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Abstract
Immature zygotic embryos of the camphor tree were used as explants, under dark conditions, the somatic
embryos induction rate (68.75%) was the highest when the immature zygotic embryos were 6 mm in size.
And using sucrose as a carbon source was more conducive to the induction of somatic embryos. The
highest cotyledon embryos proliferation rate (36.67%) appeared in the combination of 1.2 mg/L 6-BA + 
0.2 mg/L IBA + 8.0 mg/L GA3, and the highest cotyledon embryos germination rate (20%) appeared at 2.4
mg/L 6-BA + 0.4 mg/L IBA + 4.0 mg/L GA3. Changes of endogenous hormone content and radio of
various types of embryogenic cultures were clearly diverse: IAA and ABA were always at higher levels, and
the highest values of GA3 (0.31 ng·g-1) and ZT (0.09 ng·g-1) appeared in SEG explant, and ZT was only
detected in SEG explant, it is speculated that appropriately increasing the content of endogenous ZT or
the concentration of exogenous cytokinin may help to induce germination of somatic embryos. The
highest values of ABA/IAA (8.46) occurred in SEG explant, followed by SE explant (2.83), which was
initially thought to be related to the development and germination of somatic embryos. The highest
values of ABA/GA3(180.00) were found in SE explant, followed by YC explant (69.50), which indicated
that a higher ratio was beneficial to the normal development of somatic embryos.

Introduction
Cinnamomum camphora also known as the camphor tree, is a large evergreen tree in the camphor family,
a representative tree species of subtropical evergreen broad-leaved forests, mainly distributed in China
south of the Yangtze River and southwest China (Zhou and Yan 2005). Its well-developed crown, dense
branches, and leaves, shade and shelter from the sun, is an excellent urban greening tree, shade tree (Tian
et al.2004; Zhang et al. 2017; Xu et al.2022). In recent years, with the continuous development of urban
garden construction, camphor tree has been more and more widely used in urban landscaping, and many
gardeners have tried to introduce this species to north China (Wang 2010; Hu et al. 2015). However, with
the warm nature of camphor tree, it can suffer from frost damage in northern winter conditions, even
causing tree death, resulting in huge economic losses. Therefore, how to prevent and control the damage
caused by low temperatures to camphor tree has become the key to the application and promotion of this
tree species in the north. The problem can be solved by strengthening the cultivation management and
breeding new varieties, but the long growth cycle and complex genetic background of woody plants make
the process of conventional breeding to improve tree species slow and inefficient, while molecular
breeding (MB) has the advantages of the purposeful and short breeding cycle, which can improve the
plant tolerance in a short time.

Molecular breeding has become an integral part of breeding work due to its advantages of improving
traits and breaking through species isolation (Parry et al.2012; Bai et al. 2018; Li et al.2021). In some
woody plants such as Pinus taeda L. (Tang et al.2005), Eucalyptus globulus (Matsunaga et al.2012), and
Betula platyphylla (Lv et al.2019), the breeding goal of improving stress resistance has been initially
achieved through transgenic techniques. Lv(2019)used birch leaves as explants, and through
agrobacterium transformation, the transgenic lines overexpressed BpERF13, showing a normal
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phenotype and significantly enhanced tolerance to cold stress. Therefore, the use of molecular breeding
techniques to achieve the stress resistance of the woody plant camphor tree is feasible, however, a stable
and efficient plant regeneration system is the prerequisite for the success of molecular breeding.

Currently, the regeneration protocols available in studies on the regeneration of camphor tree plants
include organogenesis and somatic embryogenesis with cotyledon embryos as explants (Shi et al.2010;
Du et al. 2014; Du et al.2015; He et al. 2015). The regeneration method of somatic embryogenesis has the
advantages of genetic stability and a high regeneration rate compared with organogenesis, and is an
important method for the genetic improvement of forest trees, thus it has been widely used. Du (2006)
and Dai (2019) used immature zygotic embryos of camphor tree as explants to first induce embryogenic
callus and then used embryogenic callus as explants to induce somatic embryos to achieve plant
regeneration through the somatic embryogenesis pathway. In addition, the hypocotyl of the zygotic
embryos can also be directly induced to produce plants (Jing et al. 2019).

During embryonic development, endogenous hormones play a key role. Therefore, the relationship
between changes in endogenous hormone content and somatic embryogenesis in vitro has also been the
subject of many studies (Farias-Soares et al. 2014). Several studies have shown that auxin (IAA) is
essential for the establishment and development of somatic embryo polarity, and the enrichment of IAA
facilitates somatic embryogenesis (Zhou et al. 2017; Liu et al. 2019). Like auxin, cytokinins (CKs) are also
the key to somatic embryo induction. In the study of somatic embryogenesis in Begonia, it was found
that high levels of CKs and the ratio of CKs/ABA could increase the number of somatic embryos by 1.57
times compared with the control (Khai et al. et al.2021). Abscisic acid (ABA) is mainly associated with the
synthesis of storage material at the maturation stage (Su et al. 2013). Liang (2022) found that high levels
of ABA in Korean pine were beneficial to facilitate early somatic embryo differentiation. Kępczyńska
(2021) found that GAs are involved in the acquisition of embryogenic competence in Medicago
truncatula leaf somatic cells, however, Jiménez (2005) found no differences in GAs levels in the study of
cultures with different embryonic developmental characteristics of carrots. It can be seen that there are
genotypic differences in the effects of gibberellins (GAs) on somatic embryogenesis.

