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Somatic embryogenesis in culture in vitro of Larix sibirica
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ABSTRACT

Immature isolated zygotic embryos of Larix sibirica were experimentally cultured on AI medium (patent) containing 

L-glutamine, casein hydrolysate, ascorbic acid, and hormones (2.4-Dichlorophenoxyacetic acid and benzyladenine). 

The embryonal mass exhibited active proliferation during two-seven years on this medium with low concentration of cytokinins. 

The somatic embryos matured on the basal media with abscisic acid (120 mM) and polyethylene glycol. The embryological 

processes in L. sibirica consisted of elongation of somatic cells and their asymmetric division with formation of initial and tube 

cells. The embryo initial cells went under sequential divisions and formed small embryonal cells (embryonic globules). 

Suspensor-like structures developed from the edges of embryonic globules. Long-term proliferating cell lines and plantlets were 

obtained in L. sibirica. These lines produced from 2180 to 11103 somatic embryos (per 1g of callus fresh weight) during over two - 

seven proliferarion years. Somatic embryogenesis was strongly genetically controlled. Only free donor trees were becomes 23 

embryogenic cell lines (Cl)
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The great perspectives are opened by using methods of in germinating under the unfavorable conditions, absence of 

vitro culture for studying regularities of embryological biological rest in generative and vegetative organs during the 

processes and especially embryogenesis. Somatic winter period, and the vast morphogenetic potential allowing 

embryogenesis in conifer species is a potential tool for the the adaptation of larch species to unfavorable environmental 

mass propagation of improvement of forest trees (Lelu et al. factors (Tretyakova et al. 2006). 

1994; Lelu-Walter et al. 2008, Park 2002, 2006, At the same time, larch species growing in Siberia are 
Klimaszewska et al. 2001, 2009). It also provided an ideal characterized by an irregular yield pattern during a long-term 
experimental process for investigating the mechanisms of period and poor seed quality. This phenomenon is most 
expression of totipotency in plant cell. Embryogenic cell lines pronounced in Siberian larch, whose cone crop is significantly 
maintained their competence for a long period of time and lower (or is absent at all in some years) if compared to other 
gave rise to genetically uniform and normal plant populations. representatives of the genus Larix (Iroshnikov 2004). In 
Somatic embryogenesis has been reported for a few larch, addition, its stands are severely destroyed by the larch bud 
spruce and pine species (Hakman et al. 1985, Durzan and midge (Dasineura rozhkovi Mam. et Nik.) that affects the 
Gupta 1987, Klimaszewska 1989, von Aderkas et al. 1990, crops of larch stands. 
Letu et al. 1994, Klimaszewska and Cyr 2002). In order to solve the problem of plant regeneration in larch 

Among conifers, representatives of the genus Larix are species, researchers elaborate the programs based on 
the most widespread forest-forming trees in Russia. They innovation biotechnologies for microclonal propagation, such 
differ in morphological features, silvicultural characteristics, as somatic embryogenesis (Park 2002, 2014). By the present 
rhythms of seasonal development, and morphogenesis of moment in the Larix genus somatic embryogenesis was 
vegetative and generative organs. They are also characterized induced in the following species: L. decidua (von Aderkas et 
by rapid growth, vigorous assimilation, transpiration, and high al, 1990), L. kaempferi (Lelu-Walter and  Paques 2009); in 
productivity (Dylis 1947, Rozhkov et al. 1991, Iroshnikov hybrids: L. x occidentalis (Thompson and von Aderkas 1992), 
2004). Occupying a wide geographical range, the species of L. x eurolepis (L. decidua x L. kaempferi) (Klimaszwska 1989, 
the genus Larix are extremely strong mechanically which von Aderkas et al. 1990, Lelu, 1994), L. x marschlinsii (L. 
makes them different from all the other representatives of the kaempferi x L. decidua) (Lelu et al. 1994, Lelu-Walter and 
family Pinaceae (Tretyakova et al. 2006). This feature is Pagues 2009). In 2008, the first report on initiation of somatic 
associated with periodic needle cast, switching of embryogenesis in Siberian larch was published (Barsuskoruva 
brachyblasts to generative development and switching of and Tretyakova 2008). In 2012, initiation of somatic 
generative structures to sporophytic development, thick embryogenesis of three larch species namely, Larix sibirica, 
covering around the pollen grain which prevents pollen from L. gmelinii and L. sukaczewii was described but long 
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proliferating cell lines (Cl) and somatic embryogenesis were weighing from 100 to 300 mg were transferred to the basal 

