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ABSTRACT

With more than 400 species, the genus Potentilla has a wide distribution
causing morphological variations. Besides the wide distribution, many
conditions such as hybridization, introgression, autopolyploidy, and
allopolyploidy are observed in the genus. These can lead to
misidentifications and taxonomic problems. DNA barcoding studies are
important for species identification and solving taxonomic problems.
However, preferred DNA sequences may have different effects among
plant groups. Therefore, which DNA regions should be preferred is
important to obtain more comprehensive results. In this research, psbA-
trnH IGS sequences belonging to the Potentilla taxa were examined
based on their compatibility and analyzed variable sites, passim-info
sites, and nucleotide frequencies (%) for the region relevant by using
Molecular Evolutionary Genetics Analysis (MEGA 11). Finally, a
Maximum Parsimony (MP) dendrogram was performed to evaluate the
Potentilla taxa taxonomically and phylogenetically. As a result of this
study, it can be stated that the taxa belonging to the genus Potentilla
were well grouped in the dendrogram and the use of psbA-trnH IGS
sequences 1s strongly recommended for further studies.

OZET

Potentilla cinsi 400’den fazla tirle, morfolojik degisimlere neden olan
genig bir yayilisa sahiptir. Genis yayillisin yam1 sira, cinsteki
hibridizasyon, introgression, otopoliploidi ve allopoliploidi gibi bir¢ok
durum goézlemlenir. Bunlar, yanlis tanimlamalara ve taksonomik
problemlere yol agabilir. DNA barkodlama c¢aligmalari, tiir tanimlama ve
taksonomik problemlerin ¢éziimunde 6nemlidir. Ancak, tercih edilen
DNA sekanslari, bitki gruplar: arasinda farkl: etkilere sahip olabilir. Bu
nedenle, hangi DNA bolgelerinin tercih edilmesi gerektigi daha kapsaml
sonuclar elde etmek i¢in oOnemlidir. Bu c¢alismada, Potentilla
taksonlarina ait psbA-trnH IGS sekanslar1 uyumluluklar: acisindan
incelendi ve variable bolgeler, parsim-info bélgeler ve ilgili bolge igin
niikleotit frekanslari (%) Molecular Evolutionary Genetics Analysis
(MEGA 11) kullanilarak analiz edildi. Son olarak, Maximum Parsimony
(MP) dendrogram taksonomik ve filogenetik olarak Potentilla
taksonlarini degerlendirmek i¢in olusturuldu. Calismanin sonucu olarak
Potentilla cinsine ait taksonlarin dendrogramda iy1 gruplandigi ve psbA-
trnH IGS sekanslarinin daha sonraki ¢aligmalarda kullaniminin fayda
saglayacag soylenebilir.
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INTRODUCTION regions where the genus Potentilla has the highest

The genus Potentilla L. (Rosaceae) comprises more
than 400 species with a wide distribution area in the
world (Sojak, 2008; Sojak, 2009; Persson et al., 2020a;
Yilmaz, 2023a,b). Especially temperate zones of the
northern hemisphere and its boreal parts are the

species number and diversity (Bean, 2015; Yilmaz,
2023a).

There are still many problems in the evaluation of the
genus Potentilla taxonomically and aspect of its
species identification concept. In other words, species
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names, and their positions as taxonomically and
phylogenetic relationships based on variations
determined are controversial for the genus and
continue the discussions based on the many genera
circumstances within the family Rosaceae by the
taxonomists (Lundberg et al., 2009; Dobes & Paule,
2010; Eriksson et al., 2022). Besides the changes in
species names, many taxa have been transferred to
other genera or described within different genera every
day. Especially, the relationships between the genus
Potentilla and Sibbaldia L. based on the identification
of some species, in addition to their taxonomic
positions of taxa evaluated within Potentilla or
Sibbaldia are highly variable and complex (Lundberg
et al, 2009; Eriksson et al., 2015). Similar
relationships are observed between the genus
Potentilla and Argentina Hill. in the studies by Sojak
(2010) and Feng et al. (2014).

