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ABSTRACT

Quality of long-term proliferating embryogenic cultures of Larix sibirica in vitro was studied. The cell lines of Larix sibirica 
developed were characterized by high embryogenic productivity: content of somatic embryos, their ability to mature and grow. 
Multiplication of somatic embryos was the result of cleavage of embryos, suspensor budding and embryonal tubes of suspensor 
proliferation. Microsatellite analysis of proliferating cell lines of Siberian larch showed weak allelic variability and the seedlings 
cloned in forth-year were genetically stable.
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Among conifers, representatives of the genus Larix are 2006, Wilhelm et al. 2005), Populus tremuloides (Rahman and 
the most widespread forest-forming trees in Russia. However, Rajora 2001) and in many other plants showed increased 
in Sibiria, Larix sibirica have poor seed yield and poor seed frequency of mutations and genetic instability, which 
quality, and even fail to produce seeds during few years increased with prolonged cultivation of embryogenic callus. 
(Iroshnikov 2004). Beside their generative organs are often Heterogeneous cells with genotypes completely different 
damaged by forest pests. The greatest reduction of larch from the parent tree, was observed by us in two to five month 
productivity is caused by larch bud midge (Dasineura cell lines derived from megagametophytes of Larix sibirica 
rozhkovi Mam. et Nik.) which damages larch generative and (Krutovsky et al. 2014).

Several authors indicated that in the process of somatic vegetative buds and forms galls. However, only 0.5% larch 
embryogenesis in Picea abies, P. glauca, P. mariana x P. trees are resistant to the midge (Baranchikov 1995).    

In order to overcome the problem of plant regeneration in glauca (Mo et al. 1989, Eastman et al. 1991, Tremblay et al. 
larch species, elaborate programs based on biotechnologies of 1999, Harvengt et al. 2001, Hеlmersson et al. 2004) and Pinus 
microclonal propagation, such as somatic embryogenesis pinaster (Arrillaga et al. 2014) there were no somaclonal 
have been undertaken (Park 2002, 2014). variations and regeneration was similar to the original explants.

A biotechnological technique of somatic embryogenesis In the present paper, the results on the quality of long-term 
for Siberian larch (Larix sibirica Ledeb) (Patent proliferative embryogenic cultures (embryogenic 
http://www.freepatent.ru/images/patents/5/2456344/patent- productivity and multiplication somatic embryos) and the 
2456344.pdf) has been developed. This resulted in the genetic changes associated with somaclonal variations in the 
proliferation of L. sibirica and L.sukaszewii embryonal- cell lines and cloned seedlings of Larix sibirica have been 
suspension mass (ESM) and somatic embryos (Tretyakova presented.
and Barsukova 2012, Tretyakova 2013). However, still there is 

MATERIALS AND METHODS
need to investigate that how long L. sibirica cell lines retain 

Six embryogenic cell lines Siberian larch (Larix sibirica their activity in cultures or some changes occur in them. The 
Ledeb.) were selected from the donor-tree № 4A (Cl2, Cl4, embryogenic cultures of L. sibirica, including 23 long-term 
Cl5 initiated in 2009, Cl6 in 2011), and from the donor-tree proliferating cell lines, which produce somatic embryos for 
№10 (Cl101 and Cl102, initiated in 2011). Larch donor-trees eight years, are available with us. However, for successful 
of 35-40 years of age are growing in the arboretum of the V.N. regeneration of these embryos it is necessary to know the 
Sukachev Institute of forest SB RAS (Krasnoyarsk). genetic stability of embryogenic cultures obtained and their 

Isolated zygotic embryos at the stages of globular compliance with parental genotype. 
embryo, cotyledon initiation and development were used for In the ESM of Larix marschlinsii (Fourre et al. 1997), 
induction of somatic embryogenesis. The planting material Larix decidua (von Aderkas et al. 2003), also Picea abies 
was collected in the 17th July. The seeds of experimental trees (Lelu 1987), Рinusnigrа (Salajova and Salaj 1992), Pinus 
were sterilized with a 10% hydrogen peroxide for 10 minutes. radiata (O’Brien et al. 1996), the polyploid cells have been 
After sterilization, embryos were removed from found. The genetic stability of nuclear microsatellite loci in 
megagametophytes and placed on the culture medium.embryogenic cell cultures obtained from Pinus pinaster 

