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Abstract

Alnus glutinosa L. and Alnus incana L. Moench are found in natural stands throughout Latvia. A/nus species are
not commercially grown in Latvia; however there is interest in utilising these species for commercial plantations due to
their rapid growth rate and ability to grow in, and to improve poor quality soils. Also of interest are hybrids of these two
species, as naturally occurring hybrids have been reported to be faster-growing and larger than the parent species. Molecular
markers have not been widely applied or developed in Alnus species, particularly for population studies. Our aim was to
identify previously developed SSR markers that could be used in A/nus, in order to investigate population structure,
genetic diversity, and also to discover species-specific markers, to assist in identifying naturally occurring A/nus hybrids.
We took 15 previously developed birch SSR markers, and tested these on 4. glutinosa and A. incana accessions, as well
as potential hybrids identified in natural forest stands. The cross-species PCR amplification success rate is high (8 from
15) however our results show that null alleles are very likely to be a problem when using these markers in 4/nus species.
One of these SSR markers (L3.1) identified clear species-specific allelic separation. When this marker was applied to the
morphologically identified species individuals and putative hybrids, the SSR marker results confirmed the species
designations, but were not entirely correlated for the putative hybrids. It is possible that the individuals where the
morphological designation did not correspond to the DNA marker species designation are not pure hybrids, but backcrosses
of hybrids to one of the species. Additional species-specific markers will be required to further investigate the genetic
composition of these phenotypically diverse, morphologically identified hybrids.
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Introduction

Alnus glutinosa L. and Alnus incana L. Moench
are found in natural stands throughout Latvia. Cur-
rently, over 10% of the forest area in Latvia consists
of A. incana, while A. glutinosa prevalence is approx-
imately 5%. Alnus species are not commercially grown;
however there is interest in utilising these species for
commercial plantations due to their rapid growth rate
and ability to grow in, and to improve poor quality
soils. To date there have been no studies of the ge-
netic diversity or population structure of these Alnus
species in Latvia, and selection programs are yet to
be established. Also of interest are hybrids of these
two species, as naturally occurring hybrids have been
reported to be faster-growing and larger than the par-
ent species (Kundzin$ and Pirags 1959). Alnus spe-
cies are members of the family Betulaceae, where they
have been traditionally grouped with the birches (Bet-
ula spp.) in the subfamily Betuloideae. This group-
ing is supported by more recent molecular evidence
(Bousquet ef al. 1992, Chen et al. 1999). Fossil pollen

records are extensive in the Betulaceae, and show that
Alnus and Betula have been differentiated for over 80
million years (Crane 1989).

The use of molecular markers is becoming more
common in applied forestry studies, due to the de-
crease in the cost of genotyping, and more widespread
access to genotyping facilities. Molecular genetic
markers are variable regions of DNA that provide val-
uable genetic tools in genetic linkage mapping, asso-
ciation studies, phylogeographic studies, and for the
estimation of many population genetic parameters,
such as diversity, gene flow, and inbreeding (Bruford
and Wayne 1993). To date, the molecular markers most
widely applied to tree species have been isozymes,
random fragment length polymorphisms (RFLPs), ran-
dom amplified polymorphic DNA (RAPDs), amplified
fragment length polymorphisms (AFLPs), and simple
sequence repeats (SSRs). Each marker technique has
attributes that offer different advantages (Ritland and
Ritland 2000). Isozymes are well studied and estab-
lished, but are not numerous or highly polymorphic.
RFLPs utilize probes derived from either genomic or
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coding DNA (cDNA) and are codominant markers, but
require a large amount of high quality DNA. RAPDs
and AFLPs do not require any sequence knowledge
of the genome, and so are easy to apply to uncharac-
terized genomes. However, they are usually dominant
and are often difficult to transfer between different
mapping populations or species. Additionally, RAPDs
are notoriously difficult to transfer across laboratories
(Jones et al. 1997). SSR markers exhibit codominance
and are usually highly polymorphic, and thus, seem
to be the ideal marker (Ritland and Ritland 2000). The
major drawback of SSR markers is that the polymer-
ase chain reaction (PCR) primers need to be developed
for each species, which requires knowledge of the DNA
sequence and involves considerable time and expense.
It is possible to use SSR markers developed in one
species, in other related species. Some cross-amplifi-
cation of SSR markers between related species occurs
due to DNA sequence conservation. However, the
success rate is much lower than for species-specific
markers, with SSR markers derived from expressed
sequences (EST-SSRs) being more successful at spe-
cies cross-amplification than SSR markers derived from
genomic libraries (Rungis et al. 2004).

