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ABSTRACT

In this study, we analyzed eight samples of Hippophae rhamnoides L. collected in Kazakhstan, along with twenty-five
samples of Hippophae species and three outgroup species from NCBI GenBank, using ITS sequences. The alignment of the
ITS sequences, which was 639 bp in length with outgroup samples and 642 bp without them, revealed polymorphism, with
31 positions (4.85%) being polymorphic among the ingroup samples. The highest number of polymorphic sites was found in
ITS1 (13 sites), followed by ITS2 (10 sites) and the 5.8S rRNA region (8 sites). The maximum likelihood (ML) phylogenetic
tree delineated four distinct clades within the Hippophae species. The H. rhamnoides samples from northeastern Kazakhstan
clustered with H. rhamnoides ssp. mongolica from GenBank suggests a close genetic relationship. Introduced samples formed
separate subclades and clustered with various subspecies from GenBank. Notably, hybrid peaks were observed in the ITS
sequences of introduced plants, which were not present in samples from natural populations. This study underscores the utility
of ITS sequences in identifying plants from natural and introduced populations of H. rhamnoides and highlights the marker’s

importance in plant genetic research and biodiversity conservation.
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INTRODUCTION

The genus Hippophae L. is a small genus of Elacagnaceae
Juss. comprising accepted seven species [1] and 17 subspecies
[2] encompasses a group of deciduous shrubs known for their
ecological resilience and medicinal properties [3]. The ge-
nus Hippophae is found in Northern Europe, Central Europe,
Central Asia, and China, and it is likely originating in Central
Asia [4-7]. These plants have been revered for their ability to
thrive in harsh environments and their multifaceted applica-
tions in traditional medicine, agriculture, and environmental
management [7, 8]. All species of Hippophae are diploid (2n
= 24) [4, 5], wind-pollinated, and dioecious [3].

Among the numerous species within the Hippophae ge-
nus, Hippophae rhamnoides L., or sea buckthorn, stands out
as particularly noteworthy due to its extensive distribution
across Europe and Asia [9, 10] and its rich bioactive com-
position [11]. H. rhamnoides is a flowering shrub or small
tree originating from the Eastern Himalayas to the Hengduan
Mountains [12] and thrives in desert, semi-desert, and high
mountainous ecosystems across Eurasia [12-14]. H. rhamnoi-
des is rich in nutrients and bioactive components, many re-
nowned for their positive effects on health [15, 16]. Its ber-
ries contain high levels of vitamins C and E, flavonoids, and
carotenoids, contributing to its antioxidant and anti-inflam-
matory properties [17-19]. Beyond its medicinal properties,
H. rhamnoides plays a crucial ecological role, particularly in
stabilizing soils and preventing erosion in coastal and moun-
tainous regions [20, 21].

H. rhamnoides consists of nine subspecies [22]; in Eu-
rope, these include subspecies rhamnoides, subspecies fluvi-
atilis, and subspecies carpatica. Across Asia, the subspecies
are represented by subspecies caucasia, subspecies turkes-
tanica, subspecies mongolica, subspecies sinensis, subspecies
yunnanensis, and subspecies wolongensis [22, 23]. However,
the taxonomic classification and relationships among taxa in

this genus are still contentious [3, 5, 6, 24, 25]. Recent re-
search efforts have predominantly investigated its biochemical
characteristics [18, 19], genetic structure [3, 19, 26], pharma-
cological properties [17, 27, 28], germplasm resources [29],
and phylogeography [30, 31].

In Kazakhstan, the only representative of the Hippophae
genus is H. rhamnoides [32], which is found in the eastern,
southeastern, and southern regions [33]. According to Let-
chamo et al. [22], there are two subspecies of H. rhamnoides
in Kazakhstan: H. rhamnoides ssp. turkestanica and H. rham-
noides ssp. mongolica. Several studies in Kazakhstan have fo-
cused on various aspects of the species, including the current
state of its population [34], floristic composition [35], chem-
ical composition [36], and selection assessment [37]. Several
reports on the cultivation of H. rhamnoides in the southeast
region of Kazakhstan [38-40] suggest that this species has
been successfully growing in mountain areas since the end
of the last century.

There is extensive global research on analyzing H. rham-
noides using DNA barcoding, chloroplast genome analysis,
and different molecular markers [6, 19, 26]. However, lim-
ited research in Kazakhstan utilizes DNA barcoding of H.
rhamnoides. The authors have a background in DNA barcod-
ing in the genera Artemisia [41], Allium [42], Oxytropis [43],
Agriophyllum [44], Ranunculus [45], and Salsola [46], which
makes it possible to determine the reliability of the results.

