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Study of the genus Rosehip (Rosa) using molecular biological methods

This study presents a molecular genetic analysis of a rosehip sample using DNA barcoding and phylogenetic
approaches. The aim of the study was to identify the species based on a comparative analysis of nucleotide
sequences of nuclear and chloroplast marker genes, including ITS, matK, rbcL, and trn. Genomic DNA was
extracted from rosehip leaves using a modified CTAB method optimized for plant material rich in
polyphenolic compounds. Target DNA fragments were amplified by polymerase chain reaction (PCR) using
specific primer pairs. PCR products were visualized by agarose gel electrophoresis, purified, and sequenced
using the Sanger method on an automated genetic analyzer. The resulting nucleotide sequences were edited,
assembled into consensus sequences, and analyzed using SeqScape and MEGA software. Species identifica-
tion was performed by comparing the sequences with those available in the GenBank database using the
BLAST algorithm and by constructing phylogenetic trees. The results demonstrated 100% sequence identity
for all studied genetic markers with reference sequences of Rosa majalis. Phylogenetic analysis confirmed
that the investigated sample clustered with other representatives of this species within the genus Rosa. These
findings indicate the high diagnostic value of the selected DNA markers for reliable molecular identification
of the studied rosehip species. The integrated approach combining PCR amplification, sequencing, and phy-
logenetic analysis proved effective for taxonomic verification. The results may be applied in plant systemat-
ics, pharmacognosy, biodiversity studies, and quality control of medicinal plant raw materials.
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Introduction

The genus Rosa L. (family Rosaceae) includes more than 100 species widely distributed across the
temperate regions of the Northern Hemisphere. Representatives of this genus, particularly rosehips, are of
significant economic and pharmacological importance due to their high content of biologically active com-
pounds, including ascorbic acid, flavonoids, and organic acids. In this regard, accurate species identification
of rosehips is of great importance for botany, pharmacognosy, and quality control of medicinal plant raw
materials [1-5].

Traditional morphological methods for species identification within the genus Rosa are often compli-
cated by high phenotypic variability, hybridization, and polyploidy. In recent decades, molecular genetic
methods—particularly DNA barcoding—have become reliable tools for taxonomic identification of plants.
The use of standard marker genes such as ITS, matK, rbcL, and trn enables accurate comparison of studied
samples with reference sequences available in international databases.

The aim of this study was to perform molecular genetic identification of a rosehip sample using PCR
amplification, sequencing, and phylogenetic analysis of nucleotide sequences of key marker genes. The ob-
tained results make it possible to refine the systematic position of the studied sample, confirm its affiliation
with the species Rosa majalis, and demonstrate the effectiveness of an integrated molecular approach in
plant systematics.

Experimental

DNA Extraction from Plant Material

At the beginning of the experiment, clean rosehip leaves were dried on kraft paper at 50 °C for
60 minutes. DNA extraction was performed using a sorbitol washing buffer with 1 % DTT containing
100 mM Tris-HCI (pH 8), 0.35 M sorbitol, 5 mM EDTA (pH 8), and 1 % PVP-40. A total volume of 150 mL
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of the buffer was prepared from 15 mL of 100 mM Tris-HCI, 3 mL of 5 mM EDTA, 3 g of PVP-40, 19 g of
sorbitol, and 5 mL of DTT.

For cell lysis, a CTAB buffer (100 mM Tris-HCI, 3 M NaCl, 3% CTAB, 20 mM EDTA, 1 % PVP-40,
1 % B-mercaptoethanol), preheated to 65 °C, was used [6, 7].

The extraction protocol included the following steps: grinding of rosehip leaves; washing with a
DTT-containing buffer; centrifugation and removal of the supernatant; repeated washing with a buffer con-
taining B-mercaptoethanol; addition of CTAB buffer; incubation at 65 °C; extraction with a chloroform—
isoamyl alcohol mixture; DNA precipitation with isopropanol and sodium acetate; washing of the DNA pel-
let with ethanol; and dissolution of the DNA in TE buffer.

The obtained extracts were used for subsequent purification procedures and PCR analyses. DNA con-
centration was assessed by a fluorometric method and ranged from 50 to 100 ng/uL. Primers used for PCR
amplification are presented in Table 1.