Molecular markers have not been widely applied
or developed in A/nus species, particularly for popu-
lation studies. Ribosomal sequences have been used
to infer the phylogeny of Alnus species (Navarro et
al. 2003). To date, there have been no reports of the
development of SSR markers in A/nus species, and only
2 birch SSR markers have been tested on A/nus spe-
cies (Kulju et al. 2004). Species-specific DNA mark-
ers would be desirable for identification of naturally
occurring Alnus hybrids as their identification by mor-
phological features is difficult due to a lack of clearly
identifiable intermediate phenotypes. One possibility
is that this spectrum of morphological features is due
to the presence of various generations of hybrids with
different mating patterns (e.g. hybrid x hybrid and
hybrid backcrosses). To elucidate this, it will be nec-
essary to identify multiple species-specific markers in
order to more accurately assess the proportion of
genetic material from each species in a potential hy-
brid. Our aim was to identify previously developed SSR
markers that could be used in A/nus in future studies
of population structure and genetic diversity, as well
as to discover species-specific markers to assist in
identifying naturally occurring 4/nus hybrids. Consid-
ering that within the Betulaceae family, Alnus and
Betula are sister genera (Chen et al. 1999), we took
15 previously developed birch SSR markers (Kulju et
al. 2004), and tested these on A. glutinosa and A.
incana accessions, as well as potential hybrids iden-
tified in natural forests stands.

Materials and methods

Plant material: 4. glutinosa and A. incana acces-
sions were collected from both natural stands and
nursery stock. As no studies regarding genetic diver-
sity and population structure of Latvian Alnus spe-
cies have been conducted, a random sampling of in-
dividuals from various regions of Latvia was taken.
When collecting multiple samples from a single forest
stand, trees more than 50m apart were sampled, in order
to diminish the possibility of sampling members of the
same clone. Some 4. glutinosa individuals were col-
lected from the nursery stock, however, these were not
elite or selected germplasm, but germinated seed from
natural A. glutinosa stands. Potential hybrids were
identified by visual examination, and the GPS coordi-
nates of these recorded. The morphological features
used to identify potential hybrids were type of bark,
leaf shape and vein pattern and the presence of a tuft
in the angles of leaf veins. 14 4. incana individuals,
11 A. glutinosa individuals and 9 potential hybrids
were collected for DNA extraction.

DNA extraction: DNA was extracted from leaves
using the Genomic DNA Purification Kit (Fermentas)
with modifications.

SSR markers: SSR markers were from Kulju et al
(2004). The forward primer was synthesised with a 6-
FAM, HEX or NED fluorescent label to allow visuali-
sation of amplification products on a fluorescent se-
quencer. PCR conditions were the following: 95 °C for
5 min, 35 cycles of 95 °C for 30 sec, 50 °C — 30 sec,
72 °C — 30 sec; 72 °C - 7 min; in a total volume of re-
action 20 ml containing 50 ng template DNA, 1.5x PCR
buffer, 2 mM MgCl,, 0.2 mM dNTP mix, 0.5 U Tag
polymerase (Fermentas), 0.5 mM of forward (labelled)
and reverse primers (dpplied Biosystems). 0.5 pL of
each PCR product was mixed with 10uL formamide and
0.7uL GS350 size standard. After denaturation, the
samples were run on an ABI 3100x/ capillary sequenc-
er, and genotyped using GeneMapper software.

Genetic analysis: SSR markers were scored as dip-
loid co-dominant markers, and analysed using GenAl-
Ex software (Peakall and Smouse 2006). Sequence
alignment and comparison were done using the BLAST
software available on the NCBI website (http://
www.ncbi.nlm.nih.gov/blast/Blast.cgi).

DNA sequencing: Individuals homozygous at lo-
cus L3.1 were sequenced. PCR products were purified
and directly sequenced using the BigDye Terminator
vl.1 Cycle Sequencing Kit (Applied Biosystems).

