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One of the important things to study the distribution of secondary metabolites in the plant body is to carry out the identification process.
Morphological markers have several limitations to recognize plants, therefore supporting data is needed so that the information becomes
more comprehensive. This study aims to identify Achillea millefolium L. based on morphological, anatomical, and DNA barcoding
markers to obtain specific data and avoid confusion. Morphological studies were carried out descriptively using vegetative organs, while
anatomical studies of rhizomes, stems, and leaves used the paraffin method. The DNA barcoding was performed by analyzing genes
from 3 different individuals. The research was carried out by amplifying and sequencing the partial gene in the ribulose-bisphosphate
carboxylase large subunit (rbcL) regions and maturase-K (matK). The results showed that the plant had taproots, short stems due to root
rosette and the leaves were double compound. The rhizome and stem tissues had almost the same structure, while the leaves had a tissue
arrangement that was similar to other plants in general, except that the mesophyll tissue was undifferentiated. The results of DNA

barcoding showed a percentage of identity above 98% for both the rbcL and matK genes.
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Abbreviations: DNA: Deoxyribonucleic Acid, matK: maturase-K, rbcL: ribulose-bisphosphate carboxylase large subunit, CBOL:
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INTRODUCTION

Asteraceae is one of the largest angiosperm plant
families, consisting of 26.000 species (Funk et al. 2009;
Christenhusz and Byng 2016; Panero and Crozier 2016;
Willis 2017). Daun seribu (Achillea millefolium L.) is a
plant of the Asteraceae family that has potential in the
medical field. The species is widespread in temperate
regions of the Northern Hemisphere in Asia, Europe, and
North America (Ugli and Parpiyev 2021). A. millefolium is
commonly cultivated as an ornamental, in mountainous
areas in some parts of Malesia and is naturalized locally
there (Anonymous 2021). This plant has been used as
herbal medicine since ancient Greece and used by native
Americans (Baretta et al. 2012). Some studies have shown
the presence of antioxidant and antibacterial activities
present in essential oils in plants of the genus Achillea,
such as Issabeagloo et al. (2012), Benedec et al. (2013),
Mazandarani et al. (2013), Alfatemi et al. (2015), and
Vitalini et al. (2016).

Secondary metabolites in plants are located explicitly in
certain parts (Wahyuni et al. 2019). Most of the species
belonging to the Achillea genus have been reported to

contain flavonoids, such as Achillea sintenisii has phenolic
compounds in the aerial part (Sabanoglu et al. 2017), and
A. millefolium leaf extract contains flavonoids and phenolic
compounds (Dusman et al. 2013). Yaseen et al. (2017)
stated that the phenol content in the leaves of A.
millefolium was greater than the stems. The difference in
growing habitat may contribute to the varying quantities of
secondary metabolite content in plants. Salomon et al.
(2021) reported that Achillea atrata grown using artificial
culture with those living in natural habitats have differences in
the chemical compounds. Achillea fragrantissima which
lives in two different areas in Saudi Arabia also contains
different chemical compounds (Elsharkawy et al. 2020).
Therefore, an anatomical study is required to understand
the presence and location of cells that produce and store the
secondary metabolites.

Study of plant anatomy can also be used for species
identification, such as identification of 36 species of the
Asteraceae family in Rajshahi can be distinguished based
on the type of stoma, the location of the stomata, and the
type of trichomes (Rahman et al. 2013). The existing
anatomical study of A. millefolium is considered incomplete
because it has not explained all parts of the plant. Each
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species of the genus Achillea has the characteristics that
distinguish it from the others, for example, 4 species of the
genus Achillea in the western region of Ukraine have their
characteristics, especially in the inflorescences, stems, and
leaves (Grytsyk et al. 2016). The same Achillea species
may have different morphology if they live in different
places, such as Achillea ageratifolia which is limited to the
Balkan peninsula is divided into 3 varieties/subspecies due
to differences in habitat and geography (Franzen 1988).

The anatomical characteristics are important for the
identification of species of pharmacological importance
(Oliveira et al. 2020). Moreover, morphological characters
also provide characteristics that can easily be used for
identification (Widodo et al. 2014). However, morphological
identification has many weaknesses, contemporary studies
have shown that identification using morphological
markers is highly dependent on environmental conditions
and can result in wvariations in stature in different
environments. This can lead to uncertainty of identification
at the species level (Darienko et al. 2015). Morphological
markers can either fail to discriminate species and mask the
presence of cryptic species or discriminate different species
while in reality there is only one (Duminil and Di Michele
2009). According to Sofiyanti et al. (2016) and Harsono et
al. (2016), before DNA-based identification was often
used, identification on plants was only based on
morphological markers. To overcome ambiguity or
misconceptions in species identification, it is possible to
use molecular marker DNA barcoding (Imtiaz et al. 2017).
DNA barcoding is a species identification method using
short gene sequences from the genome of the organism
(Kress et al. 2015). The CBOL Plant Working Group has
proposed the use of 2 plastid molecular markers, such as
rbcL (ribulose-1,5-bisphosphate carboxylase) and matK
(maturase K) as standard barcodes (CBOL Plant Working
Group 2009).