At present, although the plant regeneration system of Cinnamomum camphora has been researched and
established, the changes of endogenous hormones content during somatic embryogenesis of
Cinnamomum camphora have not yet been reported based on the induction and proliferation of
cotyledon embryos. In this paper, Cinnamomum camphora was taken as the research object, and the
zygotic embryos in immature fruits were selected as explants to induce cotyledon embryos, and induce
proliferation and germination of cotyledon embryos. In addition, the endogenous hormone content of
explants at different stages during somatic embryogenesis was measured, which can not only provide a
reference basis for the developmental regulation of Cinnamomum camphora embryos, but provide new
clues for the mechanism of somatic embryogenesis in Cinnamomum camphora.

Materials And Methods
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Medium and culture conditions
In this study, MS was used as the basic medium, supplemented with 30 g/L sucrose, 8.0 g/L agar, 0.2
mg/L IBA, and 1.2 mg/L 6-BA, and this medium was recorded as T medium. The medium was sterilized
at 121°C for 20 min after pH adjustment to 6.0. T medium was used for the culture of immature zygotic
embryos, the proliferation of cotyledon embryos, and the proliferation of somatic embryo germination.
Hormone-free MS medium containing 30 g/L sucrose and 8.0 g/L agar was used as the rooting medium
for rootless embryo seedlings. Unless otherwise specified, the explants were cultured at 24 ± 2°C under a
16 h photoperiod with 40 µmol m− 2 s− 1 photosynthetically active radiations supplied by white fluorescent
lights.

Induction and proliferation of cotyledon embryos in C. camphora

In mid-July, immature fruits of about 1 cm in diameter were harvested from adult camphor trees without
pests and diseases on the campus of Nanyang Normal University as the research material. After rinsing
the camphor trees immature fruits in running water for 1 h, they were placed in a solution of 75% alcohol
by volume for 30 s, then in 0.1% mercuric chloride solution for 8 min, and rinsed 3–5 times with sterile
water in the ultra-clean bench. Afterward, the fruits were placed on sterile filter paper with tweezers, cut
with a scalpel perpendicular to the fruit pedicle and 2/3 away from the fruit pedicle, and the complete
cotyledon embryo peeled out with a dissecting needle at the far end of the fruit pedicle. Set different
zygotic embryo sizes (about 2 mm, 4 mm, and 6 mm), different culture conditions, and 30 g/L of different
carbon sources (sucrose, glucose, sorbitol, mannitol) for cotyledon embryo induction experiments. 4
dishes in each treatment, 16 per dish, and the induction of cotyledon embryos were recorded after 3
weeks.

Select the creamy white, fleshy, and thick single cotyledon embryo, and chopped perpendicular to the
single cotyledon embryo vertically and horizontally with two knives. The fragments were gathered into 0.5
cm clumps (about 5–7 fragments) and inoculated in T medium, cultured in the dark. After the cotyledon
embryos were proliferated every 2 weeks using the same method. Somatic embryo induction rate = (total
number of explants induced with somatic embryos / total number of inoculated explants) × 100%;
Somatic embryo induction coefficient = (total number of somatic embryos induced / total number of
inoculated explants) × 100%; Embryo bud induction rate = (total number of explants induced with buds /
total number of inoculated explants) × 100%.

Germination of cotyledon embryos in C. camphora

The same operation was used for the above-mentioned cotyledon embryos' clonal lines with better
proliferation effect, with different 6-BA concentrations (1.2 mg/L, 2.4 mg/L), IBA concentrations (0.2
mg/L, 0.4 mg/L) and GA3 concentration (0 mg/L, 2 mg/L, 4 mg/L, 8 mg/L) for germination induction of
cotyledon embryo, and cultured in the light, 2 dishes in each treatment, 15 per dish, continuous culture for
4–5 weeks, the budding induction of somatic embryos were recorded. were cultured continuously for 4–5
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weeks and the induction of somatic embryo germination was recorded. Somatic embryo proliferation rate
= (total number of explants proliferating out of somatic embryos/total number of inoculated explants) ×
100%; somatic embryo germination induction rate = (total number of explants inducing out of somatic
embryo germination /total number of inoculated explants) ×100%.

Select robust somatic embryo germination and transfer them to T medium in time and cultured in light
for 2 weeks for the proliferation of embryo buds.

Determination of endogenous hormones ZT, GA3, IAA, and
ABA
Weigh 1g fresh samples of C. camphora (somatic embryo, yellow callus, and somatic embryo
germination) and grind them to the dry powder in liquid nitrogen, add isopropanol-water-hydrochloric acid
mixed extract and 8µL 1µg/mL internal standard solution, shake at low temperature for 30min; Then add
dichloromethane, shake at low temperature for 30min. After centrifugation (13000 r/min) for 5 min at
4°C, the lower organic phase was removed. The organic phase was blown dry with nitrogen in the dark,
reconstituted with methanol (0.1% formic acid); centrifuged at 4°C (13000 r/min) for 10 min, and the
supernatant was taken through a 0.22 µm filter membrane for HPLC-MS/MS detection.

