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Abstract
The artificial rapid propagation system for Swertia conaensis T. N. Ho et S. W. Liu was explored to
screen the appropriate plant regeneration method and to provide an efficient propagation mode, useful for
artificial breeding technology or for further research and development of the Tibetan endemic medicinal plant.
In this study, the most suitable explant and hormone were chosen according to single factor test. Next, the
effects of different hormone combinations on basal stem cluster bud induction, callus induction, adventitious
bud occurrence and plant regeneration were investigated by using complete combination and orthogonal
experiment. The obtained results showed that the explants suitable for in vitro of S. conaensis were stem tips
with leaves, which were regenerated through the method of basal stem cluster bud occurrence in the MS
medium with 2.0 mg∙L-1 6-BA, 0.5 mg∙L-1 NAA, but the proliferation coefficient was low, only 3.16 after 40
days of culture. Subsequently, the proliferation coefficient failed to improve, irrespective of change of the
concentration ratio of 6-BA and NAA. Therefore, in the orthogonal experiment of adding ZT, the MS medium
with 1.0 mg∙L-1 ZT, 0.5 mg∙L-1 NAA and 2.5 mg∙L-1 6-BA induced a large number of callus green and compact,
with 86.30% callus occurrence rate. After 40 days of culture, the rate of adventitious bud occurrence was
96.55% and the proliferation coefficient was high (10.37). The rooting rate was 100% in the 1/2MS medium
with 0.5 mg∙L-1 NAA. The survival rate of regenerated plants was more than 95%. Indirect organogenesis was
more efficient than direct organogenesis in in vitro culture of S. conaensis. In this study, the efficient and stable
regeneration system of S. conaensis was achieved through the method of explant to callus to adventitious buds,
which provided an effective way to an endangered species.
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Introduction

Swertia is a genus in Gentianinae family, with a total of more than 150 species, distributed in Europe,
Asia, North America and Africa belonging to the type of disjunct distribution of the north temperate and south
temperate zones. Most species of this genus are found in Asia, a few in North America and Africa, and only one
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species has spread to Europe (He et al., 1994). In China, 79 species have been recorded and mainly distributed
in southwest provinces, and the plant of this genus is a famous folk herbal medicine with high economic value
(Cao et al., 2015; Khanal et al., 2015; Kshirsagar et al., 2015; Ahluwalia et al., 2018).
Swertia conaensis T. N. Ho et S. W. Liu is a perennial herb, mainly distributed in Xizang region of
China. It grows among rocks on hilltops over an altitude of 4,000 m, main root is developed; stem is extremely
shortened; leaves are clustered in the shape of an open lotus, base gradually narrow, margin with short ciliate,
apex obtuse to rounded; petiole flat, as long as leaf; calyx green, nearly as long as corolla; corolla dark blue,
densely pubescent (Chinese Academy of Sciences China flora editorial board, 1988). The research group found
that the whole plants of S. conaensis are used as medicine for the treatment of jaundice hepatitis, dysentery,
pneumonia, tonsillitis, gynaecological inflammation and other diseases in Tibetan areas when we collected
materials. However, this plant is easy to be identified in the flowering stage. During this stage, this species was
picked in large number by the herdsmen, which leads to its failure to complete the life cycle for low sexual
reproduction efficiency and a sharp decline in the wild population and individual number, and it was now
difficult to find the species in the origin of type specimens.
Currently, there is a lack in relevant studies on S. conaensis, with only partial reports on classification
(Chen et al., 2014). The biology of reproduction, particularly in biological engineering, is completely
unreported. Therefore, for S. conaensis which has limited studies, it is necessary to use plant culture technology
with the reproducible and replaceable characteristics to establish the sustainable utilization and mass
reproduction system. However, in plant tissue culture, the type of explant is one of the main factors for the
effect of in vitro culture. Different explants and even different organs of the same plant have different responses
for in vitro induction and their own redifferentiation ability, so different explants have obvious differences in
proliferation method and effect (Liu et al., 2010; Song et al., 2011). Meanwhile, propagation methods play an
important role in in vitro regeneration of plants. Generally, the plants obtained by direct organogenesis are
stronger and the transplanting survival rate is higher, but the proliferation coefficient usually can not meet the
requirements of rapid propagation. Indirect organogenesis has a higher proliferation coefficient and can obtain
a large number of plants in a short time. In Swertia plants, the leaves, stem segments and stem tips were reported
as explants. Among them, the leaves regeneration was mainly through indirect organogenesis (Huang, 2005;
Mahendran and Bai, 2017); the stem tips were mostly regenerated by direct organogenesis (Kshirsagar et al.,
2015b); while the above two methods in stem segments with buds culture regeneration have been reported
(Huang et al., 2016).
In this study, with different organs of S. conaensis as materials, the suitable explants were firstly screened
out, and then the most effective methods were selected from a variety of propagation methods. Finally, the
efficient rapid propagation system of S. conaensis was achieved, and its proliferation coefficient was higher than
previous reports in the same genus. The results can provide a theoretical basis for the protection of natural
resources of S. conaensis. Meanwhile, it can also provide experimental basis for artificial mass planting,
germplasm conservation and genetic transformation research.