Plants identification will lead to ambiguous conclusions
if only viewed from morphological markers, so other
supporting data are needed, such as anatomy and DNA-
based identification because this process is regarded as very
important for understanding the biological mechanisms that
exist in plants. This study aims to identify comprehensively
based on morphological, anatomical, and DNA markers in
A. millefolium plants. This investigation is expected to add
important insights since A. millefolium has become a
commodity for herbal medicine and medicinal products.

MATERIALS AND METHODS

Materials

The samples of Achillea millefolium were taken during
September 2019 from the adult plants growing in the
Taman Husada Graha Famili, Surabaya, Indonesia. Plant
samples were taken as many as 3 individuals. The species
identification was confirmed by comparing with herbarium
collection in Purwodadi Botanical Garden, Indonesian
Institute of Sciences, Pasuruan, Indonesia.
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Morpho-anatomical characterization

Morphological characters were observed according to
Akcin and Adnan (2010). However, this study focused on
vegetative organs only, i.e. roots, stems, and leaves. The
anatomical analysis was conducted according to Gregio
and Moscheta (2006), the exception is that this study does
not use roots. The anatomical characters observed were
cells and structures found in cross-sectional preparations of
rhizome, stems, and leaves. The anatomical preparations
used the paraffin method. It is carried out by planting plant
tissue in paraffin blocks to produce thin preparations. The
preparation process using this method includes several
procedures, namely cutting, fixation, aspiration, dehydration,
dealcoholization, infiltration, embedding, trimming, staining,
and mounting (Sari et al. 2016).

The process of making anatomical preparations begins
with cutting plant tissue with a thickness of 0.5-1 cm.
Pieces of plant tissue were fixed in FAA solution (Formalin,
Glacial Acetic Acid, and 70% Alcohol) and simultaneously
aspirated. Then, a dehydration process was carried out
using graded alcohol (50%, 70%, 95%, and 100%) and a
dealcoholization process using a clearing agent such as
xylol. Then, the purification medium was replaced with a
planting medium using paraffin that has been thawed with
an incubator (infiltration). plant tissue was planted into
paraffin blocks into solidifies, then the paraffin block will
be shaped into a trapezium and will be cut using a
microtome to produce a thin band. The paraffin band will
be glued on a glass object that has been smeared with
albumin. The last step is to color the thin paraffin band
with safranin and fast green and cover the object-glass with
a cover glass. Anatomical preparations will be observed under
a light microscope to observe the tissues with magnificent
200-400x (Santos et al. 2016; Susetyarini et al. 2019).

DNA barcoding
DNA extraction

About 0.1 g fresh young leaves of A. millefolium were
extracted using Plant DNA Genomic Kit (Tiangen, China)
following the manufacturer’s protocol. The purity and
concentration of DNA samples were measured by Thermo
Scientific Multiskan Go.

PCR amplification and sequencing

Amplification of the rbcL and matK genes using
specific primers with the help of a PCR (Polymerase Chain
Reaction) tool. Analysis of PCR was employed in two
different primer pairs. Both primers rbcL (Forward:
5’AAGTTCCTCCACCGAACTGTAG  3’;  Reverse:
5’ TACTGCGGGTACATGCGAAG3’) and matK
(Forward: 5> TGGTTCAGGCTCTTCGCTATTG 3’
Reverse: 5S’>CTGATAAATCGGCCCAAATCGC 3°) were
previously used to barcode Sonchus arvensis (Wahyuni et
al. 2019). The PCR mixtures were performed in a volume
of 35 pL containing 7.5 pL GoTaq®Green Master Mix,
each forward and reverse primers with a concentration of
350-500 nM, 50 ng? DNA template, and added with
nuclease-free water until the solution volume up to 35 pL.
The PCR cycle consists of 5 stages are as follows: pre-
denaturation at 94°C for 5 min, 35 cycles of denaturation at
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94°C for 30 sec, annealing at 56°C for 45 sec, extension at
72°C for 45 secs, and final extension at 72°C for 5 minutes.

To determine the quality and integrity of DNA that has
been successfully amplified is through the process of
electrophoresis. The PCR product of both genes was
visualized using 1% agarose gel under a UV transilluminator
and examined the presence of expected product PCR.
Subsequently, the PCR products were performed
sequencing at 1st Base Sequencing Service (Axil Scientific
Pte. Ltd., Singapore).

Data analysis

Morpho-anatomical data will be analyzed descriptively.
The DNA sequence of rbcL and matK region then was
aligned using Bioedit 7.4 to obtain consensus data from
forward and reverse sequences on each sample. Later, the
multiple sequence alignment was performed using the
DNA sequences of each sample against the Asteraceae
sequences from the GenBank database using BLAST. The
close kinship accessions of A. millefolium were obtained
and subsequently used to reconstruct the phylogenetic tree
using MEGA X software. In addition to using BLAST,
several researchers use other software to align sequenced
DNA such as EXPASy (Artimo et al. 2012) and MAFFT
(Katoh and Sandley 2013).