obtained in L. sibirica only. At present 23 cell lines of L. (AI) medium without hormones supplemented with activated 
-1 -1sibirica were obtained which were capable to pass through all carbon (10 gl ) and increased content of sucrose (34 gl ). The 

critical stages of somatic embryogenesis and form plantlets explants were cultivated for a week in darkness at 24°С ± 1°C.

finally (Pak et al. 2016). Success of somatic embryogenesis in Maturation of somatic embryos—Maturation of 
L. sibirica was connected with using specially developed AI embryos of larch species were carried out on AI medium 

-1medium with high concentrations of abscisic acid (ABA, 32 containing concentrations of ABA (32 mgl ) and PEG (100 
-1 -1 -1 -1mgl ) and polyethylene glycol (PEG, 100 gl ) during somatic mgl ). AI media were also supplemented with 40 gl sucrose, 

-1 -1embryos maturation. 0.2 mgl indole-3-butyric acid (IBA), Gelrite (4 gl ) was used 

In the present communication the results of a study of the as a gelatinizing agent. Culturing was carried out in dim light 
–2 –1quality and reproduction of long-term proliferative (20 µmol m  s ), photoperiod 16h, and temperature 24°С ± 

embryogenic cultures (embryogenic productivity) and 1°С. Growth regulators (ABA and IBA) and L-glutamine were 

somaclonal changes in the cell lines of Larix sibirica are filter-sterilized and added to the chilled nutrient medium after 

presented. autoclaving.

Germination of somatic embryos—For germination of MATERIALS AND METHODS
somatic embryos in larch, AI basal nutrient medium without 

Seven embryogenic cell lines of Siberian larch (Larix plant growth-regulating chemicals and supplemented with 
sibirica Ledeb.) were chosen from the donor-tree № 4A (Cl2, -1activated carbon (1 gl ) was used. As soon as somatic embryos 
Cl4, Cl5 initiated in 2009 and Cl6 initiated in 2011) and from developed a root, they were considered as germs. The plantlets 
the donor-tree № 10 (Cl101 and Cl102 initiated in 2011). Trees obtained during the studies were placed in the moistened 
were grown in the arboretum of the V.N. Sukachev Institute of sterile ecosoil (sand: vermiculite: peat = 1: 1: 1).
forest SB RAS, (Krasnoyarsk). The trees were 35 to 40 years 

Cytological and statistical analysis—Squash 
old. Isolated zygotic embryos at the stages of cotyledon 

preparations were used to perform cytological analysis. In 
initiation were used for induction of somatic embryogenesis 

order to obtain squash preparations, the explants were placed 
(17–20 July). 

on a slide in the staining agent (safranin with methylene blue) 
Induction of embryogenic cultures—After sterilization, for 1–2 min. Glycerol was added, and the preparation was 

under sterile conditions of laminar hood, embryos were mounted by the cover glass. The embryogenic productivity of 
removed from megagametophytes and placed on the culture cell lines (embryogenic potential) was estimated (number of 
medium AI medium (http://www.freepatent.ru/images/ embryos per 1g fresh mass of callus); Cells and embryonic 
patents/5/2456344/patent-2456344.pdf). 2.4-Dichloro- structures were measured by means of an eyepiece micrometer 

-1phenoxyacetic acid (2.4-D, 2 mgl ) and benzyladenine (BA, 1 and the obtained values were then converted in µm. The 
-1mgl ) were used as growth regulators. The medium was microsamples were examined under a LOMO MICMED-6 

-1treated with agar at a concentration of 7 gl  medium pH was microscope.
adjusted to 5.8 before autoclaving that was carried out at 

Data were statistically processed as described elsewhere 
121°C for 20min. After autoclaving, L-glutamine and ascorbic 

using Microsoft Excel. One-way and two-way analysis of 
acid was added to the chilled nutrient medium. Five embryos 

variance was performed to assess the reliability of the results. 
per Petri dish were cultivated in 20 ml of the induction medium 

Morphological changes were fixed by a Fujifilm FinePix 
in darkness at 25°С ± 1°C.

