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Forest Technical University, Saint Petersburg Forestry Research Institute)

In 2001-2006 several experimental aspen (Populus tremula 1.) 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 M 14 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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NnenTudukanus 3JUTHBIX KJIOHOB OCHHBI, BBIPAIIMBAEMbIX B ONBITHBIX JIECHBIX KYJIbTypax
B CeBepo-3anaaHom pernone Poccun

A.B. XKurynos, [I.A. IlIa6ynun, O.FO. Byrenko, M.B. JIebeaena

B 2001-2006 rr. B JIeHMHIpaaCKoOil 00JacTh OBUTO 3aJI0KEHO HECKOJIBKO OMBITHBIX y4acT-
KOB JIECHBIX KyJIbTyp ocuHbI (Populus tremula 1..) 13 mocamouyHoro MaTtepuaia, IoJIyIeHHOTO
B pe3yJibTaTe MUKPOKJIOHATbHOTO Pa3MHOXEHMS B YCJIOBUSIX in Vitro DJIATHBIX KJIOHOB 3TOM
nopoabl, npouspactaminux B KocrpoMmckoit obiaactu. 3a pocToM M pa3BUTUEM MOCANTOK
BEJIMCH Mepruoanyeckue HabMI0IeHs, OMHAKO BCIEICTBUE aIMUHUCTPATUBHBIX peOpraHu3a-
LW TIepBOHAYAIbHBIE CXeMBI Pa3MeIIeHUsT paMeT Ha yJacTKaX ObUTH YTepsTHbI, B pe3yJIbTaTe
OIpeeUTh TeHETUYECKYIO TTPUHAIC)KHOCTh PACTEHUIT B OTIBITHBIX KYJIBTYpaX ObLJIO HEBO3-
MOXHO. [IJIsT BOCCTaHOBJICHMsI YTPAueHHOTO IJlaHa MocagoK Ha yyactke Ne 6 B 49 kBaprasie
JIpy>)KHOCEJICKOTO YJ9aCTKOBOTO JieCHMYecTBa [ATUMHCKOTO JIECHUYECTBA OBbLIM MCIIOIb30-
BaHbI MOJIEKYJISIpHbIE MexXMUKpocaTenuTHbie Mapkepbl (ISSR). Bcero 6bu10 MccienoBaHo
BoceMb mpaiimepoB. Tosbko Tpu u3 Hux (HB12, M12C, M10) naBaju XOpollo yuTaeMoe 1
JIOCTaTOYHO TOJIHOE 2JIeKTpodopeTUecKoe pacrpeesieHre aMrinkoHoB. [1py aTom mpaii-
mepsl HB12 1 M 14 1103BOJIs/IM pa3ImiuTh TOJIBKO ABE TPYIIIEI pacTeHuid, a mpaitmep M12C —
Tpu rpynmnsl. [Ipaiimep M12C no3BoJjisin aHaiu3upoBaTh 20 JIOKYCOB, 15 U3 KOTOPBIX OKa-
3a1MCh MoauMOpMHbIMU. TakuM 00pa3oM, MpUMEHEHE METO0B MOJIEKYJISIPHON TeHETUKU
MTO3BOJIMIIO Pa30UTh BCIO COBOKYITHOCTh PACTEHMII Ha yJacTKe Ha TpW Tpynibl. [ToBTOpHBIE
BU3yaJIbHbIe 00C/IEIOBaHMSI PACTEHU I TTO3BOJINIIN BBISIBUTH HE3HAUUTEIbHBIE MOPGOIOoruie-
CKHE OTJIMYHMS MEXIY IePEBbSIMU, KOTOPbIE MOATBEPXKAAIN MPAaBUILHOCTD BbIICICHUS TPYIIIT
110 MOJIEKYJISIPHBIM MapKepaM. BBISIBAEHHBIE IPYIINbI 1ePEBbEB OTIMYATUCH TAKKE MO TeM-
maM pocTa. JIydie u3 HUX pacTyT Ha YpOBHE eCTECTBEHHON KOPHEBOI TTOPOCIN OCUHBI, 1
B TOCJIe[IHEE BpeMsI HAMETUJIaCh TEHIIEHIIMS YCKOPEHUSI UX pocTa. DTU TPYIIbl PEKOMEHI0-
BaHbI IS BbIpAlllMBaHUs Ha ceBepo-3amnazae Poccuu.