Callus induction— For callus induction following media (Marum et al. 2009), P. sylvestris (Burg et al. 2007), Quercus 
(patent № 2456344 http://www.freepatent.ru/patents/ suber and Quercus robus (Endemann et al. 2001, Lopes et al. 
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-12456344). 2.4-Dichlorophenoxyaceticacid (2.4-D) (2 mgl ) obtained from these trees (Cl2, Cl4,Cl5, Cl6, Cl101, Cl102 and 
-1and benzyladenine (BA) (1 mgl ) were used as growth one nonembryogenic line) was used. DNA was isolated 

regulators. The medium contained agar at a concentration of 7 according to standard methods using BECOMING (Devey et 
-1gl ; and pH was adjusted to 5.8 before autoclaving at 121°C for al. 1996). The isolated DNA was used for PCR with 9 pairs of 

20 min. After autoclaving, L-glutamine and ascorbic acid was oligonucleotides-primers developed for microsatellite 
added to the chilled nutrient medium. Ten embryos per Petri sequences of different species of larch (Krutovsky et al. 2014). 
dish were cultivated in 20 ml of the induction medium in The methods used for studies on microsatellite loci and PCR 
darkness at 24°С ± 1°C. conditions of amplification are given in Table 1. For PCR, the 

Proliferation of embryonal-syspensor mass (ESM)— finished reaction mixture GenePak® PCRCore produced by 
-1 - “Laboratory Isogen” was used.The above basal media containing 2.4-D (2 mgl ), BA (0.5 mgl

1 -1 The amplification products were separated by 6% ), and sucrose (20 gl ) were used for callus proliferation and 
polyacrylamide gel in a cell, vertical electrophoresis, using a formation of EMS. Culturing regime was similar to that one 
Tris-EDTA-borate electrode buffer. These were visualized used during callus induction. Callus was transferred to fresh 
with gel-documentation system. The molecular weight of the nutrient medium every two weeks. 
fragments was determined by comparing with standard Prematuration of somatic embryos—In order to stop 
marker in Photo-Capt. As a marker of standard lengths proliferation and continued maturation, the seven days old 
plasmid pBR322 DNA treated with HpaIIrestrictases was picies of actively growing ESM of 100 to 300 mg weight were 
used.transferred to a hormone-free AI medium with activated 

Statistical analysis—Data were statistically analyzed by carbon (10 gl-1) and sucrose (34 gl-1) for 5-7 days to stop 
Microsoft Excel and Statistica 6.0. The reliability of the proliferation and continued for maturation stage. The explants 

–2 –1 obtained data was confirmed using one-way ANOVA (Shmidt were cultivated for a week in darkness (10 µmol m  s ), 
1984).photoperiod 16h.

Maturation of somatic embryos—Maturation of RESULTS
embryos of larch species was recorded on AI medium 

-1 Proliferation of embryogenic cultures—Proliferating containing abscisic acid (ABA) (32 mgl ) and polyethylene 
-1 embryogenic culture (EC) of Siberian larch has been obtained glycol (PEG) (100 mgl ). AI media were also supplemented 

-1 -1 during the period between 2008-2016 from two genotypes No. with 40 gl sucrose, 0.2 mgl  indole-3-butyric acid (IBA) and 
-1 A4 and No.10 as a result of open and controlled pollination Gelrite (4 gl ) was used as a gelatinizing agent. Culturing was 

–2 –1 (Tretyakova et al. 2015, Park et al. 2016). Proliferating of the carried out in darkness (20 µmol m  s ), photoperiod 16h, and 
EMS occurred in the cultures on AI medium with reduced temperature 24°С ± 1°С. Growth regulators (ABA and IBA) 

