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Abstract
Bupleurum chinense DC is an important medicinal plant with many active ingredients that are used for the treatment of dif-
ferent types of diseases and valued in pharmaceutical markets. In vitro shoot regeneration can efficiently contribute to the 
improvement of B. chinense. In the present study, we investigated the effects of the explant type and plant growth regulators 
(PGRs) on embryogenic callus induction and plant regeneration in B. chinense. Our investigation demonstrated that 2 mg/L 
2,4-dichlorophenoxyacetic acid (2,4-D) combined with 1 mg/L thidiazuron (TDZ) played a major role in promoting callus 
induction from leaf, hypocotyl and stem 2 explants, whereas the most effective treatment for stem 1 callus formation was 
Murashige and Skoog (MS) medium supplemented with 1 mg/L 2,4-D, 0.5 mg/L 6-benzyladenine (BA) and 0.5 mg/L kinetin 
(Kin). The highest shoot regeneration rate (57.14%) was obtained from hypocotyl-induced calli in MS medium with 0.5 mg/L 
Kin after 12 weeks of cultivation. This regeneration protocol can be used in large-scale cultivation and may be useful for 
future genetic modifications of B. chinense.
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Introduction

Bupleurum is a genus of the family Umbelliferae (Apiaceae), 
represented by 200 species, which are widely distributed in 
the Northern Hemisphere, Eurasia and North Africa. This 
genus was first recorded under the name Chai Hu (saiko in 
Japanese and shiho in Korean) more than 2000 years ago 
in Shen-Nong’s Herbal (Shen Nong Ben Cao Jing), and 

the earliest professional pharmaceutical book described 
the properties, flavor, efficacy and clinical applications of 
Bupleurum in detail (Yang et al. 2017). In addition, the lat-
est research shows that a lung cleansing and detoxifying 
decoction (Qing Fei Pai Du Tang), composed of 21 kinds 
of traditional Chinese medicines, such as Bupleuri Radix, 
Ephedra sinica and Pogostemon cablin, exerts obvious cura-
tive effects on mild COVID-19 (Cao et al. 2020; Zhong et al. 
2020).

As early as the beginning of 2000, the annual consump-
tion of Radix Bupleuri in China reached 8000 tons, and the 
gross proceeds of prescription medicines containing saiko 
reached 27 billion yen in Japan. The demand for Chinese 
herbal medicine resources is still increasing worldwide (Cao 
et al. 2021; Pan 2006). Although 20 species of Bupleurum 
can be made into Chinese herbal medicines, only the dry 
roots of B. chinense and B. scorzonerifolium are the official 
botanical origins of Bupleuri Radix specified in the Chi-
nese Pharmacopoeia (Chinese Pharmacopoeia Commission 
2020). Furthermore, due to years of excessive and indiscrim-
inate digging and inappropriate use to meet the raw material 
demands for Bupleuri Radix, natural populations of these 
plants have declined sharply. Sichuan Province, China, has 
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a long history of cultivating Bupleurum. Currently, the cul-
tivation area of Bupleurum is approximately 47,500 acres 
(data unpublished), but excellent cultivars for industrialized 
planting are still lacking. A commercial variety of B. chin-
ense “Zhong Chai No. 2” with high yield and good qual-
ity was introduced to Sichuan. However, this genotype is 
intolerant to the soil waterlogging resulting from the very 
rainy weather during summer in Southwest China. Although 
the improved variety Chuanbeichai No. 1 showed moder-
ate waterlogging tolerance after years of rigorous selection 
from the population originating from Zhong Chai No. 2, its 
flowering and seed setting are still negatively affected by 
the summer rainy season, resulting in poor seed production, 
which has greatly hindered its popularization (Gao et al. 
2020; Xu et al. 2018). Therefore, with the typical introduc-
tion and domestication processes of traditional breeding, 
combined with modern biotechnology to improve the exist-
ing medicinal Bupleurum varieties, enhancing the stress 
resistance and environmental adaptability of these plants 
for their further development is a future breeding goal. A 
stable and efficient plant regeneration system is not only use-
ful in the micropropagation and conservation of endangered 
Bupleurum varieties but also opens up alternative ways of 
introducing novel traits via genetic transformation.