Table 1
Primer pairs used
: : Size Primer
GEN Primer_name Primer_seq (bp) annealing
temperature
MatK MatK_390-F CGATCTATTCATTCAATATTTC 801 53°C
MatK_1326-R TCTAGCACACGAAAGTCGAAGT
TRN trnHF_05-F CGCGCATGGTGGATTCACAATCC 290 58°C
psbA3f-R GTTATGCATGAACGTAATGCTC
ITS ITS-Bel3-F GACGCTTCTCCAGACTACAAT 757 60°C
ITS-p5-R CCTTATCACTTAGAGGAAGGAG
Rbcl. rbcLa-F ATGTCACCACAAACAGAGACTAAAGC 551 62°C
rbcL.r590 AGTCCACCGCGTAGACATTCAT

The PCR reaction mixture consisted of the following components: forward primer — 1 uL, reverse
primer — 1 uL(20 pmol/uL), 2x BioMaster UDG HS-qPCR reaction mix — 12.5 uL, nuclease-free water —
7.5 uL, and DNA template — 3 pL(250-500 ng). The obtained DNA samples were stored in a freezer at
—20°C [8, 9].

The PCR program was as follows: initial denaturation at 95 °C for 2 min; 30 cycles of denaturation at
95 °C for 30 s, primer annealing at 53 °C for 40 s, extension at 72 °C for 40 s; and a final extension at 72 °C
for 5 min [10].

Electrophoresis of Amplification Products

Analysis of the amplified DNA fragments was performed by horizontal electrophoresis in a 1.5 %
agarose gel containing an intercalating agent, ethidium bromide, used for DNA visualization. Electrophoresis
was carried out in a horizontal PowerPac chamber using a Bio-Rad Electrophoretic Bath power supply.
A 1x TAE buffer was used as the running (electrode) buffer [11].

PCR Product Purification and Nucleotide Sequencing

Prior to sequencing, PCR products were purified from residual primers and deoxynucleotide triphos-
phates using magnetic bead-based purification with silica-coated paramagnetic particles [12]. To prepare the
binding buffer, 2.00 g of PEG and 1.46 g of NaCl were dissolved in 7 mL of deionized water, mixed thor-
oughly, and the volume was adjusted to 10 mL. The solution was stored at room temperature.

As the elution solution, 1x TE buffer (10 mM Tris-HCI, pH 8) or deionized water was used. For purifi-
cation, 15 pL of PCR product (1 ng/uL) was mixed with 15 uL of a 0.1 % suspension of magnetic particles
(1-3 um) in the binding buffer (20 % PEG, 2.5 M NaCl). The particles were pre-washed with 3 % HCI. The
mixture was incubated for 10 minutes at room temperature with shaking (1800 rpm, 2 min).

Next, the supernatant was removed on a magnetic stand, the particles were washed twice with 70 %
ethanol (100 pL each), and DNA was eluted with the selected buffer at 60 °C for 10 minutes. After removing
the particles, the purified PCR product was collected for further analysis [13].

Sequencing Reaction

The sequencing reaction was performed using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) according to the manufacturer’s instructions. Fragment separation was carried out on
an automated genetic analyzer (3730xI DNA Analyzer (Applied Biosystems)) [12]. The read length was
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900-1000 bp. Leaf samples were collected from a single plant (one bush), and no analysis of variability be-
tween different individuals or populations was performed.

Detection of PCR Products and Nucleotide Sequence Analysis

Separation of the sequenced fragments was performed on an automated genetic analyzer, 3730xI DNA
Analyzer (Applied Biosystems). The obtained nucleotide sequences, amplified using forward and reverse
primers, were analyzed using SeqScape 2.6.0 (Applied Biosystems) and MEGA 11 software [14-16].

Results and Discussion

Molecular Genetic Analysis of Rosehip

The analysis of amplified target DNA fragments was performed by separating the DNA fragments in a
1.5 % agarose gel in the presence of the intercalating agent ethidium bromide, which was used for subse-
quent DNA visualization (Fig. 1, 2).

Figure 1. DNA Gel Electrophoresis
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,

Figure 2. Gel Electrophoresis of PCR-Amplified Gene Fragments:
M — molecular weight marker (Fermentas, 100-1000 bp, 100 bp increments);
1 — negative control; 2 — rbcL (551 bp); 3 — matK (801 bp); 4 — ITS (757 bp)

The electrophoresis results confirmed that a specific fragment was amplified in all samples. No PCR
products were observed in the negative control sample, indicating the absence of contamination in the reac-
tion. Figure 2 shows the electrophoresis of the rosehip PCR products.

