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ABSTRACT 

Adventive regenerants of Populus × berolinen- 
sis Dipp. were obtained on 1/2 MS salts with su- 
crose, vitamins, BA, TDZ and NAA using stem, 
petiole and leaf explants. They differed from 
each other in plantlet dimensions. More than 50 
clones were produced from initial regenerants 
by excision and rooting of apexes and lateral 
shoots. Differences in stem length and thick- 
ness were observed between 200 field plants 
produced from in vitro plantlets. Differences in 
stem length were conditioned mainly due to dif- 
ferent number of internodes and not by inter- 
nodes’ lengths. Plants grown from cuttings ex- 
cised from highest and smallest plants retained 
the abilities of mother plants to grow with dif- 
ferent rates. It is concluded that somaclonal va- 
riability can be used for selection of fast grow- 
ing poplar plants which are necessary for in- 
dustrial plantations. These plants can be used 
for this purpose without the limitations exist- 
ing for transgenic plants. 
 
Keywords: Somaclonal Variations; Adventive  
Regenerants; Poplar; Populus x Berolinensis Dipp. 
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1. INTRODUCTION 

Different poplar species (Populus sp.) have great sci- 
entific and economic significance due to small genome 
size, fast growth, short rotation cycle and ability for ve- 
getative propagation [2]. They are widely used for set- 
tlement’s greening, creation of forest shelter belts and as 
a source of timber wood. A new application of poplar 
biomass as a source of biofuel is developed in last times 

[2-5]. 
In order to meet the growing demands for wood bio- 

mass, industrial plantations are built up and more pro- 
ductive varieties of poplar are selected. Genetic trans- 
formation of poplar draws attention for growth fastening 
[6,7], decrease of lignin content [8-10], and increase of 
the resistance to pests [11]. This transformation is facili- 
tated due to the fact that the genome of poplar is fully 
sequenced in recent time [12,13] and now it is consid- 
ered as a model for the study of molecular biology of 
woody plants [14]. However, a real practical use of 
transgenic poplars is hindered from the apprehension of 
unregulated carrying over their pollen and seeds and 
possibility for rise of transgenic plants in natural forests 
[15]. So, creation of industrial plantations of transgenic 
poplars is prohibited in Russia and in some other coun- 
tries. 

It is known that there is a probability for the appea- 
rance of genetic deviations from starting plant material 
used for induction of adventive regenerants in isolated 
tissue culture. It is named somaclonal variability and is 
considered as a mean for plant selection [16-18]. Mutants 
with increased resistance to herbicides of poplar, to dis- 
eases of larch, to heavy metals and other characteristics 
were obtained by this method [17]. Disadvantages of the 
somaclonal variability are 1) low frequency of desired va- 
riants; 2) most of deviations are undesired; 3) many de- 
viations have epigenetic character [17]. However, there 
are no strict limitations for practical use of new plant va- 
rieties originated from somaclonal variability. 

There are many publications which describes the ob- 
taining tissue cultures, clonal micropropagation and rege- 
nerants of poplar [19-24]. Protocols for induction of re- 
generants are described also in many articles devoted to 
genetic transformation of poplars. Different poplar spe- 
cies and varieties, medium compositions, including plant  
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growth regulators and their proportions have been ap- 
plied in these works. Main conclusion which can be de- 
duced from them is that specific conditions are required 
for induction of regenerants, their propagation, rooting 
and adaptation to field cultivation in each poplar species. 
However, we do not find data on obtaining regenerants 
and their propagation of Populus × berolinensis Dipp., a 
hybrid which appeared spontaneously in botanical gar- 
den of Berlin due to pollination of the female P. laurifo- 
lia Ldb. with pollen of the male P. nigra L. var. italica 
[25]. It inherited frost resistance from P. laurifolia and 
pyramidal crown from P. nigra and is used in East Sibe- 
ria instead of south pyramidal poplars. 

The aims of our work were: 1) to elaborate a protocol 
for obtaining adventive regenerants of P. × berolinensis 
and their following propagation in isolated culture, 2) to 
choose from these regenerants somaclonal variants with 
different growth rate, 3) to examine if these differences 
are conserved during field cultivation. 