There are several previous reports of in vitro studies on B. 
chinense (Hao et al. 2008; Xu et al. 2013; Yang et al. 2011). 
However, in previous reports on the induction of calli of 
Chuanbeichai No. 1, the induction rate was very low, and 
the callus browned easily. Furthermore, the regeneration 
efficiency of calli largely depends on genotype and explant 
type. Thus, a protocol that is suitable for one cultivar may 
not be applicable for other cultivars. Hence, there is a need 
to develop an in vitro tissue regeneration system for “Chuan-
beichai No. 1” to meet the demands for planting material for 
cultivation and to improve this species through trait-specific 
genetic manipulation. Therefore, we focused on developing a 
more efficient regeneration protocol for mass multiplication 
and commercial cultivation of B. chinense.

Materials and methods

Plant material

The seeds of “Chuanbeichai No. 1” used in this study were 
chosen from a new variety of Bupleurum chinense. DC, 
which was jointly bred by Sichuan Agricultural University, 
Southwest University of Science and Technology, Institute 
of Medicinal Plant Development & Chinese Academy of 
Medical Sciences and Sichuan De Pei Yuan Traditional 
Chinese Medicine Science & Technology Development Co., 
Ltd. from farm-holding populations through systemic and 
purification selection methods.

In early 2019, stem segments were collected from B. chin-
ense “Chuan Bei Chai No 1” plants at the jointing stage 
grown in the Chai Hu Demonstration Base of College of Life 
Science and Engineering, Southwest University of Science 
and Technology.

Explant sterilization

Seed sterilization and germination

The seeds were maintained in water (at 24 ± 1 °C) that was 
changed every 4 h for 24 h. Then, seeds were rinsed with 
flowing water for 2 h, placed in 75% ethanol for 30 s and 
washed with sterilized water three times, followed by 10% 
(w/v) NaClO for 15 min and 0.1%  HgCl2 for 5 min. After 
the surface sterilization process, the seeds were washed with 
sterile distilled water to remove any trace of the steriliza-
tion agents. The seeds were then planted on MS (Murashige 
and Skoog 2006) seed germination medium supplemented 
with 3.0% (w/v) sucrose, 0.4% (w/v) plant gel, 1.5 mg/L 
6-benzylaminopurine (BA) and 1.0 mg/L indole-3-acetic 
acid (IAA) (pH 5.8). All culture plates were kept in dark-
ness at 24 ± 1 °C in an incubator for 14 days. When the seeds 
germinated, the culture conditions were changed to a 16-h 
light/8-h dark cycle at 23 ± 1 °C, and the light intensity was 
2000 lx (25 μmolm−2  s−1). From 25 to 60 days, we collected 
hypocotyls and leaves and used them as explants.

Stem sterilization

After removing leaves, the fresh stems were rinsed with 
flowing water for 2 h, and then the stems were placed in 
75% ethanol for 30 s and washed with distilled water. After 
that, the stems were sterilized with 0.1% (w/v)  HgCl2 for 
7 min and washed 5 ~ 6 times with distilled water. Surface-
sterilized stems were cut into 3–5 cm segments, inoculated 
on MS medium and maintained at 24 ± 1 °C in the dark. The 
basic medium used in this study was MS medium containing 
3.0% (w/v) sucrose and 0.4% (w/v) plant gel (pH 5.8).

Embryogenic callus induction

Leaf callus induction

Fully expanded green leaves were excised from the in vitro 
shoots (30 days old) and scratched with a surgical blade per-
pendicular to the vein at an interval of 0.5 cm. The treated 
leaves were soaked in 0.6% (w/v) polyvinylpyrrolidone for 
10 min to remove the phenolic substances secreted from 
the wound and reduce browning and blotted with sterilized 
filter paper. Each treatment had 30 explants and was repeated 
three times. The cultures were kept in the dark for two weeks 
and then transferred to the light conditions described above. 
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The callus induction rate and mortality were determined 
after four weeks.

Previous studies showed that the induction of Bupleurum 
callus is mainly accomplished with plant growth regulators 
(PGRs), such as 2,4-dichlorophenoxyacetic acid (2,4-D), 
BA, thidiazuron (TDZ), α-naphthaleneacetic acid (NAA) 
and kinetin (Kin) (Hao et al. 2008; Park et al. 1994; Yang 
et al. 2011; Zhao and Xi 1993). Therefore, according to tis-
sue culture studies of Bupleurum plants and preliminary 
experiments, different hormone combinations were designed 
with leaves as explants, and induction formulas for embryo-
genic calli of B. chinense were preliminarily screened. The 
callus induction MS medium included 6 different concentra-
tions and combinations of PGRs (Table 1).