S7000 digital camera (Japan).
Proliferation of embryonаl suspensor mass 

-1  RESULTS (EMS)—The above basal medium containing 2.4-D (2 mgl ), 
-1 -1BA (0.5 mgl ), and sucrose (20 gl ) was used for callus Induction of embryogenic cultures—Morphological 

proliferation and formation of embyogenic mass. Culturing observations showed that callus formation was induced on 
regime was the same as the used one during induction. Callus days 8–14 of culturing. The callus was either developed along 
was transferred to fresh nutrient medium every two weeks. the whole surface of the explant or focused in the area between 

Prematuration of somatic embryos—Seven days root and hypocotyl. It was of white color and had either friable 

before the calli were transferred to a hormone-free medium, or solid structure.
Cytoembryological control of somatic embryogenesis they had been placed in AI liquid nutrient medium and kept on 

follows the same scheme and begins with elongation of a rotary shaker. In order to stop proliferation and go to the 
explant cells before 200- 300 μm (Figs. 1a, b) and their maturation stage, pieces of actively growing embryonic mass 
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asymmetric division. Asymmetric division of cells is crucial Cytological studying has shown that the number of 

for the whole process of somatic embryogenesis in general. As globular somatic embryos in different Cl ranged from 2180 

a result, embryonic tubes appeared with embryonic initial at (CL 2) to 11103 (CL 10) in 1 g of fresh ESM. Size of globules 

the other end (Fig. 1c). As in zygotic embryogenesis, of somatic embryos at different Cl varied from 90 (Cl5) to 282 

embryonic initial underwent serial divisions within both µm (Cl6), suspensor length - from 592 to 2969 µm. Globules 

planes. Therefore, 8-cell and then 16-cell embryos were of somatic embryos were often placed on the surface of the 

developed (Fig. 1d). Such an embryo consists of embryonic cultures and formed polyembryonal complexes, and their 

(round meristematic cells) and suspensor (highly elongated) suspensory closely adjacent to each other (Fig. 2). The 

cells. After 30–40 days, we observed somatic embryos at the polyembryonal complexes consisting of multiple embryos 

early stages of embryonal development (globular embryos) in formed in ESM. These complexes include from two to eight 

the embryonal-syspensor masses (ESM) (Fig. 1e). embryos.
Proliferation of ESM—The cell lines of Siberian larch Multiplication of somatic embryos has gone through the 

varied in proliferation activity and the number of immature cleavage. Cleavage occurred regardless of the size of the 

somatic embryos inside embryonic mass. The growth of globules. It can occur in small (size is 50 µm) as well as in large 

embryonic mass was observed two weeks after it had been globules (282 µm). In large globules, there was an active 

cultivated on the proliferation medium, at the final stage of initiation of meristematic foci and division of globules into 

passage. Within 4 weeks of cultivating, the total weight of separate identical parts (Fig. 2). All of the parts increased their 

ESM from one explant in the cell lines of Siberian larch made size simultaneously and attained the form of a head of somatic 

up from 24 to 80 gr The proliferation activity of ESM in the embryos. Then the bottom cells of the embryonic head formed 

cell lines of Siberian larch proceeded for more than seven the embryonal tubes, which in turn formed suspensor. The rate 

years of culturing. of cleavage did not weaken during the long-term culturing and 

Fig 1- Induction of embryogenic cultures of Larix sibirica. (a: elongation of explant cells; b:  asymmetric division of embryonic tubes; c 
(ic), d: embryonic initial with embryonic tube; e : globular embryos.
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each of derived embryos separated from each other. As a result of mature somatic embryos was observed in Cl4 (33%). The 

of this process independent somatic embryos have arisen. small somatic embryos with short suspensor of CL5 did not 
In addition, the formation of somatic embryos was mature on the medium with ABA.

observed as well in the suspensor cells as a consequence of The different types of disturbances in morphogenesis at 

lateral suspensor protrusion or budding. In spite of the process somatic embryos maturation were observed. Well-developed 

of suspensor budding was rarer than cleavage of the somatic somatic embryos were observed in Cl4, 83.3% of them were 

embryo head it passed rather actively. During this process the formed without deviation of the phenotype. The other Cell 

embryonic tubes, which composed the suspensor, have split. lines show a numerous abnormalities in the morphogenesis of 