Figure 2 shows the amplification results, confirming the successful generation of specific fragments for
the three target genes, corresponding to the expected molecular sizes.

The obtained nucleotide sequences were analyzed and assembled into a single consensus sequence using
SegMan software (DNASTAR). During processing, terminal regions—including primer sequences and low-
guality fragments—were removed. ldentification of the obtained sequences was carried out using the
BLAST algorithm on the GenBank platform (https://blast.ncbi.nlm.nih.gov/Blast).
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1) Nucleotide sequence of the ITS gene:

5 TGCGGAGGATCATTGTCGAAACCTGCCTAGCAGAACGACCCGAG

AACATGTTTCAACGCTTGGGGGCGGAGGGTCTTGCGGCTCTGCGCCCCCTTATCCTAGGAG
GCAAGTGTCTTGCGCGTTGCATTTCGGTGCTTGCGCTTGACCGACCCTCCCGGGCGTACTGAAC
ACCGGCGTGAATTGCGCCAAGGAACTTGAATGAAAGAGCGTTTCCCCCGCCGTCCCGGAGACG
GTGCTCGTGCGGGTGGTTTCGTCGTCTTCAATATGTCTAAACGACTCTCGGCAACGGATATCTC
GGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGT
GAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCCT
GGGCGTCACACGTCGTTGCCCCCCCCAACCCCCTCGGGAGTTGGATGGGACGGATGATGGCCTC
CCGTGTGCTCAGTCACGCGGTTGGCATAAATACCAAGTCCTCGGCGACCAACGCCACGACAATC
GGTGGTTGTCAAACCTCGGTTTCCTGTCGTGCGCGCGTGTTGATCGAGTGCTTTCTTAAACAATG
CGTGTCGATCCGTCGATGCTTTCAACGCGACCCCAGGTCAGGCGGGGTTACCCGCTGAATTTAA
GCATATCAATAAGCGGAGGAAAAGAAACTTACAAGGATTCCCTTAGTAACGGCGAGCGAACCG
GGAATAGCCCAGCTG — 3.

2) Nucleotide sequence of the matK gene:

5> AATTATGCATCAGATTGTACTAATTACCCTACCCCATTCATCTGG

AAATCTTGTGTTCAAACCCTTCGCTACTGCGTGAAAGATCCCTCTTCTTTGCATTTATTACG
GCTCTTTCTTCACGAGTATTATAATTGGAATACTCTTATTACTCCAAAAAAATCCATTTTTGCAA
AAAGTAATCAAAGATTATTCTTGCTCCTATATAATTCTTATGTATGTGAATACGAATCCATTTTA
CTTTTTCTCCGTAACCAATCTAATCATTTACGATTAACCTCTTCTGGGATTCTTTTTGAGCGAAT
ACGTTTTTATGAAAAAATAAAATATCCTGTTGAAGAAGTCTTTGCTAACGATTTTCCGGCCACC
TTATGGTTCTTCAAGGATCCTTTTATACAGTATGTTAGATATCAAGGAAAATCGATTCTGGCATC
AAAAGATACTCCTCTTCTGATGAATAAAGTGGAAATATTATCTTGTCCATTTTTGGCAATGTCAT
TTTTATGTATGGTCTCAACCAGGAAGATCCATATAACCAATTATCCAAGCATTCCTTGATTTTTG
GGTTATCTTTCAAGCATCGACCGAATATTTCAGTGGTCGGATCAATTGCTAGAAAATTCGTTTTT
ATGGATAATGCTAGAAGAAGCTTGAACATTATTTCCAATTATTCCAATGATAGGATCGTTGGCT
AAAGTGAAATTTTGTAACACATCAGGGCATCCTATTAGTAAGTCCAGCTGGGCGGATTTGTCGG
ATTCTGAAATTATCGACCGAAATTGTGGCGTTATAAGGGCCGAGGGA — 3°.

