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Abstract. The exact number of poplar species, its varieties and hybrids that are
cultivated and found in the natural conditions of Kazakhstan is not known. From our
brief literature review of scholarly articles and with the exclusion of synonymous
species names, we can conclude that 13 species of poplar can be found on the
territory of Kazakhstan. Among them, the five species P. talassica Kom, P. pilosa
Rehd., P. diversifolia, as well as the Red Data Book poplar P. berkarensis and P.
pruinosa have got the Central Asian origin. Despite the rapid declining populations
and the growth areas for the gray-leaved turanga P. pruinosa and the heterophyllous
P. diversifolia, our scientists have not carried out extensive biological and
molecular genetic studies of these native poplar species. The PCR products of ITS
regions were obtained with size of 600 bp for poplar P. diversifolia, P. pruinosa and
uncertain hybrid P. diversifolia x P. pruinosa. It is interesting that two ITS regions
with sizes of 600 and 650 bp were detected in DNA samples isolated from poplar
P. diversifolia. This fact suggests the existence of hybrid clones of P. diversifolia
carrying the sum of major rDNA unit types of the two parental species.

Keywords: poplar, desert species, turanga, PCR, genotyping, internal
transcribed spacer
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KA3AKCTAHHBIH TEPEK TYPIEPI ’)KOHE OJIAPIbI TEHOTUIITEY
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AnHoranmusa. KasakcraH aymarblHJa ©CIPUICTIH KOHE Ta0WFW IKarjaiija
KE3/IeCeTiH TepeKTiH TUOpuATapel, OygaHmapbl MEH TYPJIEpiHIH HaKTBl CaHbI
Oenrici3. OpxedWer JepeKTepiHe KhICKAIla IOy JKacam XoHE TYPIEpHiH
CUHOHHMMJIIK araynapblH alblll TacTaraHja, Ka3akcraH ayMarblHIa TEepekTiH 13
TYpi Ke3neceTiHiH adTyra Oomaapl. Onapuin imriae 5 Typi P. talassica Kom, P
pilosa Rehd., P. diversifolia xoHe KbI3bL1 KiTanka eHeTiH P. berkarensis wone P,
pruinosa opTaasusUIbIK enjiepae kesaecetin Typiep. Cyp KamblpakTsl TypaHra P
pruinosa met retepoduni P. diversifolia eciMaikTepiHiH MEKEHICY OPBIHIAPBIHBIH
Te3 KhICKAPYbIHA KapamacTaH, FalbIMIAp OChl a0OpUTEHJBI TYpJEpPIiHE KAIIBI
OMOJNIOTHSIIBIK JKOHE MOJICKYJajlbl TeHETHKAJIBIK 3epTeyNepiH aTkapraH koK. ITS
PETHOHIAP/IBIH aMITTU(UKAIVSICH HOTYDKECIHC HAKTHI aHBIKTAJIIMaFaH THOPUATI
P diversifolia x P. pruinosa xoue P. diversifolia, P. pruinosa typnepiage 600
bp y3bIHABIFBIMEH (parmMenTTep madga Oomnmel. P diversifolia typinig JJHK
yarinepimen koiburrad [ITP memmepnepi 600 xone 650 bp exi ITS peruonmap
OomysiH Kepcerti. bynm Harmxke P diversifolia Typiame tHOpHATI KIOHAAP
JKOHE oJlap KaJbl €Ki ara aHalblK (opMBUTIApBIHBIH Herisri IDNA OipiikTepiH
TaChIMAJIIAWTHIHBIH OLITipet.
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BUJIBI TOITOJIA B KASAXCTAHE U HEKOTOPBIE BOITPOCBHI
TFEHOTUIIMPOBAHUA