In elongated cells (embryonal tubes) an asymmetrical division different domains of the embryo, and cytokinesis. Some 

was observed and the formation of globules and suspensor of embryos have thickenings and even formed a callus in the area 

somatic embryo occurred. This picture resembled the first of the cotyledons, central and basal domains. Their sizes 

stages of somatic embryogenesis initiation. (length up to 3.5 mm, thickness – 2 mm) exceeded the norm in 
Thus, multiplication of globular somatic embryos mature zygotic embryos (length 1.5–2 mm, thickness – up to 

actively passed as a result of cleavage of embryos, suspensor 0.5 mm).
budding and embryonal tubes of suspensor proliferation. Germination of Somatic Embryos—The somatic 

Maturation of somatic embryos—At the start of embryos with well-developed cotyledons were transferred to 
maturation, the ESM was supplemented with only a single the germination medium (basal AI medium without plant 
phytohormone ABA, and thus was considered to be free of growth regulators and supplemented with activated carbon 

-1auxins and cytokinins. After one week of maturation, somatic (10 mgl ). 
embryos were composed of growing meristematic heads and Decreasing the concentration of macro- and 

large suspensors. Single somatic embryos separated from microelements and iron (in two times), as well as exclusion of 

polyembryogenic complexes. Changes to the anatomical organic nitrogen and vitamins had positive influence on the 

structure of somatic embryos were clearly visible after two to germination of somatic embryos, i.e., 70% of somatic embryos 

three weeks of maturation. Suspensors degenerated in the developed into normal plantlets (fig. 3b). On day 5-7, hypocotyl 

process of maturation of somatic embryos on elongation was observed, and a root appeared. Epicotyl 

appeared two or three weeks after the cultivating on the 

germination medium. The somatic embryos with a well-

developed root and epicotyl were considered as plantlets and 

transferred to the ecosoil and then in the greenhouse (fig. 4c, d). 
Therefore, seven embryogenic cell lines of Siberian larch By 

and one cell line of the hybrid of Siberian larch with Sukachev the end of maturation, the cotyledons became yellow-green 
larch which was able to produce mass somatic embryos and (Fig. 3a). The final yield of somatic embryos significantly 
plants were for the first time obtained.decreased compared to globular embryos. The highest number 

 the cotyledonary 

stage of embryogenesis when it is no longer necessary for 

continued embryonic development; this degeneration is 

considered to be a typical example of the so-called 

developmental programmed cell death (PCD) in plants. 

Maturation of somatic embryos complied within 45 days. 
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Fig. 3- Siberian larch somatic embryogenesis. (a: maturation of somatic embryos; b: germination; c: acclimatization in the eco-soil; d: cloned L. 
sibirica in the greenhouse (the Pogorelsky Bor research forest of IF SB RAS).
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DISCUSSION Significant for initiation of somatic embryogenesis in 
larch species, as in other conifers, is elongation of somatic 

The formation of embryogenic callus and development of 
cells of zygotic embryo and their asymmetric division under 

somatic embryos in larch species follows the scheme 
the influence of auxin (2.4-D) and cytokinin (BA) (von Arnold 

described for other species of conifers (von Arnold and 
and Hakman 1988, Stasolla et al. 2003, Belorussova and 

Hakman 1988, Lelu et al. 1994, Klimaszewska et al. 2001, 
Tretyakova 2008). The same kind of asymmetric division is 

Stasolla and Yeung 2003, Lelu-Walter and Pagues 2009). 
fundamental for zygotic embryogenesis of all plant species 

Somatic embryos go through the development stages of 
(Batygina 1999). Asymmetric division is apparent as early as 

initiation, proliferation, maturation, and germination. 