The data used to construct the phylogenetic tree were
data from 3 replicates of A. millefolium sequences and 20
sequences of plant data in the GenBank database that had
the closest kinship to the sample (Table 1). Outgroup plants
are selected based on the closest kinship value. Outgroups
selected based on the rbcL gene were Achillea sp., Achillea
filipendulina, A. atrata, Tanacetum parthenium, T.
cinerariifolium, T. coccineum, Anacyclus valentinus, A.
pyrethrum, Formania mekongensis, and Anthemis cotula.
While the matK genes include Achillea wilsoniana, A.
ptarmica, Cota tinctoria, Tanacetum coccineum, and T.
cinerariifolium.

Table 1. Plant data downloaded from GenBank

RESULTS AND DISCUSSION

Morpho-anatomy characterization

Based on morphological characteristics, Achillea
millefolium is a perennial herbaceous plant (Figure 1A)
(Modaresi and Delaram 2013; Noda et al. 2017; Majid et
al. 2018). Its root system is taproot (Figure 1B) (Wahyuni
et al. 2016) with long and light brown roots. Stems appear
short due to the appearance of a rosette of roots, and this
appearance is only seen in the vegetative phase (Gregio and
Moscheta 2006). According to Grytsyk et al. (2016), A.
millefolium has two types of stems, namely sterile and
fertile stems. Sterile stems can be aerial stems that grow
straight up (perpendicular). In addition, sterile stems can
also be rhizomes that support vegetative propagation
(horizontally in the ground) (Figures 1C and 1D). Fertile
stems appear when entering the vegetative phase when in
this stage the rosette appearance of the roots will disappear
because the distance between the nodes is starting to be far
apart. The nature of the stems of A. millefolium is like
grass, growing upright with a hairy surface (Wahyuni et al.
2016).

The species has compound leaves of the bipinnatus or
tripinnatus type, with the arrangement of leaves attached
spirally to the stem (Figure 1E) as reported by Ali et al.
(2017). Leaf margins of A. millefolium are curved (Gregio
and Moscheta 2006). The leaflets have a blunt or rounded
tip with a narrow leaf base (Figure 1F). The leaves are also
almost covered by hairs with various levels of hair as
reported by Ali et al. (2017). At first glance, the leaves of
A. millefolium resemble the leaves of ferns (Wahyuni et al.
2016; Ayoobi et al. 2017), especially leaf buds that emerge
from the aerial stems and appear to be curled (Figure 1G).
Morphological research is only limited to vegetative organs
because finding A. millefolium that enters the generative
stage is very difficult.

Plant (rbcL)

Accesion number (rbcL)

Plant (matK)

Accesion number (matK)

Achillea millefolium MG946815.1
Achillea millefolium MN601429.1
Achillea millefolium KP126894.1: 31723-33180
Achillea millefolium KM360610.1
Achillea millefolium JX848399.1
Achillea millefolium HM849740.1
Achillea millefolium EU384938.1
Achillea millefolium L13641.1
Achillea millefolium MH360736.1
Achillea filipendulina AB530950.1
Achillea atrata KF602245.1
Achillea sp. MG946814.1
Tanacetum parthenium HM850390.1

Tanacetum cinerariifolium

Tanacetum coccineum
Tanacetum coccineum

NCO047309.1: 122194-123651
MT104463.1: 122148-123605
NCO047308.1: 122148-123605

Anacyclus valentinus GU817737.1
Anacyclus pyrethrum MG946818.1
Formania mekongensis KX527027

Anthemis cotula HM849779.1

Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea millefolium
Achillea wilsoniana
Achillea ptarmica
Achillea ptarmica
Cota tinctoria
Tanacetum coccineum
Tanacetum coccineum

Tanacetum cinerariifolium
Tanacetum cinerariifolium

KJ204429.1

KX677563.1

KX676880.1

KP126894.1: 1163-2677
KJ204428.1

EU385315.1

KX677134.1

HM850607.1

KX677060.1

MG946948.1

MF349876.1

MK509368.1
HM989800.1

JN894397.1

MK509369.1

KX677103.1
NC047308.1:69393-70904
MT104463.1:69393-70904
NC047309.1:69385-70896
MT104464.1:69385-70896
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Figure 1. Morphology of vegetative organs of Achillea millefolium. A. habitus. B. roots. C. aerial stems (red arrows) and horizontal
stems/rhizomes (blue arrows). D. rhizomes. E. compound leaves. F. leaf tips (yellow circle: leaf tip and purple arrow: leaf margin). G.

leaf bud

Anatomical studies are very important to know the
structure of cells, tissues, and organs that allow the
synthesis of secondary metabolites (Sharma et al. 2017).
Each organ has its characteristics in producing and storing
its secondary metabolites. Anatomical observations of A.
millefolium focused on rhizome, stem, and leaf tissue. The
rhizome tissue in A. millefolium has a tissue structure that
is almost similar to that of the stem tissue, because the
rhizome is a modification of stem that grows below the
surface of the soil (Indrani et al. 2020), except that the
phloem fiber structure that appears intermittently (as in the
stem) is not visible (Figures 2A and 2B).