3) Nucleotide sequence of the rbcL gene:

5> — GCTGGTGTTAAAGATTATAAATTGACTTATTATACTCCGGATTA

TGAAACCAAAGATACTAGATATCTTGGCAGCATTTCGAGTAACTCCTCAACCTGGAGTTCCG
CCTGAGGAAGCAGGGGCAGCGGTAGCTGCGGAATCTTCTACTGGTACATGGACAACTGTATGGA
CTGATGGGCTTACCAGTCTTGATCGTTACAAAGGGCGATGCTACCACATTGAACCTGTTGCTGGA
GAAGAAAGTCAATTTATTGCTTATGTAGCTTACCCTTTAGACCTTTTTGAAGAGGGTTCGGTTACT
AACATGTTTACTTCCATTGTAGGTAATGTGTTTGGGTTCAAGGCCTTGCGCGCTCTACGTCTGGAG
GATTTACGAATCCCTACTGCTTATGTTAAAACTTTCCAAGGCCCGCCTCACGGGATCCAAGTTGA
AAGAGATAAATTGAACAAGTATGGCCGCCCCCTATTGGGATGTACTATTAAACCTAAATTGGGG
TTATCCGCTAAGAATTACGGTAGAGCAGTTTATGAATGTCTACGCGGTGGACTAA — 3.

4) Nucleotide sequence of the trn gene:

5’ TCCGCCCTTGTACTATTTAAATAAAAATTTAAATAAAAATAGAA

ATTACAAATATTTCCACCATTTATCATTACTTGTAAAAGAGAATACAACATAAATGGAAAC
CCTTTTATTTTAATCTTTTAGTAAAAAAAAAGAGTACTAAAATACTAATTTAATTGAAAATACT
AATTTAATTATAGCACTAATTTTAATTAATAATTATAGTAATTAAATTTAA — 3.

Phylogenetic trees constructed based on the analyzed nucleotide sequences are shown in Figure 3.
Figures 4-6 present a comparative analysis of the obtained sequences with nucleotide data available in
GenBank for representatives of the species Rosa majalis.
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DQ778766.1:122-337 Rosa corymbulosa

KJ575470.1:122-334 Rosa majalis

HM490019 1:750-1541 Rosa sikangensis MT931955.1:1-566 Rosa albertii
DQ778810.1:122-337 R bbi
058 weblana FJATI518 1-885-1476 Rosa omeiensis MH713953 1:1-566 Rosa fedtschenkoana
OR972709.1:42-262 Rosa pisiformis
FJ472511.1:685-1476 Rosa zhongdianensis MT931956.1:1-566 Rosa albertii
PQ178904.1:27-247 Rosa laxa
FJ472522 1:685-1476 Rosa mairei MT931957.1:1-566 Rosa laxa
DQ778793.1:122-327 Rosa acicularis
HM490009.1:633-1424 Rosa persetosa GQ436585.1:1-570 Rosa bella
KJ575426.1:122-334 Rosa bella
) FJ472510.1.686-1477 Rosa praelucens MHG58469.1:1-564 Rosa giraldii
MKB62318.1:182-402 Rosa amblyotis
JNSE6116.1:427-1206 Rosa rugosa x Rosa sertata KX678870.1:1-551 Rosa gymnocarpa
MT884005.1:167-372 Rosa rugosa
GU363762.1:5-796 Rosa laevigata -
DQ778755.1:122-337 Rosa bridgesii v MG247510.1:1-551 Rosa pisocarpe
N 1 A K R majal _ 11 i
KJ575493.1:122-327 Rosa rugosa IC 061265.1:52639-04350 Rosa majakts OR738078.1:1-542 Rosa majalis
4
MKB62320 1:182-387 Rosa marretii !
DQ778775.1:122-337 Rosa granulata

0,0020

Figure 3. Phylogenetic trees constructed based on the nucleotide sequences of the genes (from left to right):
trn, matK, rbcL

Analysis of the phylogenetic trees showed that the studied rosehip species clusters together with other
species of the genus Rosa. The closest genetic relative, as demonstrated in Figure 3, is Rosa majalis, based
on the analysis of all three investigated nucleotide gene sequences.
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Figure 4. Comparative analysis of the nucleotide sequence of the ITS
(internal transcribed spacer) gene region (434-504 bp)
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As a result of the comparative analysis of the ITS gene nucleotide sequence of the studied rosehip sam-
ple, 100 % identity was found with the ITS gene sequences of previously identified Rosa majalis samples
registered in the GenBank database under accession numbers MZ230091.1 and MZ230112.1.
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Figure 5. Comparative analysis of the nucleotide sequence of the matK (maturase K) gene region (282-351 bp)

