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Abstract

The genus Artemisia L. of the family Asteraceae is systematically very complex. The aim of this study was to evaluate
taxonomic positions of taxa of the subgenus Artemisia belonging to the genus Artemisia in Turkey using some
molecular techniques. In this molecular study, 44 individuals belong to 14 species of the subgenus Artemisia were
examined. Analyses were performed on the combined dataset using maximum parsimony, maximum likelihood and
Bayesian inference and Molecular parameters obtained from co-evaluations of sequences of the psbA-trnH, ITS and
ETS regions of examined individuals were used in the phylogenetic tree drawing. According to the results of this
study, two molecular groups have been formed based on the DNA sequence similarity of the species, but there are
no obvious morphological characters corresponding to two molecular groups. There is no also agreement between
the two molecular groups and the two morphological groups formed according to the hairiness condition of the
receptacle of species. Due to the lack of molecular significance of their receptacles with or without hair, dividing
of the subgenus Artemisia species into new subgenera or sections was not considered appropriate. Likewise, it
has been found that with or without hair on the corolla lobes of the central hermaphrodite disc flowers have no
molecular significance. It was found that there were no gene flow and hybridization between the 14 species of
the subgenus Artemisia and these 14 species were found completed their speciation. This study is important as it
is the first molecular based study relating with belong to subgenus Artemisia species growing naturally in Turkey.
In addition, new haplotypes related to the populations of Turkey belonging to the subgenus Artemisia taxa were
reported by us for the first time and added to the GenBank database.
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Resumo

O género Artemisia L. da familia Asteraceae é sistematicamente muito complexo. O objetivo deste estudo foi
avaliar as posi¢des taxondmicas de taxons do subgénero Artemisia pertencentes ao género Artemisia na Turquia
usando algumas técnicas moleculares. Neste estudo molecular, 44 individuos pertencentes a 14 espécies do
subgénero Artemisia foram examinados. As andlises foram realizadas no conjunto de dados combinado usando
maxima parcimonia, maxima verossimilhanga e inferéncia bayesiana e parametros moleculares obtidos a partir de
coavaliagdes de sequéncias das regides psbA-trnH, ITS e ETS de individuos examinados foram usados no desenho da
arvore filogenética. De acordo com os resultados deste estudo, dois grupos moleculares foram formados com base na
similaridade da sequéncia de DNA das espécies, mas ndo ha caracteres morfol6gicos bvios correspondentes a dois
grupos moleculares. Também ndo ha concordancia entre os dois grupos moleculares e os dois grupos morfol6gicos
formados de acordo com a condigdo de pilosidade do receptaculo da espécie. Devido a falta de significado molecular
de seus receptaculos com ou sem cabelo, a divisdo das espécies do subgénero Artemisia em novos subgéneros ou
secdes ndo foi considerada apropriada. Da mesma forma, verificou-se que com ou sem cabelo nos lobos da corola
das flores do disco hermafrodita central ndo tem significado molecular. Constatou-se que ndo houve fluxo génico
e hibridizacdo entre as 14 espécies do subgénero Artemisia e essas 14 espécies concluiram sua especiacdo. Este
estudo é importante porque é o primeiro estudo de base molecular relacionado com espécies pertencentes ao
subgénero Artemisia crescendo naturalmente na Turquia. Além disso, novos haplétipos relacionados as popula¢des
da Turquia pertencentes ao subgénero Artemisia taxa foram relatados por nds pela primeira vez e adicionados ao
banco de dados do GenBank.
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1. Introduction

Artemisia L. is one of the largest genera in the family
Asteraceae and the largest genus in the tribe Anthemideae
comprises from 200 to more than 500 taxa at the specific
or infraspecific level (McArthur, 1979; Mabberley, 1990;
Ling, 1991a, b; Bremer and Humpehries, 1993; Ling,
19914, b; Torrell et al., 1999). Traditionally, the subgeneric
classification of the genus Artemisia L. follows a system
established by Besser (1829) where in he separated four
sections based on various combinations of disc and
ray flower occurrences and fertility. These sections are
Abrotanum (Duhamel du Monceau) Besser, Absinthium
(Miller) Candolle, Dracunculus Besser, and Seriphidium
Besser. Besser’s four sections have been modified by
subsequent workers. Rydberg (1916) created subordinate
sections including new section Tridentatae for the North
American members of the section Seriphidium and elevated
these sections to subgenera.

