and could be used to study embryo

development (Mikuła et al. 2001). It is relatively easy to

control the growth of liquid cultures to determine those

predisposed for cell suspension for transformation experi-

ments (Hosokawa et al. 2000) and protoplast isolation.

Gentian suspension cultures with a lack of embryogenic

capability can be used for secondary metabolites produc-

tion (Kamińska et al. 1998).

The occurrence of unexpectedly high morphogenic

potential of G. kurroo seedling explants expressed by

abundant somatic embryo production is the reason for the

enlargement of our in vitro experiments, including the

establishment of cell suspension cultures. The aim of the

paper is to describe the prolific embryogenic character of

suspensions derived from callus of various seedling

explants in the presence of selected plant growth

regulators.

Materials and methods

Culture material

Three cell suspension cultures derived from cotyledon

(K/C), hypocotyl (K/H) and root (K/R) were used. They

were established from callus tissue initiated on G. kurroo

seedling explants cultured on initiation medium (IM)

consisting of MS (Murashige and Skoog 1962) agar med-

ium supplemented with 0.5 mg l-1 2,4-D and 1.0 mg l-1

Kin. After 2 months in culture, 2.0 g of callus tissue of

each of explants were transferred separately into 100-ml

conical flasks with 10 ml of liquid IM medium. During the

first 4 weeks, 10.0 ml of fresh medium were regularly

added every 7 days. After that, cultures were transferred

into 250-ml conical flasks with 80 ml of medium and

subcultured at 1-week intervals. Cultures were maintained

in diffuse light, in the culture chamber at 22 ± 1�C in

photoperiod 16:8 day:night and a rotary shaker at 130 g.

Microscopic analysis

Established cell suspensions were sampled with the appli-

cation of Sigma stainless steel sieves with different mesh

size for aggregate selection of [300, 300–150 and

\150 lm. To describe the morphogenic events leading to

embryogenesis in cell suspensions, the samples of plant

material were selected and observed microscopically. In

vivo observations were carried out with help of light

microscopy Vanox (Olympus) without staining.

Transmission electron microscope studies of suspension

were performed on the different aggregates. Samples were

fixed with 2.0% glutardehyde in 0.1 mol l-1 cacodylate

buffer at pH 7.0 for 2 h and 2.0% OsO4 for 2 h at 4�C.

After that, they were dehydrated using a graded series of

ethanol and embedded in Spurr’s resin. Semi-thin

(1–2 lm) and ultra-thin sections were cut with LKB

(Sweden) ultramicrotome. Semi-thin sections were stained

with 0.1% toluidine blue in 1.0% borax and observed under

a light microscope. Ultra-thin sections were contrasted with

uranyl acetate and lead citrate and observed in Tesla

transmission electron microscope.

For scanning electron microscope investigation samples

were also fixed with 2.0% glutardehyde in 0.1 mol l-1 cac-

odylate buffer at pH 7.0 for 2 h followed by 2.0% OsO4 for

24 h. They were dehydrated using a graded series of ethanol

and ethanol with acetone and dried with liquid CO2 in a

critical point dryer Type E 3100 JAMBO SERIES II (Polarno

Equipment). After that samples were coated with gold using

a Coater ‘‘Joel’’. Finally, samples were scanned using a

scanning electron microscope ‘‘Joel’’ model JSM-S1.

Curve of cell suspension growth

For growth curve analyses 1.0 g of 2-month-old suspension

cultures K/C, K/H and K/R were resuspended in 30 ml of

IM medium in 100-ml conical flask. Tissue growth was

measured every 3 days from the day of subculture to day

24. To determine fresh mass, cells from one flask were

collected on a filter paper, dryed under vacuum and

weighed. Dry mass was measured after drying the sample

at 70�C for 48 h. Each experiment was repeated three times

with three samples per data point. The coefficient of the

growth was defined as a ratio of fresh and dry weights of

final to initial tissue weight.

Morphogenic capacities of cell suspensions

Three cell suspension cultures K/C, K/H and K/R were

divided onto four fractions: [500, 500–300, 300–150 and

\150 lm. From each fraction, 100 mg of tissue was plated

into 9-cm-diameter Petri dishes containing of 50 ml of MS

medium supplemented with Kin (0.0; 0.1; 0.5; 1.0 or

2.0 mg l-1), GA3 (0.0; 0.1; 0.5; 1.0 or 2.0 mg l-1) and AS

(80.0 mg l-1). Every combination was repeated ten times.

After 8 weeks in culture, somatic embryos in cotyledonary

stage were counted.