HPLC conditions: Column: Poroshell 120 SB-C18 reversed-phase column (2.1×150, 2.7µm); column
temperature: 30°C; mobile phase: A: B=(methanol/0.1% formic acid): (water/0.1% formic acid); elution
gradient: 0–1 min, A = 20%; 1–9 min, A increasing to 80%; 9–10 min, A = 80%; 10-10.1 min, A decreasing
to 20%; 10.1–15 min, A = 20%; injection volume: 2 µL. MS-MS conditions: Electrospray ionization source
ESI atomization temperature: 400°C, gas curtain gas: 15 psi, spray voltage: 4500 V, atomizing gas
pressure: 65 psi, auxiliary gas pressure: 70 psi, monitoring mode: MRM (Multi-Reaction Monitoring
Mode). In the Q-Trap6500, each ion pair is scanned according to the optimized declustering potential (DP)
and collision energy (CE). The detection of plant endogenous hormones was completed by Convinced
Technology Ltd.

Statistical analysis
The dates collected from the experiments were calculated and analyzed in SPSS Statistics 22.0 and
Origin 2019 software with Duncan’s multiple range test at the level of significance P = 0.05. Percentage
data were transformed via arcsine before analysis.

Results

Effects of Different sizes, culture conditions, and carbon
sources on induction of cotyledon embryos
Zygotic embryos (Fig. 1A) from immature fruits of camphor trees were cultured in T medium for 3 weeks,
and cotyledon embryos were induced under both dark and light conditions. The zygotic embryos cultured
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in dark conditions were enlarged and thickened, and young creamy white cotyledon embryos can be
observed at the articulation of the double cotyledons, which appear in clusters and form a spiral around
the longitudinal axis of aggregation (Fig. 1B). The zygotic embryos in light culture swollen and turn green,
inducing white clustered cotyledon embryos (Fig. 1C). The somatic embryos under dark conditions were
fleshy and thick, while those under light conditions are white and flaky. Direct germination of zygotic
embryos (Fig. 1D), induction of somatic embryos and shoots from zygotic embryos (Fig. 1E), and seed-
like germination from zygotic embryos (Fig. 1F) were also observed under light culture conditions.

Under different culture conditions, zygotic embryos of different sizes were induced differently (Table 1).
Under light conditions, the somatic embryo induction rate of 4 mm zygotic embryos was the highest at
53.13%, and the somatic embryo induction coefficient was also the highest, reaching 3.71. Under dark
conditions, the induction rate of somatic embryos with a size of 6 mm was the highest, which was
68.75%, and the somatic embryos grew better under dark culture than under light. Therefore, when using
immature zygotic embryos as explants to induce cotyledon embryos, a size of 6 mm is appropriate. It is
easier to obtain embryo buds by selecting 2 mm zygotic embryos for light culture. Under dark conditions,
zygotic embryos of all sizes are more likely to induce somatic embryos, and easily induce callus, but not
easily induce embryo buds.

Zygotic embryos of 6 mm in size were selected and placed in T medium to study the effects of different
carbon sources on the induction of cotyledon embryos (Table 2). The results showed that sucrose was
more favorable to the induction of somatic embryos, with a 68.75% induction rate of somatic embryos,
and it also easily produced callus; glucose and mannitol had similar induction rates of somatic embryos,
but sorbitol was not effective in the induction of somatic embryos, the somatic embryo induction
coefficient was similar in sucrose and glucose. Therefore, when using immature zygotic embryos as
explants to induce cotyledon embryos, the best choice is sucrose as the carbon source.

In the exploration of the effects of different sizes, culture conditions, and carbon sources on the
cultivation of immature zygotic embryos of camphor trees, it can be seen that the somatic embryos
induced under light and dark culture conditions are different in shape, with the somatic embryos under
dark conditions being tender and thick. Dark culture as a condition, zygotic embryos with a size of 6 mm,
and sucrose as a carbon source were suitable for somatic embryo induction. Dark conditions were used
as the culture conditions in the subsequent culture of cotyledon embryos.

A. Zygotic embryo, bar: 2 mm; B. Cotyledon embryos induced from zygotic embryos under darkness, bar:
2 mm; C. Cotyledon embryos induced from zygotic embryos under light, bar: 2mm; D. Zygotic embryo
germination under light, bar: 2 mm; E. Malformed germination of the zygotic embryo under light, bar: 2
mm; F. Seed-like germination from the zygotic embryo, bar: 5 mm.
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Table 1
Effects of different sizes and culture conditions on cotyledon embryos induction of C. camphora

Culture
Condition

Zygotic
embryos
size

Somatic
embryos
induction rate

Somatic embryo
induction
coefficient

Embryo buds
induction
rate

Embryonic
callus induction
rate

    (%)   (%) (%)

Light
culture

2 mm 37.50 ± 5.12b 2.58 ± 0.12c 12.50 ± 2.12a 4.69 ± 1.57b

4 mm 53.13 ± 5.77a 3.71 ± 0.35a 6.25 ± 1.67b 7.81 ± 1.66a

6 mm 32.81 ± 5.01b 3.10 ± 0.12b 3.13 ± 0.35c 7.81 ± 1.47a

Dark

culture

2 mm 45.94 ± 4.64b 3.13 ± 0.22a 1.56 ± 0.12a 21.88 ± 1.55b

4 mm 45.63 ± 4.12b 3.17 ± 0.15a 0.00 ± 0.00b 23.44 ± 2.12b

6 mm 68.75 ± 7.64a 2.92 ± 0.22a 1.56 ± 0.13a 28.13 ± 2.01a

Different lowercase letters in the same column indicate P < 0.05

Table 2
Effects of different carbon sources on cotyledon embryos induction of C. camphora