Nowadays, the most commonly accepted subdivisions
of the genus Artemisia are separated into 4 subgenera as
Artemisia Lessing, Dracunculus (Besser) Rydberg, Seriphidium
Besser ex Lessing and Tridentatae (Rydberg) McArthur et al.
(1981). The subgenus Artemisia is included traditional
two subgenera Abrotanum Besser and Absinthium (Miller)
Lessing. The first detailed phylogenetic interpretation of
the sections or subgenera established Artemisia as the more
primitive, while Dracunculus, Seriphidium and Tridentatae
were considered to be more advanced (Hall and Clements,
1923). Notwithstanding, a major in-depth reclassification of
the genus Artemisia (combining molecular and traditional
data) has not yet been proposed.

There are 22 species of the genus Artemisia in the 5
volume of the Flora of Turkey (Cullen, 1975; Davis, 1975;
Davis et al., 1988). Later, the species A. verlotiorum Lamotte
was added to the 10™ volume of the Flora of Turkey as a
new record for Turkey, so species numbers of the genus
Artemisia in Turkey became 23 in total (Kursat et al., 2011a).
At the same time, 23 species without any infraspecific taxa
that belong to the genus Artemisa in Flora of Turkey are
not classified levels of subgenus or section.

Civelek et al. (2010) have carried out a revisionary study
of the genus Artemisia in Turkey. According to the results
of this revisionary study, there are a total of 21 species
with 9 infraspecific taxa and 3 subgenera belonging to the
genus Artemisia in Turkey (Civelek et al., 2010; Kursat, 2010;
Kursat et al., 20114, b, 2014, 2015, 2018). According to the
results of this revisionary study of the genus Artemisia,
subgenera Artemisia, Dracunculus, and Seriphidium have taxa
in Turkey, but the subgenus Tridentatae which is endemic
to North America has not taxa in Turkey (Civelek et al.,
2010; Kursat, 2010; Guner et al., 2012).

The subgenus Artemisia has the most species in Turkey
that includes 14 species. During in the revisionary study,
the species A. alba of the subgenus Artemisia Less. has been
removed from Turkey’s species list because its distribution
is outside of Turkey’s borders (Civelek et al., 2010; Kursat,
2010; Kursat et al., 2011a; Guner et al., 2012). No conclusive
consensus has yet been provided on the classification at
subgeneric and sectional levels of species belonging to
the subgenus Artemisia which is the subject of this study.
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During the revisionary study of the genus Artemisia L.
in Turkey, the subgenus Artemisia did not divide into
new subgenera or sections based on the morphological
(phenotypical) character of receptacles which are hairy
or glabrous (Civelek et al., 2010; Kursat, 2010). Is this
systematic arrangement of the subgenus Artemisia
in this revisionary study that made according to only
morphological data correct? The biggest question in the
minds of the researchers doing the revisionary study
is about whether the dividing at new subgeneric and
sectional levels of species belonging to the subgenus
Artemisia which is the subject of this study. The final
decision on whether the subgenus Artemisia should be
divided into new subgenera or sections will be made by
this molecular study.

In this study, it will be also tried to determine whether
this phenotypic variation has a molecular (genotypic) level
response. The purposes of this research are as follows:
For the species belonging to the subgenus Artemisia, to
determine whether there is a molecular significance of
the receptacles with or without hairs and accordingly
to determine whether the subgenus Artemisia can be
divided into new subgenera or sections. To determine
whether the hairy and hairless corolla lobes of the central
hermaphrodite disc flowers have a molecular significance
for species belonging to the subgenus Artemisia and to find
whether each species has completed its speciation. Also,
obtain original data on species of subgenus Artemisia for
use in new scientific molecular studies of Science World,
and to provide the haplotypes of psbA-trnH, ITS and ETS
regions of species belonging to the subgenus Artemisia in
Turkey for the GenBank database.

2. Material and Methods

2.1. Plant material

Within the scope of this study, the plants that were
gathered during the land survey conducted by M. Kursat
and S. Civelek were used. 44 individuals belong to 14 species
of the subgenus Artemisia were examined. Depending
on the large of populations, between 1 and 3 individuals
with the same label information were used for each
species. Localities and detailed population information
the investigated taxa were gathered, were given in Table 1.

2.2. DNA isolation and PCR amplification

For the DNA isolation, was used herbarium material
(dried plant leaf). The CTAB method was used in a modified
form and DNA isolation was performed manually (Doyle
and Doyle, 1987). By measuring the concentrations of the
isolated DNAs with a nanodrop spectrophotometer, they
were adjusted to 25 ng/ul . The Stock DNA was preserved
at-20C.

