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PHYLOGENETIC ANALYSIS OF THE RBCL GENE SEQUENCE  
OF THE PLANT GENUS AEGOPODIUM L.

Herbal plants have been used in the treatment of many diseases since ancient times. The need for 
medicinal plant research is growing day by day. In this context, the study, identification of effective 
prospective medicinal plants will be relevant. Genetic taxonomic identification is more important than 
morphological identification of herbal plants. It is known that one of the markers of chloroplasts used in 
plant species identification and phylogenetic studies is the sequences of the rbcL gene. The purpose of 
our work is to study phylogenetic analysis by bioinformatic methods using rbcl markers. 

The article presents the result of a phylogenetic analysis conducted to determine the relationship of 
Aegopodium alpestre Ledeb plants. according to the sequence of the rbcL gene with other species of the 
genus Aegopodium L., as well as with representatives of the Apiacea family from the database.

Key words: rbcL, Aegopodium L., Aegopodiumalpestre Ledeb., isolation DNA, phylogenetic 
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Aegopodium L. туысына жататын өсімдіктердің rbcL генінің  
бірізділіктерінің филогенетикалық талдауы

Көптеген ауруларды емдеуде дәрілік өсімдіктер ерте кезден бастап қолданылып келеді. 
Дәрілік өсімдіктерді зерттеудің қажеттілігі күннен-күнге артып отыр. Осы тұрғыда, перспективті 
дәрілік өсімдіктерді зерттеп тиімділерін анықтау және оларды идентификациялау өзекті болып 
табылмақ. Дәрілік өсімдіктерді морфологиялық идентификациялауға қарағанда, генетикалық 
жағынан таксономиялық анықтаудың маңыздылығы жоғары. Өсімдік түрлерін идентификациялау 
мен филогенетикалық зерттеулерде қолданылатын хлоропластық маркелрердің бірі – rbcl 
генінің бірізіділіктері екені белгілі. Жұмысымыздың мақсаты: rbcl маркерін қолдана отырып, 
биоинформатикалық әдістердің көмегімен филогенетикалық талдау жасауды зерттеу. 

Мақалада преспективті Aegopodium alpestre Ledeb. дәрілік өсімдігінің жапырағынан бөліп 
алынған rbcL генінің секвенсі жасалып, дерекқордағы Aegopodium L. туысына жататын өсімдік 
түрлерімен және сондай-ақ шатыргүлділер тұқымдасының өкілдерімен туыстық қатынасын 
анықтауда жүргізілген филогенетикалық талдау нәтижесі берілген.

Түйін сөздер:  rbcL, Aegopodium L., Aegopodiumalpestre Ledeb., ДНҚ бөліп алу, филогенетика-
лық талдау.
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Филогенетический анализ последовательности гена 
 rbcL растений рода Aegopodium L.

При многих заболеваниях лекарственные растения используются в лечении с древних 
времен. Потребность в исследованиях лекарственных растений растет день ото дня. В 
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перспективных лекарственных растений. Генетическая таксономическая идентификация имеет 
большее значение, чем морфологическая идентификация лекарственных растений. Известно, 
что одним из маркеров хлоропластов, используемых в идентификации видов растений и 
филогенетических исследованиях, является последовательности гена rbcl. Цель нашей работы: 
изучение филогенетического анализа биоинформатическими методами используя маркера rbcl. 

В статье представлен результат филогенетического анализа, проведенного при определении 
родства растений Aegopodium alpestre Ledeb. по последовательности гена rbcL с другими видами 
рода Aegopodium L., а также с представителями семейства зонтичных из базы данных.

Ключевые слова: rbcL, Aegopodium L., Aegopodiumalpestre Ledeb., выделение ДНК, 
филогенетический анализ.

Introduction

Aegopodium L. is a genus of perennial plants 
of the Apiaceae family, widely distributed in 
Europe and Asia. Currently, 12 species of this 
genus are known [1], and in Kazakhstan, there 
are two species: common ashweed (Aegopodium 
podagraria L.,) and alpine ashweed (Aegopodium 
alpestre Ledeb.).Representatives of plants of 
the genus Aegopodium L. have long been used 
in folk medicine to treat various diseases (gout, 
inflammatory diseases). Also, common ashweed is 
included in drugs for the prevention and treatment 
of oncological diseases [2].