-1 -1levels of cytokinins (BA 0.5 mgl ) and 1-18% sucrose (20 gl ).and L-glutamine were filter-sterilized and added to the chilled 
Studies were made on 7 Cl from 23 Cls. The Cls were nutrient medium after autoclaving.

represented by white and friable Cl which actively formed Germination of somatic embryos—For germination of 
ESM. The weight of proliferating ESM during subculturing somatic embryos in larch, AI basal nutrient medium without 
(14 days) increased by two times.plant growth-regulating chemicals but supplemented with 

-1 Cytological studies showed that EC of larch consisted of activated carbon (1 gl ) was used. As soon as somatic embryos 
globular embryos (embryoids) and embryonal tubes-were considered as plantlet after the development of root. The 
suspensors, i.e. from the ESM. The number of globular plantlets thus, obtained were placed on moistened sterile 
somatic embryos in different Cl ranged from 2180 (CL 2) to ecosoil (sand : vermiculite : peat = 1 : 1 : 1). Plantlets were 
11103 (CL10) in 1 g of fresh ESM (Table 2). Size of globules grown in the growth-chamber.
of somatic embryos at different Cls varied from 90 (Cl5) to Cytological analysis—Squash preparations were made 
282 µm (Cl6), suspensor length - from 592 to 2969 µm. for cytological analysis. The explants were placed on a slide in 
Globules of somatic embryos were often placed on the surface drop of stain containing safranin with methylene blue for 1–2 
of the cultures and formed clusters, and their suspensory min. Glycerol was added, and mounted under a cover slip. The 

embryogenic productivity of cell lines (embryogenic potential) closely adjacent to each other (Fig.1a). The polyembryonal 

was estimated (number of embryos per 1g fresh mass of callus). complexes consisting of multiple embryos formed in ESM. 

Cells and embryonic structures were measured by an eyepiece These complexes include from two to eight embryos.
Multiplication of somatic embryos was caused by micrometer and the values obtained were converted in µm 

cleavage. Cleavage occurred regardless of the size of the using LOMO MICMED-6 microscope.
globules. It occurred in small (size is 50 µm) as well as in large Microsatellite analysis—For genotyping of microsatellite 
globules (282 µm). Globules divided into separate identical loci, DNA isolated from the needles of the parent trees  № 4A 
parts which increased in the size simultaneously and attained and №10 resistant to the larch Bud Midge and EMS six cells 
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the form of a head of somatic embryos. The bottom cells of the donor parent tree. Modified alleles at the CL observed at 
embryonic head formed the embryonic tubes, which in turn individual loci, probably, testified to the manifestation of the 
formed suspensor. The rate of cleavage failed to become weak father’s genotype, which inevitably arise after free pollination.
during the long-term culturing and each of derived embryos Maturation of somatic embryos—At the start of maturation, 
separated from each other. As a result of this process the ESM was supplemented with only a single phytohormone 
independent somatic embryos have arisen. ABA, and thus was considered to be free of auxins and 

In addition, the formation of somatic embryos was cytokinins. After two week of maturation, somatic embryos 
observed in the suspensor cells also as a result of lateral were composed of growing meristematic heads and large 
suspensor protrusion or budding. In spite of the process of suspensors. Single somatic embryos separated from 
suspensor budding was rarer than cleavage of the somatic polyembbryogenic complexes. Changes to the anatomical 
embryo head, but it passed rather actively. During this process structure of somatic embryos were clearly visible after two to 
the embryonic tubes formation exhibited splitting of three weeks of maturation. Suspensors degenerated in the 
suspensor. An asymmetrical division was observed in process of maturation of somatic embryos at initiation the 
elongated cells (embryonal tubes) and the formation of cotyledonary stage of embryogenesis when it is no longer 
globules and suspensor of somatic embryo formed resembling necessary for continued embryonic development; this 
the first stages of somatic embryogenesis initiation. degeneration is considered to be a typical example of the so-