In the PCR studies conducted by using some spesific
universal primers, ITS, ETS and psbA-trnH region for
44 samples was multiplied. The sequence of primers
that were used to amplify all of regions were given in
Table 2 (Taberlet et al., 1991). Aiming to make the final
concentration for the PCR studies to be 50 L, by mixing
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Table 1. The label information of examined individuals of specimens belonging to species of the subgenus Artemisia used in the study
and detailed localities of populations (Civelek et al., 2010; Kursat et al., 2011b).

Species of Collector and )
The Subgenus number of Col(ll:‘cttewn Detailed localities of specimens’ populations
Artemisia specimens
A. vulgaris S.C. and M.K. 1166. 19.09.2007 B9 Bitlis : Between Tatvan and Van,54 km after Tatvan, Besparmak village, stream edge
and roadside, 1718 m, N 38221 E 42° 38
A. verlotiorum S.C.and M.K. 1103 9.10.2007 A6 Ordu : Boztepe, around the recreation facilities of Governor Kemal Yazicioglu, 505 m
S.C.and M.K. 1104 29.10.2007 A7 Giresun : Espiye, Gelevare stream edge, 2m, N 40° 56 E 38° 43
S.C.and M.K. 1105 30.10.2007 A8 Rize : Ardesen - Camlthemsin highway, 2" km, roadside and stream edge, 9m,
N 4110 E 40° 57
A. abrotanum S.C.and M.K. 1014 01.09.2007  B6 Kahramanmaras : Elbistan -Afsin highway, Ekinézii road junction, Bélek locality,
gardens, 1147 m, N 382 11 E 37°0
S.C.and M.K. 1044 19.09.2007 B8 Mus: City center entrance, after vocational school, roadside, 1266 m, N 38° 47 E 41° 29
A. austriaca S.C.and M.K. 1161 27.07.2008 A9 Kars : Kars - Susuz highway, the entrance of Susuz, roadside 1770 m, N40° 46 E 43¢ 07
S.C.and M.K. 1051 20.09.2007 B9 Van : Between Cavustepe castle - Zernek irrigation dam lake, field edges, 1851m,
N 38221 E43°33
S.C.and M.K. 1158 26.07.2008  B10 Agri : Dogubeyazit, Igdir highway, between Cengelli pass and Ararat mountain,
Karabulak, Girasor mountain, north slopes of Bardakli village, steppe, 2565m,
N 39243 E 44° 03
A. incana S.C.and M.K. 1075 23.09.2007 B9 Bitlis : Adilcevaz, Adilcevaz -Ahlat highway, the exit of Adilcevaz, rocky places, 1720
m, N 38247 E 42243
S.C.and M.K. 1079 24.09.2007 B9 Mus : Malazgirt, between Aktuzla - Karincali villages, 3 km before Karincali village,
roadside, rocky places,1550 m, N 392 21 E 42°¢ 15
S.C. and M.K. 1065 22.09.2007  B10 Agri : Dogubeyazit, Igdir highway, between Cengelli pass and Ararat mountain,
Karabulak, Girasor mountain, north slopes of Bardakl village, rocky places, 1728 m,
N 39°42 E 44° 05
A. armeniaca S.C.and M.K. 1162 27.07.2008 A9 Kars : Susuz, Kisir Mountain, north slopes of Kiziroglu Village, meadows, 2450 m, N
40° 54 E 43202
S.C.and M.K. 1144 23.09.2007  B10 Agri : Dogubeyazit, Igdir highway, between Cengelli pass and Ararat mountain,
Karabulak, Girasor mountain, north slopes of Bardakli village, 2565m, N 392 43 E 44° 03
A. chamaemelifolia S.C. and M.K. 1069 23.09.2007  B10 Agri : Dogubeyazit, Igdir highway, between Cengelli pass and Ararat mountain,
Karabulak, Girasor mountain, north slopes of Bardakli village, 2565m, N 392 43 E 44° 03
S.C.and M.K. 1163 27.07.2008 A9 Kars : Susuz, Kisir Mountain, north slopes of Kiziroglu Village, meadows, 2450 m,
N 40°54 E 43202
A. annua S.C.and M.K. 1025 08.09.2007 A2 (E) Istanbul : North of Terkos lake, wooded area, around the settlement area and
roadside, 20 m
S.C. and M.K. 1106 30.10.2007 A7 Trabzon : Macka highway, Esiroglu Kenan Oltan high School, roadside, 164 m, N 41°
10 E 40° 57
S.C. and M.K. 1024 06.09.2007  B1 Balikesir : Around Atkoy village, 110 m, N 39° 34 E 27° 59
A. tournefortiana S.C.and M.K. 1155 26.07.2008  B10 Agr1 : Dogubeyazit, around ishakpasa palace, ruins, 1953 m, N 392 31 E 44° 07
S.C. and M.K. 1074 23.09.2007 B9 Bitlis : Adilcevaz, Aydinlar sub-district center, 1891m, N 38253 E 42° 56
A. absinthium S.C.and M.K. 1179 27.08.2008 B8 Erzurum : Pasinler - Erzurum highway, 20 km before Erzurum, slopes at the side of
the road, 1915 m, N 40 38 E 43¢ 04
S.C.and M.K. 1080 24.09.2007 B9 Mus : Malazgirt, between Aktuzla - Karincali villages, 3 km before Karancili village,
roadside, rocky places, 1550 m,N 39° 21 E 42° 15
S.C.and M.K. 1063 22.09.2007 B10 Agr1 : Dogubeyazit, Sulugem, Zor Mountain, north slopes of the water reservoir,
creek, 2054 m, N 39242 E 43¢5
A. arborescens S.C.and M.K. 1040 12.09.2007  C5 Hatay : Samandagi district, Musa mountain, Cevlik location, Titus tunnel area, 53 m,
N 36°07 E 38%55
A. splendens S.C.and M.K. 1142 21.09.2007 B9 Van: Gurpinar, Sopakonak village, slopes, 2692 m, N 38° 12 E 43¢ 37
S.C.and M.K. 1072 03.09.2007 B9 Bitlis: Adilcevaz, Suphan mount, Aydinlar village, upper slopes of Ki¢giller hamlet,
2810 m, N 38255 E 42252
A. alpina S.C.and M.K. 1149 13.07.2008  B6 Sivas: Ulas district, Tecer mount, lower parts of the oak community, around the water
resources, rocky places, 1817 m, N 39 25 E 37¢ 07
S.C.and M.K. 1006 06.07.2007 €5 Nigde: Camardi district, lower parts of Demirkazik village, steppe areas, 1560 m,
N 37251 E 35204
A. haussknechtii S.C.and M.K. 1059 21.09.2007 €9 Hakkari : Hakkari - Van highway, after 20" km, Kirikdag village, Kirbas castle, the

