
How to Cite: Andronov, E.E., Darbaeva, T.E., Bakiyev, S.S., Kakishev, M.G., Еrmekkaliev, T.S. (2026). Study of the  

genus Rosehip (Rosa) using molecular biological methods. Fundamental and Experimental Biology, 31, 3 (123), 192-200. 

https://doi.org/10.31489/2026FEB3/192-200 

192  © 2026 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Research Article 

https://doi.org/10.31489/2026FEB3/192-200 

UDC 911:338.48 (574.1) Received: 12.12.2025 ǀ Accepted: 18.02.2026 ǀ Published online: 30.09.2026 

E.E. Andronov
1
, T.E. Darbaeva

2
, S.S. Bakiyev

2*
, M.G. Kakishev

2
, T.S. Еrmekkaliev

2 

1All-Russian Research Institute of Agricultural Microbiology, Saint-Petersburg, Russia; 
2Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan 

*Corresponding author: bakiyevserik@gmail.com 

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-HCl (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-HCl, 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-HCl, 3 M NaCl, 3 % CTAB, 20 mM EDTA, 1 % PVP-40, 

1 % β-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 β-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/µL. Primers used for PCR 

amplification are presented in Table 1. 

T a b l e  1  

Primer pairs used 

GEN Primer_name Primer_seq 
Size 

(bp) 

Primer 

annealing 

temperature 

MatK 
MatK_390-F CGATCTATTCATTCAATATTTC 

801 53
о
С 

MatK_1326-R TCTAGCACACGAAAGTCGAAGT 

TRN 
trnHF_05-F CGCGCATGGTGGATTCACAATCC 

220 58
о
С 

psbA3f-R GTTATGCATGAACGTAATGCTC 

ITS 
ITS-Bel3-F GACGCTTCTCCAGACTACAAT 

757 60
о
C 

ITS-p5-R CCTTATCACTTAGAGGAAGGAG 

RbcL 
rbcLa-F ATGTCACCACAAACAGAGACTAAAGC 

551 62
о
C 

rbcLr590 AGTCCACCGCGTAGACATTCAT 

 

The PCR reaction mixture consisted of the following components: forward primer — 1 µL, reverse 

primer — 1 µL(20 pmol/µL), 2× BioMaster UDG HS-qPCR reaction mix — 12.5 µL, nuclease-free water — 

7.5 µL, and DNA template — 3 µL(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 1× 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, 1× TE buffer (10 mM Tris-HCl, pH 8) or deionized water was used. For purifi-

cation, 15 µL of PCR product (1 ng/µL) was mixed with 15 µL of a 0.1 % suspension of magnetic particles 

(1–3 µm) in the binding buffer (20 % PEG, 2.5 M NaCl). The particles were pre-washed with 3 % HCl. 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 µL 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 (3730xl 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, 3730xl 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 

 

 

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 

SeqMan software (DNASTAR). During processing, terminal regions—including primer sequences and low-

quality fragments—were removed. Identification 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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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. 

 

 

Figure 4. Comparative analysis of the nucleotide sequence of the ITS  

(internal transcribed spacer) gene region (434–504 bp) 

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. 

 

 

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 numbers 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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Молекулалық-биологиялық әдістерді қолдану арқылы  

Rosa (итмұрын) туысының түрін зерттеу 

Зерттеу жұмысында итмұрын өсімдігінің үлгісіне молекулалық-генетикалық талдау жүргізіліп, ДНҚ-

баркодтау және филогенетикалық әдістер қолданылды. Зерттеудің мақсаты — ITS, matK, rbcL және 

trn ядролық және хлоропластық маркерлік гендерінің нуклеотидтік тізбектерін салыстырмалы талдау 

арқылы өсімдіктің түрлік сәйкестігін анықтау. Геномдық ДНҚ итмұрын жапырақтарынан 

полифенолдарға бай өсімдік материалдарына бейімделген модификацияланған ЦТАБ-әдісімен бөлініп 

алынды. Мақсатты ДНҚ фрагменттері полимеразды тізбекті реакция әдісімен арнайы праймерлерді 

қолдана отырып амплификацияланды. ПТР өнімдері агарозды гель электрофорезі арқылы талданып, 

кейін тазартылып, автоматтандырылған генетикалық анализаторда Sanger секвенирлеу әдісімен 

секвенирленді. Алынған нуклеотидтік тізбектер өңделіп, консенсус-тізбектерге біріктірілді және 

SeqScape пен MEGA бағдарламалары арқылы талданды. Түрлік идентификация GenBank деректер 

базасымен BLAST алгоритмі көмегімен салыстыру және филогенетикалық ағаштар құру арқылы 

жүзеге асырылды. Зерттеу нәтижелері барлық зерттелген генетикалық маркерлердің Rosa majalis 

түрінің тізбектерімен 100 % сәйкестігін көрсетті. Филогенетикалық талдау зерттелген үлгінің Rosa 

туысына жататын Rosa majalis түрімен бір кластерде топтасатынын растады. Алынған нәтижелер 

итмұрын түрлерін молекулалық деңгейде дәл анықтауда қолданылған маркерлердің жоғары 

тиімділігін көрсетеді. 

Кілт сөздер: итмұрын, Rosa majalis, ДНҚ-баркодтау, ПТР, секвенирлеу, филогенетикалық талдау. 
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E.E. Андронов, T.E. Дарбаева, С.С. Бакиев, M.Г. Какишев, T.С. Ермеккалиев 

Исследование вида рода Rosa (шиповник) с применением  

молекулярно-биологических методов 

В работе представлен молекулярно-генетический анализ образца шиповника с использованием мето-

дов ДНК-баркодинга и филогенетического анализа. Целью исследования являлась видовая идентифи-

кация растения на основе сравнительного анализа нуклеотидных последовательностей ядерных и хло-

ропластных маркерных генов ITS, matK, rbcL и trn. Геномную ДНК выделяли из листьев шиповника с 

применением модифицированного ЦТАБ-метода, оптимизированного для растений с высоким содер-

жанием полифенолов. Амплификация целевых фрагментов проводилась методом полимеразной цеп-

ной реакции с использованием специфических праймеров. Полученные ПЦР-продукты анализировали 

с помощью агарозного гель-электрофореза, после чего очищали и подвергали секвенированию мето-

дом Sanger на автоматическом генетическом анализаторе. Нуклеотидные последовательности были 

отредактированы, собраны в консенсус-последовательности и проанализированы с применением про-

граммных пакетов SeqScape и MEGA. Видовую принадлежность устанавливали на основе сравни-

тельного анализа с базой данных GenBank с использованием алгоритма BLAST, а также посредством 

построения филогенетических деревьев. Результаты показали 100 % идентичность всех исследован-

ных генетических маркеров с последовательностями вида Rosa majalis. Филогенетический анализ 

подтвердил кластеризацию исследуемого образца с представителями данного вида рода Rosa. Полу-

ченные данные свидетельствуют о высокой информативности использованных маркерных генов для 

молекулярной идентификации шиповника и подтверждают эффективность комплексного подхода, со-

четающего ПЦР, секвенирование и филогенетический анализ. Результаты исследования могут быть 

использованы в систематике растений, фармакогнозии, а также при контроле подлинности лекарст-

венного растительного сырья. 

Ключевые слова: шиповник, Rosa majalis, ДНК-баркодинг, ПЦР, секвенирование, филогенетический 

анализ. 
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