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Genetic Diversity of Hippophae rhamnoides in Technogenic Areas
of Northern Kazakhstan

Genetic diversity is a key indicator of a species’ evolutionary development, adaptability to environmental
changes, and long-term survival. Globally, the sustainable use and conservation of genetic resources — in-
cluding in situ protection and population-level genetic studies — is a major scientific priority. Sea buckthorn
(Hippophae rhamnoides L., Elacagnaceae) has been traditionally used for centuries but has only recently
been recognized for its significant economic value. Its berries are rich in biologically active compounds, mak-
ing the species increasingly important in medicine, agriculture, food production, and cosmetics across Europe
and Asia. This study evaluates the genetic diversity of Hippophae rhamnoides in technogenic zones of North-
ern Kazakhstan using ISSR markers. Seed samples were collected from two plant populations in the
Prigorodny Forest District, Kostanay Region, for molecular analysis. ISSR analysis revealed high within-
population polymorphism (87%) and lower between-population polymorphism (13%) in Hippophae
rhamnoides. UPGMA clustering indicated genetic differentiation both between and within populations, sug-
gesting distinct genetic origins and potential cross-pollination. The observed high within-population poly-
morphism and clustering pattern highlight genetic differentiation of Hippophae rhamnoides forms according
to their origin. This study is preliminary, and further research should include populations from other
technogenically affected regions, as well as comparative analyses with populations from protected areas.
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Introduction

Genetic diversity or variability of living organisms is an important indicator of the evolutionary devel-
opment of any species, its ability to adapt to environmental conditions, and its preservation as a species by
forming a phylogenetic tree.

Monitoring this indicator is especially important for species that are rare or endangered, have small
populations, as well as for species that are domesticated or grown in special botanical gardens. Currently, in
all countries of the world, the sustainable use of natural genetic resources, including the study of the genetic
diversity of various populations in their range and the conservation of endangered species in situ, is one of
the most important issues [1].

Although people have used sea buckthorn (Hippophae L., Elaesagnaceae) for thousands of years, its sig-
nificant economic importance has only recently been appreciated. Hippophae rhamnoides (sea buckthorn) is
a member of the berry family and its fruits contain a high level of active biological compounds [2-5]. It is
currently used in many areas of medicine, food, agriculture, and cosmetology in Europe and Asia [6].

In addition, sea buckthorn is currently the subject of food security and sustainable use of genetic re-
sources programs [7-8]. Therefore, it is necessary to take measures to preserve and rationally use
agrobiologically important sea buckthorn species in their natural habitat.

Despite the widespread use of sea buckthorns in our country, research on the distribution of its species
and their genetic diversity is much less than research on the phytochemical composition of sea buckthorns. In
Kazakhstan, detailed information is available only for a single species of sea buckthorn and its subspecies
[9-10]. Therefore, investigating populations of this highly valuable and climate-resilient member of the
Elaeagnaceae family using ISSR (Inter Simple Sequence Repeat) markers will allow for the assessment of its
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genetic diversity and distribution in Kazakhstan, reconstruction of its phylogenetic relationships, and the es-
tablishment of a DNA bank.

The aim of our study is to evaluate the genetic diversity of Hippophae rhamnoides, a poorly studied sea
buckthorn species distributed across technogenic zones in Kazakhstan, using ISSR markers.

Experimental

Plant seed samples were collected during a field botanical study conducted in the spring—autumn period
of 2023-2024 in the Prigorodny Forest District, Kostanay Forestry of the Kostanay region, located in North-
ern Kazakhstan.

The research was carried out in the Laboratory of Molecular Genetics and Plant Biotechnology at the
Institute of Botany and Phytointroduction under the Committee of Forestry and Wildlife, Ministry of Ecolo-
gy and Natural Resources of the Republic of Kazakhstan.

A total of six seed and fruit samples were collected, representing two plant populations. The first popu-
lation included three forms: Hr 80, Hr 81, and Hr 82; the second population comprised three forms as well:
Hr 78, Hr 32, and Hr 34. The map shows sample collection points (Fig. 1).

KAZAKHSTAN <:

Figure 1. Area for collecting of Hippophae rhamnoides forms

Obtaining seedlings as biological material from Hippophae rhamnoides seed samples

To obtain seedlings from Hippophae rhamnoides seeds, a special coconut substrate was used. Initially,
the seed samples were rinsed with distilled water to remove various contaminants or residual substances. Af-
ter rinsing, the seeds were placed in a refrigerator at +5 °C for 30-40 minutes. While the seeds were under-
going cold stratification, 100 g of dense, solid coconut substrate was softened using tap water and left to
swell. The prepared substrate was then divided into six plastic containers. The chilled seed samples were
placed on the surface of the substrate, avoiding deep placement, as light exposure is essential for sea buck-
thorn seed germination. The containers were covered and stored in a dark place at a temperature of 20-25 °C
for one week, until germination began. Seed germination was observed after one week, with the appearance
of the first leaves. The plastic containers were placed in a special room with a lamp, without a cover. The
substrate was monitored every 4-5 days and watered with 5-10 mL of tap water as needed. Within two
weeks, the first seedlings were obtained for use as biological material.