upper part of Ovaspi stream, rock places, 1624m, N 37234 E 4325
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10pL buffer, 3 pL MgCI2, 1 pL dNTPs, 0.50 pL from each
primer (forward and reverse), 0.50 uL taq polymerase, 32.30
dH,0, and nearly 12 ng (2.70 uL) template of DNA were
mixed and the PCR device was repeated for 30 cycles, having
2 min 94 °Cinitial denaturation, 1 min 94°C denaturation,
35550 °C (for psbA - trnH region), and 55 °C (for ITS and
ETS region) annealing, 2 min 72 °C extension and 10 min
72 °C final extension. PCR products were monitored in
agarose gel with a 2% ratio.

2.3. Sequence and phylogenetic analysis

A two-way reading was applied to the amplification
products. The PCR purification process was realized before
the sequence analysis. The purification and sequencing
process was realized by the Macrogen Company. In order
to evaluate the data of the chromatograms, a Finch TV 1.4
version was used. The variable sites, number of parsimony
informative sites, genetic distance, nucleotide diversity,
and divergence within the species were computed as
molecular diversity statistics for each dataset using
Molecular Evolutionary Genetics Analysis software (MEGA
X) (Kumar et al., 2018). The DNA sequence alignments of

Table 2. The base sequences of the primers used (Taberlet et al., 1991).

Primers Base sequences (5’ - 3’)
ITS5 5" GAA AGT AAA AGT CGT AACAAG G 3’
ITS4 5" TCC TCC GCT TAT TGA TAT GC 3’
ETS1f 5" CTT TTT GTG CAT AAT GTA TAT ATA GGG GG 3’
18S-2L 5" TGA CTA CTG GCA GGATCA ACCAG 3’
psbA 5" GTT ATG CAT GAA CGT AATGCT C3’
trnH 5" CGC GCA TGG TGG ATT CAC AAT CC 3’

the 44 individuals were evaluated by using the X version
of the MEGA program. The DNA sequence alignments of all
the individuals was subject to the statistical analysis within
the scope of this program. Ultimately, the phylogenetic
trees were constructed by using the Maximum Likelihood
Method with 100 bootstrap replicates. The GenBank
accession numbers, where the investigated taxa were
gathered, are given in Table 3.