Thus, multiplication of globular somatic embryos is the called developmental programmed cell death (PCD) in plants. 
result of cleavage of embryos, suspensor budding and Maturatuon of somatic embryos complied within 45 days 
embryonal tubes of suspensor proliferation. (Fig. 1b). By the end of maturation, the cotyledons became 
Microsatellite analysis–The result of the study showed that green. The final yield of somatic embryos significantly 
only two locus bcLK235 and UAKLly6 were heterozygous in decreased compared to globular embryos (Table 2). The 
the parent tree No. 4A, and one locus bcLK235 from the parent highest number of mature somatic embryos was observed in 
tree No. 10 (Table 3). Locus bcLK235 only KL 2 was identical Cl4 (33%). The small somatic embryos with short suspensor 
to the parent tree. In this locusCl4 have one allele of CL5 did not mature on the medium with ABA.
corresponded to the parent tree, and second to none? The locus 

Table 1– Microsatellite loci selected for genotyping of Siberian larch (Larix sibirica)
UAKLly6 all four (Cl2, Cl4, Cl5, Cl6) cell lines were found 

Locus Motif Fragment size Sourceonly one allele corresponding to the mother tree No. 4A. Cl2, 
bcLK056 (AG) 174-200 Krutovsky, 20Cl5 and Cl6 were homozygous, whereas Cl 4 was 
bcLK066 (TG) 155-172 etal. 201412heterozygous with one allele identical to the maternal 
bcLK224 (AG) 152-16817

genotype. Loci bcLK066, bcLK224, bcLK232, bcLK260, bcLK225 (GA) 180-21320

bcLK232 (AG) 142-178UBCLXtet_1-22 in all cell lines, there is complete identity 19

bcLK260 (TG) (AG) 115-12614 9with the mother tree No. 4A, with the exception Cl5 locus 
bcLK235 (TC) (AC) AG(AC) 177-2209 2 14

bcLK066 with 151/141 genotype, while the genotype of the UBCLXtet_1-22 (TATC) (TA) 175-2509 12

mother tree at this locus 151/151. UAKLly6 (GT) 214-26417

From all tested cell lines of tree 4A CL6 deserved *  Agreed with the literature data

particular consideration, where seven loci from the nine were Table 2– Embryogenic productivity of somatic embryos in the cell lines of 
             Larix sibiricaidentical to the genotype of the tree-donor. The bcLK225 locus 

Number of globular Number of mature Ratio of mature in this cell line identified a genotype different from the parent. 
embryos per 1 g of embryos(in 45 days) embryos to globular 

And UAKLly6 locus in homozygous genotype Cl6 fresh ESM per 1 g of fresh ESM embryos, %

similarities identified in one allele of a tree-donor. This Cl was Cl2 2180 ± 228,6 110,4 ± 5,77 5,1
Cl4 3700 ± 249,0 1220,7 ± 137,93 33derived cloned seedlings of Siberian larch that have been 
Cl5 3750 ± 163,0 0 0successfully for five years growing in the greenhouse at the 
Cl6 2040 ± 189,2 12,5 ± 2,65 0,6

Institute of forest experimental station «Pogorelsky Bor». Cl101 8750 ± 252,6 11,03 ± 3,64 0,1
At the CL101, CL102, obtained from tree No. 11 Cl102 2214 ± 127,0 16,8 ± 2,89 0,8

observed changes in the three loci (bcLK225, bcLK235, The different types of disturbances in morphogenesis at 
UAKLly6). In addition, in CLs only 101 loci were identified somatic embryos maturation were observed. Well-developed 
UAKLly6 2 allele from the parent tree, the loci bcLK225 somatic embryos were observed in Cl4, 83.3% of them were 
иbcLK235 similarities identified in one allele (Table 3). From formed without deviation of the phenotype. The other Cell 
Cl 102 in all the above loci genotypes and allelic diversity did lines show a numerous abnormalities in the morphogenesis of 
not correspond to the parent tree (Table3). different domains of the embryo, and cytokinesis. Some 