Essentially, the mistakes in the definition and
taxonomic status of species are the most important
reasons for making problematic and hard to
understand the genus. Although morphological
characters are very useful and important in the species
description and even determination of variations, it is
inadequate in plant groups such as Potentilla that
have species showing high variations. Polyploidy is a
common observed and well-known phenomenon for
Potentilla species. Furthermore, this process is very
significant to understanding the speciation and later
in the evolution of the Potentilla taxa. It is stated that
many species evolved by hybridization and
polyploidization (Tépel et al., 2011; Persson et al.,
2020b). In other words, it can be stated that both
hybridization and polyploidization are important
processes in the evolution of Potentilla taxa (Potter et
al.,, 2007; Paule et al., 2011, 2012; Persson et al.,
2020a). As a result, many Potentilla taxa have variable
chromosome numbers from diploid to hexadecaploid
(16x) (Kalkman, 2004). Besides the Potentilla taxa
with variable chromosome numbers, it is observed that
Potentilla species are exhibiting different chromosome
numbers in different locations (IPCN; Kechaykin et al.,
2016; Schanzer et al., 2020).

Another case increasing the complexity of Potentilla
taxa in the aspect of taxonomics and phylogenetics is
species diversity and their distributions. The genus
Potentilla is one of the biggest plant groups evaluated
within the family Rosaceae according to the species
number and distribution. In other words, the genus is
represented by the habitats showing distribution in
many parts of the world. All of these increase
hybridization, polyploidy, and the presence of taxa that
exhibit intermediate  morphological characters
between parent plants in the genus, as a result of
introgression and genetic drift.

The inadequacy of morphological characters caused by
all these stated cases makes it necessary to determine
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the new characters. Determination of molecular
characters and their use for the description of
problematic taxa in the aspect of specified features
especially gives very important results to overcome
such difficulties besides a more detailed evaluation of
the genus as phylogenetically. Especially, molecular
studies based on DNA sequence information of nuclear
or chloroplast genomes have been frequently used in
different plant groups. However, species identification
and separation ability of the barcoding region
preferred may exhibit variability in different plant
groups. For this reason, the using separately of
different DNA sequences containing gene and spacer
regions with as many taxa as possible provides
important information about which DNA sequences
must be preferred and which region combinations are
more useful for analysis. One of these which is been the
most important and frequently preferred for efficient
identification is a psbA-trnH region.

In this study, psbA-trnH intergenic spacer (IGS)
sequence information acquired from the National
Center for Biotechnology Information (NCBI) was
examined for 77 Potentilla taxa

1. to understand the species identification and

discrimination abilities

ii. to evaluate phylogenetic relationships of Potentilla
taxa based on the region preferred

1iil. to make a comparison with previous studies

iv. finally to make recommendations about the DNA
barcoding region preferred for further studies.

MATERIALS and METHODS

The sequence information of the psbA-trnH region for
all Potentilla taxa was first acquired from the NCBI
database. After all, data belonging to the psbA-trnH
sequence which are shared by different researchers
were collected, and it was observed the regions for
sequences related such as psbA gene/psbA-trnH
IGS/trnH gene, psbA-trnH IGS and psbA gene/psbA-
trnH IGS. Finally, the psbA-trnH IGS sequences were
extracted from these regions to make the most
accurate analysis using as many taxa as possible and
thus to reveal the discrimination ability of the region
examined more clearly. Although the sequence lengths
of many Potentilla taxa for the region examined are
compatible, it was observed the presence of
incompatibility in some taxa uploaded to NCBI by
different researchers. Essentially, it is commonly
observed that situations do not match the sequences in
the aspect of their lengths in many plant groups
(Yilmaz & Yeltekin, 2022). Therefore, the sequences
for each Potentilla taxon were analyzed based on their
compatibility, and compatible sequences were mostly
preferred for analysis (Appendix). Moreover, some
Potentilla taxa whose sequences were uploaded by
different researchers were represented by a few



KSU Tarim ve Doga Derg 27 (4), 773-781, 2024
KSU J. Agric Nat 27 (4), 773-781, 2024

Arastirma Makalesi
Research Article

samples in the phylogenetic tree to show the accuracy
of the data in NCBI. In total, 77 Potentilla taxa
belonging to 91 samples for the psbA-trnH IGS region
were investigated to evaluate the phylogenetic
relationships and to understand the species
identification ability of the region preferred.

