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In 2001-2006 several experimental aspen (Populus tremula L.) plantations were established in 
the North-West of Russia (Leningrad region). In vitro propagated elite aspen clones from the 
Kostroma Forest Research Station were used as the planting stock for plantations. Periodic 
observations of tree growth and development were carried out during the entire period of their 
growth. However, the planting plans of some experimental plantations were lost, which made it 
impossible to identify the genetic affiliation of the trees. To restore the lost planting plan at the 
site No. 6 in the 49th quarter of the Druzhnoselskoye district forestry of the Gatchina central 
forestry microsatellite ISSR analysis were used. In total, eight ISSR primers were examined. 
Only three of them (HB12, M12C, M10) gave a well-read and fairly complete electrophoretic 
distribution of amplicons. In this case primers HB12 and M14 allowed only two groups of plants 
distinguishing, and the primer M12C allowed distinguishing of three groups. Primer M12C 
allowed 20 loci analyzing, 15 of which turned out to be polymorphic. Thus, the application of 
methods of molecular genetics made it possible to split the entire set of plants into three groups. 
Repeated visual inspections of plants allowed minor morphological differences between trees 
revealing, which confirmed the correctness of the selection of groups by molecular markers. 
The revealed groups of trees differed also in growth. The best of them grow at the level of natural 
aspen coppice, and recently there has been a tendency to accelerate their growth. These groups 
are recommended for cultivation in the north-west of Russia.
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Идентификация элитных клонов осины, выращиваемых в опытных лесных культурах 
в северо-западном регионе России
А.В. Жигунов, Д.А. Шабунин, О.Ю. Бутенко, М.В. Лебедева
В 2001-2006 гг. в Ленинградской области было заложено несколько опытных участ-
ков лесных культур осины (Populus tremula L.) из посадочного материала, полученного 
в результате микроклонального размножения в условиях in vitro элитных клонов этой 
породы, произрастающих в Костромской области. За ростом и развитием посадок 
велись периодические наблюдения, однако вследствие административных реорганиза-
ций первоначальные схемы размещения рамет на участках были утеряны, в результате 
определить генетическую принадлежность растений в опытных культурах было невоз-
можно. Для восстановления утраченного плана посадок на участке № 6 в 49 квартале 
Дружносельского участкового лесничества Гатчинского лесничества были использо-
ваны молекулярные межмикросателитные маркеры (ISSR). Всего было исследовано 
восемь праймеров. Только три из них (HB12, M12C, M10) давали хорошо читаемое и 
достаточно полное электрофоретическое распределение ампликонов. При этом прай-
меры HB12 и M14 позволяли различить только две группы растений, а праймер M12C – 
три группы. Праймер M12C позволял анализировать 20 локусов, 15 из которых ока-
зались полиморфными. Таким образом, применение методов молекулярной генетики 
позволило разбить всю совокупность растений на участке на три группы. Повторные 
визуальные обследования растений позволили выявить незначительные морфологиче-
ские отличия между деревьями, которые подтверждали правильность выделения групп 
по молекулярным маркерам. Выявленные группы деревьев отличались также по тем-
пам роста. Лучшие из них растут на уровне естественной корневой поросли осины, и 
в последнее время наметилась тенденция ускорения их роста. Эти группы рекомендо-
ваны для выращивания на северо-западе России.

Ключевые слова: осина, элитные клоны, молекулярные маркеры, ISSR, клоновые 
посадки
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Introduction
Short rotation forest plantations could serve 

as an alternative timber source for the fast-
developing wood processing industry (pulp and 
paper) to prevent deforestation of the Russian 
North. Currently timber industry companies 
extensively exploit natural forests that are mostly 
coniferous species forming the nature ecosystems 
in the North of Russia. As a consequence, natural 
forest areas around woodworking enterprises are 
rapidly reducing. Since the companies begin to 
face the problem of diminishing nearby timber 
sources, and, in addition, transport expenses 
are rather high, they show interest in some 
alternative sources of timber supply – fast-
growing short-rotation forest plantations. Aspen 
(Populus tremula L.) is one of the most common 
tree species in the Russian North-West forests. 
Since aspen shows high growth rate all over the 
country, this species is suitable for propagation in 
forest plantations. The main problem for aspen 
is heart rot, which is a fungal disease caused by 
polypore fungus Phellinus tremulae (Bondartsev) 
Bondartsev & P.N. Borisov. At present, almost 
all aspen trunks in mature native tree stands have 
central stem rot.