2. MATERIALS AND METHODS 

Induction of adventive regenerants and their mainte- 
nance in isolated culture werte performed as described 
[22] with slight modifications. Branches from 3-years’ 
old plants of P. × berolinensis were excised at the end of 
March 2009 and cultivated in the laboratory until young 
shoots were appeared from the buds. These shoots with 
leaf lamina removed were washed briefly with 0.1% wa- 
ter solution of Tween-80 followed by washing with tap  

water for 30 min and used for sterilization with 1) 70% 
ethanol 1 min, 2) washing with sterile water, 3) 1% 
NaOCl with 1 drop of Tween-20 per 100 ml 15 min, 4) 
washing with sterile water 3 times for 3 min. Leaf lami- 
nas were washed and sterilized separately. 5-mm long 
sections of petioles and stem internodes without apical 
and axillar buds and 5 × 5 mm pieces of leaf laminas 
were excised. 

Each explant was placed in plastic vial (30 ml volume, 
“Sarstedt”, Germany) with 10 ml of P1 medium (Table 
1). This medium contained TDZ in addition to BA and 
NAA, what favours the induction of regenerant appear- 
ance in woody plants [26]. The vials with explants were 
cultivated in growing room at 23˚C which was illumi- 
nated with fluorescent lamps 16 hours per day. After 2 - 3 
subcultures lasting 25 - 30 days, emerged regenerants 
were transferred into baby food jars (200 ml) with poly- 
propylene caps (“Sigma-Aldrich”) and 30 ml of P3 me- 
dium (Table 1) for their elongation. Elongated to 2 - 3 
cm plantlets were transferred into jars or tubes 25 × 150 
mm with the medium (P4, Table 1) containing IBA and 
cultivated in darkness at 23˚C for 4 days. After that, they 
were cultivated with illumination for 20 - 25 days. Sub- 
sequent maintenance and propagation of plantlets were 
performed by the following way: apical segments 2 - 3 
cm long were excised and rooted as described. Plantlets 
with removed apexes were continued to cultivate until 
new shoots emerged from axillary buds and increased to 
2 - 3 cm. Then, they were also excised, rooted and 
grown. 

 
Table 1. Compositions of media for isolated culture of P. berolinensis. 

Induction of regeneration Propagation of regenerants Elongation Rooting and propagation 
Components, mg/dm3 

P1 P2 P3 P4 

Macrosalts 
1

2
 MS 

1

2
 MS 

1

2
 MS 

1

2
 MS 

Microelements MS MS MS MS 

Saccharose 20,000 20,000 20,000 20,000 

Thiamine-HCl 1 1 1 1 

Pyridoxine-HCl 0.5 0.5 0.5 0.5 

Nicotinic acid 0.5 0.5 - - 

BA 0.2 0.5 - - 

TDZ 0.02 - - - 

Kinetin - - 0.1 0.1 

NAA 0.01 - - - 

IBA - 0.1 - 0.25 

DEDTC 5 5 5 5 

Agar 7000 7000 7000 7000 

pH 5.7 5.7 5.7 5.7 
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Rooted plantlets were transferred from jars into plastic 

containers (volume 0.4 l) with marketed soil mixture of 
peat, vermiculite and mineral fertilizers in order to obtain 
transplants suitable for field cultivation. The containers 
were maintained in greenhouse with natural light and 
20˚C - 25˚C at days and 15˚C - 18˚C at nights from the 
beginning of April to the end of May. They were de- 
fended from excessive transpiration with transparent 
plastic film for the first 10 - 12 days of cultivation. The 
transplants 25 - 30 cm long were planted into open field 
conditions on the experimental plot of the institute with 
100 × 60 cm between them. Two fertilizations with NPK 
were performed 2 and 4 weeks after planting. Weed re- 
moving and soil treatments were performed several times 
during cultivation. The heights of plants and stem di- 
ameters at 30 cm above the ground were measured at the 
end of September, when apical buds became dormant. 

Cuttings 20 - 22 cm long from 1-year’s field plants 
were excised in the next year at the end of March and 
indebted into haydite (5 - 10 mm) of hydroponics’ con- 
struction with 1 - 2 buds above the surface and irrigated 
daily with water solution of mineral fertilizers. After 12 - 
14 days when roots appeared, they were transferred into 
plastic containers and transformed to transplants as de- 
scribed above. Field cultivation was performed as de- 
scribed above. 

MS5524 basal salt mixture, agar, vitamins and plant 
growth regulators were purchased from “Sigma-Aldrich” 
and other components from “Helicon” (MGU, Moscow, 
Russia). Statistical errors were estimated with the use of 
Microsoft Excel Program by formula: 

 
 

2

1

x X
SE

n n





  

where SE is standard error, x is measurement, X is arith- 
metic mean of n measurements. Arithmetic means and 
their standard errors are indicated in Tables. 