Hypocotyl and stem segment callus induction

Hypocotyls were obtained from 15-day-old seedlings in vitro 
under sterile conditions; the cotyledons and roots were cut 
off, and 3–5 mm hypocotyls were reserved and soaked in 
0.6% (w/v) polyvinylpyrrolidone for 10 min. The stems, 
which were cut into 1–2-cm segments, were sterilized and 
pre-cultured for seven days, and those without browning or 
contamination were soaked in 0.6% (w/v) polyvinylpyrro-
lidone for 10 min. The stems were then divided into two 
parts based on their maturity: the slightly younger part 
was Stem 1, and the slightly lignified part was Stem 2. All 
the explants were transferred to three different types of 
MS media, including different types and combinations of 
PGRs (1 mg/L2,4-D + 0.5 mg/L BA + 0.5 mg/L Kin, 2 mg/L 
2,4-D + 1 mg/L TDZ or 0.5 mg/L BA + IAA 0.5 mg/L). The 
explants were subjected to darkness for 14 days of callus 
incubation at 24 ± 1 °C and then cultured under a 16 h pho-
toperiod and 2000 lx light intensity. The induction rate and 
callus growth status were recorded 4 weeks after the inocula-
tion of explants.

Shoot induction

Stem explants were taken from B. chinense planted in the 
field at the jointing stage. The acquisition of materials was 
limited by the growth cycle of the plant. Therefore, we only 

selected the hypocotyl calli and leaf calli of sterile seedlings 
as differentiation materials. Calli cultured for more than 
eight weeks were transferred to 9 different MS media with 3 
different PGRs, zeatin (ZEA), Kin and abscisic acid (ABA), 
and each had three different concentrations (0.5, 1.0, and 
1.5 mg/L ZEA; 0.5, 1.0, and 1.5 mg/L Kin; and 0.5, 1.0, and 
1.5 mg/L ABA). All flasks were cultured at 24 ± 1 °C under 
a 16 h photoperiod and 2000 lx light intensity. The regen-
eration efficiency was calculated by counting the shoots or 
roots that formed from at least one out of the total number 
of shoots and roots cultivated on MS media after 4 weeks.

Rooting and plantlet acclimatization

In reference to our previous study (Li et  al. 2018), the 
in vitro regenerated shoots of B. chinense (3 – 4 cm) were 
transferred to MS medium supplemented with indole-3-bu-
tyric acid (IBA) 0.5 mg/L for rooting. All the shoots for 
rooting were held at 22 ± 1 °C with a 12 h photoperiod and 
1800 lx light intensity.

After 30 days of culture, the bottles with tube-rooted 
plantlets were opened under natural light for 5 ~ 7 days, the 
root medium was washed off, and the plants were planted 
into seedling substrate. The bottles were prepared by mixing 
peat soil and sandy loam soil at a ratio of 2:1.

Statistical analysis

The effects of different media on callus induction rate of 
different explants were modeled via the PROC MIXED pro-
cedure in SASv.9.2. (SAS Institute Inc., Cary, NC), similar 
to an analysis of variance for repeated measures, referring to 
the studies by Wiklund et al. (2012) and Ranganathan et al. 
(2014). The callus differentiation data are expressed as the 
means ± standard errors of the mean (SE) and were subjected 
to analysis of variance (ANOVA), and significant differences 
were selected by Duncan’s multiple range test with SPSS 
v.23 (SPSS Inc., Chicago, IL, USA) (Denis 2018). The his-
tograms were plotted with GraphPad Prism v.8.0 (GraphPad 
Software Inc., La Jolla, CA, USA) (Motulsky 2007).