The analysis for the determination of variable sites,
passim-info sites, base substitutions, and nucleotide
frequencies, besides the phylogenetic tree, was
performed by using Molecular Evolutionary Genetics
Analysis (MEGA 11) (Tamura et al., 2021). Firstly, all
sequences for the Potentilla taxa were aligned and
then variable sites and parsim-info sites were
computed. Base substitution probabilities were
determined and shown in Table 1. Furthermore,
transitional and transversional base substitutions (%),
in addition to transition/transversion ratios for purines
and pyrimidines were determined and shown in Table
2. Nucleotide frequencies % as A+T/U and G+C of
psbA-trnH IGS sequences belonging to Potentilla taxa
were also computed.

Finally, the Maximum Parsimony (MP) dendrogram
that bootstrap values are reported on branches with
the option of hide values lower than 50% was provided
to evaluate the genus Potentilla as taxonomically and
phylogenetically, besides species identification and
separation abilities of the region examined for
Potentilla taxa. The positions with gaps and missing
data appearing as a result of multiple sequence
alignments were eliminated with the complete deletion
option of the program for more effective analyses, so it

is aimed to provide more meaningful and
comprehensive results.
RESULTS and DISCUSSION

psbA-trnH IGS sequences belonging to the Potentilla
taxa were extracted from psbA/trnH gene regions
provided by the NCBI database. In this study, a total
of 91 samples representing 77 Potentilla taxa were
analyzed in the aspect of species identification and
separation ability of psbA-trnH IGS sequences. Some
taxa were represented by a few samples and these taxa
were preferred from the data set loaded by different
times and researchers to evaluate the sequence
compatibilities and discrepancies in the NCBI

database. For this aim, firstly all psbA-trnH IGS
sequences of Potentilla taxa were aligned and then
variable and parsimony informative nucleotides were
determined. Variable sites and parsimony informative
sites were observed in 344 and 115 nucleotides,
respectively. In addition to the determination of
variable and parsimony informative nucleotides of
Potentilla taxa for the psbA-trnH IGS region, the
probabilities of base substitution were computed. The
highest base substitution was observed at the rate of
25.4% from C to T. After that, the second highest base
substitution was observed at the rate of 14.67% from G
to A (Table 1). Moreover, the rates (%) of transitional
and transversional base substitutions were computed
as 53.31% and 46.69%, respectively, by using the
substitution rate from one base to another base from
Table 1.

Table 1. The probability of substitution (r) from one
base (row) to another base (column) for psbA-
trnH IGS  sequences  (Transitional
substitutions are shown in bold)

Cizelge 1. psbA-trnH IGS sekanslari igin bir bazdan
digerine degisim olasiliklari (Transisyonel
baz degisimleri koyu renkli gésterilir)

A T C G
A 9.01 1.97 7.69
T 8.11 - 5.55 4.25
C 8.11 25.4 - 4.25
G 14.67 9.01 1.97 -

The transition/transversion rate was determined as
1.80 for purines (ki), and 2.81 for pyrimidines (ks),
besides the overall transition/transversion rate
(R=0.82). Finally, nucleotide frequencies for psbA-
trnH IGS sequences belonging to the Potentilla taxa
were analyzed as 73.34% (A+T/U) and 26.66% (G+C).
As a result, it can be stated that psbA-trnH IGS
sequences for Potentilla taxa consist of A and T/U
bases at high levels.