The histology of A. millefolium stems (Figures 2C and
2D) is almost similar to Achillea phrygia and A. gypsicola
described by Akcin and Adnan (2010). The stems of the
studied plants are covered by the uniseriate epidermis. It is
called uniseriate because it consists of a single layer of
cells (Wulansari et al. 2020). The cells in the epidermis are
rectangular. According to Karabourniotis et al. (2021),
epidermis tissue generally consists of a compact layer with
no intercellular spaces, under the prepared images which
show no intercellular spaces. Collenchyma tissue is fused
at the bottom of the epidermis, it’s just that unlike the
research by Akcin and Adnan (2010), The collenchyma
tissue of the plant studied this time consists of a single
layer with cells larger than the epidermis with irregular
cortical shape and no chlorenchyma in between. In
herbaceous plants, the collenchyma tissue is usually
referred to as peripheral collenchyma (Driesen et al. 2021).
Collenchyma serves to support plants without preventing
cell elongation (Leroux 2012). The cortex is composed of
multiple layers of parenchyma cells of various sizes
arranged randomly, generally oval or rectangular. Unlike

the arrangement of cortical cells in Achillea sivasica, the
arrangement of cells closer to the inside (endodermis) will
increase in size (Tekin and Sedya 2021). The vascular
bundle of this plant is of the open collateral type. This type
of vascular bundle is also owned by some Asteraceae
plants, such as Pluchea lanceolata (Khan et al. 2010),
Tragopogon dubius (Moromete et al. 2014), genus
Tanacetum (Tekin and Kartal 2016), Artemisia
monosperma, and Limbarda crithmoides (El-Sherbeny et
al. 2021). Vascular bundles of open collateral type are
characterized by phloem which is always on the abaxial
side of the xylem (Mehdi et al. 2019) and between them,
there is a fascicular cambium. Phloem is composed of
fibers and sieve tubes, the predominant structure seen is
fiber. Pace (2019) explained that one of the constituents of
phloem is sclerenchyma. It can be divided into fibers and
sclereids. Cells in fibers have a long and slender shape
while sclereids are composed of cells that are square or
polygonal in shape with many pits found. Based on the
observation, cell shape is longer and narrower with no pits,
so it can be concluded that it is fiber. The fibers are
arranged alternately to form a circle. Xylem is composed of
the trachea with larger cell sizes and tracheids which have
smaller cell sizes, similar to the results of Trueba et al.
(2019) that the two xylem constituent elements have
different sizes. In the innermost part of the stem, there is a
pith tissue, this tissue consists of cells with the largest size
when compared to other tissues in the stem and the
arrangement of the cells is very tight. The pith is wide and
consists of polygonal or oval parenchymatous cells
although sometimes collapsed areas are observed in the
center of stems (Karahan 2020). Pith parenchyma cells
store water in various plant organs (Fujimoto et al. 2018).
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Figure 2. The anatomical structure of Achillea millefolium organ. A. rhizome 200x. B. rhizome 400x C. stem 200x. D. stem 400x. E.
leaf 200x. F. leaf 400x. G. trichomes on leaves. H. trichomes and stomata on leaves. EP: epidermis, CL: collenchyma, CR: cortex, VB:
vascular bundles, XL: xylem, PL: phloem, PF: phloem fibers, MS: mesophyll, IS: intercellular space, ST: stomata, CH: ceiling hairs,
AC: apical cell, BC: basal cell, GH: glandular hair, PT: pith

The anatomical structure of A. millefolium leaves
consists of epidermis, mesophyll tissue, and vascular
bundles (Figures 2E and 2F). Epidermal tissue is composed
of a single layer of cells with an oval or rectangular shape,
and it is very similar to the epidermis of A. gypsicola leaves
(Akcin and Adnan 2010). Mesophyll tissue consists of
several layers of cells with the same shape (irregular shape)
and the same type with lots of space between cells. It seems
that the mesophyll tissue in A. millefolium is
undifferentiated, unlike other Asteraceae species which
have palisade and spongy tissues such as A. phrygia, A.
gypsicola (Akcin and Adnan 2010), and A. tracica (Rogova
et al. 2015). Another genus of the Asteraceae family also
has differentiation in their mesophyll tissue as in Senecio
(Nurhin et al. 2015). The vascular bundles are of the open
collateral type. In the epidermal tissue, some gaps indicate
the presence of stomata with an anomocytic type (Figures
2E, 2F, and 2H). This type of stomata is also found in A.
phrygia, A. gypsicola (Akcin and Adnan 2010), A. distans,
A. stricta, A. carpatica (Grytsyk et al. 2016), and A.
sivasica (Tekin and Seyda 2021).

Achillea millefolium leaves have 2 kinds of trichomes,
namely ceiling hairs and gland hairs (Figures 2G and 2H).
Both types of trichomes were also identified by Gregio and
Moscheta (2006) using the same plant. Trichomes gland
hairs are also found in A. filipendulina, only the term is
replaced with glandular trichomes (Afshari and Mehdi
2021). While A. phrygia and A. gypsicola have glandular
trichomes (gland hairs) and eglandular trichomes (ceiling
hairs) (Akcin and Adnan 2010). Ceiling hairs consist of
basal cells at the bottom and apical cells at the top, apical
cells have a pointed and elongated shape. Glandular hair
consists of two basal cells, parallel to the epidermis, and
eight oil-producing cells that are deposited under the
cuticle (Gregio and Moscheta 2006).