In Russia, the first steps on aspen breeding 
were taken in the1940s [11, 1, 4]. It was in this 
period that a forest plot with fast-growing and 
stem rot resistant aspen trees was discovered 
in the natural forests of the Kostroma region 
(Central Russia). The research staff of the 
Kostroma Forest Research Station supervised 
by A.S. Yablokov and S.N. Bagaev selected the 
best clones of aspen. The collected and replanted 
aspen clones were distinguished by high rates of 
growth and higher resistance to stem rot.

In 1999-2000 the Saint Petersburg Forestry 
Research Institute (known as SPbNIILKh) 
received some twigs of different Kostroma aspen 
clones. The buds of those twigs were introduced 
in vitro culture and microshoots were obtained. 
The plants propagated from the microshoots 
were used to establish several experimental 
plantations of the aspen clones in 2001-2006 
in the Leningrad region. Special attention was 
given to the most promising Kostroma clone 35, 
which was maintained at the SPbNIILKh in vitro 
germplasm collection under the name line f.11. 
The plantations generated from aspen line f.11 
are well documented: the line was propagated 

and planted out in 2006 in the Leningrad region 
(Gatchina district, Gatchinskoye forestry) on 
two experimental plots – no. 1 (Ryleevskoe 
divisional forestry, square 68, site 3) and no. 3 
(Kartashevskoe divisional forestry, square 15, 
site 4). 12 years of tree growth monitoring on the 
experimental plots evidenced of an accelerated 
growth rate of the plantations created with ramets 
of clone 35 (line f.11) [13]. 

The other Kostroma clones propagated 
in vitro culture were planted in 2004 by the 
employees of the Siverskii Forestry Enterprise 
in Gatchina district (Gatchinskoye forestry, 
Druzhnoselye divisional forestry, square 49, site 4 
on experimental plot no. 6). Shortly after that, the 
Siverskii Forestry Enterprise was closed, and the 
planting plan of the aspen clones was lost and it is 
still unknown. The recovery of the aspen planting 
plan would be of great value for breeding purposes 
since some trees on experimental plot no. 6 
demonstrate unexpectedly very high growth rates 
(Fig. 1), although some trees grow poorly.

The application of genetic markers is a very 
important tool for identification of clones in 
poplar and aspen breeding since morphological 
traits are insufficient for that purpose for closely 
related material [7]. To identify different aspen 
clones in the experimental plot no. 6, we employed 
one of the simplest molecular marker methods 
known as inter-simple sequence repeats, ISSRs 
[14]. The method is based on PCR with a single 
15-20 bp primer targeted microsatellite locus 
with subsequent electrophoresis separation of 
amplificated fragments. ISSR primers often have 
anchors (a short, 1-4 bp, random degenerated 
sequence at the 3’ or 5’ end). An anchor makes 
primers more selective and reproducible. Since 
microsatellites widely occur in genomes and 
evolve very rapidly due to their structure, the 
ISSR method allows revealing polymorphism 
even in related intraspecific groups. ISSR analysis 
is a more sensitive and reliable method than 
RAPD and it is less laborious than AFLP [9, 5].

Each ISSR primer investigates many genetic 
loci, so that there is no need to use many primers 
for genotyping. For example, Prevost et al. 
(1999) [8] reported successful identification of 
34 genotypes of potato cultivars with just two 
ISSR primers. To reduce the cost of genotyping 
of extremely large plantations of forest species, 
ISSR markers could be the best choice.  
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Materials and Methods
Plant material and ISSR analysis. In molecular 

analysis we included four elite Kostroma aspen 
clones from in vitro collection of SPbNIILKh and 
their assumed clone progeny from experimental 
plot no. 6. DNA was extracted from fresh leaves 
using the CTAB method [2]. 

For the analysis we applied one tetranucleotide 
ISSR primer without anchor and seven anchored 
ISSR primers (Table 1). Selected primers proved very 
efficient in revealing intraspecific polymorphism in 
different plant species [10, 3, 6, 12]. 