Embryo conversion into plantlets

Embryos derived from three studied suspensions were

implanted into 0.5 MS medium. To each jars containing

25 ml of medium, five well-developed embryos in cotyle-

donary stage were implanted. For each cell suspension ten

replicates were done. Culture were carried out during

8 weeks and after that were scored.
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Flow cytometry analysis of regenerants

DNA content was determined in 25 and 43 regenerants

derived from cotyledon and hypocotyl suspension,

respectively. Young leaves of seedling and suspension

cultures which serve as a source of somatic embryos were

used as a control. The youngest leaves were chopped fine

with a razor blade in a Petri dish containing 1 ml of nucleus

isolation buffer (0.1 M Tris, 2.5 mM MgCl2, 85 mM NaCl,

0.1% Triton X-100; pH 7.0) with propidium iodide

(50 mg ml-1) and RNase (50 lg ml-1). Suspension of

nuclei was passed through a 50-lm mesh nylon filter and

measured in flow cytometer (Partec, Münster, Germany).

Percentage of nuclei containing 2C and 4C and was cal-

culated with the using DPAC V.2.2 software (Thiem and

Śliwińska 2003).

Statistical analysis

Data were evaluated by analysis of variance using Type III

sum of Squares (STATGRAPHICS Plus 2.1 for Windows).

The least significant differences (LSD) between mean

values derived from data were verified with Fisher test.

Differences significant at the 95% probability level were

counted for each pair of means.

Results

Characteristic of the cell suspension cultures

The cotyledon and hypocotyl derived suspensions of G.

kurroo were established during 6 weeks (Fig. 1a). It was

impossible to obtain a fully stabilized root derived suspen-

sion. The suspension mostly consisted of elongate cells with

large, single vacuole (Fig. 1b). Prolific established cotyle-

don- and hypocotyl derived suspensions formed different

size of aggregates (Fig. 1c). The diversification of the

aggregate structure depended on the fraction. Cells of size

\150 lm were round shaped, divided longitudinally and

transversely creating small aggregates (Fig. 2a). They pos-

sessed dense cytoplasm, thick external wall, centrally

located big nuclei and small vacuoles (Fig. 2b). In the

cytoplasm, numerous amyloplasts, Golgi apparatus, rough

endoplasmic reticulum, mitochondria and single lipid bodies

were visible (Fig. 2c). In aggregates 150–300 lm in size,

cells showed cytological differences depending on their

location in the structure (Fig. 2d). In externally located cells,

large amyloplasts with numerous starch grains were

observed (Fig. 2e). Internal cells were smaller and compact,

and contained fewer plastids with small starch grains and

many lipid bodies (Fig. 2f). Their ultrastructure was similar

to the fraction of\150 lm. Aggregates of[300 lm in size

Fig. 1 Characteristic of

suspension cultures: a 3-month-

old suspension in a conical flask

(MS + 0.5 mg l-1 2,4-D + 1.0

Kin); b heterogeneous root-

derived suspension culture with

long shaped and round cells;

c homogeneous cotyledon-

derived embriogenic

suspension; d somatic embryos

after 3 weeks of culture onto

conversion medium; e typical

somatic embryo with small

rootlet (R), short hypocotyl (H)

and long, fused cotyledons (C);

f embryo conversion into

plantlets

Plant Biotechnol Rep (2008) 2:33–39 35

123



possessed three different layers of cells. The first, most

internal, led strongly vacuolated cells. The second ones had

the storage layer, the third ones were externally layer of

merystematic character. The centrally located layer con-

sisted of aged cells with little cytoplasm and large vacuoles,

which succumbed and led to aggregate breakdown. In the

storage layer, cells were smaller, and rich in amyloplasts

with slight starch grains, small vacuoles and large nuclei.

The most external layer was strongly separated from the

culture medium by means of thick wall which was addi-

tionally covered by a protein–sucrose matrix. Walls between

cells inside this layer were thinner with numerous plasmo-

desmata. Nucleus with homogeneous nucleoli took central

place of cells. As the result of the cell division from external

layers and single embryogenic cells, somatic embryos from

globular (Fig. 2g) to cotyledonary stage were formed.

Curves of the cell suspension growth

Two months after culture establishment, biomass growth

was assessed. The growth curves of three studied suspen-

sions were similar but differences in maximal value of

biomass were observed (Fig. 3). During the first 9 days of

the subculture the growth rate was low. From about day 9

suspension cultures started to grow very fast up to day 18

for K/R and day 21 for K/H and K/C. Later, the growth

decreased. The highest amount of tissue (3.1 g) was

obtained in the root-derived culture and the lowest (2.3 g)

for hypocotyl-derived suspension. Dry weight for all

studied G. kurroo suspensions was about tenfold lower than

fresh weight. The growth coefficient was the highest for

root-derived culture and make 6.7 and 6.1 for fresh and dry

weight, respectively. Ratio of growth coefficient was the

highest for cotyledon-derived cell suspension and reached

1.06.