DNA barcoding
PCR amplification and sequencing

The primer used in this study succeeded in amplifying
the rbcL and matK genes with a size of approximately 500
bp (Figure 3A) and 750 bp (Figure 3B), respectively.
According to Wahyuni et al. (2019), size of rbcL gene in
Sonchus arvensis was not much different from the size of
the gene belonging to A. millefolium, which was 433 bp.
While in the matK gene there is a very large size
difference, 288 base pairs. One of the determining factors
for the success of PCR is the primer design (Yustinadewi et
al. 2018). Primers can be designed using certain software,
such as Primer-Blast (Ye et al. 2012). Annealing is the
most important step in the PCR process, because at this
stage an optimum temperature is required so that the DNA
band is well amplified and also to facilitate DNA analysis
(Nurjayadi et al. 2019) and at this stage, the primer is also
attached to the DNA strand. In addition to primers and
annealing, DNA concentration is also a factor supporting
the success of PCR (Noflindawati et al. 2021).

3 100bp

500 by
e 1000 bp

750 bp
500 bp

250 bp

300 bp
200 bp
100 bp

A B

Figure 3. Results of electrophoresis visualization. A. rbcL gene.
B. matK gene. 1: replicates 1, 2: replicates 2, and 3: replicates 3
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The sequencing results of the rbcL gene showed 496 bp
in replicates 1, 495 bp in replicates 2, and 494 bp in
replicates 3. While the matK gene had a nucleotide count of
708 bp in replicates 1 and 2 and 709 bp in replicates 3
(Table 2). Sequencing results do not have too big a
difference from the results of the electrophoresis
visualization. DNA sequences obtained from this current
study can be used to perform a match or alignment with
DNA of organisms stored in the BOLD or NCBI libraries
in just a few hours, so response times are highly dependent
on available infrastructures, such as reference DNA
sequences or available voucher specimens in NCBI and
BOLD libraries (Imtiaz et al. 2017).

DNA sequence

Sequencing data shows that there is a gap in the rbcL
gene in replicates 2 and 3, precisely at nucleotide number
8, and in replicates 3, there is a gap in nucleotide number
491 (Figure 4A). While in matK gene, the gap is at
nucleotide number 30 (Figure 4B). The gaps appear in the
rbcL and matK gene due to insertion or deletion events
between nitrogen bases. The presence of gaps in DNA
barcoding does not indicate a failure, instead, these gaps
can be used to predict the success of DNA barcoding for
the taxon being studied (Keskln and Atar 2013). The
purpose of the sequence processing using the two software

1963

(Bioedit dan MEGA) is to match homologous characters
and to analyze the gaps in similar sequences.

The rbcL and matK genes in the plant being studied are
compared with the complete genome coding sequence
(CDS) of similar plants obtained from GenBank, then the
position of the rbcL and matK genes in A. millefolium
being studied is located around the middle area of the
complete genome CDS (Figure 5). The rbcL gene is located
at nucleotide number 241-736 relative to the complete
genome CDS. While the matK gene is located at nucleotide
number 840-1550 relative to the complete genome CDS.

The three samples studied had high similarity with the
A. millefolium sequences in the GenBank database (Table
3). Percentage identity for the rbcL gene showed values of
98.99%, 99.19%, and 99.39%, while the matK gene had
values of 99.86%, 99.86%, and 99.72%. Species having
70% or greater DNA similarity usually have more than
97% sequence identity (percentage identity) (Stackebrandt
and Goebel 1994). Drancourt et al. (2000) state that
identification can be confirmed at the species level if the
percentage of similarity (percentage identity) is >99%.
Choi et al. (2020) also stated that samples with a
percentage similarity (percentage identity) greater than
97% compared to the available database sequences were
considered the same species.

Table 2. The rbcL and matK genes sequencing of Achillea millefolium

Plant

Sequence

A. millefolium rbcL 1

AGTTCCTTCCACCGAACTGTAGTACGGAATCATCCCCAAAGAATCTCGGGTCAGAGCAGGCATATGCCAAACGTGAATACCGCCCGAAGCTACCG

GCAGAACACCTGGTAGAGACACCCAATCCTGGGTGAAATAAATACCGCGACTTCTATCTTTTTCAATAAAATCATCACGTAGTAAATCAACAAAG

CCCAAAGTGATTTCTCTTTCCCCTTCAAGTTTACCTACTACGGTACCGGCATGGATATGATCTCCACCAGACATACGTAACGCTTTAGCTAGTACAC
GGAAGTGTATACCATGGTTCTTCTGTCTATCAATAACTGCATGCATTGCGCGGTGGATGTGAAGAAGTAGGCCATTATCTCGGCAATAATGAGCCA
AGCTAGTATTTGCAGTGAATCCACCTGTTAGGTAGTCATGCATTACGATAGGAACTCCCAATTCTCTGGCAAATATAGCCCTTTTCATCATTTCTTC

GCATGTACCCCGCAGT (496)