Results

We sampled a limited number of A. incana and
A. glutinosa individuals as we had no a priori knowl-
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edge of potential population structure in Latvian A/-
nus species. However, results from other DNA marker
studies in Latvian forest tree species indicate that
population differentiation is low, and genetic diversi-
ty is high (Rungis et al, unpublished results), which
would imply that large sample sizes are not required
to capture a large proportion of genetic diversity. Our
primary aim was to identify Betula pendula SSR mark-
ers that could be utilised in A/nus species, and there-
fore future studies will address fundamental issues of
genetic diversity and population structure in Latvian
Alnus species.

Of the 15 birch SSR markers tested, 8 amplified
clearly scorable products. PCR amplification in gener-
al was less successful in 4. incana than in A. gluti-

A. incana (average F — 0.368), but was also apparent
in A. glutinosa (average F — 0.237).

The SSR marker data were also analysed for both
species separately (Table 1). The success of amplifica-
tion (N) was similar for all markers except L2.7 and L5.5,
where the number of individuals successfully genotyped
was much lower in A. incana. The number of alleles
detected (Na) was also similar between species, except
for marker L2.7, where the lower number of alleles in 4.
incana is probably due to the lower PCR success rate.
As mentioned above, overall, the measures of hetero-
zygosity (Ho and F), were lower in Alnus species; how-
ever this was not evenly distributed in markers between
species. For example, no heterozygous loci were ob-
served for marker L3.4 in 4. glutinosa, while in 4. in-

Table 1. SSR marker pol-

N Na Ne Ho He F .
Locus  Ain A.gl Ain Agl Ain Agl Ain Agl Ain Agl Ain Agl y?s?trphlsm and heterozy-
L7.8 TR 7 484 538 082 073 079 081 003 o1 o
L2.7 3 0 4 10 360 741 033 080 072 087 054 0.08
L3.1 2 1 6 6 236 3.61 025 064 058 072 057 012
L3.4 113 2 207 120 036 000 052 017 030 100
L5.5 3 8 2 3 180 2.84 000 075 044 065 100 -0.16
L5.4 B 1 2 4 145 260 023 036 031 062 026 041
L2.3 8 8 3 3 233 129 038 0.3 057 023 034 045
L022 8 7 4 6 256 445 0.63 086 061 078 003 -0.11
average  8.63 9.63 3.8 513 263 3.60 037 053 057 060 037 024

N - no. of individuals, Na — no. of alleles, Ne — no. of effective alleles, Ho — observed heterozygosity,

He — expected heterozygosity, F — inbreeding coefficient

nosa. Of the 8 informative SSR primer pairs, PCR prod-
ucts were observed in only 62% of 4. incana individ-
uals and 88% of A. glutinosa individuals. While evi-
dence of null alleles was found in the analysis of the
allele frequencies, this lower PCR success rate was also
observed for a variety of different primers and DNA
samples (unpublished results). As the DNA extraction
protocol was identical for both species, it is possible
that the DNA extracted from A. incana contains high-
er concentrations of PCR-inhibitory compounds.
Analysis of the combined data from both Alnus
species revealed that the average number of alleles in
Alnus was similar to Betula (7.75 vs. 8.00), as was the
expected heterozygosity (0.696 vs. 0.711). The size
range of alleles amplified with each marker overlapped
with the size ranges reported in Betula (Kulju et al.
2004), with the exception of locus L7.8 where the frag-
ments amplified from A/nus species were larger (314-
349 bp) than in Betula (295-307 bp). However, the
observed heterozygosity levels were much lower in
Alnus (0.488 vs. 0.734). This dramatic decrease in the
observed heterozygosity (and corresponding increase
in the inbreeding coefficient (F)), may indicate the
presence of null alleles. This was most pronounced in

cana, the observed heterozygosity was 0.36. Converse-
ly, while no heterozygous loci were observed for mark-
er L5.5 in A. incana, in A. glutinosa, the observed het-
erozygosity was 0.75. Other markers with large differ-
ences in observed heterozygosity between species were
L2.7 and L3.1. In some cases this may be due to low
PCR success rate in 4. incana (markers L2.7 and L5.5
only amplified 4. incana 3 individuals). However, mark-
ers L3.1 and L3.4 amplified similar number of individu-
als from both species.