Overall, genotyping of nuclear microsatellite loci of CL embryos have thickenings and even formed a callus in the area 
of the cotyledons, central and basal domains. Their sizes showed that alleles identified for most loci corresponded 
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(length up to 3.5 mm, thickness – 2 mm) exceeded the norm in Germination—All embryos obtained from maturation 
mature zygotic embryos (length 1.5–2 mm, thickness – up to experiments have been used for germination. Germination of 
0.5 mm). somatic embryos occurred after 7-10 days on AI medium 

without hormones. Epicotyl growth occurred after 2 weeks of 
cultivation (Fig. 1c). Abnormal embryos are not regenerated 
in the full seedlings. The largest number of full plantlets was 
observed in Cl4 (80.9%). 

Plantlets were transferred to a soil substrate at the 
conditions of the growth chamber at the time of forming a 
well-developed root system (up to 3 months) (Fig. 1d), and 
then were planted in the greenhouse of Institute of forest 
experimental station «Pogorelsky Bor», where the seedlings 
were actively growing for four years. Fith-year seedlings 
height was 84 cm. The genotypic analysis at nine 
microsatellites loci was conducted on the cloned seedlings of 
CL6. This analysis showed full compliance of seedlings to Cl6 
(Table. 4).

Somatictrees of Larix sibirica are successfully growing at 
the Institute of forest experimental station«Pogorelsky Bor» 
(38 km from the Krasnoyarsk city).

DISCUSSION

The advantage the somatic embryogenesis of coniferous 
species over other methods of sexual and vegetative 

Fig.1– Process of the somatic embryogenesis in Siberian larch : a – 
reproduction is to maintain the proliferative activity of for globular somatic embryo; b–maturation of somatic embryos;c – 

germination of somatic embryos; d–acclimatization of plantlets in the embryogenic culture for a long period, due to regular 
ecosoil. subculture on the culture medium with cytokinins and auxins 

Table 3–Microsatellite loci and genotypes of donor trees (4A and 10D) and Cl 2, Cl4, Cl5, Cl6, NE and Cl101 and 102 obtained from them.

Loci 4А Cl2 Cl4 Cl5 Cl6 NECl 10D Cl101 Cl102

bcLK056 145/145 175/145 173/145 169/169 145/145 165/165 165/165 165/165 165/165
bcLK066 151/151 151/151 151/151 151/141 151/151 151/151 151/151 151/151 151/151
bcLK224 130/130 130/130 130/130 130/130 130/130 130/130 130/130 130/130 130/130
bcLK225 205/205 168/168 205/205 205/205 183/183 168/168 205/205 205/168 168/168
bcLK232 134/134 134/134 134/134 134/134 134/134 134/134 134/134 134/134 134/134
bcLK235 216/208 216/208 216/198 208/198 208/208 216/208 226/198 198/192 208/208
bcLK260 102/102 102/102 102/102 102/102 102/102 102/102 102/102 102/102 102/102
UBCLXtet_1-22 180/180 180/180 180/180 180/180 180/180 180/180 180/180 180/180 180/178
UAKLly6 240/234 234/234 240/238 240/240 240/240 - 254/254 250/234 234/234

* Alleles detected in cell lines but not in the donor trees shown in bold.