Carbon
Sources

Somatic embryos
induction rate

Somatic embryo
induction coefficient

Embryo buds
induction rate

Embryonic callus
induction rate

  (%)   (%) (%)

Sucrose 68.75 ± 9.01a 2.92 ± 0.22a 1.56 ± 0.11c 28.13 ± 3.15a

Glucose 52.50 ± 8.55b 3.2 ± 0.35a 6.25 ± 0.57a 12.15 ± 1.49b

Sorbitol 15.63 ± 3.36c 1.8 ± 0.10b 3.25 ± 0.22b 0.00 ± 0.00d

Mannitol 46.88 ± 6.77b 2.53 ± 0.12a 3.38 ± 0.42b 6.25 ± 1.28c

Different lowercase letters in the same column indicate P < 0.05

Proliferation and germination induction of cotyledon embryos of C. camphora

The camphor tree cluster embryos obtained under dark conditions were selected, and the single-piece
embryos were obtained by separating them one by one at the longitudinal axis. The single piece of
embryos was cut into 2–3 mm pieces as the material for somatic embryo proliferation. The somatic
embryo pieces were aggregated into 5 mm clumps and inoculated in T medium for dark culture (Fig. 2A),
about 2 weeks, densely arranged and clustered granular embryos (Fig. 2B) and clustered cotyledonary
somatic embryos (SE explants) were observed at the wound of the fragment (Fig. 2C), and the
proliferation rate of somatic embryos about 46.4%. After that, using the same method, subculture every 2
weeks to complete the proliferation of cotyledon embryos. Through the above method, timely subculture
(timely subculture: once every 10–15 days) and proliferation of somatic embryos from the same source
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can establish cotyledon embryos' clonal lines. Somatic embryo germination (SEG explants) was observed
on chopped somatic embryos after delayed subculture (delayed subculture: once every 20–30 days) in
the process of proliferating somatic embryos (Fig. 2D). At the same time, the callus of the fragments,
adventitious buds growing on the surface (Fig. 2E) and induction of yellow embryogenic callus (YC
explants) were also observed (Fig. 2F).

There were differences in the germination of somatic embryos under different combinations of PGRs
(Table 3). The optimal combination of PGRs for the germination of cotyledon embryos was 2.4 mg/L 6-
BA + 0.4 mg/L IBA + 4.0 mg/L GA3, with a germination rate of 20%. Based on 6-BA and IBA application,
there was a tendency for the germination rate of somatic embryos to increase and then decrease with
increasing GA3 content. In addition, the proliferation rate of somatic embryos showed a continuous
increase with increasing GA3 content, reaching the highest rate of 36.67% in the combination of 1.2 mg/L
6-BA + 0.2 mg/L IBA + 8.0 mg/L GA3. Therefore, to induce somatic embryo germination by cotyledon
embryos as explants under light culture, the addition of 4.0 mg/L GA3 was preferred based on a 6/1 ratio
of 6-BA to IBA application; the addition of 8.0 mg/L GA3 was selected to proliferate somatic embryos
more easily. Callus was easily induced under all PGR combinations.

A. Chopped-somatic embryos, bar:2 mm; B. Granular embryos induced from the chopped-somatic
embryo, bar: 2 mm; C. Cotyledon embryos propagation, bar: 2 mm; D. Chopped-somatic embryo
germination, bar: 5 mm; E. Malformed germination of the callus-somatic embryo, bar: 5 mm; F. Yellow
embryogenetic callus induced from the chopped-somatic embryo, bar: 2 mm.
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Table 3
Effects of different PGRs combinations on the germination of somatic embryos

PGRs concentration Somatic embryo
germination induction rate

Somatic embryos
proliferation rate

Callus
induction
rate6-BA IBA GA3

(mg/L) (mg/L) (mg/L) (%) (%) (%)

1.2 0.2 0.0 3.33 ± 0.12d 16.67 ± 2.24d 50.00 ± 
9.36c

1.2 0.2 2.0 0.00 ± 0.00e 20.00 ± 2.28cd 46.67 ± 
8.49cd

1.2 0.2 4.0 10.00 ± 2.21b 23.33 ± 3.21c 30.00 ± 
5.77d

1.2 0.2 8.0 10.00 ± 1.79b 36.67 ± 5.49a 46.67 ± 
7.35cd

2.4 0.4 0.0 3.33 ± 0.12d 13.33 ± 2.01e 63.33 ± 
8.00b

2.4 0.4 2.0 6.67 ± 1.49c 20.00 ± 3.00cd 73.33 ± 
11.55a

2.4 0.4 4.0 20.00 ± 3.28a 23.33 ± 3.17c 70.00 ± 
11.36ab

2.4 0.4 8.0 10.00 ± 2.36b 30.00 ± 4.04b 50.00 ± 
9.01c

Different lowercase letters in the same column indicate P < 0.05

Endogenous hormones and Endogenous hormones ratios from various types of embryogenic cultures of
C. camphora