Morphogenic capacities of cell suspensions

The highest amount of somatic embryos was achieved for K/

C and the lowest for K/R culture. For all investigated sus-

pensions, the decreasing of aggregate size also caused the

decrease of the number of somatic embryos (Table 1). Sta-

tistical analysis proved the effect of GA3 and Kin

concentrations on morphogenic potential of cell

Fig. 2 Ultrastructure of

suspension culture: a round

shaped, divided longitudinal and

transverse cells of size

\150 lm; b visible dense

cytoplasm, thick external wall

(Cw), central located big nuclei

(N) and small vacuoles (V) in

single cells after division

(92,000); c numerous

amyloplasts (Am), Golgi

apparatus (GA), rough

endoplasmic reticulum (rER),

mitochondria (M) and single

lipid bodies (Lb) in cells of

fraction \150 lm (96,000); d
cell diversity in structure of

aggregates 150–300 lm in size.

External located cells with large

amyloplasts (arrows) and

internal smaller and compact

cells; e external cell with

amyloplast (Am) contained

several grains of starch (S)

(98,000); f ultrastructure of

internal cells, fraction of 150–

300 lm: thin cell walls (Cw),

amyloplasts (Am), small

vacuoles (V), nucleus (N),

mitochondria (M) and numerous

lipid bodies (Lb); g somatic

embryos in globular stage

(arrows) formed from external

situated cells of aggregates

(98,000)
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suspensions. From 100 mg of K/C aggregates[500 lm in

size, 813 embryos were obtained (Table 1). The decrease of

their number was caused by decreasing of Kin concentration

up to the level 1.0 mg l-1 with or without low concentration

of GA3. Aggregates 300–500 lm in size required similar

concentration of plant growth hormones, but 2.0 mg l-1 Kin

was most beneficial. After 6 weeks of culture for 150–

300 lm fraction, the highest number of somatic embryos

were obtained when the medium was only supplemented

with 0.1–0.5 mg l-1 Kin and 80.0 mg l-1 AS. The lowest

number of somatic embryos was produced by aggregates

\150 lm in size. For hypocotyl-derived suspension culture

the best results for all fractions was achieved on MS medium

supplemented with 0.5 mg l-1 GA3, 1.0 mg l-1 Kin and

80 mg l-1 AS. The highest number of somatic embryos

reached 163.5 (fraction[500 lm) and was fivefold less than

for cotyledon origin suspension. The lowest morphogenic

capacities were presented by root-derived suspension cul-

ture, about 29-fold less than for cotyledon ones.

Embryo conversion into plantlets

During the 8-week-long culture, plantlets reached the few

leaf stage with very well-developed root systems. The

yielding of conversion was origin dependent and the

following data were achieved: 87, 85 and 68% for K/C,

K/H and K/R, respectively.

Flow cytometry analysis

Among 68 regenerants studied the majority of them pre-

sented 2C DNA level. In case of K/H regenerants, 86%

possessed 2C DNA and 4C DNA was presented by 14% of

regenerants. K/C regenerants appeared more stable and

100% of them showed only the same contents of 2C DNA

as control plants.

Discussion

Morphogenic competence of investigated suspension cul-

tures depended on: (1) initial explant origin, (2) size of

aggregates and ultastructure of their cells, and (3) con-

centration of the plant growth hormones.

The data presented in this paper gave evidence of very

prolific somatic embryo production by two out of three

studied cell suspensions of G. kurroo. Liquid culture is a

unique system for cell proliferation because of its easy

access to medium ingredients by the cells, better conditions

for aeration, and easier possibilities to control the pH level.

The rotation of the medium helps to mix the medium,

metabolites and disperse oxygen. Induction medium which

was used for suspension culture multiplication led to their

maintaining embryogenic potential. At previously reported,

auxin-cytokinin medium favors somatic embryo formation

in gentian cultures (Mikuła et al. 2005; Bach and

Pawłowska 2003). The embryogenic character of the cell

found its expression on the ultrastructural level. The

majority of published papers underline the presence of

amyloplasts and starch grains as the ultrastructural marker

of embryogenecity. Our studies revealed that the lipid

bodies could be included in the matter.

Lipid bodies were also observed in the rice epithelial

cells which are presumed to be embryogenically deter-

mined cells (Yeung 1995) and were found in developing

somatic embryos (Hakman and von Arnold 1985; Joy et al.

1991; Avjioglu and Knox 1989). Results confirmed previ-

ously described ultrustructural features typical for other

gentian species and are complementary for them (Mikuła

et al. 2001).

To get more precise results, considering yield and

quality of somatic embryos, it was necessary to use frac-

tioned suspensions for implantation on agar media in our

experiments. It was proved that for selected species of

Gentianaceae the different size of aggregates was con-

nected with the somatic embryo differentiation. Exacum

affine formed the highest number of somatic embryos from
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fraction 100 lm (Ørnstrup et al. 1993), but in the case of

Lisianthus russellianus the best results were obtained from

aggregates [500 lm (Ruffoni and Massabò 1996). The

fractionation use is one of methods to obtain synchroni-

zation of somatic embryos development (Nomura and

Komamine 1995; Kim and Soh 1996; Choi et al. 1997).