3. RESULTS 

Conglomerates of calli and regenerants appeared on 
the explants after subculture on P1 medium (Figure 1). 
Some regenerates had greater dimensions of stems and 
leaves than others. Most of them had heights of 5 - 7 mm 
and were not suitable for rooting. In order to induce 
elongation, the conglomerates were cultured on the P3 
medium (Table 1). The regenerants elongated to 15 - 20 
mm after 1 month. They were separated from conglom- 
erates and transferred on medium P4 for root induction. 
They were cultured 4 days in darkness and returned to 
light after that. Roots appeared after 10 - 12 days (Figure 
2) and plantlets elongated after 25 - 30 days of cultiva- 
tion. Significant differences in plantlet dimensions were 
observed at this stage (Figure 3). Following rooting and  

 
Figure 1. Adventive in vitro regenerants of Populus x berolin-
ensis Dipp. appeared after transfer of conglomerates on elonga-
tion (P2) medium. The regenerant with greatest height is seen. 
Diameter of jar –6 cm. 
 

 
Figure 2. Rooted in vitro regenerants of Populus × berolinensis 
Dipp. Diameter of tubes 25 mm. 
 

 
Figure 3. Differences between initial regenerants in plantlets 
dimensions. Diameter of tubes 25 mm. 
 
propagation of each initial regenerant were performed in 
separate baby food jars (Figure 4). Auxins stimulated 
root formation and shoot elongation, especially at the 
presence of 0.25 mg/dm3 IBA (Table 2). IAA was less 
active in these effects. Callus appeared on the base of 
stems inserted into the media with auxins and roots were 
produced from this callus. It was no callus formation 
before rooting in the absence of auxins. IBA 0.25  
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mg/dm3 was used for plantlet cultivation in vitro. 
In order to produce clones from individual initial 

plantlets without further somaclonal deviations, their 
tops 2 - 3 cm long were excised and exposed to the root- 
ing procedure, as described above and grew to new 
plantlets after 20 - 25 days. Cuttings excised below the 
apex failed to root and axillar buds of them did not evo- 
cated. The rests of the initial plantlets with apex removed 
were continued to cultivate until new shoots grew 15 - 20 
mm long from the remaining axillary buds. These shoots 
were excised, rooted and also gave new plantlets. The re- 
moving of axillary shoots was possible to repeat 3 and 
more times from the same plantlet (Figure 5). By this 
way, 8 plantlets was possible to produce from initial 
plantlet after 3 such cycles of excision and 25 - 30 day’s 
cultivations of apical and axillary cuttings. So, more than 
50 clones were established to the spring of 2010. 

Rooted in vitro plantlets were transferred to pots with 
soil and grown to obtain transplants for open field culti- 
vation, as described in Materials and Methods (Figure 6). 
Differences of transplant dimensions were observed dur- 
ing the growth in greenhouse (Figure 7). More than 200 
transplants were planted into field plot at the end of May 
2010 and vegetated until the end of September (Figure 
8). The results of measurements of stem length and thick- 
ness of 7 clones with smallest dimensions and 7 clones 
with greatest dimension are presented in Table 3. It may 
be seen that difference between means of these groups of 
clones exceeded 20%. The greatest stem length was 210 
cm and smallest one was 123 cm. 

In order to decide which parameter determines stem 
length differences: length of internodes or number of 
them, numbers of buds on 40 cm at the middle of stems 
was calculated. As shown in Table 4, approximately the 
same numbers of buds were observed in clones with 
small stem lengths and clones with great ones. By divi- 
sion of 40 cm of stem length on the number of buds, we 
obtained that mean lengths of internodes did not differ 
significantly between clones. So, it may be supposed that 
fast growing plants produce internodes with greater rate, 
than slow growing ones, whereas elongation of inter- 
nodes proceeds with the same rate in both of them. 

 
Figure 4. Micropropagation of individual clones from initial re- 
generants in baby food jars. Diameter of jar –6 cm. 
 

 
Figure 5. Plantlet of Populus × berolinensis Dipp. with two 
axillary shoots appeared 26 days after the excision of apical 
segment of the stem. The width of photo is 3.7 cm. 

 
Table 2. The effect of IBA and IAA on rooting and height of plantlets of P. × berolinensis after one month of in vitro culture. 