The results were also analysed to determine if
there were any species-specific alleles identified by the
successfully amplifying primer pairs. The combined
genotypes of the 8 SSR markers clearly differentiated
the two species in population assignment tests and
principal coordinate analysis (data not shown). While
private alleles were found for all markers in one or
both species, there were no fixed alleles polymorphic
between the two species. Only one marker (L3.1) was
found to clearly differentiate between 4. glutinosa and
A. incana, with alleles in A. glutinosa 240bp and larger,
and alleles in 4. incana smaller than 240bp (Table 2).
The amplified fragments from each species were se-
quenced to determine the basis of this size differenti-
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ation. It was found that there were no insertions or
deletions outside of the SSR region, and that the
length polymorphism was entirely due to addition or
loss of repeats. The marker was subsequently tested
on the potential hybrids identified using morphologi-
cal indicators. This marker correctly identified all sam-
ples morphologically identified as A. incana or A. glu-
tinosa. Nine individuals were identified as potential
hybrids according to morphological features; of these
genotyping with marker L3.1 identified five as hybrids,
three as A. incana and one as A. glutinosa (Table 2).
However, these potential hybrids were not morpholog-

Table 2. Genotypes of 4. incana and A. glutinosa of puta-
tive hybrids with marker L3.1

Morphological L3.1 genotype
Individual spp. (length in base  Marker spp.

designation pairs) designation
aln74 hybrid 227 227 A. incana
aln75 hybrid 227 227 A. incana
aln76 hybrid 227 248 hybrid
aln84 hybrid 227 248 hybrid
aln85 hybrid 227 248 hybrid
aln86 hybrid 227 227 A. incana
aln87 hybrid 227 248 hybrid
aln88 hybrid 227 246 hybrid
aln90 hybrid 246 246 A. glutinosa
Baln09 A. incana 227 227 A. incana
Balnl1 A. incana 236 236 A. incana
Baln12 A. incana 233 233 A. incana
Baln13 A. incana 231 231 A. incana
Baln18 A. incana PCR failed -
Baln21 A. incana 227 227 A. incana
Baln22 A. incana 227 227 A. incana
Baln26 A. incana PCR failed -
Baln54 A. incana 227 235 A. incana
Baln61 A. incana 227 229 A. incana
Baln63 A. incana 227 227 A. incana
Baln66 A. incana 227 233 A. incana
Baln67 A. incana 227 227 A. incana
Baln70 A. incana 227 227 A. incana
Maln02 A. glutinosa 248 248 A. glutinosa
Maln04 A. glutinosa 240 247 A. glutinosa
Maln06 A. glutinosa 240 248 A. glutinosa
Malnl5 A. glutinosa 250 273 A. glutinosa
Malnl7 A. glutinosa 240 248 A. glutinosa
Maln19 A. glutinosa 240 250 A. glutinosa
Maln33 A. glutinosa 244 247 A. glutinosa
Maln35 A. glutinosa 248 248 A. glutinosa
Maln39 A. glutinosa 248 248 A. glutinosa
Maln51 A. glutinosa 244 250 A. glutinosa
Maln53 A. glutinosa 248 248 A. glutinosa

Alleles of length less than 240 base pairs (bp) were found in all A.
incana individuals, alleles 240bp and larger in all A. glutinosa
individuals. Hybrids would be expected to have one allele smaller than
240 bp, and one allele 240 bp or larger. Alleles 240 bp and larger are
shaded grey

ically uniform, and it is possible that they were not
morphologically uniform, and it is possible that they
were not all pure, 1% generation hybrids.

The birch sequences from which the SSR markers
were developed are available on GenBank (accession
numbers in Kulju ef al/, 2004). In order to determine if
these were expressed sequences, they were BLASTed
against the GenBank expressed sequence tags (EST)
database. Three of the birch SSR sequences found
matches in the EST database: L1.10 (e value 6e-25, 83%
sequence identity), L022 (e value 3e-123, 85% sequence
identity), L7.4 (e value 2e-30, 84% sequence identity),
indicating that they were probably derived from ex-
pressed sequences in birch. However, this did not
correspond to the success of cross-species amplifica-
tion, as 2 of the loci with similarity to expressed se-
quences did not amplify scorable fragments from the
Alnus species.

Discussion and conclusions

The cross-species PCR amplification success rate
is high (8 from 15), particularly as most of the markers
do not appear to be derived from coding sequences.
Our results show that null alleles are very likely to be
a problem when using these markers in A/nus. This
high incidence of null alleles is not surprising, espe-
cially considering that these SSR markers were devel-
oped from genomic libraries. However, the fact that
observed heterozygosity for some markers differed
between 4. incana and A. glutinosa indicates that in
some cases these null alleles may be species specific
for a particular marker. Further studies using progeny
arrays to determine Mendelian segregation in each
species would be required to fully characterise these
markers and their applicability to either one or both
Alnus species included in this study.

