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Abstract: A direct induction of adventitious buds and in vitro plantlet regeneration system for Salivia miltiorrhiza
Bunge was optimized by studying the influences of genotype, explants type (young stem, petiole and leaf) and different
concentration of BA, IBA and surcose. Leaf explants from 99-5 seedlings showed maximum buds induction. The plant
growth regulator BA (0.1 mg - L") was effective in stimulating shoot regeneration from leaf explants of S. miltiorrhiza.
The highest efficiency of bud formation was observed with a 30-day culture in MS containing 1.0 mg - L.™' BA. The
regenerated buds were transferred to MS medium containing 0. 1 mg - L.™" BA for elongation. When the shoots were
about 3.5 cm in height, they were transferred to 1/2-strengh MS medium supplemented with 1.0 mg + L.™' IBA and
10% sucrose to induce rooting.
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The Radix of Salvia miltiorrhiza Bunge (Labiatae), therapies” ~*!, It showed that the prospect of developing

an eminent medicinal plant, is a traditional Chinese
medicine. Some diterpenoid quinine compounds,
such as tanshinone IA, tanshinon IIA, cryptotanshinone
and isocryptotanshinone are effective composition. The
dried root of Salvia miltiorrhiza, for example, has
been used extensively for the treatment of coronary
and cerebrovascular disease, sleep disorders, HIV,
hepatitis, hepatocirrhosis, chronic renal failure,
dysmenorrthea, amenorrhea, carbuncles and ulcers,
and it is often included as an ingredient in various

herbal remedies recommended for vascular circulation

Recieved :2007-11-01 ;revised :2007-11-30,

new Radix medicines would have curative effect to a
great number of serious diseases. This is cheerful. But
low content of effective components in Radix and its
long growing period make it difficult to control the
clinical qualitym . Thus, it may be possible to solve
these problems by biotechnique of S. miltiorrhiza to
improve quality and yield, obtain effective compo
nents from cultured cells and organs of S. miltiorrhiza
et al. The first step to achieve these goals is to
establish an efficient in vitro system with high regen-

eration frequency for S. miltiorrhiza. There are some
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reports of in witro proliferation of bud induced by
plant hormone. Tian et al. have recently reported the
high potential of leaf for callus induction'”) , but direct
regeneration has not been reported yet. We present an
in vitro regeneration system based on leaf explants
obtained from adult plants of S. miltiorrhiza. The
results of these experiments provide for the first time
a standardized protocol for high frequency plant
regeneration through direct organogenesis in S. milt-

torrhiza.
1 MATERIALS AND METHODS

1.1 Plant materials and explants preparation
Radix Salivia miltiorrhiza Bunge seeds were
obtained from Institute of Medicinal Plant Develop-
ment, Chinese Academy of Medical Sciences, and
were grown in the field or in the greenhouse. Three
genotypes, namely DS2-2000, BO-1 and 99-5 were
used in the experiments. Seeds were surface-steri-
lized by immersion in 70% (v/v) ethanol for 30 s,
followed by treatment with 1% (w/v) HgCl, for 15
min and washed 3 ~ 4 times with sterile distilled
water. Seeds were then germinated on one-half
strength hormone-free MS medium. Young stem (5
~8 mm) , petiole (5 ~8 mm) and leaf (20 ~25
mm’) explants were excised from one-month-old

seedlings.

1.2 Buds differentiation

Bud regeneration was carried out on MS basal
medium supplemented with 30 g + L™" sucrose and
0.7% agar. Five concentration of BA (0.1, 0.5,
1.0,2.0,3.0and 5.0 mg + L™") were tested for
callus induction and its subsequent growth from
various explants. Medium lacking growth regulator
was used as control. All in witro cultures were
incubated at 25 + 1°C under a 16 h photoperiod

(light intensity is 27 pmol * m™ »s7').

1.3 Shoot growth and rooting

Induced buds were transferred after 20 d in the
same type of culture medium for growth and shoot
regeneration. Individual shoot was subcultured on

MS medium supplied with 0. 1 mg + L™ BA for elon-

gation and multiplication. After the regenerated shoots
had reached a height of 3 ~4 cm, they were individ-
ually excised from clumps and transferred to glass
triangle bottles ( GenTel, Beijing) containing 30 mL
1/2-strength MS medium with IBA (0. 01, 0.1,
0.5, 1.0 and 2. 0 mg + L', respectively) and
sucrose (10, 20 and 30 g + L', respectively) for
rooting. Rooted plantlets were transferred to plastic
pots containing autoclaved vermiculite-soil (1:1, v/
v). The pots were covered with plastic film, placed
in a greenhouse and irrigated with a solution of 1/10-

strength MS inorganic salts at 3 d intervals.