Auxins, mg/dm3 Per cent of plants  
with roots 

Root number per 
one plant 

Per cent of plants with callus 
on the stem base 

Height of plantlets, cm 

0* 55 ± 11 0.78 ± 0.32 0 2.72 ± 0.17 

IBA 0.10 89 ± 11 1.56 ± 0.38 55 ± 18 3.39 ± 0.37 

0.25 100 ± 0 2.50 ± 0.45 100 ± 0 4.30 ± 0.29 

0.10 96 ± 4 1.44 ± 0.38 100 ± 0 3.00 ± 0.17 

IAA 0,25 78 ± 11 2.22 ± 0.66 78 ± 15 3.17 ± 0.25 

0.50 100 ± 0 1.70 ± 0.40 100 ± 0 3.35 ± 0.32 

*Ar thmetic means and statistical errors, n = 5. i 
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Figure 6. Transplants of Populus × berolinensis Dipp. grown 
from in vitro plantlets. Flask diameters 95 mm. 
 

 
Figure 7. Different dimensions of transplants of Populus × 
berolinensis Dipp. during cultivation in greenhouse. Flask di- 
ameters 95 mm. 
 

A question arises, if differences in growth rate be- 
tween clones will be reproduced in the next seasons at 
vegetative propagation of them. Stems with greatest and 
smallest lengths were excised at the onset of March 2011 
and stored in cellar at 2˚C - 4˚C until April. Then, 5 cut- 
tings near to 20 cm long were excised and used for 
transplant production as described in Material and 
Methods. Rooted cuttings were transferred into pots with 
soil and cultivated to the end of May. Following planting 
to field and growing were accomplished as described in  

 
Figure 8. Field plants of Populus × berolinensis Dipp. grown 
from in vitro regenerants at 2010. 
 
Material and Methods. The data of measurement of 
plants at the end of September are presented in Table 5. 
It may be seen that plants grown from cuttings excised 
from highest and smallest plants retained the abilities of 
mother plants to grow with different rates. So, it may be 
supposed that differences between regenerants raised due 
to somaclonal variability can be conserved through the 
vegetative propagation of them. 

4. DISCUSSION 

The aim of some works on genetic transformation of 
poplars is to fasten growth in height and thickness. For 
this purpose, a gene of GA 20-oxidase of Arabidopsis 
under control of CMV 35S promoter was included into 
aspen genome [6]. An increase of stem length of 10% - 
20% was also obtained by incorporation into aspen ge- 
nome of cellulase gene of Arabidopsis [7] and rol-gene 
of Agrobacterium rhizogenes [27]. Stem diameter of as- 
pen was also increased due to an increase of GA synthe- 
ses [28]. As shown in Table 3 of our work, the same or 
even more differences of stem height and diameter were 
observed between somaclonal variants of adventive re- 
generants. Different growth rates of regenerants from 
protoplasts of poplar were also described in work of Ser- 
res et al. [29]. It may be concluded that fast-growing 
woody plants may be obtained due to somaclonal vari- 
ability. 

It is interesting that the increase of stem length in our 
work was achieved due to greater number of internodes, 
whereas the increase as a result of increased GA1 and 
GA4 synthesis [6] or cellulase activity [7] in transgenic 
aspen was conditioned by an increase of internodes’ 
length. Overexpression of pine glutamine synthetase in 
transgenic hybrid poplar caused an increase of number of 
internodes and leaf area [30]. Another example of stem 
growth regulation by the change of the rate of internodes’ 
production was presented in the work of Tuominen et al. 
[31]: increased IAA content in hybrid aspen due to the           
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Table 3. Stem length and diameter of field plants of P. × berolinensis, grown at 2010 from regenerants obtained in vitro (Means of 3 
plants of each clone and their statistical errors are indicated). 

Clone types Clone numbers Stem length, cm Stem diameter, mm 

12* 154 ± 7 13.7 ± 1.6 

16 159 ± 7 11.6 ± 1.5 

24 149 ± 2 12.7 ± 1.2 

26 150 ± 23 11.5 ± 2.5 

36 155 ± 26 12.4 ± 1.2 

41 140 ± 18 12.4 ± 2.5 

51 157 ± 2 12.1 ± 0.9 

Clones with smallest stem lengths 

Mean of all clones 152 ± 8 12.1 ± 1.7 

21 189 ± 10 16.5 ± 2.9 

29 181 ± 7 13.2 ± 3.5 

31 188 ± 19 16.9 ± 1.1 

33 190 ± 28 16.5 ± 1.3 

37 184 ± 15 15.0 ± 2.6 

46 186 ± 33 15.9 ± 2.8 

54 187 ± 19 16.0 ± 1.0 

Clones with greatest stem lengths 

Mean of all clones 186 ± 21 15.7 ± 2.3 

All 52 clones Mean 166.7 ± 1.4 14.1 ± 0.2 

*Arithmetic means and statistical errors. 