AHHoTanus. HeusBecTHO TOUHOE KOJIMYECTBO BHJOB, PAa3HOBHUAHOCTEW U
TUOPUAOB TOMOJSI, KOTOPBIE KYJIBTHBUPYIOTCS W BCTPEYAIOTCS B €CTECTBEHHBIX
ycnoBusix Kazaxcrana. M3 kparkoro o0030pa JUTEpaTypHBIX AaHHBIX WU MpU
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WCKITIOYEHUN CHHOHUMHYHBIX BHJIOB CIEAyeT, 4TO Ha Teppuropuu Kaszaxcrana
BcTpeyarotcs 13 BumoB Tomons. M3 HUX cpeiHe-a3narckoe pacipoCcTpaHeHNE HMEIOT
5 BunoB: P. talassica Kom, P. pilosa Rehd., P. diversifolia, a Tak:xe KpaCHOKHUKHBIE
tonons P. berkarensis n P. pruinosa. HecMOTps Ha CTpeMHUTEIHLHOE COKpAIICHHE
apeajoB NMPOU3pACTaHUs TYpPaHTH CU30JMCTHOU P. pruinosa v pa3HONUCTHON P
diversifolia, yaeHbIMI OOIIMPHBIX OMOIOTUIECKUX U MOJIEKYIISIPHO-TE€HETHIECKIX
WCCIIeIOBaHUI a0OpUTEHHBIX BHUJIOB He mpoBeneHo. [Ipu amrmumdukanuu ITS
PETHOHOB MOTyYeHBI NPOAYKTH pazmepoM 600 bp ms P. diversifolia, P. pruinosa
U HE omperelieHHoN rudpumHoit dhopmbl P. diversifolia x P. pruinosa. IILP c
JIHK oOpa3tamu, BeiiencHHbIMU U3 P. diversifolia noka3zana vamuuue nByx ITS
peruoHoB, pazmepamu 600 u 650 bp. DTOT (hakT ykazbIBaeT Ha CyIIECTBOBAHHE
rUOPUIHBIX KIOHOB P. diversifolia, Hecyux cyMMapHOE YUCIIO OCHOBHBIX CAMHUIL
rDNA obeux poautenbckux Gopm.

KiroueBble ¢J10Ba: TOMOJIb, Ty CTHIHHBIE BUIbI, TypaHTra, [ IL]P, renHoTHIMpOBaHue,
BHYTPEHHUI TpaHCKpUOUPYEMBI crieiicep

Introduction

More than 75 % of the territory of Kazakhstan is dry arid and semi-arid lands
with a sparsely forested and treeless landscape and an extreme continental climate.
All these features determine the weak resistance of the natural environment to
the negative impact of anthropogenic factors such as the irrational use of land for
livestock and pasture (excessive grazing) farming, the construction and industrial
development, expansion of transport and engineering infrastructures, illegal logging
and uprooting of forest trees. The processes of land degradation and desertification
that are the main threat to the socio-economic development of many countries
will arise and cause ecological imbalance. The way to improve and restore natural
ecosystems is to increase the area of green spaces, which has a beneficial effect on
the climate of the entire region (Lyubimov, 2002: 497).

Due to their fast growth rates, high stress tolerance, vegetative propagation,
number species of poplar Populus spp. from the family Salicaceae Mirb. are
cultivated worldwide. According to L.V. Komarov' classification, poplar is
distinguished onto 30 species, which are included in three subgenera Turanga Bge.,
Leuce Duby and Eupopulus Dode. Many arborists use the Guinier's division of
species into 5 sections including Turanga section. Scientists showed a presence of
20 to almost 110 tree species in the genus Populus L.

The degree of their evolutionary similarity has been established at the level
of subgenera of Populus L. However, the identification of poplar species is
difficult due to the well-known interspecific hybridization and high variability of
morphological characters (Galdina, 2018: 5). Many various PCR methods are used,
such as RAPD, SSR, AFLP, SNP, to differentiate a species and clones of poplar.
The nuclear and chloroplast DNA regions, including ribosomal internal transcribed
spacer are used to DNA barcoding of poplar species (Feng., 2013: 8). Although it
was impossible to distinguish some poplar taxa from the sections Aigeiros (Aegiri)
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Duby and Tacamahaca Spach., in the genetic analysis of the intergenic spacer trnH-
psbA and ITS region (Nasimovich, 2019: 41).