1.4 Data analysis

Each experiment was repeated three times with
at least 20 explants per treatment. The percentage of
young stem, petiole and leaf explants producing
callus (SPC, PPC and LPC) was determined after
30 d of growth. Regenerated shoots (2.5 ~3.5 cm
long) were transferred to rooting medium. The aver-
age number of rooted shoots was calculated that had
been transferred on the rooting medium for one
week. The data were analyzed using SAS (6.12).
Analysis of variance (ANOVA) was used to test the
statistical significance, and the significance of
differences among means was carried out using

Duncan’s multiple-range test at P =0. 05.

2 RESULTS

2.1 Effect of explant types

The responses of various explants [ young stem
(SE), petiole (PE) and leaf (LE)] regarding
callus induction and growth are presented in Tables
1 and 2. Callus mass was initiated with 25 ~30 d
directly on the cut surfaces in all three types of
explants on MS basal medium supplemented with
various concentration of BA. However, callusing
rate was significantly affected by the type of primary
explants used in the following order; LE > PE > SE.
Leaves were the best source of explants for buds
regeneration (81% ). Over a period of 50 d,92% of
leaf-derived callus produced shoots, with a highest

average of 35 shoots per explants.
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2.2  Effect of the concentration of BA on
buds induction

Buds initiation was observed from the cut ends

of the young stem, petiole and leaf explants within

25 ~30 d of incubation, while no bud was observed

on control media.

The data for buds induction frequency, in terms
of the percentage of explants that showed buds
formation, was calculated for each explants type
subjected to individual phyto-hormone concentration
for all the genotypes studied.
of BA

studied, 1. 0 mg + L' was observed to be highly

Among the various concentrations
potent for buds induction irrespective of explants and
genotypes studied with pooled average buds induc-
tion frequency of 49. 8% based on a total of 2 700
explants (20 explants, 3 genotypes, 3 explants
types, 5 concentrations, in triplicate). The leaf was

observed to be the least responsive to buds induc-

tion, the highest pooled buds induction frequency
being 81.2% on 1.0 mg - L™' BA (Table 1). No
remarkable difference was observed in buds induction
frequency between different genotypes. The pooled
average buds induction frequency was 24. 2% for
DS2-2000, 24.1% for BO-1 and 25. 4% for 99-5,
respectively, based on a total of 900 explants (20
explants, 3 explants types, 5 concentrations, in
triplicate). Buds induction was effected remarkably
by explants type. The pooled average buds induction
frequency of leaf (38.55% ) was remarkably higher
than stem (16.7% ) and petiole explants (18.36% ).
And remarkable difference was discovered between
different concentrations of BA ( Table 2 ). The
shoots obtained on media containing 1.0 mg - L™’
BA showed normal leaf development and rapid stem
elongation on further subculture on MS medium

supplemented with 0.1 mg - L™ BA.

Table 1 Effect of BA concentration on the percentage of S. milfiorrhiza producing buds.

Concentration of BA Buds induction and growth (% )
- DS2-2000 BO-1 99-5
(mg - L7 SPS  PPS  LPS LPS SPs PPS SPS  PPS  IPS
Control 0 0 0 0 0 0 0 0 0
0.1 5.8 9.6 11.2 5.3 7.5 9.8 6.8 8.9 10.5
0.5 17.6 19.4 31.2 18.5 16.4 29.5 21.5 24.3 30.2
1.0 34.2 33.1 75.4 35.6 37.2 79.5 35.6 36.5 81.2
2.0 25.7 31.2 65.5 27.1 27.8 67.2 28.1 31.2 69.5
3.0 11.2 13.5 32.1 10.5 12.1 29.8 9.8 13.2 27.6
5.0 2.5 3.1 12.5 2.1 2.8 14.7 2.6 2.7 16.5
Notes: Values represented the means calculated from percentage of 20 explants forming buds in triplicate for growing 30 d. MS was used as
a control.
Table 2 The average induction frequencies of three factors and their significance differences.
Genotype Mean Explants Mean Concentration of BA(mg - L™") Mean
DS2-2000 24.2a stem 16.70b 0.1 8.4c
BO-1 24, 1a petiole 18.36b 0.5 23.2b
99-5 25.4a leaf 38.55a 1.0 49.8a
2.0 41.5a
3.0 17.8b
5.0 6.6¢

Notes: The means indicated induction frequencies, which were caculated from 20 explants in triplicate. The different letters within the columns

showed significantly different at 5% level of significance according to Duncan’s multiple range tests.
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2.3 Influence of concentration of IBA and
sucrose on root formation