The Internal Transcribed Spacer (ITS) region is known for
its high polymorphism and is widely acknowledged as a valu-
able tool in plant evolutionary research [47, 48]. ITS region
comprises ITS1 and ITS2 subregions, 5.8S ribosomal RNA
gene [49]. Understanding the evolutionary relationships be-
tween species within a genus is critical for reconstructing the
genus’s phylogeny [50]. The ITS region is highly variable
between species, even within the same genus [51], making it
particularly effective for species delimitation and resolving
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taxonomic ambiguities [52]. Numerous studies have utilized
the ITS region as a primary DNA barcoding marker in phylo-
genetic research, owing to its high variability and effective-
ness in distinguishing closely related species [53-55].

This study primarily aimed to assess the differences be-
tween natural and introduced populations of H. rhamnoides
from Kazakhstan using the nuclear ribosomal DNA internal
transcribed spacer region (ITS).

MATERIALS AND METHODS

Sampling and DNA extraction

Plant leaves of Hippophae rhamnoides were collected
from natural populations in northeast Kazakhstan (NEK) and
individuals introduced to the Mangyshlak Experimental Bo-
tanical Garden and the Altay Botanical Garden (Table 1). The
introduced specimens at the Mangyshlak Experimental Bo-
tanical Garden originated from the Western Karatau, specif-
ically the Kogez Gorge in Western Kazakhstan (44.215778,
52.021500). Additionally, the Altay Botanical Garden samples
were originally introduced from the Belkin Mountains in East-
ern Kazakhstan (50.33134; 83.54691). The collected leaves
were dried in silica gel for subsequent DNA extraction. Ge-
nomic DNA was extracted using the cetyltrimethylammonium
bromide (CTAB) protocol [56]. The extracted DNA concen-
tration was measured using a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, USA). The quality of the DNA
was analyzed through electrophoresis on 1.0% agarose gel.

PCR amplification and sequencing

The internal transcribed spacer (ITS) was amplified, in-
cluding ITS1, ITS2, and the 5.8S ribosomal RNA gene with
the F (5"~ AGAAGTCGTAACAAGGTTTCCGTAGG-3') and
R (5-TCCTCCGCTTATTGATATGC-3’) primers [57]. The
amplification was performed in a 20 pl reaction volume con-
taining genomic DNA as a template, buffer, MgCl12, dNTPs,
forward and reverse primers, and Taq polymerase. A Simpli-
Amp Thermal Cycler (Thermo Fisher Scientific, USA) was
used for the Polymerase chain reaction (PCR) under the fol-
lowing conditions: initial denaturation at 94°C for 3 minutes;
40 cycles of denaturation at 94°C for 30 seconds, annealing
at 58°C for 45 seconds, and extension at 72°C for 30 sec-

Table 1. Information on collected plant materials

onds; and a final extension at 72°C for 10 minutes. PCR prod-
ucts were separated on 1.5% agarose gel, and a single dis-
tinct band, approximately 650 bp in size, corresponding to the
ITS region, was identified and cut out. The extracted bands
were then purified using the ULTRAPrep® Agarose Gel Ex-
traction Mini Prep Kit (AHN Biotechnologie GmbH, Nord-
hausen, Germany). The purification process was conducted
according to the manufacturer’s instructions. Purified PCR
products were sequenced in both forward and reverse direc-
tions using BigDye Terminator Cycle Sequencing technol-
ogy (Applied Biosystems, USA). The sequencing was per-
formed on an ABI 3130 DNA sequencer (Applied Biosystems,
Thermo Fisher Scientific, USA).

Phylogenetic analysis

The obtained nucleotide sequences of ITS were used for
phylogenetic analysis. The sequences of H. rhamnoides were
aligned with those of other Hippophae species from the Na-
tional Center for Biotechnology Information (NCBI) Gen-
Bank, along with three outgroup species: Elaeagnus glabra
(0Q718939), E. macrophylla (0Q718944), and E. moorcroftii
(EF423362). The alignment was performed using BioEdit 7.2
[58] software. The phylogenetic tree was reconstructed using
Maximum Likelihood (ML) analysis with TIM3e+G#4 as the
best nucleotide substitution model determined by the Bayes-
ian Information Criterion (BIC). The phylogenetic analysis
was performed using IQ-TREE 2.2.2.6 [59].