All information such as alignment length, variable
site, passim-info site, transitional substitutions,
transversional substitutions, transition/transversion
rates, and nucleotide frequencies were shown in Table
2.

Table 2. The information of taxa examined based on psbA-trnH IGS sequences
Cizelge 2. psbA-trnH IGS sekanslar1 temelinde incelenen taksonlarin bilgisi

Taxon Alignment Variable Parsim-info Transitional Transversional Transition/Transversion rate Nucleotide

length (bp)  site site substitutions substitutions  Purines Pyrimidines Overall freq. (%)

(%) (%) (k1) (k) ®) A+T/U G+C

77 802 344 115 53.31 46.69 1.80 2.81 0.82 73.34 26.66
MP dendrogram was drawn to show the phylogenetic of sequences (Figure 1).

relationships of the taxa examined and to determine Many researchers in their studies based on

the species identification ability for the Potentilla taxa

phylogenetic relationships of the Potentilla taxa state
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the presence of six major clades (Anserina, Argentea,
Alba, Fragarioides, Ivesioid, and Reptans) in the genus
(Dobes & Paule, 2010; Tépel et al., 2011; Feng et al.
2017). The dendrogram separated the taxa into seven
groups based on psbA-trnH IGS sequences. The taxa
resolved in Group I (P. caulescens, P. nitida, P.
Bifloraand P. alba) are evaluated in the Alba clade. In

re

o

|

o [
-

s

Fl=

other words, taxa belonging to the Alba clade were
grouped and formed a distinct group in the
phylogenetic tree. Similarly, it was observed that the
taxa evaluated in the Reptans clade (P. indica, P.

erecta, and P. reptans) were clustered together in
Group II.
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Figurel. MP tree provided from psbA-trnH IGS sequences of Potentilla taxa
Sekil 1. Potentilla taksonlarinin psbA-trnH IGS sekanslarindan elde edilen MP agaci
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The taxa belonging to the Argentea clade were
represented by the highest species number in the MP
dendrogram and clustered in other groups.
Furthermore, the taxa evaluated in the Argentea clade
formed the outmost groups in the dendrogram. Paule
et al. (2012) state in their study based on implications
of hybridization and cytotypic differentiation in the
speciation of P. alpicola that “Populations of P. collina
have been regarded rather as recent derivatives of the
hexaploid P. argentea. The observation of clones
within both P. alpicola and P. collina suggested a
possible apomictic mode of reproduction”. Moreover,
the case study of P. alpicola made by Paule et al. (2012)
shows that processes such as apomixis play a
significant role in the creation of polymorphism in the
genus Potentilla. In this study, when the relationships
among P. alpicola, P. collina, and P. argentea were
investigated, it was observed that the five samples of
these taxa were clustered together in Group III and
separated from other taxa belonging to the Argentea
clade. In other words, it can be stated that these three
taxa are closely related to each other phylogenetically.

P. argentea var. pseudocalabra was evaluated as an
intermediate between hexaploid P. argentea and P.
calabra by Paule et al. (2011). Here, P. calabra and P.
argentea var. pseudocalabra were clustered very
closely in Group VI and showed similarity
phylogenetically based on psbA-trnH IGS sequences.

Especially, molecular studies based on DNA sequence
information of nuclear or chloroplast genomes have
been frequently used in different plant groups.
Furthermore, combined analysis containing two or
more genes and spacer regions has been used by many
researchers to provide better phylogenetic resolution
and identification in plant groups.  However, the
species identification and discrimination capabilities of
DNA sequences preferred in the relevant plant group
should be known to obtain maximum benefit from the
DNA region used and then to use the right region
combinations, because the DNA regions preferred are
not equally effective in different plant groups.

Santos and Pereira (2018) state in their study that
cpDNA sequences are very important in species
identification and phylogenetic analysis in plants, in
addition to the importance of the region and region
combinations. Furthermore, they used the SPInDel
(Species  Identification by Insertions/Deletions)
approach to achieve better identification of plant
species by using the combination of variable length
sequences in cpDNA. As a result, when considered
alone, the regions having low discrimination ability
increased the separation ability with right region
combinations. Similarly, Gontcharov et al. (2004) state
that combined analysis is better than single-gene
analysis in the aspect of phylogenetic resolution and is
supported by morphological information.