The comparative analysis of the matK gene nucleotide sequence of the studied rosehip sample revealed
100 % identity with the matK gene sequences of previously identified Rosa majalis samples registered in the
GenBank database under accession humbers PQ421683.1 and NC_061265.1.
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Figure 6. Comparative analysis of the nucleotide sequence of the rbcL
(ribulose-1,5-bisphosphate carboxylase large) gene region (30-82 bp)

The comparative analysis of the rbcL gene nucleotide sequence of the studied rosehip sample revealed
100 % identity with the rbcL gene sequence of a previously identified Rosa majalis sample registered in the
GenBank database under accession number OR738078.1.

Similar results were obtained in the comparative phylogenetic analysis of the other investigated genes,
which also showed complete (100 %) identity with representatives of Rosa majalis.

Conclusion

Thus, based on molecular genetic data (analysis of nucleotide sequences of protein-coding genes) as
well as phenotypic analysis, the studied sample was assigned to the order Rosales, family Rosaceae, genus
Rosa, and species Rosa majalis. The results obtained in this study may be applied to the conservation of nat-
ural heritage sites, as well as to the monitoring and preservation of biodiversity.
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MoJiekyJ1aJabIK-0MO0J0TMSJIBIK dAICTEPAl KOJIAAHY AaPKbLIbI
Rosa (MTMYpBbIH) TYBICHIHBIH TYPiH 3epTTEy

3epTTey JKYMBICBIHAAa HTMYPBIH OCIMIITIHIH YITICIHE MOJEKYNaIBIK-TeHeTHKANBIK Tanaay xyprisinin, JHK-
OapkoaTay oHe (HUIOTCHETHKAIIBIK dIiCTep KOMMaHbUIIBL. 3epTreynin Makcatbl — ITS, matK, rbcL sxone
trn SAPOJIBIK JKOHE XJIOPOILIACTHIK MapKepIliK MeHAEPiHIH HyKICOTUATIK Ti30SKTepiH CajbICTRIPMAIbl Talaay
apKBUTBl  OCIMIIKTIH TYpJIIK COHKecTiriH aHbplkray. ['eHomaplk JHK WTMYphIH sKamblpakTapblHAH
nonudeHonmapra 6ait eciMIik MarepuangapbiHa oerimaenren moaudukanusanrad LITAB-oniciMen GemiHin
anmerHABL. Makcartel JJHK dparmenTTepi mommumepasnsl Ti30SKTiI peakius dJiciMeH apHaWbl mpaiMepiepi
KOJIIaHa OTBIpbIN amIutidukanusuianasl. IITP eHiMaepi arapo3asl reib 31eKTpodopesi apKbUIbl TaJIAHBII,
KeWiH Ta3apThUIBIN, ABTOMATTAHIBIPHUIFAH TEHETHKAIBIK aHaNIW3aTopfa Sanger CEKBEHHpICY oiciMeH
CEKBEHMPJCHI. AJBIHFAH HYKJICOTHATIK Ti30EKTep OHMENiN, KOHCEHCYyc-Ti30ekTepre OipikTipinmi jxoHe
SeqScape men MEGA O6armapiamanapbl apKbUIbl Tanpanasl. Typiik uaeHtudukanus GenBank mepextep
6azaceiver BLAST anropuTMi KeMeriMeH CalbICTHIPY JoHe (HIOreHETHKANBIK aFamrap Kypy apKbUIbl
JKy3ere achIpbUIABL 3epTTey HOTHKeJepi OapiblK 3epTTeNreH TI'eHEeTHKaJblK Mapkepiepaiy Rosa majalis
TypiHiH Ti30ekTepiMer 100 % colikecTirin kepcerTi. PHUIOTeHETHKANBIK Talgay 3epTTeNreH YiTiHiH Rosa
TybIChIHA kaTaThlH R0Osa majalis Typimen Oip kimactepie TONMTACATHIHBIH pacTajbl. AJIBIHFAH HOTHXKeEJIep
UTMYPBIH TYpPJIEPIH MOJIEKYIAIbIK JACHreiile o7 aHbIKTayla KOJIAaHBUIFAH MapKepiepAiH JKOFapbl
THIMIUTITH KOPCEeTei.