DNA extraction from seedling samples

For DNA extraction, seedling samples were carefully removed from the coconut substrate using steri-
lized tweezers and rinsed thoroughly with distilled water. DNA was extracted using the DiamondDNA™
Plant DNA Extraction Kit (Altaibiotech, USA), specifically designed for isolating genomic DNA from plant
tissues.

To determine the exact concentration of DNA molecules extracted from the plant, a MAXLIFE
fluorimeter from Diamond DNA™ was used. DNA concentrations were measured between 0.5 and 2000
ng/ul (Tab. 1).
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Table 1

Concentration of DNA molecules extracted from Hippophae rhamnoides seeds,
measured using the MAXLIFE fluorimeter

Form Population DNA concentration
(0,5-2000 ng/pl)
Hr80 1 56.0
Hr81 1 56.0
Hr82 1 53.3
Hr78 2 20.0
Hr32 2 6.6
Hr34 2 20.0

The presence or absence of DNA fragments was verified using 1.5 % agarose gel electrophoresis in a
horizontal electrophoresis chamber at 45 V and 0.45 A for 20 minutes (Fig. 2). For visualization of DNA on
the gel, 2.5 pL of the DNA sample was mixed with 1.5 pL of a specialized 6x DNA Loading Buffer (Glycer-
ine, Xylencyanol) and 7 pL of ddH,O. As a control, Thermo Scientific 6x DNA Loading Dye was used to
ensure proper migration and comparison.

M 1 . 2 dad it
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Figure 2. Electrophoresis of DNA isolated from sea buckthorn seedlings

Polymerase Chain Reaction

PCR was performed on a VeritiPro thermocycler (Thermo Fisher Scientific, USA). For 20 ul of the
ISSR-PCR solution, a mixture was prepared containing: 1 pl of DNA, 10 ul of 2x HS Taq Red Mix, 1.3 pl of
10 pM primer, 7.7 pl of ddH20. ISSR-PCR mode: initial denaturation — 94 °C, 01:30 min., denaturation —
94 °C, 00:40 min., primer annealing — 45 °C, 00:45 min., elongation — 72 °C, 01:30 min x 36 cycles, final
elongation step — 72 °C for 6 min. The names and nucleotide sequences of the ISSR primers used in the
study, along with information on their annealing temperatures, are shown in Table 2.

Table 2
ISSR primer sequences used in the study
No Primer Name Primer Sequence (5’ — 3) Tm, °C
1 |UBC-810 5'- GAG AGA GAG AGA GAG AT -3' 45
2 |UBC-812 5'- GAG AGA GAG AGA GAG AA -3' 45
3 |ISSR-3A37 5'- CAC ACA CAC ACA CAT GA -3' 45
4 |HB-12 5-CAC CAC CAC GC -3' 45
5 |17899B 5'-CAC ACA CAC ACA GG-3' 45
6 |X10 5'-AGC ACG ACG ACG ACGACG C-3' 45
7 |814 5-CTC TCT CTC TCT CTC TTG-3' 45
8 |MAO 5-TCA GAC GAT GCG TCA TCT CCT CCT CCT CRC -3' 45
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Horizontal agarose gel electrophoresis

To confirm the successful synthesis of specific marker loci in the PCR products, electrophoretic analy-
sis was performed. A 1.5 % agarose gel was prepared using 3 g of agarose, 200 mL of 0.5x TBE buffer, and
35 uL of ethidium bromide solution. The PCR products (10 uL) were loaded onto the gel, and electrophore-
sis was carried out in 0.5x TBE buffer for 2 hours and 15 minutes. The resulting gel was visualized using a
UV transilluminator to detect DNA bands.

Results and Discussion

Analysis of genetic diversity of Hippophae rhamnoides using ISSR markers

To select the most polymorphic ISSR-PCR primers, a preliminary screening of eight ISSR primers, se-
lected according to previously published studies [11-12], was performed on six samples of Hippophae
rhamnoides. The selected primers proved to be effective in our research [13]. One of the advantages
of ISSR markers is that their application does not require prior knowledge of the genome’s nucleotide
sequence [14-15].