RESULTS AND DISCUSSION

In this study, eight samples of Hippophae rhamnoides
collected in Kazakhstan were analyzed along with the twen-
ty-five samples of Hippophae species and three outgroup spe-
cies from NCBI GenBank using ITS sequences. The align-
ment of the ITS sequences was 639 bp in length with outgroup
samples and 642 bp without them. The alignment of the ITS
sequences, which resulted in a length of 639 bp, revealed
polymorphism, with 31 positions (4.85%) being polymorphic
among the ingroup samples. Similar results with polymorphic
positions were found in previous studies [43, 60]. The high-
est number of polymorphic sites was found in ITS1 (13 sites),
followed by ITS2 (10 sites), and the 5.8S rRNA region with 8§
variable sites. The high polymorphism in ITS1 has also been

Sample Collected place and GPS coordi- Collected year
nates
Hippophae rhamnoides NEK 1 Floodplain of the Irtysh River in the
Pavlodar region. 2017
Hippophae rhamnoides NEK 2 52.032214, 76.966907
Hippophae rhamnoides Mangishlak 1 (intr) Introduced to the teirritory of .
Mangyshlak Experimental Botanical
) ) Garden 2023
Hippophae rhamnoides Mangishlak 2 (intr)
43.652553,51.162454
Hippophae rhamnoides Ridder 1 (intr) .
- - - - Introduced to the territory of Altay | 2023
Hippophae rhamnoides Ridder 2 (intr) Botanical Garden
Hippophae rhamnoides Ridder 3 (intr)
- - 50.329435, 83.548600 2023
Hippophae rhamnoides Ridder 4 (intr)

intr - introduced samples; NEK - northeastern Kazakhstan
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observed in different plant species [61, 62].

The resulting maximum likelihood (ML) phylogenetic tree
delineated four distinct clades within the Hippophae species,
highlighting the genetic diversity and evolutionary relation-
ships within this genus (Figure 1). The eight samples analyzed
in this study formed a large clade with the samples from NCBI
GenBank. The H. rhamnoides samples collected from the nat-
ural population in northeastern Kazakhstan clustered together
with samples collected in East Kazakhstan (OR678361) and
H. rhamnoides ssp. mongolica obtained from GenBank, sug-
gesting a close genetic relationship among these species.
These results support findings that H. rhamnoides ssp. mon-
golica is growing in eastern Kazakhstan [5, 22, 63].

Another subclade clustered H. rhamnoides ssp. turkes-
tanica and H. rhamnoides ssp. mongolica samples were ob-
tained from NCBI GenBank and put into one subclade. No-
tably, the introduced samples analyzed in this study formed
separate subclades and clustered together with samples of H.
rhamnoides ssp. turkestanica, H. rhamnoides ssp. mongolica,
H. rhamnoides ssp. rhamnoides, and H. rhamnoides ssp. cau-
casica from GenBank.

The analysis of polymorphic ITS positions was conducted
to clarify the polymorphism in the nucleotide sequences from
introduced and natural population samples. H. rhamnoides
subsp. mongolica and H. rhamnoides subsp. turkestanica
samples from GenBank were used as a reference. Interest-
ingly, no hybrid peaks were detected in two samples collected

100

96

92

f

from natural populations in Eastern Kazakhstan. The samples
from introduced (intr) plants growing within Botanical Gar-
dens in Eastern and Western Kazakhstan formed separated
subclades in two neighboring clusters (Figure 1). The nucle-
otide sequences of ITS in these introduced plants showed hy-
brid peaks, which were highlighted in Table 2. This result
confirmed reports on the presence of hybrid peaks in the in-
troduced plants, which were also presented in other studies
[64, 65].

Notably, only four hybrid peaks were recorded for samples
from the Mangyshlak Experimental Botanical Garden, sug-
gesting that the introduction of these samples from Eastern
Kazakhstan happened recently (Table 2). The hybrid peaks at
position 500 were recorded for all introduced plants in East-
ern and Western Botanical Gardens (Table 2), suggesting that
this SNP is a suitable indicator for introduced plants. Since
most ITS polymorphic sites showed the hybrid status in in-
troduced plants, the phylogenetic positions of these samples
in Figure 1 were shifted towards the group harboring differ-
ent subspecies.