Kinm ce30ep: ntmypsis, Rosa majalis, IHK-6apkoaray, [ITP, cekBeHupIiey, GUIOreHETHKATBIK TAAY.
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Study of the genus Rosehip (Rosa)...

E.E. Aunponos, T.E. [lap6aeBa, C.C. bakues, M.I'. Kakumes, T.C. Epmekkanuen

HccaenoBanue Buaa poaa Rosa (IIMNMOBHUK) ¢ MPUMEHEHHUEM
MOJIEKYJISIPHO-0M0JIOTHYEeCKUX METO10B

B pabore npencrasineH MoJeKyIIpHO-TeHETHUECKUH aHAIN3 00paslia NIMIOBHHKA C UCIIOIb30BAHHEM METO-
noB JTHK-6apxoansra u (uiaoreHeTHYecKoro aHainu3a. Llenbro nccnenoBanus ABIsIach BUAOBAs HACHTH(H-
KaIlMsl paCTeHHUs Ha OCHOBE CPABHUTEIBHOTO aHAM3a HYKJICOTHIHBIX MOCIE0BATEIFHOCTEN SAEPHBIX U XJIO-
poITacTHBIX MapkepHbiX reroB I TS, matK, rbcl u trn. Tenomuyro JTHK BbIAesIN U3 JTHCTHEB IIMIIOBHHUKA C
npuMeHeHneM MoauduuuposanHoro L{TAB-meTona, onTUMU3NPOBAHHOTO JUI PACTEHHH C BBICOKUM COJEp-
JKaHUEM MOoNMN(eHO0T0B. AMIUTH(UKAIUS [eNeBEIX (ParMEeHTOB IPOBOAMIACE METOJIOM MOJIMMEpa3HOH Iel-
HOH peakIMy ¢ MCHOJIb30BaHNeM crienumdeckux npaiimepos. [lomydennsre [ILP-npoxyKTsl aHaM3npoBantu
C MOMOIIBIO arapo3HOTo Tenb-3JIeKTpodopesa, NOCIe Yero OUMINAIN U ITOIBEPTalll CEKBEHHPOBAaHUIO METO-
oM Sanger Ha aBTOMaTHYECKOM TeHEeTHYeCKOM aHanm3arope. HykieoTHIHbBIE MOCiIenoBaTeIbHOCTH OBUIH
OTpEeNaKTHPOBAHBI, COOpaHbI B KOHCEHCYC-IIOCIIEIOBAaTEIFHOCTH M NTPOAHATIM3UPOBAHEI C IPUMEHEHHEM TIPO-
rpaMMHbIX naketoB SeqScape 1 MEGA. BuIOBYIO NpHHA/UISKHOCTh YCTAHABIMBAIM Ha OCHOBE CPAaBHU-
TEJBHOTO aHamM3a ¢ 6a3oil manHbIXx GenBank ¢ ucnons3oBanuem anroputma BLAST, a Takxke mocpeicTBOM
MOCTpOCHUsI (puoreHeTHUecKux aepeBbeB. Pesympratel mokazamu 100 % MIEHTHYHOCTH BCEX HMCCIEIOBaH-
HBIX TEHETHYECKHX MapKepoB C MOCIeAOBaTeNbHOCTSIMU BHaa Rosa majalis. dumorenerndeckuit aHamn3
HOATBEPANI KIIaCTEPU3aLHUI0 HCCIeAyeMoro odpasua ¢ MpeICTaBUTeNsIMI JaHHOTO BHuaa poxa Rosa. IMoumy-
YEeHHbIE JIaHHBIC CBHUJIETENILCTBYIOT O BBICOKOH MH(OPMATHBHOCTH HCIIOJIH30BAaHHBIX MapKEPHBIX T€HOB IS
MOJICKYJISIPHON MICHTH(HUKALMN [IUIIOBHUKA U TIOATBEPKAAIOT 2P (HEeKTHBHOCTH KOMIUIEKCHOTO MOAX0/a, CO-
yeraromero I1I[P, cexBenupoBanue u (GUIOreHETHYECKUH aHaMn3. Pe3ynbTaThl HCCIEOBaHUS MOTYT OBITH
UCIIOB30BaHbl B CHCTEMaTHKE PacTeHHH, ()apMaKOTHO3MH, a TaKKe MPU KOHTPOJIE MOTHHHOCTH JICKapCT-
BEHHOTO PACTUTEIBHOTO CHIPBSI.