Despite the fact that poplars are widely used in landscaping and forest protection,
their species composition is poorly studied in Kazakhstan. Poplar P. bolleana, P.
nigra, and P. deltoides cultivars were introduced in Central Asia and Kazakhstan
in during the soviet union period and cultivated in plantations (Thevs, 2021: 3).
In this time, P. nigra var. pyramidalis (Roz.) Celak) is the most distributed tree
species in this region. In the earlier P. pyramidalis Rozier was planted across only
in the south and south-eastern Kazakhstan but now the typical poplar is meeting
along with greening trees in the northern capital Nur-Sultan city (Obezinskaya,
2018). In addition, in the northern regions, balsam poplar P. balsamifera L. is used
in field-protection forest-lines and for landscaping. This species, along with white
poplar and laurel poplar P. laurifolia Ledeb. and canadian poplar P. canadensis
Moench are recommended for landscaping of the Zhezkazgan industrial region.
Due to the high degree of plant survival, poplar trees are successfully used in the
phytoremediation of coal deposits and industrial dumps.

By the classification of S.K. Cherepanov, poplar P. nigra var. pyramidalis and
P. pyramidalis are synonymous names for the generally accepted P. italica (DuRoi)
Moench, while the species P. canadensis and Bolle's poplar are synonyms for P
deltoides Marsh. and P. alba L., respectively (Cherepanov, 1995: 2). White poplar is
widely distributed tree throughout the southeastern Kazakhstan and is introduced in
the Zhezkazgan Botanical Garden. In between 1951-1976 years in studies of more
than 200 species of trees and shrubs, P. alba turned out to be the most promising
an introduced tree in the West Kazakhstan region. There were Lyubimov V.B. with
his colleagues carried out the selection and mobilization of introduced species,
including representatives of the native flora on the Mangyshlak Peninsula. As a
result, new methods of generative and vegetative propagations of turanga poplars,
willows (Salix L.) and salt cedar (7amarix L.) have been developed (Lyubimov,
2002: 497).

The floodplain forests of the large rivers Ural, Ishim, Tobol and Irtysh contain
white poplar, black poplar and P. tremula L. (synonym P. pseudotremula N. Rubtz.)
(Cherepanov, 1995: 2). In afforestation, hybrid forms of poplar obtained by crossing
the species P. tremula and P. alba are common used (Lebedeva, 2017: 1). The
dendroflora of the Ile-Alatau State National Natural Park (IA SNNP) includes Talas
poplar P. talassica Kom. (synonym P. densa Kom., P. kanjilaliana Dode), P. tremula,
white poplar, black poplar, P. canescens (Ait.) Smith and Italian poplar P. italica
(Ivashchenko A.A., 2015: 42). The Central Asian species P. talassica is distributed
in the floodplain forests of Zhetysu Alatau and Kungei Alatau (Dimeyeva, 2018:
4). In the Kazakh uplands and on the territory of the Burabay State National Park
(Akmola region), trembling poplar P. tremula L. is also found (Sultangazina, 2015:
10). This type of aspen, as well as white and black poplars P. nigra (synonym P.
nigra var. sosnowskyi (Grossh.) Makaschvili) are found in phytocenoses of East
Kazakhstan (Cherepanov, 1995: 2).
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In the arid region of Kazakhstan, Tugai forests usually stretch along the rivers
and streams and consist of willows Salix L, birches Betula L., and turanga poplars
(Eastwood, 2009: 27). In the flora of rare species of the Markakol State Nature
Reserve (SNR) in the East Kazakhstan region, along with endemics, there is also
a nemoral relic P. pilosa Rehd (Yashchenko, 2006: 25). In the Red Data Book of
Kazakhstan, Berkarin poplar P. berkarensis Poljak., rare species in the Karatau
State Nature Reserve (Turkestan region), as well as gray-leaved (gray) poplar P.
pruinosa Schrenk are indicated (Krasnaya kniga Kazakhskoi SSR, 1981: 2). If
Berkarin poplar is a narrow endemic and included in the Red Data Book of Woody
Plants in Central Asia, then gray-leaved poplar is classified as a species that is close
to be threatened (Near threatened NT) (Eastwood, 2009: 27). It should be noted that
the turanga forest of P. pruinosa with an admixture of Aryan poplar P. ariana Dode
has been preserved only in reserve Tigrovaya Balka locating in Tajikistan Republic
(Yashchenko, 2006: 25).