Table 1  Composition of plant 
growth regulators used for 
callus induction of B. chinense 

Medium Plant grows regulators (mg/L)

2,4-D KT BA IAA TDZ NAA

A 1 0.5 0.5
B 1 1
C 2 1
D 3 0.5
E 5 0.5
F 0.5 0.5
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Results

Callus induction

Initially, we drew lessons from previous reports on 
Bupleurum plants, and six induction media were used for 
callus induction of B. chinense leaves for the first round of 
screening. Since whole leaves were the easiest and most 
abundant to obtain, they were cultured on the six media to 
test the induction rate. In contrast to other media, media C 
(MS + 2 mg/L 2,4-D + 1 mg/L TDZ) and F (MS + 0.5 mg/L 
IAA + 0.5 mg/L BA) showed good callus induction and a 
low death rate (P < 0.05), with callus induction rates of 
66.43% and 65.30%, respectively (Fig. 1). It was observed 
that the callus in medium F grew only at the wound and 
was small and easily browned, while medium C could 
induce the whole leaf into callus with a compact texture 
and strong proliferation ability. A previous study showed 
that medium A can result in a high induction rate of calli 
of different explants, particularly floral buds (Hao et al. 
2008), but in this study, the callus ratio from young leaves 
was not high (only 8.63%). This different result may 
be caused by the different genotypes. Therefore, other 
explants, such as stems and hypocotyls, should be used 
for further screening.

The mortality results showed a significant difference 
(P < 0.05) between the six media. The mortality of medium 
B was the highest (61.29%), whereas that of medium F 
and C was lower than 14%. Although the mortality under 
treatments D and E was significantly lower than that under 
the other treatments, they did not induce callus formation.

According to the results of the first round of tests, we 
chose the three media (C, F, A) with the highest leaf callus 
induction abilities to carry out the second-round screening 

on different organs of B. chinense; the explants were from 
hypocotyls, leaves and stems. As shown in Fig. 2, there 
were significant differences in the callus rate among dif-
ferent explants in the same medium (P < 0.05), and the 
percentage of explants producing calli was in the range of 
8.64 – 83.95%. To further compare the difference in cal-
lus formation among different explants in different media, 
the mixed model was employed for the following analysis. 
The fixed effect test showed that a single factor of explant 
type or medium had no significant effect on the induction 
of callus, but the interaction between explant and medium 
was statistically significant (Table 2, P < 0.05). To com-
pare the differences among the 12 interactions (Explant 
* Medium), we performed a t test using the least square 
mean of interactions to check whether the difference was 
significant (Table 3). A total of 66 groups of interactions 
were compared in pairs, and 17 of these groups exhibited 
significant differences (P < 0.05). From the comparisons, 
hypocotyls were found to be the most suitable explants for 
callus induction, and the highest induction rate (83.97%) 
was achieved in C medium supplemented with TDZ 
(1 mg/L) and 2,4-D (2 mg/L).

Shoot induction

The calli were inoculated with individual cytokinin (ZEA, Kin) 
and ABA in MS media and tested for shoot regeneration. After 
10 days of cultivation, the hypocotyl calli were first to initi-
ate differentiation to produce cluster shoots and roots. Roots 
were formed in leaf calli after approximately 15 days, but 
after 4 weeks, they still failed to produce regenerated shoots. 
Therefore, we extended the induction time and recorded data 
every 4 weeks (Table 4). When leaf calli were cultured on MS 
media supplemented with different concentrations of PGRs, 
new purple or yellow soft and fragile calli were formed on the 

Fig. 1  Effects of differ-
ent medium on leaf callus 
induction. Bars represent the 
mean ± SE. Bars marked with 
different letters indicate statisti-
cally different values between 
the different medium on leaf 
callus induction according to 
Duncan’s test (P < 0.05)
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surface of compact green calli, white growth spots appeared 
in the cells of these purple calli, and they gradually devel-
oped into adventitious roots. In the three investigation stages, 
the highest root differentiation rate of leaf calli was in MS 
medium supplemented with 0.5 mg/L Kin (Table 5). While 
the hypocotyl callus was softer than the leaf callus, white 
globular embryogenic calli and dense green globular calli 
were incubated on protocalli during induced differentiation. 
The white spheroids can be transformed into somatic embryo 
structures and produced a green separate bud from each struc-
ture loosely attached to the parental tissue (Fig. 3a). These 
independent buds further developed radicles and hypocotyls in 
the basal callus and became complete plants (Fig. 3b, c). After 
another 20 days of culture, the plant height of the regenerated 
seedlings reached approximately 8 cm (Fig. 3d). The dense 
green granular callus gradually transformed into spherical 
embryos, heart-shaped embryos and torpedo embryos, differ-
entiated into leaf primordia and finally developed into a new 
shoot (Fig. 4a-d). Furthermore, these regenerated shoots were 
densely distributed on the surface of the callus, and this effect 