Knroueswie cnosa: mmnosHuk, Rosa majalis, THK-6apkoaunr, TP, cekBeHupoBaH#e, QUIOTCHETHYECKHI
aHaIN3.

References

1 Ivashchenko, A.A. (2009). Rastitelnyi mir Kazakhstana [The flora of Kazakhstan]. Almaty: Almaty kitap baspasy
[in Russian].

2 Pavlov, N.V. (1961). Flora Kazakhstana [Flora of Kazakhstan]. Nauka [in Russian].

3 Muranets, A.P., Yesimseitova, A.K., Dyusembekova, D.A., Nurtaza, A.S. Kalybaev, K.R., Kozhanov, K.Z.,
& Kakimzhanova, A. A. (2022). lzuchenie bioraznoobraziia dikorosov roda Rosa L. v Kazakhstane i ikh molekuliarno-
geneticheskaia identifikatsiia [Study of the biodiversity of wild plants of the genus Rosa L. in Kazakhstan and their molecular genetic
identification]. Vestnik Evraziiskogo natsionalnogo universiteta imeni L.N. Gumileva. Seriia Biologicheskie nauki — Bulletin of
L.N. Gumilyov Eurasian National University. Bioscience Series, 139(2), 44-60. https://doi.org/10.32523/2616-7034-2022-139-2-44-
60 [in Russian].

4 Ametov, A.A., Muhitdinov, N.M., Abidkulova, K.T., Karasholakova, L.N., & Ydyrys, A. (2016). Kharakteristika rastitelnykh
soobshchestv s uchastiem Lonicera iliensis Pojark. v usloviiakh srednego techeniia reki Ili [Characteristics of plant communities with
the participation of Lonicera iliensis Pojark. in the conditions of the middle course of the Ili River]. Vestnik Kazakhskogo
Natsionalnogo Universiteta. Seriia biologicheskaia — Bulletin of the Kazakh National University. Biology Series, 4(69), 12-21 [in
Russian].

5 Semenyutina, A.V. & Solomentseva, A.S. (2013). Obosnovanie assortimenta shipovnikov dlia obogashcheniia
lesomeliorativnykh kompleksov v zasushlivykh usloviiakh [Substantiation of the assortment of dog-rose for enrichment of forest
reclamation complexes in arid conditions]. lzvestiia Nizhnevolzhskogo agrouniversitetskogo kompleksa: nauka i vysshee
professionalnoe obrazovanie — Proceedings of Lower Volga Agro-University Complex: Science and Higher Vocational Education,
31(3), 74-79 [in Russian].

6 Healey, A, Furtado, A., Cooper, T., & Henry, R. J. (2014). Protocol: A simple method for extracting next-generation sequencing
quality genomic DNA from recalcitrant plant species. Plant Methods, 10(21). https://doi.org/10.1186/1746-4811-10-21

7 Kim, C.S.,, Lee, C.H., Shin, J.S.,, Chung, Y.S., & Hyung, N.I. (1997). A simple and rapid method for isolation
of high quality genomic DNA from fruit trees and conifers using PVP. Nucleic Acids Research, 25(5), 1085-1086.
https://doi.org/10.1093/nar/25.5.1085

8 Johnsen, K., Andersen, S., & Jacobsen, C.S. (1996). Phenotypic and genotypic characterization of
phenanthrene-degrading fluorescent Pseudomonas biotypes. Applied and Environmental Microbiology, 62(10), 3818-3825.
https://doi.org/10.1128/aem.62.10.3818-3825.1996

9 Scarpellini, M., Franzetti, L., & Galli, A. (2004). Development of PCR assay to identify Pseudomonas fluorescens and its bi-
otype. FEMS Microbiology Letters, 236(2), 257-260. https://doi.org/10.1016/j.femsle.2004.05.043

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 199


https://www.google.com/search?q=https://doi.org/10.32523/2616-7034-2022-139-2-44-60
https://www.google.com/search?q=https://doi.org/10.32523/2616-7034-2022-139-2-44-60
https://doi.org/10.1186/1746-4811-10-21
https://www.google.com/search?q=https://doi.org/10.1093/nar/25.5.1085
https://www.google.com/search?q=https://doi.org/10.1128/aem.62.10.3818-3825.1996
https://www.google.com/search?q=https://doi.org/10.1016/j.femsle.2004.05.043

E.E. Andronov, T.E. Darbaeva et al.

