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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
analysis.
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Aegopodium L. TybICbIHA )KaTaTbIH 6CIMAIKTEPAiH, rbcL reHiHiH,
6ipi3AiAikTepiHiH (bUAOreHeTUKAABIK, TaAAQYDI

KentereH aypyaapAbl eMAEYAe ASPIAIK OCIMAIKTEpP epTe Ke3aeH 6acTan KOAAAHbIAbIM KEAEA.
ABpiAiK 6CIMAIKTEPAI 3epTTEYAIH, KQXKETTIAIr KYHHEH-KYHre apTbin oTblp. OCbl TYPFblAQ, NEePCNeKTUBTI
ABPIAIK BCIMAIKTEPAT 3epTTeN TUIMAIAEPIH aHbIKTAY >KOHE OAapPAbl MAEHTUMDMKALMIAQY ©3eKTi GOAbIN
TabblAMakK. ASPIAIK 6CIMAIKTEPAI MOPMOAOTUSABIK, MAEHTU(MUKALMAAAYFA KapaFaHAQ, FeHETUKAABIK,
>KaFblHaH TAKCOHOMUSIABIK, aHbIK TaYAblH MaHbI3AbIAbIFbl )KOFapbl. ©CIMAIK TYPAEPIH MAEHTUMMKaLMIAQY
MEH (PUAOrEHETUMKAABIK 3ePTTEYAEPAE KOAAAHbIAATBIH XAOPOMAACTbIK, MapKeApepAi 6ipi — rbcl
reHiHiH OipisiaiAikTepi ekeHi 6eAriAi. JKyMbICbIMbI3AbIH MakcaTbl: rbcl mMapkepiH KoAAaHa OTbIpbI,
61OMH(OPMATUKAABIK, DAICTEPAIH, KOMEriMEH (DMAOTEHETUKAABIK, TAAAQY XKacayAbl 3epTTey.

Makanaaa npecnektmneTi Aegopodium alpestre Ledeb. aspiAik ©CiMAIriHIH XanbiparbiHaH OOAin
aAblHFaH rbcl reHiHiH cekBeHCI >Kacaablin, aepekkopAarbl Aegopodium L. TybiCbiHa >KaTaTblH 6CIMAIK
TYPAEPIMEH >8He COHAaM-aK, LaTbIPryAAIAep TYKbIMAQCBIHbIH OKIAAEPIMEH TYbICTbIK, KaTbIHACLIH
aHbIKTayAQ >KYPri3iAreH (hMAOreHeTMKaAbIK, TaAAQy HOTUXKECT GepiAreH.

Ty#in ce3aep: rbcl, Aegopodium L., Aegopodiumalpestre Ledeb., AHK 6eain aAy, dpmaoreHeTnka-
ABIK, TAAAQY.
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®DuAoOreHeTMYECKMI aHAAM3 MOCAEAO0BATEAbHOCTH reHa
rbcL pacrenmii poaa Aegopodium L.

Mpy MHOrMX 3a00AEBAHMSX AEKAPCTBEHHbIE PACTEHWMS MCMOAb3YIOTCS B AEYEHWU C APEBHUX
BpemeH. [1oTpebHOCTb B MCCAEAOBAHMSX AEKAPCTBEHHbIX PACTEHU pacTeT AeHb OTO AHSl. B
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MepCrneKTUBHbIX AEKaPCTBEHHbIX PACTeHUi. [eHeTuYeckas TakCOHOMMYECKas MAEHTUMDMKALMS UMeeT
GoAblLEe 3HaYEHME, YeM MOPGOAOTMYECKas MAEHTUMUKALMS AEKAPCTBEHHbIX PAaCTeHWI. M3BecTHO,
UYTO OAHUM M3 MapKEPOB XAOPOMAACTOB, MCMOAb3YeMbIX B MAEHTU(MKALMM BUAOB paCTEHUA U
hbMAOreHETUUECKMX UCCAEAOBAHMSIX, IBASIETCSI MOCAEAOBATEALHOCTM reHa rbel. LleAb Hawen paboTbi:
n3yyeHue PUAOTEHETMYECKOrO aHaAM3a OMOMHOPMATUUECKMMM METOAAMU MCMOAL3YS Mapkepa rbcl.
B cTatbe npeAcTaBAeH pe3yAbTaT (OMAOrEHETUUECKOTO aHaAM3a, MPOBEAEHHOTO MPK ONpPeAeAeHNH
poacTBa pactenuin Aegopodium alpestre Ledeb. no nocaeaoBateabHoCTM reHa rbcl ¢ Apyrimm Buaamm
poaa Aegopodium L., a Tak>Ke C NMPeACTaBUTEASIMU CEMENCTBA 30HTUUHBIX 13 6a3bl AAHHbIX.
KaoueBble caoBa: rbcl, Aegopodium L., Aegopodiumalpestre Ledeb., Bbiaeaenne AHK,

(prAOreHeTMUeCKMii aHaAU3.

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 (4egopodium
podagraria L.,) and alpine ashweed (4degopodium
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 RbCI gene
has been well characterized, so primer design can

be easily improved. In addition, RbCI 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 AdegopodiumalpestrelLedeb.
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
HCI, 0.02 M CH,COONa, 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 40-50°C and
7 wl 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 (5'-ATG CCA CAA ACA GAG
ACT AAA GC-3") and the reverse primer was
RBClar (5'-GTA AAA TCA AGT CCA CCA CG-3")
with a total PCR volume of 30 ml. The PCR program
was 95°C for denaturation, 55°C for annealing and
72°C for degradation and 72°C 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

Ladder 1A*
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4

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 AegopodiumalpestrelLedeb. 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).

Big Aimaty Big Almaty Big Almaty

1A 1A

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
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angiosperms it has relatively high species resolution
[25].

The RbCI 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

QoopEO0CDEOOOROOOD

GTTCAAAGCCTTGCGCGCTCTACGTCTGGAAGATCTG
CGAATCCCCGTTGCTTATGTTAAAACTTTCCAAGGAC
CGCCACATGGCATCCAAGTTGAGAGAGATAAATTGA
ACAAGTATGGTCGTCCCCTGTTGGGATGTACTATTAA
ACCTAAATTGGGGTTATCCGCTAAAAACTACGGTAGA
GCGGTTTATGAATGTCTCCGCGGTGGACTTGATTTTA
CGTCATACNTGGTTTTTCCTGANN

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

Accassinn

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 Adegopodium alpestre Ledeb.
coincides with sequences from the database with
Aegopodium podagraria (MT561044.1) by 99.83%,
with Adegopodium 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., aphylogenetic 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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MF158758.1
A podagraria

——> Clade

Large
Clade

MMTSI0254.
14.alpestre

KJ204281 1
A podagraria

MHESE249_1

\ ]

20

A.alpesire

MHE58385.1
A.alpestre
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KPEEE31T.1

P anksum

MN204564. 1

Q. linearis

MN182480.1
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MN182443.1
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MEE25124.1
A podagraria

MT119255.1
A amurensis

MAT118252.1
Agigas

Figure 3 — Tree built using the nearest neighbor method with bootstrap support
(Bootstrapped Neighbor-Joining Tree)

Conclusion

The RbCl gene that was successfully amplified
fromthe Aegopodium alpestre Ledeb. plantaccession
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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