Among the tested markers, four primers—ISSR-3A37 (Fig. 3), HB-12, UBC-810, and UBC-812 were
identified as the most informative and were selected for further analysis. A total of 197 ISSR DNA frag-
ments were identified from the DNA fragments studied, of which 39 fragments were polymorphic for the
ISSR-3A37 marker, 38 fragments were polymorphic for the HB-12 marker, 44 fragments were polymorphic
for the UBC-810 marker, and 76 fragments were polymorphic for the UBC-812 marker. The most
polymorphic marker was the UBC-812 marker.
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Figure 3. Electrophoregram of the ISSR-PCR product for the ISSR-3A37 marker

Based on the frequencies of DNA fragments, key indicators of genetic diversity for two Hippophae
rhamnoides populations collected from compartments 62 and 66 of the Prigorodny Forest District (Kostanay
Region) were calculated using GenAlEx 6.5 software.

For ISSR markers, the mean number of alleles (Na) typically varies between 0 and 1, though in some
cases it may exceed 1. In this study, the Na value for the first population was 0.957 &+ 0.08, while for the se-
cond population, it was 1.304 £ 0.06. The overall mean Na across both populations was 1.130 £+ 0.058.

The effective number of alleles (Ne) reflects not only the number of alleles per locus but also their
evenness in distribution. According to the results, Ne was 1.122 + 0.04 in the first population and 1.243 +
0.05 in the second population, demonstrating consistency between the effective and average allele numbers.

Shannon information index (1) [16] is one of the indices that assess the diversity of species in an ecosys-
tem. It calculates whether the research population is always full and whether there are many or few species.
The Shannon information index (1) for the first population is 0.097 + 0.034. The Shannon information index
(1) for the second population is 0.194 + 0.044. The Shannon information index (1) for the two populations in
total was 0.145 + 0.028.
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In addition, the unbiased diversity (uh) index based on alleles was considered. This index allows us to
assess genetic diversity based on allele frequencies and the size of the analyzed samples. The values of this
index range from 0 to 1, where 0 indicates low diversity and suggests that all analyzed samples belong to the
same species. A value of 1 indicates the presence of multiple species. For the first population, the unbiased
diversity index (uh) was 0.101 £ 0.036. For the second population, the unbiased diversity index (uh) was
0.203 + 0.046. The overall unbiased diversity index (uh) across the two populations of sea buckthorn was
0.152 + 0.029. These results suggest that the plant samples from both populations are likely to belong to the
same species, Hippophae rhamnoides. If the uh index is close to 1, it can be assumed that there are subspe-
cies of the species Hippophae rhamnoides.

The Shannon diversity index and the unbiased diversity index (uh) are similar to each other. This is be-
cause both consider the diversity of species in the study area. The main difference between these indices is
that the unbiased diversity (uh) based on alleles is used to analyze genetic diversity, while the Shannon in-
formation index is used to assess species diversity in an ecosystem.

The sea buckthorn plant samples exhibited 87 % within-population variation, while the between-
population variation accounted for 13 % (Fig. 4).

Percentages of Molecular Variance

Among Pops
13%

Within Pops —~
87%

Figure 4. Within-population and between-population variation in Hippophae rhamnoides

As a result of the UPGMA cluster analysis, the studied forms of the sea buckthorn plant were divided
into two separate groups: the first population and the second population.

The forms in the first group were further divided into three clusters. The first cluster included the Hr81
and Hr82 forms. These forms belong to the same population, which suggests a close genetic origin. The se-
cond cluster consisted solely of the Hr32 form. Although Hr32 belongs to the second population, its cluster-
ing with the first group may be explained by cross-pollination. The third cluster contained only the Hr80
form, which was genetically distinct from Hr81 and Hr82, likely due to differences in origin. The second
group comprised the Hr78 and Hr34 forms, both belonging to the second population. This group was divided
into two separate clusters, indicating that despite originating from the same population, these forms exhibit
signs of genetic differentiation (Fig. 5).
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Figure 5. UPGMA dendrogram of the plant forms of the sea buckthorn using the program MEGA 7

Conclusion

Based on the obtained ISSR DNA fragments, the level of within-population polymorphism was 87 %,
while the between-population polymorphism was 13 %.

The UPGMA cluster analysis revealed that the studied forms of Hippophae rhamnoides were divided
into two separate groups corresponding to the first and second populations. The forms in the first group were
further separated into three clusters. The first cluster included the Hr81 and Hr82 forms. The second cluster
consisted solely of the Hr32 form, which belongs to the second population. Its placement in the first group is
explained by the possibility of cross-pollination. The third cluster included only the Hr80 form.