3. Results

In this research, 44 individuals belong to 14 species
of the subgenus Artemisia were examined. Depending on
the numbers of individuals in the herbarium specimens,
between 1 and 3 individuals with the same label
information were used for each specimen. The sequences
of the cpDNA psbA-trnH, r-DNAITS and ETS regions for all
individuals examined, were used to determine phylogenetic
kinship relationships.

The peak results of the bi-directional sequences sent
from the Macrogen were evaluated using Version 1.4 of
the Finch TV program. Using the “Multiple Alignment Blast
System” of the automatic sequencing systems, sequences
were aligned. The differences in the noticeable were
manually corrected.

As a result of scans performed in the NCBI (National
Center for Biotechnology Information) database site, for
seven species of the subgenus Artemisia, three reference
regions were obtained. These reference regions were an
ITS with 700-750 bases (ITS1-5.8 gene - ITS2), ETS with
400-450 bases and psbA-trnH with 450-500 bases. For a
more accurate visualization of the results of the alignment,
about 50-100 base from the head and the end was not
evaluated by us. For this reason, approximately 684 base
pairs for the ITS regions, 506 base pairs for the ETS regions

Table 3. GenBank accession numbers for the -DNA ITS, ETS and psbA-trnH regions of the studied samples.

Taxa of the Subgenus

GenBank Accesion Numbers

Artemisia

ITS region

PpsbA-trnH region

ETS region

A. vulgaris 1-3
A. verloitorum 1-4
A. abrotanum 1-3
A. austriaca 1-3
A. incana 1-3
A. armeniaca 1-2
A. chamaemelifolia 1-4
A. annua 1-3
A. tournefortiana 1-3
A. absinthinium 1-3
A. arborescens 1-2
A. splendens 1-4
A. alpina 1-4
A. haussknechtii 1-3

MT734913- MT734915
MT734916- MT734919
MT734920- MT734922
MT734923- MT734925
MT734926- MT734928
MT734929- MT734930
MT734931- MT734934
MT734935- MT734937
MT734938- MT734940
MT734941- MT734943
MT734944- MT734945
MT734946- MT734949
MT734950- MT734953
MT734954- MT734956

MT758494- MT758496
MT758497- MT758500
MT758501- MT758503
MT758504- MT758506
MT758507- MT758509
MT758510- MT758511
MT758512- MT758515
MT758516- MT758518
MT758519- MT758521
MT758522- MT758524
MT758525- MT758526
MT758527- MT758530
MT758531- MT758534
MT758535- MT758537

MT758538- MT758540
MT758541- MT758544
MT758545- MT758547
MT758548- MT758550
MT758551- MT758553
MT758554- MT758555
MT758556- MT758559
MT758560- MT758562
MT758563- MT758565
MT758566- MT758568
MT758569- MT758570
MT758571- MT758574
MT758575- MT758578
MT758579- MT758581
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and 466 base pairs for the psbA - trnH regions were used
and the Genbank accesion number of these regions were
given in the Table 3.

The DNA sequences of the ITS, ETS and the psbA-trnH
regions of 44 individuals belong to subgenus Artemisia
were analyzed statistically. In the both separate and
co-evaluations of sequences of the ITS, ETS and psbA-trnH
regions of examined individuals, some parameters of
molecular diversity like conservated regions (C), variation
regions (V), parsimony informative regions (Pi), single parts
(S), homologous base pairs (ii), transitional base pairs (si),
transversional base pairs (sv) and R value (si | sv) were
calculated and the values obtained are given in Table 4.
These parameters determine the distribution of individuals
in the phylogenetic tree and thus gave us information
about their phylogenetic relationships.

The nucleotide composition of the individuals was
determined as a result of the statistical analyzes performed
by cutting the excess parts at the head and end of the DNA
sequences. When the values given in Table 4 are examined,
itis seen that individuals are not very different in terms of
the ratio of T, C, A, and G bases. At the same time, it was
found that when the average values of the base contents
of the individuals were calculated, the A-T ratio was 56%
and the G-C ratio was 44%, and the A-T base pair was
richer than G-C base pair.