was accompanied by the emergence of adventitious roots, as 
shown in Fig. 4e. After eight weeks of culture, the callus still 
maintained high differentiation ability and became a chimera 
containing dense cluster buds and adventitious roots (Fig. 4f). 
To avoid affecting the next cycle of data investigation and the 
further differentiation of calli, we did not destructively count 
the number of adventitious buds per callus. Instead, the hypoc-
otyl calli that produced new shoots were graded and counted 
(Tables 6, 7, 8). We divided the differentiated calli into three 
grades: calli with fewer than 5 regenerated buds were defined 
as level-1 differentiated calli (Fig. 5a), calli with 5–10 regener-
ated buds were defined as level-2 differentiated calli (Fig. 5b), 
and calli with more than 10 regenerated buds were defined as 
level-3 differentiated calli (Fig. 5c). Among the PGRs, Kin 
more efficiently promoted hypocotyl callus differentiation. 
ANOVA revealed that different kinds and contents of PGRs in 
the medium had significant effects (P < 0.05) on the induction 
of regeneration shoots from calli of B. chinense. (Table 4) at 
the 4th and 12th week. At the 4th and 8th week, the hypocotyl 
callus was best induced in MS medium containing 1 mg/L Kin, 
and the adventitious shoot regeneration rates were 28.57% and 
35.71%, respectively. After 12 weeks of culture, the highest 
regeneration rate was observed in hypocotyl calli cultivated on 
medium supplemented with 0.5 mg  L−1 Kin, and the adventi-
tious bud and root regeneration rates were 57.12% and 97.92%, 
respectively.

Fig. 2  Effects of different 
medium on callus induction rate 
of different explants. Bars rep-
resent the mean ± SE, * indicate 
significant differences in callus 
induction rate among different 
explants in the same medium 
subjected to two-way ANOVA 
(P < 0.05) using GraphPad 
Prism v8.0

Table 2  The fixed effect test of explant and medium type on callus 
formation of B. chinense 

Num DF, the numerator degrees of freedom for the F test for a fixed 
effect term. Den DF, the denominator degrees of freedom for the F 
test for a fixed effect term. Num DF and Den DF equal the number 
of parameters for the fixed effect term, * means the fixed factor term 
significantly affects the callus formation (P < 0.01)

Effect Num DF Den DF F value P > F

Explant 3 28 1.59 0.2131
Medium 2 28 3.04 0.0639
Explant * Medium 6 28 4.59 0.0023 *
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Discussion

Callus induction

Adjusting PGRs in culture media is one of the most com-
mon approaches used in developing regeneration proto-
cols, such as somatic embryogenesis and shoot prolif-
eration. Previous studies mostly explored the synergistic 
effect of 2,4-D with auxins or cytokinins on the induction 

of calli. These studies demonstrated that 2,4-D in com-
bination with other PGRs could modify the frequency of 
embryogenic callus induction and growth. This kind of 
PGR combination has also been widely used in regen-
eration systems of some other Bupleurum plants, such 
as Bupleurum scorzonerifolium and Bupleurum latis-
simum (Bae 2015; Cheng et al. 2015; Xia et al. 1992). 
Therefore, according to previous reports, we designed 5 
PGR combinations containing 2,4-D to induce calli of B. 
chinense. In addition, we also found that the adventitious 

Table 3  The differences of 
Least Squares Means between 
interaction effects of Explant 
and Medium

LS means, Least Squares Means. Effect of “Explant * Medium” represents the interaction effect of Explant 
and Medium. Difference, difference between LS means of Effect 1 and LS means of Effect 2. The t test was 
used to check the significance of difference, and only significant differences listed in the table (P < 0.05)

Effect 
1(Explant * 
Medium)

LS means 
of effect 1

Effect 2 
(Explant * 
Medium)