When mapping the delta lakes of the Syrdaria River, alluvial tugai were found
with blue-leaved turanga P. pruinosa Schrenk and P. diversifolia Schrenk. Russian
scientists believe that the northern border of the relict turanga P. diversifolia passed
in Central and Eastern Kazakhstan. It has been shown that the Azutau population
of turanga grows near the Bulgar Tabata mountains and has an area of 0.5 ha, as
well as a turanga grove in the Northern Prezaisan, on the southwestern slope of the
Kara-Biryuk mountain (Kupriyanov, 2009: 3). In general, there are gallery forests
communities consisting of trees P. laurifolia, P. canescens, P. tremula, and Betula
pendula L. within the river valleys of the Azutau Ridge (Southern Altai).

Thereby, various species of poplar Populus spp. due to their rapid growth, high
stress resistance and vegetative propagation, have great socio-economical and
ecological significance. The goal of researches is to preview how many poplar
species distribute in Kazakhstan and to investigate a nuclear DNA by PCR technique
for further differentiation of desert species growing around the Syrdaria River.

Experimental. Determining the exact natural location of plant species carried
out by using GPS devices (Global Positioning System).

Plant samples of P. diversifolia, P. pruinosa and uncertain hybrid P. diversifolia
x P. pruinose collected from populations locating in the desert part of Syrdaria river
belonging to South-Kazakhstan region. The DNA isolation, gel electrophoresis
technique, PCR amplification carried out according to commonly known methods of
molecular biology (Doyle, 1987: 5). Isolation of genomic DNA from plant samples
is carried out in 3-5 replicates by using commercially available kit DNeasy Plant
MiniKit (Qiagen, Germany). Separation of plant DNA samples and PCR products
is carried out by gel electrophoresis in 0.9-1,2 % of agarose (Amresco, USA) with
a current supply of 100—120 V. Ethidium bromide as an intercalating dye (Sigma,
USA) is added to visually assess a quality and quantity of DNA samples and PCR
products.

DNA amplification is carried out using the universal primers (Sigma) specific
to ITSI and ITSII regions, and adding the Taq DNA polymerase (ThermoScientific,
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USA) and a solution of dNTPs in PCR-mixture (Kairova, 2021: 5). The polymerase
chain reaction is carried out on thermal cycler Mastercycler pro from the
manufacturer Eppendorf company.

Results and discussion

Poplar has been of most interest for the wood processing industry, it is used for
diversifying farming system, in field protection, river bank protection, for increasing
forest cover and for landscaping cities. Solving the issues of the current state of rare
and endangered species, determining the boundaries of their distribution, developing
recommendations is of great importance for the conservation of biodiversity and
the sustainable use of natural resources.

The exact number of poplar species, varieties and hybrids that are cultivated and
found on the territory of Kazakhstan is still not known. From our brief literature
review of scholarly articles and with the exclusion of synonymous species names, we
can conclude that 13 species of poplar can be found on the territory of Kazakhstan.
Among them, the five species P. talassica Kom, P. pilosa Rehd., P. diversifolia,
as well as the Red Data Book poplar P. berkarensis and P. pruinosa have got the
Central Asian origin (Yashchenko, 2006: 25).

The quality of nucleic acids samples from poplars were visual evaluated by
using an agarose-gel electrophoresis technique and as shown on the figure 1,
concentration of DNA was low compare to easier bands of RNA molecules.

i

Fig. 1. - Separation of nucleic acids from poplars in 0.9 % agarose-gel

In afforestation, the two poplar species P. diversifolia and P. pruinosa are often
not distinguished by forest inventory, and therefore the reduction of their habitats
is still continued (Stikhareva, 2021: 14). Clarifying taxonomical status species and
subspecies of Populus is difficult by morphological data and molecular markers
should be used to correct identifying an endangered species. Number researchers
use ribosomal regions in phylogenetic studies of Populus species (Feng, 2013:
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8). Nuclear ITS region is applicable for identification of the broadest possible
taxonomic groups. On the figure 2 showed the obtained amplified DNA fragments
for P. diversifolia, P. pruinosa and uncertain hybrid P. diversifolia x P. pruinosa.
Optimization of Mg?" concentration in PCR reactions was done for taking good
amplified DNA fragments. In resulting, PCR with a mixture containing 3.5 mM
MgCl, and isolated DNA samples showed good visible amplicons compare to the
PCR mix with 2.5 mM MgCL,.