Materials and Methods

Plant materials
Swertia conaensis were sampled from Quzhuomu village, Cona county, Tibet autonomous region,
China (long. 91о45' E, lat. 28о15' N; Alt: 4,200 m) in June 2017. The plants with soil were transplanted in a
experimental greenhouse of Qiucheng breeding company limited, Lijiang city, Yunnan province, China (long.
100о17' E, lat. 26о83' N; Alt: 3,150 m). After that, the leaf, petiole and stem tip with the leaves (1.5-2.0 cm)
were obtained from 25 S. conaensis samples, washed for 30 min with tap water after soaked 5 min by 10%
detergent solution (w/v). Next, the samples were placed on a sterile operating platform, stirred for 10 s in 75%
ethanol solution (v/v), and then surface-sterilized by 0.1% HgCl2 (w/v), in which the leaf and petiole for 6 min,
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stem tip with the leaves for 8 min. After removing the HgCl2, the materials were rinsed for 6 times with sterile
water and each time not less 3 min. Finally, they were placed in sterile filter paper to eliminate moisture (Xi et
al., 2020).

Basal medium
The basal medium for all stages was MS (Murashige and Skoog) medium (rooting culture was 1/2MS
medium), and different concentrations of 6-BA (6-benzylaminopurine), ZT (zeatin), KT (kinetin), NAA (αnaphthaleneacetic acid), 2, 4-D (2, 4-dichlorophenoxyacetic acid), and IBA (indole-3-butyric acid) were added
as required. In the study, the concentrations of all hormones were mass concentrations. The amount of sucrose
added in basic medium was 3%, and agar was 0.55%. The medium pH was adjusted with 1 N HCl to 5.6-5.8
before the autoclaving at 122 °C for 22 min.

Initial culture medium
After surface disinfection, petiole and stem tip in length were cut into 1.5 cm and 1.0 cm respectively,
and the leaves in size were cut into about 0.5 × 0.5 cm. These materials were inoculated on basal medium using
6-BA, ZT, KT, NAA, 2, 4-D or IBA, respectively. Herein, the concentrations of 6-BA, ZT, KT were set at 0.1,
0.5, 1.0, 2.0, 3.0 mg∙L-1 and the concentrations of NAA, 2, 4-D, IBA were set at 0.05, 0.1, 0.5, 1.0, 1.5 mg∙L-1
for conducting single-factor pre-experiment. Thus, the hormone types and concentration range suitable for
growth of S. conaensis were screened.