A. millefolium rbcL 2

AGTTCCTCCACCGAACTGTAGTACGGAATCATCCCCAAAGAATCTCGGGTCAGAGCAGGCATATGCCAAACGTGAATACCGCCCGAAGCTACCGG

CAGAACACCTGGTAGAGACACCCAATCCTGGGTGAAATAAATACCGCGACTTCTATCTTTTTCAATAAAATCATCACGTAGTAAATCAACAAAGC

CCAAAGTGATTTCTCTTTCCCCTTCAAGTTTACCTACTACGGTACCGGCATGGATATGATCTCCACCAGACATACGTAACGCTTTAGCTAGTACACG
GAAGTGTATACCATGGTTCTTCTGTCTATCAATAACTGCATGCATTGCGCGGTGGATGTGAAGAAGTAGGCCATTATCTCGGCAATAATGAGCCAA
GCTAGTATTTGCAGTGAATCCACCTGTTAGGTAGTCATGCATTACGATAGGAACTCCCAATTCTCTGGCAAATATAGCCCTTTTCATCATTTCTTCG

CATGTACCCCGCAGT (495)

A. millefolium rbcL 3

AGTTCCTCCACCGAACTGTAGTACGGAATCATCCCCAAAGAATCTCGGGTCAGAGCAGGCATATGCCAAACGTGAATACCGCCCGAAGCTACCGG

CAGAACACCTGGTAGAGACACCCAATCCTGGGTGAAATAAATACCGCGACTTCTATCTTTTTCAATAAAATCATCACGTAGTAAATCAACAAAGC

CCAAAGTGATTTCTCTTTCCCCTTCAAGTTTACCTACTACGGTACCGGCATGGATATGATCTCCACCAGACATACGTAACGCTTTAGCTAGTACACG
GAAGTGTATACCATGGTTCTTCTGTCTATCAATAACTGCATGCATTGCGCGGTGGATGTGAAGAAGTAGGCCATTATCTCGGCAATAATGAGCCAA
GCTAGTATTTGCAGTGAATCCACCTGTTAGGTAGTCATGCATTACGATAGGAACTCCCAATTCTCTGGCAAATATAGCCCTTTTCATCATTTCTTCG

CATGTACCCGCAGT (494)

A. millefolium matK 1

TGGTTCAGGGCTCTTCGCTATTGGATAAAAGATGCTTCCTCTTTGCATTTATTAAGATTCTTTCTCCATGAGTGTCATAATTGGGATAGTCTTATTAC

TTCAAATTCAAAGAAAGTTAGTTCTTCTTTTTCAAAAAGAAAAAACAGATTATTCTTCTTCCTATATACTTTTCATATAGGTGAATATGAATCTGGC
TTCCTCTTTCTCCGTAACCAGTCTTCTCACTTACGATCAACATCTTCTGGAGCCCTTATTGAACGAATCAATTTCTATGGAAAAATAGAGCATCTTG
CAGAAGTCTTTGTCAGGTCTTTTCAAGCAAATTTATGGTTGTTCAAAGATCCTTTCATGCATTATGTTAGATATCAAGGAAAATCCATTCTTGCTTC
AAAAGGGACGTTTCTTTTGATGAATAAATGGAAATATTACTTTGTAAATTTCTGGAAATATTATTTTTACCTGTGGCCTCAACCAGGAAGGATTTAT
ATAAACAAATTATCCAATCATTCCCTTGACTTTCTGGGTTATCGTTCAAGTGTGCGGCTAAATCCTTCAATGGTACGCAGTCAAATGCTAGAAAAT
GCATTTCTAATCGATAATGCTATTAAGAAGTTTGATACTCTTGTTCCAATTATGCCTCTGATTGGATCACTGGCTAAATCGAAATTTTGTAACCCAT

TGGGGCATCCTATTGGCAAGGCGATTTGGGC (708)

A. millefolium matK 2

TGGTTCAGGGCTCTTCGCTATTGGATAAAAGATGCTTCCTCTTTGCATTTATTAAGATTCTTTCTCCATGAGTGTCATAATTGGGATAGTCTTATTAC

TTCAAATTCAAAGAAAGTTAGTTCTTCTTTTTCAAAAAGAAAAAACAGATTATTCTTCTTCCTATATACTTTTCATATAGGTGAATATGAATCTGGC
TTCCTCTTTCTCCGTAACCAGTCTTCTCACTTACGATCAACATCTTCTGGAGCCCTTATTGAACGAATCAATTTCTATGGAAAAATAGAGCATCTTG
CAGAAGTCTTTGTCAGGTCTTTTCAAGCAAATTTATGGTTGTTCAAAGATCCTTTCATGCATTATGTTAGATATCAAGGAAAATCCATTCTTGCTTC
AAAAGGGACGTTTCTTTTGATGAATAAATGGAAATATTACTTTGTAAATTTCTGGAAATATTATTTTTACCTGTGGCCTCAACCAGGAAGGATTTAT
ATAAACAAATTATCCAATCATTCCCTTGACTTTCTGGGTTATCGTTCAAGTGTGCGGCTAAATCCTTCAATGGTACGCAGTCAAATGCTAGAAAAT
GCATTTCTAATCGATAATGCTATTAAGAAGTTTGATACTCTTGTTCCAATTATGCCTCTGATTGGATCACTGGCTAAATCGAAATTTTGTAACCCAT