Thus, in this study of samples from natural and introduced
populations of H. rhamnoides, we used nucleotide sequences
of ITS, which is a powerful tool in the DNA barcoding of
plants, offering high resolution for species identification [66,
67] and phylogenetic studies [68, 69]. The widespread repre-
sentation of ITS in genetic databases makes it a valuable re-
source for researchers in taxonomy [70, 71]. As molecular

o[~ JF976644 Hippophae salicifolia
_EE KF620594 Hippophae gyantsensis
86 KR605432 Hippophae neurocarpa

AF440255 Hippophae goniocarpa subsp. goniocarpa
67(JQ289226 Hippophae rhamnoides subsp. sinensis
’ivMHﬂ 1478 Hippophae rhamnoides
MN722006 Hippophae rhamnoides

JQ289227 Hippophae rhamnoides subsp. mongolica
Hippophae rhamnoides NEK 1
Hippophae rhamnoides NEK 2
KF620608 Hippophae rhamnoides subsp. mongolica
KF620607 Hippophae rhamnoides subsp. mongolica
OR678361 Hippophae rhamnoides
JQ289286 Hippophae rhamnoides subsp. mongolica
KY411045 Hippophae rhamnoides subsp. turkestanica
KY411044 Hippophae rhamnoides subsp. turkestanica
KY411039 Hippophae rhamnoides subsp. turkestanica
KF620614 Hippophae rhamnoides subsp. turkestanica
KY411057 Hippophae rhamnoides subsp. turkestanica
KY411041 Hippophae rhamnoides subsp. turkestanica
KY411056 Hippophae rhamnoides subsp. turkestanica

Hippophae rhamnoides Ridder 1 (intr)
Hippophae rhamnoides Ridder 2 (intr)
Hippophae rhamnoides Mangishlak 1 (intr)
Hippophae rhamnoides Mangishlak 2
Hippophae rhamnoides Ridder 3 (intr
Hippophae rhamnoides Ridder 4 (intr)

(intr)
)

KY411015 Hippophae rhamnoides subsp. mongolica

JQ663576 Hippophae rhamnoides subsp. carpatica

KY411011 Hippophae rhamnoides subsp. mongolica
KY411012 Hippophae rhamnoides subsp. mongolica
JQ663575 Hippophae rhamnoides subsp. rhamnoides
JQ663574 Hippophae rhamnoides subsp. caucasica
100 | EF423362 Elaeagnus moorcroftii

99 [OQ71 8944 Elaeagnus macrophylla
0Q718939 Elaeagnus glabra

0.02

Figure 1. Maximum Likelihood phylogenetic tree of Hippophae and outgroup species based on nucleotide sequences
of ITS. The numbers at the branch nodes represent ML bootstrap value. The species examined in this study are
indicated in blue. NEK — samples collected in northeast Kazakhstan. int - introduced samples.
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Table 2. Identified polymorphic positions in ITS sequences of Hippophae species

Number of

polymorphic sites

ITS

Positions

Samples

KY411044 H.
rhamnoides
subsp. turkes-
tanica

KY411045 H.
rhamnoides
subsp. turkes-
tanica
KY411056 H.
rhamnoides
subsp. turkes-
tanica

KY411057 H.
rhamnoides
subsp. turkes-
tanica
KF620607 H.
rhamnoides
subsp. mon-
golica

KF620608 H.
rhamnoides
subsp. mon-
golica

JQ289286 H.
rhamnoides
subsp. mon-
golica

JQ289227 H.
rhamnoides
subsp. mon-
golica

H.

rhamnoides
NEK 1

H.
rhamnoides
NEK 2

H.
rhamnoides
Mangishlak 1
(introduced)

H.
rhamnoides
Mangishlak 2
(introduced)

H.
rhamnoides
Ridder 1
(introduced)

H.
rhamnoides
Ridder 2
(introduced)
H.
rhamnoides
Ridder 3
(introduced)
H.
rhamnoides
Ridder 4
(introduced)

23

213 4 5 6 7 8 9 10 11 12
ITS 1

38 (39|40 | 119 | 124 | 154 | 170 | 180 | 209 | 234 | 248
Al G| C| G A C T A G T T
G| T|T T T M C C T C C
G|T|T T T M C C T C C
G| K|Y| K W Y M K Y Y
G| K|Y| K w Y M K Y Y
G| T|T K W M Y M K Y Y
G| T|T| K w M Y M K Y Y

13

5.8S
257

14

443

15 16 17 18 19 20
ITS 2
495 | 500 | 532 | 537 | 563 | 565
A C T C T T
T G
C Y A Y C G
C Y A Y C G
M Y W Y K
M Y w Y K
M Y \W% Y Y K
M Y W Y Y K
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techniques advance, the ITS marker will continue to play a
crucial role in plant genetic research, enhancing our compre-
hension and conservation of plant biodiversity [72]. Partic-
ularly, the results of this study indicated that ITS nucleotide
sequences can effectively identify plants in natural and intro-
duced populations of H. rhamnoides.