The growth and development of plants depend on the interaction between the effective hormones within
the plant, which is the result of the combined action of multiple endogenous hormones. It is of practical
significance to study the changing trend of the content of endogenous hormones for understanding and
regulating the growth and development of somatic embryos. In this study, the somatic embryos (SE),
yellow callus (YC), and somatic embryo germination (SEG) obtained under the same culture conditions
were selected as materials, and the contents of endogenous hormones ZT, ABA, GA3, and IAA were
determined (Fig. 3). The results showed that indoleacetic acid (IAA) and abscisic acid (ABA) content were
high in the three types of materials, gibberellin (GA3) content was significantly reduced, zeatin (ZT) was
only detected in SEG explants, and not in YC explants or SE explants, so it is speculated that endogenous
cytokinin may have important significance for the formation of germination, which also matches the
regularity of plant growth and development. The highest content of IAA in YC explants was 6.24 ng/g,
and the lowest was in SEG explants. It may be due to the division and differentiation activities of the
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callus, which led to the most significant effect of IAA in the callus with vigorous growth and metabolism,
and the effect of auxin in SE explants and SEG explants is weakened. The four endogenous hormones
showed the highest ABA content in the three types of materials, with the highest ABA content in SE
explants being 14.4 ng/g and only 8.27 ng/g in YC explants. Indicating that ABA plays a key role in
embryo morphogenesis and maturation, which is similar to the results of Liang. (Farias-Soares et al.
2014; Liang et al.2022). The highest content of GA3 in SEG explants was 0.311 ng/g, and the least in SE
explants is 0.084 ng/g. It is speculated that GA3 has a positive effect on the release of dormancy and the
germination of somatic embryos (Cui et al.2020). A small amount of ZT was detected in SEG explants,
containing only 0.089 ng/g. Thus, when promoting the germination of somatic embryos, one can choose
to properly increase the content of endogenous ZT or increase the concentration of exogenous cytokinin
for the germination of somatic embryos.

The ratio between the hormones showed (Fig. 4) that the ratio of ABA to IAA reached the highest value at
the SEG explants, which was 3–6 times higher than that of SE explants and YC explants, followed by SE
explants, with the lowest ratio at the YC explants. It is preliminarily believed that the increase in the mass
ratio of ABA to IAA may be beneficial to the development and germination of somatic embryos of
camphor trees. The ratio of ABA/GA3 was the highest at the SE explants, while the ratio of ABA/GA3
decreased significantly in the YC explants and SEG explants. This indicates that a higher mass ratio of
growth-inhibiting substances to growth-promoting substances is beneficial for the normal development
of camphor tree somatic embryos, which is similar to the results of tea tree studies (Guo et al.2018). At
the same time, it also shows that the demand for various types of endogenous hormones varies greatly
at different stages.

Discussion
As an expression of plant cell totipotency, somatic embryogenesis is the process by which new
individuals are formed from plant somatic cells under in vitro conditions through a developmental
pathway similar to that of the syncytial embryo (Ravishankat & McComb, 2002). Compared to
organogenesis, somatic embryogenesis has the advantages of large quantity, fast speed, and genetic
stability (Gupta et al, 1993; Xu et al, 2020), so it has become the main method of plant regeneration in
recent years. Camphor trees immature zygotic embryos have also previously been shown to be easier
explants for the somatic embryo induction pathway (Du et al, 2014; Jing et al, 2019).

There are many factors affecting the induction of somatic embryos, such as the time of explant
collection, genotype, type and concentration of growth-regulating substances added to the medium, etc.
Most scholars have done many studies on induction factors, but there can still be differences of opinion,
which may be related to many factors such as the genotype and physiological age of the explants. In the
study on the effect of induction of somatic embryos in camphor trees, Yang (2020) found that the best
sampling period was July when studying the effect of different sampling periods on germination; Chen
(2014) found that young camphor trees embryos collected at different times had a significant effect on
somatic embryogenesis. It can be seen that the collection of young camphor tree embryos in July is very
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important for somatic embryo induction. In this study, the immature zygotic embryos of Cinnamomum
camphora collected in July were used as explants to conduct somatic embryo induction and proliferation
research. During this process, it was found that the somatic embryos with a size of 4 mm had the best
somatic embryo induction under dark conditions, the somatic embryos appeared in clusters and the
cotyledons were plump, the results of the study were similar to the previous ones. And using the
cotyledon embryos as explants to induce the germination of somatic embryos, it was found that the
optimal combination of PGRs for germination of cotyledon embryos was 2.4 mg/L 6-BA + 0.4 mg/L IBA + 
4.0 mg/L GA3.

In addition, carbohydrates are an important carbon source, which not only regulates the osmotic pressure
in the cells, but provides the energy required for the growth and metabolism of the culture, and plays a
very key role in the process of plant tissue culture (Bartos et al, 2018). Commonly used carbon sources
include sucrose, glucose, maltose, sorbitol, mannitol, etc. Previous studies have shown that treatment
with high concentrations of sucrose can influence the production of effects similar to those of ABA,
regulating the formation of somatic embryos, and increasing mannitol and polyethylene glycol can also
have the same effect (Linossier et al, 1997; Jia et al, 2013).30 g/L sucrose is a suitable concentration for
most forest trees cultured in vitro (Kim et al, 2011; Hazubska et al, 2016; Song et al, 2018). In this study,
the highest induction rate of somatic embryos was found when sucrose was used as the carbon source,
which is the same as the previous study. Therefore, sucrose is the best choice for the subsequent
induction of cotyledon embryos using immature zygotic embryos as the explants.