TGGGGCATCCTATTGGCAAGGCGATTTGGGC (708)

A. millefolium matK 3

TGGCTTCAGGCTCTTCGCTATTGGATAAACAGATGCTTCCTCTTTGCATTTATTAAGATTCTTTCTCCATGAGTGTCATAATTGGGATAGTCTTATTA

CTTCAAATTCAAAGAAAGTTAGTTCTTCTTTTTCAAAAAGAAAAAACAGATTATTCTTCTTCCTATATACTTTTCATATAGGTGAATATGAATCTGG
CTTCCTCTTTCTCCGTAACCAGTCTTCTCACTTACGATCAACATCTTCTGGAGCCCTTATTGAACGAATCAATTTCTATGGAAAAATAGAGCATCTT
GCAGAAGTCTTTGTCAGGTCTTTTCAAGCAAATTTATGGTTGTTCAAAGATCCTTTCATGCATTATGTTAGATATCAAGGAAAATCCATTCTTGCTT
CAAAAGGGACGTTTCTTTTGATGAATAAATGGAAATATTACTTTGTAAATTTCTGGAAATATTATTTTTACCTGTGGCCTCAACCAGGAAGGATTTA
TATAAACAAATTATCCAATCATTCCCTTGACTTTCTGGGTTATCGTTCAAGTGTGCGGCTAAATCCTTCAATGGTACGCAGTCAAATGCTAGAAAAT
GCATTTCTAATCGATAATGCTATTAAGAAGTTTGATACTCTTGTTCCAATTATGCCTCTGATTGGATCACTGGCTAAATCGAAATTTTGTAACCCAT

TGGGGCATCCTATTGGCAAGGCGATTTGGGC (709)
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Figure 4. The results of the alignment on the three replicates of Achillea millefolium. A. rbcL gene. B. matK gene. Am 1: replicates 1,
Am 2: replicates 2, and Am 3: replicates 3. The red circle indicates a gap
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Figure 5. Comparison of Achillea millefolium rbcL and matK genes under investigation with the complete genome coding sequence
(CDS) of A. millefolium from the GenBank database. A. The rbcL gene compared with the complete genome CDS of A. millefolium
L13641.1. B. The matK gene compared with the complete genome CDS of A. millefolium EU385315.1. Am 1: replicates 1, Am 2:

replicates 2, and Am 3: replicates 3

Table 3. Alignment results of Achillea millefolium using BLAST

Value
Replicates Max. Total Query  E-value
score score cover

Per. identity GenBank sequence

rbcL

replicates rbcL 1 885 885 100 %
replicates rbcL 2 889 889 100 %
replicates rbcL 3 894 894 100 %

matK

replicates matK 1 1301 1301 99 %
replicates matK 2 1301 1301 99 %
replicates matK 3 1297 1297 99 %

0.0
0.0
0.0

0.0
0.0
0.0

. millefolium MN601429.1
. millefolium MN601429.1
. millefolium MN601429.1

98.99 %
99.19 %
99.39 %

>>r>

. millefolium MG946948.1
. millefolium MG946948.1
. millefolium MG946948.1

99.86 %
99.86 %
99.72 %

>>>
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The query cover shows a value of 100% for the rbcL
gene and 99% for the matK gene, which means that the
sample DNA sequences aligned with the DNA sequence in
the GenBank have identical nucleotides in length. If the
query cover has a higher percentage value, the homology
level between the 2 specimens will also be high (Nugraha
et al. 2014) According to Sogandi (2018), the e-value of 0
indicates that the DNA sequence of the sample with the
sequence in the GenBank database is identical, this is
following the results of the BLAST analysis (Table 3), that
the e-value of all samples is 0.0 which indicates that the
sample similar to A. millefolium registered in the GenBank
database.

As standards for plant DNA barcodes, rbcL and matK
genes have several advantages, such as providing many
characters for phylogenetic studies, and high success rates
with one or two universal primers (CBOL Plant Working
Group 2009). The rbcL gene function is to code for the
RuBisCO protein and it has a low mutation rate so that the
intraspecies similarity level is quite high (Asahina et al.
2010). This low level of mutation provides benefits for in-
depth study of intraspecies genetic and phylogenetic
variations (Sundari et al. 2019). According to Estevez et al.
(2015), rbcL has been shown to vary widely enough to
distinguish most land plant species. matK gene has a high
evolutionary rate and this sequence is highly variable, so it
is often used for molecular plant identification and
phylogenetic studies (Patwardhan et al. 2014; Guo et al.
2016). The gene can be used to distinguish a species, easily
sequenced, easily amplified to produce a good nucleotide
sequence (Hollingsworth et al. 2011), and had higher
individual discrimination and barcode success compared
with rbcL (Biswab et al. 2019). In addition to rbcL and
matK genes, chloroplast-based genes such as ITS2 can
identify A. millefolium well (Newmaster et al. 2013).

