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Abstract Somatic embryogenesis (SE) was induced in
female flower buds from mature Schisandra chinensis
cultivar ‘Hongzhenzhu’. Somatic embryo structures were
induced at a low frequency from unopened female flower
buds and excised unopened on Murashige and Skoog (MS)
agar medium containing 4.0 mg 17" 2,4-dichlorophenoxy-
acetic acid (2,4-D). Friable embryogenic calli were induced
from somatic embryo structures after three to four sub-
cultures on initiation medium. The frequencies of mature
somatic embryo germination and plantlet conversion were
low, but increased in the presence of gibberellic acid
(GA3). Some germinated somatic embryos could form
friable embryogenic calli on medium without plant growth
regulators (PGRs). The germination and conversion fre-
quencies of somatic embryos from embryogenic calli
induced using PGR-free medium were higher than for
somatic embryos from embryogenic calli induced on
medium containing 2,4-D. Most somatic embryos from
2,4-D-induced embryogenic calli had trumpet-shaped
embryos, and most somatic embryos from PGR-free med-
ium—induced embryogenic calli had two or three cotyle-
dons. Histological observation indicated that two- and
three-cotyledon embryos had defined shoot primordia, but
most of the trumpet-shaped embryos yielded plantlets that
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lacked or had poorly developed meristem tissue. Cytolog-
ical and random amplification of polymorphic DNA
(RAPD) analyses indicated no evidence of genetic varia-
tion in the plantlets of somatic embryo origin.
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Introduction

Schisandra chinensis Baill (Magnoliaceae) is a woody,
deciduous vine mainly found in Northeast China, Korea,
Japan, and the Far East of Russia (Hancke et al. 1999). The
fruits are used in traditional Chinese medicine and are also
widely used in the pharmaceutical, wine, cosmetics, and
health food industries. Due to forest reduction and exten-
sive environmental damage, wild resources of the plant
have been abruptly reduced and cannot meet market
demand. S. chinensis breeding has been performed in
China since the early 1980s. As a result, the first cultivar,
‘Hongzhenzhu’, was selected from wild populations and
bred in 2001 at the Chinese Academy of Agricultural
Sciences Institute. ‘Hongzhenzhu’ is a high-yield cultivar,
with average yield of 0.5, 1.3, and 2.2 kg of fruit from 3-,
4-, and 5-year old trees, respectively. However, the prop-
agation success is very low using conventional vegetative
propagation methods, such as cuttings. Currently, S. chin-
ensis is mainly propagated by seed. However, cultivated
seed populations are rarely homogeneous and do not ensure
good fruit quality and high yield. Establishment of an
efficient method for micropropagation of the cultivar is
urgently needed.

Clonal propagation through somatic embryogenesis (SE)
can shorten the time needed for breeding and can improve the
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uniformity and quality of nursery stock (Stasolla and Yeung
2003). In many plant species, immature zygotic embryos are
commonly used as explants for induction of SE. However,
seed populations vary widely, and transmission of desirable
traits from the parental tree is not reliable. Therefore, it is
necessary to choose vegetative organs of selected elite
mature trees as starting materials. However, embryogenic
cultures in woody perennials are often difficult to initiate
from plants beyond the seedling stage, especially when
derived from mature trees (Bonga et al. 2010). Only a few
studies have been published describing somatic embryo
induction from mature tree explants.

For plant propagation, success in micropropagation
depends on the absence of somaclonal propagation in
clonally propagated plants (Mallon et al. 2010; Mishra
et al. 2011). Unfortunately, some in vitro regenerated
plantlets exhibit somaclonal variation, which has been
demonstrated to be heritable and therefore undesirable in
somatic clones. Therefore, detection of such variation early
in the life of a plant is required to avoid economic disaster
during commercial regeneration. Chromosomal alterations,
which generate variation in somatic embryo-derived plants,
can be detected by flew cytometry (Tremblay et al. 1999;
Yang et al. 2010a).

Currently, molecular methods provide valuable tools for
determination of clonal identity. The most widely used
procedure for evaluating patterns of existing genetic vari-
ations are molecular methods such as random amplified
polymorphic DNA (RAPD) analysis, because it is quick,
easy to perform, and does not require radioactive materials
(Mallén et al. 2010; Mishra et al. 2011). RAPD analysis
has previously been used for certification of genetic sta-
bility of embryogenic systems in some tree species (Tang
2001).