The PCR products of ITS regions were obtained with size of 600 bp for all of
studied poplar samples. It is interesting that two ITS regions with sizes of 600 and
650 bp were detected in DNA samples isolated from poplar P. diversifolia (see
track 4 in the fig. 2).

EO0 Do

Fig. 2 - Optimization of Mg concentration in PCR reactions: 1-3-PCR mix with 2.5 mM MgCl,
and 4-5-PCR mix with 3.5 mM MgCl, for obtaining DNA fragments of P. diversifolia, P. pruinosa
and uncertain hybrid P. diversifolia x P. pruinosa, respectively, K — negative control PCR mix
without DNA

The 18S, 5.8S and 26S ribosomal RNA genes transcribed in 18S-5.85-25S
order (single operon) and with intergenic spacers (IGS) together named the rDNA
or the 35S rDNA or 45S rDNA. The rDNA units are arranged as tandem repeats
and loci located in different regions of chromosomes. Plants have vast numbers of
rDNA copies and that multiple copy genes, up to about 10 000 could play a role in
sensing DNA damage and in stress response (Matsunaga, 2013: 49). As we know,
ITS regions is located on each side of the 5.8S rRNA gene. Therefore, according
our results we can conclude that an amplification of ribosomal DNA has potential
to discriminate between studied poplar desert species.

Conclusions

Desert and Red Book Listed species of Turanga are of particular importance
for natural ecosystems in the Central Asia. Exact number of poplar species, its
varieties and hybrids that are cultivated and found in the natural conditions of
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Kazakhstan is not known. From our brief literature review of scholarly articles
and with the exclusion of synonymous species names, we can conclude that 13
species of poplar can be found on the territory of Kazakhstan. Among them, the
five species P. talassica Kom, P. pilosa Rehd., P. diversifolia, as well as the Red
Data Book poplar P. berkarensis and P. pruinosa have got the Central Asian origin.
Other eight poplars are wide distributed and used in field-protection forest-lines
and for landscaping.

Despite the rapid declining populations and the growth areas for the gray-leaved
turanga P. pruinosa and the heterophyllous P. diversifolia, our scientists have not
carried out extensive biological and molecular genetic studies of these native
poplar species. Study of the morphology and genetics of the rare endemic tree P,
berkarensis Poljak. was not precisely carried out. Therefore, it is necessary to study
rare and endangered species that grow only in a certain area, since these species
represent a unique genetic material, the loss of which is an irreparable loss.

The PCR products of ITS regions were obtained with size of 600 bp for poplar
P diversifolia, P. pruinosa and uncertain hybrid P. diversifolia x P. pruinosa. It
is interesting that two ITS regions with sizes of 600 and 650 bp were detected in
DNA samples isolated from poplar P. diversifolia. This fact suggests the existence
of hybrid clones of P, diversifolia carrying the sum of major rDNA unit types of the
two parental species. This investigation of ribosomal locus by PCR amplification
allowed to find the variability between the studied species of Populus from the
desert part of Syrdarya river. This is of particular importance in light of the
increased degradation of pastures and vegetation in the arid zone of southern and
southeastern Kazakhstan, where there is a further reduction in the habitats of natural
populations of desert turanga P. pruinosa, the once common P. diversifolia, and the
very rare endemic P. berkarensis. The use of the PCR method makes it possible to
differentiate native poplar species growing in the arid zone and providing direction
to the conservation management. In addition, genotyping of natural and cultivated
species of Populus spp. will allow replenishing the international genetic database
and further facilitating the identification of P. diversifolia and P. pruinosa species.
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