CONCLUSION

This study demonstrated the effectiveness of ITS nucle-
otide sequences in identifying and analyzing genetic diver-
sity among natural and introduced populations of Hippophae
rhamnoides in Kazakhstan. The ITS sequences revealed sig-
nificant polymorphism, with 13 and 10 polymorphic sites in
ITS1 and ITS2, respectively. The maximum likelihood phy-
logenetic tree highlighted distinct clades, reflecting the ge-
nus’s genetic diversity and evolutionary relationships. Intro-
duced samples showed unique hybrid peaks, distinguishing
them from natural population samples. These findings support
the continued use of ITS as a powerful tool in DNA barcod-
ing, phylogenetic studies, and conservation efforts. As molec-
ular techniques evolve, the ITS marker will remain crucial for
enhancing our understanding and preservation of plant biodi-
versity, proving its value in taxonomy and genetic research.
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JTHK BAPKOJIMUPOBAHUE MIPUPOJHOI 1 UHTPOIYIIMPOBAHHBIX OMYJISIUI HIPPOPHAE
RHAMNOIDES L., COBPAHHBIX B KA3AXCTAHE

Aabmepexosa I11.', EpmaramGeroa M.!, CymGem6aeB A.2, Uman6aeBa A%, Typycnexos E.'*

! Unemumym 6uonozuu u buomexnonozuu pacmenuil, Aimamor 050040, Kazaxcman

2 Anmatickuil 6omanuyeckuii cao, Puooep 071300, Kazaxcman

3 Maneviunaxckuti sxcnepumenmanvivlit Gomanuueckuii cad, Axkmay 130000, Kazaxcman
* Aemop 05 kKoppecnonoenyuu. yerlant@yahoo.com

AHHOTAIOUA

B naHHOM MccienoOBaHMM MPOAHAIU3UPOBAHO BOCEMb 00pa3lloB NPHUPOAHBIX W MHTPOAYLUPOBAHHBIX MOMYJISINN
Buna Hippophae rhamnoides L., coopannbix B KazaxcraHe, a Takxe ABaaunarh nsate odpasnos Hippophae n tpu
Buna aytrpynnsl u3 NCBI GenBank c¢ ncronbs3oBaHneM HYKJICOTHAHBIX mocienosatenbHoctel ITS. B pesynbrare
BBIpaBHHUBaHM nocinenoBaTenbHocTeil ITS, niuuHa koTopheix cocraBuia 639 n.H. ¢ ayrrpynnamu 1 642 n.H. 06e3 HHUX,
BeIsiBIIeHa 31 momumopdHas nosunus (4,85%). Haubomnpmiee koandecTBO NOJUMOP(HBIX CaliTOB OBLIO OOHAPYXKEHO
B ITS1 (13 caiitoB), 3a HUM cienytoT ITS2 (10 caiitoB) u peruon 5.8S pPHK (8 caiitoB). B ¢unorenernueckom apese,
IIOCTPOCHHOM C MCIOJb30BaHMeM Merona maximum likelihood (ML), npociiexnBatoTcs 4eThlpe YETKO pas3yIuyuu-
MBbI€ KJajsl BHYTpH pona Hippophae. O6pasusl H. rhamnoides n3 ceBepo-BocTouHoro Kasaxcrana crpynnupoBajiuch ¢
H. rhamnoides ssp. mongolica n3 GenBank, 4to cBueTenbCTByeT 00 MX OJM3KOM FeHETUIECKOM pOoCTBE. IHTpOMyIMpOBaHHEIC
00pasiel 00pa3oBaIy OTJENbHBIE CYOKIIaAbl M KJIACTEPU30BAIMCH C Pa3INYHBIMU 00pa3uamMu NoABHAOB H. rhamnoides u3
GenBank. [IpumeuarensHo, 4To B nocienoBaresbHOCTAX [TS MHTpOAYIMpOBaHHBIX pacTeHUH HaOII0AaINCh THOpHIHBIE
ITMKH, KOTOPbIE OTCYTCTBOBAJIM B 00pa3iiax U3 MPUPOIHBIX NomyJisiiuii. JlaHHOe MccnenoBanne noaTsepxkaaeTr 3QpQeKTHBHOCTh
ucnons3oBanus ITS MapkepoB 1 HASHTHPHUKAME PACTEHUH M3 NMPUPOIAHBIX U MHTPOJLYLIHPOBAHHBIX MOMynsinuid H.
rhamnoides, TTMPOKO NPHUMEHAEMBIX B TCHETUUECKUX UCCIIEIOBAHUSX PAaCTEHHUHN 1T M3yUYEHHS M COXpaHEeHHs1 OMOpa3HOOOpasys.