Table 4– Microsatellite alleles of the genotype of 4A donor-tree, the Cl6 and cloned plants of Siberian larch 

Locus 4A Cl6 1р 3р 4р 5р 6р 7р 8р 9р 10р 11р 12р 13р 14р 15р 16р

bcLK056 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/ 145/
145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145

bcLK066 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/ 151/
151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151

bcLK224 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/ 130/
130 130 130 130 130 130 130 130 130 130 130 130 130 130 130 130 130

bcLK225 205/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/ 183/
205 183 183 183 183 183 183 183 183 183 183 183 183 183 183 183 183

bcLK232 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/ 134/
134 134 134 134 134 134 134 134 134 134 134 134 134 134 134 134 134

bcLK235 216/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/ 208/
208 208 208 208 208 208 208 208 208 208 208 208 208 208 208 208 208

bcLK260 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/ 102/
102 102 102 102 102 102 102 102 102 102 102 102 102 102 102 102 102

UBCLXtet_1-22 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/
180 180 180 180 180 180 180 180 180 180 180 180 180 180 180 180 180

UAKLly6 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/ 240/
240 240 240 240 240 240 240 240 240 240 240 240 240 240 240 240 240
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and cryopreservation (Klimaszewska et al. 2009, Lelu-Walter haploid lines of which only one line was genetically stable 
and Pвques 2009). The potential of the formation of embryos (Arrillaga  et al. 2014). It was suggested that the observed 
in long-proliferating embryogenic cultures of hybrid larches changes in the number of chromosomes and DNA in cells 
(Larix x eurolepis and Larix Ч marschlinsii) retained for nine during callusogenesis are eliminated over the course of 
years, it is clear from the mass formation of somatic embryos cultivation and the formed viable somatic embryos are 
and their subsequent maturation on culture medium identical to the original explants (Helmersson et al. 2004). 
supplemented with abscisic acid (ABA). Such cultures do not In our studies, the ploidy of embryogenic cultures of 
differ from young proliferating CLs regarding embryogenic Larix sibirica did not change during the 2–7 years of culturing. 
activity (Lelu-Walter and Pвques 2009). The cultures obtained The number of chromosomes was diploid. Microsatellite 
from megagametophytes in Larix decudua retain their analysis of proliferating embryogenic cultures of Siberian 
embryogenic capability for over 17 years; however, ploidy larch that we performed showed weak allelic variation of cell 
and mutations increase in such cultures (von Aderkas et al. lines and full compliance of cultures with the donor tree. Thus, 
2003). In other conifer species, embryogenic culture a weak somaclonal variation was observed even for over the 
proliferation is shorter (e.g., as short as only 18 months in long-term, during the 7 years of proliferating CLs. 
Pinus pinaster) (Klimaszewska et al. 2009). Somatic Embryogenic potential in long-proliferating CLs of Larix 
embryogenesis led to the appearance of polyploidy in Pinus sibirica remained at the same level as in the young cultures 
nigra (Salajova and Salaj 1992), Larix decidua, L. leptolepis, (under 1 year). However, long-proliferating (seven years and 
L. marschlinsii (Nkongolo and Klimaszewska 1995, Gardner longer) Larix sibirica CLs remained highly embryogenic 
and Murray 1996), and Pinus radiatа (О’Brien and Smith throughout the proliferation period. Besides, it should be 
1996). In 7-years Quercus robur embryogenic CLs the noted the cultured CLs were initially different in embryo 
frequency of polyploidy (tetraploidity) had reached 8%, and production. Some CLs produced more somatic embryos than 
mutations this species were 29.2–62.5% during somatic the other, under the same culturing conditions. In highly 
embryogenesis, depending on the donor tree genotype productive embryogenic lines (Cl4), embryos maturated and 
(Wilhelm et al. 2005). germinated more actively. CL5 was a special case, because, 

The high frequency of mutations in the four microsatellite although somatic embryos did occur in it, they did not 
loci was detected in embryogenic CLs of Pinus sylvestris. maturate on the medium with ABA.
These mutations occur during the cell proliferation of cultures. Thus, the proliferating CLs of the Siberian larch produce 
The mutagenic CLs lost the ability for differentiation of mass somatic embryos over a long period (8 years and more). 
cotyledonary somatic embryos. The mutations can Probably, these collection CLs of Larix sibirica acquire the 
accumulate and lead to phenotypic and genotypic changes, stemness status. 
during long-term proliferation in vitro (Fourre et al. 1997, De During the process of maturation of somatic embryos of 
Verno 1999). Larix sibirica on AI nutrient medium with ABA, a high degree 