In order to determine the phylogenetic relationships
between individuals belonging to subgenus Artemisia
species from both the same and different populations, in
total 52 individuals were studied, 7 of them were control
group and 1 of which was outgroup were arranged in
Mega program.

Then, by using the Best DNA | Protein step in the Models
menu of this program, we determined the methods that best
express the phylogenetic relationship between individuals.
In the list of methods given, the lowest value of BIC
(Bayesian Information Criterion) was found in the T92 + G
(Tamura-3-parameter) method. According to T92 + G, to
see phylogenetic relationships between individuals, we

Phylogeny of the subgenus Artemisia (Asteraceae)

have seen that phylogenetic trees can be plotted using any
of the methods such as Maximum Parsimony, Neighbor-
Joining, UPGMA, and Maximum Likelihood.

Maximum Likelihood, Neighbor-Joining, UPGMA, and
Maximum Parsimony methods were applied separately,
but it was decided that the method that best illustrates
the evolutionary and phylogenetic relations among the
examined individuals, we work with is the Maximum
Likelihood method. In the phylogenetic tree drawing,
the DNA sequences of ITS and ETS regions in the nuclear
genome and psbA-trnH in the chloroplast genome were
co-evaluated by using version 7.1 of the Mega program.
In the Maximum Likelihood method, by entering the
boostrap value 100, a single phylogenetic tree for a total
of 52 individuals were obtained (Figure 1).

4. Discussions

There are 3 subgenera, 24 species with 5 infraspecific
taxa belong to the genus Artemisia in Turkey. The subgenus
Artemisia includes 14 species, the subgenus Dracunculus
includes 4 species and the subgenus Seriphidium includes
6 species with 5 taxa that settled in the categories of
subspecies and variety. Three species (A. santonicum,
A. taurica, and A. sieberi) of the subgenus Seriphidum
have five infraspecific taxa that settled in the categories
of subspecies and variety (Table 5) (Civelek et al., 2010;
Kursat, 2010; Kursat et al., 2011a, b, 2014, 2015, 2018).
Although the subgenus Artemisia has been divided into
new second subgenera or sections by some authors
(Bremer and Humpehries, 1993; Schinskin and Bobrov,
1995; Ling et al., 2006; Shultz, 2006a, b), the subgenus
Artemisia did not divide to new subgenera or sections during
the revisionary study of the genus Artemisia in Turkey
(Civelek et al., 2010; Kursat, 2010). The most importanat
of the purposes of this molecular study is to make the
final decision whether the subgenus Artemisia should be
divided into new subgenera or sections.

Table 4. Molecular diversity parameters obtained from both separate and co-evaluations of sequences of the ITS, ETS and psbA-trnH

regions of examined individuals.

Parameters of Molecular

Co-evaluated of ITS,

Diversity ITS region ETS region psbA-trnH region ETS and psbA-trnH
Total individuals 44 44 44 44
Total band Length ~ 684 ~504 ~ 466 ~ 1716
The ratio of G-C base pair (%) 54.1 49.6 29.5 44
Conserved regions (C) 410 429 392 763
Variation regions (V) 285 75 85 917
Single parts (S) 85 1 44 141
Parsimony informative regions (Pi) 200 74 41 776
Homologous base pairs (ii) 633 483 450 1305
Transitional base pairs (si) 27 14 3 117
Transversional base pairs (sv) 15 6 5 201
R value (si/sv) 1.8 2.3 0.5 0.6
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Figure 1. Phylogenetic tree obtained from the co-evaluation of sequences of the psbA-trnH, ETS and ITS regions of individuals.

During the revisionary study of the genus, Artemisia
in Turkey, a new diagnostic character (a new phenotypic
variation) had been determined for taxa belonging to
subgenus Artemisia. This diagnostic character is that
with or without hair on the corolla lobes of the central
hermaphrodite disc flowers. Four species A. arborescens,
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A. armeniaca, A. austriaca, and A. incana of the subgenus
Artemisia have hairs on the corolla lobes of central
hermaphrodite disc florets. However, ten species A. vulgaris,
A. verloitorum, A. abrotanum, A. chamaemelifolia, A. annua,
A. tournefortiana, A. absinthium, A. splendens, A. alpina and
\A. haussknechtii of the subgenus Artemisia have not hairs
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on the corolla lobes of central hermaphrodite disc florets.
Different researchers have taxonomically classified of the
subgenus Artemisia at subgeneric and sectional levels
according to whether receptacle has hairy or glabrous
(Table 5).