7

In this concept, the studies based on species
identification abilities of different DNA sequences
have high importance to get better results in the future
with the right region combinations. It is stated in the
study on the importance of trnL/trnF IGS region in the
taxonomy of the genus Potentilla L. by Yilmaz (2023a)
that the region preferred has high variable sites and
grouping ability, in addition to strongly recommended
for further studies. Similarly, both ITS1 and ITS2
sequences between rDNA genes in the study made by
Yilmaz (2023b) are strongly recommended in the
phylogenetic evaluation of Potentilla taxa, besides
their determination of contribution levels. However,
rbeLs sequences were insufficient in the identification
and grouping of some Potentilla taxa according to the
phylogenetic tree (Yilmaz, 2023c). In other words, it
can be stated that rbcL sequences in the comparison of
other DNA regions provide less information in the
solving of taxonomic problems and analysis of
phylogenetic relationships.

Here, psbA-trnH IGS sequences were examined in the
aspect of species identification and separation abilities
for Potentilla taxa, besides phylogenetic evaluation.

Loera-Sanchez et al. (2020) state in their study based
on the identification of forage legumes and grasses
using trnH-psbA sequences that the barcoding region
examined is a promising candidate for efficient
identification and plant species richness assessments.
However, Yilmaz (2021) states in the study based on
comparisons of nuclear and chloroplast DNA regions in
the aspect of their species identification abilities for
Crocus L. taxa that the DNA region belonging to
partial psbA gene-psbA/trnH IGS-partial trnH gene
have not enough sequence variations (30 nucleotides)
for the identification of species, although it
phylogenetically separated some Crocus taxa.

As a result of this study, it can be stated that the psbA-
trnH IGS region separated the many Potentilla taxa
from each other and grouped them based on the clades
according to the phylogenetic tree. However, it was
insufficient in the complete solution of still existing

problems and the discrimination of all taxa
phylogenetically. The determinations of variable and
parsimony informative nucleotides give very