Kim et al. (2005) and Smiskova et al. (2005) both
reported induction of SE from immature zygotic embryos
of S. chinensis. Recently, we obtained somatic embryos
from hypocotyl and cotyledon explants of germinated
S. chinensis zygotic embryos (Chen et al. 2010). There are
no published reports describing SE from mature S. chin-
ensis vines. The current study describes the development of
a protocol for SE and plant conversion from female flower
bud explants of S. chinensis. We analyzed the ploidy levels
of somatic embryo—derived plants using flow cytometry
and assessed clonal fidelity with RAPD.

Materials and methods
Plant material and induction of SE

Schisandra chinensis cultivar ‘Hongzhenzhu’ (‘Red pearl’)
was used in this study. In late April 2005, 2-year-old
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branches having mostly female flower buds and vegetative
buds were collected from 5-year-old cutting-propagated
elite plants in an orchard at the Institute of Special Wild
Economic Animal and Plant Science, Chinese Academy of
Agricultural Sciences, Jilin, China. Branch cuttings from
these trees were placed in a 1-1 Erlenmeyer flask with
400 ml  sterile distilled water at 25°C under
45 pmol m~2 s~ illumination with cool white fluorescent
lights. Water was replenished at 4-day intervals. Female
flower buds swelled after 4-5 days in culture (Fig. 1a).
Recently swollen, unopened flower buds and open vege-
tative buds with expanded leaves were collected after
1-2 weeks. Excised buds from which two or three outer
scales had been removed were washed in running tap water
for 12 h, soaked in 70% (v/v) ethanol for 1 min, sterilized
with 0.1% (w/v) HgCl, solution containing two drops of
Tween-20 for 12 min, and then rinsed five times with
sterile distilled water. Intact female flower buds and
excised bud leaves were cultured on MS (Murashige and
Skoog 1962) agar medium containing 3% (w/v) sucrose
and 4.0 mg 17" 2,4-dichlorophenoxyacetic acid (2,4-D)
(Sigma, MO, USA).

All media were adjusted to pH 5.8 before adding
8.0 g 17! plant agar (Duchefa, Haarlem, The Netherlands)
and were then sterilized by autoclaving at 1.1 kg cm™>
(121°C) for 20 min. Cultures were grown in 150-ml
Erlenmeyer flasks containing 30 ml medium and were
subcultured at 4-week intervals. The culture room was
maintained at 25 £ 2°C with a 16-h photoperiod of
36 pumol m2s! (cool white fluorescent tubes).

Establishment of recurrent somatic embryogenic
cultures

Somatic embryo structures that had formed from explants
were transferred to the same medium as used for the pri-
mary culture. After 12 weeks in culture, the frequency of
embryogenic callus formation was determined. For prolif-
eration, about 15 mg actively growing embryogenic callus
was cultured on MS medium containing 3.0% (w/v)
sucrose and 0, 1.0, or 4.0 mg 17! 2.4-D.

For somatic embryo development and plantlet conver-
sion, about 15 mg embryogenic callus was cultured on 1/3-
strength MS medium containing 2.0% (w/v) sucrose. After
4 weeks, somatic embryos (mainly at the cotyledon stage)
were transferred to medium containing 0, 1.0, 5.0 or
10.0 mg 1! gibberellic acid (GAj3) and were cultured for
1, 5, 10 or 15 days. After the GAj; treatment, somatic
embryos from the same flask were transferred to another
flask containing 1/3-strength MS medium with 2.0% (w/v)
sucrose. Six germinated somatic embryos were cultured per
flask. Each experimental unit consisted of five flasks with
three replicates.
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Fig. 1 Somatic embryogenesis
from female flower buds of
mature Schisandra chinensis
trees of cultivar ‘Hongzhenzhu’.
a Flower bud collected in early
spring. Bar 13 mm. b Somatic
embryos induced from a flower
bud—derived callus on MS
medium supplemented with

4.0 mg 17! 2,4-D. Bar 5 mm.