The asynchrony was present even when fractionation was

employed in G. kurroo culture.

In our studies, the high level of Kin caused continu-

ous embryogenic proliferation, and very often a second

generation of embryos appeared, which resulted in

obtaining the highest number of embryos regenerated

from cotyledon-derived suspension culture. GA3 helps to

produce properly formed embryos. The stimulus role of

GA3 in plant regeneration systems is well known. Gib-

berellins stimulate further development of somatic

embryos or make possible their conversion. The lack of

GA3 in the suspension culture caused the stopping of the

somatic embryo development at the cotyledon stage

(Choi et al. 1999; Shimizu et al. 1997). It is worth

mentioning that morphological disturbances of G. kurroo

embryos were observed, namely twin embryos, some

possessing numerous cotyledons and also somewhat hy-

perhydrated. The highest level of morphogenic

disturbances was observed for [500 lm fraction. How-

ever, the embryos which presented morphological

disturbances correctly passed conversion to reach prop-

erly developing plantlets.

In conclusion, our experiments revealed that long-term

culture of studied cell suspensions had a direct relationship

with the level of morphogenic competence typical for

explants of their origin. The developed system of plant

Table 1 Influence of GA3 and Kin (mg l-1) on somatic embryos formation for four fraction of cotyledon-derivative suspension culture of G.
kurroo (from 100 mg of PEM)

Kin (mg l-1) GA3 (mg l-1)

0.0 0.1 0.5 1.0 2.0 Average

Fraction [ 500 lm

0.0 281.8 ef 243.4 efghi 203.0 ghij 200.0 hij 140.4 kl 213.7 b

0.1 248.8 efgh 256.2 efg 262.4 ef 262.4 ef 257.4 efg 257.4 b

0.5 289.0 e 277.4 ef 229.2 fghi 191.4 ijk 168.6 jkl 231.1 b

1.0 813.4 a 617.8 b 492.6 c 419.2 c 161.2 jkl 500.8 a

2.0 494.8 c 653.6 b 471.2 cd 476.4 c 124.8 l 444.1 a

Average 425.5 a 409.6 a 331.6 b 309.8 b 170.4 c SE = 19.9

Fraction 500–300 lm

0.0 312.0 bc 302.4 bcd 202.2 ef 152.2 ghij 144.8 hij 222.7 b

0.1 296.2 bcd 194.8 efg 195.4 efg 158.0 fghij 195.0 efg 207.8 b

0.5 316.4 bc 209.6 e 177.0 efgh 166.6 efghi 134.4 hij 200.8 b

1.0 332.8 b 198.0 efg 129.8 ij 258.2 d 118.0 j 207.3 b

2.0 452.8 a 312.8 bc 282.8 cd 263.2 d 124.6 ij 287.2 a

Average 342.0 a 243.5 b 197.4 c 199.6 c 143.3 d SE = 16.4

Fraction 300–150 lm

0.0 164.4 c 165.2 c 158.8 cd 153.6 cd 136.6 def 153.9 a

0.1 280.6 a 140.0 cde 124.0 efg 101.2 ghijk 100.2 ghijk 147.6 a

0.5 282.6 a 121.6 efg 94.4 hijk 92.0 ijk 57.2 m 134.8 a

1.0 219.6 b 120.4 efgh 98.0 ghijk 85.4 jklł 79.8 klłm 111.6 b

2.0 111.4 fghij 112.8 fghi 86.8 ijkl 60.8 lłm 59.8 łm 101.0 c

Average 194.3 a 146.6 b 112.4 c 98.6 c 97.1 c SE = 9.5

Fraction \ 150 lm

0.0 47.4 d 46.0 d 15.0 fghij 6.6 jk 5.0 k 24.0 c

0.1 62.4 bc 60.0 c 44.8 d 18.2 efgh 9.6 hijk 39.0 b

0.5 100.2 a 69.2 b 45.4 d 39.0 d 22.6 ef 55.2 a

1.0 24.0 e 9.2 ijk 8.2 ijk 14.8 fghij 16.2 efghi 14.4 d

2.0 19.4 efg 18.6 efg 5.2 k 15.2 fghij 11.6 ghijk 14.0 d

Average 50.6 a 40.6 b 23.7 c 18.7 cd 13.0 d SE = 3.1

Data was recorded after 8 weeks. Values represent the mean of experiment which consisted of ten culture dishes. Mean values marked with the

same letters are not significantly different (P \ 0.05; Fisher test)
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regeneration could be easily employed for plant genetic

manipulation and biotechnological purposes.
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