The reasons for obtaining different experimental results under the same culture conditions may depend
on the influence of endogenous hormones in the material. The growth and development of plants are
regulated by both external and internal factors. Studies on various plants have shown that organ
differentiation is mainly determined by the balance of endogenous cytokinin and auxin in explants
(Pescador et al, 2012). Endogenous hormones regulate gene activity, thereby affecting a series of
metabolic processes, ultimately affecting the induction, maintenance, and expression of embryogenic
potential in plant cells. In this study, the content of endogenous hormones ZT, GA3, IAA, and ABA was
determined in three materials (yellow callus, somatic embryos, and somatic embryo germination)
obtained in somatic embryo proliferation culture. It was found that ABA plays a key role in the
morphological establishment and maturation stages of somatic embryos, and it was hypothesized that
GA3 has a positive effect on the release of dormancy and the germination of somatic embryos. Only a
small amount of cytokinin was detected in the somatic embryo germination, further confirming that the
formation of induced buds requires internal cytokinin to play a leading role, which matches the regularity
of plant growth and development. Thus, when promoting the germination of somatic embryos, one can
choose to properly increase the content of endogenous ZT or increase the concentration of exogenous
cytokinin for the germination of somatic embryos. In this study, the influencing factors of somatic
embryo induction are not fully explored, and the determination of endogenous hormone content needs to
be refined, and further studies will be conducted around the existing shortcomings.



Page 12/20

Abbreviations
MS              Murashige and Skoog medium

BA              6-benzyla-denine

IBA              Indole-3-butyricacid

GA3             Gibberellic acid

Declarations
Data availability

All data generated or analysed during this study are included in this published article (and its
supplementary information files).

Acknowledgements

The work was supported by grants from the Research Project from Key R&D Program and Promotion of
Henan Province (Grant No. 202102110078) and Postgraduate Education Reform and Quality
Improvement Project of Henan Province (Grant No. YJS2021JD17). 

Funding

Funding provided by Research Project from Key R&D Program and Promotion of Henan Province (Grant
No. 202102110078). Postgraduate Education Reform and Quality Improvement Project of Henan
Province (Grant No. YJS2021JD17).

Author information

Haoran Guo and Jingman Li have contributed equally to this work.

Author Contributions

HG: Writing—original draft, Visualization; JL: Investigation, Methodology, Data curation; YM: Investigation,
Validation; ZZ: Software, Methodology; LD Writing—review & editing, Funding acquisition. 

Conflict of interest 

The author declares that they have no conflict of interest.

References



Page 13/20

1. Bai SW, Yu H, Wang B et al (2018) Retrospective and perspective of rice breeding in China. J Genet
Genomics 45(11):603–612. https://doi.org/10.1016/j.jgg.2018.10.002

2. Balamurugan V, Karthika P, Dhandapani G et al (2021) Plant regeneration fro-m direct organogenesis
of Pandanus canaranus Warb, an endemic medicinal plant. Vegetos 34:404–412.
https://doi.org/10.1007/s42535-021-00218-w

3. Bartos PMC, Gomes HT, Amaral LIV et al (2018) Biochemical events during somatic embryogenesis
in Coffea arabica L. 3 Biotech 8(4):1–10. https://doi.org/10.1007/s13205-018-1238-7

4. Chen GM (2014) Optimization of genetic transformation system and transformation of cold resistant
genes in Cinnamomum camphora. Dissertation, University of Huazhong Agricultural. (In Chinese)

5. Cui WP, Tang GY, Xu PL et al (2020) Content changes of endogenous hormones in peanut seeds
during germination. Chin J Oil Crop Sci 42(05):869–877. https://doi.org/10.19802/j.issn.1007-
9084.2019249

6. Dai XY, Liu XL, Zhang T et al (2019) Embryogenic callus induction and somatic embryogenesis from
immature zygotic embryos of Cinnamomum camphor. Acta Agriculturae Universitatis Jiangxiensis
41(6):1120–1129. https://doi.org/10.13836/j.jjau.2019131

7. Du L (2014) Research on Cotyledonary Embryo Culture of Cinnamomum camphora L. North Hortic
38(14):89–92 (In Chinese)

8. Du L, Li YP, Yao Y et al (2015) An Efficient Protocol for Plantlet Regeneration via Direct
Organogenesis by Using Nodal Segments from Embryo-Cultured Seedlings of Cinnamomum
camphora L. PLoS ONE 10(5):e0127215. https://doi.org/10.1371/journal.pone.0127215

9. Du L, Ye YM, Bao MZ (2006) Study on Somatic Embryogenesis and Plant Regeneration of Immature
Zygotic Embryo of Cinnamomum camphora. Scientia Silvae Sinicae 42(6):37–39.
https://doi.org/10.11707/j.1001-7488.20060607

10. Farias-Soares FL, Steiner N, Schmidt EC et al (2014) The transition of proembryogenic masses to
somatic embryos in Araucaria angustifolia (Bertol.) Kuntze is related to the endogenous contents of
IAA, ABA and polyamines. Acta Physiol Plant 36(7):1853–1865. https://doi.org/10.1007/s11738-
014-1560-6