The Apeaceae are a large family of angiosperms, 
including many medically important species. The 
ability to identify these species and their admixtures 
is important, but difficult to do due to subtle 
morphological differences in the fruits and the 
frequent lack of diagnostic characters in surviving 
specimens [3].Species identification and assessment 
of intraspecific genetic polymorphism are the most 
important tasks not only of modern plant genetics, 
but also of plant science. To solve these problems, 
many different methods of search and research of 
taxonomically significant sections of DNA were 
developed, which were called molecular or DNA 
markers. [4].One of these markers is the chloroplast 
marker rbcL gene [5-7]. DNA barcoding techniques 
combined with metabolomics, transcriptomics 
and proteomics can enable the authentication of 
plant products [8]. Plant barcoding can be used to 
distinguish species within a genus and to preserve 
DNA from the same species[9, 10].

DNA barcoding is one of the methods for rapid 
species identification using a short DNA fragment 
containing 400-800 bp.The Consortium for the 
Barcode of Life (CBOL) [11] recommended ribulose 
bisphosphate carboxylase/oxygenase (RbCl) as one 
of the candidate loci with high potential for plant 
barcode generation. This is because the RbCl gene 
has been well characterized, so primer design can 

be easily improved. In addition, RbCl has high 
versatility and high discrimination ability [12, 13]

The work carried out a molecular genetic 
analysis of AegopodiumalpestreLedeb. using 
modern methods of molecular biology to determine 
the genetic relationship of this plant with other 
species of Aegopodium L., also with the Apiaceae 
family.

Materials and Methods

DNA isolation and amplification of the rbcL 
gene

DNA was obtained by a modified CTAB 
method from leaves of AegopodiumalpestreLedeb. 
plants [14-16]. The detergent CTAB 
(cetyltriethylammonium bromide) is good at 
breaking down the cell membrane and separating 
DNA from polysaccharides.DNA quality and 
quantity were checked by electrophoresis [17, 18] in 
a 1.4% agarose gel in 1x TAE buffer (0.04 M-Tris 
HCl, 0.02 M CH3COONa, 0.01 M, EDTA, pH 8.0). 
To prepare a 1.4% agarose gel, take 1.4 g of agarose 
per 100 ml of 1x TAE buffer. The mixed agarose 
and buffer were brought to a boil in a microwave 
oven at high power until the agarose was completely 
dissolved. The mixture was cooled to 40-500C and 
7 μl of ethidium bromide at a concentration of 10 
mg/ml was added, mixed, and poured into the mold. 
A comb was placed to form wells for applying 
samples, then the gel was cooled until it hardened.

PCR was performed using MyTaq red mixe 
(Bioline) [19, 20]. The forward primer used in this 
study was RBClaf (5ꞌ-ATG CCA CAA ACA GAG 
ACT AAA GC-3ꞌ) and the reverse primer was 
RBClar (5ꞌ-GTA AAA TCA AGT CCA CCA CG-3ꞌ) 
with a total PCR volume of 30 ml. The PCR program 
was 950C for denaturation, 550C for annealing and 
720C for degradation and 720C for final degradation. 
The ZymocleanTM DNA Gel Recovery Kit (Zymo 
Research) is used to obtain purified PCR products.

Phylogenetic analysis
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The following programs were used to analyze 
the obtained data:

1. BLASTn was used to compare the resulting 
sequence with DNA sequences from GenBank.
The program compares user-entered nucleotide 
or protein sequences with all available nucleotide 
or protein sequences in the NCBI database, and 
calculates percentage statistics of the total matching 
of each pair of compared sequences.

2. Sequences were aligned and analyzed using 
the Clustal Omega program. Phylogenetic trees 
were constructed using the Neighbor-Joining (NJ) 
and Maximum parsimony (MP) methods in the 
MEGA 11 program. The stability of phylogenetic 
trees in NJ and MP analyzes was assessed using the 
bootstrap method.

The neighbor joining (NJ) method in 
phylogenetic analysis can describe the clarity of 
species identification; the difference is limited 

to cluster and node. A sample can be in the same 
cluster, even if they are from different areas [21].

Results and Discussion

DNA barcoding is one way to contribute to 
the Barcode of Life database aimed at collecting 
reference sequences [22, 23]. This work used 
variation in short, standardized gene regions 
to identify new species [24]. The first step in 
DNA barcoding was to extract the total DNA 
from the sample. DNA was isolated from the 
leaves of AegopodiumalpestreLedeb. The next 
step was to determine the quality and quantity 
of DNA using a DNA spectrophotometer and 
agarose gel electrophoresis. We determined the 
concentration of isolated DNA and its purity using 
a spectrophotometer (Fig. 1).