important information based on the phylogenetic and
taxonomic relationships for plant groups analyzed,
besides the species identification ability of the region
examined. Furthermore, the inconsistency between
both of them may show the sequence incompatibility
for the taxa analyzed. In this study, 344 variable
sequences and 115 parsimony informative sites were
determined for psbA-trnH IGS sequences of Potentilla
taxa. When the DNA sequences of each taxa were
examined, it was observed the variability in the
nucleotide sequences and sequence lengths of some
taxa. This is the main reason for the presence of a high
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Potentilla neumaniana CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla indica-1 CTTCGGAGTTTATTTATGGTGGCAAACT---ATTTA--------------TGATTTCC
Potentilla eversmannian CTTCGGCGTCCATCAAAGATAAC- TACAACCATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla kleiniana C-GTTG- GATCCTAGTCTAGGATTCTCATGGACCGATAGTTTT- CGAATGC-TCCGAC
Potentilla elatior CCTCGGAGTTTTTTTATGGGGGC--ACT------=---------=--------GATTTCC
Potentilla crassinenia TCTGGGAGTCCACCAAAAAAAAC--ACC---TTCTT--------------TTATGTAC
Potentilla apennina TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-----=--------TTATTTAC
Potentilla gelida CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla subviscosa var. subviscosa CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- - TAAAAATAAGTGTGAC
Potentilla albiflora CTTCGGCGTTTATCTATGATGGC-TACA- -------------T-AAAATAAGTGTGAC
Potentilla pensylvanica-1 CTTCGGCGTTTATCTATGATGGC- TACA---ATGTATACTT-T-  AAAATAAGTGTGAC
Potentilla modesta CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla bipinnatifida CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla plattensis CTTCGGCGTCCATCAAAGATAAC-TACA---ATCTATACT--A-AAAATAAGTGTGAC
Potentilla millefolia CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla hippiana CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla pulcherrima-1 CTTCGGCGTTTATCTATGATGAC-TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla gracilis var. glabrata CTTCGGCGTTTATCTATGATGGC- TACATTCATCTATACT--T-AAAATAAGTGTGAC
Potentilla gracilis var. flabelliformis CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla drummondii CTTCGGCGTTTATCTATGATGGC- TACA--CATGTATACT--T-AAAATAAGTGTGAC
Potentilla bruceae CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla morefieldii CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla concinna CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTC-T- AAAATAAGTGTGAC
Potentilla brevifolia CTTCGACGTTTATCTATGATGGC- TACA---ATCTATACT--T- AAAATAAGTGTGAC
Potentilla flabellifolia CTTCGACGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla cristae CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla simplex CTTCGGAGTTTATTTATGGTGGCAATCT- --AA--A---- - - -------TGTTTTCC
Potentilla freyniana CTTCGGCGTTTATTTATAGTGGC-TACA- ----------T--G-TAAATAAGATTTAC
Potentilla maura CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pulcherrima-2 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla bimundorum CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla eriocarpa TCTCGGATTTTATTTATGGTGGC- -ACT-----------------------GATT--C
Potentilla biflora TCTCGGAATTTTTTTATGGTGGC- - ACC- - - - - - - - - - - - - - - - - - - - TTATTTAC
Potentilla nitida-1 TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-----=--------TTATTTAC
Potentilla caulescens-1 TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-------------TTATTTAC
Potentilla nivea-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla argentea var. pseudocalabra CTTCGGCGTTTATCTATGATGGC- TACA--CATGTATAGT--T-AAAATAAGTGTGAC
Potentilla argentea-1 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla aurea-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pusilla-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla crantzii CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla frigida-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla alpicola-1 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla alba CCTCGGAGTTTTTTTATGGTGGC--ACT----------------------TGAGTTCC
Potentilla grandiflora CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla anserina CCTCGGAGTTTATTTATAGTGGCTTACA- - - - - - - - - - - =--=--=-----AAAT-TTTAC
Potentilla incana-1 CTTCGGCGTTTATCTATGATGGC- TAGA- - CATCTATACT--T-AAAATAAGTGTGAC
Potentilla inclinata CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla velutina CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla hirta subsp. laete CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGTCT- - AAAATAAGTGTGAC
Potentilla griffithii CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pyrenaica CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- AT- AAAATAAGTGTGAC
Potentilla pedata CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla nevadensis CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- AT- AAAATAAGTGTGAC
Potentilla recta CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT-- G- AAAATAAGTGTGAC
Potentilla erecta CTTCGGAGTTTATTTATGGTGGCAATCT---AA--A--------------TGATTTCT
Potentilla supina subsp. supina CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla clusiana TCTCGGAGTTTTTTTATGGTGGC- - ACC---TTCTT--------------TTATTTAC
Potentilla tanacetifolia CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTT-T- AAAATAAGTGTGAC
Potentilla reptans-1 CTTCGGAGTTTATTTATGGTGGCAAACT-----AAACTTA--TTAATTCTTGATTTCC
Potentilla litoralis CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T- A AAAATAAGTGTGAC
Potentilla gracilis CTTCGGCGTTTATCTATGATGGC- TACA---AT-----------AAAATAAGTGTGAC
Potentilla hirta CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla umbrosa CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla ornithopoda CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla nonvegica CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTCAT- AAAATAAGTGTGAC
Potentilla leuconota -CTTGGATTTTATTTATAGTAAC- - - - - - - - - - - - - - - - - - - - - - - - -=----ATTTAT
Potentilla volgarica CTTCGGCGTTTATCTATGATGGC- TACAACCATCTATACT--T-AAAATAAGTGTGAC
Potentilla tergemina CTTCGGCGTCTATCAAAGATGGC-TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla multifida-1 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla lapponica CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla anachoretica CTTCGGCGTCCATCAAAGATAAC- TACAATCATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla calabra CTTCGGCGTTTATCTATGATGGC- TAGA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla collina CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla alpicola-2 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla pusilla-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla argentea-2 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla frigida-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla incana-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla brauniana CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAAAAAGTGTGAC
Potentilla aurea-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla chinensis CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- AAAAAAAGTGTGAC
Potentilla fragarioides var. major CTTCGGCGTTTATTTATAGTGGC- TACA-----------T--G-TAAATAAGATTTAC
Potentilla pensylvanica-2 CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla multifida-2 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla nivea-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla nitida-2 TCTCGGAATTTTTTTATGGTGGC- - ACC- - - - - =--=--=--=-----=------TTATTTAC
Potentilla caulescens-2 TCTCGGAATCCACCAAAAAAAAC--ACC-=-=-=->-=-=-=-=-=-=-=-=-=-=--------TTATTTAC
Potentilla reptans-2 CTTCGGAGTTTATTTATGGTGGCAAACT-----AAACTTA--TTAATTCTTGATTTCC
Potentilla indica-2 C- GTTGACATACTTTTTGGGGTTAAACT---------------AAGGACCAAGGGGGG
Potentilla thuringiaca CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
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Potentilla neumaniana GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla indica-1 GCTATACGCTAATTG- - TTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGG

Potentilla eversmannian GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla kleiniana CCCATTTGCAGATAAACCTTTAGGTGATTTCATTTACAGTTTATCAGCAATACGAAG

Potentilla elatior GCG- - - - - TAATAGGTTTAATAGTAATTCATCGTGTAGTTAA-TTTT------AGA

Potentilla crassinenia - - - - - - - - - - - AT----TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla apennina GCT------TAATTGATTTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla gelida GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla subviscosa var. subviscosa GCTATTTAATAATTGATTTTTAAGTAATTCAACGTTTAGG- - - - - - = = = = - - - - - - -

Potentilla albiflora GCTATTTAATAATTGATTTTTAAGTAATTCGACGTGTAGGTTATTTGA- ----- AGA

Potentilla pensylvanica-1 ACTATTTAATAATTGATTTTTATGTAATTCAACGTGTAGGATTTTTGA------AGA

Potentilla modesta GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAAGTTCTTTGA- -----AGA

Potentilla bipinnatifida GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAAGTTCTTTGA- -----AGA

Potentilla plattensis GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla millefolia GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hippiana GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla pulcherrima-1 GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla gracilis var. glabrata GCTATTTAATACTTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla gracilis var. flabelliformis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla drummondii GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla bruceae GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla morefieldii GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla concinna GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla brevifolia GCTATTTAATAATTGATTTTTATGTAATTCAACATGTAGGTTTTTTGA- ----- AGA

Potentilla flabellifolia GCTATTTAATAATTGATTTTTATGTAATTCAACATGTAGGTTTTTTGA- ----- AGA

Potentilla cristae GCTATTTAATAATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla simplex GCT------TCATTGT-TTTTAAGTAATTCAACGTGTAGGTTATTTGA------AGG

Potentilla freyniana GCTATTTAATAATTGATATTTAAGTAATTCAACGTGTAGGTTACTCGC- -----A?A

Potentilla maura GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla pulcherrima-2 GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla bimundorum GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGA

Potentilla eriocarpa GCTATA- - - - AATTGAATTAAAATTAATTAATCGTGTAGTTTATTTTT- - ----TA-

Potentilla biflora GCT------TAATTGA- TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla nitida-1 GCT------TAATTGATTTAAAAGTAATTCATCGTGTGGTTTCTTTTA------AGA

Potentilla caulescens-1 GCT------TAATTGA-TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla nivea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla argentea var. pseudocalabra GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTAATTTGA- ---- - AGA