Basal stem cluster bud occurrence and proliferation culture medium
According to the results of initial culture, the stem tips with leaves were used as materials, 6-BA (1.5, 2.0
and 2.5 mg∙L-1) and NAA (0.1, 0.5 and 1.0 mg∙L-1) were used as factors for complete combination experiment.
The bud formation at the base of the material was used as the standard for statistics, after 40 d of culture, the
occurrence rate and proliferation coefficient of basal stem cluster buds were counted.

Synchronous culture medium for callus induction, adventitious buds’ differentiation and proliferation
On the basis of initial culture, the stem tip with leaves was used as the experimental material for L9 (34)
(a matrix with 9 rows and 4 columns; L: Latin; 9: nine combinations of levels; 3: three levels; 4: four factors)
orthogonal test. The factors of orthogonal selection were ZT (0.5, 1.0 and 1.5 mg∙L-1), 6-BA (1.0, 2.0 and 2.5
mg∙L-1), NAA (0.1, 0.5 and 1.0 mg∙L-1). The callus induction rate and cluster bud’s occurrence rate were
counted after 40 d of culture.

Rooting culture medium
Based on the results of single factor pre-experiment, the main buds with length of 3-4 cm were cut and
then cultured in 1/2 MS or MS medium supplemented with NAA (0.1, 0.5 and 1.0 mg∙L-1). The rooting rate
and root growth condition were observed and recorded regularly for 45 d.

Culture conditions and inoculation methods
The temperature of the culture room was controlled at 20 ± 2 °C, the illumination was 10 h·d-1 with
1500-2000 lx the light intensity. For initial culture, each treatment consisted of 5 bottles with 2 materials in
each bottle. For complete combination, orthogonal experiment and rooting culture, each treatment consisted
of 10 bottles with 2 materials in each bottle. The above experiments were repeated 3 times with the exception
of initial culture, and if there was pollution, materials were taken again to supplement the number of inoculated
in each treatment.
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Rooting and the plant transplantation
After 40 d of rooting culture, the bottle plants with caps were exposed under natural light for 7 d, and
then the bottle caps were opened to adapt to environment for 3 d. Subsequently, the test tube plant was
carefully removed from the bottle and the residual medium on the root was washed out. The root was soak with
carbendazim solution (w/v) for 5 min and then the rooting plant were transplanted into a soil mixture
disinfected with 0.1% formaldehyde (ratio: humus: fine river sand = 3: 2). After transplantation, the
temperature of growth chamber was controlled at 18-22 °C and the humidity was 70%. The survival rate of the
plants was counted after 30 d of culture.

Statistical analysis
The obtained data were processed and analysed by Excel and SPSS (19.0) software. The data was
calculated as follows:
Survival rate of explants = (the number of explants with pollution-free and viable / the total number of explants
inoculated) ×100%
1
The occurrence rate of basal stem cluster bud = (the number of materials with buds / the number of initial
2
inoculation) ×100%
Callus induction rate = (the number of materials with callus / the number of initial inoculation) ×100%
(3)
Cluster bud occurrence rate = (the number of callus with buds / the number of initial inoculation) ×100% (4)
Proliferation coefficient = the number of inoculation in subculture / the total number of initial inoculation (5)
Rooting rate = (the number of single buds with adventitious roots / the total number of single buds inoculation)
×100%
(6)
The survival rate of plants = (the number of survival plants / the total number of transplantations) ×100% (7)