LS means 
of effect 2

Differences Standard error t value P

Stem 2*A 33.30 Leaf*C 66.30 −33 15.89 −2.08 0.0471
Stem 2*A 33.30 Stem 1*A 78.75 −45.45 19.81 −2.29 0.0295
Stem 2*A 33.30 Hypocotyl*C 83.95 −50.65 19.81 −2.56 0.0163
Stem 2*F 43.13 Leaf*A 8.64 34.49 14.47 2.38 0.0242
Stem 2*F 43.13 Hypocotyl*C 83.95 −40.82 18.09 −2.26 0.032
Stem 2*C 47.20 Leaf*A 8.64 38.56 16.58 2.33 0.0275
Leaf*A 8.64 Leaf*F 65.06 −56.42 11.6 −4.86  < .0001
Leaf*A 8.64 Leaf*C 66.30 −57.66 11.6 −4.97  < .0001
Leaf*A 8.64 Stem 1*A 78.75 −70.11 16.58 −4.23 0.0002
Leaf*A 8.64 Stem 1*C 58.05 −49.41 16.58 −2.98 0.0059
Leaf*A 8.64 Hypocotyl*A 52.65 −44.01 16.58 −2.65 0.0129
Leaf*A 8.64 Hypocotyl*F 47.47 −38.83 14.47 −2.68 0.0121
Leaf*A 8.64 Hypocotyl*C 83.95 −75.31 16.58 −4.54  < .0001
Leaf*F 65.06 Stem 1*F 32.50 32.56 13.67 2.38 0.0243
Leaf*C 66.30 Stem 1*F 32.50 33.8 13.67 2.47 0.0198
Stem 1*A 78.75 Stem1*F 32.50 46.25 18.09 2.56 0.0163
Stem 1*F 32.50 Hypocotyl*C 83.95 −51.45 18.09 −2.84 0.0082

Table 4  Effect of plant growth regulators on hypocotyl callus differentiation of B. chinense 

Values are mean ± SE of 9 independent experiments, each experiment contains at least 6 explants. Means within each column followed by the 
same letter are not significantly different at P < 0.05 using Duncan’s Multiple Range Test

PGRs Concentration
(mgl−1)

Mean differentiation rate of hypocotyl calli (%)

4 weeks 8 weeks 12 weeks

Shoot Root Shoot Root Shoot Root

ZEA 0.5 17.2 ± 3.92ab 10.23 ± 4.90ab 26.15 ± 6.39ab 21.63 ± 5.00a 31.14 ± 4.55ab 90.37 ± 4.59 cd

1 16.91 ± 1.87ab 1.56 ± 1.46a 26.17 ± 6.67ab 9.16 ± 2.99a 31.48 ± 4.50ab 67.99 ± 6.19a

1.5 25.27 ± 5.62b 3.87 ± 2.38ab 25.86 ± 6.10ab 27.29 ± 7.59a 34.85 ± 4.09ab 72.35 ± 5.67a

Kin 0.5 25.93 ± 4.91b 8.73 ± 4.11ab 33.29 ± 5.56ab 16.88 ± 5.65a 57.14 ± 4.98c 97.92 ± 1.95d

1 28.57 ± 3.77b 3.70 ± 2.19ab 35.71 ± 5.86b 27.78 ± 8.47a 47.86 ± 6.12bc 88.57 ± 3.35bcd

1.5 22.31 ± 4.68ab 9.26 ± 3.27ab 28.13 ± 7.02ab 30.51 ± 5.20a 39.95 ± 4.68ab 75.93 ± 5.30abc

ABA 0.5 8.71 ± 3.48a 14.96 ± 5.55b 17.86 ± 4.99ab 25.69 ± 8.48a 26.35 ± 7.97a 70.16 ± 6.52a
1 8.04 ± 4.10a 5.65 ± 3.62ab 13.10 ± 3.15a 24.76 ± 5.93a 28.71 ± 4.28a 73.36 ± 4.97ab

1.5 13.99 ± 4.63ab 7.22 ± 3.61ab 20.65 ± 5.55ab 24.70 ± 9.95a 32.07 ± 2.74ab 79.89 ± 2.87abc
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bud proliferation medium (MS + IAA 0.5  mg/L + BA 
0.5 mg/L) could induce calli in the roots of tube plantlets; 
hence, we also tried to use other explants to induce calli 
on this medium.

In the present study, different explants showed different 
states in the process of callus formation. After 14 days of 
dark culture, the whole hypocotyl dedifferentiated into soft 
white calli, the stem explants formed green granular calli at 
both ends of the wound, while the dedifferentiation of whole 
leaves into tender green calli took 20 days. Initial calli grew 
slowly from all explants. However, once stable callus growth 
had been established, the growth rate increased. The results 
showed that the calli of B. chinense were induced success-
fully from aseptic leaf, hypocotyl and stem explants. The 
best PGR combination for inducing calli varied according 
to the type of explant, and the hypocotyl had the highest rate 
of callus induction. The callus induced by different explants 
varied in texture, color and size.