ISSR-PCR was performed in 15 µL volume 

containing 1×buffer for Taq-polymerase 
(pH 8.6, 2.5 mM Mg2+), 200 µmol dNTPs, 
0.5 µmol of ISSR primer, 0.6 unit of Taq-
polymerase (Dialat, Russia), and 30-60 ng of the 
template DNA. The PCR reaction was carried 
out in thermocycler GeneAmp PCR system 9700 
(Applied Biosystems) with the following program: 
initial denaturation at 94 °C for 5 min, 39 cycles 
of denaturation at 94 °C for 30 s, primer annealing 
for 45 s (annealing temperature for each primer is 
given in Table 1), elongation at 72 °C for 1 min), 
and the final elongation at 72 °C for 10 min.

PCR products were separated by 
electrophoresis in 2% agarose gel in 0.5% TBE 
buffer and then stained with ethidium bromide.

For primer testing we used four different aspen 
clones from in vitro collection of SPbNIILKh; 
each clone was presented by two replications. We 
were looking for a polymorphic and reproducible 
amplification profiles. Besides, the profiles should 
not produce too many bands of overlapping sizes, 
compromising the accuracy of the fragment 
analysis. Clone aspens from experimental plot no. 
6 were examined with the most suitable for these 
conditions ISSR primer.

Measurement of growth traits. Tree height 
had been measured for all aspen clones from 
experimental plot no. 6 one time at year for seven 
years (started with 7-year-old trees, excepting 
the twelfth year). As a control, each year we 
had measured nearby natural aspen coppice of 
the same age with aspen clones. Annual height 
measures of natural aspen and genetics groups of 
clone aspen were comprised by Student’s t-test. 

Results 
ISSR analysis. Of the eight primers 

examined, only HB12, M12C and M10 fitted 
the requirements (Fig. 2). Among them, HB12 
and M14 distinguished two groups, while M12C 
discriminated three groups in the same material. 
Moreover, M12C allows to analyze 20 loci, 15 of 
them are polymorphic (Table 1). Nonetheless, 
ISSR profile of M12C is clear and easy-reading, 
instead of M2 – another high-polymorphic ISSR. 
We concluded that the analysis with M12C ISSR 
marker would be enough to separate different 
clones in the experimental aspen plantation. 
Thus, 64 unknown aspen trees from experimental 
plot no. 6 were genotyped with M12C. 

M12C distinguished three groups of genet-
ically identical aspen in experimental plot no. 6 

Figure 1. Plot no. 6 in the experimental aspen 
plantation in Druzhnoselye Forestry, Leningrad region 

(59°19,874’ N, 30°10,567’ E): the best trees at age of 13
Рис. 1. Лучшие деревья осины в возрасте 13 лет в 

опытных культурах (пробная площадь № 6 в Друж-
носельском лесничестве Ленинградской области; 
59°19,874’ сев. широты, 30°10,567’ вост. долготы)
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by generating three clearly recognizable DNA 
profiles (Fig. 3). The groups probably corre-
spond with progenies of three different clones. 
The three revealed genetic groups combined 36, 6 
and 24 trees, correspondingly. Neither of the trees 

showed genetic identity with the clones used for 
ISSR primer screening. 

Growth dynamic of elite aspen clones. Accord-
ing to results of ISSR analysis, we allocated 
trees to three groups (Fig. 5). When trees were 

Figure 2. The best DNA profiles generated with ISSR primers for four aspen genotypes propagated in vitro. Each 
genotype was presented in the analysis by two ramets (lines on gels: 1 and 2; 3 and 4; 5 and 6; 7 and 8)

Рис. 2. Лучшие DNA-профили, полученные при помощи ISSR-праймеров для четырех генотипов осины,  
размноженных методом in vitro. Каждый генотип был представлен двумя раметами 

(дорожки в геле: 1 и 2; 3 и 4; 5 и 6; 7 и 8)

Figure 3. Three types of DNA profile obtained with 
M12C primer corresponding to three different aspen 
clones growing on the experimental plot no. 6 (1-8 – 

Group 1, 9-14 – Group 3, 15 – Group 2).
Рис. 3. Три типа DNA-профиля, полученные при 
помощи M12C-праймера, соответствующие трем 
различным клонам осины, растущим на пробной 