（）
（）

Results

Explants screening and single factor experiment results
The obtained results showed that all treatment could promote the growth of three explants. Calluses
were produced from incision of the leaf and petioles in 6-BA, ZT, KT or 2, 4-D treatment, especially in 6-BA
or ZT. However, no adventitious bud differentiation, only callus proliferation and aging were observed (Figures
1A, B). For stem tip with leaves as materials, in 6-BA (1.0-2.0 mg∙L-1) and ZT (0.5-1.0 mg∙L-1) treatment, with
the elongation of basal leaves, the base had obviously cluster bud occurrence (Figure 1C), while the treatment
of KT has no similar phenomenon. In NAA, 2, 4-D or IBA treatment, the difference in growth states was not
significant. Although stem tip growth was observed, no significant elongation of leaves was found, only the
expansion of the part in contact with the medium was observed and then callus appeared, especially in the NAA
(0.1-0.5 mg∙L-1) treatment growth states was best (Figure 1D). Therefore, stem tips with leaves were used as
explant, and 6-BA / NAA were selected for the next complete combination experiment.
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Figure 1. Result of single factors test of Swertia conaensis (A) Growth condition of leaves in the MS
medium with 2.0 mg∙L-1 6-BA; (B) Growth condition of petiole in the MS medium with 1.5 mg∙L-1 6-BA;
(C) Growth condition of stem tip with leaves in the MS medium with 1.0 mg∙L-1 6-BA; (D) Growth
condition of stem tip with leaves in the MS medium with 0.5 mg∙L-1 NAA

Basal stem cluster buds occurrence and proliferation
There was a great difference between the hormone treatment and the blank control (CK, Table 1). The
plants in CK culture medium did not stop growing completely, presumably because the stem tips at this stage
were mostly from single factor experiments, which had accumulated some hormones. The obtained results
showed that the occurrence rate of basal stem cluster bud was 100% in all treatment, but the proliferation
coefficient had a significant difference. When NAA concentration remained unchanged, 6-BA was in the range
of 1.5 to 2.0 mg∙L-1, which was a positively correlated with the proliferation coefficient. When 6-BA
concentration was 2.0 mg∙L-1, the proliferation coefficient was the highest, which was significantly different
from other treatments (P < 0.05). When 6-BA concentration exceeded 2.0 mg∙L-1, the proliferation coefficient
began to decrease. When the concentration of 6-BA was kept unchanged, the comparison between the 04, 05
and 06 treatments that the proliferation coefficient was related to the concentration of NAA, and there were
significant differences between treatments. In the 05 treatment, the occurrence of basal stem cluster bud had a
great response and the whole process recorded no obvious callus. Stem tip with one leaf was cultured in above
treatment (Figure 2A). After 15 d of culture, new leaves began to appear, and its basal nodes had new buds’
occurrence (Figure 2B). After 40 d of culture, with elongation of basal leaves, new leaves at the top continued
to occur, while the basal nodes were significantly enlarged, and cluster buds on the basal node further grew, but
the proliferation coefficient was only about 3.2 (Figure 2C).
Table 1. Effects of 6-BA / NAA combination on culture of stem tip with leaves of Swertia conaensis
Hormone (mg∙L-1)
Medium
Proliferation coefficient
6-BA
NAA
CK
0
0
0.37 ± 0.05 h
01
1.5
0.1
2.59 ± 0.19 g
02
1.5
0.5
2.62 ± 0.90 ef
03
1.5
1.0
2.61 ± 0.10 fg
04
2.0
0.1
2.8 ± 0.10 c
05
2.0
0.5
3.16 ± 0.09 a
06
2.0
1.0
3.00 ± 0.15 b
07
2.5
0.1
2.63± 0.20 e
08
2.5
0.5
2.77 ± 0.28 d
09
2.5
1.0
2.76 ± 0.21 d
Note: CK: blank control; 6-BA: 6-benzylaminopurine; NAA: α-naphthaleneacetic acid; Data are mean ± SE; different
lowercase letters in the same column mean significant difference (P <0.05).