¢ Somatic embryos induced
from flower bud derived
unopened leaf explants on MS
medium supplemented with

4.0 mg 17" 2,4-D. Bar 1 mm.

d Embryogenic calli induced
and proliferated from somatic
embryos on MS medium
supplemented with 4.0 mg 17!
2,4-D. Bar 1 mm. e Numerous
globular somatic embryos
induced from an embryogenic
callus on 1/3-strength MS
medium containing 2% sucrose.
Bar 2 mm. f Mature somatic
embryos. Bar 8 mm. g Plantlets
from germinated somatic
embryos. Bar 10 mm. fb flower
bud, b leaf bud. Arrows
indicate somatic embryos

To generate a new cycle of secondary SE, germinated
somatic embryos that failed to convert into plants were
transferred into 1/3-strength MS medium containing 0,
0.1, 1.0 or 40 mg1~' 2,4-D. Ten germinated embryos
were cultured per flask, and ten replicates of each
treatment were prepared. After 8 weeks, the embryogenic
callus induction frequency was determined. For somatic
embryo development, embryogenic calli induced on
medium without plant growth regulators (PGRs) or with
1.0 mg 17" 2,4-D were transferred to 1/3-strength MS
medium containing 2.0% sucrose. For germination,
mature somatic embryos were cultured for 5 days in 1/3-
strength MS medium containing 1.0 mg 1™' GA; and
were then transferred to the same germination medium
without PGRs. After 4 weeks, germinated embryos were
selected and transferred to conversion medium. The
composition of both germination and conversion medium
was the same as that of the primary culture medium.

Ploidy analysis

Nuclear suspensions of somatic embryo-derived plants and
parental plants were prepared as described (Yang et al.
2010a). Ploidy determination was performed using the PA-
I ploidy analyzer (Partec, Munster, Germany).

Genomic DNA isolation and random amplification
of polymorphic DNA (RAPD) analysis

Twenty randomly selected SE-derived plantlets, 20 seed-
propagated plantlets, and four parental plants were sub-
jected to RAPD analysis. Total genomic DNA was isolated
following the modified Murray and Thompson (1980)
method using cetyltrimethylammonium bromide (CTAB)
(Sigma, MO, USA). Two primers (OPA-17 and OPJ-6)
selected from 55 oligonucleotide primers (OPA 1-19, OPB
1-11, OPC 6-15, OPD 16-20, and OPJ 1-10; Operon
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Technologies, Alameda, CA, USA) were used to identify
polymorphisms. Polymerase chain reaction (PCR) mixtures
(20 pl) contained 50 ng template DNA, 30 ng primer,
0.2 mM dNTP, 1x PCR buffer (Mg”), and 1 unit Taq
polymerase (Takara, Shiga, Japan). Amplification was
performed with an initial denaturation step at 94°C for
5 min followed by 40 cycles at 94°C for 1 min, 37°C for
45 s, and 72°C for 1 min, with final extension at 72°C for
7 min. The reaction products were subjected to 0.8% (w/v)
agarose gel electrophoresis (Sub-Cell GT; Bio-Rad),
stained with ethidium bromide, and imaged under ultravi-
olet light using a digital imaging system (UltraCam; Syn-
gene, Cambridge, UK).

Plant growth

Fifty somatic plantlets with well-developed leaves and
roots were selected and transferred to pots containing
autoclaved sand and soil (1:3 mixture). Pots were covered
with perforated polythene bags to maintain high humidity.
The covers were removed after 3 weeks when new leaves
developed. Plants were grown at ~21°C with a 16-h
photoperiod of 36 pmol m~? s~ (cool white fluorescent
tubes). The survival frequency was calculated after
8 weeks of hardening.

Statistical analysis

The data variance (analysis of variance, ANOVA) was
analyzed with SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
for Windows. Significantly differing means were compared
using Duncan’s multiple-range test at 5% probability level.

Results and discussion

Embryogenic callus induction

After 8 weeks, 95.7% of the 282 cultured unopened female
flower buds produced mostly hard calli. Besides the non-

embryogenic callus, 4-10 SE structures were noticed on
calli that had developed on the surface of the leaves of the

flower buds (Fig. 1b) in 1.4% of the cultures. No somatic
embryo structures were induced from cultured expanded
flower buds or from vegetative bud explants (Table 1).
Similarly, various types of leaf explants cultured on
induction medium had >90% callus induction frequency,
but only leaf explants from unopened flower buds induced
somatic embryo structures (Fig. 1c). A low induction fre-
quency of somatic embryo structures occurred on calli
formed from veins at the basal part of the leaf explant
incision site (Table 1).