After the revisionary study, new research projects
have been carried out for problematic taxa of the two
subgenera Seriphidium and Drancunculus of the genus
Artemisia in Turkey (Civelek and Sancar, 2012; Civelek et al.,
2018, 2019). Taking into account the results of these new
research projects, some new arrangements have been
made for taxa of the genus Artemisia in Turkey. The species
A. fragrans Willd. is published as a new record for Turkey.
A. taurica var. vanensis Kursat & Civelek is published
as a new variety globally (Kursat et al., 2014, 2018). A.
campestris var. campestris, A.campestris var. marschalliana
and A.campestris var. araratica that are new combinations
in the revisionary study was proposed to raise to species
level again (Civelek et al., 2019). Thus, like in the Flora of
Turkey, the new systematic positions and combinations
of the three varieties of the species A. campestris became
independent species A. campestris, A. marschalliana, and
A. araratica, like the Flora of Turkey (Table 6) (Civelek et al.,
2019; Sancar et al., 2022).

In the scope of this molecular study, 44 individuals
belong to 14 species of the subgenus Artemisia were
examined. For all examined individuals, belonging to
species of the subgenus Artemisia, the sequences of regions
with cpDNA psbA-trnH region, r-DNA ITS and ETS region,
have been used to determine the phylogenetic relationship
between 44 individual.

If we carefully look the phylogenetic tree in Figure 1, the
species are divided into two primary branches. In the first
primary branch, it is seen that the species A. arborescens

Phylogeny of the subgenus Artemisia (Asteraceae)

and A. absinthium differentiate with 82% strong boostrap
value from all other species of the subgenus.

The second primary branch carries the remaining
12 species with a strong boostrap value of 94%. The
second primary branch is also divided into two secondary
level branches. One of these secondary level branches
carries the species A. chamaemelifolia, A. tournefortiana,
A. annua, A. vulgaris, A. verlotiorum, while the other
secondary level branch carries the species A. abrotanum,
A. austriaca, A. incana, A. armeniaca, A. splendens, A. alpina,
A. haussknechtii (Table 7).

The first primary branch carries two species whose
receptacles are only hairy, while other primary branch
carries the species whose receptacles are both hairy and
hairless. One of the secondary level two branches of other
primary branch carries five species whose receptacles are
only hairless, other secondary level branch carries seven
species whose receptacles are both hairy (three species)
and hairless (four species). This molecular grouping may be
related to the polyphyletic origin of the subgenus Artemisia.
It is stated in the literature that the subgenus Artemisia is
polyphyletic while the other subgenera are monophyletic
(Hussain et al., 2019). Also, this subgenus must to be
recircumscribed stated, indicated by Hussain et al. (2019).

There is no agreement between two molecular
groups in the phylogenetic tree created on the basis of
the DNA sequence similarity of the species and the two
morphological groups formed according to the hairiness
condition of the receptacles. In this study, as it was
determined that lack of molecular significance of their
receptacles with or without hair, dividing of the subgenus
Artemisia species into new subgenera or sections was
not considered appropriate. As known, even during the
revisionary study of the genus Artemisia in Turkey which

Table 5. Different taxonomic classifications of the subgenus Artemisia at subgeneric and sectional levels according to receptacle with

or without hair (Kursat 2010).

. Ling et al. 2006; Schinskin . Bremer and Civelek et al.
Receptacle Species and Bobrov 1995 Shultz20063;b 1 ohries, 1993 2010
A. vulgaris Section
A. verloitorum Artemisia
A. abrotanum
A. austri
austriaca Section Subgenus
Glabrous . L .
(Naked) A. incana Artemisia Artemisia
, Section (=Abrotanum) (=Abrotanum)
A. armeniaca
Abrotanum
A. chamaemelifolia Subgenus
A. annua Artemisia
A. tournefortiana
A. absinthium
A. arborescens
. Section Section Subgenus
Hairy A. splendens Absinthium Absinthium Absinthium
A. alpina
A. haussknechtii
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Table 6. The final status of the all taxa of the genus Artemisia in

Turkey.
Genus Artemisia in Turkey
Subgenus Artemisia Less.

1 A. vulgaris L.

2. A. verloitorum Lamotte

3. A. abrotanum L.

4, A. austriaca Jacq.