The second cluster group consisted of the Hr78 and Hr34 forms of the second population, which formed
separate individual clusters.

The high level of within-population polymorphism (87 %) and the clustering pattern indicate that the
Hippophae rhamnoides forms exhibit genetic differentiation associated with their origin. However, this study
represents only a preliminary stage in the genetic assessment of sea buckthorn populations. To obtain a more
comprehensive understanding of the species’ genetic diversity and adaptive potential, it is necessary to ex-
pand the analysis to include populations from other technogenically-transformed regions, as well as to com-
pare them with populations growing in protected areas.
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Coarycrik KazakcTaHHBIH TeXHOTeHIIK IKO0KyHesepinaeri
Hippophae rhamnoides nonyisinusiapbIHbIH TeHeTHKAJIBIK dPTYPJILTri

[eHeTHKANBIK SPTYPIIUTIK TYPAiH 3BOJIOLUMSIBIK JaMYBIHBIH, KOPIIaFaH opTa e3repicTepine OelimuenyiHiH
KOHE Y3aK Mep3iMIi CaKTalybIHBIH HETi3Ti KepceTKilm. OJeMIIK AeHrelie TeHEeTHKAJIBIK PecypcTapbl
OPHBIKTBI TafialaHy MEH CaKTay, COHBIH immHzae in Situ Kopray »OHE MOMYJISIHUSIIBIK-TCHETHKAIBIK
3eprreyiaep 0acThl FHUIBIMH OacBIMIBIKTApIAbIH Oipi canamansl. Wrtmomeipt wmsipranak (Hippophae
rhamnoides L., Elacagnaceae) racbipiap O0¥bl 1ocTypiti Typ/ie KOJIQHBUIBII KEJITeH, anaiaa OHbIH JKOFaphl
HKOHOMMKAJIBIK KYHJIBUIBIFBI TEK COHFBI yaKbITTa MOWbIHAANABL. OHBIH jKeMicTepi OGHOJOTHSIIBIK OenceHi
KOCBUIBICTapFa 0aif, coHnbIkTaH Oy Typ Eypona MeH A3usiia MeAnIMHA/A, aybUl MIApyallbUIBIFbIHAA, TAMAK
OHEpKACciOiHze KoHe KocMeTojorusna OapraH caiiblH MaHbi3ra ue Oonyna. Ocbl 3eprreyne Conrycrik
KasakcraHHbBIH TEXHOTCHIIK aliMaKTapblHAa ©CeTiH WTIIOMBIPT wibipraHakTeiH (Hippophae rhamnoides)
reHeTHKaJbIK opTypuiniri ISSR-mapkepnepai Konpany apkpuibl Oaranmanabl. MoOJeKynalblK Taljay yIIiH
Kocranaii 06sbicbiHAarb! [IpUropoHbIi OpMaHIIBUIBIFBIHAH €Ki MOMYJIAUUSJaH TYKbIM YJITiIepi s>KMHAJIIBL.
ISSR-tannay Hippophae rhamnoides yiuin sxorapsl qeHreieri imkinonysuusubk, monumopdusmai (87 %)
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JKOHE TOMEH JIeHreHzeri apaiblk nomynsuusiblk noaumopdusmai (13 %) kepcerti. UPGMA kiacrepineyi
MOMYJIIIMSIIAP apachIH/IA KOHE OJIap/IbIH IMIiHAE TeHeTHKANBIK AU hepeHIMalNsIHbl aHBIKTaIbl, Oy OpTY I
TCHETHKAJBIK IIBIFy TEri MEH BIKTMMAJl aiiKac To3aHOaHyAbl kepceremi. JKorapbl IIIKIMOMYJISIHSIIBIK
nonuMophu3M xoHe Kiactepiey cunarsl Hippophae rhamnoides hopMmanapbiHbIH MIBIFY TEriHe OaiIaHBICTBI
TeHeTUKANBIK AU QepeHINanusICEH aiKpIHIaHAsl. By 3epTrey ammplH ama cumaTka He, opi Kapairbl
JKYMBICTap 0acka TEXHOTCHAIK aiMaKTaparbl ITONMyJIIISUIapIbl JKOHE KOpPFAIAaThIH aliMakTapia eceTiH
HOIMYJIALMSIIAPMEH CalbICTHIPMAIBI TANAAYAbl KAMTYBI THIC.