Phylogenetic analysis

The phylogenetic tree was built based on data from 3
sample sequences and 20 sequences from the GenBank
database (Figure 6). The phylogenetic tree shows the
replicates of A. millefolium under study were located in the
same clade with the same branch length. Identical branch
lengths between taxa groups indicate no sequence changes
within a species. If the value of branch length is greater,
then there are more sequence or evolutionary changes that
occur (Hall 2001; Zein and Sulandari 2009), while the
shorter line indicates the close evolutionary distance
between species (Anafarida and Badruzsaufari 2020). The
branch inhabited by the studied sample has a close distance
to the branch inhabited by sequences from the GenBank,
the majority of which are in the same species. The plants
being studied are not 100% similar to some of the A.
millefolium sequences found in the GenBank database.
There are differences in their nitrogen bases, although to a
very small degree. This very small difference is due to the
mutation and recombination rate of the chloroplast genome
being much lower compared to the nuclear genome, which
results in fewer repeat sequences and transposons (Neiman
and Taylor 2009; Smith 2015). Phylogenetic trees
generated by rbcL and matK genes (Figures 6A and 6B)
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have fundamental differences. The relationship between
taxa A. millefolium in the matK gene is not specific or not
very close, which is characterized by several branches of A.
millefolium that have different branch lengths and some of
them are not present in the same clade. This might be
because the taxa discriminatory ability of the matK gene is
better than that of the rbcL gene. While in the rbcL gene,
most of the A. millefolium groups were located in the same
clade and had the same branch length. Sun et al. (2012)
reported that matK successfully identified 23.26% species
of the genus Dioscorea, rbcL had a percentage of 9.30% and
11.63% in psbA-trnH. Therefore, matK is recommended as
the best DNA barcoding candidate, because it has a good
discriminating ability. The matK gene has a high
discrimination efficiency in plant identification, because it
shows better resolution of the phylogenetic tree when
compared to the phylogenetic tree reconstructed from other
genes such as rbcL (Bafeel et al. 2012). According to
Olivar et al. (2014), the rbcL gene has low interspecific
discriminatory ability, but wvery high intraspecific
divergence. Therefore, rbcL can illustrate that similar
species have the same branch length and are located in the
same clade (Figure 6A).

In addition, Li (2011) stated that plastid DNA
barcoding loci might not be able to discriminate between
closely related species within a genus. They posited that the
low performance of rbcL in this parameter is attributed to
the low mutation rate of bases in plastid DNA markers.
Almost all A. millefolium species in the phylogenetic tree,
both from rbcL and matK genes, are known to come from
different geographic areas (countries) from the sample
plants and indicate differences in genetic distance. It can be
concluded that there is a relationship between geographic
barriers and genetic diversity. Schmitt and Haubrich (2008)
and Laltanpuii et al. (2014) stated that the greater the value
of the genetic distance between populations or individuals,
the more isolated they are from one another, genetic
distance indicates the possible influence of geographic
isolation on a population. According to Yang et al. (2013),
the development of each species under the influence of a
certain environment, natural ecosystem, and socio-
economic have caused each species to have or develop its
specific genetic character. The close distance between
branches is directly proportional to the close relationship
between taxa. Plants with different genera but still in the
same family Asteraceae (genus Tanacetum) have branch
positions that are quite far from the branches inhabited by
the sample plants.

Plants with different genera but still in a similar family,
such as Tanacetum cinerariifolium, T. coccineum, and T.
parthenium have branch positions that are quite far from
the branches inhabited by the sample plants. In addition to
having a fairly far branch distance and not close kinship
with the sample plants, the sequences of these plants when
compared with the sample plants have some differences in
their nucleotide variations. The comparison of the rbcL
gene shows a gap in the Tanacetum sequence at nucleotides
numbers 248, 283, 290, and 731. While the nucleotide
variations (different nucleotide sequences) can be found in
nucleotides number 247, 364, 442, 480, 646, 670 (Figure
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7A). The comparison of the matK gene shows a gap inthe  number 467, 469, 471, 472, 473, 641, 844, 901, 915, 1142,
Tanacetum sequence at nucleotide number 495 only, while  and 1175 (Figure 7B).
the nucleotide variations can be found in nucleotides
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Figure 6. The phylogenetic tree generated by, A. the rbcL gene, B. matK gene
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Figure 7. Comparison between Achillea millefolium sequence studied with several species of the genus Tanacetum. A. rbcL gene. B.
matK gene. Am 1: replicates 1, Am 2: replicates 2, and Am 3: replicates 3, Tci: Tanacetum cinerariifolium, Tc: Tanacetum coccineum,
Tp: Tanacetum parthenium. A red circle indicates a gap, blue circle indicates the presence of different nucleotides (variations)
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It can be concluded that based on morphological
observations, A. millefolium had a taproot with short stems
due to the appearance of a rosette of roots and leaves of
bipinnatus or tripinnatus type. On anatomical observation,
the rhizome had a tissue that was almost similar to the
stem. While the leaf anatomy had leaf tissue found in
plants of the Asteraceae family in genera, the mesophyll
tissue was undifferentiated. The DNA alignment and
reconstruction of the phylogenetic tree revealed that the
studied plant had a very high relationship with A.
millefolium which was registered in the GenBank database.
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