5

Xi Y-K and Huang H-Y (2021). Not Bot Horti Agrobo 49(2):12152

Figure 2. The basal stem cluster bud occurrence and proliferation of stem tip with leaves of Swertia
conaensis (A) Initial state; (B) Growth condition after 15 d of transfer; (C) Growth condition after 40 d
of transfer

Synchronous culture for callus induction, adventitious buds’ differentiation and proliferation
In order to further explore the proliferation method of S. conaensis and improve the proliferation
coefficient, ZT was introduced to conduct orthogonal experiment according to the single factor experiment
results (Table 2).
The hormone in descending order was RZT R6-BA RNAA Rblank, and the range of three hormones
was all higher than that of the blank column (Table 2). This indicated that three hormones for callus and cluster
bud differentiation were effective, among which ZT for callus induction and cluster buds occurrence had the
best response, followed by 6-BA and NAA. According to the results of variance analysis (Table 3), for callus
induction and cluster bud differentiation, ZT had a statistical significance, while 6-BA and NAA had no
statistical significance (P > 0.05). Duncan test in 3 levels of ZT for callus induction (Table 3) showed that level
2 (1.0 mg∙L-1) had the best response, which was significantly different from level 1 (0.5 mg∙L-1) and level 3 (1.5
mg∙L-1). In terms of cluster bud occurrence, there were significant differences between level 2 and 3 (1.0 mg∙L1
and 1.5 mg∙L-1) and level 1 (0.5 mg∙L-1). The optimal hormone combination of S. conaensis for callus
induction and cluster bud differentiation was A2B2C3, namely in the MS medium with 1.0 mg∙L-1 ZT, 0.5 mg∙L1
NAA and 2.5 mg∙L-1 6-BA. In this medium, after 15 d of culture, compact and white callus were produced at
the contact site of stem tip and medium (Figure 3A). After 25 d of culture, with the proliferation of callus,
obvious signs of bud growth were observed (Figure 3B). After 30 d of culture, green bud points appeared
continuously on the surface of callus (Figure 3C). After 40 d of culture, cluster buds were formed and conical
buds were found everywhere on the surface of callus. The callus induction rate was 86.30%, the cluster bud
occurrence rate was 96.55%, and the proliferation coefficient was over 10.0 (Figure 3D).
The above medium could also be used as cluster buds proliferation medium. Callus with green buds and
compact texture induced by stem tip were cut into 1.5 × 1.5 cm in size and inoculated into this medium (Figure
3E). After 20 d of culture, cluster buds gradually differentiated and grew (Figure 3F). After 25 d of culture,
cluster buds began to proliferate in large number, and callus were covered by cluster buds (Figure 3G). After 30
d of culture, a cluster bud system was formed (Figure 3H).

＞

＞
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Table 2. Result of callus induction and adventitious bud occurrence of Swertia conaensis by L9 (34)
orthogonal test
Hormone / (mg∙L-1)
Callus
Cluster bud
Medium
induction
occurrence
ZT
NAA
6-BA
blank
rate (%)
rate (%)
C1
0.50
0.10
1.00
(1)
26.07
50.67
C2
0.50
0.50
2.00
(2)
40.67
60.27
C3
0.50
1.00
2.50
(3)
48.29
64.80
C4
1.00
0.10
2.00
(3)
56.30
86.13
C5
1.00
0.50
2.50
(1)
86.30
96.55
C6
1.00
1.00
1.00
(2)
84.80
90.20
C7
1.50
0.10
2.50
(2)
59.50
85.10
C8
1.50
0.50
1.00
(3)
57.88
83.79
C9
1.50
1.00
2.00
(1)
50.99
70.60
K1
38.343
47.290
56.250
54.453
Callus
K2
75.800
61.617
49.320
61.657
induction
K3
56.123
61.360
64.697
54.157
rate
R
37.457
14.327
15.377
7.500
K1
58.580
73.967
74.887
72.607
Cluster bud
K2
90.960
80.203
72.333
78.523
occurrence
K3
79.830
75.200
82.150
78.240
rate
R
32.380
6.236
9.817
5.916
Note: L: Latin; 9: nine combinations of levels; 3: three levels; 4: four factors; K: the mean value; R: range; C: treatment
group for callus induction and adventitious bud occurrence; ZT: zeatin; NAA: α-naphthaleneacetic acid; 6-BA: 6benzylaminopurine.