 
Table 4. Morphometric parameters of field plants of P. × berolinensis, grown at 2010 from regenerants obtained in vitro. The highest 
plants of clones with greatest stem lengths and lowest plants of clones with smallest stem lengths were used for estimation. 

Clone number Stem length, cm Stem diameter, mm Number of buds on 40 cm of stem length Length of inter-node (40 cm number of buds)

Highest plants 

4* 195 18.4 9 4.44 

31 199 18.5 11 3.64 

31 198 17.2 11 3.64 

33 210 20.2 10 4.00 

37 201 18.3 11 3.64 

40 207 18.4 9 4.44 

46 210 18.1 9 4.44 

54 209 17.0 10 4.00 

Mean 204 ± 6 18.3 ± 1.0 10.0 ± 0.9 3.97 ± 0.36 

Lowest plants 

16 145 10.5 10 4.00 

24 147 12.0 12 3.33 

24 152 13.8 12 3.33 

38 152 13.2 10 4.00 

51 159 11.2 10 4.00 

Mean 151 ± 5 12.1 ± 1.4 10.8 ± 1.1 3.73 ± 0.37 

*Arithmetic means and statistical errors. 
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Table 5. Morphometric parameters of field plants of P. × berolinensis, grown at 2011 from cuttings excised from plants of clones 
with smallest (sm) and hightest (hg) stem lengths. 

Clone number 
Total length of main stem  

and lateral branches, cm on 1 plant 
Number of lateral  

branches on 1 plant 
Length of main 

stem, cm 
Mean length of lateral  

branches, cm 

12sm 118 ± 42* 0.6 78 ± 15 34 ± 15 

16sm 164 ± 43 1 77 ± 20 40 ± 12 

24sm 114 ± 24 0.4 66 ± 9 34 ± 7 

24sm 189 ± 30 2 92 ± 10 49 ± 5 

26sm 159 ± 21 1 95 ± 7 64 ± 13 

51sm 157 ± 22 1.4 100 ± 14 36 ± 7 

Mean 147 ± 13 1.07 ± 0.23 85 ± 5 50 ± 3 

4hg 278 ± 25 2 123 ± 6 69 ± 6 

31hg 262 ± 34 1.5 104 ± 16 58 ± 5 

31hg 275 ± 43 2.2 119 ± 12 74 ± 9 

33hg 261 ± 34 1.5 103 ± 16 57 ± 5 

37hg 248 ± 40 1.5 115 ± 15 66 ± 15 

40hg 201 ± 38 1.4 105 ± 11 64 ± 13 

46hg 247 ± 16 2 127 ± 10 86 ± 9 

54hg 199 ± 45 2 116 ± 14 57 ± 11 

Mean 239 ± 13 1.86 ± 0.12 114 ± 3 68 ± 3 

*Arithmetic means and statistical errors, n = 5. 

 
inclusion of IAA-synthesizing genes from Agrobacte-
rium tumefaciens led to the slower rate of internodes’ 
production, whereas did not change internode’s length. 
So, different mechanisms of stem growth regulation may 
exist, one—by the change of internodes’ length and other 
—by the change of internodes’ number. Genetic deter- 
mination of the rate of internodes’ production needs to be 
investigated. 

Regenerants appeared in our work were adventive, i.e. 
originated from non-meristematic cells and some of them 
may be deviated from mother plant. To protect descen- 
dants of each initial regenerant from further changes 
during in vitro propagation, we applied a method in which 
apical parts of plantlets where excised, rooted and grew 
to the new plantlets. The remaining plantlets with re- 
moved apical parts were allowed to produce new shoots 
from lateral buds which were then excised also and ap- 
plied for production of plantlets. Thus, new plantlets 
were produced from apical and lateral stem meristems. 
This way of propagation may diminish the probability of 
the appearance of new somaclonal deviations [32] after 
initial induction of adventive regenererants. It may be 
proposed that plants with increased growth rate can be 
possible to obtain by somaclonal variability and they 
may be used for practical purposes without restrictions 
existing for transgenic plants. 

This work received partial financial support from Pro- 
gram of the Presidium of Russian Academy of Sciences 
“Chemical aspects of energetics”, (project “Creation of 
transgenic plants for biofuel production”). 
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ABBREVIATIONS 

BA: N6-benzylaminopurin, CMV: cauliflower mosaic 
irus, DEDTC: Na-diethyldithiocarbamate, GA: gibber- 

ellic acid, IAA: 3-indoleacetic acid, IBA: 3-indole-3bu- 
tyric acid, MS: Murashige and Skoog [1] medium, NAA: 
1-naphthalene acetic acid, TDZ: thidiazuron. 
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