After reaching a height of 2. 5 ~3.5 cm, the
shoots were seperated from the clump and transferred
to 1/2-strength MS medium supplemented with
various concentrations of IBA and sucrose produced
roots at varying efficiencies ( Table 3). Adventitious
shoots grew quickly following their transfer to rooting
medium. The best result was obtained on 1/2-
strength MS medium containing low concentration of
0.1 mg - L' IBA and 1. 0% sucrose for rooting.
About 90% of the shoots rooted successfully ( Fig.
1). Rooted plantlets were transplanted into plastic
pots containing autoclaved vermiculite and soil (1:1,
v/v) for further growth. After 3 weeks, the survi-

ving plants were transplanted into the field.

Table 3 Effect of IBA and sucrose

concentration on shoots rooting.

Concentration of IBA  Concentration of sucrose (g L™")

(mg- L") 10 20 30
0.01 83.6b 76.4b 75.7b
0.1 95.3a 89.0a 84.3a
0.5 68.4c¢ 61.2¢ 61.8c
1.0 53.3d 51.5d 46. 6d
2.0 32.4e 22.9e 19.2¢

Note : Data were means of triplicates.

Fig.1 Direct regeneration of S. miltiorrhiza.
A. Adventitious buds formation from leaf explants of S. miltiorrhiza
in MS containing 1.0 mg - L.~' BA. Adventitious shoot regenerated
at the margins of leaf explants after a 40 d culture. B. Elongated
shoots that had developed from leaf explants on MS medium contai-
ning 1.0 mg « L' BA after a 15 d culture. C. Rooted plantlet on
1/2-strength MS medium containing 0. 1 mg - L™' 1BA and 10%

SUCrose.

3 DISCUSSION

We have developed a highly efficient system for
shoot direct regeneration from S. miltiorrhiza leaf
tissue. The best treatment was leaves from seedlings
cultured on MS medium and shoots formation can be
induced from S. miltiorrhiza leaf explants using MS
medium containing 1.0 mg - L™' BA. In the majority
of the experiments, 80% explants produced shoots.

The results of the present investigation reflect
the existence of large inter-explant variability in
budding responses of the target taxa. Such variable
responses for different explant types have also been

7~9 - .
( . Such variations can

reported in other species
be attributed to the physiological condition of the
explants, which is determined by genetic fac-

191 The regeneration capacity of leaf explant

tors
is higher than stem and petiole explants in S. malti-
orrhiza. According to Hosoki and Asahira, interca-
lary meristems distributed in leaves might be respon-
sible for the higher regeneration potential S

In this study, 1.0 mg + L' BA was found to
be the best concentration for induction of adventi-
tious shoot from S. miltiorrhiza leaves. Cytokinin-
auxin combination has been widely used for callus
regeneration in various protocols developed for other

“1%- But studies on S.

members of the Labiatae "
miltiorrhiza indicate good responses in media supple-
mented with single cytokinin. The method revealed
some advantages in comparison with others; A large
number of buds regenerate from each explant. Buds
regeneration are simultaneous in the same medium,
but in shorter time (only 30 ~50 d). There are no
subculturing and no undesirable visibly variations.
Root formation was effected by concentration of
sucrose. Frequency of root formation was the highest
in media contained 10 g - I.”" sucrose. The variable
rooting responses for different concentration of

sucrose have also been other

T17~210

reporied  in
plants The results can be attributed to the

regulation of metabolic and osmotic potential.

Sucrose in media supplies energy substrate for root
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growth, on the other hand, it affect the osmotic
potential of media. Both wmetabolic regulation and
osmotic potential regulation participate in the
root formation.

In general, the present investigation reports an
efficient and easy-to-handle protocol for organogenesis.
Leaf is the best explant source for the species and
80% callus can be induced in MS medium supple-
mented with 1.0 mg + L™' BA, Furtherniore, 90%
callus differentiation aiong with a multiplication rate
of 25 shoots per explant can be obtained in 1. 0
mg + L™' BA, and 95% of these shoots can be rooted
in one-half strength MS medium supplemented with
0.1 mg-« L' IBA and 10 g + L' sucrose. Follow-
ing the procedures described here, approximately 20
well-rooted plantlets can be developed from a single
explant. This protocol could be very useful in multi-
plying elite of the target species with limited time
duration. The importance of developing callus lines
has increased over the years because of active
compound production. aud the possibility of genetic
transformation. The present callus regeneration
system may also be important for advanced studies
on genetic improvement and in the future, it also has
considerable potential as an alternative means for
production of known and new secondary metabolites

and pharmaceutical proteins.
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