a b

dc
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the first zygotic division that leads to the formation of two induced by different concentrations and ratio of auxin and 
different cells: a small terminal cell is a base for a future cytokinin. The concentration of cytokinins is twice as low 
embryo and a big basal cell, which is a base for hypophysis and during the formation of globular embryos. Transition to the 
suspensor. At the same time, the polarity inherited in zygote as differentiation stage and programmed cell-death of suspensor 
a result of its division is sustained and transferred to daughter goes on the medium without hormones (Filonova et al. 2000). 
cells. Therefore, asymmetric division and polarity are Transition of somatic embryos of conifers to the maturation 
probably two of the major factors determining embryogenesis, stage depends on the concentration of ABA in the nutrient 
either somatic or zygotic, in cells. medium, as well as on the decrease of osmotic potential of a 

The first and the subsequent second divisions of zygote nutrient medium, which is usually achieved by either 
appear in the middle of archegonium where 16-cell increasing the concentration of sucrose or gelatinizing agent 
proembryo consisting of similar four-rowed cells (four cells in 

or applying polyethylene glycol (Stasolla and Yeung 2003, 
each row) develop. Four cells of the penultimate row begin to 

Stasolla et al. 2003). ABA plays an important role in the 
intensively elongate up to 200–300 µm and push the cells from 

formation of bipolar structure of zygotic embryo. The major 
the bottom row in the corrosional cavity of female 

source of ABA in zygotic embryos is megagametophytes gametophyte after 7–10 days since fertilization. Thus, four 
(Kong et al. 1999). Therefore, for maturation and growth of primary suspensors and four embryo initials are formed. The 
somatic embryos, ABA is added to nutrient medium in a suspensor cells elongate at a different rate, and the initial cells 
concentration determined by the plant (Stasolla et al. 2002, become disconnected. Cleavage takes place (Tretyakova 
Vales et al. 2006). An optimum concentration of ABA for 1990). This stage of zygotic embryogenesis symbolizes the 
coniferous species is the following: Larix – from 40 to 60 µM beginning of somatic embryogenesis when the stages of 
(Lelu-Walter et al. 2006); Pinus – from 60 to 120 µM; Picea – fertilization and proembryo formation are excluded. 
from 12 to 60 µM (Klimaszewska et al. 2001). For the Under somatic embryogenesis in larch, elongation of 
maturation of somatic embryos in larch species growing in embryonic somatic cells along the whole length of hypocotyl 

-1Siberia, we used higher concentrations of ABA (120 µM) . up to 200–300 µm and their asymmetric division with the 
In addition, osmotic shock is also significant factor formation of embryonal tubes, i.e., primary suspensor and 

determining the maturation of embryos. The number of embryo initials are observed (Belorussova and Tretyakova 
somatic embryos in the species of pine, spruce, and larch and 2008). Somatic embryogenesis that we have observed in 
their subsequent germination rate become higher with Siberian larch proceeds monotonously as in other conifer 

-1increasing the concentrations of Gelrite (up to 8 gl ) and species: embryonic globule is formed, embryo axis is then 
-1sucrose (up to 60 gl ) (von Arnold and Hakman, 1988, Lelu et developed (torpedo stage), and the embryo undergoes active 

al. 1994, 2006, Klimaszewska et al. 2001, Lelu-Walter et al. histogenesis and further maturation followed by germination 
2006, Lelu-Walter and Paques 2009). Nevertheless, 

(von Arnold and Hakman 1988, Lelu et al. 1994, 
increasing the concentration of Gelrite and sucrose in Siberian 

Klimaszewska et al. 2001, Stasolla and Yeung 2003, Lelu-
larch caused dehydration of the medium and death of the 

Walter and Pagues 2009). The development of somatic 
somatic embryos. Polyethylene glycol had a positive 

embryos goes inside embryonic mass. The latter consists of 
influence on the maturation of somatic embryos of Siberian 

embryo-like structures and embryonic tubes functioning as a 
larch. The results were obtained earlier in somatic embryos of 

suspensor. Embryonic mass can proliferate for a long period of 
Picea glauca. Treating them with PEG combined with ABA 

time (seven years and more) and undergo cryopreservation 
increased the maturation rate of embryos causing a long-term 

(Lelu-Walter et al. 2006). During the somatic embryo 
water stress to them (Stasolla et al. 2002, 2003).