Primary somatic embryo structures were soft, smooth,
and easily separated from the callus up to a certain stage of
development. Although they failed to germinate, most
(92%) of the primary somatic embryo structures developed
white translucent embryogenic calli within 12 weeks when
cultured on medium containing 4.0 mg 17! 2,4-D (Fig. 1d).
The embryogenic calli initially proliferated slowly. After
two or three subcultures, the proliferation rate increased,
and the fresh weight increased more than 10-fold in
4 weeks. The overall proliferation frequency of embryo-
genic calli from flower buds was slower than that of
zygotic embryos (Chen et al. 2010).

Floral structures and inflorescences have high potential
for vegetative reproduction of several tree species (Gingas
1991; Lopez-Baez et al. 1993; Merkle etal. 1997
Steinmacher et al. 2007), possibly because reproductive
tissues are more amenable to embryo induction than are
vegetative tissues (Bonga et al. 2010). In our study,
somatic embryos were induced only from flower bud leaves
and not from vegetative bud leaves. It is uncertain why the
two types of leaf explants responded differently to the
induction signals. The competence for embryogenic
induction of flower bud leaves may be the result of their
proximity to rejuvenating sexual cells, as described by
Bonga et al. (2010). Alternatively, endogenous hormone
levels may be different in the two types of leaves.
Endogenous hormone levels are crucial factors for deter-
mining the embryogenic potential of explants (Jiménez
2005). Both young and mature leaves are capable of
indole-3-acetic acid (IAA) biosynthesis (Jager et al. 2007).
Different leaf regions have higher IAA levels in embryo-
genic explants as compared with nonembryogenic ones

Table 1 Effect of female
flower bud development stage
and explant type on induction of

Explant

Number of explants, Number of explants, SE induction

somatic embryo structures of
S. chinensis

Explants were subcultured after

cultured induced SE frequency (%)
Closed flower bud  Intact bud 282 4 1.4
Leaf bud Basal part of leaf 420 4 1.0
Apical part of leaf 396 0
Opened flower bud  Intact bud 324 0 0
Leaf bud Basal part of leaf 440 0 0
Apical part of leaf 410 0 0

4 weeks
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Table 2 Effect of GA3

. . GAj; concentration
concentration and duration of

Duration of GAj3
treatment (days)

Plantlet conversion
frequency (%)

Germination
frequency (%)*

—1

GAj; treatment on germination (mg 17

and plantlet conversion of 0 0

S. chinensis somatic embryos | {
5 1
10 1
1 5
5 5
10 5
1 10
5 10

% Average of 65 early-stage 10 10

somatic embryos cultured in 1 15

each flask. ** and ***, 5 15

ignifi P .01
significant at P < 0.01 and 10 1s

0.001, respectively (two-way
ANOVA). For each variable,
values followed by the same
letter are not significantly
different at P < 0.05

GA; concentration (A)
Duration of GAj3 treatment (B)
A x B

34.0° 19.4 <
46.2°4 22.1°
51.0° 33.9b°
27.6°F 24.8°
46.16%¢ 47.8*
34.20de1‘ 43.8317
233" 49.2°
31.0%f 56.4°
42354 21.4°
28.3°f 133
78.5 23.7¢
47.3% 29.45¢
36.8°4t 2.74
skekck skkk

sk skekck

(Jiménez 2005). Based on field observations and our
hydroponic cultivation experiments, dormant S. chinensis
flower buds initiated development about 5 days earlier than
did vegetative buds (data not shown). Hence, flower bud
leaves may have higher embryogenic potential because
they are more sensitive and respond earlier to IAA bio-
synthesis than do vegetative leaves under the same envi-
ronmental conditions. In this study, only young unopened
flower buds could induce somatic embryos. Similar
responses have been described for other species. In
sweetgum, young inflorescences were more competent for
somatic embryo induction than more mature inflorescences
(Merkle et al. 1998). In Euterpe edulis, somatic embryos
were induced only when inflorescences at the early
developmental stage were used (Guerra and Handro 1998).

Establishment of recurrent SE

In addition to the difficulty of SE induction, the appearance
of abnormal embryos and the subsequently low frequency
of plant conversion are severe constraints preventing
practical application (Stasolla and Yeung 2003). Secondary
SE is a process in which new somatic embryos are initiated
from primary ones. This process has certain advantages
compared with primary SE, such as independence from
explants, ease of maintenance, high induction frequency,
and repeatability (Dai et al. 2010). Moreover, secondary
SE frequently occurs on medium lacking plant growth
regulators (PGRs) (Nair and Gupta 2006; Yang et al.
2010b). For many plant species, the efficiency of plant
conversion is higher with secondary embryos than with
primary embryos (Raemakers et al. 1995).