KioueBbie cioBa: ocuHa, SJUTHBIE KIIOHBI, MOJIEKYJISIpHBIE MapKepbl, ISSR, KIIOHOBBIE
MOCcaKy
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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
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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
clonesin 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 er 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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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
Puc. 1. Jlyumue nepeBbst OCUHBI B Bo3zpacte 13 ser B

OTIBITHBIX KyIbTypax (mpoOHast ruromans Ne 6 B [Ipyxk-
HOCEJIbCKOM JiecHH4ecTBe JIeHMHrpaickoit 00aacTy;
59°19,874’ ceB. mmpotsl, 30°10,567” BOCT. JONTOTHI)

Materials and Methods

Plant material and ISSR analysis. In molecular
analysis we included four elite Kostroma aspen
clones from in vitro collection of SPONIILKh 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 pL volume

containing  1xbuffer for Tag-polymerase
(pH 8.6, 2.5 mM Mg?*), 200 umol dNTPs,
0.5 pmol 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 7-test.

Results

ISSR analysis. Of the eight primers
examined, only HB12, M12C and MI10 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
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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)
Puc. 2. JIyamme DNA-npodmty, noydenusie npu nomouu ISSR-npaiiMepos a1s 4eThIpex FeHOTUIIOB OCHHBI,
Pa3MHOXEHHBIX METOAOM in Vitro. Kaxplil FeHOTUII ObUT IPEACTABICH ABYMS paMeTaMH
(mopoxkku Brene: 1 u2;3u4; 5u6;7u8)

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

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).

Puc. 3. Tpu tuma DNA-npoduns, noaydeHHsle npu

nomomu M12C-npaiimepa, COOTBETCTBYIOLIHE TPEM

Pa3IMYHBIM KIIOHAM OCHHBI, PACTYIMM Ha IPOOHOIT
rtomaau Ne 6 (1-8 — rpynma 1, 9-14 — rpynma 3,
15 — rpymma 2)

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
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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
Puc. 4. PacnionoxxeHre paMeT OCHHBI TPEX UCXOIHBIX
reHoTHroB (rpymmna 1, 2, 3) Ha SKCHEPUMEHTATEHOM
yuactke Ne 6; nepeBo Ne 9 orinuaercs
OT YCTAHOBJICHHBIX TPEX TPYIIIT
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Table 1.
Characterization of ISSR primers tested for aspen clone identification efficiency
Tabmmna 1.
XapakTeprcTKa MEXMUKPOCATEJTUTHBIX TIPAiMEPOB, UCTIBITAHHBIX Ha 3(P(HEeKTUBHOCTD
UICHTU(DUKAIIY KIIOHOB OCUHBI

Primer Sequence 5°-3’ Annealing Total Polymorphic

temperature, °C fragments fragments
HB12 (CAC),GC 43 15 10 (67%)
M2 (AC),YG 54 24 18 (75%)
MI10 (CA)RG 44 18 4 (22%)
M12C (CA)RC 44 20 15 (75%)
MI11G (CA)G 40 22 9 (40%)
MI3T (AGCO),T 45 20 11 (55%)
M13C (AGC),C 48 16 10 (62%)
Ml14 (GACA), 50 13 4 (31%)

Y=CorT,R=AorG.

16 -
14 -
12 1
§
o> 10 -
_g —
g group 1
I
=== group2
8 1 — - group3
------- natural aspen
6 -
4 -
2 ‘
6 7 8 9 11 12 13 14

10
Age, year

Figure 5. Growth dynamics of different aspen clones on experimental plot no. 6. Natural aspen coppice is taken as control
Puc. 5. /lunamuka pocra pa3HbIX KJIOHOB OCHHBI Ha MTPpoOHO# rutommaau Ne 6. OcrHa €CTeCTBEHHOTO MPOUCXOKICHUS
CITY’)KUT KOHTPOJIEM
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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.

Comparison of growth dynamics of two aspen clone groups and natural aspen coppice with Studeng s lt)—l'[eeszt
Tabnua 2.
CpaBHeHYe TMHAMUKHM POCTa OCUHBI ABYX TeHETUUECKH OTHOPOIHBIX TPYIIT ¥ €CTECTBEHHOM IO/
Group Age, year Tree height t-value )/
(Hxd), m
1 5.3%+0.34 2.670 0.003**
2 7 4.840.14 2.771 0.000**
natural aspen 5.1£0.29 - —
1 6.710.49 2.028 0.027*
2 8 6.31+0.49 2.262 0.016*
natural aspen 7.9£0.28 — -
1 7.3£0.53 2.086 0.223
2 9 6.610.39 3.499 0.012*
natural aspen 8.0£0.16 - -
1 9.1£0.63 2.056 0.593
2 10 8.610.44 2.228 0.138
natural aspen 9.5+0.33 — —
1 9,610.94 2.101 0.941
2 11 9,7£0.59 2.571 0.977
natural aspen 9.71£0.23 - —
1 13.840.46 2.771 0.006**
2 13 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 #-test for independent samples (* p<0.05; ** p<0.01).
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