Table 3. The variance analysis of callus induction and cluster bud occurrence in Swertia conaensis
Type III sum
Factors
Source
DF
Mean square
F value
Significance
of squares
ZT
2106.301
2
1053.151
19.462
P < 0.05
NAA
403.284
2
201.642
3.726
P > 0.05
Callus
induction
6-BA
355.813
2
177.906
3.288
P > 0.05
Error
108.226
2
54.113
ZT
1623.904
2
811.952
16.921
P < 0.05
NAA
65.450
2
32.725
0.106
P > 0.05
Cluster bud
occurrence
6-BA
155.642
2
77.821
0.266
P > 0.05
Error
66.822
2
33.411
Note: DF: degree of freedom; ZT: zeatin; NAA: α-naphthaleneacetic acid; 6-BA: 6-benzylaminopurine.

Table 4. Duncan’s test of three levels of ZT
Factors
Mean
0.05 level
38.343
c
Callus induction
75.800
a
56.123
b

Factors
Cluster bud
occurrence

Note: ZT: zeatin.
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Figure 3. Synchronous culture for callus induction, cluster bud differentiation and proliferation of stem
tip with leaves of Swertia conaensis (A) Callus of the base of stem tip with leaves after 15 d of culture; (B)
Callus proliferation with a lager number of adventitious buds; (C) Green buds points appeared on the
surface of callus after 30 d of culture; (D) Cluster buds formation after 40 d of culture; (E) Callus with
green buds points; (F) Callus covered by a lager number of buds; (G) Growth condition of callus after 30
d of culture; H. Growth condition of callus after 40 d culture

Rooting culture and the plant transplantation
The rooting of S. conaensis in vitro was relatively easy. Rooting rate of 67.50% and 42.16% were found
in CK treatment (1/2MS medium and MS medium), but the roots of the plant were small and the plants were
thin (Table 5). It can be noted that the 1/2 MS medium was superior to the MS medium for adventitious root
induction and growth. The rooting rate in NAA treatment was significantly higher than that of the blank
control treatment, indicating that NAA had a significant effect on root induction. In the range of the
concentration of NAA between 0.1 and 0.5 mg∙L-1, the rooting rate increased in proportion with the increase
of NAA concentration. However, when the NAA concentration exceeded 1.0 mg∙L-1, the rooting rate began to
decrease; in other words, high auxin had an inhibitory effect on the occurrence of adventitious roots. The
optimal medium for adventitious roots induction was the 1/2MS medium containing 0.5 mg∙L-1 NAA, with
100% rooting rate. In this medium, white root tips began to appear after 15 d of culture (Figure 4A). After 25
d of culture, significant root elongation and increased diameter were seen (Figure 4B). After 35 d of culture,
the old leaves elongated, new leaves appeared continuously and adventitious roots elongated further (Figure
4C). After 45 d of culture, the root system was developed and sturdy for domestication and transplantation
(Figure 4D). After 40 d of transplantation, the survival rate reached over 95% (Figures 4E-H).
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Table 5. Effects of different medium and different concentration NAA on adventitious roots
Medium
NAA (mg∙L-1)
Rooting rate (%)
Growth condition
Pale green leaves; root with small amount and thin; plants
1/2MS (CK)
0.0
67.5 ±0.13 d
with weak and slow growth; no callus
Green leaves; root with stout and long; plants with well1/2MS
0.1
86.3 ± 0.15 b
grown; no callus
Lots of dark green leaves; root with dense and stout; no
1/2MS
0.5
100.0 ± 0.10 a
callus
Bright green leaves; root with stout and well-grown; a small
1/2MS
1.0
79.4 ± 0.12 c
number of callus
A few green leaves; root with small amount and thin; plants
MS (CK)
0.0
42.1 ± 0.07 h
with weak and poor; no callus
Fewer new green leaves; a large number of root with thin;
MS
0.1
56.2 ± 0.14 f
plants with weak; a small number of callus
Green leaves with slow grown; a large number of root with
MS
0.5
58.8 ± 0.12 e
thin; the base with obvious callus
A few leaves with slow grown; root with less developed; a
MS
1.0
54.6 ± 0.09 g
large number of callus
Note: MS: Murashige and Skoog; CK: blank control; NAA: α-naphthaleneacetic acid.