The traditional method of SSR marker development
involves genomic library construction, followed by
repeat identification by hybridisation, and sequenc-
ing of clones. This method can be time consuming and
expensive, and the return of useful SSR markers is
often low (Squirrel et al. 2003). Currently there is not
much research in A/nus utilising DNA markers, partic-
ularly population studies. However, given that inter-
est in the utilisation of A/nus as plantation species is
increasing, perhaps sufficient funding to develop SSR
marker in A/nus will be found.

One solution to develop novel SSR markers is to
data-mine existing sequence databases in order to iden-
tify SSR containing sequences, which can then be
utilised for primer design. However, development of
Alnus specific markers in this manner is not currently
feasible as GenBank only contains 152 DNA sequences
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from various A/nus species (accessed on 22/04/08). An
alternative is to utilise an anonymous marker system
(e.g. AFLPs), where prior sequence knowledge is not
required. However, most anonymous marker systems
are dominant (i.e. heterozygotes are not detected), and
this reduces the information content of these marker
systems.

Perhaps the most feasible solution for develop-
ing SSR markers for use in A/nus species is to utilise
EST sequences from related species (such as Betula).
EST-SSRs are more transferable across species, and
while they are generally less polymorphic than genomic
SSRs, they also have a lower incidence of null alleles
(Rungis et al. 2004). Another solution would be to
sequence the Betula SSR marker loci identified in this
study in both 4. incana and A. glutinosa, which would
allow the identification of any sequence polymorphisms
which may give rise to the null alleles putatively iden-
tified. This would allow the development of SSR marker
primers better suited for use in Alnus species, as well
as identification of potential species-specific sequenc-
es, which would be of use in the identification of
hybrids.

Only one of these SSR markers (L3.1) identified
clear species-specific allelic separation. When this
marker was applied to the morphologically identified
species individuals and putative hybrids, the SSR
marker results confirmed the species designations, but
were not entirely correlated for the putative hybrids.
It is possible that the individuals where the morpho-
logical designation did not correspond to the DNA
marker species designation are not pure hybrids, but
backcrosses of hybrids to one of the species. The
extent of natural hybridisation in Latvia is not known,
and has not been investigated using DNA markers.
However artificial hybridisation studies have found
that hybridisation was only successful when 4. inca-
na was used as the maternal parent (KyHn3uHBIm
1968). As A. incana flowers a week earlier that 4. glu-
tinosa (Banaev and Bazant 2007), this would limit the
extent of natural hybridisation. The identification of
hybrids by morphological features is difficult, as these
characteristics are found in a continuum between pure
A. incana and A. glutinosa types. Development of mul-
tiple species-specific DNA markers is necessary to
determine the extent of natural hybridisation. Addition-
ally, it will be possible to determine if putative natural
hybrids which are more similar to one species morpho-
logically, are 1% generation hybrids, or rather back-
crosses to one of the species.

In conclusion, these Betula markers should be
used with caution for population studies in both 4.
glutinosa and A. incana, due to the likely presence
of null alleles. We identified one species-specific SSR

marker which confirmed some of the morphologically
identified hybrid designations. Additional species-
specific markers will be required to further investigate
the genetic composition of these phenotypically di-
verse, morphologically identified hybrids. Development
of Alnus SSR markers utilising current DNA sequence
databases will be difficult due to the small amount of
publicly available A/nus sequence data. For more ex-
tensive population and diversity studies in Alnus
species, it will be more useful to utilise an anonymous
DNA marker technique such as AFLPs until such time
as SSR markers are developed for Alnus species. How-
ever, these Betula SSR markers investigated in this
study are useful for clonal identification and other DNA
fingerprinting studies in A/nus, where the presence of
null alleles will not adversely influence the results to
the same extent as in population studies.
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MEKBUJIOBAS AMINVIMOUKALIUA MUKPOCATEJIMTHBIX THK MAPKEPOB BETULA
PENDULA ROTH B NCCIIEJOBAHUAX ALNUS SPP.