Many independent globular embryos formed within
10 days and rapidly developed after embryogenic calli
were transferred to 1/3-strength MS medium without PGRs
(Fig. le). Ultimately, 53-76 mature somatic embryos
formed from 5 mg embryogenic calli within 4 weeks
(Fig. 1f), 34.0% of which germinated. Most germinated
somatic embryos (83%) had abnormal trumpet-shaped
embryos, and only 19% converted to plantlets (Fig. 1g).
Both GAj; concentration and the duration of GAj; treatment
significantly affected somatic embryo germination and
conversion into plantlets. The highest frequency of ger-
mination and of plantlet conversion was obtained when
somatic embryos were cultured in medium containing
1.0 mg 17" GA; for 15 and 10 days, respectively. Both the
germination and conversion frequencies were significantly
affected by interactions between these two factors
(Table 2). A significant stimulatory effect of GA; on
somatic embryo germination and conversion into plantlets
occurred in cultures of Eschscholzia californica (Park and
Facchini 1999) and Eleutherococcus senticosus (Choi et al.
1999). In our study, GAj; treatment increased the germi-
nation and plantlet conversion frequencies of somatic
embryos when the optimal concentration and duration of
treatment were used. Overall plantlet conversion frequency
of mature somatic embryos was, however, lower than 20%
for all treatments, suggesting that the somatic embryos
were of low quality, as indicated by the presence of
trumpet-shaped embryos.

Some germinated somatic embryos formed friable
embryogenic calli on medium without PGRs. Medium with
1.0 or 4.0 mg1~' 2,4-D significantly increased embryo-
genic callus induction. The proliferation of embryogenic
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Fig. 2 Secondary SE from germinated somatic embryos of normal
and abnormal somatic embryos. a Friable embryogenic calli induced
from germinated somatic embryos after culturing on 1/3-strength MS
medium containing 2% sucrose without PGRs for 8 weeks. Bar
6 mm. b Numerous somatic embryos developed after embryogenic

calli and somatic embryo development were similar to the
first cycle of secondary somatic embryos (data not shown),
with most germinated somatic embryos having trumpet-
shaped embryos. Friable embryogenic calli were induced at
low frequency mostly from hypocotyl regions when cul-
tured on PGR-free medium and were productive for about
3 weeks (Fig. 2a). When transferred to PGR-free medium,
many somatic embryos formed asynchronously and quickly
matured compared with medium containing 2,4-D within
4 weeks (Fig. 2b). The number of mature somatic embryos
was slightly lower than that formed from embryogenic calli
induced on medium containing 2,4-D.

Diverse somatic embryo types were observed in
embryonic cultures induced in PGR-free medium (Fig. 2b),
including somatic embryos with normally developed twin
cotyledons (Fig. 2c), abnormal (three) cotyledons
(Fig. 2d), and trumpet-shaped embryos (Fig. 2e). Germi-
nated embryos had either two (~70%), three (~ 10%), or
trumpet-shaped embryos (~20%). Microscopic observa-
tion showed that no proper apical meristems had formed in
the barrel-shaped cotyledons. Histological observations
indicated that all two- and three-cotyledon somatic
embryos had defined shoot primordia, but most of the
barrel-shaped somatic embryos lacked, or had only poorly
developed, meristem tissue (data not shown). Plantlet
conversion frequencies were 72.6%, 58.1%, and 10.2% for
embryos containing two, three, and trumpet-shaped
embryos, respectively. Germination and conversion fre-
quencies of somatic embryos from embryonic calli grown
on PGR-free medium reached 83.4% and 74.3%,
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calli were cultured in 1/3-strength MS medium containing 2% sucrose
without PGRs for 12 weeks. Bar 4 mm. ¢ Germinated somatic
embryo with two cotyledons. Bar 3 mm. d Germinated somatic
embryo with three cotyledons. Bar 3 mm. e Germinated somatic
embryo with trumpet-shaped embryos. Bar 3 mm

respectively. Both were higher than from embryogenic calli
induced on medium containing 2,4-D.