Figure 4. Adventitious roots induction and transplantation of Swertia conaensis (A) Adventitious roots
began to appear in large number after 15 d of culture; (B) Growth condition of adventitious roots after 25
d of culture; (C) Growth condition of adventitious roots after 35 d of culture; (D)-(E) Rooting plants after
45 d of culture; (F) The tube plants covered by plastic bags after 15 d of transplanting; (G) The tube plants
after 30 d of transplanting; (H) The tube plants after 40 d of transplanting

Discussion

Effects of explants on the rapid propagation of S. conaensis in vitro
In this study, the stem tip with leaves, leaf and petiole were used as explants and all could induce callus,
but the ability of dedifferentiation had significant differences. The calluses induced from leaf were loose in
texture and proliferated very fast. However, after the combination of various hormones, no adventitious buds
were produced. The calluses differentiated from petiole were compact in texture, and even with adventitious
buds, the growth was malformed and vitrified seriously, thereby lost next culture value. However, the calluses
9
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induced from stem tip with leaves, with strong ability of redifferentiation, were easy to induce adventitious
buds. These obtained results showed that the ability of dedifferentiation and redifferentiation of different
organs in the same plant was significantly different (Matt and Jehle, 2005; Nagalakshmi et al., 2014; Lin et al.,
2016). It was speculated that endogenous hormones and organization in different organs of the same plant
were different, leading to different dedifferentiation abilities, similar to the study of Wrightia arborea (Dennst.)
Mabb. and Vernicia fordii (Hemsl.) Airy Shaw (Nagalakshmi et al., 2014; Lin et al., 2016).

Different proliferation methods of S. conaensis
It has been reported that the tissue culture methods of Swertia genus plants are divided into direct and
indirect organ types. For S. conaensis, in 6-BA/NAA combination, the base of stem tip with leaves could induce
adventitious cluster buds, namely the basal stem cluster buds. Different researchers have different views for the
basal stem cluster buds. Wang et al. (2018) considered that the basal stem cluster buds of Codonopsis bulleyana
Forrest ex Diels were adventitious buds occurring on the callus, that was, indirect organogenesis. In another
study, Li et al. (2020) observed that the essence of basal stem cluster buds of Lycium ruthenicum Murr was
axillary bud germination, belong to direct organogenesis. The occurrence of basal stem cluster buds in this study
was similar to that of above two species. The morphology of the basal stem cluster bud occurrence of S.
conaensis was similar to that of the adventitious buds from the calluses, but it was found to be completely
different after anatomical comparison. In generally, buds that grow in a certain position on a branch are called
normal bud, while buds grow from the internodes of the stem, root or leaf, without a certain position, are called
adventitious buds (Li et al., 2012). The stem of S. conaensis is extremely short, there may be many nodes at the
base of contact with the medium, and then germinated at the specific location, which are easily regarded as
adventitious buds due to their large number. On the other hand, in the process of cultivation, callus was not
observed except basal node expansion, and there was obvious vascular bundle connection between cluster buds
and the main buds during the transfer, so it could be judged as the normal bud. Therefore, in this study, it was
considered that the essence of the basal stem cluster buds proliferation methods of S. conaensis was axillary bud
germination, that was, the direct organogenesis, but the proliferation coefficient of this method was low (3.16),
which could not reach the base requirement of rapid propagation.
After the introduction of ZT on the basis of 6-BA/NAA combination, the base of stem tip with leaves
could induce organogenic callus, and then differentiated a large number of adventitious buds in a short time.
Furthermore, in the process of adventitious buds’ differentiation, the callus continuously proliferated and
differentiated, and a method of callus to cluster buds to callus to cluster buds was repeated. Using this
propagation mode, the proliferation coefficient of one culture cycle could more than 10.0, achieving the
purpose of rapid reproduction. At present, most reports suggested, with the stem tip as initial explant, the plant
regeneration via direct and indirect method were very hard acted on simultaneously. Because the formation of
callus at the base of stem tip is mainly attributed to the accumulation of auxin at the base, which initiates cell
proliferation in the presence of exogenous cytokinins to form callus. Meanwhile, the basal transport of auxin
also inhibits the formation of lateral buds (Preece et al., 1991; Debnath, 2005). Noticeably, in this study, stem
tip with leaves could be directly proliferated and indirectly regenerated. It was speculated that the addition of
different exogenous hormones may trigger different regeneration methods of stem tip with leaves, which also
indicated that different explants of the same plant, or even the same explants of the same plant, can be
regenerated in different methods due to different exogenous hormones. However, such reports are rare.