Figure 1 – Electropherogram of the rbcL gene of Aegopodium alpestre Ledeb. 

After determining the concentration and 
purity of the rbcL gene of Aegopodium alpestre 
Ledeb. performed sequencing.rbcL is a fragment 
of the coding region of the chloroplast gene. The 
rbcL fragment has low species resolution, but in 

angiosperms it has relatively high species resolution 
[25].

The RbCl gene that was successfully amplified 
from the Aegopodium alpestre Ledeb plant accession 
in this study was 610 bp in length.
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>A.alpestre 
NNNNGNNNCTANGCAGGTGTTGGATTCAAAGCT

GGGGTTAAAGATTACAAATTGACTTATTATACTCCGG
ACTATGAAACCAAAGATACTGATATCTTGGCAGCATT
CCGAGTAACTCCTCAACCCGGAGTTCCACCTGAAGAA
GCGGGGGCCGCGGTAGCTGCCGAATCTTCTACTGGTA
CATGGACCACTGTGTGGACCGATGGACTTACCAGCCT
TGATCGTTACAAAGGGCGCTGCTACGGAATCGAGCC
CGTTGCTGGAGAAGAAAATCAATTTATCGCTTATGTA
GCTTACCCATTAGACCTTTTTGAAGAAGGTTCTGTTA
CTAACATGTTTACTTCCATTGTAGGTAATGTATTTGG

GTTCAAAGCCTTGCGCGCTCTACGTCTGGAAGATCTG
CGAATCCCCGTTGCTTATGTTAAAACTTTCCAAGGAC
CGCCACATGGCATCCAAGTTGAGAGAGATAAATTGA
ACAAGTATGGTCGTCCCCTGTTGGGATGTACTATTAA
ACCTAAATTGGGGTTATCCGCTAAAAACTACGGTAGA
GCGGTTTATGAATGTCTCCGCGGTGGACTTGATTTTA
CGTCATACNTGGTTTTTCCTGANN

Then, using BLAST, we searched for similar 
nucleotide sequences (Fig. 2).

Figure 2 – Sequence analysis of the rbcl gene of Aegopodium alpestre Ledeb. in the BLAST program

As a result of searching for similar sequences 
using the BLAST program, it was revealed that the 
nucleotide sequences of Aegopodium alpestre Ledeb. 
coincides with sequences from the database with 
Aegopodium podagraria (MT561044.1) by 99.83%, 
with Aegopodium podagraria (KM360614.1) – 
99.65%; with Aegopodium alpestre (MH658249.1) 
– 99.82%, and with some plants of the umbrella 
family – 99.13%.

The neighbor joining (NJ) method in 
phylogenetic analysis can describe the clarity of 
species identification; the difference is limited 
to cluster and node. A sample can be in the same 
cluster, even if they are from different areas [7]. The 
relationship of species based on genetic similarity is 
shown in the phylogenetic tree.

In order to determine the genetic relationship of 
Aegopodium alpestre Ledeb. with the Aegopodium 
family, including Aegopodium L., a phylogenetic 
tree was constructed and analyzed using the 
sequences obtained from the gene database.

In order to reveal the genetic relationship of 
the plant Aegopodium alpestre Ledeb. with the 
umbrella family, including the genus Aegopodium 
L., a phylogenetic tree was constructed and analyzed 
(Fig. 3).

The sequence similarity of the rbcL gene of P. 
anisum plants (KP866817.1) is higher than that of 
related genes in the other clade. This is a 90% large 
branch (marked in green by Large Clade), which is 
considered a bootstrap analysis that is repeated 1000 
times. The plants in this green square all belong to 
the genus Aegopodium L.

Those marked in yellow themselves form one 
large branch (Clade), but their similarity to the rbcL 
gene sequences of the A. alpestre plants (sequenced 
by us) is distant.

Boostrap values: 
Strong: >90%
Well: <70-90%
Weak: 50 -70%
No: <50%
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Figure 3 – Tree built using the nearest neighbor method with bootstrap support  
(Bootstrapped Neighbor-Joining Tree)

Conclusion

The RbCl gene that was successfully amplified 
from the Aegopodium alpestre Ledeb. plant accession 
in this study was 610 bp in length. The sequence was 
99.83% similar to sequences from the Aegopodium 
podagraria database (MT561044.1) and 99.83% 
similar to Aegopodium alpestre (MH658249.1).
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