Twelve genetic variations in seven microsatellite loci of somaclonal variability of the phenotype was observed. At 
were found in Pinus pinaster embryogenic cell lines after 6, the same time, mainly normal embryos were formed by 
12, and 22 months proliferation in in vitro culture, and in 9.6% morphogenesis in highly productive CLs (e.g., Cl4). 
of the seedlings (Miguel and Marum 2011).  However, a clear Deviations in the development of this line were observed only 
correlation between the expression of mutations in the cells of for the morphogenesis of the root in 18% of embryos. 
embryogenic callus and abnormal phenotypes of seedlings Especially these abnormalities were characteristic for the 
was not found. The authors have suggested that mutated cells basal domain. Phenotypically abnormal embryos are probably 
in the embryogenic cultures do not survive. incapable of forming regenerants.

A number of authors (Fourre et al. 1997, Mo 1989, It is noteworthy that small somatic embryos of CL5 with a 
Harvengt et al. 2001, Helmersson et al. 2004) did not find short suspensor did not maturate and germinate.  According to 
somaclonal variation during the process of somatic microsatellite analysis, this cell line showed weak variation 
embryogenesis in representatives of gymnosperms (Picea and did not differ from the other lines. The reasons for this 
abies, Picea glauca, P. mariana x P. glauca, Pinus pinaster) phenomenon remain unknown. We suppose the reason for not 
and a number of angiosperms woody plants (Rahman and maturing somatic embryos CL5 is a significant accumulation 
Rajora 2001). The stability of the three nuclear microsatellite of ABA in cells of globular embryos (unpublished data). There 
loci was discovered in Picea glauca during the process of is the reason to guess that embryo anomalies during maturation 
somatic embryogenesis and in regenerants (Helmersson et al. were eliminated at the final stage of embryogenesis and that 
2004). Spanish scientists investigated the ploidic status viable plantlets developed from embryos which had no 
(number of chromosomes, cytometry, and seven morphogenetic anomalies. 
microsatellite markers) in 23 callus lines of Pinus pinaster, The number of germinated embryos of Siberian larch was 
obtained from megagametophyte culture and found 16 much lower than the total number of globular embryos. This 
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phenomenon was also observed in vivo in the zygotic embryos Endemann M, Hristoforoglu K, Stauber T and Wilhelm E 
of conifers, for which polyembryony is characteristic. It is 2001. Assessment of age-related polyploidy in Quercus 
possible that the mutated cells described by scientists for robur L. somatic embryos and regenerated plants using 
somatic embryos of Picea abies, Picea glauca, and P. mariana DNA flow cytometry.  Biol. Plant 44 339–345.
x P. glauca (Helmersson 2004) and by us for Larix sibirica do 

Fourre JL, Berger P, Niquet L and Andrй P 1997. Somatic not survive, and the formed regenerants are viable and able to 
embryogenesis and somaclonal variation in Norway develop in the fast-growing seedlings. These 5-year Larix 
spruce: morphogenetic, cytogenetic and molecular sibirica seedlings of Larix sibirica successfully are growing in 
approaches. Theor. Appl. Genet. 94 159–169.the Pogorelsky Bor greenhouse of the Institute of Forest. 

These seedlings are genetically stable and can be 
Harvengt L, Trontin J F, Reymond I, Canlet F and Pвques M recommended as planting material for the plantation growing 

2001. Molecular evidence of true-to-type propagation of of larch in Siberia.
a 3-yearold Norway spruce through somatic Acknowledgments—The reported study was funded by 
embryogenesis. Planta 213 828–832.Russian Foundation for Basic Research, Government of 

Krasnoyarsk Territory, Krasnoyarsk Region Science and 
Holmersson A, von Arnold S, Burg K and Bozhkov PV2004. 
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High stability of nuclear microsatellite loci during the 
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early stages of somatic embryogenesis in Norway spruce. 
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