5. A. incana (L.) Druce

6. A. armeniaca Lam.

7. A. chamaemelifolia Vill.

8. A.annua L.

9. A. tournefortiana Reich.

10. A absinthium L.

11. A. arborescent L.

12. A splendens Willd.

13. A. alpina Pall. ex Willd.

14. A haussknechtii Boiss.

Subgenus Dracunculus (Bess.) Rydb.

15. A. campestris L.

16. A. marschalliana Sprengel

17. A. araratica Krasch.

18. A. scoparia Waldst. & Kit.

Subgenus Seriphidium (Bess.) Rouy.

19. A santonicum L. subsp. santonicum
subsp. patens (Neilr.) K.
Persson

20. A taurica Willd. var. taurica
var. vanensis Kursat & Civelek

21. A. spicigera K. Koch

22. A sieberi Bess. subsp. sieberi

23. A fragrans Willd.

24. A bashkalensis Kursat & Civelek

based on morphological characters, the subgenus Artemisia
did not divide into subgenera and sections (Civelek et al.,
2010; Kursat, 2010). The correctness of this classification
was determined by the current molecular study. Although
the receptacle with or without hair can be appropriately
not used for classification in molecular systematics of the
subgenus Artemisia, it is known that it is extremely useful
in the morphological identification of species.

Likewise, it has been found that with or without hair
on the corolla lobes of the central hermaphrodite disc
flowers have no molecular significance. Four species
(A. austriaca, A. incana, A. armeniaca, A. arborescens) that
have hairs on the corolla lobes of central hermaphrodite
disc florets distributed into two molecular groups in half.
A. arborescens is one of the two species found in the first
primary branch. A. austriaca, A. incana and A. armeniaca
species are three of the seven species in the second branch
of the other primary branch. The secondary branch of the
other primary branch with five species hasn’t any species
with hair on the corolla lobes of the central hermaphrodite
disc flowers.

Itis also an important finding that individuals of fourteen
species belonging to the subgenus Artemisia are located
only on the same branches of the phylogenetic tree with
their species individuals and own control group members,
and not to interfere with individuals belonging to other
species. This situation is also a molecular indication that
there is reproductive isolation among fourteen species and
there is no gene flow and hybridization between them.
Although some of the species of the subgenus Artemisia
morphologically similar to each other in outline, the
samples of each species belonging to the subgenus Artemisia
are easily distinguishable from the samples of another
species of this subgenus and there is no difficulty in their
identification. In other words, even if only considering
their morphological characters, it seems that the species
belonging to the subgenus Artemisia have completed their

Table 7. The hairiness of both receptacle and corolla lobes in the species of subgenus Artemisia, molecular groups formed as a result
of phylogenetic analysis

Corolla Lobes of Central

Species Receptacle Hermaphrodite Disc Florets Molecular Group
A. alpina Hairy Glabrous
A. austriaca Glabrous Hairy
A. splendens Hairy Glabrous
A. haussknechtii Hairy Glabrous 1. Secondary Group
A. incana Glabrous Hairy
A. abrotanum Glabrous Glabrous
A. armeniaca Glabrous Hairy HI. Primary Group
A. chamaemelifolia Glabrous Glabrous
A. tournefortiana Glabrous Glabrous
A. annua Glabrous Glabrous 1. Secondary Group
A. verloitorum Glabrous Glabrous
A. vulgaris Glabrous Glabrous
A. arborescens Hairy Hairy X
A. absinthium Hairy Glabrous 1. Primary Group
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speciation and there is no hybridization between them
(Civelek et al., 2010; Kursat, 2010). These molecular study
data confirmed this generalization obtained only from
morphological data.

The fact that the individuals of the seven species used
as the control group are only in the same branches with
individuals belonging to their own species makes our
study 100% reliable.

As a result of this research, it was obtained original
data for use in new scientific molecular studies on the taxa
of genus Artemisia and provided the haplotypes of ETS,
ITS and psbA-trnH regions for 14 species of the subgenus
Artemisia in Turkey for the GenBank database (Table 3).

This study reports for the first time, molecular phylogeny
of subgenus Artemisia from Turkey by using r-DNA (ITS
and ETS) and cpDNA (psbA-trnH) sequences.

Based on the current data and all available in literature,
it is concluded that the morphological studies coupled
with modern molecular techniques may lead to the clear
infrageneric classification of the genus Artemisia.
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