площади № 6 (1-8 – группа 1, 9-14 – группа 3, 
15 – группа 2)

Figure 4. Allocation of aspen trees of the three ancestral 
genotypes (Group 1, 2, 3) on experimental plot no. 6. 
Tree no. 9 differs from the established three groups

Рис. 4. Расположение рамет осины трех исходных 
генотипов (группа 1, 2, 3) на экспериментальном 

участке № 6; дерево № 9 отличается 
от установленных трех групп
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Figure 5. Growth dynamics of different aspen clones on experimental plot no. 6. Natural aspen coppice is taken as control
Рис. 5. Динамика роста разных клонов осины на пробной площади № 6. Осина естественного происхождения 
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Table 1. 
Characterization of ISSR primers tested for aspen clone identification efficiency

Таблица 1.
Характеристика межмикросателлитных праймеров, испытанных на эффективность 

идентификации клонов осины

Primer Sequence 5’-3’ Annealing
temperature, °C

Total
fragments

Polymorphic
fragments

HB12 (CAC)3GC 43 15 10 (67%)

М2 (AC)8YG 54 24 18 (75%)

М10 (CA)6RG 44 18 4 (22%)

М12C (CA)6RC 44 20 15 (75%)

М11G (CA)6G 40 22 9 (40%)

М13T (AGC)4T 45 20 11 (55%)

М13C (AGC)4C 48 16 10 (62%)

М14 (GACA)4 50 13 4 (31%)

Y = C or T, R= A or G.
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7-9 years old, all three groups reliably were grow-
ing worse than natural aspen coppice, which was 
taken as a control (Table 2). Then, growth rates 
hadn’t had deference. However, since twelfth age 
first and second groups have overtaken natural 
aspen coppice. 

Discussion
Spatial distribution of the revealed genetic 

groups on experimental plot no. 6 is shown in 
Fig. 4. Latest studies of morphological features – 
size, shape, color, hairiness of the leaves, buds, 
shoots, and the color and texture of the trunk 
bark – coincide with their grouping based on 
molecular markers. The field surveys supported 
the accuracy of the grouping provided by ISSR 
markers. ISSR markers have made possible to 

recognize and restore the missing planting plan 
of the experimental aspen plantation to the 
progenies of elite aspen clones without large costs 
of money and time.  

It is easy to see that aspen groups 1 and 2 had 
similar growth rates. Besides, trees of group 1 
keep an apical dominance despite the lack of 
side shading. This makes it possible to grow the 
genotype in plantations with low density. The 
best trees from this group reached the heights of 
15-16 m and diameters of 16-17 cm at the age of 13 
(Fig. 1). These are very good parameters for aspen 
growing in the climatic conditions of the North-
West of Russia. Thus, the genotype of group 1 was 
suggested as the most promising for propagation in 
experimental plantations of the region.

Table 2. 
Comparison of growth dynamics of two aspen clone groups and natural aspen coppice with Student’s t-test

Таблица 2.
Сравнение динамики роста осины двух генетически однородных групп и естественной популяции

Group Age, year Tree height
(H±δ), m

t-value p

1

7

5.3±0.34 2.670 0.003**

2 4.8±0.14 2.771 0.000**

natural aspen 5.1±0.29 – –

1

8

6.7±0.49 2.028 0.027*

2 6.3±0.49 2.262 0.016*

natural aspen 7.9±0.28 – –

1

9

7.3±0.53 2.086 0.223

2 6.6±0.39 3.499 0.012*

natural aspen 8.0±0.16 – –

1

10

9.1±0.63 2.056 0.593

2 8.6±0.44 2.228 0.138

natural aspen 9.5±0.33 – –

1

11

9,6±0.94 2.101 0.941

2 9,7±0.59 2.571 0.977

natural aspen 9.7±0.23 – –

1

13

13.8±0.46 2.771 0.006**

2 13.6±0.28 2.819 0.003**

natural aspen 12.0±0.39 – –

t-value and the significance level were calculated using Student’s t-test for independent samples (* p<0.05; ** p<0.01).
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The best of the fast-growing and stem rot 
resistant aspen clones has been identified; it is 
recommended for plantation cultivation in the 
North-West of Russia.
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