10 Ramesh, R., Munshi, A., & Panda, S.K. (1992). Polymerase chain reaction. The National Medical Journal of India, 5(3),
115-119.

11 Lee, P.Y., Costumbrado, J., Hsu, C.Y., & Kim, Y.H. (2012). Agarose gel electrophoresis for the separation of DNA frag-
ments. Journal of Visualized Experiments, (62), Article €3923. https://doi.org/10.3791/3923

12 Eren, K., Taktakoglu, N., & Pirim, I. (2022). DNA sequencing methods: From past to present. The Eurasian Journal of Med-
icine, 54, 47-56. https://doi.org/10.5152/eurasianjmed.2022.22280

13 Chen, Y., Liu, Y., Shi, Y., Ping, J., Wu, J., & Chen, H. (2020). Magnetic particles for integrated nucleic acid purification,
amplification and detection  without pipetting. Trends in  Analytical Chemistry, 127, Article 115912.
https://doi.org/10.1016/j.trac.2020.115912

14 Liu, G.Q,, Lian, L., & Wang, W. (2022). The molecular phylogeny of land plants: Progress and future prospects. Diversity,
14(10), 782. https://doi.org/10.3390/d14100782

15 Edwards, S.V. (2009). Natural selection and phylogenetic analysis. Proceedings of the National Academy of Sciences,
106(22), 8799-8800. https://doi.org/10.1073/pnas.0904103106

16 Bakiyev, S.S., Smekenov, I., Zharkova, I., Kobegenova, S., Sergaliyev, N., Absatirov, G., & Bissenbaev, A. (2022). Isola-
tion, identification, and characterization of pathogenic Aeromonas hydrophila from critically endangered Acipenser baerii. Aquacul-
ture Reports, 26, Article 101293. https://doi.org/10.1016/j.aqrep.2022.101293

Information about the authors

Andronov Evgeny Evgenievich — Doctor of Biological Sciences, All-Russian Research Institute
of Agricultural Microbiology, Saint-Petersburg, Russia; e-mail: andronovevgeney64@gmail.com, ORCID:
https://orcid.org/0000-0002-5204-262X

Darbaeva Talshen Esenomanovna — Doctor of Biological Sciences, Professor at the Faculty
of Natural Geography, Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan;
e-mail: dtalshen@mail.ru; ORCID https://orcid.org/0000-0003-2950-0423

Bakiyev Serik Samigullovich (contact person) — PhD, Faculty of Natural Geography, Makhambet
Utemisov West Kazakhstan University, Uralsk, Kazakhstan; e-mail: bakiyevserik@gmail.com; ORCID:
https://orcid.org/0000-0001-5095-6869

Kakishev Murat Galikhanovich — PhD, Makhambet Utemisov West Kazakhstan University, Uralsk,
Kazakhstan; e-mail: kakishev_murat@mail.ru, ORCID: http://orcid.org/0000-0002-4601-4921

Ermekkaliev Taras Serikkalievich — Master of Natural Sciences, Faculty of Natural Geography,
Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan; e-mail: ermekkaliev_07@mail.ru;
ORCID: https://orcid.org/0000-0003-0831-1017

200 Fundamental and Experimental Biology. 2026, 31, 3(123)


https://doi.org/10.3791/3923
https://www.google.com/search?q=https://doi.org/10.5152/eurasianjmed.2022.22280
https://www.google.com/search?q=https://doi.org/10.1016/j.trac.2020.115912
https://doi.org/10.3390/d14100782
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1073%2Fpnas.0904103106
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.aqrep.2022.101293
mailto:andronovevgeney64@gmail.com
https://orcid.org/0000-0002-5204-262X
mailto:dtalshen@mail.ru
https://orcid.org/0000-0003-2950-0423
mailto:bakiyevserik@gmail.com
https://orcid.org/0000-0001-5095-6869
mailto:kakishev_murat@mail.ru
http://orcid.org/0000-0002-4601-4921
mailto:еrmekkaliev_07@mail.ru
https://orcid.org/0000-0003-0831-1017