maturation the formation of embryo axis, cotyledons, apical 
It is common knowledge that the genotype of a donor 

and root meristems occurred. The process of somatic embryo 
plant has a great influence on the growth of embryonic mass 

maturation in L. sibirica took place within 45-50 days. In CL 5 and the formation of somatic embryos. Only certain tree 
L. sibirica maturation of somatic embryos was not observed. genotypes found in a number of conifer species produced 
Development of somatic embryos stopped on globular stage. somatic embryos. High frequency of embryogenic callus 
It can also be used during experiments aimed at maturation of induction (up to 65%) was described in the hybrid L. eurolepis 
somatic embryos. A number of researchers single out several (Lelu-Walterand Paques 2009), in which almost all the 
development stages of globular embryos that determine a explants injected into the culture (94%) developed EM. The 
significant phase of somatic embryogenesis, i.e., maturation initiation of embryogenic callus in Picea glauca (Stasolla and 
of somatic embryos (Filonova et al. 2000, Stasolla and Yeung Yeung 2003), Pinus stribus (Klimaszewska et al. 2001), Pinus 
2003, Lelu-Walter et al. 2008). taeda (MacKay et al. 2006, Vales et al. 2007), Pinus sylvestris 

Morphogenetic program of embryo development is (Niskanen et al. 2004), Pinus pinea (Carneros et al. 2009) was 
controlled by phytogormones. Asymmetric division is performed under strict genetic control. It has been shown that 
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the most perspective use is for controlled pollination donor (Pinus pinea L.) by Somatic Embryogenesis. Plant Cell 
Tissue Organ Cult. 98 165–178.mother trees, whose explants are able to form embryogenic 

callus and somatic embryos (MacKay et al. 2006). It is also 
Chalupa W 1985. Somatic Embryogenesis and Plantlet often pointed out that not all the genotypes favoring an active 

Regeneration from Cultured Immature and Mature formation of embryonic mass are able to proliferate 
Embryos of Picea abies (L.) Karst. Com Inst For Cech. 14 embryogenic cultures and allow maturation of somatic 
57–63.embryos. Thus, the formation of actively proliferating EM is 

an isolated case among the explants of genotypes developing 
Dylis NV 1947. Siberian Larch: Materials for the Taxonomy, 

calli from EM (von Arnold and Hakman 1988, Klimaszewska 
Geography and History, MOIP, Moscow (In Russian).

and Cyr 2002, Stasolla and Yeung 2003, Carneros et al. 2009). 
In the experiments under consideration, we have found Filonova LH, Bozhkov PV, Brukhin VB, Daniel G, 

that explants of single genotypes of L. sibirica and L. Zhivotovsky B and von Arnold S 2000. Two Waves of 
sukaczewii had an ability to develop EM. The influence of Programmed Cell Death Occur during Formation and 
genotype was also observed when somatic embryos Development of Somatic Embryos in the Gymnosperm, 
proceeded to maturation. In our experiments, the somatic Norway Spruce. Cell Sci 113 4399–4411.
embryos of the cell lines obtained from Siberian larch and 

Hakman I, Fowke LC and von Arnold S 1985. The Sukachev larch developed actively and grew into normal 
Development of Somatic Embryos in Tissue Cultures plants. Thus, embryogenic cultures can be obtained only from 
Initiated from Immature Embryos of Picea abies a restricted number of trees. 
(Norway Spruce). Plant Sci. 38 53–59.

CONCLUSIONS

Iroshnikov AI 2004. Russian Larches: Biodiversity and Therefore, we have been the first to observe proliferating 
Breeding, VNIILM, Moscow (In Russian). Pp. 182.cell lines, somatic embryogenesis and plantlets in Siberian 

larch and the hybrid of this species with Sukachev larch. 
Klimaszewska K, Park YS, Overton C, MacEacheron I and 

Somatic embryos of Siberian larch underwent a successful 
Bonga JM 2001. Optimized Somatic Embryogenesis in 

maturation on AI medium supplemented with ABA, IBA, 
Pinus strobes L. In vitro Cell Dev. Biol. Plant 37 392–399.

PEG, and Gelrite. The cell lines we obtained are capable of 

long-term (over three years) self-maintenance and mass Klimaszewska K and Cyr DR 2002. Conifer Somatic 
production of somatic embryos and plantlets, which will Embryogenesis : I. Development, Dendrobiology 48 
become a highly promising material for establishing conifer 31–39.
forest plantations in Siberia.
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