Table 5  Effect of plant growth regulators on rooting of callus from in 
B. chinense leaves

Values are mean ± SE of 9 independent experiments, each experi-
ment contains at least 5 explants. Means within each column followed 
by same letter  are not significantly different  at P < 0.05 using Dun-
can’s Multiple Range Test

PGRs Concen-
tration 
 (mgl−1)

The root formation rate of leaf callus

4 weeks 8 weeks 12 weeks

ZEA 0.5 18.89 ± 8.83ab 20.83 ± 7.45abc 30.00 ± 4.47ab

1 9.00 ± 4.10a 16.11 ± 6.11ab 17.98 ± 7.58b

1.5 3.33 ± 2.98a 6.67 ± 5.96a 11.67 ± 6.50a

Kin 0.5 42.86 ± 6.39b 49.61 ± 10.07c 75.49 ± 7.71c

1 25.67 ± 7.33ab 32.33 ± 8.27abc 64.90 ± 5.85bc

1.5 18.93 ± 8.14ab 23.69 ± 10.24abc 46.95 ± 5.67c

ABA 0.5 12.86 ± 0.194a 25.83 ± 9.38abc 44.44 ± 9.56bc

1 26.21 ± 8.09ab 44.90 ± 11.01bc 63.98 ± 9.50c

1.5 10.22 ± 6.93a 25.67 ± 7.3abc 64.73 ± 7.61c

Fig. 3  The differentiation process of white globular embryogenic cal-
lus obtained from hypocotyl explant. a Shoot initiation from globu-
lar embryogenic callus (Scale bar indicates 2 mm). b Hypocotyl and 
radicle produced from globular embryogenic callus (Scale bar indi-

cates 2  mm). c Embryoids develop into complete plants (Scale bar 
indicates 2  mm). d Plant produced by embryoids elongate further 
(Scale bar indicates 1 cm)
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Shoot induction

During the process of callus differentiation, cytokinins are 
key regulators used to induce somatic embryogenesis and 
play very important roles in the success of plant regen-
eration (Bidabadi and Jain 2020; Jiménez 2005). Among 
the protocols in which cytokinins were used as the sole 

PGR for the induction of somatic embryogenesis, Kin and 
ZEA were the most frequently used cytokinins (Phillips 
and Garda 2019). In addition, ABA can induce somatic 
embryogenesis and regulate somatic embryo develop-
ment in certain cases (Lü et al. 2013; Liu et al. 2021; 
Nishiwaki et al. 2000; Su and Zhang 2014). Therefore, 
we utilized ABA, ZEA and Kin to test their effects on 

Fig. 4  The differentiation process of green embryogenic calli 
obtained from hypocotyl explant. a-d Embryogenic callus at globular, 
heart-shaped, torpedo, and cotyledonary stages (Scale bar indicates 
500  μm). e General view of green embryogenic callus obtained on 

differentiation medium (Scale bar indicates 1 mm). f Shoots induced 
from hypocotyl callus 8  weeks after initiating differentiation, the 
shoots and root elongated further (Scale bar indicates 1 cm)

Table 6  Effects of plant growth regulators on regeneration of shoots from hypocotyl callus after 4 weeks of culture

Calli with fewer than 5 regenerated buds were defined as level-1 differentiated calli (length > 3 mm), calli with 5–10 regenerated buds were 
defined as level-2 differentiated calli (length > 3 mm), and calli with more than 10 regenerated buds were defined as level-3 differentiated calli 
(length > 3 mm)

PGRs Concentration
(mgl−1)

Total calli Number of calli that dif-
ferentiated shoots

Number of level-1 dif-
ferentiated calli

Number of level-2 dif-
ferentiated calli

Number of level-3 
differentiated calli

n n n n n

ZEA 0.5 58 10 4 4 2
1 59 9 5 2 2
1.5 55 14 5 5 4

Kin 0.5 58 17 8 6 3
1 62 16 6 5 4
1.5 67 15 6 6 3

ABA 0.5 57 5 3 1 1
1 53 4 2 1 1
1.5 53 8 4 2 2
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the differentiation of leaf and hypocotyl calli of B. chin-
ense. We also set up a blank control group, and some calli 
could also produce cluster buds, but a large number of calli 
gradually browned and died after 2 weeks. On the medium 
containing cytokinin and ABA, the callus showed active 
proliferation ability, the volume of the callus increased 
rapidly, and the differentiation rate also increased. This 
finding indicates that the medium without PGRs is not 
conducive to the survival and proliferation of B. chinense 
calli. Among the three PGRs, Kin showed the best differ-
entiation-inducing ability, so the hypocotyl callus could 
differentiate more shoots and roots, and their elongation 
rate was faster. However, regardless of the type of PGR, 
the leaf callus could not produce regenerated shoots, and 
only roots could be produced. To further dissect this cause, 
we tried to induce leaf callus differentiation with BA/IAA, 
three concentration gradients (0.5, 1.0, 1.5 mg/L BA and 