2,4-D is the most important PGR for initiation of
somatic embryos (Jiménez 2005), although some evidence
suggests that 2,4-D promotes the development of abnormal
cotyledons, resulting in arrested plant conversion (Rodri-
guez and Wetzstein 1998; Hussain et al. 2009). In this
study, a higher frequency of somatic embryos with trum-
pet-shaped embryos was observed in 2,4-D-induced cul-
tures as compared with that in medium without PGRs.
Histological analysis revealed that abnormal cotyledons
lacked shoot apical meristems, which likely prevented
conversion into plantlets even though the germination
frequency was high. Pecan somatic embryos induced on
medium containing 2,4-D also exhibit abnormalities and
have a poorly developed shoot apical meristem (Rodriguez
and Wetzstein 1998). Liu et al. (1993) suggested that auxin
is synthesized in the shoot apical meristem and polar auxin
transport is critical for regulating normal cotyledon for-
mation, and hence disruption of polar auxin transport may
cause abnormal somatic embryo cotyledon development.
Therefore, elimination of 2,4-D during the culture process,
even from the initiation medium, may be helpful for nor-
mal somatic embryo development and conversion into
plantlets.

Fifty plantlets with well-developed root systems
(Fig. 3a) were transferred to small containers containing
autoclaved sand and soil. The regenerated plants were
transplanted to soil, and about 90% developed normally
(Fig. 3b).
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Fig. 3 Acclimatization of
somatic embryo-derived
plantlets. a Plantlets derived
from somatic embryos. b One-
year-old somatic plants grown
in sand/soil mixture
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Fig. 4 Flow cytometry analysis of nuclei isolated from S. chinensis.
a Relative fluorescence intensity generated from DNA isolated from
leaves of somatic embryo-derived plantlets. b Relative fluorescence

Fig. 5 RAPD analysis of

S. chinensis polymorphisms
using the OPA-17 primer pair.
a M: 100 bp DNA ladder, lanes
1-20: seed-propagated plants,
lanes 21-24: somatic embryo-
derived plants. b M: 100 bp
DNA ladder, lanes 1-20:
somatic embryo-derived plants,
lanes 21-24: cutting from
propagated donor trees

Ploidy analysis

The ploidy of germinated somatic embryos and regenerated
plants was the same. Also, the plants generated in the
current study (Fig. 4a) had the same ploidy level (2n) as
control donor trees (Fig. 4b).

intensity generated from DNA isolated from leaves from a cutting of
propagated donor plants

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M

1500 bp
900 bp
600 bp

9 10 11 12 13 14

16 17 18 19 20 21

2223 24 M

1500 bp
900 bp
600 bp

Clonal identity analysis by RAPD

DNA was obtained from 20 somatic seedlings and ampli-
fied by PCR using 55 different primers. Two primers,
OPA-17 (GACCGCTTGT) and OPJ-06 (TCGTTCCGCA),
produced distinct bands, were highly polymorphic, and
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Fig. 6 RAPD analysis of

S. chinensis polymorphisms
using the OPJ-06 primer pair.
a M: 100 bp DNA ladder, lanes
1-20: seed-propagated plants,
lanes 21-24: somatic embryo-
derived plants. b M: 100 bp
DNA ladder, lanes 1-20:
somatic embryo-derived plants,
lanes 21-24: cutting from
propagated donor trees

showed optimal reproducibility of the PCR products. Pri-
mer pairs OPA-17 and OPJ-06 were used for RAPD
analysis to identify polymorphisms of randomly selected
somatic embryo-derived plantlets. The results showed no
differences between the plantlets from somatic embryos
and parent plants (Figs. 5a, 6a). Plants regenerated from
seed-propagated seedlings and somatic embryo-derived
plantlets were, however, different and showed a larger
variance in electrophoretic bands (Figs. 5Sb, 6b). Seed-
propagated seedlings produced many irregular bands by
primer pairs OPA-17 and OPJ-06, while only three regular
equal bands were produced from SE-derived plantlets by
the same primer pairs (Figs. 5, 6). The results indicated that
somatic embryo-derived plants had higher genetic stability
than did seed-propagated plants.

In conclusion, we have developed a cyclic somatic
embryogenesis protocol for S. chinensis using flower bud
explants from elite plants. The protocol established in this
study will likely improve true-to-type clonal propagation of
selected elite S. chinensis.
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