11. Guo YQ, Huang DB, Chang XJ et al (2018) Somatic embryogenesis and the changes of endogenous
hormones in Camellia sinensis ‘Tieguanyin’. Chin J Appl Environ Biology 24(04):824–832.
https://doi.org/10.19675/j.cnki.1006-687x.2017.12027

12. Gupta PK, Pullman G, Timmis R (1993) Forestry in the 21st Century-The biotechnology of somatic
embryogenesis. Bio Technol 11:454–459. https://doi.org/10.1038/nbt0493-454

13. Hazubska-PrzybyłT, Kalemba EM, Ratajczak E et al (2016) Effects of abscisic acid and anosmoticum
on the maturation starch accumulation and germination of Picea spp. somatic embryos. Acta
Physiol Plant 38(2):59. https://doi.org/10.1007/s11738-016-2078-x

14. He YQ, Wang JJ (2015) Tissue culture and plant regeneration of Cinnamomum camphora Yongjin. J
South Agric 46(1):96–100. https://doi.org/10.3969/j:issn.2095-1191.2015.1.96



Page 14/20

15. Hu Y, Hu TX, Chen H et al (2015) Physiological Properties and Growth of Cinnamomum camphora
Saplings under Drought Stress and Rewatering. Acta Bot Boreali-Occidentalia Sinica 35(2):294–301
(In Chinese)

16. Jia HF, Wang YH, Sun MZ et al (2013) Sucrose functions as a signal involved in the regulation of
strawberry fruit development and ripening. New Phytol 198(2):453–465.
https://doi.org/10.1111/nph.12176

17. Jiménez VM, Guevara E, Herrera J et al (2005) Evolution of endogenous hormone concentration in
embryogenic cultures of carrot during early expression of somatic embryogenesis. Plant Cell Rep
23(8):567–572. https://doi.org/10.1007/s00299-004-0869-9

18. Jing RY, Wang PL, Huang Z et al (2019) Histocytological Study of Somatic Embryogenesis in the
Tree Cinnamomum camphora L. (Lauraceae). Notulae Botanicae Horti Agrobotanici Cluj-Napoca
47(4):1348–1358. https://doi.org/10.15835/nbha47411655

19. Kępczyńska E, Orłowska A (2021) Profiles of endogenous ABA, bioactive GAs, IAA and their
metabolites in Medicago truncatula Gaertn. non-embryogenic and embryogenic tissues during
induction phase in relation to somatic embryo formation. Planta 253(3):1–13.
https://doi.org/10.1007/s00425-021-03582-8

20. Khai HD, Vinh NQ, Dung DM et al (2021) Alterations in endogenous hormone levels and energy
metabolism promoted the induction, differentiation and maturation of Begonia somatic embryos
under clinorotation. Plant Sci 312:111045. https://doi.org/10.1016/j.plantsci.2021.111045

21. Kim YW, Han MS (2011) Effects of ABA reduced nitrogen source and osmoticum for somatic
embryogenesis in Liriodendron tulipifera. J Plant Biotechnol 38(2):186–190.
https://doi.org/10.5010/JPB.2011.38.2.186

22. Li CR, Dong N, Zhao YM et al (2021) A review for the breeding of orchids: Current achievements and
prospects. Hortic Plant J 7(5):13. https://doi.org/10.1016/j.hpj.2021.02.006

23. Liang Y, Xu X, Shen H et al (2022) Morphological and endogenous phytohormone changes during
long-term embryogenic cultures in Korean pine. Plant Cell Tissue and Organ Culture (PCTOC)
151(2):253–264. https://doi.org/10.21203/rs.3.rs-1286747/v1

24. Linossier L, Veisseire P, Cailloux F et al (1997) Effects of abscisic acid and high concentrations of
PEG on Hevea brasiliensis somatic embryos development. Plant Sci 124(2):183–191.
https://doi.org/10.1016/S0168-9452(97)04597-4

25. Liu W, Wang C, Shen X et al (2019) Comparative transcriptome analysis highlights the hormone
effects on somatic embryogenesis in Catalpa bungei. Plant Reprod 32:141–151.
https://doi.org/10.1007/s00497-018-0349-y

26. Liu Y, Wei C, Wang H et al (2021) Indirect somatic embryogenesis and regeneration of Fraxinus
mandshurica plants via callus tissue. J Forestry Res 32. https://doi.org/10.1007/s11676-020-01199-
3. 1613-1-625

27. Lv KW, Li J, Zhao K et al (2019) Overexpression of an AP2/ERF family gene, BpERF13, in birch
enhances cold tolerance through upregulating CBF genes and mitigating reactive oxygen species.