0.05, 0.1, 0.15 mg/L IAA) were set up. However, the effect 
was not satisfactory, and the leaf callus still could not dif-
ferentiate into shoots. A similar result was reported by 
Hao et al. (2008), they used high levels of cytokinin/auxin 
to induce calli differentiation, but most leaf calli died of 
browning during culture and that a few continued to divide 
and proliferate but never differentiated. And there is no 
report of other genus Bupleurum plants successfully utiliz-
ing leaf regeneration. These results showed that leaf calli 
from B. chinense may not have the ability to differentiate 
regenerated shoots.

The present study is also an important part of our team’s 
systematic research on B. chinense. By analyzing the tran-
scriptome data of B. chinense, we found some genes that 
may play an important role in the development of lateral 
roots and saponin synthesis (Yu et al. 2021; 2020). Trans-
genic transformation based on regeneration systems is in 

Table 7  Effects of plant growth regulators on regeneration of shoots from hypocotyl callus after 8 weeks of culture

Calli with fewer than 5 regenerated buds were defined as level-1 differentiated calli (length > 3 mm), calli with 5–10 regenerated buds were 
defined as level-2 differentiated calli (length > 3 mm), and calli with more than 10 regenerated buds were defined as level-3 differentiated calli 
(length > 3 mm)

PGRs Concentration
(mgl−1)

Total calli Number of calli that dif-
ferentiated shoots

Number of level-1 dif-
ferentiated calli

Number of level-2 dif-
ferentiated calli

Number of level-3 
differentiated calli

n n n n n

ZEA 0.5 69 18 4 7 7
1 57 14 4 5 5
1.5 58 16 3 7 6

Kin 0.5 70 23 6 7 10
1 52 19 5 6 8
1.5 62 18 4 6 8

ABA 0.5 63 12 3 4 5
1 61 8 2 3 3
1.5 55 11 3 4 4

Table 8  Effects of plant growth regulators on regeneration of shoots from hypocotyl callus after 12 weeks of culture

Calli with fewer than 5 regenerated buds were defined as level-1 differentiated calli (length > 3 mm), calli with 5–10 regenerated buds were 
defined as level-2 differentiated calli (length > 3 mm), and calli with more than 10 regenerated buds were defined as level-3 differentiated calli 
(length > 3 mm)

PGRs Concentration 
 (mgl−1)

Total calli Number of calli that dif-
ferentiated shoots

Number of level-1 dif-
ferentiated calli

Number of level-2 dif-
ferentiated calli

Number of level-3 
differentiated calli

n n n n n

ZEA 0.5 89 27 7 9 11
1 60 19 4 7 8
1.5 62 21 5 7 9

Kin 0.5 67 37 8 10 19
1 61 29 7 8 14
1.5 70 26 8 6 12

ABA 0.5 61 18 3 7 8
1 65 18 4 6 8
1.5 62 20 5 6 9



168 Plant Biotechnology Reports (2023) 17:159–169

1 3

progress, and manipulation of these genes may improve the 
yield of saikosaponins.

Conclusion

The hypocotyls of B. chinense were used as explants to 
establish an indirect somatic embryogenesis system through 
calli. The hypocotyl callus proliferated and differentiated 
into shoots. Compared with previous methods, we obtained 
a higher hypocotyl embryogenic callus induction rate and 
produced a higher de novo shoot regeneration rate and 

differentiation rate. Moreover, most of the shoots produced 
by hypocotyl calli were dense cluster shoots. Thus, our 
results demonstrate that hypocotyl explants of B. chinense 
offer great potential for large-scale in vitro multiplication 
of this popular medicinal plant species. Furthermore, this 
improved regeneration of B. chinense can be used in genetic 
transformation studies to improve its qualitative traits.
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