Kumrouesblie cioBa: Kazaxcran, Elacagnaceae, Hippophae, JHK 6apkogupoBanue, BHyTpSHHUN TPaHCKPHUOUPYEMBIi
crieiicep, (GUIIOTCHUS.
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KA3AKCTAHJIA )KUHAFAH HIPPOPHAE RHAMNIDES L. TABUFHU )KOHE HHTPOAYUUSIJIAHFAH
MONMYJISIUSITIAPBIH JHK BAPKOJATAY

Aabmepexosa I11.', EpmaramGeroa M.!, Cym6em6aeB A.2, Uman6aeBa A%, Typycnexos E.'*

! Ocimoikmep 6uonocusicel dHcane buomexuonouscol uncmumymst, Aimamol 050040, Kazaxcman
2 Anmaii 6omanuxanvix 6aswl, Puodep 071300, Kazaxcman

3 Manzgvicmay maoicipubenix 6omanuxanvix 6azel, Axkmay 130000, Kazaxcman

* Koppecnonoeum asmop: yerlant@yahoo.com

TYWUIH

Byn 3eprreyne Kasakcranna sxunanran Hippophae rhamnoides L. TypiHiH TaOUFU oHE WHTPOLYLUSUIAHFAH TOITYIIS-
LUsUTapBIHBIY ceri3 yarici, conpaii-ak NCBI GenBank 6a3aceinan ansiaran Hippophae TybICBHIHBIH XublpMa Oec yarici ITS
HYKJICOTHUATEP Ti30eri Heri3iHae TanaaHabl. ¥ 3bIHIBIFE 639 H.K. CBIPTKEI TONTApPMEH XoHE 642 H.K. CBIPTKBI TOTICHI3 OOJIFaH
ITS Tiz6erin Tannay Hotmxecinne, 31 (4,85%) momuMopdTHIK Mo3KIMs aHBIKTAIABL. [ToTUMOpPGTHI cCalTTapIbIH €H KOIl CaHbI
ITS1 (13 caiir), ogan keitin ITS2 (10 caiit) xoHe 5,8S rRNA aiimarbiaza (8 caiir) Tabsurasl. Maximum likelihood (ML) aaici
apKBUIBI KYpacThIPbUTFaH (puiioreHeTHKabIK mexipe Hippophae TybICHI ilIIHAE aHBIK aXKbIPaThUIATHIH TOPT KJIACTEP/l KOPCETTI.
KazakcraHHBIH CONTYCTIK-IUBIFBICBIHAAFEI H. rhamnoides ynrinepi GenBank-tan ansiaran H. rhamnoides ssp. mongolica
YJITiIepiMeH TONTACTHIPBUIABIL, OYJI OJIap/IbIH XKaKblH T€HETHKAIBIK OainaHbIChIH KepceTeai. IHTpoynusIanFan yurinep
OPTYPJIi KOCaJKBI KitacTepiepi Kypaasl xxaHe GenBank-ten H. rhamnoides TYpiHIH TYp aCTBIHAAFHI YIT1JI€PMiHE TONTAIJIBL.
Taburu monmyJIANUsIApAaH allbIHFAH YITUIEpIe alKbIHAIMaFraH THOPHUITI alilMaKTap HHTPOAYIUSUIAHFAH OCIMIIKTePIiH
ITS riz6erinne Gaiikanusl. by sxymeic H. rhamnoides Tabury KoHE UHTPOLYLIUSUIAHFaH MOMYJISIIMSIIAPbIHAH OCIMIIKTEepi
aHBIKTAY YIIiH, OMONOTHSIIBIK aTyaHTYPJIUTIKT] 3epTTEY JKOHE CaKTay YILIIH ©CIMAIKTEpAiH T'eHEeTHKAJIBIK 3epTTeyepinie
KCHIHEH KOJIaHbUIaThIH, ITS MapkepiH naiganany sl THIMIITITIH pacTaiIbL.

Kiar ce3nep: Kazakcran, Elacagnaceae, Hippophae, JHK Gapkoxaray, imki TpaHCKpHUIIIMSIIAHFAH cIieiicep, pUIoreHus.
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