Page 15/20

Plant Sci 292:110375. https://doi.org/10.1016/j.plantsci.2019.110375

28. Matsunaga E, Nanto K, Oishi M et al (2012) Agrobacterium-mediated transformation of Eucalyptus
globulus using explants with shoot apex with introduction of bacterial choline oxidase gene to
enhance salt tolerance. Plant Cell Rep 31(1):225–235. https://doi.org/10.1007/s00299-011-1159-y

29. Parry M, Hawkesford MJ (2012) An Integrated Approach to Crop Genetic Improvement. J Integr Plant
Biol 54(4):250–259. https://doi.org/10.1111/j.1744-7909.2012.01109.x

30. Pescador R, Kerbauy GB, de Melo Ferreira W et al (2012) A hormonal misunderstanding in Acca
sellowiana embryogenesis: levels of zygotic embryogenesis do not match those of somatic
embryogenesis. Plant Growth Regul 68(1):67–76. https://doi.org/10.1007/s10725-012-9694-2

31. Ravishankar V, McComb J (2002) Direct somatic embryogenesis from mature embryos of
sandalwood. Plant Cell Tissue and Organ Culture (PCTOC) 69:65–70.
https://doi.org/10.1023/A:1015037920529

32. Sarkar T, Ravindra KN, Doss SG et al (2021) In vitro regeneration of mulberry plants from seedling
explants of Morus indica cv. G4 through direct organogenesis. Trees 35:2143–2144.
https://doi.org/10.1007/s00468-021-02198-5

33. Shi XP, Dai XG, Liu GF et al (2010) Cyclic secondary somatic embryogenesis and efficient plant
regeneration in camphor tree (Cinnamomum camphora L.). In Vitro Cellular & Developmental Biology
- Plant 46(2): 117–125. https://doi.org/10.1007/s11627-009-9272-0

34. Song Y, Li S, Bai X et al (2018) Screening and verification of the factors influencing somatic embryo
maturation of Larix olgensis. J Forestry Res 29(6):1581–1589. https://doi.org/10.1007/s11676-018-
0694-6

35. Su YH, Su YX, Liu YG et al (2013) Abscisic acid is required for somatic embryo initiation through
mediating spatial auxin response in Arabidopsis. Plant Growth Regul 69:167–176.
https://doi.org/10.1007/s10725-012-9759-2

36. Tang W, Peng XX, Newton RJ (2005) Enhanced tolerance to salt stress in transgenic loblolly pine
simultaneously expressing two genes encoding mannitol-1-phosphate dehydrogenase and glucitol-6-
phosphate dehydrogenase. Plant Physiol Biochem 43(2):139–146.
https://doi.org/10.1016/j.plaphy.2005.01.009

37. Tian DL, Luo Y, Xiang WH et al (2004) Photosynthetic characteristics of Cinnamomum camphora
and its response to elevation of CO2 and temperature. Scientia Silvae Sinicae 40(5):88–92.
https://doi.org/10.11707/j.1001-7488.20040514

38. Wang JJ (2010) A new variety Cinnamomum camphora 'Yongjin'. Scientia Silvae Sinicae 46(08):181.
https://doi.org/10.11707/j.1001-7488.20100828

39. Xu CY, Ma YD, Tian ZF et al (2022) Monoterpene emissions and their protection effects on adult
Cinnamomum camphora against high temperature. Trees 36(2):711–721.
https://doi.org/10.1007/s00468-021-02242-4

40. Xu WT, Zhang M, Chen W et al (2020) Somatic embryo induction and Agrobacterium-mediated
transformation of embryonic callus tissue in Phoebe bournei, an endangered woody species in



Page 16/20

Lauraceae. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 48(2):572–587.
https://doi.org/10.15835/nbha48211946

41. Yang L, Lin LB, Li ZH (2020) Study on the early influencing factors of embryo germination and plant
regeneration of Cinnamomum camphora. J Cent South Univ Forestry Technol 40(03):60–70.
https://doi.org/10.14067/j.cnki.1673-923x.2020.03.008

42. Yu Y, Liu D, Liu C et al (2021) In vitro regeneration of Phaseolus vulgaris L. via direct and indirect
organogenesis. Plant Biotechnol Rep 15:279–288. https://doi.org/10.1007/s11816-021-00681-6

43. Zhang JJ, Zhu FL, Jiao XL et al (2017) Overexpression of CcCBFb from Cinnamomum camphora
Confers Multiple Stress Tolerance to Tobacco. Acta Horticulturae Sinica 44(07):1397–1404.
https://doi.org/10.16420/j.issn.0513-353x.2016-0862

44. Zhao P, Wu F, Feng FS et al (2008) Protocorm-like body (PLB) formation and plant regeneration from
the callus culture of Dendrobium candidum Wall ex Lindl. In Vitro Cellular & Developmental Biology-
Plant 44(3): 178–185. https://doi.org/10.1007/s11627-007-9101-2

45. Zhou X, Zheng R, Liu G (2017) Desiccation Treatment and Endogenous IAA Levels Are Key Factors
Influencing High Frequency Somatic Embryogenesis in Cunninghamia lanceolata (Lamb.) Hook.
Front. Plant Sci 8:2054. https://doi.org/10.3389/fpls.2017.02054

46. Zhou Y, Yan WD (2016) Conservation and applications of camphor tree (Cinnamomum camphora) in
China: ethnobotany and genetic resources. Genet Resour Crop Evol 63(6):1049–1061.
https://doi.org/10.1007/s10722-015-0300-0

Figures



Page 17/20

Figure 1

Cotyledon embryos induction of C. camphora
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Figure 2

Cotyledon embryos propagation and germination of C. camphora
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Figure 3

Determination of endogenous hormones IAA(a), ABA(b), GA3(c) and ZT(d)
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Figure 4

Changes of ABA/IAA(e) and ABA/GA3(f) during somatic embryogenesis in C. camphora