Effects of exogenous hormones on the rapid propagation of S. conaensis in vitro
In in vitro rapid propagation of S. conaensis, single factor, complete combination and orthogonal results
showed that the culture effect of hormone combination was significantly higher than that of single hormone,
indicating that the synergistic of effect of multiple hormones was far greater than that of single hormone
(Kishore et al., 2011; Afshan et al., 2014). Single factor experiments showed that both 6-BA and ZT could
promote the occurrence of the basal stem cluster buds on stem tip with leaves. Because of the high cost of ZT,
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6-BA and NAA were selected for the complete combination experiment, but satisfactory proliferation
coefficient and method were not obtained. ZT, a natural cytokinin isolated from higher plants, is generally
believed to have good effects on bud initial, regeneration and proliferation (Debnath and Mcrae 2002; Debnath
et al., 2005). In the previous reports of Swertia genus, exogenous auxin is an important factor for callus
induction and adventitious bud differentiation (Xiang et al., 1999; Huang et al., 2016). In this study, ZT was
the key factor for callus induction. In addition to the medium with ZT, white compact callus appeared quick,
then rapidly proliferated and accompanied by a large number of cluster bud differentiation and growth. The
proliferation coefficient was much higher than that of the method of basal stem cluster buds. It indicated that
ZT can promote cell division and non-differentiated tissue differentiation in vitro, and can also strongly induce
adventitious bud differentiated and growth. This finding was also found at Actinidia polygama Miq. and
Vaccinium macrocarpon Ait. (Takahashi et al., 2004; Debnath, 2008). In addition, this study considered that
S. conaensis has a harsh habitat, and only by increasing endogenous auxin levels and accelerating growth can
complete its life cycle in a short time. In terms of morphology, the stem is extremely shortened, and fleshy roots
and basal leaves are developed, so as to relieve the obstacle caused by insufficient cytokinin on plants that cannot
complete normal physiological activities, and thus produce a strong response to exogenous cytokinin.

Conclusions
This is the first study reporting in vitro rapid propagation of S. conaensis. The stem tips with the leaf
were optimal explant, the artificial rapid propagation system of S. conaensis was achieved successfully via direct
and indirect organ methods. Although both propagation method was able to regenerate intact plant, the direct
organ method had a low propagation coefficient (3.16), which could not reach the base requirement of rapid
propagation. However, in the indirect organ method, the callus to cluster buds to callus to cluster buds was
repeated, resulting in a huge propagation coefficient (10.37). In addition, in rooting culture, the 1/2 MS
medium was superior to the MS medium, the rooting rate was 100% in the 1/2MS medium with 0.5 mg∙L-1
NAA. After transplanting, the survival rate was more than 95%.
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