Kinm ce30ep: ISSR-mapkepiiep, MOJIEKYNAIBIK Talaay, nonruMopusm, nomysiuust, Hippophae rhamnoides

JL.II. angmanoBa, T.C. Kyns6onaun, A.W. Token, K.b. Kananus,
K.K. Axaros, I'.C. MykaHn, A.C. EcxxanoBa, M.P. Paxxanos

I'eneTnueckoe pazHoodpasue monyJasiuuii Hippophae rhamnoides
B TEXHOreHHbIX 3KocucTemMax CesepHoro Kazaxcrana

T'eHeTHUECKOE pa3HOOOpA3UE SBISAETCS KIIOUEBBIM MOKA3aTeNIeM 3BOJIIOLMOHHOTO PAa3BUTHS BHJA, €rO ajall-
THBHOCTH K M3MCHCHHUSIM OKDY)KAIOLICH Cpelbl U JO0JIrOCPOYHOrO BBDKHBaHMSA. Bo BceM Mupe ycToiumBoe
HCIIONB30BaHNE M COXPAHEHHE T€HETHYECKHMX DPECcypCoB, BKIIOYas iN SitU OXpaHy H IOMYISILIMOHHO-
TEHETHYCCKUE MCCIICIOBAHMs, SBIIIETCS BOKHEHIIMM Hay4dHBIM mpuopureroM. OOnenuxa KpyIIMHOBHAHAS
(Hippophae rhamnoides L., Elacagnaceae) TpaaninoHHO HCIOIB3YETCs HA MPOTSXKEHUH BEKOB, HO JIMIIb He-
JaBHO ObLITA NMpU3HAHA BUJIOM C BBICOKMM SKOHOMHYECKHM MOTeHIManoM. Ee sronsl GoraTbl GHOIOrHYecKd
AKTHBHBIMU COCIMHEHUSIMH, YTO JIeJaeT BUA Bce Ooilee BOCTPEOOBaHHBIM B MEAUIIMHE, CEITbCKOM XO3SIHCTBE,
MHIIEBOH IPOMBIIUICHHOCTH B KocMeTosioruu B EBponie n A3uu. B naHHOM Hccen0BaHNM OLICHEHO TeHETH-
yeckoe pasHooOpasue obnenuxu (Hippophae rhamnoides), npouspacrarorueii B TexHOreHHbIX 30Hax CeBep-
Horo Kasaxcrana, ¢ ucnonb3oBanneM |SSR-mapkepos. [l MOJIEKYISIDHOTO aHann3a ObLTH COOpaHbI ceMeHa
U3 IBYX OPUPOAHBIX momyisiuuit [IpuropoaHoro jiecundectBa Kocranaiickoit obmactu. ISSR-ananu3 moka-
3aJ] BBICOKUH ypOBEHb BHYTPHUIOMYISILIMOHHOTO moimMmop¢usMa (87 %) ¥ HU3KHI ypOBEHb MEXKIOIYIAIH-
onnoro nonmumopdusma (13 %) y Hippophae rhamnoides. Knacrepuszauus meronom UPGMA BbIsiBiIa reHe-
THYECKYI0 AU(depeHInanio MexX 1y ¥ BHYTPH HOMYJSIIUI, Y4TO yKa3blBaeT Ha Pa3IM4YHOE TEHETHYECKOe
MPOUCXOXKICHHE U BO3MOXKHOE TEPEKPECTHOE ONbUICHHE. BHICOKHI ypOBEHb BHYTPUIIONYJISIIHOHHOTO TOJTH-
MopdH3Ma U XapakTep KIaCTepH3alliy yKa3bIBalOT Ha TeHeTHuyeckyro aubdepenimanuo dpopm Hippophae
rhamnoides B 3aBucuMocTH OT MX MPOUCXOXKICHHUS. JlaHHOE HCCIIEIOBAHHE HOCHUT TIPEABAPHTEILHbIN Xapak-
TEep W SBJISETCS JIMIIb MEPBBIM IIaroM B TEHETHYECKOW OIlICHKE MOMyJsiiuii obnenuxu. s Gonee mojaHOro
MOHUMaHHUs T€HETUYECKOTro pa3HooOpas3us U afanTHBHOIO MOTEHIHANa BUIA HEOOXOAUMO PACIIUPHUTh aHa-
JIM3, BKJIIOYHMB B HETO TOMYISIUK U3 JPYTHX TEXHOICHHO TPaHCHOPMUPOBAHHBIX PETHOHOB, a TAKXKe MpoBec-
TH CPaBHEHHUE C MOMYJIALMIMH, TIPOU3PACTAIOIIMMH B OXPAaHAEMBIX 30HaX.

Knouesvie cnosa: |SSR-mapkepsl, MOJEKYJSpHBIA aHanu3, noauMopdusm, nomyiasuus, Hippophae
rhamnoides
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