A. Kyk, U. Beiindepra, M. layrapueruc u /[. Pynbruc

Pesiome

Bunp! uepHoii u cepoit onbxu (Alnus glutinosa L. n Alnus incana L. Moench) pactipocTpaneHsl Ha TeppuTopuu JIaTBHH,
HO HE BBIPAIIMBAIOTCS B KOMEpUECKUX LensixX. OnbXxa OTNYaeTcss HEMPUXOTINBOCTHIO, OBICTPHIM POCTOM M CIIOCOOHOCTBIO
oboromeHus MOYBBI a30ToM. ['mbpua onbxu (Alnus glutinosa L. X Alnus incana L. Moench) ocoOeHHO UHTEpeceH s
BBIPAIMBAHMS, TaK KaK €CTECTBEHHBIC THOPHIIBI XapaKTEepU3yIOTCs emle 0ojiee OBICTPHIM U BEICOKAM IIPUPOCTOM JIPEBECHHBI.
Mormnexkynspasie JIHK mapkeps! He Obln pa3paOOTaHHBI U IIHPOKO HE IMPHMEHSIINCH UL MCCIEIOBAaHUH IT€HOMa ONbXH, B
YaCTHOCTH, B MOMY/IAILMOHHBIX UCCIEA0BaHUX. 3a1aueil Hareil paboTHI SABISANIOCH HCCIIEA0BAaHUE BO3MOMKHOCTEH IPUMEHEHHS
paHee pa3paboTaHHBIX MonekyasipHbIx JIHK mapkepoB B poICTBEHHBIX BHIAX Ui BBIABIEHUS CTPYKTYpPbI HOMYIALUH U
TeHETHUYECKOTO PAa3HOOOPa3usl OJIbXH, TaK XKe, KaK U pa3padoTKa BUIO-CIIEIU(HUIHBIX MapKepoB Ul naeHTHGKanuu ruopuia
onbxu. AMmmdukanus narHaguata JJHK MonekymsipHEIX MapkepoB, paHee pa3padoTaHHBIX I Oepe3bl Ha OCHOBE IIPOCTHIX
MHUKPOCATEIUTHBIX MOBTOpoB (SSR), Oblma mpoBefeHa cpein cepoif, 4epHOH OXbXM M MOTEHIHAIBHBIX MX THOPHIOB,
UIeHTH(QUIMPOBAHHBIX B €CTECTBEHHBIX OMOTOMax. Pe3ynpTaT MexXBHIOBOK aMIIIH(HUKAIMK OBUT YCTIEIIEH B BOCBMHU CITydastx
U3 MATHaAUaTH, BCE K€ NPUCYTCTBUEC HYJIEBBIX ajenei MOT'YT 3HAQUUTCJIBHO YCJIOXHHUTHL NPUMEHEHUEC HeCl'[eLlPI(bI/I'-{HI)lX
mukpocarenuTHeIX JJTHK MapkepoB st uccnenoBanuii BUI0B osbxu. OmpeiesieHo, 9To MPOoIyKThl aMIUTA(HUKAIIMU OTHOTO U3
mukpocarenutHeIX JJHK mapkepos (L 3.1) pasmensier BHABI Cepoi B YepHOH ONbXU. DTO pasfeneHre ObUIO MOATBEPKICHO
aHAJIH30M MOP(OIOTHYECKN ONPEACICHHBIX BHIOB, HO HE OAHO3HAYHO KOPPEIHPOBAIO B CiIydae MX T'HOPHUIOB.
Ipenmnosnoraercs, YTO UIMBUIIBI, 1UIsL KOTOPBIX MOP(OIIOrHYECKOe ONMCAHHE IIOJHOCTBIO HE COOTBETCTBOBAIO aHanu3y JTHK
MapKepoB, 00pa30BAINCH HE B Pe3yabTare rMOPHIM3aIU, a 00paTHOTO CKPEI[MBAHUS THOpUIA C OHMM U3 BHIOB OJIBXH.
Pa3paboTka IOMOIHUTENBEHBIX BUIO-CIEIM(DUIHBIX MapKepoB TpeOyeTcs I JaIbHEeHIIero UCCIeOBaHUS T€HEeTHIECKOro
cocTaBa ()eHOTHIIMIECKH PA3INIHBIX THOPHIOB OJbXH.

KawueBbie caoBa: Alnus, SSRs, mexBugosas amninudukanus, Betula.
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