Potentilla argentea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla aurea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla pusilla-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla crantzii GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla frigida-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla alpicola-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla alba GCG------TAATTGA- TTAAAAGTAATTGATTGTGTAGTTTATTTTT------TGA

Potentilla grandiflora GCTATTTAAAAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGG

Potentilla anserina GAT- -----TGAATGC- TACCATA- GGGGTATCGGGCAGTTAATTATAATTATTAAA

Potentilla incana-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla inclinata GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla velutina GCTATTTAATAATTGATTTTTAAGGAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hirta subsp. laete GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla griffithii GCTATTAAATAATTGATTTTTTTGTAATTCAACGTGTATGTTTTTTGA- -----AGA

Potentilla pyrenaica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla pedata GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla nevadensis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla recta GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla erecta GCTTCGTT- TAATTG- TTTTTAAGTAATTCAACGTTGAGGTTAATTGA------AGG

Potentilla supina subsp. supina GCTATTTAATAATTGATCATTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla clusiana - - - - - - - - - - - AT----TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla tanacetifolia ACTATTTAATAATTGATTATTATGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla reptans-1 GCTTCGCT- TAATTGT- TTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGG

Potentilla litoralis GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGA

Potentilla gracilis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hirta GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla umbrosa GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla ornithopoda GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla nonegica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla leuconota GATATTAAATAAATGACAATTAA- - GAGGCATTGGGCAGTGAAATATA- - - ---AAA

Potentilla wlgarica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla tergemina GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla multifida-1 GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla lapponica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla anachoretica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla calabra GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTAATTTGA- -----AGA

Potentilla collina GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla alpicola-2 GCTATTTAATATTTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla pusilla-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla argentea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla frigida-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla incana-2 GCTATTTAATCATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA------AGA

Potentilla brauniana GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla aurea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla chinensis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla fragarioides var. major GCTATTTAATAATTGATATTTAAGTAATTCAACGTGTAGGTTATTTGC- ----- AGA

Potentilla pensylvanica-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla multifida-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla nivea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla nitida-2 GCT------TAATTGA-TTAAAAGTAATTCATCGTGTGGTTTCTTTTA------AGA

Potentilla caulescens-2 GCT------TAATTGA- TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla reptans-2 GCTTCGCT- TAATTGT- TTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGG

Potentilla indica-2 ATTGTTAATTTCGCGATTTATTAAGAGT- -GTT- TATATTATAACAAATATATTAGG

Potentilla thuringiaca GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Figure2. Potentilla taxa and Parsimony informative sites belonging to psbA-trnH IGS sequences (The numbers
show variable nucleotides)

Sekil 2. Potentilla taksonlar: ve pshA-trnH IGS sekanslarina ait Parsimony informative bélgeler (Sayilar degisken
niikleotitleri gdsterir)
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level of the variable nucleotide number. In other
words, most of the sequence variations between
Potentilla taxa examined are caused by the change of
only a nucleotide. Parsimony informative sites
observed in 115 nucleotides show the accuracy of this
(Figure 2).

CONCLUSION

Although morphological characters are very important
tools in the identification and classification of species,

many times they can be also reasons for
misclassifications in some plant groups because of
some situations such as wide geographical

distribution, geomorphological structure and climatic
changes, hybridization, introgression, autopolyploidy,
and allopolyploidy. The genus Potentilla with species
over 400 exhibits all situations that may cause changes
in morphological characters and thus
misidentification. In other words, the discrepancies
observed in the MP dendrogram can be caused by
situations such as misidentifications of the taxa,
missing data caused by sequencing, or labeling errors
in accessions. Although combined analysis containing
different DNA sequences is very important in the
solving of problems stated, it is necessary to have
knowledge about which DNA regions are more useful
and then, which region combinations will provide more
advantage.

Finally, it can be stated that the taxa belonging to the
genus Potentilla were well grouped in the dendrogram
and the using of psbA-trnH IGS sequences is strongly
recommended for further studies with the combination
of the regions with the ability to reveal the
phylogenetic relationships.
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